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ABSTRACT

A Planning Framework for Low Impact Development (LID) Application in
Stormwater Management — An Ontario Perspective

By: Sarah O. Lawson

Environmental Applied Science and Management
Master of Applied Science 2010, Ryerson University

Effective management of stormwater is critical to the continued health of the environment.
Progression of stormwater management techniques has evolved to include wider, sustainable
objectives, particularly the development of Low Impact Development (LID) methods. Despite the
recognition that the application of LID practices is a viable approach to older forms of
stormwater management, there exist various challenges and barriers to widespread support. In
particular, absent is a methodology to plan for LID practices on a large-scale that encompasses
not only technical criteria, but economical, and social aspects as well. To address this need, the
objective of this study proposes a framework for LID planning on a watershed level. The LID
Planning Framework is comprised of four main components evaluated in a sequential process
to support the development of effective management strategies. Specifically, hydrological
performance evaluation of LID technologies throughout a watershed; cost-effectiveness
analysis; and stakeholders’ opinions and acceptance levels of these technologies, are used as
input to the final decision-making component. The LID Planning Framework is developed in an
Ontario context with a particular focus on the Lake Simcoe Watershed. This study will promote
an integrated approach to LID planning, which can be used support the uptake of LID principles

and encourage more sustainable methods in stormwater management as a whole.
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1.0 Introduction

At the turn of the millennium, a historic milestone was reached when the global population
passed the six billion mark, doubling since the late 1950s (Sustainability Reporting Program.,
2007). While population increase can be a positive driving force of change, there are also
numerous negative effects. As human populations grow and consumption patterns rise, natural
resources are becoming more and more depleted and pollution releases are intensifying. This
effect of urbanization is becoming an ever growing problem particularly where an increasing
amount of humans are concentrating in urban areas. The world population was estimated at
approximately 6.8 billion inhabitants in 2009 of which half live in urban areas (Population
Division of the United Nations Secretariat., 2009). In Canada, during the last 60 years, Canada’s
population went from 12.3 million to 32.6 million, an increase of more than 20 million (Statistics
Canada, 2008). In 2006, not only did four in five Canadians (81.1 percent) live in a metropolitan
area, but one in three Canadian (34.4 percent) lived in one of Canada’s three largest
metropolitan areas, namely Toronto, Montreal and Vancouver. Metropolitan areas with a
population of more than 500,000 accounted for more than half of Canada’s population (Statistics
Canada, 2008). Consequently, the effects of urbanization are of critical concern due to the

unprecedented rate of growth and scope of urban centres.

Among the numerous economical, social, and political consequences of urbanization,
environmental impacts have been increasingly significant, demonstrated by the evident signals
of change. Noticeable changes has been seen in terms of climate, significant natural resources
have been depleted, and increased forms and amount of pollutions are constantly being
released into the air, water, and land. Consequently, issues related to urban environmental
sustainability are finding their way into top level discussions within many governments

worldwide. One such issue is the role of water in urban areas (Marsalek et al., 2006)

In the past decade, a rising number of severe catastrophic weather events, such as
Hurricane Katrina, have struck coastal urban areas in a detrimental manner (Novotny, 2007).
This brought new attention to the current urban environment, its drainage infrastructure and its
inability to survive these hydrologic events and perform its functions. However, these concerns
are not only focused on these coastal cities. Some urban centres inland are experiencing the
opposite. Insufficient water flows are depleting water supplies as well as impacting the

surrounding biota. Due to these occurrences, a paradigm shift is occurring where the principles
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of sustainability are the driving force for developments, both new and old. The new philosophy is
that urban centres will be built in a holistic manner where characteristics such as drainage and
transportation infrastructure will be integrated with the natural landscape and habitats. Novotny
(2007) describes this vision of “cities for the future” is to make urban centres resilient to extreme
hydrological events and pollution, while ensuring there is sufficient clean water to support
terrestrial and aquatic life, sustaining humans, and achieving an optimal balance for recreational
activities, navigational requirements, and other economic uses. The “cities for the future” vision
also focuses on the concept of sustainable developments that controls diffuse and point
pollution, and reuses highly treated effluents and urban stormwater for various purposes. It is
believed that this goal will achieve benefits such as groundwater recharge that will enhance
groundwater resources; environmental enhancement of streams currently challenged with
effluents and deprived flow; and, increased water supply for areas that experience shortages.
This evolving paradigm shift focuses on the taking an integrated approach to urban water

management.

Urban water management in general seeks to manage water resources within the developed
areas of human settlement. The focus is commonly on the hydrologic cycle and management of
the main water system components of freshwater, wastewater, and stormwater, which
correspond to urban water services, such as water supply, drainage, sewage collection and
treatment, and receiving water uses. Historically, these components were addressed separately
(Marsalek et al., 2006), but a more organic attitude is being adopted. The concept of integrated
urban water management demonstrates the connectivity and interdependence of urban water
resources and human activities, and stresses the importance of handling aforementioned urban
water system components in a sustainable ecosystem approach. For example, water supply
generally involves the import of large quantities of water into urban areas. While there are some
losses along the distribution networks, most of the water is used within the urban area and
turned into wastewater. This collected wastewater is treated at sewage treatment plants for
most developed cities, which discharge effluent into receiving waters. In addition, as
urbanization increases, so do impervious areas and urban drainage systems to compensate this
growth. Consequently, these effects contribute to higher stormwater runoff volumes and flow

rates, as well reduced recharge groundwater (Marsalek et al., 2006).

Recently, the degeneration of urban water resources has led to the promotion of a

sustainable urban water system. This includes elements such as the preservation of natural
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drainage, lower water consumption, and protection and enhancement of receiving water
ecosystems (Marsalek et al., 2006). One of the principal components of the urban water
management system that addresses all these aspects is the urban drainage element. It has
been established that the traditional practices of urban stormwater management play a
significant factor in the degradation of receiving waterways (Brown, 2005). Runoff from
impervious surfaces combined with hydraulic infrastructure produce high flows that affect
aquatic ecosystems, stream flow regimes, and water quality. Urbanization also leads to fewer
opportunities for infiltration, which leads to reduced groundwater recharge, lowered groundwater
tables, and reduced base flows in rivers (Marsalek et al., 2006). As more land is cleared, natural
vegetation and depressions that intercept rainfall and temporarily store water are lost, and as a
result alter the local hydrologic cycle (Bradford & Gharabaghi, 2004). As societies continue to
grow, so does the importance of mitigating the effects on receiving waters. Stormwater
management is referred to as the knowledge to “understand, control and utilize waters in their
different forms within the hydrologic cycle” (Wanielista & Yousef, 1993). This practice and the
technologies that are implemented are not expected to be able to eliminate these impacts, but
play a key role in alleviating the effects of urbanization. As a result, the objectives of stormwater

management have evolved accordingly with the growth of societies.

In Europe, a movement towards sustainable methods in urban planning is underway. This is
demonstrated through changes in proposed planning regulations and developments of
European wide frameworks, such as the European Union (EU) Water Framework Directive
(WFD) (European Parliament, Council, 2009). The mandate of WFD requires a more holistic
approach in the decision-making process for water management by all EU member states. The
framework obliges members’ commitment to achieve good qualitative and quantitative status of
all water bodies, and take prescribed steps to reach common goals. One mandate of the WFD
is the production of key documents. This includes River Basin Management plans that must
integrate a number of objectives with respect to the protection of the quality of water for each
river basin in the EU boundaries. Other directives prescribe steps to achieving goals related to
the marine environment, water quantity, water impacts on health (i.e., drinking and bathing
water), and water pollution. In terms of urban water management, the EU Council co-funded an
action research programme called SWITCH aimed to support a paradigm shift in urban water
management (SWITCH Central Management Unit, n.d.). The objective is to change the focus
from existing ad hoc solutions towards a more coherent and integrated approach. The vision of

SWITCH is for sustainable urban water management in the “City of the Future”. One of the six
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research themes of SWITCH focuses on stormwater management. The objective is to develop
sustainable stormwater management strategies and decision making processes, which will

contribute to the achieving the requirements of the WFD.

In the United States (U.S.), the Environmental Protection Agency (EPA) has the overall
governing responsibility for developing standards, criteria, guidelines and limitations under the
Clean Water Act and Safe Drinking Water Act (U.S. EPA, 2008). The U.S. EPA manages
stormwater under their National Pollutant Discharge Elimination System (NPDES) Stormwater
Program. This program regulates the discharges related to stormwater from three potential
sources: municipal separate stormwater sewer systems, construction activities, and industrial
activities. These discharges are considered to come from point sources, and operators must
receive a permit before they can discharge. This regulatory framework for stormwater
management was developed for the intention of preventing runoff from carrying harmful
pollutants into local surface waters such as streams, rivers, lakes, or coastal waters. Most states
are authorized to administer the NPDES Stormwater program, where only a few exceptions are
under the permitting authority of the EPA. One key aspect of the NPDES program is the
implementation of Total Maximum Daily loads (TMDLs). The Clean Water Act mandates all
states to identify impaired waters and establish TMDLs for these waters. A TMDL is a
calculation of the maximum amount of a pollutant that a waterbody can receive and still safely
meet water quality standards. It has been recognized that stormwater sources emit pollutants
such as sediment, pathogens, nutrients, and metals into impaired waters. It is therefore required
under the NPDES program that all point and non-point stormwater sources are allocated a

pollutant loading.

In Canada, water management primarily is handled within each province except for matters
related to fisheries, navigational waters, federal lands, and international waters (particularly
responsibilities involving boundary waters shared with the United States) (Environment Canada,
2007). For the Province of Ontario, water governance falls under broad legislative frameworks
of the Ontario Water Resources Act (R.S.0. 1990, c. 0.40), Clean Water Act 2006 (S.O. 2006,
c. 22), and Environmental Protection Act (R.S.0. 1990, c. E.19). Each Act addresses particular
aspects that contribute to the overall governance of Ontario’s waters. For example, the purpose
of the Ontario Water Resources Act is “to provide for the conservation, protection and
management of Ontario’s waters and for their efficient and sustainable use, in order to promote

Ontario’s long-term environmental, social and economic well-being” (Ontario Water Resources
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Act, 1990), whereas the Clean Water Act (2006) is in place to protect drinking water at the
source requiring the preparation of locally developed, terms of reference, science based
assessment reports and source protection plans. The actual management of water is primarily
driven by watershed management. A watershed is a natural unit of land defined by the area that
drains into a river and its tributaries (Conservation Ontario, 2009). Watershed management is
the process of managing human activities with watershed boundaries to support the protection
and rehabilitation of land, water, aquatic, and terrestrial resources, while recognizing the benefit
of sustainable growth and development (Conservation Ontario, 2009). The administration of
watersheds is done by conservation authorities as created and legally mandated by the
Conservation Authorities Act (R.S.O. 1990, c. C.27). Their purpose is to ensure the
conservation, restoration and responsible management of Ontario's water, land and natural
habitats through programs that balance human, environmental and economic needs. It is
through watershed planning that stormwater is managed. While at the provincial level guidelines
do exist for stormwater management, it is at the local agency level that requirements exist
(Bradford & Gharabaghi, 2004). These stormwater management requirements are developed at
the local level in the context of broader watershed plans. Depending on the municipality,
“guidance” is made mandatory through incorporation into by-laws and other tools available to
these local governments. Permits and authorizations are issued by government agencies such

as conservation authorities.

The practice of managing stormwater is continuing to evolve in Ontario as the science of
watershed management grows. It has been recognized that effective management of
stormwater is critical to the continued health of our streams, rivers, lakes, fisheries and
terrestrial habitats. Traditionally, the philosophy of stormwater management was to dispose of
water from cities as quickly as possible (Gilroy & McCuen, 2009). During the past three
decades, the practice of stormwater management has changed significantly. In the 1970s, the
primary focus was on flood control (Bradford & Gharabaghi, 2004). This evolved into controlling
the quantity of runoff and then to the inclusion of stormwater water quality treatment
requirements by the 1990s. Currently, the practice of stormwater management has expanded to
include broader issues such as prevention of stream channel erosion, maintenance of

groundwater flow and stream baseflow, and protection of aquatic habitats and species.

Techniques to manage stormwater have kept paced with the evolution of objectives.

Previous methods typically included end-of-pipe solutions where water was removed from a site
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and stored in an off-site, downstream facility (Gilroy & McCuen, 2009). This mainly focused on
the control of peak discharge. Storage facilities such as detention ponds, wet ponds, and
infiltration basins were commonly used methods to address discharge. While these end-of-pipe
solutions achieved the objective of controlling downstream peak discharge rates, they did not
address other important issues such as increased runoff volume, and preservation of aquatic life
(Gilroy & McCuen, 2009). By the 1990s, it was recognized that the traditional designs and
systems of stormwater management was out of touch with the environmental values of society.
As Brown (2005) expresses, in order for broader, sustainable goals to be achieved, significant

changes were needed.

Progression of stormwater management techniques to include wider, sustainable objectives
has included the development of Low Impact Development (LID) methods’ (Gilroy & McCuen,
2009). First implemented in Prince George’s County, Maryland (Prince George’s County
Government, 1999), the LID approach moves beyond the typical stormwater design and
encourages more careful site design in the planning phases. The intention of LID practices is to
preserve the predevelopment hydrology of a site (Dietz, 2007) by controlling rainfall on-site
(Gilroy & McCuen, 2009; Prince George’s County Government, 1999). Achieving this objective
has included targeting the reduction of volume and rate of surface runoff from development or
redevelopment sites. Practices that target control of stormwater at-source and on conveyance
systems that discharge to downstream watercourses are typically focused on in implementation
of LID methods (Graham et al., 2004).

In the recent years, it has been recognized by governments and developers that the
application of LID practices is a viable approach to older forms of stormwater management
(Graham et al., 2004). However, incorporating the approach into existing frameworks and
providing guidelines for implementation have been slow despite the increased awareness and
knowledge (Elliott & Trowsdale, 2006). The practice is still considered to be fairly new since the
first formal application occurred in 1999 (Prince George’s County Government, 1999). In the
past few years, over 30 stormwater management manuals and guidelines have been released
in locations such as British Columbia (Government of British Columbia, 2002), Michigan
(SEMCOG, 2008), the United Kingdom (UK) (CIRIA, 2007), and Australia (South Australian
Government, 2009). All these manuals are considered to be the most up-to-date with the current

approaches and practices. Subjects such as modelling concepts, the use of the treatment train

! Appendix A provides examples and descriptions of LID practices considered throughout this study.
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approach and the application of LID practices have emerged within these manuals (CVC &
TRCA, 2010). However, majority of these guidelines are more technically focused where
aspects such as economic, social and cultural criteria are only touched upon and not included
extensively in the planning framework. Some manuals produced by governments recognize the
need for taking a more holistic approach and integrating some of these other factors into the
planning process (SEMCOG, 2008; Ellis et al., 2006; Lai et al., 2009).

In addition to the challenges associated with the limited holistic planning frameworks, there
exists a shortage of LID drainage design tools that operate at the necessary range of scales
(Elliott & Trowsdale, 2006; Elliott et al., 2009). Since traditional stormwater structural Best
Management Practices (BMPs) are commonly implemented, the existing conventional
stormwater models are typically oriented to facilitate design and implementation of these
centralized BMPs (Cheng et al., 2004). Therefore, there is currently a lack of models that are
developed specifically to address LID hydrology (Graham et al., 2004). With the models that do
exist, simulation of LID systems is more challenging than simulating traditional stormwater
systems (Heaney & Sansalone, 2009). The availability of effective LID modelling software is
essential to the selection, design and application of LID practices (Elliott & Trowsdale, 2006).
The existence of these tools will not only allow for the evaluation of LID drainage measures at a
range of scales applicable to urban management, but could act to encourage wider uptake of
LID principles (Elliott & Trowsdale, 2006). Currently there are over 40 models for urban
stormwater (Elliott & Trowsdale, 2006) where many allow for the modelling of these complex
decentralized systems (Heaney & Sansalone, 2009). However, each model handles important
processes differently and the implications and effectiveness of each of these models in
determining LID performance is still being determined (Wright et al., 2000; Heaney &
Sansalone, 2009).

Another issue that is connected to LID implementation, as well as integrated urban
stormwater management as a whole, is recognizing the importance of stakeholder participation
from the initial planning process. Organizations, such as the Credit Valley Conservation (CVC)
and the Toronto and Region Conservation Authority (TRCA), both in Ontario, have
acknowledged the integrated design process and the requirement to involve a range of
disciplines into the planning and design team for LID projects (CVC & TRCA, 2010). This
recognition of a need for an integrated approach in planning, design and implementation of LID

practices also extends worldwide (Government of British Columbia, 2002; Brown, 2005; Ellis et
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al., 2006). Some groups, such as the Southeast Michigan Council of Governments (SEMCOG),
has taken this concept one step further and have identified that sustainable stormwater
management needs to involve not just the traditional stakeholders of stormwater management,
but a wider group (SEMCOG, 2008). Individuals such as elected officials, landscape architects,
and representatives from the community, should be included in the planning stages. Without
the support of all affected groups, other issues can arise such as jurisdiction complications, lack
of participation, and ineffective implementation. While incorporating various stakeholders, both
from public and private domains, into the selection process of LID practices has been
recognized as being necessary for effective and sustainable implementation, the process can
also be complex and cumbersome (Ellis et al., 2006). Each group holds differing opinions,
where significance of technical, environmental, economic, and social criteria ranges. Research
and development into creation of broader planning frameworks and decision support tools are
currently underway (i.e., Ellis et al., 2006; Makropoulos et al., 2008; Lai et al., 2009); however,
these methods are still in their development phases. Therefore, until these broader frameworks
and decision support tools that incorporate other criteria into the planning process exist,
municipalities will continue to experience challenges in the involvement of wider stakeholder

groups into the planning process of LID systems (Ellis et al., 2006).

Despite the existing challenges associated with LID planning, jurisdictions and organizations are
making progress in mitigating them. Various test studies have been initiated (Wossink & Hunt,
2003; Banting et al., 2004; CALTRANS, 2004; TRCA, 2007; Farahbakhsh et al., 2008; TRCA,
2008), particularly on the local level. Implementing LID practices on a larger scale, however,
have been fewer in numbers, as discussed further in Chapter 3. One organization seeking to
resolve some of these issues of large-scale LID planning is the Lake Simcoe Region
Conservation Authority (LSRCA).

Due to numerous water quality and quantity issues in the Lake Simcoe Watershed, several
initiatives, such as the Government of Canada’s Lake Simcoe Clean-up program (Environment
Canada, 2009), are currently underway. The purpose of these programs is to encourage
watershed stakeholders to not only apply conventional techniques of stormwater management,
but to apply alternative practices as well. In addition, the Lake Simcoe Protection Plan
(Government of Ontario, 2009) has stated that municipalities should consider source and lot-
level controls before proposing traditional stormwater treatment facilities (OMOE, 2009). As a

result, the LSRCA is currently engaged in a study to plan for the implementation of LID
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technologies at selected areas throughout the watershed. It is a desired outcome by the
organization that the study will provide guidance to watershed municipalities for incorporating

LID technologies into their stormwater management master plans (Li et al., 2009).

The data in the LSRCA LID Planning Project are used in this thesis as a case study to support
the research goals. This thesis proposes a framework for LID planning on a watershed level, as
there is a recognizable lack in this area, particularly in a Canadian context. The LID Planning
Framework establishes four components to developing effective management strategies to
apply in initial stages for wide-spread LID implementation. As such, the proposed Framework
begins with an evaluation of the hydrological performance of implementing LID technologies
throughout a watershed, followed by determining the cost-effectiveness of that application.
Finally, through the use of stakeholder participation methods, the acceptance of these
technologies can be included in the decision-making process to optimize management
strategies. The three components of the LID Planning Framework are developed in an Ontario
context with a particular focus on the Lake Simcoe Watershed. This study will promote an
integrated approach to LID planning, which can be used support the uptake of LID principles
and encourage more sustainable methods in stormwater management as a whole. In addition,
the concepts discussed throughout the study and the methodologies that are developed may
have potential applicability to watersheds and jurisdictions outside of Ontario’s borders. The
specific objectives, scope, and organization of the thesis are discussed in the remainder of the

chapter.

1.1 Objectives

As a result of these deficiencies in a holistic approach to LID selection and performance
assessment discussed above, a need has been identified for an approach that would assist with
the transition to a more sustainable approach to urban stormwater management. Specifically, it
has been identified to assist with closing the gaps in LID planning methodology on a watershed
level. The main objective of this thesis is to develop a planning framework (hereafter referred to
as “The Framework”) for LID implementation on a watershed level in Ontario. Through the
creation of this framework, additional study objectives will be satisfied:

1. To develop a modelling approach for the evaluation of benefits of LID implementation

on a watershed basis.



2. To apply cost-effectiveness analysis for the purpose of developing optimal
management strategies.

3. To develop a methodology for collecting stakeholder opinions and an analysis
approach that can be applied in LID planning.

4. To integrate all methodologies from the previous three objectives to optimize

management strategies for LID planning.

1.2 Scope

Based on the above objectives, the scope of the study is:

1. To describe the function of each component of the proposed Framework, where each
section will be developed from an Ontario perspective.

2. To apply the components of The Framework in detail through a case study for the
Lake Simcoe Region Watershed that will demonstrate the effectiveness of the
approach to plan for the implementation of five lot-based LID technologies that
accepts roof-top runoff, throughout the study area. The five LID practices are green

roofs, soakway pits, downspout disconnection, dry well, and rainwater harvesting.

1.3 Organization of thesis

The thesis is comprised of eight chapters. Chapter One begins with an introduction of the
research needs, as well as the objectives and scope for carrying out the study. It also provides a
brief overview of the watershed used in the case study. Chapter Two provides an overall
description of the Framework that establishes the structure of the thesis. Chapters Three to Six
describes the function of each component in the Framework. Each of these chapters includes a
literature review to appropriately describe the component’s purpose in the framework and any
existing studies to support the methods proposed. Chapter Seven is the case study. Data from
the Lake Simcoe Watershed was used to demonstrate the usefulness of the proposed LID
Planning Framework. Chapter Eight highlights the conclusions of the research study, and

provides recommendations based on the findings.
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2.0 LID Planning Framework

Legislative and administrative frameworks are used in all societies to provide a systematic
process to handle complex issues. It ensures quality and capability of meeting goals such as
those related to the environment. As described previously, urban water management in general
is handled under a broad regulatory framework. Depending on the country, the degree in which
specific water management aspects are controlled vary widely. As seen in Ontario, stormwater
management falls under a number of broader legislative frameworks. While direction does exist
under these frameworks, explicit guidance is limited or outdated. For example, to date, the most
current stormwater management guidance issued by the Ontario Ministry of Environment
(OMOE) is the 2003 OMOE Stormwater Management Planning and Design Manual (OMOE,
2003). Even though the guidance document reflects current technology, such as the use and
design of BMPs, the information is becoming rapidly out of date. Most of the material reviewed
is dated prior t01999; climate change factors and methods of adaption are not discussed; and
newer philosophies and practices are not included (CVC & TRCA, 2010; Environmental
Commissioner of Ontario., n.d.). In the last five years, jurisdictions worldwide have released
stormwater management manuals and guidelines that are considered to be the most up-to-date
with technologies and concepts. Objectives such as maintaining predevelopment hydrology, the
use of the treatment train approach, and LID methods form the bases of these documents (CVC
& TRCA, 2010). These concepts are all applicable in Ontario’s watersheds. Incorporating LID
principles into existing frameworks and providing guidelines for implementation have been slow
despite the increased awareness and knowledge (Elliott & Trowsdale, 2006). The first Ontario-
based LID Stormwater Management Manual was issued early 2010, where other jurisdictions
such as Prince George’s County, MD have been implementing LID concepts since 1999 (Prince
George’s County, 1999). Despite this slow process of providing provincial stormwater
management guidance, local agencies such as the LSRCA, and municipalities such as the
Regional Municipality of Waterloo, and City of Toronto are championing the movement by
engaging in LID projects within their jurisdictions (Li et al., 2009; WESA, 2007, Banting et al.,
2005).

Users of LID practices include a broad range of parties that includes various levels of
government and private consulting engineers, scientists and planners, members of the research
community, NGOs and other local agencies, as well as concerned citizens. Each group of

stakeholders would benefit from the LID implementation and design knowledge to some level of
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degree. However, it is often traditional stakeholders of stormwater management, which include
representatives from governments and agencies, engineers, scientists, and watershed planners
that would benefit the most from the existence of LID planning frameworks and design
guidance. One major challenge facing users of LID practices is the selection of technologies for
specific locations to support large-scale watershed planning. Existing manuals issued by
governments and other institutions provide guidelines for application of LID methods on
primarily a lot-level. In addition, the focus is primarily on design of LID technologies, where
relevant site, development, and hydrological characteristics are detailed. For example, Prince
George’s County LID manual provides a step-by-step design approach that uses the definition
of hydrological control goals and evaluation of site constraints to screen for LID practices
(Prince George’s County Government, 1999). Likewise, manuals produced in Michigan
(SEMCOG, 2008) and Ontario (CVC & TRCA, 2010), use a similar process. The use of fact
sheets and checklists are also employed to ensure the LID designer includes all important
design criteria relevant to planning and performance (SEMCOG, 2008; CVC & TRCA, 2010).
While these guidelines are useful, the task of selection and placement is still a challenging task
for many planners working beyond the lot-level. For example, planners working on a master
(watershed) level, other aspects need to be taken into consideration such as jurisdiction issues,
social concerns, and economic impacts. The challenge for developers of these manuals is to
produce guidelines that targets all types of groups, as well as presents a more integrated
approach to LID implementation, regardless the spatial scale. Despite the recent issues of some
manuals (i.e., SEMCOG, 2008) providing some consideration of these broader aspects such as
legal matters, costs, and social concerns, a more appropriate, all encompassing framework for

LID planning and implementation is needed.

2.1 Existing frameworks that support LID principles

The need for an integrated approach to LID planning and stormwater management as a
whole has not gone unrecognized within the scientific and public community. There has been
some work in the incorporation of LID principles into existing frameworks and even the
development of new decision-support tools to allow planners and stormwater managers to
consider the use of LID practices. In the U. S., the System for Urban Stormwater Treatment and
Analysis (SUSTAIN) was developed by the U.S. EPA to act as a decision-support tool to assist
agencies in the creation of strategic management options and placement of BMPs in urban

watersheds based on cost and effectiveness (Lai et al., 2009). The BMP/LID options that are
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provided are done so with the consideration of significant water quantity and quality factors in
urban watersheds (Lai et al., 2007). SUSTAIN is intended for users who have a fundamental
watershed knowledge and BMP modeling processes. This includes various levels of
government and private consulting engineers, scientists and planners, federal and state
regulatory reviewers, and members of academia. The concept behind this framework takes into
account “watershed-based placement scenarios” and “tiered analysis”. The idea is that a
relatively large watershed can be sub-divided into several smaller sub-watersheds. For each
sub-watershed, users can select suitable and feasible BMP technologies based on type,
configuration, and cost to be placed at deliberate locations. SUSTAIN provides the platform to
predict the quantity and quality of stormwater runoff with these BMPs placed at strategic points.
In addition to assisting watershed and stormwater practitioners to develop, evaluate, and select
optimal BMP combinations at regional and local levels, the tool can be used for a number of
planning activities. For example, as shown in Figure 2-1 at various points throughout the

watershed planning process, SUSTAIN can be used to define various decision options.

Watershed Planning Uses of SUSTAIN

e Generalized
assessment of
manaaement

Identify Problems &
Set Goals
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Develop Plan
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Implement Plan

v

e Predict load reduction and
cost for multiple management
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e Support selection of an optimal
implementation plan
e Evaluate project phases (cost

v

ﬁ and load reduction at each
Track Progress » * Recalibrate SUSTAIN based on
newly collected data
ﬁ e Evaluate future benefits of
implementation and/or adaptation
Achieve of plan

Mananement Gnals

Figure 2-1: Uses of SUSTAIN in U.S. Watershed Planning Process (adapted from U.S.
EPA, 2009)

13



In addition to these applications, SUSTAIN can be used to: develop TMDL implementation
plans, identify management practice to achieve pollutant reductions, determine optimal green
infrastructure strategies for reducing volume and peak flows to combined sewer overflow (CSO)
systems, quantify benefits of implementing “green” infrastructure on water quantity and quality in

urban streams, and develop a BMP installation plan using the cost effectiveness data.

The Australian developed Model for Urban Stormwater Improvement Conceptualisation
(MUSIC) offers a different approach for stormwater-related decision-making. As indicated in its
name, the decision-support tool is intended to assist organizations plan and design at the
conceptual level appropriate urban stormwater management systems for their catchments.
MUSIC allows users to simulate both quantity and quality of runoff from catchments ranging
from a single house block up to many square kilometres. The tool also allows for the prediction
of the effect of a wide range of treatment facilities on the quantity and quality of runoff
downstream. The concept of the simulation framework employs the “treatment train” approach,
which seeks to evaluate the performance of a group of stormwater management measures
configured in series or in parallel. The effectiveness of the whole system is based on a risk-
based approach, which considers the assessment of

1. “the long-term frequency in which receiving aquatic ecosystems is subjected to
exposure of pollutant concentrations above a pre-specified threshold level and/or
2. the long-term mean annual pollutant load delivered to the receiving waters” (Wong et
al., 2005)
The product is a flexible decision-support system that assists in the conceptual design for the
most efficient and cost effective urban stormwater system that meets water quality standards for
local catchments, as well as monitor and assist with the development of guidelines for the urban
water management industry. Despite its widespread use in Australia, particularly to support LID
initiatives, the application cannot be used as a detailed design tool. As a result, it must be used
in combination with other analysis methods. The current version of MUSIC does not incorporate
all aspects of stormwater management that must be considered by the decision-maker. LID
design and stormwater management in general is based on factors other than stormwater
quality. Aspects such as hydraulic analysis for stormwater drainage, indicators of ecosystem

health, and integration of facilities into the urban landscape are not included in the framework.

Research in the area of integrated planning tools for water management has increased

substantially in Europe over the past decade, signalling significant movement towards
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sustainable methods in urban planning. The EU WFD demonstrates this progress (Ellis et al.,
2006). The mandate of WFD requires a more holistic approach in the decision-making process
for water management (Ellis et al., 2006). One decision-support tool to assist in stormwater
management, specifically, is the web-based Adaptive Decision Support System (ADSS) called
Hydropolis that was developed under the DayWater EU 5th Framework Programme project
(Ellis et al., 2006). This program assists with the process of identifying possible BMP solutions
for urban stormwater management taking into account development location and community
aspects. The framework employs a Multi-Criteria Analysis (MCA) approach that ranks the BMP
alternatives to include structural and non-structural controls in a performance matrix. This
provides the means to reducing the alternatives to a short list that can assess in further detail,
as well as identify solutions that are not possible. The Hydroplis decision-matrix is based on
seven principal Areas of Concerns (AoCs). These AoCs include site characteristics, technical,
environmental, economic, operation and maintenance, social and urban community benefits and
legal and urban planning criteria. Site characteristics are used for initial characterization and
screening of suitable BMP alternatives. For example, infiltration practices would be eliminated
as options for sites that have high groundwater levels. The other remaining six AoCs are further
divided into indicators which each have benchmarks of reasonable threshold values and units.
The performance matrix is displayed online, allowing users to connect at anytime. Following
completion of the matrix score, weightings can be applied to reflect the importance placed on
each criterion and/or indicator by all stakeholders. The advantage of using Hydropolis and its
capability to incorporate stakeholders’ viewpoints and strategies allows for it to be used as a
“negotiating tool” that highlights areas of agreement and a means of maintaining focus among
various stakeholders. However, similar to MUSIC, Hydropolis is not intended to be a BMP
drainage design approach and other hydraulic and water quality tools will have to be use for

aspects such as sizing of individual technologies.

In Canada, the development of integrated decision-support systems for stormwater
management has lagged behind the rest of the world considerably. To date, British Columbia
has the most “state-of-the-art” decision-support tool in Canada with the Water Balance Model
powered by QUALHYMO (WBM). WBM assists decision makers by bridging the objectives of
engineering design and planning to create sustainable communities (British Columbia Inter-
Governmental Partnership, n.d.). Two previously separate existing rainfall-runoff simulation
models were merged to create a tool that integrates continuous hydrologic simulation

capabilities of QUALHYMO with built-in databases of land use, low impact system, and soil and

15



local climate information contained within the previous Water Balance Model. The decision-
support tool allows users and reviewers to compare multiple development and land use
scenarios, as well as focus on a multitude of design details available to achieve the desired
objectives. The tool can also be used for planning on a site level to a watershed level. On a site
level, users can evaluate the effectiveness of source controls to achieve performance targets for
rainfall volume capture and runoff rate control based on various combinations of land use, soil
and climate conditions. On a watershed level, engineers and local governments can use WBM

to achieve desired urban stream health and environmental protection objectives.

The framework currently used in stormwater management in Ontario is not as developed and
current as that followed in British Columbia. As described earlier, the OMOE Stormwater
Management Planning and Design Manual (OMOE, 2003) provides overlying guidance
document for the implementation of stormwater management facilities within Ontario. It
describes the accepted planning and approval process and the required environmental studies
that must be completed. The OMOE manual provides design criteria for “conventional” end-of-
pipe stormwater management practices such as wet ponds and constructed wetlands but
provides only limited information about lot level and conveyance controls. The OMOE manual
does, however, emphasize the use of a treatment train approach to reduce the impacts of
stormwater runoff. A treatment train approach employs lot-level, conveyance, and end-of-pipe
stormwater management practices in combination. This type of approach is usually required to
meet the multiple objectives of stormwater management, which include maintaining the
hydrologic cycle, protecting water quality, and preventing increased erosion and flooding. A
treatment train approach supports the principles of LID and its methods. Recognizing the need
to continuously support the evolvement of stormwater practice in Ontario, conservation
authorities have taken it upon themselves to improving management strategies. They believe
that an improved understanding of the requirements for stormwater management will lead to
improvements in management practices and an increasingly standardized and streamlined
approach to addressing stormwater throughout their watersheds (CVC & TRCA, 2010). These
organizations are currently in the process of developing guidance material for LID design and
implementation. One key document, the LID Stormwater Management Planning and Design
Guide (LID SWM Guide) (TRCA & CVC, 2010) has been issued with the intention to augment
the OMOE Stormwater Management Manual. Drawing on a number of published resources and
local studies, the guidance document provides planning and design direction to users of LID

practices for a number of lot-level and conveyance stormwater management practices currently
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used world-wide. The LID SWM Guide should be seen as a technical design guideline in that
the inclusion of broad decision-making criteria is not included extensively. While some costs
estimates are provided for the LID practices addressed in the manual, it is left to the user of the
manual to consider other aspects, such as social elements that may impact effective

implementation.

All other existing decision support tools are primarily modelling tools that use mainly
technical criteria to analyze the placement of stormwater management strategies. To date, there
are no planning frameworks similar to SUSTAIN (Lai et al., 2009), Hydropolis (Ellis et al., 2006)

and WBM (British Columbia Inter-Governmental Partnership, n.d.) in Ontario.

2.2 Framework Overview

The proposed LID Planning Framework is aimed at providing a structured approach in
applying sustainable technologies for the management of stormwater. Generally the LID
planning framework will facilitate the identification of LID systems that are appropriate for
implementation based on the conditions to which each LID is suited and the geographic extent
of these conditions across the study area. At the conclusion of a LID planning study, a planner
should be able to identify the appropriate LID practices that should be used for a given area
within a watershed and the performance of placing the LID practices at that specific site. In
addition to these aspects, it is necessary for planners to take into consideration cost information.
This should be evaluated against the goals of the study (e.g., cost of reducing phosphorus
entering the lake with the application of LID methods). Analyzing the cost-effectiveness of LID
practices occurs typical in planning studies and is an important decision factor for selecting LID
technologies. Lastly, the success of applying LID practices relies on the acceptance and support
of stakeholders implementing the systems. Watershed planners are therefore required to
understand and evaluate the opinions and concerns of those who will apply LID technologies in
order to eliminate any barriers and to ensure effective implementation. The conceptual
framework includes four main components, which should be evaluated in a specific sequence.
An overview of the function of the LID planning framework, as well as a brief description of the

role and function of each component is described in the next few sections.

The proposed sequence of the LID planning process along with a brief description of the

aspects addressed in this study is shown in Figure 2-2. As shown highlighted in a grey
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background, the first major component of the framework evaluates the hydrological performance
of LID practices implemented within the watershed. The evaluation methodology consists of
applying screening criteria based on site and development characteristics to select LID systems
to be placed within areas that are hydrologically similar. The performance of these LID systems
are then determined for these hydrologically similar areas, termed Hydrological Response Units
(HRUs), using a modelling approach developed through this thesis research. Once all the HRUs

are modelled, the performance of each can be aggregated over the watershed.

The second component, the cost-effectiveness analysis, is performed to understand what
types of costs will be associated with the placement of LID systems within the study area. The
objective will be to determine the balance that can be achieved between the total cost (e.g.
implementing, operating, and maintaining) and the goal (e.g., improved water quality) being

sought on a watershed level.

The third component of the LID planning process takes into account the interests of
stakeholders. Involving stakeholders’ preferences in the decision-making process is an
important factor for successful LID implementation. Currently LID practices can be applied in
two scenarios, new development or retrofit opportunities. For new developments, the
implementation of LID practices is simplified significantly where the main factors relate to site-
specific screening criteria. Furthermore, these new developments are only a fraction of the
urbanized land. If broader, sustainable objectives in urban water management are to be
achieved, proposed stormwater management initiatives need to account for presently existing
developments, which are majority of the cases. For retrofit opportunities, implementation is
more difficult, particularly on a large-scale level. Retrofit application of LID practices requires
watershed planners to understand who will be implementing these systems and how to gain
their support for implementation. Considering their concerns will allow for more effective
program and policy development, as well as the provision of directed guidance to ensure
acceptance and uptake of LID principles. Engaging in stakeholder consultation on this final step
will allow the watershed planners the capability to give advice and guidance to the various types

of stakeholders within a watershed that represent a possible diverse range of areas.

The final component in this framework is the application of decision-making theory. It is at

this point in the process that all the results from the previous three components are integrated to
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form possible LID planning solutions. Various theories and approaches can be applied to
develop these solutions.

Upon application of the framework, it is believed a useful tool to facilitate LID planning will be
created. The framework described in this chapter forms the core of this study. Each component

is described in further detailed in the subsequent four chapters.
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Figure 2-2: LID planning process




3.0 Evaluation of Hydrologic Performance in LID planning
3.1 Introduction

Watershed management in generally is a complex process that requires maintaining a
balance among various technical, social and economic elements within the watershed
boundaries. A major component of watershed management is predicting the effects of
urbanization on all aspects of the hydrologic cycle (OMOE, 2003). Analysis approaches within
jurisdictions focus on evaluating the sensitivity of the watershed system to hydrologic impacts
such as reduced groundwater recharge, issues regarding water quality and quantity, and the
affect on aquatic habitats. Traditionally, such analyses have concentrated on evaluating the
hydrological performance of conventional stormwater practices. However, due to the emergence
of LID practices and their technical nature, establishing an approach to evaluate their
performance has been challenging. This has been seen as a particular issue for planning on a
watershed level. Existing research studies centered on this large-scale objective are limited
particularly within a Canadian context. The cases that do exist are typically demonstrated at the
source or local scale, which do not experience the same number of challenges as planning on a
larger scale, such as accounting for the variability of the land or the increased number of

stakeholders.

While the advantages of LID implementation are generally known and have been accepted of
its possibility to improve watershed health (Duram & Brown, 1999; Li et al., 2009; Farrell &
Scheckenberger, 2010), only a limited number of studies have been conducted to evaluate the
potential performance of these technologies on a large scale. In addition, a major component to
making the appropriate selection of LID practices for desired locations within a watershed is
having the appropriate drainage design tools that can operate at the necessary range of scale
(Elliott & Trowsdale, 2007). Since LID applications in stormwater management are still a
relatively new concept, the availability of effective LID modelling software is still limited (Heaney
& Sansalone, 2009). While many of the current tools will allow for the modelling of these
decentralized systems (Heaney & Sansalone, 2009), the specific characteristics of majority of
these practices are not built into the software and many assumptions are required. This
framework component aims to address some of these issues that have risen regarding the
evaluation of hydrological performance of LID technologies throughout a watershed.

Specifically, an approach will be outlined to select appropriate LID practices that can be used for
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a given area within a watershed, as well as determine the overall benefit achieved for placing

the technologies at those specific sites.

3.2 Review of Literature on Existing LID Performance Studies and Models

3.2.1 Existing research studies for the evaluation of LID hydrological
performance

While limited in number, there are a few existing studies that evaluate hydrological performance
of LID-type technologies over a large scale. One of the first studies of this nature in Canada
occurred in Ontario as part of the Toronto Wet Weather Flow Study (WWFS) (City of Toronto,
2003). This study applied the concept of developing unit models for generic land use conditions.
Each unit model represented one hectare of development for a specific land use condition,
characterized by soil type, topography, connectivity to minor systems, as well as the presence
of LID stormwater management practice (City of Toronto, 2003 as cited in Farrell &
Scheckenberger, 2010). The approach that was developed aimed to produce the hydrographs
that described the surface runoff and groundwater recharge responses for each generic land
use. These Unit Response Functions (URFs) were generated by applying the U.S. EPA
Hydrologic Simulation Program — Fortran (HSP-F) for a continuous simulation using four years
of meteorological data. Each URF was multiplied by the areal composition of the respective
generic land use and was used to quantify the impacts of implementing the LID practices on
groundwater recharge. It also provided the means to determine the effects on peak flow
response and flood risk that could result from a land use change. While the study demonstrated
an approach to assess the overall benefits of applying LID practices at the subwatershed scale,
the process was quite time intensive, requiring several hours to carry out one simulation to
generate the URF. In addition, the simulation period of four years was insufficient to conduct a
thorough frequency analysis to quantify flood risk. Typically, a continuous simulation period of
20 years is used (City of Toronto, 2003 as cited in Farrell & Scheckenberger, 2010) is used for

modelling.

Applying the approach taken in the Toronto WWFS, the Credit Valley Conservation (CVC)
carried out a Flow Management Study (FMS) (Phillips Engineering Ltd., 2007). The objective of
this study was to recommend stormwater management practices for flood control to be
implemented at main branch Flood Damage Centres throughout the watershed. Building upon

the experiences of the Toronto WWFS, the CVC FMS utilized a continuous simulation of 40
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years of meteorological data using the HSP-F method. Instantaneous peak flow rates were
determined at key locations along the Credit River through a Water Quality Study. The Water
Quality Study applied a version of the WWFS HSP-F model (Phillips Engineering Ltd., 2007). As
part of the overall study, a simulation approach was developed to evaluate LID practices at the
sub-catchment scale. It included applying the HSP-F model for larger catchments of mixed land
use (Phillips Engineering Ltd., 2007). To determine the simulation techniques for the LID
practices, specific information was required as well as methods incorporated from the Water
Quality Model. The result was an approach to adequately simulate the hydrologic effects of
implementation of the LID practices, particularly related to reduction of runoff volumes that could

be applied at the sub-watershed scale.

Recognizing the need to conduct hydrologic analyses before the Stormwater Management and
Site Plan stages (typical to Ontario (OMOE, 2003)), Farrell and Scheckenberger (2010)
developed an approach to apply a “generic” storage routing element to represent infiltration
techniques, which could be used at the Subwatershed Study stage. Studies such as Site Plans
occur at the final stages in the stormwater management planning process, which focus on the
requirements of the specific development area (Farrell & Scheckenberger, 2010). It was
reasoned that it is necessary to evaluate the performance of LID practices on a wider scale in
order to incorporate the broader objectives of these governing higher-level studies, as well as
understand their impacts with respect to the overall environmental system. The approach
developed assessed LID practices that promote infiltration of urban runoff. Using a generic
design concept to represent the various infiltration technologies, the HSP-F hydrologic model
was applied along with a long-term continuous simulation methodology. The result of the study
produced a methodology of evaluating the long-term effectiveness of LID practices that promote
infiltration at the subwatershed stage for new development areas. It was also demonstrated that
the developed method could be used to provide direction related to maintaining the water
balance within the study area, as well as determining required efficiencies for the sizing of end-

of-pipe facilities (Farrell & Scheckenberger, 2010).

Among the existing studies attempting to evaluate the benefit of large-scale LID practices in
general, there are a few cases that focus solely on the widespread implementation of just one
practice, particularly green roofs. In 2005, the TRCA contracted a study to determine the
effectiveness of implementing green roofs within the Highland Creek watershed by assessing its

impact on water quality, flooding, water balance and erosion (Aquafor Beech Limited, 2005).
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The approach utilized the HSPF model and the concept of URFs applied in the Toronto (2003)
WWEFS. These URFs developed in Toronto (2003) was redefined to represent the percentage of
land uses where flat roofs could be used for green roof implementation in the Highland Creek
Watershed. Assuming that the minimum roof area available for application was 100 m? and only
75 percent of each roof would be used, 50 and 100 percent implementation of suitable land use
scenarios were modeled to evaluate the hydrologic benefit (Aquafor Beech Limited, 2005).
Among the conclusions from the study, it was found that while Highland Creek is a good
candidate to consider green roofs since approximately 30 percent of the land uses have flat
roofs, the results show that only a fairly small runoff volume reduction of approximately 4
percent can be obtained at the mouth of Highland Creek assuming a 100 percent
implementation (Aquafor Beech Limited, 2005). It was found, however, that the percent
reduction does vary on subwatershed level depending on land use and suitability for

implementing green roofs (Aquafor Beech Limited, 2005).

Following this study, a research team from Ryerson University working on behalf of the City of
Toronto, applied the concepts and results produced from the Highland Creek green roof study
to determine the environmental benefits of green roof application throughout Toronto (Banting et
al., 2005). The study aimed to evaluate these benefits by taking into account specific land uses
using the Geographic Information System (GIS) environment. The purpose of using the GIS tool
was to produce a methodology that took into account the characteristics and distributions of
actual rooftops across Toronto. Similar to the methodologies applied in Highland Creek Green
Roof Study (Aquafor Beech Limited, 2005), Banting et al. (2005) applied the URF concept to
assess the ability of the green roofs to divert stormwater from sewers. Similarly, HSP-F was
used for modeling and specific URFs were adopted directly from the study (Aquafor Beech
Limited, 2005) if there was a corresponding land use category. If the model was not available,
then URFs were averaged from the Highland Creek study if there were a few similar land use
categories (Banting et al., 2005). The URFs that were used represented the annual runoff from
one hectare of drainage area of certain land use category (Banting et al., 2005). Based on the
assumption that the runoff process is linear, total runoff is predicted by multiplying the area by
its corresponding URF. Applying this concept, the URFs to estimate runoff with and without
green roofs application was established for various land use categories that typify Toronto.
These results were then used in combination with GIS to assign predicted runoff to suitable roof
areas for each land use in the study area. The roof areas that were assumed suitable for green

roof application were at least 350 m? on buildings with low sloped roof surfaces and the green
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roof would occupy 75 percent of the area. GIS also provided the means to aggregate the
stormwater reduction obtained by green roof application across the whole city, demonstrating

the hydrological benefits of implementing this LID technology.

Among the studies reviewed, there are some noteworthy elements that can be applied in the
development of a methodology to evaluate the performance of LID technologies on a watershed
level. The Toronto WWFS the process provides an initial basis for evaluating LID practices at
the sub-watershed scale, particularly the cumulative impacts. The concept employed of using
generic unity models that was characterized by aspects such as land use condition, soil type,
topography, and LID type suitability, proved to be very useful for LID performance evaluation. In
the CVC FMS, the cumulative impacts of LID practices were not evaluated. However, it was
shown that the current approach of representing the cumulative hydrologic impacts of
stormwater management systems using a single routing element at the sub-catchment outlet is
still appropriate. One aspect the CVC FMS also pointed out that should be considered in
developing a LID performance evaluation methodology is the need for specific information
regarding the types of LID practices. It is important for this information to be established in the
context of future land use condition, as well as in order to generate the storage-discharge
relationship for the model routing element. The study by Farrell and Scheckenberger (2010)
introduced the concept of generic storage elements to represent infiltration techniques. The
approach applied consisted of practical aspects for an evaluation method applied in the context
of sub-watershed planning. However, the study addressed several LID practices and it was
developed for application in new developments. The final two studies reviewed both looked at
evaluating the benefit of large-scale green roof implementation. The study focusing on the
Highland Creek watershed (Aquafor Beech Limited, 2005) defined appropriate assumptions for
modelling green roofs in Toronto, which can be used in any further development of hydrological
performance evaluation methodology. The Toronto Green Roof Study (Banting et al., 2005)
demonstrated the usefulness of the GIS tool in producing a method for assessing the benefit of
green roof application in Toronto. GIS as a means of forming the basis of the performance
evaluation methodology is relevant to the development of a method to evaluate numerous LID
technologies. The tool provided the means of taking into account the characteristics and
distributions of actual rooftops across a large study area, which can be applied in here for the

case of numerous LID evaluation over a watershed.
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3.2.2 Review of existing models appropriate for LID evaluation

As mentioned previously, an important aspect of selecting suitable LID practices for large-
scale study application is having the appropriate drainage design tools. Elliot and Trowsdale
(2007) analyzed and compared ten models commonly used in the evaluation of urban
stormwater systems. While these models were typically used in application to conventional
stormwater drainage systems, an emphasis in this study was placed on assessing the
simulation capabilities of LID practices. The review of models included a comparison of
attributes such as intended use of the model (i.e., research, public, education, catchment
planning, etc.), temporal resolution and scale, catchment and drainage network representation,
hydrology abilities (i.e., runoff generation, routing to and within the drainage network,
groundwater movement, etc.), containments included in the model, capability of explicit
representation of LID devices, and user interface. The results of the comparison for each model
will not be discussed and can be found in the review (Elliott & Trowsdale, 2007); however, a
number of gaps that were identified will be highlighted. One significant gap identified was the
ability for these models to comprehensively predict the effects of LID implementation on
hydrology, water quality, and the ecosystem (Elliott & Trowsdale, 2007). It was noted specifically
that these models did not address some key quality parameters such as temperature and only
one of the models reviewed (MOUSE) addressed dissolved oxygen depletion, but the emphasis
is on wastewater discharges rather than stormwater (Elliott & Trowsdale, 2007). It was identified
as a gap that the models are not integrated with ecosystem effect models (Elliott & Trowsdale,
2007). As a result, their ability to predict the benefits of LID on the stream ecosystem is limited,
which is one of the key motivations of LID implementation. Another major gap that was identified
was the limited number of documented tests demonstrating the ability of stormwater models to
predict the actual effect of LID at a subdivision or catchment scale (Elliott & Trowsdale, 2007). It
was recognized that this was due to the difficulties in setting up a suitable study site with the
required spatial control (Elliott & Trowsdale, 2007). Numerous other deficiencies of the reviewed
models were identified in terms of their use in LID implementation. Recommendations were
made to address these limitations including more research into flow and contaminant
generations to improve the processes used in the models, testing the performance of existing or

new devices, and simply refining existing models (Elliott & Trowsdale, 2007).

The gaps in LID modelling identified by Elliott and Trowsdale (2007) effectively highlighted
the primary areas in need of research and development. While the transition has been slow in
LID implementation, since then, there has been some work in the development of new models
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and refinement of existing models to allow planners and stormwater managers to consider the
use of LID practices (U.S. EPA, 2009; Wong et al., 2005; Cheng, 2007; Lai et al., 2007). The
following section is a review of six currently available proprietary and public hydrologic
modelling tools. The evaluation of the models is based on their ability to simulate LID
technologies. A summary of their computational process capabilities, as well as any distinctive
features regarding system and operation will be also given. The assessment is based on

versions of the models available in April 2010.

Storm Water Management Model (SWMM)

Storm Water Management Model (SWMM) was developed by the U.S. EPA in 1971
(Rossman, 2009). This dynamic rainfall-runoff simulation model is used for planning, analysis
and design related to stormwater runoff, sewer systems, and other drainage systems used in
both urban and non-urban areas. Currently, in Version 5.0 the model provides an integrated
environment for editing study area input data, running hydrologic, hydraulic, and water quality

simulations, and presenting results in a variety of formats (US EPA, 2009).

The SWMM system relies on conceptualizing a drainage system as a series of water and
material flows between components considered to be major environmental compartments.
There are four major compartments in total. The Atmospheric Compartment is from which
precipitation falls and pollutants are deposited onto the Land Surface Compartment. The Land
Surface Compartment receives precipitation from the Atmospheric Compartment in the form of
rain or snow. Outflow is sent to the Groundwater Compartment in the form of infiltration and to
the Transport Compartment as surface runoff and pollutant loadings. The Groundwater
Compartment receives infiltration from the Land Surface compartment and transfers a portion of
the inflow to the Transport compartment. Finally, the Transport Compartment contains a
network of conveyance elements (i.e., channels, pipes, pumps and regulators) and
storage/treatment units that transport water to outfalls or to treatment facilities. The
environmental compartments are used in conjunction with “SWMM objects” to simulate a
drainage system. The “‘SWMM Objects” include elements such as rain gauges to represent
rainfall, subcatchments that correspond to the Land Surface Compartment, and conveyance
elements such as channels, pipes and pumps. In a particular model, it is up to the user to
determine which compartments are used. If desired, for example, only the Transport

compartment with a user-defined hydrograph could be used.
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In terms of simulation methods and processes, SWMM uses a physically-based, discrete-
time simulation model that employs principles of conservation of mass, energy, and momentum
wherever appropriate. Major processes that are simulated are surface runoff, infiltration, ground
water, snowmelt, flow routing, surface ponding, and water quality routing. Infiltration can be
modeled by using Horton’s equation, the Green-Ampt Method, or the Curve Number Method.
Flow routing is modeled within a conduit link by applying conservation of mass and momentum
questions for gradually varied, unsteady flow. Steady-flow, kinematic wave, or dynamic wave,
routing can be applied to solve the questions. The model is also capable of simulating the
impacts of pollutants. Pollutants can be introduced into the nodes of drainage systems through
user-defined time series of various flows such as dry weather inflows or groundwater inflow. In
addition pollutant build-up, pollutant wash-off, and the effects of street sweeping can be

incorporated into the models.

The ability of the traditional version of SWMM to simulate LID practices is quite limited. The
current version cannot explicitly simulate the most-used practices, and must be evaluated using

a variety of approaches. This is summarized in Appendix B.

Storm Water Management Model Version 5.0 - BMP/LID Extension (SWMM 5.0-
BMP/LID)

To address the strong desire to evaluate the hydrological processes of LID practices, the
U.S. EPA is in the process of developing methods to assist with these analyses. In October
2009, the U.S. EPA released the Beta version of the SWMM 5.0 with BMP/LID extension
modules (Rossman, 2010). The SWMM 5.0 runoff engine and graphical user interface have
been extended to explicitly model the following generic types of LID controls:

¢ Infiltration trenches,

e Porous pavement,

e Vegetative swales,

¢ Bio-retention cells which include rain gardens, green roofs, street planters,

e Rain barrels and cisterns.

Each generic type of LID control is represented by a different combination of vertical layers

whose properties are defined on a per-unit-area basis (Rossman, 2010). During a simulation, a
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moisture balance is performed that keeps track of how much water moves between and is
stored within each layer (Rossman, 2010). As an example, consider the street planter shown in

Figure 3-1.

OVERFLOW
ELEVATION

Figure 3-1: Conceptual design of a street planner bio-retention cell (As adapted from
Fig. 11.2 of Rossman 2010)

In the SWMM model, the street planter would be conceptual represented by layers and flow

processes as shown in Figure 3-2.
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Figure 3-2: Layers used to model a bio-retention cell (As adapted from Fig. 11.32 of
Rossman, 2010)
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The ability of the SWMM-LID/BMP model to explicitly simulate the most-used practices is
summarized in Appendix B. As shown, the tool can explicitly model a number of point and linear

based LID practices.

Model for Urban Stormwater Improvement Conceptualisation (MUSIC)

As described in Chapter Two, MUSIC is an Australian developed model currently in its fourth
version (eWater, 2010) MUSIC provides the ability to simulate both quantity and quality of runoff
from catchments with a spatial resolution that ranges from 0.01 km? (i.e., single house block) to
a watershed level. It also allows for the simulation of a wide range of treatment facilities and
their effect on the quality and quantity of runoff downstream. MUSIC is used mainly as a
conceptual design tool where application is mainly to evaluate and support conceptual designs

of stormwater management systems to ensure the suitability in a catchment.

MUSIC is based on the “treatment train” approach, which assesses the performance of a
group of stormwater management measures that is arranged in a series or parallel
configuration. The treatment train concept used in this tool to connects a set of treatment
devices together to treat all the contaminants associated with the stormwater flow. The three
main types of models to create the treatment train is the Catchment, which consists of a number
of nodes that represents the entire urban catchment; Nodes, which acts as a connection point

for drainage links; and, Drainage Link, which links the flow between nodes (eWater, 2010).

The simulation methods utilized in MUSIC is known as the Universal Stormwater Treatment
Model (USTM). Treatment devices such as grass swales, wetlands, ponds, and infiltration
systems are considered to be single continuum of treatment based on flow attenuation and
detention and particle sedimentation. The unified model adopts three main principles: hydrologic
routing, which represents the simulation of water movement through the treatment system; a
first-order kinetic model, which corresponds to the removal of pollutants within the treatment
system; and, the concept of the Continuously Stirred Tank Reactor (CSTR), which characterizes

the physical storage of elements such as ponds and tanks (Wong et al., 2005).

The current version of MUSIC can only explicitly simulate some LID practices such as

rainwater harvesting, bioretentions, filter strips, grass channels, and dry swales (Wong et al.,
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2005). MUSIC’s capabilities to simulate the most-used LID practices are summarized in

Appendix B.

BMP/LID Decision Support System (BMPDSS)

The BMP/LID Decision Support System (BMPDSS) (Cheng et al., 2007) is another existing
model that can be used for urban stormwater management planning and design at the
watershed level. This GIS-based tool was co-developed by the Prince George’s (MD) County
Department of Environmental Resources Programs and Planning Division and Tetra Tech Inc.
(Cheng et al., 2007). Currently in its first version, the objective of this tool is to assist with the
decision-making process for the placement of BMPs at strategic locations in the urban
watershed based on integrated data collections and hydrologic, hydraulic, and water quality
modeling. Specifically, the system uses GIS technology and integrates BMP process simulation
models and applies the system optimization techniques for planning and selection. The
computational system is made up of several components. The ArcGIS interface is the main user
platform for BMP placement and configuration and establishment of a routing network. This
interface also requires ArcView and Spatial Analyst components. The database component
contains all relevant data and files needed to begin implementing BMP options. The BMP
Simulation Module is the component that characterizes the function and pollutant removal
efficiency of the BMPs. This module simulates many of the major process associated with BMP
function using the same process-algorithms described in SUSTAIN (described in the next
section). The Routing/Transport Module is based on SWMM 5.0 transport algorithms. The final
two components are the Optimization Component, which indicates the most cost-efficient BMP
selection and placement strategies, and the Post-processor, which assist users with the
analysis of the output data. The result is a system that takes into consideration the benefits of
choosing a particular practice, the difference in management options, costs, environmental
goals, and other factors for a comprehensive analysis (Cheng et al., 2007). Figure 3-3 shows

the main components in the system and their connections.
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Figure 3-3: BMPDSS system (adapted from Figure 2-1 from Cheng et al., 2007)

Currently, BMPDSS can directly simulate a number of LID practices as shown in Table B-4 in
Appendix B. LIDs that cannot be explicitly simulated to date are soil amendments, tree clusters,
and filter strips (Cheng et al., 2007).

System for Urban Stormwater Treatment and Analysis (SUSTAIN)

As introduced in Chapter Two, SUSTAIN was developed by the U.S. EPA to act as a
decision support system to assist in the strategic placement of BMPs in urban watersheds
based on cost and effectiveness (Lai et al., 2009). The BMP/LID options that are available were
included for their capability to address significant water quantity and quality factors in urban
watersheds. Due to the comprehensive scope of the model, SUSTAIN was developed in
phases. Phase 1 was built on the BMP module developed by Prince George’s County
(BMPDSS) (Lai et al., 2009). The focus of Phase 2 was on expanding the capabilities and

functionalities of the system such as expanded cost estimating functions, including additional
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BMP types, and improving BMP simulation processes. Phase 2 was completed in September

2009 and has been released for commercial use.

The SUSTAIN system has many operating system requirements, including ESRI's ArcGIS 9.3
and the Spatial Analyst extension. There are six modules, many of which are similar to
BMPDSS. The Framework Manager module serves as the main user interface. The Land
Module generates runoff and pollutant loads from the land through internal land simulation. The
BMP Module performs process simulation of flow and water quality through BMPs. The
Conveyance Module simulates routing of flow and water quality in a pipe or a channel. The
Optimization module evaluates and identifies cost-effective BMP placement and selection
strategies for a preselected list of potential sites, applicable BMP types, and ranges of BMP
size. Finally, the Post-Processor perform analysis and summarization of the simulation results

for decision making.

In terms of the simulation processes, SUSTAIN’s capabilities are rooted in three modules:
land, BMP, and conveyance (Lai et al., 2009). These modules are used in combination to
support the range of watershed processes. The land simulation module is supported by two
other existing models. The surface runoff and water quality components are provided through
the SWMM 5.0 system or from an external linkage to a previously calibrated watershed model
(Lai et al., 2009). The sediment erosion process is simulated using HSPF where the particle
size distribution for eroded sediment is represented as fractional distribution of sand, silt, and
clay (Lai et al., 2009).

The BMP simulation module uses a combination of process-based algorithms such as weir
and orifice control structures, flow routing and pollutant transport. Infiltration, evapotranspiration,
and pollutant loss/decay processes are also included in the simulation (Lai et al., 2009). The
core of the module is based on the Prince George’s County BMP Module developed in 2001 for
the Low-Impact Development Management Practices Evaluation Computer Module (Tetra Tech
Inc., 2001 as cited in Lai et al., 2009). Additional enhancements of this module include the
concept of the CSTR in series; pollutant removal based on the ki-C* model developed by Kadlec
and Knight (1996, as cited by Lai et al., 2009); and dynamic simulation of evapotranspiration.
Stream buffer strip simulation is supported by the process-based algorithm applied in the
VFSMOD (Lai et al., 2009).
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The final simulation module is associated to conveyance. This module represents the
movement of water and pollutants among the physical parts of the watershed (land, BMP,
conduit, etc.). The kinematic wave and CSTR approach used in the SWMM Transport
compartment is applied to model flow and pollutant routing. The sediment transport component
utilizes the associated algorithms found in HSPF and Loading Simulation Program in C++
(LSPC) models (Lai et al., 2009).

The current version of SUSTAIN assists in the planning of most LID practices by direct
simulation. The LID practices that can be explicitly simulated by the program are shown in
Appendix B. Some practices that are not included are soil amendments and tree clusters (Lai et
al., 2009).

Water Balance Model (QUALHYMO)

The Water Balance Model (WBM) was developed in 2002 as an extension to British
Columbia’s Stormwater Planning Guidebook (Government of British Columbia, 2002). WBM is
an on-line tool that assists with the potential assessment for new development and retrofit
opportunities in communities by taken into account hydrological conditions. As a result, users
can quantify the effectiveness of various stormwater source control strategies subject to a range
of situations. The WBM is powered by the QUALHYMO model. This proprietary model was
developed over 20 years ago for the Ontario Ministry of Environment as a research tool with the
purpose of rapidly testing various water algorithms related to the performance assessment of
BMPs (British Columbia Inter-Governmental Partnership, n.d.). The WBM provides users with
an easy to use, visual interface that is supported by QUALHYMO’s computational engine

capabilities.

The QUALHYMO system functions on a continuous simulation methodology that includes
rainfall/runoff and snowmelt processes. The simulation process relies on time series files
significantly to perform the analysis. Required files to run models include rainfall, temperature,
evaporation, and flow/pollutant series. Used in combination with a number of commands, BMPs
and surface runoff processes on impervious and pervious areas can be simulated. In addition
to simulating water, QUALHYMO can allow the user to add sediments and dissolved

constituents to the analysis process.
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The current version of WBM assists in the planning of a number of LID practices by direct
simulation. The LID practices that can be explicitly simulated by the program are shown in

Appendix B.

The above review provided insight into the present technical capabilities of existing drainage
models to simulate LID technologies. A few conclusions can be made regarding the models that
were discussed regarding their strengths and weaknesses. SWMM is a popular used model
worldwide due to the numerous advantages that it offers. As a result of being about three
decades old, it is well documented, the interface is well developed, and it is open source. In
terms of its technical capabilities, it is designed to handle continuous simulation, various levels
of available data, and the hydraulics engine is strong. The newest version also allows for
various infiltration methods (i.e., Horton, Green-ampt, and curve number) which is important for
modelling for LID practices. Although SWMM has been used in various studies evaluating LID
technologies, it is still fairly new application. As a result, approaches to simulation techniques
are variable and a sufficient base of knowledge is required by the user to capture the various

hydrological processes of individual LID technologies.

As discussed previously, the U.S. EPA is currently undergoing the development to expand
the existing SWMM model to include LID-specific modules. Once the full release of this
expanded version of SWMM has occurred, many of the deficiencies highlighted above with this

tool will be addressed.

The MUSIC model, while based in Australia, provides the means to model a wide range of
LID technologies. The strongest feature of this tool is its ability to simulate the pollutant removal
efficiencies. These values are supported by many document studies In addition to these
advantages, it has a user-friendly interface and sufficient supporting documentation. Its greatest
weakness is its intended purpose of conceptual planning. As a result, design of LID practices

and evaluating their performance cannot be achieved with application of this tool.

BMPDSS and SUSTAIN both possess notable attributes as decision-support tools where
they provide the ability to incorporate aspects other than technical criteria into the planning
process for a number of LID technologies on a large-scale. These tools, however, operate within
their own planning framework, rather than as a separate model focused on hydrological

performance evaluation. As a result, in the case of this study, a standalone model would be
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more effective for LID hydrological performance evaluation. Lastly, WBM-QUALHYMO, while
developed in Canada, is not as well documented as the other modelling tools. However, it is an
internet-based tool, which allows flexibility for the user in access. Depending on the scope of the
study, this feature can be a disadvantage since it will not allow spatial analysis tool such as

ArcGis to be integrated into the planning process.

3.3 An approach for evaluating the hydrological performance of LID practices
implemented on a watershed scale

The planning stage for LID implementation over a watershed involves identifying areas
where LID practices are appropriate based on understanding the conditions to which each
technology is suited and the knowledge of the geographic extent of these conditions across the
study area. The following sections describe an approach that can be applied to determining the

benefit of LID application for retrofit cases throughout a watershed.

3.3.1 Outline of approach

Based on the literature review of existing cases that evaluate the benefit of applying LID
methods across a watershed (City of Toronto, 2003; Aquafor Beech Limited, 2005; Banting et
al., 2005; Phillips Engineering Ltd., 2007; Farrell & Scheckenberger, 2010), the concept of
assessing the response to hydrologically similar areas has been indicated to be the most
favourable direction for developing an approach. In addition, due to the nature of these
technologies to be designed at the lot-level scale, applying this concept of conducting the
hydrological analysis on a micro scale and then aggregating each unit model’s performance to
the watershed scale would be appropriate and relevant. This widely used practice, termed
evaluating Hydrologic Response Units (HRUs), can be found in a variety of areas related to
water resource management (Brilly & Vidmar, 1993; Rinaldo & Rodrigues-Iturbe, 1996; Cooper
& Naden, 1998; Legesse et al., 2003; Devito et al., 2005). Application of this theory is based on
the idea that drainage areas that have similar hydrological dynamics and runoff generation can
be identified and used in the evaluation of larger drainage areas composed of these entities
(Flugel, 1997). The concept of HRUs has been used extensively in modelling of large, river and
drainage basins (Flugel, 1995; Cooper & Naden, 1998; Heuvelmans et al., 2004) and rural
watershed areas (Salama et al., 2002; Merritt et al., 2004; Cammeraat; 2004), and more

recently, in more urbanized settings (Fohrer et al., 2001; Rodriguez et al., 2003; Easton et al.,
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2007). It is this concept of HRUs that will be applied in the development of a methodology to
evaluate the hydrological performance of LID practices implemented in a watershed. A visual

representation of the sequence of the intended approach is shown in Figure 3-4.

/ \ / Step 1: \ / Step 2: \ [ Step 3: \

Data Evaluation of
Establish Collection performance Evaluation of
Objectives on a unit scale performance
** [> Screening [> |:> wat(:::ll;ed
Define Targets Criteria for LIDs Development of area
** HRUs
GIS Data o
o HRU Modelling
Monitored Data
& Existing
Hydrological

- N M AN /

Figure 3-4: General outline of evaluation approach

3.3.2 Description of Evaluation Approach

Establish Objectives and Define Targets

At the start of any watershed planning study, it is necessary to establish an appropriate
range of environmental, social and functional objectives to guide the evaluation process. A
similar perspective can be adopted in the case of LID planning. The objectives and targets
should be established with consideration to background information, existing conditions, and
linkages to the surrounding natural and built systems. Any key issues driving the study should
also be outlined. Establishing this information will assist the relevant agencies and stakeholders
steering the study to develop the appropriate goals and objectives. Evaluation of this step can
also be used as a basis to developing alternative strategies for the project or for subsequent
studies (OMOE, 2003). This step is shown in Chapter Two (Figure 2-3) outside of the
“evaluation of hydrological performance component.” The purpose is to show that these
objectives and targets should be established for the whole project and not solely the technical

component of hydrological evaluation.
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In terms of the priority of these objectives, it is up to the planners and officials of the project
to determine each items importance. For example, if the goal is the reduction of phosphorus
loading to the receiving water body, then the appropriate LID methods chosen and their
performance in relation to this parameter will be evaluated. Since LID technologies are
supposed to emulate the predevelopment hydrologic conditions of a site (i.e., temporary storage
(detention) and infiltration (retention) functions), the parameters that are commonly looked at
are (Prince George’s County, 1999):

= runoff volume control,
= peak runoff rate control,
= flow frequency/duration control, and

= water quality control (e.g. TSS).

Step 1: Data Collection

To characterize all HRUs that will be developed in Step 3, the appropriate data needs to be

collected. Specifically, the following is required to be identified:

1.  Data properties that can be used as a screening criteria to characterize hydrologically
similar areas (e.g. land use, slope, soil, etc), as well as locate suitable opportunities for
each LID practice in the watershed;

2.  Monitored data and existing hydrological models for calibration (e.g. rainfall data,

evapotranspiration data, models created by municipalities)

To identify the areas that are suitable for LID practices in hydrologically similar areas within
the watershed, a spatial analysis data tool is required. Geographic Information System (GIS) is
a tool that provides the capability to compile spatial data from various sources (ESRI, n.d.). It
also allows the ability to screen potential sites for each of the LID practices and the derivation of
parameters that can be used in HRU modelling. The focus of this thesis is to describe the
methodology in evaluating the hydrological performance of LID practices across the watershed.
While GIS will be applied as a tool to collect the data and assist in the aggregation of HRU
performance over the watershed, no detailed description of the data modelling methodologies or
the solutions to overcome challenges experienced with the application of the GIS tool is
provided here. There are several literature sources (i.e., Brimicombe, 2010; Johnson; 2009) that

the reader can refer to for any detailed explanation of the application and operation of GIS.
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Data Group 1: Screening criteria to identify LID practices in the watershed

In order to identify the HRUs, and ultimately the locations within the watershed suitable to
each LID practice, a screening criterion must be used. The screening criterion can be developed
based on the properties that determine an LID technology’s ability to be implemented on a lot.
Existing stormwater management and LID manuals (Government of British Columbia, 2002;
SEMCOG, 2008; CIRIA, 2007; South Australian Government, 2009; CVC & TRCA, 2010)
suggest that the main constraints in implementation on a lot-level are site and development
characteristics. Site and development characteristics are defined in this thesis as the physical
conditions of the area that must be in place in order for the project to occur. Based on a
literature review (Government of British Columbia, 2002; SEMCOG, 2008; CIRIA, 2007; South
Australian Government, 2009; CVC & TRCA, 2010), the physical constraints that could be
included as a screening criterion to assess the suitability of an LID technology on a particular lot
is shown in Table 3-1. These properties are categorized under three broad groups based on
their geometry: point, linear, and area based LID practices. Point-based LID practices capture
drainage at a specific location upstream and through a combination of techniques, manage flow
and removes pollutants (Lai et al., 2007). Typical practices that are applied in point-based LID
approaches are detention, infiltration, evaporation, settling, and transformation. Linear-based
LID practices are characterized by their narrow linear shapes adjacent to stream channels and
roads (Lai et al., 2007). This type of practices provides benefits such as filtration of runoff,
nutrient uptake, and aesthetic value. Area-based LID practices are land-based management
practices that address impervious area, land cover, and pollutant inputs (Lai et al., 2007). In
application, multiple LID practices are typically implemented on a site (CVC & TRCA, 2010).
Appendix A describes some common LID approaches within each category. Any analysis or

discussion in this study will be centered on the definitions of these LID technologies.
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Table 3-1: Examples of site and development characteristics to be included in a
screening criterion used for LID planning

Point —based Linear-based Area-based
¢ Soil Infiltration (mm/hr) o Soil Infiltration (mm/hr) ¢ Soil Infiltration (mm/hr)
e Separation from water e Separation from e Separation from
table/ Bedrock (m) watertable/ Bedrock (m) watertable/ Bedrock (m)
¢ Slope (%) ¢ Slope (%) e Slope (%)
¢ Typical Drainage Area o Setback from Building (m) | ¢ Setback from Building (m)
(m2) o Utilities, Overhead wires, ¢ Ultilities, Overhead wires,
¢ Setback from Building (m) Wells Wells
o Utilities, Overhead wires, o Parking Lots, Roads, e Parking Lots, Roads,
Wells Sidewalks Sidewalks
e Parking Lots, Roads,
Sidewalks
o Trees

The number of properties included in the developing of the screening criteria will depend on
the goals of the study and type of LID technologies that will be considered for the assessment.
For example, if the study aims to implement only green roof technologies across the watershed,
properties such as the separation to water table/bedrock and a setback from building
requirement can be excluded from the screening criteria. It is important for the appropriate
number of properties to truly determine the suitability of a particular LID practice on a lot is

included.
Data Group 2: Properties used to characterize HRUs (GIS data)

The data to develop the HRUs requires a variety of information to be collected using GIS.
HRUs are typically defined based on their physiographic parameters (e.g. precipitation, soil,
land use, topography, geology, etc) (Fugel, 1997), although other parameters such as
stormwatershed characteristics (drainage structure, building-to-lot area ratio, etc) have also
been considered (Devito et al., 2005; Li et al., 2010). Table 3-2 provides examples of the type
of data that could be needed in order to create the desired GIS layers to collect the necessary
data to develop the HRUs. Since the concept of HRUs will be applied in the case of LID
planning, the HRUs will be defined further by identifying the LID technologies that can be
implemented in each unit area. Table 3-1: indicates the type of spatial data required to identify
areas suitable for LID practices in the watershed. As shown, the specific site conditions, such as
soil permeability, slope of land, and relationship to roads and other impervious areas, can

restrict the placement of LID practices. Therefore, it is necessary to include this information in
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the characterization of HRUs. Collection of this type of data can typically be acquired from
conservation-authority databases and municipal data. Other sources, such as commercial

suppliers may need to be used depending on the gaps in the data.

Table 3-2: Examples of GIS spatial records required for HRU development in LID
planning (Li et al., 2009; Li et al., 2010)

GIS Data Layer Required Data
Sewersheds Land providing runoff to each storm drain
Network of drains, pipes, ditches and outfalls
Stormsewers

Detailed land uses categories by type and density
Landuse (e.g., High density residential, commercial, industrial,
parks, protected spaces, etc.)

= Rights-of-way extent

= Density

= Presence or absence of ditches

= Surface material

= Paved area

Cover and drip lines

Roads

Trees

Permeability/Infiltration,

Drainage class,

Hydrologic Soil Groups (HSG)

Depth to watertable/bedrock

Area, permeable area per lot, drainage area

Soils

Land Parcels

Slope steepness, upslope drainage areas, downslope,
drainage ways, locations of active erosion

= Building height
= Building and roof age
Buildings = Building area

Topography

Type (flat or sloping)
Storm-sewer connectivity
Setbacks, right-of-ways, locations for buried and

Utilities overhead utilities (e.g., telephone, TV, gas, water,
electricity, locations (buried or poles)
Aerial Photography Images of the natural and built landscape

Data Group 3: Monitored data and existing hydrological models

To develop accurate models in the tool selected to describe each HRU, monitored flow data

is required. Rainfall input data are typically required in any modelling tool and can be obtained
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from a number of climate data sources local to the study area. Due to the nature of the LID
practices, other data should also be obtained to appropriate calibrate the models.
Evapotranspiration data will give meaning to the models created for the implementation of LID
practices such as bioretention and green roofs. Also, existing hydrological models may be
obtained from local municipalities within the study area. Obtaining these data that would assist
in calibration of the HRU models. Additional data that would fall in this group may be related to
pollutant loadings. For example, if the goal of the study is to estimate pollutant loading reduction
with implementation of LID practices, information such as Event Mean Concentrations would

need to be obtained appropriate to the study area.

Step 2: Evaluation of hydrological performance on a unit scale

The process of evaluating the performance of LID practices on a HRU level consists of two
stages:
1. ldentification of HRU types; and
2. Modelling of HRU types.

Identification of HRU Types

The identification of HRUs is carried out with the data that are collected in Step 2. The output
from this previous step should include physiographic and stormwatershed properties, as well as
the areas amenable to LID technologies. Manipulating the data to group areas with similar
hydrological characteristics is then carried out. An example of an approach to distinguish the
HRUs is shown in Table 3-3. The example assumes the unit area of each HRU is a whole
stormwatersheds, however other sizes can be used appropriate to the study area. Based on
Table 3-3: Hypothetical Identification of HRUs , stormwatersheds MUN — A1 and MUN — A3 can
be grouped together. Various methods can be used in identifying the HRU types. For example,

clustering theory (Luxburg & Ben-David, 2005) can be used to group the similar types of HRUs.
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Table 3-3: Hypothetical Identification of HRUs

Ratio of

Stormwatershed Land Use Soil Slope* Building LID 1 LID 2 LID 3

ID # Type to suitability | suitability | suitability

Lot Area

MUN — A1 Commercial B Flat High X X

MUN — A2 Residential A Flat Low X X

MUN — A3 Commercial B Flat High X X

MUN — A4 Industrial C Flat High X

MUN — A5 Park A Steep Low X

MUN — A6 Industrial B Flat Low X

MUN — A7 Residential A Steep High X

*Flat = < 5%, Steep => 5%

While it is encouraged to identify and evaluate all parameters for HRU characterization
during the data collection stage, it should be recognized that it may not be until this stage that it
is made clear that additional characteristic information is needed. As a result, Step 1 and 2 may
be an iterative process. At the conclusion of the process, a sufficient amount of data should be
collected to meaningfully identify an adequate amount of HRU types, each possessing a
reasonable level of uniqueness depending on the goals of the planning study. For example, an
alternative means of identifying HRUs can be based on land suitability according to specific LID
technologies and various physiographic properties. In addition, the base unit area could be on a
parcel level rather than on the stormwatershed basis. Regardless of the definition of the HRU
used, it should be certain that sufficient data has been collected to achieve the goals of the

study.

Modelling of HRU types

Once the HRU types are identified, the next step is to model each type. Various scenarios
can be evaluated depending on the number of LID practices to be implemented on a unit area.
The number of configurations that are evaluated should be based on the goals of the study. For
example, models could be set up to determine the performance of each LID practice
implemented solely on the area, as well as combination of LID technologies. Regardless of the

scenarios, existing conditions should be modelled as a base condition for comparative analysis.
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In addition to defining the number of scenarios to be assessed, an appropriate modelling tool
should be selected. Section 3.2.2 provided a review of currently available modelling software
and their ability to simulate LID technologies. Selection of the modelling tool is based on a
number of factors including the goals of the study, the LID systems to be evaluated, resources
available and even the location of the study area. For example, previously described SUSTAIN
tool offers a comprehensive decision-support tool in selecting a number of LID practices to be
implemented over a large area. However, the software necessitates certain, potentially
constraining, operating system features such as the ArcView GIS platform. The following are

aspects that can be taken into consideration when selecting a modelling tool.

= Goals of the study

= LID practices to be evaluated

» Study area

= Versatility

= User interface

= Documentation

= Open vs. Proprietary source

= Known cases studies demonstrating application to LID practices
= Ability to explicitly simulate LID systems

= Additional operating system requirements (i.e., GIS components)

Upon selection of an appropriate modelling tool, a sensitivity analysis should be conducted to
understand the limits of the model in simulating LID technologies in the context of the study

objectives.

The number of HRU models will depend on the amount of HRU types that were determined
from the identification step described above. To provide meaning conceptually, representative
lots within each HRU type can be chosen. A variety of methods can be applied to select these
representative lots including examining orthographic photographs and applying a selection
criterion (i.e., producing histograms of the characteristic (e.g. roof/lot) selected as indicator of
hydrologic similarity and analyzing its distribution over the lots in the study area). An adequate
number of lots should be chosen to produce detailed models. At the minimum, three lots should

be selected to produce the HRU performance curve, which is the main output of this stage.
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Specifically, two curves will be developed from the detailed modeling of the lots to assess the
HRUs:

1. A curve to describe the runoff volume for existing conditions; and

2. A curve to represent the performance parameter being measured for each LID
technology. For example, a function to describe the volumetric reduction in stormwater
runoff for a defined area resulting from an application of a specific LID technology or a

combination of technologies (treatment trains).

It is these functions that will be used to obtain the benefit of implementing the LID practices
over the watershed.

Step 3: Evaluation of performance over watershed using GIS

The last step in the modelling strategy will be the integration of HRU modelling results. The
functions derived from the above two curves can be applied to all areas in the watershed that
fall in that HRU type. This will allow for the calculation of the overall impacts of LID
implementation in these areas. Integrating the result is best done using a spreadsheet;

however, this can also be done in the GIS framework.
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4.0 Cost-Functions for LID planning

As with any activity involved in watershed management, the planning of LID technologies
must take into account aspects other than just technical criteria, particularly on such a large
scale. While evaluating options from a scientific perspective may form the basis of any decision,
it is typically economics that becomes the driving factor in prioritizing management strategies.
Understanding the costs associated with implementing LID practices is central to the successful,
long-term application in a watershed. However, a limited number of studies have been
documented that quantifies the financial impacts of large-scale LID implementation, particularly
in a Canadian setting. As cost associated with LID implementation is identified as a significant
barrier among traditional stakeholders of stormwater, it is critical that the financial impacts and

benefits connected to LID application be investigated.

This chapter aims to provide further insight into these issues and should be viewed as a
strong component of the LID planning framework that can be used to optimize management
strategies. The approach presented here focuses on applying results from existing research and
case studies to develop planning-level capital and operating and maintenance (O&M) cost-
estimate functions for using LID practices. The intended outcome is to determine the cost-

effectiveness of implementing LID practices.

4.1 Existing Research of Economic Performance of LID Technologies

A very limited number of research studies have been conducted to thoroughly assess the
economic performance of LID technologies. Existing case studies typically focus on the
technical process and benefits of LID implementation. There are few documented cases that
provide estimates of capital or initial costs, and even a smaller amount that report the long-term
operating and maintenance costs. The U.S. EPA (2007) carried out a review of costs associated
with LID application. The report examined seventeen case studies of developments in the
United States and Canada that applied LID methods for managing stormwater. The sites of the
projects varied in land uses and LID technologies implemented. While the results of the studies
showed that in twelve of the cases studies, total capital cost savings ranged from 15 — 80
percent with LID application, it was made clear that more research is needed to quantitatively
estimate and compare whole life costs, as well as identify the additional economic benefits that
could be received (U.S. EPA, 2007).
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In the context of this discussion, costs associated with individual LID technologies are of
most value. However, the availability of reported costs related to specific methods varies widely,
as well as the scope of values reported. A literature review was completed to collect cost
estimates for individual LID practices. While most studies provided estimates for single
moments in time and are focused solely on capital costs, a few key studies aimed to evaluate
the whole life costs. In the U.S., some jurisdictions have attempted to investigate life-cycle costs
associated with the implementation of LID and BMP stormwater practices. The California
Department of Transportation (CALTRANS) (2004) initiated a study to assess the technical
feasibility and costs of applying these devices for retrofit cases. While the cost data gathered
reflected the land type in their possession, primarily highways, the life-cycle costs obtained for
infiltration trenches, swales, and biofiltration strips provide valuable information in the context of
linear applications. In addition, as pointed out, despite the variability of costs reported for BMP
retrofit applications, obtaining life-cycle cost data can be used as a means to rank technologies
as part of a selection process (CALTRANS, 2004). Other U.S. studies aimed to establish
approaches for estimating the total economic impacts of LID practices. Wossink and Hunt
(2003) used the Present Value of Costs approach to develop an economic decision making tool
to choose structural BMPs in North Carolina. The selection process focused on four devices,
which included one LID practice (bioretention). Choice of each practice is based on size of
watershed, curve number that describes watershed, soil type, and pollutant type. Weiss et al.
(2007) expand the number of stormwater BMPS study to six, which included the two LID
practices of bioretention filters and infiltration trenches. Again, the total present cost of each
storm-water BMP was reported, but as a function of the water quality design volume, and both
to a 67% confidence interval (Weiss et al., 2007). A more recent study carried out by Vanaskie
et al. (2010) developed cost estimates for implementing various LID technologies within several
land use types. While the analysis was limited to determining just construction and annual O&M
costs, it was demonstrated that for large-scale urban watershed planning purposes, normalizing

these values to directly connected impervious tributary areas is sufficient.

The brevity of studies performing whole-life economic analysis for LID practices is even more
severe within Canada. A few recent studies have been initiated in Ontario for specific LID
technologies. The Toronto and Region Conservation Authority (TRCA) (2007) carried out a
study to estimate the life-cycle costs and savings associated with the implementation of green
roofs in the GTA. Life-cycle cost comparison was conducted for various application scenarios,

including a conventional green roof system, incorporation of a municipal incentive program, and
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the establishment of a green-roof market to drive costs. While it was concluded further research
is needed in this area, the study highlighted key points related to costs associated with green
roof design. Similarly, Farahbakhsh et al. (2008) conducted an economic analysis of the
implementation of rainwater harvesting in the residential sector of Ontario. As part of a two-year
and half research and development project, Farahbakhsh et al. (2008) evaluated capital and
O&M costs, expected water savings, and stormwater reduction for individual rainwater
harvesting systems. The study found that while homeowners bear the costs of these systems,
municipal governments experience significant savings as a result of reduced operating costs
and delayed infrastructure investment. Both studies from Canada, as well as the limited number
of studies in the U.S. show the grave need for further economic analysis studies to be

conducted for LID implementation.

4.2 Total-Cost Functions for LID practices

The objective of this component within the framework is to determine the cost-effectiveness
of implementing LID practices, which can be applied in optimizing planning strategies on a
watershed scale. The intention of the final compilation of cost information is to be in a uniform
format that can be applied appropriately to LID planning studies. The collection of data mainly
involved a review of existing cost studies for BMP/LID technologies. Where needed, information
was obtained from manufacturers and tools developed to determined the whole life costs of
BMPs and LID practices. A list of those studies and the information that was collected according

to each LID practice is shown in Appendix C.

The scope of cost-effectiveness analysis was limited to point and linear based LID practices
due to the lack of data available for area-based LID methods. Costs were also obtained for
whole LID practices rather than a breakdown of individual components that the technology is
composed of. While it is recognized that an LID can be designed in a variety of methods, it is
believed that a commonly used design for each practice is sufficient to be assumed for cost

estimating since the application is for planning purposes.

The cost information collected for each LID practice is summarized in tables located in
Appendix C. The basic approach was that all costs were indexed and updated to 2010
Canadian dollars. If the data was presented in another currency, the amounts were first updated

to the 2010 value in the same currency and then converted to Canadian dollars. All studies that

48



utilized cost equations or tools were solved for common boundary conditions specific to the LID
to obtain a cost range. For example, in applying the WERF BMP and LID Whole Life Cost
Models V2.0 (WERF, 2009) in the cost evaluation of swales, the only value that was varied was
the drainage area. All other criteria remained the same. Variables that were modified for each
tool are specified in the cost summary tables found in Appendix C. Finally, if a range of costs

was given in the original source, the average was used in the cost curve that was developed.

Due to the constraint in the non-uniformity in which available cost information is reported, the
values that were obtained were converted to unit costs. A sufficient amount of data was
available to develop curves associated with capital costs. However, a limited amount of annual
O&M costs were available for each LID practice. Separate cost curves were developed to
estimate the O&M costs using only the relevant existing data. In most cases, the amount of data
shown was much less than the data used to develop curves for capital cost estimates. These
curves are shown in Appendix C and a summary of cost functions for each LID practice are
shown in Table 4-1: Capital and O&M cost-estimate functions determined for various LID
practices . Where insufficient data was available to develop a function to estimate O&M costs, a
percentage of the capital costs is assumed based on literature. The final total cost of
implementing an LID practice can be estimated for planning purposes by summing the capital
cost and the present value worth of the annual O&M costs. This is expressed by the following

equation (CalculatorSoup, n.d.):

Total cost = capital cost + present value worth of annual O&M expenditures (4- 1)

where present value worth of annual O&M expenditures =

((1+rate)nper—1)] —fv]

[—pmtx(1+rate><type)><[ —ate

(1+rate)nper (4-2)
pmt is the payment made each period and does not change over the life of the payment, rate is
the interest rate per period, fv is the future value that is desired to be attain after the last
payment is made, type = is the number 0 or 1 and indicates when payments are due. If the
value is 0, the payments are at the end of the period. If the value is 1, the payments are at the

beginning of the period.
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A total life span of 25 years can be assumed for each LID practice based on the cost-
assessment for LID practices conducted by Fairfax County (2005). Application of these
functions should also assume that there is no salvage value at the end of life for each

technology (Future Value (FV) = 0) and that payments are made at the end of each period.

4.3 Application of Total-Cost Functions

The cost-estimate functions described in Table 4-1: can be used by LID planners in
combination with knowledge of the performance of LID practices to develop management
strategies. Since the cost curves are developed as a function of impervious area from which
they receive runoff, the HRUs developed according to the method described in Chapter 3 can
be assess directly for their cost-effectiveness. The appropriate cost function can be applied to
all areas applicable for LID implementation that fall into the HRU type within the watershed.
Using Equations 4-1 and 4-2, the total cost of implementing a particular LID practice on a
suitable area can be estimated, which provides the means of determining the cost of LID

application on each HRU type. This is illustrated in Table 4-2.
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Table 4-1: Capital and O&M cost-estimate functions determined for various LID

practices
O&M Cost-
LID Practice Capital Cost_—Estlmate Estlm_ate Assumptions
Function Function
(Annual)
Rainwater _ 2 y =0.1585x +
Harvesting y =0.0007x" + 15.174x 1343.4 T
As specified by Fairfax County
(2005), this practice does not
have O&M costs as with other
LIDs. Related maintenance
Downspout Insufficient data | activities are primarily focused on

Disconnection

y = 0.0201x* - 2.6386x

available.

the areas designated to receive
stormwater runoff. Annual
inspection may be required to
ensure that the stormwater is still
directed to the desired location.

Dry Well

y = -0.0005x% + 11.452x

5-10% of capital
cost

Annual maintenance costs
estimated by Pennsylvania
Department of Environmental
Protection (2006).

Green Roof

y = 258.1x

y = 25.005x>%*

Permeable &

Porous y = 62.188x 4% y = 0.1333x"337° —--
Pavements
. . _ 0.6745 y = 0.0031x? - Some outlying data was removed
Bioretention y =100.91x 1.6649x to produce good fit
. , _ Filter strips and level spreaders
:Zczlr:trrlg:de;r;g y = 6.357x"%%° y= 1%67022918)( * | were assumed to have similar
P costs (CWP, 2007).
_ 1.002 y= 08156X - o
Grass Channel y = 9.6052x 0.3091
_ 0.7799 y =0.0003x + —
Dry Swale y = 18.813x 269.61
Soakaways are similar in
Soakaway plts _ 000020 y=-1 E-05x2 + construction to infiltration
and infiltration y = 10876e 0.4015x trenches (TRCA, 2007) so the

trenches

cost data obtained will apply to
both practices.

Note: y = cost in 2010 $CDN, x = impervious area treated (m?)
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Table 4-2: Evaluating costs for each HRU

. Total
AR Are?rln AR Capital cost | O&M cost estimated
ype
cost
1 X11 Apply Apply
1 X12 appropriate | appropriate
1 X13 capital cost- | O&M cost-
1 X14 estimate estimate
1 Xis function from | function from | Apply Total
1 X6 Table 4-1: Table 4-1: Cost
Capital and Capital and Function
O&M cost- O&M cost- (eqns. 4-1
estimate estimate and 4-2)
functions functions
determined determined
for various for various

LID practices

LID practices

Sum of treated

area for HRU
Type 1

Sum of cost
for HRU
Type 1
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5.0 Stakeholder Involvement in LID planning
5.1 Introduction

In the past few decades, a strong emphasis has been placed on involving stakeholders in
environmental planning, decision making, and policy development (Beers, 1973, as cited in
Adams, Dove, & Leedy, 1984; Beierle & Konisky, 2000; Larson & Lach, 2007). It has been
recognized that in order for effective solutions to be applied to achieve sustainable
development, policies should reflect the needs and desires of the local community (Tran, Euan,
& Isla, 2002). Achieving an integrated approach to sustainable planning requires a full
understanding of public attitudes with regards to environmental and social issues. While the
benefits of carrying out effective stakeholder consultation and public participation are
recognized throughout various environmental disciplines, the process can be very lengthy and
complex (Mustajoki, Hamalainen, & Marttunen, 2004,). Numerous studies have been conducted
to understand the ideal conditions to support the inclusion of and representation of interested
groups (Maguire & Lind, 2003; Irvin, & Stansbury, 2004). This has led to a broad range of
participatory practices available to decision-makers for constructing successful participation
schemes (Beierle, 1999; Irvin & Stansbury, 2004). It has been found that application of these
strategies in an effective manner can lead to better policy and implementation decisions (Irvin, &
Stansbury, 2004).

The practice of stormwater management has also evolved accordingly to include the
concepts of stakeholder participation into the planning and decision-making process. It has
been recognized that sustainable solutions to stormwater pollution are only achievable with the
involvement of all affected parties. (Lloyd, Wong, & Chesterfield, 2002; Ellis, Deutsch, Mouchel,
Scholes, & Revitt, 2004; Apostolaki, Jefferies, & Wild, 2006; Brown & Farrelly, 2008; Roy et al.,
2008) As Beers (1973, cited in Adams et al., 1984) pointed out, "the success of any program to
manage runoff as a water resource in the suburban environment is highly dependent upon the
support of the people in that environment. Such a program may be technically feasible, may
make sense from a resource management perspective, and may have the full support of all the
'experts,' but will still fall short of implementation if the people do not accept the program”. This
point of view holds true in the case of LID planning. Due to the nature of these technologies to

control stormwater at-source and/or through conveyance systems, the requirement to involve a
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range of groups representing various interests, socially, technically, ecologically, and politically,
is essential for effective LID application. Governments and organizations worldwide have
acknowledged the integrated planning and design process and the requirement to involve a
range of disciplines into the planning and design team (CVC&TRCA, 2009; Brown, 2005; Ellis et
al., 2006; Government of British Columbia, 2002; SEMCOG, 2008). In order to achieve long-
term support for a stormwater management scheme, commitment to the project by key
stakeholder groups such as local government, the local water authority and community is
required. In addition, beyond the traditional stakeholders of stormwater management,
successful LID implementation requires the inclusion of a wider group such as elected officials,
landscape architects, and representatives from the community, should be included in the
planning stages (SEMCOG, 2008). Without the support of all affected groups, other issues can
arise such as jurisdiction complications, lack of participation, and ineffective implementation
(SEMCOG, 2008).

5.1.1 Why it is needed on a watershed level

Gaining the support of all affected groups is of particular importance when planning for LID
implementation on a watershed level. Several papers have documented the existing challenges
to widespread LID adoption (Lloyd et al., 2002; Ellis et al., 2004; Brown 2005; Roy et al., 2008).
In particular, Roy et al., (2008) provides a discussion on impediments associated with LID
implementation on a watershed-scale, such as uncertainties in performance and cost and
insufficient engineering standards and guidelines. It is believed by Roy et al., (2008) that in
order to achieve sustainable stormwater management, one fundamental element is that it must
be planned and applied on a watershed scale. To attain effective implementation, consistent
institutional, legislative, economic, and social arrangements must be applied across an entire
watershed. In the context of this discussion, impediments such as “resistance to change” will
continue to remain a barrier that proponents struggle to overcome if a consistent approach is

not taken to engage and educate stakeholders across other jurisdictions.

5.1.2 Frameworks to Incorporate stakeholder’s opinions

Despite the recognized benefits of incorporating various stakeholders from public and private

domains, the process can also be complex and cumbersome. Each group holds differing
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opinions, where significance on technical, environmental, economic, and social criteria ranges
(Ellis et al., 2006). Research and development into the creation of broader planning frameworks
and decision support tools do exist particularly for urban water management in general (i.e.,
Lundie et al., 2005, and Taylor et al., 2006, and Hall & Lobina, 2007, as cited in Pearson et al.,
2010; Hellstrom et al. 2000; Ellis et al., 2006; Makropoulos et. al, 2008). For example,
Makropoulos et al. (2008) carried out research for the development of a decision-support tool to
assist with water management in new residential developments. The Urban Water Optioneering
Tool (UWOT) was developed within the Water Cycle Management for New Developments
(WaND) Project in the UK (Makropoulos et al., 2008). UWOT was created to facilitate the
strategic planning of sustainable water management systems (Makropoulos et al., 2008). The
tool adopts a holistic approach by taking into account the three main components of the urban
water cycle: water supply, wastewater disposal, and stormwater drainage (Makropoulos et al.,
2008). Application of UWOT provides decision-makers with the ability to select site-specific
water saving practices that can be incorporated in the design of water management systems of
new residential developments in a single modelling framework. The advantage of this tool is that
it not only considers technical criteria, but takes into consideration social, environmental and
economic associated factors (Makropoulos et al., 2008). Specifically, the components of the
tool consist of a water mass balance model, a large technology library, and a set of user-defined
sustainability indicators associated to the above mentioned factors (Makropoulos et al., 2008).
The result of the process is a comparison of water management strategies with and without the
incorporation of these factors. In addition, UWOT provide the user with a holistic view of the
entire urban water system within the new development, including water supply, wastewater
collection and disposal, and drainage. The study confirmed the effectiveness of the tool on a

case study site in the UK (Makropoulos et al., 2008).

One decision-support tool to assist in stormwater management, specifically, is the web-
based Adaptive Decision Support System (ADSS) called Hydropolis that was developed under
the DayWater EU 5™ Framework Programme project (Ellis et al., 2006). This program assists
with the process of identifying possible BMP solutions for urban stormwater management taking
into account development location and community aspects. The decision support tool also uses
a multi-objective approach which incorporates stakeholders’ viewpoints and strategies. Other
aspects that are included in the matrix-based evaluation are site characteristics, technical

criteria, environmental objectives, economic criteria, operation and maintenance outcomes,
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social and urban community benefits, legal issues, and urban planning criteria (Ellis et al.,
2006).

5.1.3 Existing cases of stakeholder involvement in LID planning

Despite the complexity of stakeholder involvement in LID planning, governments have
applied various strategies to include various groups into the decision-making process. In
Australia, there are numerous examples in which it can be demonstrated that stakeholder
involvement in LID planning can lead to widespread support (Roy et al.,, 2008). Due to
prolonged drought conditions, Australian officials have had no choice but to seek out the best
methods to address issues of water shortage. As a result, this increased public awareness and
acceptability of LID practices (Roy et al., 2008). It was recognized early on that in order for this
to be a successful solution, the social aspect of water reuse technologies would need to be
considered along with the economic and environmental benefits (Marks, Martin, & Zadoroznyj,
2006; Roy et al., 2008). Several studies have been carried out in Australia in relation to water-
reuse in general (Sydney Water 1996; Roseth 2000; ARCWIS 1999; Dolnicar & Schafer, 2009;
Marks et al., 2006) and public acceptance of LID technologies specifically (Eadie 2002, and
Mongard 2002 as cited in Roy et al., 2008; Lloyd et al., 2002; Brown & Clarke 2007; Brown &
Farrelly, 2008). Lloyd et al., (2002) reported a survey of 300 homeowners and prospective
buyers at one of the first WSUD demonstrations (Lynbrook Estate in Melbourne). The results of
the survey showed that over 90% of respondents were supportive of the incorporation of at-
source treatment systems (such as biofiltration systems) into right-of-ways along streets. Most
of the respondents (66%) found these systems to be attractive. Other studies have also shown
significant landscape amenity benefits through the incorporation of LID practices (Eadie 2002;
and Mongard 2002, as cited in Roy et al., 2008). Major land developers in Australia have also
reported that the incorporation of LID practices can increase the market value of developments
(Lloyd et al., 2002; Brown & Clarke 2007).

As described in Chapter Two, Europe is engaged in numerous research studies investigating
sustainable methods in urban water management and planning. Despite the increase in these
activities, similar to other regions of the world, minimal research has been conducted to assess
the attitudes, perception, and involvement techniques associated to LID implementation. The
studies that have been carried out to investigate the opinions of stakeholders regarding issues

involving LID practices such as amenity, landscape, restoration, safety, and biodiversity
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(McKissock et. al., 1999, and Hjerpe & Krantz, 2000, as cited in Apostolaki et al., 2006;
McKissock et. al., 2003, Apostolaki, 2006). For example, one study in the UK (Apostolaki et al.,
2006) compared the public and professional attitudes toward LID techniques. Through the
application of social perception surveys applied to various areas in England with ponds, the
attitudes of public stakeholders were assessed. It was found that improvement of the aesthetics
of the area, the attraction of wildlife, and the creation of new habitats were the primary
perceived advantages. The main concerns indicated through the surveys were associated to
safety particularly in the case of children. The results obtained were site specific and highly
dependent on aesthetics and amenity value in the area (Apostolaki et al., 2006). Similarly, the
attitudes of the professionals that were surveyed considered LID practices to be of a high value
when constructed and maintained according to the design requirements and to sustain a natural
look. Compared to the issue of safety, the professionals recognized potential risks that the
public concluded, but believed that the actual risk was low or insignificant. It was the opinion of
the professionals that if the LID schemes were designed with safety in mind, and proper impact
assessments were conducted, then safety was not an issue for LID practices located in an

urban area.

In France, a case study was performed by Ellis et al., (2004) that investigated a technique to
involve a variety of stakeholders in the selection of sustainable urban drainage systems (SUDS)
(i.e., the European accepted term for LID practices) in the control and treatment of urban and
highway runoff. The study aimed to develop a multi-criteria analysis methodology to be used in
an overall decision-support framework to evaluate LID structures. The methodology was based
on the concepts that in order to assess long-term cost-effective drainage options, technical,
environmental, social/community, and economic-cost factors become prime sustainability
criteria that must be considered (Ellis et. al., 2004). The multi-criteria analysis methodology
developed was applied to the French case study that intended to select a construction site for a
county retention basin in Blanc-Mesnil (Seine Saint-Denis, Paris, France) (Ellis et. al., 2004).
Principal stakeholders associated to four choice sites were included in the decision-making
process. Applying the multi-criteria analysis methodology, the officials of the project were able to
present and explain the advantages and disadvantages of the four site variants to the local

inhabitants and to the local commercial representative groups (Ellis at al., 2004).

In Canada, the research into stakeholder attitudes and involvement in issues related to

stormwater management, much less LID practices, have been very limited. In 2006, a research
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study (Hwang et.al, 2006) was completed to assess the public perception and attitudes of
stormwater recycling for park irrigation purposes in the City of Calgary. Distributing a
questionnaire to patrons of the park as well as residents of the surrounding area of a park
located in southeast Calgary, an assessment was completed to evaluate objectives such as
respondents’ perception of water quality and their willingness to implement a stormwater
recycling program in the area. It was found that public perceptions of stormwater recycling in
Calgary range from unsure to supportive, with only rare instances of negative feedback. The
results also indicated little resistance by the survey participants to adopting a stormwater
recycling program as long as agencies monitor stormwater quality and make the public aware of
health risks. Research studies related to stakeholders, assessment of their opinions or
involvement in LID planning are even more limited that studies for stormwater management in
general. One known study that has been carried out for the practice of rainwater harvesting was
completed by the Canadian Mortgage and Housing Corporation (CMHC) (Farahbakhsh et al.,
2008). The overall objective of the study was to evaluate the feasibility of large-scale use of
rainwater harvesting in Ontario, as well as develop design requirements (Farahbakhsh et al.,
2008). One aspect of the study was to conduct a policy analysis to assess the ability of the
existing regulatory framework to facilitate the support of rainwater harvesting, as well as to
identify barriers and opportunities for widespread implementation (Farahbakhsh et al., 2008).
Various stakeholders within the Guelph area were consulted by semi-structured interviews to
evaluate these objectives. The process resulted in a number of key findings, including the
existing level of interest in rainwater harvesting; significant barriers such as liability and limited
end uses permitted for rainwater; proposed solutions such as increased technical education for
the building sector; and aspects that must be included in a regulatory framework for rainwater

harvesting such as the restructuring of the building code (Farahbakhsh et al., 2008).

Despite the limited studies that have investigated the opinions and involvement of
stakeholders related to planning and implementation of LID, it has been recognized that the
success of this concept as a sustainable stormwater management technique relies on
parameters in addition to technical factors. The social impacts of new stormwater management
schemes and technologies cannot be ignored if wide-spread implementation is to be achieved

particularly on a large scale such as a watershed.
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5.2 Approaches for Stakeholder involvement in LID planning

There are numerous consultation tools that can be applied at various stages of the planning
or decision-making process for an LID project. In the case of stormwater management and LID
planning, it has been recognized by governmental organizations that this process of stakeholder
inclusion should occur in the early stages of an evaluation (Government of British Columbia,
2002; Brown, 2005; Ellis et al., 2006; SEMCOG, 2008; CVC&TRCA, 2010).

Involving stakeholder consultation in the initial planning stages generally serves the purpose
of:
» eliciting stakeholders' preferences and priorities,
» identifying common ground and differences in what stakeholders' want from the
evaluation, and
= determining a manageable set of priorities, preferably through consensus (European

Commission, 2009).

As a result of this purpose, the evaluation process is able to move in a direction that includes
the needs and interests of relevant stakeholder groups, evokes a sense of ownership, as well as
increases the likelihood that evaluation findings will be implemented and acted upon (European

Commission, 2009).

There are numerous sources (e.g., OMOE, 2007; European Commission, 2009; Government
of Canada, 2009; Groves et al., 2009) available to those engaging in stakeholder consultation
activities. Typically, a framework is available by the industry, government, or agency in which a
project is carried out. In many jurisdictions, the requirement of public participation is embedded
within the legal framework where criteria are specified. For example, in Ontario, the Ontario
Environmental Policy Act 1990 (Environmental Protection Act, R.S.0. 1990) exists as an overall
comprehensive piece of legislation that was put in place “for the protection and conservation of
the natural environment” (Environmental Protection Act, R.S.0. 1990, S. 3(1)). This framework
governs a range of activities including those related to waste management, water, motors and
motor vehicles, and renewable energy (Environmental Protection Act, R.S.0. 1990) that occur
within borders of Ontario. Throughout an EA study, affected stakeholders must be given an
opportunity to participate and provide input on a proposed project. To assist with meeting

consultation requirements, the OMOE has developed a Code of Practice for proponents
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(OMOE, 2007). The methods described in this document outline appropriate two-way
communication techniques to achieve effective participation throughout the planning,
implementation, and monitoring phases of a project. Consequently, proponents engaging in
environmental project in Ontario have an established legal framework to guide their stakeholder

consultation activities.

Building upon the frameworks for general inclusion of stakeholders’ opinions for
environmental planning and decision-making, the following is a method that can be applied to

specifically LID planning on a watershed level:

Establish the goals of the project

Determine the sample

Choose consultation technique(s) and methodology
Develop consultation questions

Data Collection - Conduct consultation process

o gk w N~

Analyze the data and produce the reports

This method is a synthesis of literature reviewed on this topic (i.e., OMOE, 2007; European
Commission, 2009; Groves et al., 2009; Government of Canada, 2009). The following is a
detailed description of each step and examples of the type of information to be included within

each step.

1. Establish Objectives and Goals

The purpose of this step is to determine the direction in which the stakeholder involvement
process will take. It essentially is what the planner would want to learn. When planning for LID
implementation on the watershed level, the objective is to assess the appropriateness and
feasibility of placing types of LID practices in a type of area and to evaluate their hydrological
performance over the watershed level. Currently LID practices can be applied in two scenarios,
new development or for retrofit opportunities. For new developments, the implementation of LID
practices are simplified significantly where the main factors relate to lot-level screening criteria
(i.e., site and development characteristics). For retrofit opportunities, implementation,
particularly on a watershed level is more difficult. Application of LID methods for large-scale
retrofit opportunities, it is important for watershed planners to understand who will be
implementing these technologies and how to gain their support for implementation.
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Understanding their concerns will allow for more effective program and policy development, as
well as the provision of directed guidance to ensure acceptance and uptake of LID principles.
Some examples of objectives and goals for involving stakeholders in LID planning are the

following:

Objectives:

» To identify who the affected stakeholders are in terms of LID planning.

» To identify each group of stakeholder’s main concerns for LID implementation

» To identify the barriers that are preventing each group of stakeholders from possibly
implementing LIDs

» To identify the aspects need to be included to address the concerns of each group of
stakeholders. (e.g., if municipalities identify a concern to be costs of implementation,
watershed planners can recommend different strategies and financing models)

» To identify the areas that will need to be investigated in further studies at a sub-watershed
level

» To identify what aspects and infrastructure need to be in to be place to encourage
implementation at a smaller scale. (e.g. tax credits, rebates, etc.)

» To identify the drivers of LID implementation

Goal of surveying stakeholders on a watershed level

» To provide insight into the challenges ahead for each stakeholder group.

» To provide direction for subsequent sub-watershed plans in terms of LID implementation

» To understand how implementation can be planned at a sub-watershed effectively

» To ensure the inclusion of appropriate stakeholders and to understand their capacity in

which facilitate broader and effective LID implementation

2. Design and select sample

The purpose of this step is to identify the affected stakeholder groups, the number of groups
to include, and the distribution of the sample. In the case of LID planning, it has be
acknowledged that the planning and design process must be integrated in nature and include
groups beyond the traditional actors in stormwater management. Traditional stakeholders of
stormwater management are individuals, groups or organizations that are commonly identified

and consulted in a stormwater related project. Typically these groups will play an active role in
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the decision making process of stormwater related projects (i.e., governments, conservation
authorities, associations, contractors, etc), as well as anyone who can affect the outcome of the
project. Depending on the nature of the project, this latter criterion can extend to other non-
traditional stakeholders, such as non-profit organizations, community groups, and private
homeowners. In the case of LID planning and the type of implementation that has to be carried
out for these types of technologies, these non-traditional stakeholders should be included in the
planning process. Some examples of traditional and non-traditional stakeholders that should be

included are shown Table 5-1.

Table 5-1: Examples of Stakeholder Groups of Stormwater Management

Traditional Groups Non-Traditional Groups
=  Municipal government = Member of local NGOs
=  Provincial or Federal government = Member of School Board
=  Conservation Authority » Local Business Owner (i.e.,
= Land Developer restaurant, supermarket, real
= Scientist (i.e., geoscience, aquatic, estate, etc)
biology, botany, ecology) = Private landowner

= Planning professional (i.e.
architect, landscape architect,
urban planning consultant)

= Private consulting firm
(environmental, construction)

=  Storm water professional (i.e.,
manager, engineer, hydrologist,
modeller)

In addition to identifying the stakeholder groups that will be included in the planning process,
the role which they play in the decision-making process should be acknowledged. This assists
in determining the extent to which they will affect the implementation of LID technologies.
Combined with the results of the consultation process, effective policies and methods to gain
support can be developed appropriately. Finally, the sample size should be determined. This

discussion is limited to a conceptual level since the focus is confined to planning purposes.

62



Specific sites (i.e., location) and structural aspects will not be determined at this point. However,

the sample should be representative of all proposed areas.

3. Choose stakeholder involvement technique(s) and methodology

There is a wide range of techniques that can be used to involve stakeholders in the LID
planning process. Stakeholders’ views can be gathered in isolation using various tools and
procedures to analyze the gathered responses, or through more participatory forms of facilitated
face-to-face discussion and dialogue. Weiss (1998) provides a discussion of the various
techniques that can be applied. For example, the application of Multi-Attribute Utility Theory
(MAUT) methods will rank the priorities of participants on a set of elements in a manner that
allows for the combinations of results (Fulop, 2005). Another type of method commonly used is
the application of surveys. Surveys are an effective means to gather the opinions of a large
number of participants which can be then be analyzed and applied in a manner useful to the
project. Additional techniques include focus groups, interviews, roundtables, and task forces
(Government of Canada, 2009). The Government of Canada (2009) provides a comprehensive
list of techniques that can be used to elicit stakeholders’ opinions. Selection of the consultation
technique should be done appropriate to the nature of the issues. For example, depending on
the goals of the study, an iterative process may be required in order to get a good feel of the
important issues prioritized by the affected stakeholders. In such a case, distribution of surveys
rather than interviews may be a more suitable choice of method if cost is a strong factor in the
project. Other factors, as outlined by the European Commission (2009), such as the distribution
and number of stakeholder groups; as well as time and budget should be considered by project

officials selecting the appropriate consultation method.

In addition to these factors, it should be remembered that at the planning stage of the LID
project, the purpose of involving stakeholders should be for scoping. Detailed and more intense
consultation methods can be applied later in the project based on the results of the planning
phase. For example, if the results of the consultation process in the planning stage indicate that
all stakeholder groups will be accepting of one type of LID technology, more detailed
investigations can be conducted into the economic or technical options that will support

implementation of that specific LID practice.
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4. Develop consultation questions

The questions that are developed to collect the views and opinions regarding LID planning
should be based on the goals of the study, the technique selected to gather the opinions, and
the types of stakeholder groups that will be consulted. For example, if an open forum is selected
to gather qualitative responses, the questions that should be asked should encourage
elaboration of opinions. Essentially, open-ended questions should be used. Conversely, if an
internet survey is the technique of choice, a more valuable type of question may be multiple
choice or numeric rating scale type questions. Numerous discussions and resources on survey
design are available (e.g., Groves et al., 2009; Fowler, 2009) and appropriate for application to

LID planning.

Appendix D.3 provides examples of questions that can be used in assessing the opinions of
stakeholders for LID planning. The questions follow the following set of objectives that focuses
on identifying:

1. Types of stakeholder groups represented within a watershed;
Current knowledge of LID practices possessed by stakeholder groups represented;
LID practices survey participants would likely be interested in implementing;
Perception of benefits for implementing LID practices;
Concerns for LID implementation;
Drivers required for effective LID support;

Types of incentive programs required for effective implementation;

© N o o bk WD

The perception of costs associated with LID implementation and maintenance.

The intention of investigating these objectives can put into perspective the current LID
implementation capacity and support within the watershed, as well as direction in the creation of
programs and strategies. The first objective seeks to identify all stakeholder groups for the
purpose of determining which groups to develop the planning strategies. The second objective
establishes the knowledge capacity for each stakeholder group. This information is important to
gauging the current situation of the watershed in terms of LID implementation and deficient
areas of knowledge depending on the group. When connected with the responses to the third
and fourth objectives, an understanding can be established as to which LID practices would be
supported based on the current knowledge capacity. If the hydrological and economic benefit is

there for specific LID practices, then the appropriate educational strategies can be focused on
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these areas where the LID knowledge is weak to gain stronger support. The fifth objective of
understanding the concerns of stakeholders is very important in LID planning. Identifying these
concerns will highlight the major barriers preventing each type of group from full LID support.
The sixth and seventh objective will provide an understanding as to the type of assistance each
stakeholder group would like to be in place to overcome their concerns and increase their
support for LID principles. Finally, the last objective recognizes that associated LID
implementation costs are a major concern for all parties. The responses from this objective can
assist with overcoming this strong barrier and the development of strategies. Overall, the goal of
including the opinions of all affected stakeholder groups will provide the basis of an effective LID

planning strategy that will ensure long-term success.

5. Data Collection

To eliminate any unanticipated problems with questionnaire design, some preliminary tests
should be done if possible. This can be as extensive as conducting the consultation process on
a subset of the intended sample of stakeholders to just having a few people, other than the
developer to test the questions. Undergoing this step can reveal if the stakeholders will
understand the questions and if useful answers will be expected. Upon completion of the

testing, the full consultation process and data collection can proceed as planned.

6. Analyze the data and produce the reports

This final step involves the processing of the responses received by participating
stakeholders and analyzing it for application in the project. There are various methods, including
statistical analytical methods that can be applied to data to draw meaningful conclusions. A few
methods that are commonly employed in environmental planning studies are multi-objective
analysis (e.g., Merrick et al., 2005), weighting of responses (e.g., Anagnostopoulos et al., 2005),
and the popular multi-criteria methods (e.g., Ellis et al., 2004; Martin et al., 2004, Mustajoki et al,
2004, Linkov et al., 2006, etc.). In the case where surveys are chosen as the technique for
involving stakeholders, existing software packages are a simplified way to analyze the data.
Selection of the survey analysis software tool should include, but is not limited to, the following

criteria:

= Easy to use with an appropriate and well-developed user interface

» widely used and reputable (i.e., examples demonstrating use in research studies)
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= well-developed statistical computation and analysis capabilities

= relatively inexpensive

= allows for the use of different medias for gathering data (i.e., can combine online
research with paper distribution)

= strong support services available including customer service, online assistance,
appropriate documentation of tools

= secure source

= reliable

= web-based

There are numerous survey software readily available (i.e., QuestionPro Survey Software,
2009; SawTooth Software, 2010; Survey Monkey, 2010) that can be fit many of the above

characteristics and are appropriate for use in LID planning.

The output of this exercise is a collection of stakeholders’ opinions that can be incorporated
into a LID planning project. This component should be viewed as an iterative process, in which
mechanisms for ongoing stakeholder involvement should be established. Adopting a
philosophy such as this will as a result strengthen the chance of effective widespread, long-term

LID implementation.
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6.0 Decision-Making for LID planning

Selection of the best course of action is an important step in any project. Decision making
theory and models are routinely applied to solve a problem and achieve desired objective(s).
The process of selecting the most appropriate solution not only includes identifying the various
possible alternatives, but also incorporates balancing criteria such as technical, economic,
ecological and social elements to reach the most effective outcome. A variety of decision-
making approaches exists which can be applied depending on the situation. In the case of
decision-making for stormwater management, there are numerous documented instances (i.e.,
Ellis et al., 2004; Brown, 2005; White & Howe, 2005, Ellis et al., 2006) stressing the need to
move beyond typical technical and economic criteria and apply a more holistic approach in
identifying solutions. The following section describes some decision-making approaches in the

context of environmental planning and their relevance and application to LID planning.

6.1 Literature Review

As described in Chapter Three, the initial process for decision-making begins with defining
the problem, objectives, goals and conditions. Once this has been established, the general
process proceeds to identifying objectives, defining criteria to classify the alternatives, and
applying a decision-making approach to evaluate alternatives against the criteria (Baker et al.,
2001). It is the selection of the decision-making methodology that is of interest at this point in
the LID planning framework. Evaluation of the three preceding framework components (i.e., LID
hydrological performance assessment, cost-effectiveness analysis, and stakeholder
involvement) has provided the basis in which the management strategies will be developed.
There are numerous decision-making models that can be applied, but choice of one will depend
on the type of problem being solved. If the case has a single criterion, the decision-making
process is simplified in that the alternative selected is determined based on the best value
achieved for the single criterion (Fulop, 2005). The process becomes more complex when more
than one criterion is used and there exist a number of feasible alternatives. This latter type of
decision-making problem belongs to the field of multiple criteria optimization and is the most
relevant in the case of LID planning. Multi-Criteria Decision Making (MCDM), sometimes
referred to as Multi-criteria Decision Analysis (MCDA), is a set of tools to support decision
makers faced with problems that are under numerous decision criteria (Linkov et al., 2006).

When employed, this type of approach assists with comparing options and tradeoffs related to

67



project objectives, technical solutions, as well as synthesizing the various input information
(Linkov et al., 2006). The advantage of applying an MCDM approach is that it does not rely on
the availability of measurements. The measurements in MCDM are derived or based on value
judgement formed as indicators of the strengths of various preferences. These tools are useful
in the decision-making process not only for individual decision makers, but also decisions
involving multiple stakeholders. As Kiker et al., (2005) pointed out, taking an MCDA approach in
group decisions is highly beneficial since it provides the means for clarifying the similarities or
potential areas of conflicts between stakeholders with separate views. As a result, a better
understanding of all values held by all participants can be achieved. The discipline of MCDM is
commonly seen as the broad class of decision models. This class can further be divided into
Multi-Attribute Decision Making (MADM) and Multi-Objective Decision Making (MODM). The
rest of the literature review focuses on commonly used decision-making models within each
sub-class of MCDM tools.

6.1.1 Multi-attribute decision-making (MADM) methods

MADM techniques are commonly employed for problems of a discrete nature (Schinas,
2007). Specifically, the number of criteria is finite and the alternatives are outlined explicitly
(Fulop, 2005). In general, the methodology scores the performance of alternatives against the
existing criteria, typically in a decision table (Fulop, 2005). For example, using the decision

shown in Figure 6-1, a problem can have m criteria (C4, ...Cy,)) and n alternatives (A4, .., A,).

X4 . ° Xn
A1 ® ® An
Wi Cq ai * * Am1
Wm Cm Am1 ° ¢ Amn

Figure 6-1: Example of decision table adapted from Fulop (2005)

Each row corresponds to a criterion in which weights, wy, ...,w, are assigned. The weights,
assumed to be positive, indicate the relative importance of the criteria to the decision. The

weights are usually derived on a subjective basis, where they represent either the opinion of a
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single decision maker or an amalgamated view of a group of stakeholders (Fulop, 2005). The
columns describe the performance of the alternative. The score a; represents the performance
of alternative A; against the criterion C;. The values xy,...,x, associated with the alternatives in
the decision table are the final ranking values of the alternatives. The selection of alternative is

based on the highest value of x,, which typically signifies a best performing alternative.

Development in MADM methods has been ongoing for the past 30 years. This sub-class of
MCDM models contains more than thirty types (Zhen et al., 2007), and as a result can be
categorized further. Two main families under MADM methods are Multi-attribute Utility Theory
(MAUT) and Outranking (Bernard and Daniel, 1997; Guitouni & Martel, 1998, Fulop, 2005, Zhen
et al., 2007). These two categories of approaches are described briefly below along with

techniques that fall under their definition.

MAUT Methods

The family of MAUT methods is based on the aggregation of the various decision criteria into
a function that is maximized. The overall objective of this technique is to find a simple
expression to represent the decision-maker’s preferences (Linkov et al., 2004). Commonly used
MAUT —based approaches employ the concept that the weights, as shown in Figure 6-1 above,
reflects the importance of the criterion if the scores (a;) are from a common, dimensionless
scale. To obtain these scores on a dimensionless scale, utility functions are applied to
transform the raw performance values of the alternatives against the criterion (Linkov, 2004;
Fulop, 2005). These utility functions can be applied to both factual (objective and quantitative)
and judgmental (subjective and qualitative) criteria that represent areas such as costs, risk,
benefits and stakeholders (Linkov, 2004; Fulop, 2005). Once transformed, the preferred
performance is given a higher utility value on a scale ranging from 0 to 1 (or 0 — 100). Therefore,

the goal of the decision-maker is to maximize the utility value.
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Simple Multi Attribute Rating Technique (SMART)

The SMART method is a simplified approach under the MAUT classification. Generally, the
performance of each alternative is represented as ranks on a numerical scale, which are
evaluated through a direct-rating procedure (Makowski, 2001). The ranking values (x;) for
alternative A; is determined as the weighted algebraic mean of the utility values associated with

it. Fulop (2005) describes an approach as being represented by the following function:

Xj = Nizqa Wi Qyj/ XiZ Wy, j=1..n (6- 1)

This simple additive model is one of several other methods to assess the weights for each
criterion (Fulop, 2005). In addition to the simplified approach, another advantage of using this
method is that it allows for the application of a smaller scale range if alternatives, which are not
significantly different for a particular criterion, can be given an equal score (Linkov et al., 2004).
It has been shown that this simplified MAUT method is quite valuable in decision analysis
(Linkov et al., 2004)

The Analytic Hierarchy Process (AHP)

The Analytical Hierarchy Process (AHP) was developed by Thomas Saaty in 1980 (Fulop,
2005). The AHP falls under the MAUT family of methods because it is a compensatory
optimization approach that aggregates various factors of the decision problem into a single
optimization function called the objective function. The goal is to select the alternative that
results in the greatest value of the objective function (Linkov et al., 2004). The distinguishing
element of this method is that rather than using utility and weighting functions, AHP uses pair-
wise comparisons of decision criteria. For example, how important is criterion C; relative to
another criterion. The weights for criteria are established this way using a nine point scale, as
well as to assess the performance scores for alternatives on the subjective criteria (Fulop,
2005). Further description on the methods of developing these weights is described by Linkov et
al. (2004). All individual criteria are paired against all the others, and the results are compiled in
matrix form (Linkov et al., 2006). AHP is one of the more widely applied multi-attribute decision-

making methods.
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Outranking decision-making approaches

The concept of outranking was defined by Roy in the 1970s (Linkov., 2004). It is based on
the premise that one alternative has a degree of dominance over another rather than the
presumption that a single best alternative can be isolated. This is the main difference from
MAUT and AHP. However, similar to the MAUT methods, outranking assumes data availability,
such as the alternatives and criteria must be specified, and the data in the decision table (i.e., a;
and w; in Figure 6-1 above). The outranking concept developed by Roy is briefly described by
Linkov et al. (2004) as the performance of alternatives on each criterion is compared in pairs.
For example, alternative A1 outranks alternative Ai if it performs better on some criteria Cj and
at least as well as Ai on all the other criteria. An alternative that is “dominated” is one that is
inferior in some respects and no better than equal in others. In contrast, a “dominant” alternative
is superior or equal in all respects (Linkov et al., 2004). Outranking is considered a partially
compensatory method that does not rely upon optimization. The emphasis is on acknowledging
the trade-offs and providing a structured means of comparing the strengths and weaknesses in
a quantitative manner. In addition, outranking methods permit identifying the relationships in
criteria weightings and for alternatives that are typically not considered comparable (Linkov et
al., 2004). Further description of the outranking method is provided by Vincke (1992), Figueira
et al. (2004), and Linkov et al., (2004).

6.1.2 Multi-objective decision-making (MODM) approaches

Multi-objective decision-making (MODM) is used with the intent of finding the most optimal
solutions given a number of different objective functions, each subject to a set of system
constraints (Sadjadi et al., 2008). Problems that would fall under this approach typically have an
uncountable set of solutions, which can be evaluated to produce vectors whose components
represent trade-offs in decision space (Van Veldhuizen & Lamont, 1998). As cited by Coello
(1999), applying MODM to a problem is defined by Osyczka (1985, as cited by Coello, 1999)
determining a vector of decision variables which satisfies constraints and optimizes a vector
function whose elements represent the objective functions. The result is a set of functions that
mathematically represent the performance criteria which are usually in conflict with each other.

Coello (1999) formally defines the MODM approach as the following mathematical expressions:

Determine the vector X* = [x{, x5, ..., x;,] that satisfies the m inequality constraints;
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gi(¥) =20, i=12,..,m (6-2)
The p equality constraints;

() =0, i=12,..,p (63

and, will optimize the vector function

f@) = [f1E), f2E), . fu@®IT  (6-4)

The key in deciphering the optimization problem lies in finding the solution that give the
values of all the objective functions acceptable to the decision maker. Essentially, the goal is to
find the vector solution that is a good compromise, or optimum values, of all objective functions

determined from among the set F of all numbers which satisfy (6-2) and (6-3) (Coello, 1999).

There are various models under the practice of MODM which can be applied to solving
problems of this nature. Many methods make use of the concept of Pareto Optimality in
determining a set of solutions. A brief description of this theory is focused on for the remainder

of this literature review.
Pareto Optimality

The concept of optimum in MODM was formalized by V. Pareto in 1896 (Coello, 1999) and is
considered the origin of multi-objective optimization research. Continuing from the discussion
above, Coello (1999) defines that “X* is Pareto optimal if there exists no feasible vector x ,
which would decrease some criterion without causing a simultaneous increase in at least one
other criterion. Therefore, it is not possible to improve one objective without deteriorating at
least one of the other. The Pareto optimum always gives a set of solutions that are non-
dominated (Coello, 1999). The set of Pareto optimal solutions, which is the plot of the objective
functions whose non-dominated vectors are in the Pareto optimal set, comprises the Pareto
front (Coello, 1999; Legrie et al., 2010)

Some important terms worth stating explicitly in a mathematical context are Pareto

dominance, Pareto optimality, and Pareto front:
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»= Pareto dominance- A vector u = (uq,..,u;) is said to dominate a vector, U =
(v, .., vp) if an only if @ is partially less than ¥ (Van Veldhuizen & Lamont, 1998;

Coello, 1999)

= Pareto optimality — A solution x, € U is said to be Pareto optimal if and only if there is no
Xy € U for which v = f(x,) = (v, ...., V) dominates u = f(x,) = (uy, ..., up) (Van Veldhuizen
& Lamont, 1998)

= Pareto front - For a given multi-objective optimization problem f(x) and Pareto optimal

set P*, the Pareto front (PF*) is expressed as (Coello, 1999):
= PFui={@} == (fi(x0), . fi(0)lx € P*

An example of Pareto dominance is provided by Van Veldhuizen & Lamont (1998), which

states the optimization problem to be as such:

*= Minimize f(x,),u € {a, b, c,d}, where
- a2 f(x,) = (3.25,1.76,4.67)
- b2 f(xy) = (3.25,1.76,4.67)
- 2 f(x,) = (3.15,1.76,4.67)
- d 2 f(xy) = (3.15,1.76,4.22) .

Based on this problem, a and b are dominated by both ¢ and d; ¢ is dominated by d, and d
dominates all other vectors Van Veldhuizen & Lamont (1998). The solution x4 is therefore
considered the Pareto optimal solution of the set {xa, x,, Xc, Xq}. Pareto optimal solutions are
non-inferior, efficient solutions. Their corresponding vectors are termed non-dominated (Van
Veldhuizen & Lamont, 1998). Selecting a vector(s) from this non-dominated vector set indicates

acceptable Pareto optimal solutions (Van Veldhuizen & Lamont, 1998).

As described before, when the non-dominated vectors of the Pareto optimal solutions are
plotted in criterion space, we produce the Pareto front. An example of producing this Pareto
front for a general case is described by Van Veldhuizen & Lamont (1998) for one variable, two-

objective problem, F1 . The problem’s two objectives are defined as:
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Minimize f;; = x? (6- 5)
Minimize f;, = (x — 2)? (6- 6)

Rudolph (1998b, as cited by Van Veldhuizen & Lamont, 1998) showed that given,

Minimize f;; = ||x?| (6-7)
Minimize f;,=]|(x-2)2||, with 0 %z € R (6- 8)

The Pareto optimal set for this general multi-objective problem is X* = {x € R|x =rz,r €
[0,1]}. When the values of function fy4 is plotted against those of function f;, for the same value

of the independent variable (shown in Figure 6-2), a graphical display of the non-dominated

vectors for this problem as points in criterion space is produced. This plot forms the Pareto front.

aF Pareto Front
13 \

-+

% Y

*, I"'.
1 +++ \lh
*3
e + o L "

o } B B E

Figure 6-2: Functions F1’s Pareto Front (f11 plotted against f12) (Source: adapted
from Figure 2 in Van Veldhuizen & Lamont (1998))

6.1.3 MCDM approaches in existing environmental case studies

The application of MCDM approaches in environmental decision-making has been
recognized as a useful tool in numerous documented cases (e.g., Ellis et al., 2004; Linkov et al.,
2004; Mustajoki et al., 2004; Kiker, et al., 2005). Water management has benefited from these
concepts, particularly when the decision making process involved numerous stakeholders. For
example, the study completed by Merrick et al. (2005) applied an MODM approach to
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watershed improvement. The main objective of the study was to identify major problems in the
watershed through the means of an integrated watershed assessment tool for decision makers
(Merrick et al., 2005). The approach was applied to an improvement project for the Upham
Brook Watershed in Richmond, Virginia (Merrick et al., 2005). The result of the study was the
development of a model that was used to identify the largest “value gaps” (Merrick et al., 2005),

as well as identify programs required to improve the quality of the watershed.

Febriamansyah (2009) examined the relationship between the social aspects of water users
in the Tampo basin of West Sumatra, Indonesia, and the physical aspects of the water
resources. The objective was to develop a water resource development and management
strategy for the Tampo basin to solve the changes in water demand and supply that has been
seen along the basin. The AHP method was used to obtain alternatives for irrigation water
allocation for all the water users along the river. The method proved to be useful since the
project required the participation of a variety of stakeholders. It allowed for the stakeholders to
express their preference for the alternatives, which led to the final selection of the acceptable
water allocation pattern. While this study demonstrated the usefulness of this method to
allowing a variety of stakeholders to participate in the decision-making process, it was also
highlighted that a disadvantage of this method is that it can be time-consuming process to some

stakeholders due to its participatory nature.

The study carried out by Anagnostopoulos et al., (2005) evaluated four alternative irrigation
projects for a district near the Nestos River that lies partially in Bulgaria and Greece. The
irrigation alternatives focused on the operation of two constructed dams to achieve water
resource management on the Greek portion of the river. The study applies two multi criteria
methods, AHP and PROMETHEE, to carry out the analysis. The evaluation model for the
project alternatives consisted of three scenarios and four criteria (economic, social, environment
and cost criteria), which were further divided into sub-criteria. The three alternative scenarios
were based on the future availability of water resources and were based on the rainfall data.
The economic criterion took into account the positive side effect of aspects such as rural
income, employment, and rural production. The social criterion considered the impacts of
increases in economic aspects on the quality of life for residents of the region. The
environmental criterion included the negative side effects of the construction of new reservoirs
on the ecosystems. Finally, the cost criterion incorporated life-cycle costs into the evaluation

model. This study provided an example on how these MCDM methods can be used to select the
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most appropriate alternative. It also showed how a more holistic approach can be taken to
making environmental decisions by including technical, economic, social, and environmental
criteria. This approach was highly applicable to the LID planning framework proposed in this

thesis since the components considers similar aspects.

There have been limited documented studies that apply MCDM methods in the decision
making process for BMP and LID planning. Some examples of such studies include Ellis et al.
(2004), Perez-Pedini et al. (2005), Ellis et al. (2006), and Martin et al. (2007). In the study
carried out by Martin et al. (2007), various MCDM tools were applied to urban stormwater
management in France. The objective of the study was to develop an approach to assist BMP
users in selecting stormwater source solutions in France with respect to various criteria. Various
alternatives were developed based on results from a national survey to assess the performance
of different BMPs, a literature review, and results from previous studies. The study applies an
Outranking approach called ELECTRE Ill. The reasons for choosing this approach included its
ability to enable continuous participation and “dialogue” between the various stakeholders
involved in the decision-making process; the allowance for weighing the criteria which provided
the means of including stakeholders’ opinions; the characteristic that the ELECTRE Il method is
based on fuzzy logic which accounts for uncertainties in performance evaluation by means of
“pseudo-criteria”; and, the weights are not used as tradeoffs, as in the target criteria are not
taken into account in a compensatory manner (Martin et al., 2007). The evaluation model
allowed for the ranking of various alternatives by either giving a score on an appreciation scale
or by quantifying a specific value. The appreciation scale was based on criteria such as the
need and frequency of operation and maintenance, the environmental impact of BMP on
groundwater, or the contribution to sustainable development policies. This study showed how
stakeholder preferences can vary according to different management strategies and levels of
interests, methods should be applied to consider these aspects. The approach taken
demonstrated some noteworthy points applicable to decision-making for LID planning. Due to
the nature of BMPs and LID practices, having strong participation from stakeholders is expected
to strengthen the probability of successful implementation. The method in this study selected an
approach that encourages and supports the participation of stakeholders from the initial stages
of the project. It also allowed for their opinions to be incorporated as weights into the decision.
Finally, other criteria were taken into consideration in addition to the commonly applied cost-
benefit analysis. The study considered technical, hydraulic, environmental, social, economic,

and maintenance criteria.
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6.2 A decision-making approach for LID planning

As shown above, there are many MCDM tools available to the decision-maker to assist in
selecting the most appropriate solution. However, choosing a suitable method can be
challenging. In addition, each method may produce a different ranking (Martin et al., 2007).
While it could be suggested that one or more MCDM method be used in order to enhance the
selection process, in the context of this proposed LID planning framework, a single approach is

suggested.

Previously, it was described that the MODM method aims to identify the optimal solution
given a number of different objective functions, each subject to a set of system constraints. The
approach taken in this framework can be based on this concept since the main components are
centred on distinct objectives. The first component, which evaluates the hydrological
performance of the LID practices, ultimately intends to determine the effectiveness of
implementing the technology. The second component, application of cost-estimate functions,
provides a means of estimating the LID implementation in a targeted area, as well as optimizing
the strategies indicated by the first technically-centred component. While another MCDM
approach could be used in this typical cost-effectiveness analysis, the third component provides
an element that changes the problem and produces an uncountable set of solutions. The third
component, the inclusion of stakeholder opinions, complexes the decision-making process
further in that the concept of acceptance becomes a factor in successful LID implementation. It
is this last component that necessitates an approach to be based on the concepts of MODM
methods. Furthermore, the decision-making method should also seek to determine the Pareto

optimum, which will provide a non-dominated set of solutions.

Evaluation of the LID effectiveness and cost was based on the concept of HRUs. This idea
can be extended in this decision-making point as well. The HRUs defined in Component 1 were
evaluated to determine the hydrological performance of implementing a particular LID practice.
Performance values for a number of HRUs were the output from this component. Component 2
attached cost estimates to these HRUs for each LID practice. Component 3 investigated the
opinions of stakeholders; however it was not done in the context of HRUs. It is the results from
this component that will be need to be put into a form useable to include in the decision-making

process.
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It has been well established throughout this thesis that the success of effective LID
implementation hinges on the acceptance by stakeholder and their support of LID principles. It
is this concept of acceptance that should be included in decision making process. The definition
of acceptance and quantifying it from the results of the third component can be done in a
number of ways. Evaluation of Component 3 can include the direct assessment of gather the
acceptance level from stakeholders, such as specifically asking targeted questions related to
the approval of LID practices. It can also be more complex in that it is defined as an
amalgamation of the various opinion topics probed within this component. Regardless of the
method chosen, the acceptance must be defined with the results obtained from Component 3.
The definition should translate to a score on a defined scale determined by the user. For
example, each LID practice could be given an acceptability score defined as the likelihood for
stakeholders to implement the practice. Each score ranks the LID practices included in the
question against each other. Determining the acceptability in this manner puts it in a form that
can be used with the results from the previous two components. Since the HRUs defined in
Component 1 are according to LID practices, each HRU can now be given an acceptability

score. This enables the possibility of making a decision based on all three objectives.

The next step in this decision-making approach is to plot the results from each component.
From the assessment of all three components, the HRUs for each LID practice now has value
describing its hydrological performance, the total cost estimated for implementation, and an
acceptability score for implementing the technology. These values for all HRUs can plot on a
three axis graph representing the components of hydrological performance, cost, and
acceptability. This is shown in Figure 6-3. As a result of the acceptability score attached to each
HRU, the graph will show HRUs arranged in levels according to their score. The solutions within
each score level will indicate the relationship between the cost and effectiveness of the HRUs.

The final step will be to identify the Pareto front to identify the optimal solutions.
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Figure 6-3: Plot of LID planning framework components
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7.0 Case Study: Application of the LID Planning Framework
to the Lake Simcoe Watershed

To illustrate the use and benefit of the LID Planning Framework proposed in this thesis, data
pertaining to the Lake Simcoe watershed are examined in this chapter as a case study. As
discussed in Chapter One, the LSRCA is currently engaged in a study to assess the benefit of
LID technologies placed throughout the watershed. The data used within the LSRCA LID
Planning Study are used in this chapter to evaluate each component of the LID Planning
Framework in detail. The conclusion of this case study provides a set of recommended

management strategies applicable to the Lake Simcoe watershed.

7.1 Case Study Background
7.1.1 Lake Simcoe Watershed

The Lake Simcoe Watershed, shown in Figure 7-1, is a large area that lies within the Southern
Georgian Bay Drainage area (LSRCA, 2003) in Ontario, Canada. It includes parts of Simcoe
County, Durham Region, and York Region (Li et al., 2009). The watershed contains five major
physiographical areas: the Oak Ridges Moraine, the Peterborough Drumlin Fields, the upland till
plains, the Simcoe Lowlands, and the Oro Moraine (LSRCA, 2003). The total land portion of the
watershed is approximately 2,857 km? and is drained by 35 tributary rivers. Out of the 35
tributaries that drain the land surrounding the lake, five major tributary rivers comprise 60
percent of the total drainage area. The lake itself occupies about 20 percent of the whole
watershed (722 km?).

Over the recent decades, development in the watershed has increased rapidly, resulting in
significant land use changes (Li et al., 2009). Although the Lake Simcoe Watershed is
recognized as containing provincially significant wetland and woodlands, only approximately 35
percent of the land area is comprised of this cover, where much of it exists in a fragmented state
with the quality unknown (Government of Ontario, 2009). Almost half of the watershed
(approximately 47 percent) is currently used for agriculture purposes (Government of Ontario,
2009). Urban land use amounts to about 6.3 percent and is currently home to over 350,000

permanent residents. Residential populations are unevenly distributed where populations
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continues to grow in the southern urban centres of York Region and the western agricultural
areas (Li et al., 2009).

Figure 7-1: Relief map of Lake Simcoe Watershed (Source: LSRCA, n.d.)

7.1.2 Legislation impacting the watershed

There are a few pieces of legislation that govern the management of the Lake Simcoe
Watershed. Management of Ontario watersheds is carried out by conservation authorities. The
Conservation Authorities Act (R.S.0. 1990, c. C.27) gives power to these authorities to perform
many critical functions related to planning and management. Specifically, conservation
authorities are to:

» to study and investigate the watershed and to determine a program whereby the

natural resources of the watershed may be conserved, restored, developed and
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managed; and, to cause research to be done” (Conservation Authorities Act,1990,
S.21); and

= to make regulations applicable in the area under its jurisdiction” (Conservation
Authorities Act,1990, S.21).

The Lake Simcoe Region Conservation Authority (LSRCA) is the designated authority under
The Conservation Authorities Act for the Lake Simcoe Watershed. They provide leadership in
the restoration of the environmental health and quality of the lake and the surrounding
watershed. The LSRCA works the community, watershed municipalities, and government

partners to develop improved stormwater management strategies and more.

The work and efforts of the LSRCA compliments the recently enacted Lake Simcoe
Protection Act (S.0. 2008, C. 23). Ratified in 2008, the overall objective of the Act is to protect
and restore the ecological health of the Watershed (Government of Ontario, 2009). A product of
the Act was the development of the Lake Simcoe Protection Plan which specifies the action plan
for achieving water quality and quantity targets. It is required that within five years of its
enactment, the municipalities belonging to the watershed must develop comprehensive
management master plans for each settlement area (Government of Ontario, 2009). These
master plans must include a comparative review of current practices, new technologies, and
retrofit opportunities in order to determine the best course of action to optimize stormwater
management efficiencies (Government of Ontario, 2009). It is intended that the Lake Simcoe
Protection Plan be read in conjunction with relevant provincial policies, plans and Acts. In
addition to the Conservation Authorities Act, this includes the following (Government of Ontario,
2009):

» Provincial Policy Statement, 2005,

= the Greenbelt Plan,

= the Oak Ridges Moraine Conservation Plan,

= the Clean Water Act, 2006,

= the Ontario Water Resources Act,

=  Environmental Protection Act,

= the Public Lands Act, and

= the Planning Act.
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7.1.3 Significant Environmental Issues in Lake Simcoe Watershed

The LSRCA performs environmental monitoring and management of the watershed. As a result
of water quality monitoring activities, LSRCA has found that the Lake Simcoe Watershed is
impacted by many contaminants (LSRCA, 2007). Contaminants such as phosphorus and
chloride have been detected in entering the watershed through multiple means at levels
exceeding provincial guidelines. While point sources, such as pipes discharging industrial
waste, are commonly known means of pollution input, more recently non-point sources have
been found to be major contributors to poor water quality issues. Non-point sources are of
significant concern since they cannot be traced to a distinct discharge point and require a
different approach to pollution control. Some examples of non-point sources are faulty septic
systems on private properties, agricultural land, and impermeable surfaces such as rooftops,

roads or sidewalks.

Phosphorous loading is LSRCA’s largest concern in terms of water quality. When phosphorous
is washed from terrestrial sources, such as an agricultural field that uses fertilizer, into aquatic
habitats, aquatic macrophytes and phytoplankton grow to excessive levels. The aquatic primary
producers are essential to lake and river ecosystems (Li et al., 2009); however, extreme growth
can lead to negative impacts. For example, spawning and feeding grounds for animals living in
these aquatic ecosystems suffer as a result of murky water and choked plants caused by
phosphorous loading (Li et al., 2009). To mitigate these harmful effects of phosphorous loading
(i.e., depleted oxygen levels, decrease in fish and invertebrate populations, taste and odour
problem in potable water, etc.), the LSRCA has adopted some vigorous goals and targets. In
the early 1990s, the phosphorous loading was recorded as exceeding 100 tonnes/year
(Government of Ontario, 2009). Although these levels were recorded as being between 70 and
77 tonnes/yr during the period of 2004 to 2007 (Government of Ontario, 2009), the Lake Simcoe
Protection Plan has outlined ambitious targets for curtailed phosphorous loading (44 tonnes/yr)

and improved dissolved oxygen levels (7 mg/L) (Government of Ontario, 2009).

The LSRCA have also identified water quantity as an issue that can cause significant
environmental problems. Aquatic ecosystems require adequate flow rates and are sensitive to
disturbances in flow rates. As urbanization continues to intensify, increased needs for use of
drinking water, irrigation, and industrial processing also similarly grows which exerts pressure

on the already stressed watershed. Water quantity also impacts water quality. As the amount of
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water present in the system fluctuates, so do the contamination levels which are dependent on
the amount of dilution (Li et al., 2009).

Due to these numerous water quality and quantity issues in the Lake Simcoe Watershed,
several initiatives, such as the Government of Canada’s Lake Simcoe Clean-up Fund, are
currently underway. The purpose of these programs is to encourage watershed stakeholders to
not only apply conventional techniques of stormwater management, but to apply alternative
practices as well. In addition, the Lake Simcoe Protection Plan has stated that municipalities
should consider source and lot-level controls before proposing traditional stormwater treatment
facilities (Government of Ontario, 2009). As a result, the LSRCA is currently engaged in a study
to plan for LID technologies throughout selected areas in the watershed. It is a desired outcome
by the organization that the study will provide guidance to watershed municipalities for

incorporating LID technologies into their stormwater management master plans (Li et al., 2009).

7.2 Objectives and Scope of Case Study

The overall objective of the Lake Simcoe LID Planning project is to identify opportunities for
the implementation of LID practices within the Lake Simcoe watershed, as well as quantify at a
planning level the benefits that could be provided in terms of reduced pollutant loading to Lake
Simcoe from locations within the watershed referred to as “uncontrolled areas.” Uncontrolled
areas are areas that were developed before the introduction of modern stormater management
practices (Li et al., 2009). The goal of the study is to provide guidance to municipalities for
incorporating LID technologies into their respective stormwater management master plans for

these uncontrolled areas (Li et al., 2009)

For this thesis, the information presented for this case study will be a portion of the overall
study and the work completed to date (May 2010). Specifically, this primarily includes the
evaluation of point-based LID practices that treat primarily roof-top runoff (i.e., green roof,
soakaway pit, rainwater harvesting, downspout disconnection, and dry well). The performance
of three LID practices (i.e., rainwater harvesting, downspout disconnection, and dry well) were
assessed over the watershed by the author of this thesis, and the remaining two were evaluated

by another member of the LSRCA LID Project research team, Celia Fan.
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The case study is arranged to coincide with the components of the proposed LID Planning
Framework. The methodologies applied for all five LID technologies in evaluating each
component and the results obtained bedare descr in separate sections. Relevant conclusions
are provided to summarize the results of evaluating each component. The last part of the case
study integrates the results of the Framework Components to recommend optimal management

strategies that could be applied in Lake Simcoe Watershed.

7.3 Evaluation of LID hydrological performance for the Lake Simcoe
Watershed

The objective of the first component is to determine the effectiveness of LID implementation
on a watershed level. The approach described in Chapter 3 is applied here. The following
sections describe the methodology and results obtained in the context of the Lake Simcoe LID
Planning Project (Li et al., 2009).

7.3.1 Data Collection

Screening Criteria Properties

The first set of data that was collected was properties that could be used in identifying LID
opportunities throughout the watershed. A literature review was conducted of existing
stormwater management and LID manuals (Prince George’s County, 1999; CIRIA, 2007;
SEMCOG, 2008; CVC & TRCA, 2010). Table 7-1 shows the information gathered for the five

roof-based LID technologies of interest.
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Table 7-1: Information collected for screening criteria

. Separation Setback | Utilities, Parking
. .SO'I. IhiE Slope from Overhead lots Relation
LID Practice | Infiltration | watertable/ o o . y
(mm/hr) bedrock (%) building wires, _Roads, to Trees
(m) Wells sidewalks
(m)
Green Roof N/A N/A N/A N/A N/A N/A N/A
Receives Root
1.5m from only roof intrusion
Soakaway Pit Max. 25 1 0-5 4 public utility and should be
line Wﬁjﬁ\gﬁy considered
Downspout
Disconnection >15 N/A 1-5, 3 N/A N/A N/A
Must be
. considered Check Check there
I-IRaax:;atl;r?r N/A for N/A 3 there is no N/A is no
9 subsurface interference interference
systems
Receives Root
Max Check only roof intrusion
Dry Well Max.13 1 ’ 3 there is no and
20 . should be
interference walkway !
runoff considered

Properties used to characterize HRUs (GIS data)

An initial list of data needs similar to that described in Table 3-2 was proposed to

characterize the HRUs to a level sufficient for conducting a meaningful analysis. To acquire the

information needed, ArcGIS was used was used to compile and process the spatial information

received from the various data sources. Specifically, data were obtained from the LSRCA as

well as municipal data from Barrie, Newmarket, Aurora, and East Gwillimbury municipalities.

There were a number of issues regarding the quality and format of the data received, and as a

result, data from the City of Barrie were used primarily in this case study. Where the required

information was not available, other sources were used such as the LSRCA and commercial

data suppliers. Further description of the data sources, the data gaps, and the challenges

experienced are detailed in Li et al. (2010).
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The first data requirement listed in Table 7-1 seeks to obtain information regarding the areas

that are amenable to LID implementation in the watershed. Using the screening criteria

properties described in Table 7-1:, a screening criterion was developed for each LID practice.

The criterion applied for each LID technology as well as the information obtained is shown in

Table 7-2.

Table 7-2: Applied screening criterion used in GIS and results (Li et al., 2010)

P LID. Screening Criterion Information Obtained
ractice
= On buildings larger than 350 m” in area = Simplified identification of lots with
sufficient roof area’.
Green Roof = Determined the roof area contributing

water that could be diverted by green
roofs (0.82 km? across the study area in
Barrie).

= Soils over 2 m deep to water or bedrock = |dentified lots with appropriate conditions
= Minimum Slopes below 15% and space available

Soakaway Pit = On soil Hydrologic Groups A or B = Determined the roof area contributing
= Beyond buildings and their (4m) buffers water that could be diverted to soakaway
= Off trees and roads pits (1.83 km?®across the study area in

Barrie).
=  Minimum slopes below 5% = |dentified lots with appropriate conditions
= On soil Hydrologic Groups A or B and space available
= Beyond buildings = Determined the roof area contributing
Downspout | = Off trees and roads water that could be diverted by

Disconnection

downspout disconnection was also
available (2.62 km? across the study area
in Barrie.

Commercial and industrial sites

= Soils over 2m deep to water or bedrock
= Off trees

= Beyond buildings and their (3m) buffers
= Off roads

= |dentified lots with appropriate conditions
and space available

= Determined the roof area contributing
water that could be diverted by rainwater
harvesting (2.74 km?® across the study

Rainwater . :

Harvesting . o area in Barrie).
Residential sites
= Soils over 2m deep to water or bedrock
= Off trees
= Beyond buildings and their (3m) buffers
= Off roads
= Soils over 2m deep to water or bedrock = |dentified lots with appropriate conditions
= Minimum slopes below 20% and space

Dry Well = Beyond buildings and their (3m) buffers = Determined roof area contributing water

= Off trees and roads

that could be diverted to LID technology
(2.55 km?” across the study area in Barrie)

2 Details of roof and buildings were not available: building height, building age, roof type (flat or
sloping), roof age, roof material, and storm-sewer connectivity (Refer to Li et al., 2010).

87




In addition to the areas suitable for implementation, other information were collected to

characterize the HRUs. For each LID practice, the following data was produced (Li et al., 2010):

= Assessment number (a unique identification number associated with privately owned
plots of land)

= Address (the street and number, where known)

= Lot area (the original lot size, without any subdivision)

= Building area

= Building size-to-lot size ratio (the ratio of original building (over 20 m?) areas to th®
enclosing original lot area)

* Landuse

= Stormwatershed (LSRCA developed ID for stormwatersheds)

» Area of driveways

= Area of parking lots

* |Impervious area (calculated from driveways, parking lots, and building size information)

In terms of the land use, there were a few specific types that were of interest for each LID
practice. This is shown in Table 7-3: Land use data evaluated for each LID (Li et al., 2010)
below.

Table 7-3: Land use data evaluated for each LID (Li et al., 2010)

LID Practice Land Use

= N/A — Screening criteria resulted
in buildings larger than 350 m? in
area. No further refinement
required

Green Roof

= Commercial

Soakaway Pit | | oo idential

= Commercial
= |ndustrial
= Residential

Downspout
Disconnection

= Commercial
= |ndustrial
= Residential

Rainwater
Harvesting
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= Commercial
Dry Well = Industrial
= Residential

As shown, the main land use types in which the LID technology would typically be
implemented, as well as those representing majority of the space within each stormwatershed
were chosen. Data were only collected for these land use types. As a result of soakaway pits
being a practice that promote infiltration significantly, it was decided to assume implementation
is not ideal on commercial or industrial lots due to the potential of stormwater runoff containing a

higher amount of elements not typically found in rainfall (i.e., chemicals, oil, etc).

Input data

» Rainfall input data

Precipitation data were an essential input for hydrological modelling. Since the case study
primarily utilized data from the City of Barrie, rainfall input data were obtained for this location.
The Ontario Climate Center of Environment Canada provided rainfall data from the Barrie Water
Pollution Control Center (Barrie WPCC) rain gauge station (Li et al., 2010). The station
possesses hourly rainfall records from year 1968 to the year 2003. The records were analyzed
to determine the average rainfall year. Appendix D.1 shows the annual rainfall records that were
obtained, as well as indicates the years that were not included in the analysis as result of
significant amount of missing records. The annual rainfall records were analyzed further by the
considering the average and median of the total annual precipitation (Li et al., 2010). Table 7-4
shows the total annual precipitation of the selected years that resulted from this analysis. The
average total annual precipitation was determined to be 531.4mm (Li et al., 2010). The median
year was found to be 1981 and the year that had the total annual precipitation closest to the
average value was determined to be 1985. The year with total annual precipitation closest to the
average (i.e., 1985) was selected to be used for the rainfall input data. This year was also a
good selection because there is no missing records compare to the median (i.e., 1981) (Li et al.,
2010).

= Evapotranspiration Input Data

Table 7-5 shows the calculated average total daily evapotranspiration data for the Barrie
Creek Subwatershed. This input data were provided by the LSRCA (Li et al., 2010).
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Table 7-4: Total Annual Precipitation of the Selected Years in Barrie WPCC Rain
Gauge Station (adapted from Li et al. (2010))

Year Total Annual Precipitation (mm)
1986 768.8
1996 726.0
1995 718.3
2000 669.2
1999 572.9
2001 545.7
1993 544.3
544 .1 (closest to the average total
1985 o
annual precipitation)

2002 507.1
1990 502.5

1981 (median year) 500.1
2003 489.3
1991 489.2
1979 487.4
1989 487.3
1998 485.8
1983 479.5
1984 472.3
1994 470.8
1980 418.2
1988 281.1

Table 7-5: Average Total Daily Evapotranspiration of Barrie Creeks Subwatersheds
(adapted from Li et al. (2010))

Average Daily Average Daily
Month | Evapotranspiration, | Month Evapotranspiration
(mml/day) (mml/day)

Jan 0 July 4129

Feb 0 Aug 3.684

Mar 0.01864 Sept 2.580

Apr 0.9428 Oct 1.223

May 2.519 Nov 0.3149
June 3.766 Dec 0
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7.3.2 Evaluation of LID performance on a HRU level

Identification of HRU types

The results of the GIS screening was used as primary input in the development of HRUs. It
was intended originally that the HRUs would be developed based on the data listed above as
well as the areas suitable for each LID practice. The unit for the HRU would be the
stormwatershed. In order to identify hydrologically similar stormwatersheds, the areas amenable
to each LID practice were determined as a percentage of each stormwatershed. The resulting
spider graph of the distribution of area characteristics produced no distinguishable patterns,
indicating that the unit for HRU was too broad and the methodology needed further defining.
The conclusion after the first iteration of HRU methodology development resulted in the
reduction of the unit to a smaller area than a stormwatershed. It was also decided to develop
the HRUs separately for each LID method rather than grouping all the characteristics to identify

similarities.

The second iteration of the methodology development resulted in the HRU unit being the
parcel area (described in the GIS tool by the Assessment ID). It recognized that this would allow
for distinct characterization of hydrologically similar areas within the watershed. Furthermore,
the additional aspect of developing the HRUs according to each LID practice would allow for a

more meaningful evaluation of each individual technology over the study area to be achieved.

HRU Modelling Methodology

Identification of number of models to run

Using the data collected using GIS for each LID technology, an analysis was conducted to
determine the distribution of the building size-to-lot size ratios. An example of the method
applied is shown for the assessment for downspout disconnection below in Table 7-6. The ratios
were placed in various, evenly distributed bins ranging from 0 to 100. The frequency of the
ratios was then calculated and the results were plotted in a histogram. This is shown again for
downspout disconnection in Figure 7-2. The histogram was further analysed by dividing it into
three regions that corresponded to the lower, middle and upper thirds of the range of values
identified in screened lots. This is demonstrated in Figure 7-2 as well. It was determined that

selecting one lot in the middle of each region would be sufficient in developing a relationship to
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evaluate the performance of the LID in the area. Using the GIS layer that identified the areas for
potential implementation of LID technology in combination with orthographic photos of the area,
several lots within the middle of each region were examined to confirm their suitability for
modelling. Upon completion of this step, one representative lot was chosen for each region to
be used in modelling. An example of the type of aerial photograph used to select the lots for
modelling is shown for a commercial lot suitable for downspout disconnection in Figure 7-3. The
histograms developed for each land-use type for each LID practice studied, as well as
descriptions and illustrations of the lots selected are shown in Appendix D.1.

Table 7-6: Frequency of Building size-to-Lot Size Ratios for Downspout
Disconnection (Commercial Application)

0 0 0.00%
11 21 9.25%
22 71 40.53%
33 72 72.25%
44 30 85.46%
55 10 89.87%
66 9 93.83%
77 3 95.15%
88 4 96.92%

100 7 100.00%
Total Lots 227
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Figure 7-2: Histogram of Building Size-to-Lot Size Ratio for Downspout Disconnection
(Commercial Land Use)
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Figure 7-3: Aerial photograph of the selected lot in Region 1 for downspout
disconnection application (Commercial Land Use) (adapted from Li et al., 2010)

Modelling Tool Selection

Chapter 3 reviewed a number of modelling tools currently available appropriate for
application of LID evaluation. The modelling tool that was to be chosen had to possess certain
characteristics. It was recognized that it would be advantageous to apply a tool that is versatile,
has a well-developed interface, open source, guidance documentation and support is available,
and there are existing cases studies for evaluating LID practices. In addition, due to the goal of
the study to provide guidance to watershed municipalities for incorporating LID technologies into
their stormwater management master plans, it was particularly ideal for the software to be
publicly available with minimal requirement for additional operating system needs (i.e., ArcGIS).
At the beginning of the study, among the current tools available at the time, the most
appropriate tool to fit into this selection criterion was U.S. EPA SWMM5. However, before
commencement of the modelling stage, the U.S. EPA released the beta version of the SWMM-
LID which includes specific modules for representing the implementation of various LID
technologies. As described in Chapter 3, this model is an extension of SWMMS5, sharing all
algorithms and interface. SWMM-LID was chosen as the modelling tool to assist with the
evaluation of the hydrological benefit of LID implementation over the Lake Simcoe watershed
based on its capability to explicitly represent LID technologies. As a result, the modelling effort

was reduced substantially.

Sensitivity Analysis of SWMM-LID Program

A sensitivity analysis was performed for the SWMM5-BMP/LID Extension Beta Model to
understand the factors that may affect the capabilities of the program, as well as identify the
limits of the model. The sensitivity analysis was performed specifically for the LID modules
included in the program (i.e., infiltration trench, porous pavements, vegetative swales, rain
barrel and bio-retention). These LID techniques were tested one at a time using continuous
rainfall records between April 1 of 1988 and October 31 of 1988 from the Toronto Bloor station
as the input data. The sensitivity of each module was tested at various upper and lower bound
limits. The number of limits that were used in testing depended on each module individually.

Once a limit was selected where a noticeable change was seen, the testing stopped. The upper
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and lower bound limits were applied to only the parameters in the “BMP controls editor” box and

the “BMP controls for subcatchment”.

For the testing of the Infiltration Trench SWMM-LID module, the upper bound and lower
bound limits were set to be 10 percent. There are two layers that describe this module, the
Surface Layer and Storage Layer. In the Surface Layer, Mannings n, affected the runoff volume
result the most for both the upper and lower bound limit variations. The parameters “height or
thickness” and “void ratio” in the storage layer was the most sensitive parameters on the runoff

volume.

The sensitivity analysis of the Porous Pavement Module that was performed to assess the
impact on the subcatchment runoff result showed no change in the limits that were tested. For
this case, two upper bound and lower bound limits scenarios of 10 percent and 50 percent
were chosen. The purpose of doing the second scenario of 50 percent limits was due to the
small changes in the overall results of the 10 percent limits test. Despite the large difference in

limits, the module parameters produced no change on the runoff volume generated.

The testing for the Vegetative Swales SWMM-LID module was done for a 10 percent upper
bound and lower bound limit variation. All parameters produced some affect on the
subcatchment runoff volume generated. The most sensitive parameters were “storage depth”,

“swale side slope”, and “length to width ratio”.

The Rain Barrel SWMM-LID module consists of only one layer, the Storage Layer. Two
testing scenarios were completed for this SWMM-LID module, the first having limits of +10
percent and the second with +30 percent. It was found that the “height or thickness” parameter
had the most impact on the runoff volume result. The “drain exponent” and “drain coefficient”
also showed to affect the subcatchment runoff results, although not as significantly as the

“height or thickness” parameter.

The Bio Retention LID Module was tested using an upper and lower bound limit of10 percent
and 50 percent. Varying the parameters by 10 percent resulted in no impact to the runoff
volume. Increasing the upper and lower bound testing limits to 50 percent resulted in the
“storage depth” from the Surface Layer having the most impact on the runoff volume result. The

“thickness, field capacity, and "wilting point” in the Soil Layer Properties showed to be the most
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sensitive in terms of the runoff volume generated. In terms of the parameters in the Storage
Layer, they all affected the runoff results, however the “drain exponent parameter in this layer

affected runoff volume reduction result the most.
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Modelling Assumptions for LID practices

The HRU models were developed for each LID practice. The modelling assumptions used

are described in Table 7-7.

Table 7-7: Modelling assumptions for LID practices evaluated

LID Practice Modelling Assumptions
= Applied on rooftops greater than 350 m=.
G Roof » The shape of the green roof depends on the roof area.
reen oo = Occupies 75 percent of the total roof area.
» Sizing of layers.
= Stone depth=1.5m.
= Storage layer filled with uniformly-graded, washed 50 mm
Soakaway Pit rorage &y . y-gre .
diameter stone with a 40 percent void capacity.
» Sizing criteria — see Appendix D.1 for description.
» Roof runoff directed to the pervious area of the subcatchment.
Downspout = Modelled as “rain barrel” LID module in SWMM-LID where the
Disconnection void ratio was set to be 0.99 (see Appendix D.1 for further
details).
» Roof runoff directed to the pervious area of the subcatchment.
Rainwater » Sizing criteria — see Appendix D.1 for description.
Harvesting = Captured rainwater directed 100 percent to a pervious surface.
= Modelled as “rain barrel” LID module.
= Storage (gravel) depth of 0.9m.
» Sizing criteria — see Appendix D.1 for description.
= Storage layer is filled with a uniformly-graded, washed 50 mm
Dry Well . . . .
diameter stone with a 40 percent void capacity.
= No underdrain.
*» Modelled as “infiltration trench” LID module.
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Ad(ditional steps completed for HRU modelling

The models for the three representative regions for each LID technology were developed in
SWMM-LID using the assumptions described in Table 7-7. The input values for each parameter
in the modules are described for each LID practices simulated in Appendix D.1. For each
region, models were developed to describe conditions with and without the application of the
LID practice. The models were run over a typical year to determine stormwater runoff volumes
in each scenario. This enabled the production of a curve to described runoff volumes for existing
conditions as a function of lot size and percent impervious area of the lot. To create this curve,
the results obtained from all the models produced to determine the runoff volume without LID
implementation was used as the data. This was plotted as a function of the associated lot sizes

used in each region model.

Following the creation of this curve, separate curves were developed for each LID
technology for each land use type to represent the percent volumetric reduction in stormwater
runoff and the pollutant loading with LID application, both as a function of building size-to-lot
size ratio. The development of these functions was the main requirements to assessing the
benefit of implementing these technologies over the uncontrolled areas of the watershed. This is

used as the input into the next stage of the modelling methodology described in Chapter 3.

Characterization of Existing Condition for HRU Models

The results obtained for the modeled lots using the developed spreadsheet model for roof-
based LID technologies are shown in Table 7-9. These values were used to produce a curve to
describe the runoff volumes for existing conditions as a function of lot size and percent
impervious area of the lot. To strengthen the validity of the function, additional lots (listed in
Appendix D.1) were modelled to obtain the runoff volume for their existing conditions (Li et al.,
2010). To develop the function to describe the runoff volume without LID application, an online
curve fitting tool (zunzun.com) was used. The fitting of the modelled lots runoff volume for

existing conditions resulted in the following equation (Li et al., 2010):

_ (a+bln(x)+cln(y)+dln(x) In(y)

1+eln(x)+fln(y)+gin(x) ln(y)) (hxy) + offset (7-1)

where z is the runoff volume (m®), x is the lot area (m?), and y is the parcel impervious area
(%). The equation coefficients are the following:
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a= 9.864x 10" f=-2.307

= -1.402 x10* g =2.845x 10"
c = 7.404 x10* h =-9.321 x1078
d =-8.904 x 10° offset = 1.684 x10'
e= -1.046x 10"

It is this function that was applied to all lots to determine the runoff volume before LID

application.

HRU Modelling Results

Determination of Runoff Volume Reduction

To estimate the runoff reduction potential for each LID practice studied, performance curves
were developed from the SWMM-LID modelled lots. A plot of the percent volume reduction as a
function building-to-size ratio for each LID was produced. All plots are shown in Appendix D.1.
The functions that represent this relationship for each LID technology according to land-use type

are shown in Table 7-8.

Table 7-8: Function to determine percentage of runoff volume reduction for each LID

practice
All types — buildings _
Green Roof over 350 m? y =24.41x + 1.5748
Commercial y=28.11x-0.78
Soakaway Pit
Residential y=17.72x + 6.69
Commercial y = 0.8069x + 17.047
D.DOW”SPO‘.“ Industrial y = 30.489x + 5.7546
isconnection
Residential y =-15.206x + 46.145
Commercial y = 24.619x + 2.4297
Dry Well
Industrial y = 31.115x - 0.4965
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Residential y =15.011x + 12.727

Commercial y = 14.54x + 18.32
Rainwater Industrial y = 53.54x + 5.62
Harvesting

Residential y =-16.633x + 58.448

Note: y = percent reduction, x = building-to-lot size ratio

The appropriate function was applied to all lots, which assessed the percentage of volumetric
reduction on a HRU level. In order to evaluate the benefit achieved from each LID practice on a
HRU level, a relationship was developed from the modelled lots results. This relationship is

characterized by the following equation:

(1 %Runof f_Reduction

100 ) * RunoffwithoutLID (7-2)

This equation was used in determining the total volume reduction for each HRU with LID
application. Application of these three relationships allowed for the evaluation of performance
for each LID practice within the uncontrolled areas of the watershed. A discussion of the benefit

achieved for each practice is described in further detail below.
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Table 7-9: Roof-based LID Technologies Spreadsheet model

Residential 434202200809800 114 DUNLOP ST E BAR-NE40 642.00 . . .
Green Roof Industrial 434204000603502 80 MORROW RD BAR-SW13 1860.14 922.38 49.59 91.20 742.20 672.00 9.46
Industrial 434203200306100 20 ELLIOTT AVE BAR-C23 13323.80 | 2386.12 17.91 91.83 5316.20 4885.00 8.11
Commercial 434202200305600 115 COLLIER ST BAR-NE32 755.20 123.26 16.32 84.08 279.00 268.00 3.94
Commercial 434202200306000 105 COLLIER ST BAR-NE40 319.29 106.67 33.41 77.58 110.00 101.00 8.18
Soakaway Pit Com.merc.ial 434202201003701 44 COLLIER ST BAR-NE39 2957.15 1218.86 41.22 75.19 991.00 881.00 11.10
Residential 434201100503600 148 PUGET ST BAR-NE8 789.48 130.78 16.57 28.88 126.00 114.00 9.52
Residential 434205000606798 29 STEPHANIE LANE BAR-SE85 406.85 201.07 49.42 60.75 115.00 97.00 15.65
Residential 434203200510000 14 HIGH ST BAR-C5 906.74 706.65 77.93 77.93 314.00 250.00 20.38
Commercial 434202201002700 35 WORSLEY ST BAR-NE39 512.52 409.20 79.84 91.92 205.00 166.00 19.02
Commercial 434202200307200 100 COLLIER ST BAR-NE40 613.76 245.84 40.06 92.86 247.00 213.00 13.77
Commercial 434203101904400 125 EDGEHILL DR BAR-C1 2483.59 414.76 16.70 56.69 658.00 530.00 19.45
Downspout Industr?al 434203101005900 8 ECCLESSTN BAR-C5 337.20 221.70 65.75 85.70 128.00 94.00 26.56
Disconnection Industrial 434204000501200 151 TIFFIN ST BAR-C26 3590.96 1842.12 51.30 88.65 1383.00 1102.00 20.32
Industrial 434204000202100 134 TIFFIN ST BAR-C25 2150.79 351.83 16.36 87.62 823.00 732.00 11.06
Residential 434202200805800 50 DUNLOP ST E BAR-NE39 497.97 433.71 87.10 87.10 190.00 136.00 28.42
Residential 434205000606606 103 ESTHER DR BAR-SE85 526.08 260.27 49.47 58.15 112.00 58.00 48.21
Residential 434201201613800 12 MELROSE AVE BAR-NE13 835.64 137.88 16.50 24.80 122.00 75.00 38.52
Commercial 434203101904400 125 EDGEHILL DR BAR-C1 2483.59 414.76 16.70 56.69 658.00 611.00 7.14
Commercial 434202200307200 100 COLLIER ST BAR-NE40 613.76 245.84 40.06 92.86 247.00 219.00 11.34
Commercial 434202201002700 35 WORSLEY ST BAR-NE39 512.52 409.20 79.84 91.92 205.00 159.00 22.44
Industrial 434203101005900 8 ECCLESSTN BAR-C5 337.20 221.70 65.75 85.70 128.00 102.00 20.31
Dry Well Industrial 434204000501200 151 TIFFIN ST BAR-C26 3590.96 1842.12 51.30 88.65 1383.00 1176.00 14.97
Industrial 434204000202100 134 TIFFIN ST BAR-C25 2150.79 351.83 16.36 87.62 823.00 784.00 4.74
Residential 434202200810700 65-69 COLLIER ST BAR-NE40 942.12 834.84 88.61 88.96 366.00 272.00 25.68
Residential 434205000606606 103 ESTHER DR BAR-SE85 526.08 260.27 49.47 58.15 110.00 87.00 20.91
Residential 434202101404700 136 OWEN ST BAR-NE39 1334.87 220.22 16.50 20.29 169.00 144.00 14.79
Commercial 434202201002700 35 WORSLEY ST BAR-NE39 512.52 409.20 79.84 91.92 205.00 141.00 31.22
Commercial 434202200307200 100 COLLIER ST BAR-NE40 613.76 245.84 40.06 92.86 247.00 196.00 20.65
Commercial 434203101904400 125 EDGEHILL DR BAR-C1 2483.59 414.76 16.70 56.69 658.00 507.00 22.95
Rainwater Industr?al 434203101005900 8 ECCLESSTN BAR-C5 337.20 221.70 65.75 85.70 128.00 74.00 42.19
Harvesting Industrial 434204000501200 151 TIFFIN ST BAR-C26 3590.96 1842.12 51.30 88.65 1383.00 952.00 31.16
Industrial 434204000202100 134 TIFFIN ST BAR-C25 2150.79 351.83 16.36 87.62 823.00 700.00 14.95
Residential 434202200810700 65-69 COLLIER ST BAR-NE40 942.12 834.84 88.61 88.96 366.00 230.00 37.16
Residential 434205000606606 103 ESTHER DR BAR-SE85 526.08 260.27 49.47 58.15 110.00 39.00 64.55
Residential 434202101404700 136 OWEN ST BAR-NE39 1334.87 220.22 16.50 20.29 169.00 88.00 47.93
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Green Roof

As shown in Table 7-8, the performance curve that described the percentage of volumetric
reduction as a function of building-to-lot size ratio is a positive relationship. It is expected that for
large size buildings in the uncontrolled areas within the Lake Simcoe watershed suitable for
green roof application, a significant reduction in runoff volume should be achieved. There were
552 lots in the Barrie watershed that were identified from the GIS screening stage as being
suitable for green roof application. Using the functions discussed above, the total runoff for
existing conditions and with LID application was determined to be 1.24 x 10° m* and 1.15 x 10°
m?, respectively, and shown inTable 7-10. As a result, a percentage of runoff volume reduction
was calculated to be 7.40 percent for the 552 lots found suitable in the study area for green roof
application, and 0.86 percent volume reduction over the watershed. To assess the validity of
this result, a comparison can be made to available literature values. The TRCA and CVC (2010)
reviewed selected monitoring studies to predict the performance of green roofs in Ontario’s
climate. It was determined that for extensive green roofs, a runoff reduction rate of 45 to 55
percent is achievable per lot. In comparison, the average values of the lots modelled in SWMM-
LID (shown in Table 7-11) is 13.81 percent, which underestimates the predicted performance of
green roofs. However, it is discussed by TRCA and CVC (2010) that from the numerous
available research and monitoring studies in recent years, runoff reduction potential from green
roofs is a function of media depth, roof slope, annual rainfall, and cold climate effects. The
SWMM-LID and LID Performance Spreadsheet models used here do not take into account
these aspects, which can explain for the significantly conservative estimate for green roof

performance.
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Table 7-10: Summary of overall performance results achieved by each LID practice

All types (buildings
Green Roof types ( g 552 1.24E+06 1.15E+06 7.40 0.86
over 350m°?)
Commercial 98 1.26E+05 7.36E+04 4173
Soakaway Pit 1.19
Residential 7126 1.12E+06 1.00E+06 1072
Commercial 227 2.26E+05 1.87E+05 17.24
Downspout Industrial 711 8.96E+05 7.84E+05 1257 6.88
Disconnection
Residential 7628 1.27E+06 6.84E+05 46.10
Commercial 194 2.38E+05 2.19E+05 7.98
Dry Well Industrial 705 9.09E+05 8.51E+05 6.32 3.60
Residential 10095 2.20E+06 1.88E+06 1478
Commercial 194 2.38E+05 1.87E+05 21,60
Rainwater Industrial 705 9.09E+05 7.52E+405 17.27 8.40
Harvesting
Residential 8331 1.35E+06 6.12E+05 54.66

Table 7-11: Average lot-level performance results achieved by each LID practice

GreenRoof | A 't";:i's”se 2104.85 1917.33 13.81 2104.85 1917.33 13.81
Commercial 460.00 416.67 7.74
Soakaway Pit 322.50 285.17 1146
Residential 185.00 153.67 15.19
Commercial 370.00 303.00 17.41
Downspout Industrial 778.00 642,67 19.31 42078 345.11 25.04
Disconnection
Residential 141.33 89.67 38.39
Commercial 370.00 329.67 13.64
Dry Well Industrial 778.00 687.33 13.34 454.33 394.89 15.81
Residential 215,00 167.67 2046
Commercial 370.00 281.33 24.94
Rainwater .
" Industrial 778.00 575.33 2943 454.33 325.22 34.75
Harvesting
Residential 215,00 119.00 4988
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Soakaway Pit

GIS screening criteria focused the assessment on lots within commercial and residential land
use types. There were 98 commercial lots and 7126 residential lots found suitable for soakaway
pit application. The performance curves yielded for each of these land-use types produced two
different relationships. As indicated in Table 7-8, the function to describe the performance for
soakway pits on commercial and residential lots are both positive relationships. This suggests
that as the building size on the lot increases, the soakaway pit, when sized appropriately, can
increasingly reduce the volume of stormwater runoff. Table 7-10

Table 7-10 shows the performance results for soakaway pit according to land use area. It
was found that the total runoff for existing conditions is 1.26 x 10° m* for commercial land-use
types and 1.12 x 10° m® for residential lots. With soakaway pit application, a total runoff of 7.36
x 10* m®> and 1.0 x 10° m® for commercial and residential land-use types respectively was
determined. The percentage of total runoff reduction was determined to be 6.54 percent from
commercial lots and 10.72 percent from residential lots. The overall runoff volume reduction on
a watershed level with application of soakway pits on both types of lots is 1.19%. The review of
monitoring studies carried out by the TRCA and CVC estimate a runoff reduction of 85 percent
(TRCA & CVC, 2010). The average percentages of runoff reduction for the modelled lots shown
in Table 7-11 are again below this reported estimated literature value. However, this could be
due to a number of reasons. The report literature value is generalized for other similar
technologies to soakaway pits, such as infiltration trenches and perforated pipes. In addition,
there is no indication of the drainage area and type. In this particular case, the focus is solely on
treated roof runoff. It is also specified that there is limited monitoring studies related to these
technologies. Consequently, while the results obtained in this case study are more conservative
than the estimates reported in TRCA and CVC (2010), there are insufficient literature values to

assess the appropriateness of these simulated results.

Downspout Disconnection

The watershed was screened for areas to implement downspout disconnection on
commercial, industrial, and residential land-use spaces. There were 227 lots found suitable for
downspout disconnection on commercial land-use types; 711 lots that are of the industrial type;

and 7628 of residential land use type. As shown in Table 7-8, the performance curves that were
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developed for each land-use type produced positive relationships for commercial and industrial
lots, and a negative relationship for residential lots. Applying the functions developed from the
numerical model results on all applicable lots for this LID practice, it was found that the total
runoff and percentage of total runoff reduction with downspout disconnection application was
1.87 x 10° m® and 17.24 percent, 7.84 x 10° m® and 12.57 percent, and 6.84 x 10° m® and 46.10
percent for commercial, industrial, and residential land-use types respectively. These
performance results are shown in Table 7-10. On a watershed level, application of downspout
disconnection can achieve a volume reduction of 6.88 percent. Comparing the averaged
performance results obtained for the modelled lots shown in Table 7-11 to the reported values
of the monitoring studies (TRCA & CVC, 2010), it can be seen that while the results are
conservative, they are comparable. Average volume reductions ranging from 17 to 40 percent
were achieved for lots that have downspout disconnection implemented. An estimated 50
percent reduction on HSG A and B soils was reported by TRCA and CVC (2010). While the
soils that were selected for the modelled lots are of this type, the estimate reported by the TRCA
and CVC (2010) specify that runoff reduction for this LID practice is a function of slope,
vegetative cover, and flow path length across the pervious surface in addition to soil type. In
addition, the value report is based on monitoring studies for vegetative swales due to the very
limited research that has been done for runoff reduction for downspout disconnection.
Therefore, the results obtained for all the lots suitable for downspout disconnection within the

watershed is reasonable.

Dry Well

Similar to downspout disconnection, the study area was screened for commercial, industrial,
and residential land use lots suitable for LID implementation. As indicated in Table 7-10, 194
commercial lots were identified suitable for dry well application. From these commercial lots, a
total runoff volume before and after dry well application was determined to be 2.38 x 10° m® and
2.19 x 10° m®, respectively. For the industrial land-use type, 705 lots were found suitable where
9.09 x 10° m® was estimated for the total runoff volume before dry well application and 8.51 x
10° m® after implementation. For the residential land-use type, 10095 were found appropriate for
dry well application. Applying the appropriate functions, 2.20 x 10° m® was determined for the
total runoff volume before dry well application and 1.88 x 10° m® after implementation. Using
the functions described in Table 7-8, the percentage of total runoff volume reduction was

determined to be 7.51 percent from commercial land-use type lots, 5.11 percent from industrial
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land-use type lots, and 14.29 percent from residential lots. The overall benefit of application of
dry well on all these lots was determined to be 3.60 percent. There are limited monitoring
studies conducted for dry well implementation to compare these results. The literature review
carried out by TRCA and CVC (2010) provide an estimate for dry well runoff reduction
capabilities as part of the reported estimate for soakaway pits, infiltration trenches, and
chambers. As stated previously, it is estimated from monitoring studies that this runoff reduction
estimate is 85 percent. The results of the modelled lots with dry well application in Table 7-11
show a range of 13 to 20 percent volumetric runoff reduction. Similar to soakaway pits, this
value is quite below the literature value. However, as specified before, this value generalizes for
a number of technologies and there is no indication of the types of drainage areas. Therefore,
the results received on a watershed level provide an estimate on a planning level for the

implementation of dry wells.

Rainwater Harvesting

Commercial, industrial, and residential land-use type lots also were focused on for rainwater
harvesting. There were 194 commercial type lots found appropriate for rainwater harvesting
application; 705 lots that are of the industrial type; and 8331 of residential land use type.
Applying the appropriate functions from Table 7-8, it was found that the total runoff volume
generated and percentage of total runoff reduction with rainwater harvesting application was
1.87 x 10° m® and 21.60 percent, 7.52 x 10° m*® and 17.27 percent, and 6.12 10° m® and 54.66
percent for applicable lots of commercial, industrial, and residential land-use types respectively.
The combined benefit that is achieved from the implementation of this LID over the watershed is
8.40 percent, as shown in Table 7-10. Referring to the literature review of monitoring studies
carried out by the TRCA and CVC (2010), a runoff reduction rate of 40 percent is estimate to be
achieved on the lot-level. The lots modelled with SWMM-LID produced a range of 25 — 50
percent as indicated in Table 7-11, which is comparable to the literature value reported.
Therefore, it can be concluded that the results obtained on the watershed scale, provides a
good planning level estimate of the benefit that can be achieved by large-scale rainwater

harvesting implementation in the Lake Simcoe region.

A summary of all performance results for each LID practice examined in this case study is
shown in Table 7-10. As it can been seen, the greatest percentage of runoff volume reduction

on a watershed level will come from implementing downspout disconnection and rainwater
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harvesting. Application on commercial and residential land use types will achieve the greatest

benefit.

Determination of Pollutant Loading

In addition to determining the percentage of runoff volume reduction, the impact on pollutant
loading was also assessed. These calculations were carried out using event mean
concentration (EMC) data and LID removal efficiencies obtained from a literature review of
appropriate studies (TRCA & CVC, 2010; Fairfax County, 2005; UFC, 2004; NAHB Research
Center, Inc., 2003; Virginia Department of Conservation and Recreation, 2002; Hardin &
Wanielista, n.d.; Peck et al., 2009; Winer, 2000). The literature values for the EMC data and LID
pollutant removal efficiencies are shown in Table 7-12 and Table 7-13. The values determined
for the pollutant loadings with and without LID application are shown as well in Appendix D.4

according to stormwatershed.

Table 7-12: EMC data used in pollutant loading assessment

Average® 266 | 041 | 022 | 0.04 39,500 155 | 013 6.7
Industrial 1083 | 088 | 0.16 | 025 088290 | 335 | 0.06 12.20
Average
Residential

1839 | 068 | 018 | 004 | 21711960 | 3.03 | 0.15 5.2
Average

* Total suspended solids (TSS)

* total phosphorus (TP)

’ total kjeldahl nitrogen (TKN)

6 Average EMC values between town of East York and St. Catherines, Ontario. These values were used in
calculation
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Table 7-13: LID removal efficiencies

LID Practice TSS TP TN Zinc Lead BOD Bacteria
Green Roof 69 -80 -149 18 - - -
Soakaway Pit 90 70 90 70 90 70 70
Downspout 80 60 80 60 ; ; ;
Disconnection
Dry Well 90 50 50 90 90 70 70
Rainwater 100 100 100 100 100 100 100
Harvesting
Infiltration 80 65 50 80 90 70 70
Trench’

To estimate the pollutant loading without LID application, the following equation was used:

Pollutant loading of untreated runoff = Runoff Volume (m3) x EMC

(7-3)

The pollutant loading reduction potential for each LID practice was estimated in a similar

manner as the percentage of volumetric runoff reduction. To determine the pollutant loading

with LID application for each lot, the following equations were used:

Pollutant loading after LID application = Pollutant loading of untreated runoff+ Pollutant loading

where,

of treated runoff

(7-4)

Pollutant loading of untreated runoff = untreated runoff volume » EMC (7-5)

Pollutant loading oftreated runof f = treated runof f volume » EMC = (1 — %LID_Effciency) (7-6)

" Due to the similarities in technology, the values for infiltration trench were used for the assessment
for soakways pits since there were no data available specifically for this LID practice.




These equations were applied to the modelled lots to obtain the percent pollutant loading

reduction achieved after LID application. The pollutants that were assessed were total

suspended solids (TSS), total phosphorus (TP), and zinc. Performance curves were developed

from the SWMM-LID modelled lots for each LID practice according to land-use type. The curves

produced functions that determined the percent pollutant loading reduction obtained after LID

application as a function of building size-to-lot size ratio. All plots are shown in Appendix D.1.

The functions that represent this relationship for each LID technology according to land-use type

are shown in Table 7-14.

Table 7-14: Function to determine percent pollutant loading reduction with application
of LID practice

All types — _ — -
o Y1ss = 56.452x + Yp = -12.74x + Yzinc = 32.769x +
Green Roof 03::'3?8;2 1.5748 1.5748 1.5748
. Y1ss = 123.95x - Y1p = 102.65x - Yzinc = 123.95x -
Soakaway P Commercial 2.9778 2.4892 2.9778
Y Residential | Yrss = -7-2062x+ yrp = 7.2082X + | Yazino = -7.2062X
35.858 35.858 + 35.858
. Y1ss = 68.824x + Ytp = 49.645x + YZinc = 68.824x +
Commercial 25.79 24164 25.79
Downspout Industrial Yrss = 118.52x + y p=95.828x + Yzine = 118.52x +
Disconnection 6.2807 6.3149 6.2807
. . Y1ss = 4.0244x + Yp = -9.6053x + Yzinc = 4.0244x +
Residential 77.214 67.69 77.214
. Y1ss = 87.945x + _ YZinc = 87.945x +
Commercial 8.1251 y 1p= 59.8x + 5.5938 8.1251
. Y 1ss= 106.67x - Y1p = 73.088x - Y Zinc= 106.67x -
Dry Well Industrial 0.7952 0.6624 0.7952
. . YT1ss = 56.405x + Y1 = 38.008x + Yzine = 56.405x +
Residential 29.889 22.261 29.889
. Yrss = 116.42x + yrp = 116.42x + Yzine = 116.42x +
Commercial 11.714 11.714 11.714
Rainwater Industrial Yrss = 136.77x + y = 136.77x + Yzine = 136.77x +
Harvesting 17.162 17.162 17.162
Residential yrss = 100 y =100 Yzinc = 100

Note: y = %pollutant loading reduction, x = building-to-lot size ratio

109



The appropriate function was applied to all lots, which assessed the percent pollutant loading
reduction with LID application on a HRU level. In a similar manner to the volumetric reduction
assessment, the percent pollutant loading reduction was found for the applicable areas for each
LID practice. For the pollutant loading before LID application, the runoff volume obtained for
each LID practice applicable areas was used in Equation 7-3. This allowed for the assessment
of pollutant loading with LID practice, which used an equation similar to that used for the

assessment of volume with LID application, as shown described in Equation 7-7.

(1 %pollutant—loading_Reduction

00 ) * Pollutant — Loading,ithout LID (7-7)

A summary of the overall performance for each LID practice examined in this case study is
shown in Table 7-15®. As it can been seen, the greatest percentage of pollutant loading
reduction on LID applicable areas for TSS, TP, and zinc will come from implementing
downspout disconnection and rainwater harvesting on commercial and residential land use
types, and dry well on residential lots. On a watershed level, rainwater harvesting would be the
most advantageous LID option for TSS, TP, and zinc reduction. Downspout disconnection and
dry well also show to have good pollutant reduction capabilities particularly for TSS reduction.
The results show that application of green roofs throughout the study area will produce the least
benefit by negative numbers, indicating the LID practice contributes to pollutant loading. This
conclusion for green roofs have also been shown in other case studies assessing the pollutant
loading reduction potential for green roofs (TRCA & CVC, 2010).

7.3.1 Aggregation of HRU modelling results over study area

The final step in this methodology is to combine the results from the HRUs to determine the
hydrological performance of LID application over the study area. In the previous step, runoff
volumes (with and without LID application) were determined and applied to all available lots
suitable for each LID practice included in this case study. As discussed above, the hydrological

performance for each LID practice was evaluated according to land use type. Using a

® As it can been seen, some of the LID practices, such as rainwater harvesting, produce substantially significantly
positive results. While the benefits of rainwater harvesting have been documented (TRCA& CVC, 2010;
Farahbakhsh et al., 2008), these results may overestimate the performance ability of these LID practices. These
values are presented based on the beta version of the SWMM-LID modelling tool and the methodologies employed
within the tool may be in need of further refining. However, the methodologies presented in this thesis are sound.
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spreadsheet model developed through the study, these HRU results were integrated to
determine the performance according to stormwatershed. A table summarizing the percentage
of runoff volume reduction for all stormwatersheds according to each LID practice included in
the study is shown in Appendix D.4. Figure 7-4 shows the maximum percent volume reduction
that is possible to be achieved in each stormwatershed if one LID practice is selected for
application. In this scenario, approximately 45 percent of the stormwatersheds in the study area

could attain a runoff volume reduction over 10 percent.

In a similar manner to the volumetric reduction assessment, the potential pollutant loading
reduction with LID application was found over the study area. To determine the percent pollutant
loading reduction within the uncontrolled areas of the watershed, the runoff volume without LID
application obtained previously on a stormwatershed basis for each LID practice was used.
Equation 7-3 was applied to each applicable area and the percent pollutant loading reduction
was evaluated for each LID practice within the uncontrolled areas of the watershed. These
results are summarized as well in Appendix D.4. Figure 7-5 to Figure 7-7 shows the potential
annual maximum percent loading reduction for each pollutant assessed in each stormwatershed
if one LID practice is selected for application. It was found that sixty-eight stormwatersheds
have the potential to reduce 15 percent or greater of TSS loading annually. For phosphorus,
sixty-nine stormwatersheds can reduce 15 percent or greater of loading. Finally, eighty-one

stormwatersheds can reduce their zinc loading by 15 percent or greater annually.
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Table 7-15: Summary of overall pollutant loading reduction performance results achieved by each LID practice

All types (buildings

Green Roof aver 350m%) 552 1.24E+06 3.30E+05 | 5.09E+02 | 2.73E+02 | 2.80E+05 | 5.16E+02 | 247E+02 |  15.05 147 9.40 174 047 1.09
Commercial 98 1.26E+405 3.36E+04 | 5.18E+01 | 2.78E+01 | 2.52E+04 | 4.10E+01 | 2.08E+01 |  25.08 20.75 25.08

Soakaway Pit 3.87 3.82 -2.92
Residential 7126 1.12E+06 2.98E+05 | 4.60E+02 | 2.47E+02 | 1.96E+05 | 3.02E+02 | 1.62E+02 |  34.22 34.22 3422
Commercial 227 2.26E+05 6.01E+04 | 9.26E+01 | 4.97E+01 | 3.48E+04 | 5.94E+01 | 2.88E+01 |  42.04 35.89 42.04

Downspout Industrial 71 8.96E+05 2.38E+05 | 3.68E+02 | 1.97E+02 | 1.60E+05 | 2.66E+02 | 1.33E+02 | 32.78 2774 32.78 12.79 10.13 1212

Disconnection

Residential 7628 1.27E+06 3.38E+05 | 5.21E+02 | 2.79E+02 | 7.34E+04 | 1.81E+02 | 6.07E+01 | 78.26 65.17 78.26
Commercial 194 2.38E+05 6.34E+04 | 9.78E+01 | 5.25E+01 | 4.57E+04 | 7.91E+01 | 3.78E+01 | 27.96 19.08 27.96

Dry Well Industrial 705 9.09E+05 8.43E+05 | 3.73E+02 | 2.00E+02 | 6.61E+05 | 3.16E+02 | 1.55E+02 |  21.60 1523 2241 14.19 6.99 9.71
Residential 10095 2.20E+06 5.86E+05 | 9.04E+02 | 4.85E+02 | 3.66E+05 | 6.56E+02 | 3.03E+02 |  37.62 27.47 37.62
Commercial 194 2.38E+05 6.34E+04 | 9.78E+01 | 5.25E+01 | 3.93E+04 | 6.06E+01 | 325E+01 |  37.97 37.97 37.97

E:r'c:::; Industrial 705 9.09E+05 2.42E+05 | 3.73E+02 | 2.00E+02 | 1.28E+05 | 1.98E+02 | 1.06E+02 |  46.91 46.91 46.91 16.67 18.78 23.28
Residential 8331 1.35E+06 3.59E+05 | 5.54E+02 | 2.97E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00 |  100.00 100.00 100.00
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Figure 7-4: Maximum potential of runoff volume reduction (%) per stormwatershed with one LID practice selected for
application
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Figure 7-5: Maximum Potential of TSS Loading Reduction (%) per stormwatershed with one LID practice selected for
application

113



60

Q
n

o Q o o
< ™ N -

uoyonpay Buipeodl %

o

Maximum potential of TP loading reduction (%) per stormwatershed with one LID practice selected for

Figure 7- 6

application

60

Q =] Q = =]
el < ® « -

uononpay Buipeoouiz %

tential of zinc loading reduction (%) per stormwatershed with one LID practice selected for

Maximum po

Figure 7-7

application

114



7.4 Evaluation of cost-effectiveness for LID practices suitable for application
in the Lake Simcoe Watershed

This component determines the cost-effectiveness of implementing LID practices, which can
be applied in optimizing planning strategies on a watershed scale. The cost functions from
Table 4-1 are applied to the LID practices considered in this case study. Total costs in 2010
Canadian dollars were determined for all HRU parcels according to each LID practice using the
cost functions developed in Chapter 4. For the calculation of the present value worth of O&M
costs, it was assumed that the number of periods is 25 years in which there is no savage value
at the end of life for these technologies. The Bank of Canada default value for interest rate (3.0
percent) on future value calculations is used as the rate for all calculations (Bank of Canada,

2010). Finally, it is assumed that the payment occurs at the end of each period.

Similar to the hydrological performance evaluation, a spreadsheet model was used to
determine the total cost of implementing each LID practice within each stormwatershed. An
example of the type of information that was determined by the LID cost spreadsheet model is
shown in Appendix D.2 for green roof application. Cost tables such as this were produced for
each LID practice according to land use type. The total cost for implementing each LID practice
according to stormwatershed was determined from each of these spreadsheet models. A
summary table of these estimate cost of each LID implementation per stormwatershed is shown
in Appendix D.4. An estimate of the total cost of implementing each LID practice throughout the
Lake Simcoe watershed is shown in Table 7-16 below. These are presented as life-cycle costs

over an assumed life span of 25 years.

Table 7-16: Total-Cost Estimates of implementation of specific LID practice in Lake
Simcoe Watershed

LID Practice Applicable area (m?) Estimate Total-Cost (2010,
$CDN)
Green Roof 1,009,500 $381,025,671
Soakaway Pit 1,400,137 $91,561,201
Downspout disconnection® 2,373,749 $169,611,565
Dry Well™ 2,363,479 $26,271,165
Rainwater Harvesting 2,643,144 $263,066,467

° A base cost of $100 was assumed for each application
'® Annual O&M costs were estimated at 7.5%
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7.5 Incorporation of Stakeholders’ opinions in Lake Simcoe LID Project

A number of activities to engage stakeholders in the LID planning process have been
completed to date. The project leaders have identified various methods in which stakeholder
engagement can occur. For example, while the study is being managed by the LSRCA and
being carried out by a team of researchers from Ryerson University, a Steering Committee has
been set up to guide the progress of the study and to ensure that a meaningful outcome is
obtained for watershed stakeholders. The members of the Steering Committee consist of
representatives of municipalities within the watershed, officials from various levels of

governments, the research team, and employees of the LSRCA.

In addition to the participation of stakeholders with direct and immediate interests in the Lake
Simcoe Region LID Planning Study, the “Phase 1 Workshop for Stormwater Management
Strategies for Uncontrolled Urban Areas in the Lake Simcoe Watershed” (hereafter, “LSRCA
LID Workshop”) was held on September 28, 2009 by the Lake Simcoe Conservation Authority
(Ogilvie, Ogilvie & Company, 2009). The purpose of the workshop was to engage additional
stakeholder groups, such as private consulting firms, conservation authorities, and urban
planners. It was also used as an education medium for the stormwater and urban development
community and a forum to provide feedback on concerns regarding LID implementation. During
the workshop, an independent facilitator moderated several discussions, including a question
and answer period and a force-field-analysis session to investigate the opinions and concerns of

traditional stakeholders of LID implementation as a new practice of stormwater management.

Building upon the stakeholder participation activities initiated by the LSRCA for the Lake
Simcoe Region LID Project, further research activities have been carried out to gain a deeper
insight into the current challenges and concerns that exist by the stakeholders of LID
implementation. To gauge these perceptions, a brief questionnaire was distributed to traditional
stakeholders of stormwater management. Questions were posed to identify the opinions of
specific stakeholder groups regarding LID planning for retrofit and new development cases in
the Lake Simcoe watershed. This component presents the results of the surveys and the

author’s conclusions on the responses.
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7.5.1 Methodology

The purpose of including stakeholders’ opinions in this study aimed to satisfy a number of
objectives in the context of LID planning on a watershed level, as detailed in Chapter Five.
There are numerous types of stakeholders that the LSRCA collaborates regularly with in
watershed management activities. Due to the nature of the project and time constraints, the
focus of the engagement activities was on assessing the perceptions of traditional stakeholders
of stormwater management in the Lake Simcoe watershed. The assessment employed a
questionnaire consisting of multiple-choice and open-ended type questions developed based on
the outcomes from the break-out sessions held at the LSRCA LID Workshop (Ogilvie, Ogilvie &
Company, 2009). The purpose of selecting questionnaires as the consultation method was due
to it possessing the ability to gather opinions from a large group of people quickly and at a low
cost. This method was particularly useful since there were a few opportunities during the project
period where a large number of traditional stakeholders within the Lake Simcoe watershed were
gathered. This technique is also advantageous in this case since the audience is targeted and
identifiable who attitudes can be measured. Distributing questionnaires was also the best tool to
use since the purpose of engaging stakeholders in this initial planning phase is to assess the
general current awareness, feelings and opinions that exist among the stakeholders in the

community.

Data for this case study was collected in a 3-month sample period that ranged from
September 28, 2009 to December 28, 2009. There were three opportunities within this sample
period to assess the opinions of traditional groups of stormwater management. The first set of
surveys was distributed at LSRCA LID Workshop on September 28, 2009. The design of this
survey focused on providing a preliminary understanding of the general knowledge and
concerns for LID implementation in the watershed. This initial investigation was to serve the
purpose of testing the format of the questionnaire and to confirm the correct line of questioning
was being applied. The survey consisted of six multiple-choice questions and two open-ended
questions, designed to inquire about the previously stated research objectives (with the
exception of the cost perception question). Each question was based on sixteen LID
technologies that could be implemented in a watershed, specifically soakaway pit, bioretention,
dry well, rainwater harvesting, green roof, downspout disconnection, filter strip, permeable

pavement, grass channel, dry swale, infiltration trench, level spreader, roadway reduction, soil
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amendments, tree clusters, and home clustering. A total of 71 questionnaires were distributed to

the attendees of the LSRCA LID Workshop, in which 46 (65 percent) responses were received.

Sample 2 was distributed at the “New Directions '09 in Stormwater Management’
Conference (hereafter, “SWM Conference”) held from November 30 to December 2, 2009.
Based on the lessons learned from Sample 1, a few improvements were made to format and
questioning for the survey distributed to Sample 2 participants. This survey consisted of eleven
multiple-choice questions which provided respondents the opportunity to rank their opinions.
One additional open-ended question was provided at the end to collect general comments from
the stakeholders. The survey was designed to investigate the same subject areas previously
mentioned and was based on the same sixteen LID technologies used in Sample 1. A total of
107 questionnaires were distributed to the conference attendees, in which 38 (36 percent) were

returned.

Sample 3 was similar in format and type of questions as the questionnaire used in Sample 2.
The main difference in this third survey was that a description of the study background and
research motivation was provided at the beginning of the survey for the participants’ knowledge.
Sample 3 questionnaire was distributed at a two-day LID training course hosted in conjunction
by the Toronto Region Conservation Authority (TRCA) and the Canadian Standards Association
(CSA) on December 8 and 9, 2009 (hereafter, “TRCA/CSA LID Training Course”). This course
educated stormwater practitioners on LID techniques and design. There were 66 attendees at

the training course, in which 22 (33 percent) completed surveys were received.
A summary of the three samples, the dates the data were collected, and the methodology

used are shown in Table 7-17. A copy of each questionnaire distributed, as well as the results

for each phase can be found in Appendix D3.
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Table 7-17: Key summary stats of sample phases

Sample Location Date To.tal stakeholders | Total stlrveys Response
in attendance received rate
1: LSRCALID . . . o
Workshop King City, Ontario, Canada Sept. 28, 2009 71 46 65%
2: SWM Conference Vaughn, Ontario, Canada Nov. 3(2)88590 2 107 38 36%
3 TRCNCSA LID Mississauga, Ontario, Canada | Dec. 8 to 9, 2009 66 22 33%
Training Course

7.5.2 Results and Discussion

The responses obtained from each sample were manually entered into the web-based
QuestionPro Survey Software (2009). The online tool provided the means to perform the
required analysis to obtain meaningful conclusions. Where needed, a spreadsheet was used to
conduct any additional analysis. The results for all samples will be presented and discussed
according to topic addressed in the surveys, and will more or less coincide with the order in
which the research objectives are stated above. Since the questionnaires distributed in Sample
2 and 3 is longer and more detailed in format compared to Sample 2, a stronger emphasis may
be placed on the discussion for these latter two samples. In some cases, the total number of
responses reported below may not equal the sample size stated above. This is due to the
respondents leaving the questions blank or filling in more than one choice. In these cases, the

responses for the question were not included in the analysis.

Main Stakeholder Groups Represented

The survey participants were asked to identify the stakeholder groups that represents them
the best. In the first sample, this question was an open-ended question, which resulted in a
lower level of response. Thirty-six of the forty-six respondents (78 percent) provided an answer
to the question. The format of this question was modified for Sample 2 and 3. Each participant
was asked to select from a list of stakeholder groups to describe themselves. This resulted in a

100 percent response rate for both Sample 2 and 3.

The number of participants according to each stakeholder group is shown in Appendix D.3

for each sample phase. A summary of the main stakeholder groups that participated in each
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phase is shown in Table 7-18. Any analysis completed in assessing the opinions or concerns
according to stakeholder group will be focused on these four main parties since they are

identified as having the largest presence within each sample.

Table 7-18: Summary of main stakeholder groups represented in each sample

Main Groups in | Sample #1: LSRCA | Sample #2: SWM Tngzglg :i:ID
Attendance LID Workshop Conference . .

Training Course
Municipal 50% 34%, 27%
government
Consgrvatlon 14% 3%, 9%
authority
fI?rrrlr\::te consulting 14% 16% 14%
Stormwgter 3% 34%, 32%
professionals
Other 19% 13% 18%

Current knowledge of LID practices

The survey participants in all three samples were asked to rank their knowledge of specific
LID practices. The respondent could choose between three options to describe their familiarity
with the practice. These options were:

= Never heard of it
= Have some knowledge

= Very familiar - Currently implementing LIDs

The results obtained for this question according to each sample group is shown in Appendix
D.3. Figure 7-8 displays the average results of the three sample groups. On average, over 90
percent of survey participants have some knowledge or more of over 50 percent of the LID
practices specified in the questionnaires. As shown in Figure 7-8, the current knowledge

capacity among stakeholder groups is limited to lot-based and linear-based LID practices.

120



LID practices most likely to be supported by stakeholders

The purpose of investigating this topic was to determine, based on the current knowledge
capacity, which LID practices would possibly have immediate support for implementation. The
results of this question could also assist planners in determining which LID practices would

need to be focused on to overcome barriers for support.

In the survey distributed to the participants in Sample 1, the question posed was slightly
different from Sample 2 and 3. Specifically, it was asked “given the information presented in this
workshop, which LID practices would you invest in?”. In the other samples it was asked, “Based
on your current knowledge, check off the LID practices you would most likely implement”. It is
recognized that this slight difference in questioning could have skewed the outcome obtained
among the samples. For this reason, the outcomes for Sample 1 will be presented separately to

Sample 2 and 3.

In the results obtained in Sample 1, it was found that over 95 percent of the respondents said
they would consider investing or “definitely invest” in 75 percent of LID practices. The practices
indicated to be of most interest again mainly limited to the lot and linear-based LID technologies.
However, tree clusters were included as a possible LID that would be implemented, and green
roofs were excluded among the selected practices. Over 50 percent of the survey participants
indicated they would “definitely invest” in rainwater harvesting, downspout disconnection, and

grass channel, which are practices that are commonly implemented in general.

Figure 7-9 shows the average results obtained in Sample 2 and 3. Results for each sample
can be found in Appendix D.3. On average it was found that over 90 percent of survey
participants in Sample 2 and 3 would consider or definitely implement over 50 percent of LID
practices. The LID practices that had the most support for implementation was downspout

disconnection, grass channel and dry swale.
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Figure 7-9: Likeliness to implement LID practices (Sample 2 & 3)
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Expanding further on this question, the survey participants were asked to indicate their
reasons for selecting those particular LID practices they would either “maybe” or “definitely”

implement. The reasons that were made available as options to select were:

= Low capital and implementation costs

= Low Operating and Maintenance costs

= Clear existing guidelines & standards

» Proven case studies of effectiveness & performance

= Aesthetics

» Existing rebates and financial support programs

= Significant environmental benefits

» Reduces infrastructure required to achieve stormwater benefits

= Other reasons (please specify):

As shown in Table 7-19, the top three reasons that were selected on average by the survey
participants of Sample 2 and Sample 3 for each LID are indicated with an “X”. It was found that
the reasons that had the least amount of impact on the likeliness to implement the practices are
“the existence of clear guidelines and standards”, as well as “rebates and financial support
programs”. The greatest reasons for LID implementation were specified to be “significant
environmental benefits” and “proven case studies of effectiveness and performance”. This
suggests that more pilot studies are needed, particularly ones that focus on technologies that

have been least investigated in the past. Appendix D.3 provides the results for each sample

group
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Table 7-19: Reasons for implementing LID practices (average results of Sample 2 and

Sample 3)
for Impl ion
e Reduces
Existing R
. . Proven case L infrastructure
" . Low capital & Clear existing ) rebates & Significant )
LID Practice Will not ; ) Low O&M L studies of ) . . . required to
. implementation guidelines & ) Aesthetics financial environmental )
implement costs effectiveness & N achieve
costs standards support benefits
performance rograms stormwater
ne benefits
Soakaway pit
Bioretention X X X
Dry Well X X X
Rainwater harvesting X X X
Green roof X X X
Downspout disconnection X X X
Filter strip X X X
Permeable/porous pavements X X X
Grass channel X X X
Dry Swale X X X
Infiltration trench X X X
Level spreader X X X
Roadway reduction X X X
Soil amendments X X X
Tree clusters X X X
Home clustering X X X
Total number of reason selected 4 5 0 11 2 0 13 10
Total number of reason selected (%) 25% 31% 0% 69% 13% 0% 81% 63%

X —reason selected on average by the survey participants
Concerns and barriers to LID implementation

The question was posed to each sample group to indicate from a given list of barriers the
degree in which it was a concern or preventing them from implementing LID practices in
general. The survey participants were provided with the opportunity to rank each of the barriers
listed from low to high concern. The results for each sample group are provided in Appendix
D.3. Table 7-20 summarizes the results of each sample group where the survey respondents
selected the barrier to be of medium and high concern. As shown, over 95 percent of the
participants in Sample 1 chose costs, long pay-back period, lack of design guidelines, and
liability to be of medium and high concern. In Sample 2, only 75 percent respondents indicated
these same barriers, except for “liability”, to be of the same concern. In Sample 3, “liability” nor
“buy-in” were indentified to be the barriers of medium concern. In addition to costs, long pay-
back period, and lack of design guidelines as barriers, space was indicated to be an additional

concern in general among Sample 3 participants.
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Table 7-20: Barriers identified in each sample that are of medium and high concern

Sample 1: LSRCA Sample 2: SWM Sample 3:
Barriers LID Workshop Conference TRCAICSALID
Training Course

Costs — capital 93% 83% 89%
Cost— O&M 98% 83% 88%

Time anc.l eff.ort to |m.plement as well | Option not included in 86% 24%

as to maintain over time survey

Lack of design o o o
guidelines/standards/policies Ly e g
Possible long payback period 77% 63% 53%

Option not included in
survey

Lack of Life-cycle-analysis and

. ) 62%
economic studies

76%

Space 77% 71% 83%

Municipal approval 81% 56% 67%

Liability 85% 64% 68%

Buy-in (i.e., acceptance from
influencing stakeholders e.g., support]
from public, gov't, etc.,)

100% 80% 79%

Aesthetics 71% 19% 32%

Option not included in
survey

Winter maintenance: 64% 72%

Lack of existing examples and case
studies

Option not included in
survey

61% 63%

Minimal simulation models and tools
to predict performance and
effectiveness

Option not included in
survey

68% 75%

As stated previously, the purpose of this question was to investigate the concerns held by
each stakeholder group for implementing LID practices. Focusing the analysis on the main
stakeholder groups identified in Table 7-18, the concerns were determined for each party.
Sample 1 could not be included due to the open-ended format of the first question which
identified the main stakeholder groups. As a result, application of the analytic tools to cross-link
information provided from each question could not be applied to Sample 1. The results for each

main stakeholder group averaged over Sample 2 and 3 are shown below in Figure 7-10.
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Figure 7-10: Main concerns identified by main stakeholder groups (percent average of Sample 2, and 3)
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Sample 2 and 3 identified the same barriers to be of top concern with the exception of “buy-
in”, which was identified only by the participants in Sample 2. On average, the top concern for
each group was “space” for municipal government and conservation authority representatives;
“time and effort” for private consulting firms; and “O&M costs” for stormwater professionals. This

is indicated in Figure 7-10.

Perception of benefits of LID implementation

The survey participants were asked to identify the benefits they perceived to be associated to

LID implementation. The available options that were included in the question are listed below:

= Possible rebates

= Publicimage

= Aesthetics

» Environmental benefits

= Reduces infrastructure and utility maintenance costs (i.e., streets, curbs, storm
sewers)

= Can be integrated into existing infrastructure

= Assists in meeting regulatory obligations.

= Assists in meeting LEED certification requirements.

= Reduces stormwater management construction costs.

= Increased property value

= Potentially increases lot yields/amount of developable land

» Provides environmental education opportunities

* No benefits (only Sample 1)

The list of options given in Sample 1 was limited to the first five benefits, as well as the “no
benefit” option. The “no benefit “ option was not given as a choice in Sample 2 and 3. The
results for each sample are shown in Appendix D.3. Figure 7-11 shows the percentages of each
benefit that the survey participants in each sample identified to be of medium and high rating.
The top three benefits selected in each sample is circled. As it is shown, the respondents in all
sample groups chose “aesthetics” and “environmental benefits” to be the most advantageous
aspects of implementing LID technologies. Only Samples 1 and 2 identified “public image” to be
positive. Analysing the results further by stakeholder group, shows that representatives from

municipal governments and conservation authorities are the groups that view “public image” as
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a high benefit to LID implementation. Table 7-21 shows the results of these perceptions held by

each group that selected the benefits to be 100 percent of medium and high concern, which is

indicated by an

in the figure. Additional benefits selected in Sample 2 that held equal ranking

by respondents were “assists in meeting regulatory obligations” and “increased property value”.
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Figure 7-11: Perceptions of benefits identified by stakeholders to be of medium and
high ranking

Table 7-21: Perception of top benefits held by main stakeholder groups in Sample 2

and 3
Main Stakeholder Groups
Top Benefits » Conserv.a.tion Private Fonsulting Storwater
Municipal Governments Authorities Firms Professionals
Sample2 [ Sample3 | Sample2 | Sample3 | Sample2 | Sample3 | Sample2 | Sample 3
Not selected Not selected Not selected Not selected
Public image X as a top X as a top as atop as a top
benefit benefit benefit benefit
Aesthetics X X X X
Environmental benefits X X X X X X X X
. Not selected Not selected Not selected Not selected
Reduces infrastructure and
tilit int t as a top X as atop X as atop X as atop
utiity maintenance costs benefit benefit benefit benefit
L . Not selected Not selected Not selected Not selected
Assists in meeting
lat bliati as atop as a top X as atop X as atop X
reguiatory obligations. benefit benefit benefit benefit
Not selected Not selected Not selected Not selected
Increased property value as atop as a top X as atop as atop X
benefit benefit benefit benefit
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Perceived drivers for LID support in the watershed

The perception of drivers required to support widespread LID implementation was also
investigated. Survey participants were asked to select from a list all options they believed would
be effective. Figure 7-12 shows the results for each sample. As shown, municipal programs
and policies (i.e., rebates, by-laws, education, stormwater charges, etc) and provincial
regulations and guidelines were perceived to be the main drivers required by the survey
participants in each sample group. Further analysis was done of the perceptions for required
drivers by main stakeholder groups. In Sample 2, municipal governments and stormwater
professionals both identified developers as an additional driver whereas conservation authorities
and private consulting firms saw the market driving the uptake of LID principles. For Sample 3,
municipal governments and stormwater professionals were the only stakeholder groups to
identify additional drivers. Municipal governments selected local NGOs as the next top driver,
whereas stormwater professionals equally weighted developers, grass root initiatives, local
NGOs, and community groups, and the market as additional drivers. Conservation authorities
and private consulting firms perceived only the two main drivers as those required to ensure

widespread LID support.
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Figure 7-12: Perceived drivers for LID support in Sample 2 and 3
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Type of incentive programs required for effective implementation

Figure 7-13 shows the responses by survey participants in each sample group on their
opinion of incentive programs that should be in place to support LID implementation. On
average, ‘reduced requirements for stormwater management”, “streamlined approvals” (e.g.,
accelerated reviews for site plans), and “bonuses if LID practices are used that accomplish
stormwater management goals” (i.e., municipal rebate, increased floor area (ratio), etc), were
selected among all participants in each group as the top incentive programs required to gain
widespread support for LID principles. Further analysis of the required incentive programs
perceived by the main stakeholder groups in the samples was done. It was found that in Sample
2, while the top incentive programs selected by all stakeholder groups surveyed were incentive
programs listed above, not all main stakeholder groups identified selected these programs. For
example, municipal governments in addition to the top incentive programs, they also selected
“‘recognition programs” and “grants” for funding LID projects. Conservation authorities did not
see bonuses as the top incentive, but place equal weighting on “reduced requirements for
stormwater management”, and “tax credits”. Private consulting firms did not select “bonuses” or
“credits for stormwater utilities” as an incentive program. Rather they selected “reduced
requirements for stormwater management” and “tax credit” for qualifying LID projects to be
better suited incentive programs. Stormwater professionals, unlike the other main groups, did
not choose “streamlined approvals”, but chose ‘“reduced requirements for stormwater
management” in addition to the “bonuses” and “credits for stormwater utiltiy fees”. Similarly for
Sample 3, municipal governments selected “recognition programs”, “streamlined approvals”,
and “grants for funding” as the top incentive programs to be in place. Conservation authorities
saw “bonuses” as the top incentive, and equally weighted “reduced requirements for stormwater
management”, “streamlined approvals”, and “reduced fees”. Stormwater professionals and
private consulting firms identified with two out of the three identified top incentives. Private
consulting firms saw “reduced requirements” for stormwater management as being an additional
means of motivation. Stormwater professionals equally weighting on six out of the eight
programs, where the incentives of creating a “recognition program” and the availability of “tax

credits” were placed at slightly higher value compared to the other selected incentives.
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Figure 7-13: Incentive programs identified by survey participants in Sample 2 and 3

Perception of costs for implementing and maintaining LID

The final research objective was to investigate the perceptions of associated costs to LID
implementation. The question was posed to survey participants in Sample 2 and 3 to rank their
opinion of costs connected to each LID practice. The results for each sample are shown in
Appendix D.3. Figure 7-14 displays the distribution of perceptions for each LID technology
believed to be of high costs according to the survey participants of Sample 2 and 3. As shown,
the implementation and maintenance costs associated to green roofs, permeable pavements,
and soil amendments were perceived to be on average to incur the highest expenses. Despite
these perceived costs, green roofs and permeable pavements, were also identified by survey
participants in these sample groups as LID practices they are very familiar with and would likely
invest in. While soil amendments were identified in this question to be a practice of high cost in
the opinion of the respondents, it was also selected as a practice with that many of the
participants have very little knowledge and one that would likely not be considered for

investment.
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Figure 7-14: Perception of LID practices to be a high cost for implementation and
maintenance (percent average of Sample 2 and 3)

The results of this portion of the LID Planning Framework provided a greater insight into the
opinions and concerns of traditional stakeholders of stormwater management within the Lake
Simcoe watershed. From the outcomes of the questionnaires distributed on three occasions in
the sample period of September 28, 2009 to December 28, 2009, it was found that the main
stakeholder groups among the participants were representatives from municipal governments,
conservation authorities, private consulting firms, and stormwater professionals. Over 90
percent of the survey participants indicated to have some knowledge or more of over 50 percent
of the LID practices specified in the questionnaires. Based on this current knowledge capacity,
over 90 percent of the respondents in all samples indicated they would at least consider
investing in over half of the LID technologies listed. However, the stakeholder groups that
responded voiced a number of concerns regarding implementation. Some of the major barriers
that were identified as preventing these groups from full-scale support are space, time and effort
required, as well as capital and O&M costs. The issue of associated costs were investigated
further by probing the participants regarding their perception of costs. LID practices such as
green roofs, permeable pavements, and soil amendments were perceived to be on average to
have highest implementation and maintenance costs. Despite these barriers, the survey
participants do recognize the benefits that are associated with LID application. Aesthetics and
environmental benefits were indicated among the participants to be the most advantageous

aspects of implementing these sustainable technologies. Opinions gathered from the
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respondents showed that with the assistance of drivers such as municipal programs and
policies, as well as incentive programs such as reducing the requirements for stormwater

management and streamlined approvals will encourage widespread support for LID principles.

7.6 Decision-Making Solutions

As described in Chapter 6, selecting the most favourable course of action is an important
step in any project. Due to the objectives outlined in this case study there are a number of
solutions that can be identified as being appropriate in different parts of the watershed. An
approach to determining these options was outlined as well in Chapter 6. The objectives of the
solutions are based on the three components of the LID Planning Framework — LID
Performance; Cost-Effectiveness; Stakeholder Involvement. A developed spreadsheet model
was used to evaluate the performance of the five roof-based LID practices included in this study
in terms of runoff volume reduction and pollutant loading reduction. Cost-effectiveness functions
estimated the total cost for implementing these LID technologies within each stormwatershed.
The outcomes of evaluating Component 1 and 2 of the LID Planning Framework are shown in
one comparative table in Appendix D.4. The last column of this table shows the acceptance
level of stakeholders. These values were determined based on the results from the stakeholder
involvement methods addressed in Component 3 of the Framework. Specifically, the question
was posed to survey participants in Sample 2 and 3 of the likeliness to invest in LID practices.
The responses of these samples, shown in Figure 7-9, were converted into an acceptance level
score for each LID practice included in this case study. Weights were assigned to each opinion
level surveyed (i.e. “Definitely”, “Maybe”, “No Chance!”, “Don’t know what it is”) and a score was

calculated using the following equation:

LID acceptance level score = (“Definitely” x 1) + (“Maybe” x 0.75) + (“No Chance” x 0.5)

+ (“Don’t know what it is” x 0.75) (7-8)

The opinion level “Don’t know what it is” was given the same score as “Maybe” because if
the respondent is informed of the practice, then there is an equal chance that they would accept
or reject implementing the practice. The scores that were calculated enabled the ranking of
each LID practice. Table 7-22 shows the final acceptance level ranking of the LID practices
included in this case study. These ranks are also shown in the last column in Table D.4.3 found

in Appendix D.4.
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Table 7-22: Stakeholder Acceptance Levels for Selected LID Practices

Survey Results from Figure 7.9
LID Practices . No Don't Score Rank
Definitely | Maybe chance | know

Green Roof 37.8% 59.7% 2.5% 0.0% 83.8% 4

Soakaway Pit 56.3% 32.9% 4.1% 6.7% 88.1% 2

Downspout | = 7,50, | 2720, | 25% | 00% | 91.9% | 1
Disconnection

Dry Well 20.5% 67.1% 1.4% 11.0% | 79.8% 5

Rainwater 41.7% | 583% | 00% | 0.0% | 85.4% 3

Harvesting

To identify the appropriate management strategies based on these three objectives, the

results shown in Appendix D.4 are plotted on a three-axis graph as outlined in Chapter 6 to

determine the Pareto-front. Specifically, Figure 7-15 to Figure 7-18 show each of the

performance parameters assessed (i.e., runoff volume removed (mm), pollutant loading

reduction (kg/yr/m?)) in relation to the cost and stakeholder acceptance objective functions.

nce level {1-most, 4.least)

accepta

Stakeholder

Figure 7-15: Plot of runoff volume removed
(mm/m?) in relation to total cost of the LID

practices (2010 $CDN) and stakeholder
acceptance rank of the LID practices

Stakeholder acceptance level (1-most, 5-least)

100
TSS Removed (kghyrim?)

50

-500

1000
% 10° cost, 2010 $CON

Figure 7-16: Plot of TSS removed (kglyr/mz) in
relation to total cost of the LID practices (2010
$CDN) and stakeholder acceptance rank of the
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Stakeholder Acceptance Level (1-most, 5-least)
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Figure 7-17: Plot of TP removed (kg/yr/m®) in Figure 7-18: Plot of Zinc removed (kg/yr/m®) in

relation to total cost of the LID practices (2010 relation to total cost of the LID practices (2010
$CDN) and stakeholder acceptance rank of the $CDN) and stakeholder acceptance rank of the LID
LID practices practices

To identify the most optimal management strategies for LID implementation on the watershed level, the
Pareto optimal solutions were determined. A function developed by an external Matlab user was
applied to calculate the non-dominated, efficient, pareto points (Polityko, 2008). Application of the
function identified a number of options. As shown in Table 7-23, many of the options are consistent
among the performance parameters assessed, such as the implementation of downspout disconnection
in stormwatershed BAR-SE21 and rainwater harvesting in stormwatershed BAR-SE38. However, for each
parameter, a specific LID practice can be chosen. To maximize the runoff volume reduction, rainwater
harvesting is the best option to be chosen for implementation. If cost is a factor, then downspout
disconnection should be chosen to achieve this intended performance. Both these LID practices have a
medium to high stakeholder acceptance level rank, which allows the focus of the decision to be on the
performance and cost components. In terms of increasing TSS loading reduction, the results indicate
that dry well would is a good option in terms of hydrological performance and cost aspects. However,
this practice was ranked the least accepted among the LID practices included in this study. In cases such
as this, LID planners can use this information on where to direct their efforts. Since it is known that this
practice will provide optimal performance and it is cost effective, the focus of the implementation
strategy can be on gaining stakeholders acceptance. Generally, the most appropriate management
strategy that should be employed will depend on the objectives of Lake Simcoe watershed planners and
project constraints. This decision-making methodology presented in this case study demonstrates how
the Framework can be a useful tool to identify all optimal options for LID implementation strategies that
can be employed in a watershed.
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Table 7-23: Optimal management strategies identified for case study

Pollutant Removed by LID (kglyrlma) in
Runoff Vol
Performance unoft Wolume Stormwatershed Stakeholder
Stormsewershed | Stormsewershed Removed by LID
Parameter & LID Type 2, Acceptance
Assessed greallng) e mplin Level Rank
Stormwatershed TSS TP Zinc
BAR-NW28 11383 Dry Well 1829 92.06 59.12 0.07 0.05 $21,790.15 5
BAR-SE1 29787 Downspout 451 71.45 12.18 0.02 0.01 $2,905.51 1
Disconnection
BAR-SE1 29787 Rainwater Harvesting 451 89.51 15.74 0.02 0.01 $31,553.03 3
Runoff Volume o) "
Removed BAR-SE10 12707 Downspou 260 9.18 412 0.01 0.00 $669.90 1
(mmlmz) Disconnection
BAR-SE21 34663 Downspout 272 3.64 1.63 0.00 0.00 $210.47 1
Disconnection
BAR-SE38 29550 Downspout 2703 219.91 98.35 0.13 0.08 $58,113.54 1
Disconnection
BAR-SE38 29550 Rainwater Harvesting 2703 271.78 126.80 0.20 0.10 $190,623.11 3
BAR-C11 26627 Downspout 3693 52.14 23.49 0.03 0.02 $6,434.94 1
Disconnection
BAR-NW28 11383 Soakaway Pit 1829 28.14 32.34 0.05 -0.02 $27,881.40 2
BAR-SE10 12707 Downspout 260 9.18 4.12 0.01 0.00 $669.90 1
Disconnection
BAR-SE21 34663 Downspout 272 3.64 1.63 0.00 0.00 $210.47 1
Disconnection
TSS R d
emoye BAR-SE29 73451 Downspout 11676 63.77 28.70 0.04 0.02 $24,741.19 1
(kglyr/m®) Disconnection
BAR-SE38 29550 Downspout 2703 219.91 98.35 0.13 0.08 $58,113.54 1
Disconnection
BAR-SE38 29550 Rainwater Harvesting 2703 271.78 126.80 0.20 0.10 $190,623.11 3
BAR-SE51 14846 Downspout 3005 20.32 20.32 0.02 0.01 $3,680.64 1
Disconnection
BAR-SW8 17096 Downspout 2826 19.60 19.60 0.02 0.01 $3,034.68 1
Disconnection
BAR-NW28 11383 Soakaway Pit 1829 28.14 90.78 0.14 0.08 $27,881.40 2
BAR-NW28 11383 Dry Well 1829 92.06 178.91 0.28 0.15 $21,790.15 5
BAR-SE10 12707 Downspout 260 9.18 4.80 0.01 0.00 $669.90 1
Disconnection
BAR-SE21 34663 Downspout 272 3.64 1.74 0.00 0.00 $210.47 1
Disconnection
Downspout
TP Removed BAR-SE38 29550 Dicconmction 2703 219.91 125.50 0.19 0.10 $58,113.54 1
2,
(kglyr/m®) BAR-SE38 29550 Rainwater Harvesting 2703 271.78 126.80 0.20 0.10 $190,623.11 3
BAR-SE63 66392 Downspout 8184 37.71 137.22 0.21 0.1 $843,971.04 1
Disconnection
BAR-SE63 66392 Rainwater Harvesting 8184 42.08 138.45 0.21 0.11 $222,589.63 3
BAR-SE64 111448 Dry Well 6103 118.70 240.84 0.37 0.20 $68,019.28 5
BAR-SW33 243566 Downspout 437 10.64 47.50 0.07 0.04 $2,679.80 1
Disconnection
BAR-NW28 11383 Soakaway Pit 1829 28.14 90.78 0.14 0.08 $27,881.40 2
BAR-SE10 12707 Downspout 260 9.18 4.80 0.01 0.00 $669.90 1
Disconnection
] BAR-SE63 66392 Rainwater Harvesting 8184 42.08 138.45 0.21 0.11 $222,589.63 3
Zinc Removed
2
(kglyr/m®) BAR-SE64 111448 Dry Well 6103 118.70 240.84 0.37 0.20 $68,019.28 5
BAR-SE63 66392 Rainwater Harvesting 8184 42.08 32.61 0.05 0.12 $222,589.63 3
BAR-SW33 243566 Rainwater Harvesting 437 10.52 8.51 0.01 0.04 $30,798.97 3
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8.0 Conclusions and Recommendations

The issues surrounding stormwater impact on the receiving waters were outlined extensively in
Chapter One. The increasing concentration of populations in urban centres and the rapid rate of
development have intensified stormwater effects as shown by elevated levels of contaminants
polluting our receiving waters, flooding, erosion, and the reduction in groundwater recharge. The
degradation of water resources has led to the promotion of LID principles for stormwater
management. Despite the beneficial effects of LID application, deficiencies in LID selection and

performance assessment have been identified.

The aim of this study was to assist with closing the gaps in LID planning methodology. The
scope of the study outlined two key tasks to meet the study’s main objectives of developing a LID
Planning Framework to be applied on a watershed level in Ontario. The first task outlined the
functions of each component of the LID Planning Framework. Through the development of the
Framework components, methodologies were established to: 1) evaluate LID implementation on a
watershed basis through a proposed modelling approach; 2) determine cost-functions to conduct a
cost-effectiveness analysis to identify successful management strategies; 3) collect stakeholders’
opinions and use in an analysis approach that can be applied for LID planning; 4) integrate all
outcomes of The Framework components to optimize management strategies for LID planning. The
second major task was to apply the components of The Framework in detail to a case study for the
Lake Simcoe Watershed. This purpose of this exercise was to demonstrate the effectiveness of the
methodologies suggested to plan for the implementation of LID technologies on a watershed level.
These tasks were successfully performed, and the following two sets of conclusions are made, one

based on the LID Planning Framework, and the other based on the case study findings.

8.1 LID Planning Framework Conclusions

1. Despite the fact that current stormwater management guidance issued by the OMOE
reflects some current technology, such as the use and design of BMPs, the information is
becoming rapidly outdated. Most of the material reviewed is dated previous t01999; climate
change factors and methods of adaption are not discussed; and newer philosophies and
practices are not included (CVC & TRCA, 2010; Environmental Commissioner of Ontario.,
n.d.).
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One major challenge facing users of LID practices is the selection of technologies for
specific locations to support large-scale watershed planning. Existing manuals issued by
governments and other institutions provide guidelines for implementation of LID
technologies on primarily a lot-level. The focus is primarily on design and implementation of
LID methods, where relevant site, development, and hydrological characteristics are
detailed. While these guidelines are useful, the task of selection and placement is still a
challenging task for many planners working beyond the development-level. A more

appropriate, all encompassing framework for LID planning and implementation is needed.

The framework currently used in stormwater management in Ontario is not as developed
and current as those being developed in other parts such as SUSTAIN in the U.S.,

Hydrolpolis in Europe, MUSIC in Australia, and even WBM in British Columbia.

The proposed LID Planning Framework is a new contribution to sustainable stormwater
management as it has not been formally developed in Ontario. The individual components of
The Framework are typically addressed individually, but not collectively. They include
evaluation of hydrological performance, cost-effective analysis, and stakeholder

involvement.

The Framework is a systematic approach to large-scale LID planning. Each component
involves detailed steps that, when evaluated in the prescribed methodology, contribute to
the overall capability of identifying holistic and practical solutions to effectively implement

LID practices over a watershed.

The Framework is not intended as a detailed design approach and should be viewed as a
tool for initial planning activities. The aim of this planning methodology is to provide planners
with the capability to identify appropriate and cost-effective LID practices that could be used
in a given area within a watershed that will achieve a desired performance and level of

acceptance by watershed stakeholders.

The evaluation of LID performance utility proposes a new approach to determining the
hydrological benefit of LID implementation on a watershed level. The widely used concept of
HRUs and the GIS tool are combined to create an effective method to determine LID

application potential. The Framework includes this component as a key feature for LID
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planning and implementation, as it strategically points to watershed locations that can offer

the greatest benefit to achieve environmental objectives.

The components that address cost and stakeholder issues are vital elements of optimizing
management strategies and ensuring effective wide-spread implementation. While typical
planning methods only include cost as the optimization element, the essential inclusion of
stakeholders’ opinions from the initial LID planning stages is a new dimension. It allows for
the participation of all affected stakeholders, traditional and non-traditional, to direct the

effective application of LID technologies.

While based on known decision analysis methods, the decision-making component of the
Framework is developed to address the objectives of LID planning specifically. The
approach relies on information attained from the evaluation of the three main components of

the Framework to identify the appropriate strategies for LID implementation.

8.2 Case Study Conclusions

1.

The case study focused on data pertaining to the Lake Simcoe watershed, a region currently
affected by numerous environmental issues. Five point-based LID practices that treat
primarily roof-top runoff (green roof, soakaway pit, rainwater harvesting, downspout
disconnection, and dry well) were evaluated to determine the benefit of their application over
the watershed. Applying the methodology of Component One in the Framework, it was
found that the greatest percentage of volume reduction will come from implementing
downspout disconnection and rainwater harvesting. Application on commercial and
residential land use types will achieve the greatest benefit. The results also show that a
significant reduction will be achieved by soakway pit application on a residential land-use
type. It was also determined through this study that the greatest percentage of pollutant
loading reduction on LID applicable areas for TSS, TP, and zinc will come from
implementing downspout disconnection and rainwater harvesting, particularly on residential
lots. Dry well as well showed to have adequate pollutant reduction capabilities on residential
lots. On a watershed level, rainwater harvesting would be the most advantageous LID option
for TSS, TP, and zinc reduction. Downspout disconnection and dry well also show to have
good pollutant reduction capabilities particularly for TSS reduction. The results show that

application of green roofs throughout the study area will produce the least benefit in the LID
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practice demonstrated to contribute to phosphorus loading, and possess low removal

capabilities for TSS and zinc.

The concept of HRUs employed proved to be an effective means of evaluating the
implementation of small-scale LID practice over a watershed. Developing the HRUs based
on stormwatershed and geographical characteristics allowed for the flexibility to understand
the benefit achieved by each LID practice, as well as allow for prioritization and ranking of

areas within the watershed that could attain the greatest benefit.

The cost-functions developed from the Component Two of the Framework were applied to
the LID practices considered in this case study. An estimate of the total cost of implementing

each LID practice throughout the Lake Simcoe watershed is shown in Table 8-1.

Table 8-1: Total-Cost Estimates of implementation of specific LID practice in Lake

Simcoe Watershed

LID Practice Applicable area (m?) Estimate Total-Cost (2010,
$CDN)
Green Roof 1,009,500 $381,025,671
Soakaway Pit 1,400,137 $91,561,201
Downspout disconnection™ 2,373,749 $169,611,565
Dry Well™ 2,363,479 $26,271,165
Rainwater Harvesting 2,643,144 $263,066,467

4.

Application of the concepts described in Stakeholder Involvement Component of the LID
Planning Framework provided initial insight into the importance of including stakeholders’
opinions as a means to support effective widespread LID implementation. For example,
based on the outcomes of the surveys, strategies for buy-in can be developed, possibly
directed towards the main stakeholder groups that were present in all three samples.
Guidelines and manuals can be created, particularly for specific LID practices. The LID
practices that were identified by respondents to be the most familiar with are practices that
have existing manuals present. The results can also assist in the development of policies
and programs, provide direction for subwatershed planning, as well as identify further
studies required by stakeholders for implementation (i.e., performance case studies,

feasibility studies, provides research direction, etc).

' A base cost of $100 was assumed for each application
2 Annual O&M costs were estimated at 7.5%

141



5. Application of the decision-making approach outlined in Chapter 6 and the use of a Matlab
script was used to determine the Pareto points of a data set. A number of optimal
management strategies were identified, as shown in Table 8-2. These options for

management strategies are shown below

Table 8-2: Best set of options for management strategies identified for case study

Runoff Volume gl d by LID (kgly 2) i
Performance LID i Area o Stormwatershed Stakeholder
P Stormsewershed | Stormsewershed in Sto P by LID Total-Cost
arameter 5 LID Type in rmwatershe P Acceptance
P ID Area (m?) m?) (mm/m?) in (2010, SCDN) P s
Stormwatershed TSS TP Zinc
BAR-NW28 11383 Dry Well 1829 92.06 59.12 0.07 0.05 $21,790.15 5
BAR-SET 29787 Downspout 451 7145 12.18 0.02 0.01 $2,905.51 1
Disconnection
BAR-SE1 29787 Rainwater Harvesting 451 89.51 15.74 0.02 0.01 $31,553.03 3
Runoff Volume D n
Removed BAR-SE10 12707 aaiom 260 9.18 412 0.01 0.00 $669.90 1
(mmim?) isconnection
BAR-SE21 34663 Downspout 272 364 163 0.00 0.00 $210.47 1
Disconnection
BAR-SE38 29550 Downspout 2703 219.91 98.35 0.13 0.08 $58,113.54 1
Disconnection
BAR-SE38 29550 Rainwater Harvesting 2703 271.78 126.80 0.20 0.10 $190,623.11 3
BAR-C11 26627 Downspout 3693 52.14 23.49 0.03 0.02 $6,434.94 1
Disconnection
BAR-NW28 11383 Soakaway Pit 1829 28.14 3234 0.05 -0.02 $27,881.40 2
BAR-SE10 12707 Downspout 260 9.18 412 0.01 0.00 $669.90 1
Disconnection
BAR-SE21 34663 Downspout 272 3.64 163 0.00 0.00 $210.47 1
Disconnection
TSS R d
emove BAR-SE29 73451 Downspout 11676 63.77 28.70 0.04 0.02 $24,741.19 1
(kglyr/im?) Disconnection
BAR-SE38 29550 Downspout 2703 219.91 98.35 013 0.08 $58,113.54 1
Disconnection
BAR-SE38 29550 Rainwater Harvesting 2703 271.78 126.80 0.20 0.10 $190,623.11 3
BAR-SE51 14846 Downspout 3005 20.32 20.32 0.02 0.01 $3,680.64 1
Disconnection
BAR-SW8 17096 Downspout 2826 19.60 19.60 0.02 0.01 $3,034.68 1
Disconnection
BAR-NW28 11383 Soakaway Pit 1829 28.14 90.78 0.14 0.08 $27,881.40 2
BAR-NW28 11383 Dry Well 1829 92.06 178.91 0.28 0.15 $21,790.15 5
BAR-SE10 12707 Downspout 260 9.18 4.80 0.01 0.00 $669.90 1
Disconnection
BAR-SE21 34663 Downspout 272 364 1.74 0.00 0.00 $210.47 1
Disconnection
Downspout
TP Removed BAR-SE38 29550 Disconmection 2703 219.91 125.50 0.19 0.10 $58,113.54 1
2y
(kglyrim’) BAR-SE38 29550 Rainwater Harvesting 2703 271.78 126.80 0.20 0.10 $190,623.11 3
BAR-SE63 66392 Downspout 8184 37.71 137.22 0.21 0.1 $843,971.04 1
Disconnection
BAR-SE63 66392 Rainwater Harvesting 8184 42.08 138.45 0.21 0.11 $222,589.63 3
BAR-SE64 111448 Dry Well 6103 118.70 240.84 037 0.20 $68,019.28 5
BAR-SW33 243566 Downspout 437 10.64 4750 0.07 0.04 $2,679.80 1
Disconnection
BAR-NW28 11383 Soakaway Pit 1829 28.14 90.78 0.14 0.08 $27,881.40 2
BAR-SE10 12707 Downspout 260 9.18 4.80 0.01 0.00 $669.90 1
Disconnection
Zinc Removed BAR-SE63 66392 Rainwater Harvesting 8184 42.08 138.45 0.21 0.11 $222,589.63 3
2
(kglyr/m?) BAR-SE64 111448 Dry Well 6103 118.70 240.84 037 020 $68,019.28 5
BAR-SE63 66392 Rainwater Harvesting 8184 42.08 32,61 0.05 0.12 $222,589.63 3
BAR-SW33 243566 Rainwater Harvesting 437 10.52 8.51 0.01 0.04 $30,798.97 3

Depending on the objectives and constraints of a LID project, Lake Simcoe watershed planners can

select from these options to direct further implementation plans.
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6. Based on the outcomes of this research, existing case studies, and the nature of LID
technologies to control stormwater at-source and/or through conveyance systems, the
requirement to involve a range of groups representing various interests, socially, technically,
and politically, is essential for effective LID application. It is believed that as result of taking
a more holistic approach early in the LID planning process, a stronger support from all
appropriate actors of stormwater management will be achieved throughout the project. Not
only will a greater understanding into these identified groups’ capacity in applying LID
technologies within the watershed be achieved, but also insight into the challenges that
maybe encountered in future implementation. Engaging stakeholders throughout the
planning, decision-making, and project phases could lead to minimizing a significant number
of barriers, facilitating uptake of LID principles, encouraging widespread implementation,
and ensuring support in the long-term. Without the support of all affected groups effective

LID implementation will not occur.

8.3 Recommendations

Upon completion of this study, a number of recommendations can be made to support and
improve LID application for stormwater management, as well as suggest additional areas of

research.

1. The LID Planning Framework should be adopted by planners involved in watershed
planning such as conservation authorities and municipal governments, as it organizes
and contains information and methodologies to support effective large-scale LID planning
and implementation. The methodologies established within the Framework can be used
appropriately to customize to any range of objectives specified by LID planners. As a
result of an application of this Framework, this could enable the reduction of stormwater

impacts experienced currently by watersheds.

2. While the methodologies applied in developing the data using GIS were not discussed, it
was made apparent through the course of the case study that it is imperative that having
access the appropriate GIS data sets for watersheds plays a significant role in terms of
identifying potential locations suitable for LID practices and facilitate more efficient

modeling. It is recommended that watershed stakeholders, such as municipalities, direct
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their resources in establishing a comprehensive database of geographical information to
enable efficient and accurate LID planning. In addition, in order for effective watershed

planning to occur, the data sets must be consistent across jurisdictions.

The investigation into the identifying opinions of traditional stakeholders of stormwater
management highlighted strong concerns currently being experienced. In order for
effective LID implementation to occur on a watershed, these concerns must be further
investigated in order to remove the barriers that are preventing successful long-term
application. In addition, the opinions and concerns of non-traditional stakeholders should
not be ignored. As shown through the case study, residential land-use type lots represent
a significant portion of LID application opportunities and achieving stormwater goals. It is
therefore imperative to gain the support from stakeholders of these lot types in order to

have an effective LID implementation plan.

The cost-functions developed were a based on current available studies. While they can
be applied and be used for planning purposes, the amount of existing studies is limited.
The accuracy in these functions to estimate total cost of LID technologies can be
strengthened as more studies are published. These cost-functions should be updated

upon each application of the LID Planning Framework.

The case study focused solely on five point-based LID practices that accept specifically
roof-based runoff. Additional investigations should be done to (1.) expand the list of
technologies assessed to linear and area based LID practices; and (2.) to determine the
benefits that could be reached from not only evaluating roof-based runoff, but runoff from

all impervious surfaces on a lot.

In addition to the above recommended investigation, it is also advised that further
assessments should be done on examining the benefits of implementing combinations of
LID practices on lots. Lines of study could include application of the treatment train
approach, as well as various mixes of traditional and non-traditional combinations of LID

practices.

The Evaluation of Hydrological Performance section of the Framework (Component 1)
developed an approach to assessing the effectiveness of an LID technology implemented
throughout a watershed. To determine the performance of each LID (i.e., in terms of

percent volume reduction and percent pollutant loading reduction), the runoff volume
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generated without LID implementation was required. A function was developed based on
information pertaining to selected lots throughout the study area. Specifically, the runoff
volume modelled in SWMM-LID, the lot size, and the amount of impervious area on the
lot was used to develop the function. However, additional parameters could be used to
strengthen the capability of this function to predict the runoff volume of existing

conditions.

In addition to the above recommendation, the functions to determine the performance of
the LID practices could be strengthened by modelling additional lots. In this case study,
only three lots were selected to be modelled within each land-use for each LID practice. It
is recommended that further sensitivity analysis be carried out to determine the

appropriate number of lots that should be modelled to develop the performance functions.

The Decision-Making methodology employed was based on determining the Pareto-front.
The best set of Pareto solutions were identified using an externally developed Matlab
function. It is possible to apply this approach beyond the initial planning stages of a LID
project for a watershed. Additional iterations could be carried out to represent sets of
optimal stormwater solutions which could be implemented in a staged approach if a time

dimension is included.

The impacts of climate change were also not included in this LID Planning Framework.
Aspects related to this change in global weather patterns will affect all components of the
Framework. For example, in evaluating the performance of an LID practice, their
capability will be dependent on the season. It will also impact the cost associated to
various technologies, as well as determine the support for one practice over another by
stakeholders. Therefore, the LID Planning Framework will need to be refined further to

include the aspects of climate change.
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APPENDIX A: Definitions

Table A-1: Common point-based LID practices

LID Practice Description
Soakaway | Soakaway pits are excavated trenches filled with stones that receive runoff from
pit' rooftop leaders through a downspout or swale. These trenches temporarily store

water to be infiltrated.

Bioretention
Cell

Bioretention areas in general are planted sites similar to a garden that collect and
filter rainwater to enhance water quality. There are a number of functions that
bioretention areas perform. They can be used to pre-treat runoff prior to
discharge into infiltration systems. Bioretention cells are adapted to fit into
containers of urban landscapes. The cells act as a storage area for excess
stormwater when the downstream infiltration system has been surcharged. This
allows infiltration to occur over an extended duration of time allowing more runoff
to be infiltrated by the system. In addition to this function, bioretention areas also
treat stormwater runoff by passing it through an engineered filter medium,
collecting it in an underdrain and then returning it back to the storm drain system.

Dry Well™

Dry wells are similar to soakaway pits but with slightly different geometries. A dry
well is a small pit filled with aggregate, such as gravel or stone, used to control
runoff from building rooftops or paved areas. Dry wells are best suited to treat
small impervious areas and can be implemented on steeper slopes. For runoff
from large impervious areas such as parking lots, dry wells are not appropriate.
Installation of dry wells should also be avoided in large areas with high sediment
loads and low soil permeability. As a result, dry wells are suited to treat runoff
from residential drive ways or rooftop downspouts.

Rainwater

Harvesting

Rainwater harvesting is an LID practice that captures and stores rainfall for future
use. A catchment surface, such as a rooftop, collects the rain that falls and
conveys it into an above or below ground storage tank. Once captured, the
rainwater is pumped into the building where it can be used for non-potable water
uses such as toilet flushing, use in washing machines or for irrigation purposes. It
is estimated that this application alone can reduce the household municipal water
consumption by up to 55%. The capture and re-use of rainwater can significantly
reduce stormwater runoff volumes and pollutant loads. By providing a reliable
and renewable source of water to end users, rainwater harvesting systems can
also help reduce the demand on municipal treated water supplies.

Green Roof

Green rooftops are rooftops that consist of a layer of vegetation and soil installed
on top. The rooftop can be a conventional flat or sloped roof. This LID practice
behaves similar to a lawn or meadow in that it stores rainwater in the soil and
pond areas. The excess water from rainfall passes to underdrains and overflow
points, which is conveyed in a typical building drainage system. After a storm,
stored water either evaporates or is evapotranspired by the plants.

There are two types of green roofs, intensive and extensive. Intensive green
roofs can be planted with deeply rooted plants and generally have a deeper soil
layer. Extensive green roofs are systems consisting of a thin layer of soil with an

¥ LID practices described by CVC & TRCA (2010) except for dry well.
' Government of Prince George’s County, 1999
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herbaceous vegetative cover.

Downspout

Downspout disconnection is the practice of diverting flow from downspouts to a
pervious area. As a result, stormwater is prevented from directly entering the
storm drain system or flowing across a “connected” impervious surface such as a
driveway that drains to a storm sewer system. As an LID practice, this system is

Disconnection | combined with other LID practices. For example, in residential and non-

residential rooftop applications, downspout disconnections can be combined with
compost amendments, grass channels, filter strips, bioretention areas, rainwater
harvesting systems, and soakway pits.

Table A-2: Common linear-based LID practices

LID Practice

Description

Bioretention'®

Bioretention systems applied as a linear practice are similar to bioretention
cells in function. These practices are typically carried out in commercial,
institutional, and residential sites in spaces that are traditionally pervious and
landscaped. These sites are generally also close to the impervious area that
generates the runoff. Bioretention LID systems are commonly found along
roadway right-of-ways, landscaping beds, and around parking areas.

Filter Strip

Filter strips are vegetated areas that are intended to treat sheet flow from
adjacent impervious areas. Originally used as an agricultural treatment
practice, this LID practice functions by slowing runoff velocities and filtering
out sediments and other pollutants. Filter strips also provide some infiltration
into underlying soils. In addition, the combination of proper design and
maintenance allows for relatively high pollutant removal. Filter strips,
however are limited in attenuating flows and are often “short circuited” by
concentrated flows. This results in little or no treatment of stormwater runoff
and it is often beneficial to combine filter strips with other LID practices to
maximize water quality/flow attenuation benefits. Filter strips are also ideal for
show storage and treatment due to their capacity for meltwater infiltration.

Permeable

Pavements

Permeable pavements are used as alternatives to traditional impervious
paving surfaces such as concrete and asphalt to promote reduction of
stormwater flows. Permeable pavements such as open joint permeable
pavers, pervious concrete and porous asphalt, allow for filtration, storage, or
infiltration of runoff. Common permeable pavers include plastic lattice,
interlocking concrete modules, and brick pavers.

Enhanced Grass

Swale/channel

Enhanced grass channels are generally used for conveyance, particularly to
treat roadway drainage. The benefits of grass channels also include
allowance of infiltration discharge at a lower rate and reduce pollutant loads.
In addition, grass channels are closer in hydrologic properties to natural zero
order headwater streams than drainage systems composed of curb and
gutter, inlets, and pipes. A disadvantage in implementing this LID practice is
that they are not capable of providing the same level of water balance and
water quality benefits as dry swales due to their lack of engineered soil media
and storage volumes.

® LID practices described by CVC & TRCA (2010) except for level spreaders and roadway reduction.
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Dry swales

Dry swales are soil filter systems that temporarily store and then filter the
water quality volume. Stormwater is treated by filtering first through the soil
bed then flowing into an underdrain, which conveys treated runoff back to the
conveyance system further downstream. The underdrain system consists of a
perforated pipe within a gravel layer on the bottom of the swale. Dry swales
are similar to bioretention cells in that they rely on the same soil mix at the
bottom of the channel. One major difference is that they are configured as
linear channels. The appearance of dry swales can be quite similar to simple
grass channels with the same shape and turf cover, however elaborate
landscaping has been seen in some cases.

Infiltration Trench

Similar to soakaway pits, an infiltration trench is a stone-filled subsurface
basin that receives stormwater runoff. The stormwater that enters the trench
is stored until it can be infiltrated into the soil, usually over a period of days.
This LID practice often includes some form of pretreatment in the design.
Common pretreatment techniques include filter strips or swales. Infiltration
trenches are considered to be very adaptable since there are many practical
configurations. This makes it a practice ideal for small urban drainage areas.

Level Spreader'®

A level spreader is used to diffuse concentrated runoff and disperse it
uniformly across a slope to prevent erosion. This dispersed flow, commonly
referred to as sheet flow or overland flow, is a thin layer of runoff typically
less than 25.4mm in depth moving over a wide surface. Level spreaders
typically consist of three parts: the forebay, the channel, and the riparian
buffer. The forebay is used for pre-treatment of stormwater. It is an
excavated, semi-circle feature that reduced the incoming flow of stormwater.
It also allows for heavy sediment and debris to settle. The stormwater then
enters into the channel, which can be concrete, rock or grass. This is
considered the main body of the level spreader. The final part in the system
is the riparian buffer. The riparian buffer is a vegetated area along streams,
rivers, and other water bodies that assists in the filtration of runoff, as well as
prevents erosion. The main objective for this part of the system is to remove
sediment and nutrients from runoff before it reaches the stream.

Roadway

Reduction

One of the main objectives of LID practices is to decrease the amount of
impervious surface area. Reducing roadway surfaces is an effective and
simple way of achieving this objective. It allows for the retention of more
permeable land area, as well as avoids problems from storm water runoff and
water table depletion. Roadway reduction methods include using longer,
undulating roads rather than wider shorter streets. This decreases the
amount of intersections as well as creates more available lot frontage. Other
methods involve sharing of driveways, landscaped detention islands within
cul-de-sacs, and flag lots with reduced street frontage.

'® North Carolina State University, 2006
NAHB Research Centre, n.d.
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Table A-3: Common area-based LID practices

LID Practice

Description

Bioretention

Area'®

The implementation of bioretention practices over an area is also considered
an area-based approach. The design principles and site considerations
required for this LID practice for an area-based application is consistent with
the description provided above.

Soil Amendments

The purpose of soil amendments is to restore soil properties to pre-
development conditions. This is done by reversing the loss of organic matter
and compaction. The practice of soil amendments is particularly useful on
hydrologic group ‘C’ and ‘D’ soils (Government of Ontario: Ministry of
Environment, 2003). Applying this practice on these types of soils allows for
the implementation of LID technologies such as downspout disconnection,
filter strips, and grass channels.

Tree Clusters

Tree clusters as a LID practice can reduce stormwater runoff volume and
peak flow. Generally, trees at existing development sites should be
conserved where possible to maintain a natural hydrologic regime. If tree
conservation is not an option, new trees should be planted in pervious areas
of sites. Trees planted in clusters function similarly to a forested area in that
they intercept rainfall and provide the means of evapotrapiraiton and
infiltration to take place which reduces stormwater runoff. Some clusters are
designed to receive sheet flow, particularly from pervious areas.

Permeable

Pavements

The application of permeable pavements over an area is also considered an
area-based approach. The description as an area-based application is
consistent with the description provided above.

Home Clustering

Preserving natural land areas can be achieved by minimizing the amount of
development that occurs on the site. Clustering homes on smaller lots can
assist with protection of natural features by allowing more open space to be
available for aspects such as wildlife habitats and recreation. Home
clustering can also reduce development and maintenance costs, which is
ideal for both builders and homeowners. Through implementation of this LID
practice, open, undeveloped space is maximized and the required length of
roadway and lot size is minimized.

'® LID practices described by CVC & TRCA (2010).
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APPENDIX B: Comparison of Existing Modelling
Tools Suitable for LID Modelling

Table B-1: SWMM 5.0 LID simulation capabilities

LID Practice Sm.}‘;?;'on Modelling Methods / Input Parameters
e can be modeled using rainwater harvesting
configuration consisting of a storage unit, a basin,
Implicit an overflow element, and an outlet
(Lewis 2009) | e principle input properties: Estimated Water quality
Rainwater Harvesting (Elliot and volume (WQV), area of storage element, maximum
Trowsdale depth of storage element, geometry of overflow
2006) weir, and storage elevation curve
¢ optional specification of properties include ponded
surface area when flooded and external inflow data
e can be modeled using rainwater harvesting
configuration consisting of a storage unit, a basin,
Implicit an overflow element, and an outlet
(Lewis 2009) | e principle input properties: estimated WQV, area of
(Young et al. storage element, maximum depth of storage
Green Roofs 2009) element, geometry of overflow weir, and storage
(Elliot and elevation curve
Trowsdale e optional specification of properties include ponded
2006) surface area when flooded and external inflow data
e WQV is estimated differently for green roofs and
rainwater harvesting
e can be represented as a pervious subarea of a
Downspout Im_plicit subcatchment
Disconnection (Lewis 2009) | e runoff flow from a impervious subarea can be
routed to a pervious subarea
e can be modeled using an infiltration configuration
consisting of a basin, a storage unit, an overflow
Implicit (weir/orifice), and an outlet
Soakaway Pits / Dry (Young etal. | e principle input properties: estimated WQV, design
Wells / Infiltration 2009) infiltration rate (half of field infiltration rate), surface
Trenches (Lewis 2009) area, basin depth, geometry of overflow weir,
depth-area relationship, and pump rate that
infiltrates the WQV
I . . ¢ can be modeled using an infiltration configuration
mplicit - : X
! consisting of a basin, a storage unit, an overflow
(Lewis 2009) orif q et
. . (Young et al. (wglr/gn |c.e), and an outiet .
Bioretention 2009) e principle input properties: estimated WQV, design
: infiltration rate (half of field infiltration rate), surface
(Elliot and . ;
(all types) Trowsdale area, basin depth, geometry of overflow weir,
2006) depth-area relationship, pump rate that infiltrates

the WQV, and desired pollutant removal efficiency
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e can be represented as a pervious subarea of a
subcatchment with altered parameters
e infiltration can be modeled using Horton, Green-

(IIETig’:I;:d Ampt, or SCS Curve Number methods
Soil Amendments Trowsdale e requires user specification of principle input

2006) properties: assigned rain gage, assigned land uses,
tributary surface area, slope, depression storage,
and characteristic width & Manning’s n for overland
flow

e can be represented as a pervious subarea of a
subcatchment with altered parameters
Implicit ¢ infiltration can be modeled using Horton, Green-
(Lewis 2009) Ampt, or SCS Curve Number methods
(Elliot and e requires user specification of principle input
Tree Clusters Trowsdale properties: assigned rain gage, assigned land uses,

2006) tributary surface area, slope, depression storage,
and characteristic width & Manning’s n for overland
flow

¢ can be modeled using a treatment configuration
consisting of a basin, a storage unit, an overflow
Filter Strips Implicit (weir/orifice), a pump, and an outlet for the BMP
(Young etal. | e principle input properties: estimated WQV, surface
2009) area, basin depth, geometry of overflow weir,
(Lewis 2009) depth-area relationship, pump rate representing the
desired drawdown time for the WQV, and desired
pollutant removal efficiency
¢ can be modeled using an infiltration configuration
Implicit consisting of a basin, a storage unit, an overflow
(Lewis 2009) (weir/orifice), and an outlet for the BMP
(Elliot and e principle input properties: WQV, design infiltration
Trowsdale rate (half of field infiltration rate), surface area,
FOTGRELA VO 2006) basin depth, geometry of overflow weir, depth-area
relationship, and pump rate that infiltrates the WQV
e can be modeled using a treatment configuration
consisting of a basin, a storage unit, an overflow
Implicit (weir/orifice), a pump, and an outlet for the BMP
Grass Channels (Elliot and e principle input properties: estimated WQV, surface
Trowsdale area, basin depth, geometry of overflow weir,

2006) depth-area relationship, pump rate representing the
desired drawdown time for the WQV, and desired
pollutant removal efficiency

¢ can be modeled using a treatment configuration
consisting of a basin, a storage unit, an overflow
Implicit (weir/orifice), a pump, and an outlet for the BMP
Dry Swales (Elliot and e principle input properties: estimated WQV, surface
Trowsdale area, basin depth, geometry of overflow weir,

2006) depth-area relationship, pump rate representing the
desired drawdown time for the WQV, and desired
pollutant removal efficiency

Level Spreader Implicit e can be modeled by routing stormwater through a

filter strip, into an infiltration trench, then onto an
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overflow area

e can be modelled by modifying the parameters of
the original road area to reflect roadway reductions,

ACECLEIEIIEE Implicit such as the replacement of roadway with grass
swales or bioretention
e can be modelled by modifying the parameters of
Home Clustering Implicit the original subcatchments to reflect various home

layouts

Table B-2: SWMM 5.0-LID/BMP extension model simulation capabilities

LID Practice Surface Pavement Soil Storage
Soakaway X X
Bioretention X X X
Dry Well X
Rainwater X
Harvesting
Downspout X
Disconnection
Green Roof X X X
Filter Strips X
Permeable/Porous X X X
Pavements
Grass Channel X
Dry Swale X
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Infiltration Trench X

Level Spreader X

Soil Amendments

Table B-3: MUSIC LID simulation capabilities

LID Practice

Simulation Type

Modelling Methods and Input Parameters

Rainwater
Harvesting

Explicit
(Wong, et al. 2005)

e modeled as a rainwater tank under the USTM

e requires specification of inlet properties: low flow
bypass and high flow bypass values

e requires specification of storage properties: surface
area, extended detention depth, permanent pool
volume, seepage, and evaporative loss

e requires specification of outlet properties:
equivalent pipe diameter, overflow weir width

e advanced options require specification of orifice
discharge coefficient, weir coefficient, number of
CSTR cells, and k and C* values

Green Roofs

Implicit
(Wong, et al. 2005)
(Elliot and Trowsdale

e can be modeled using an infiltration system under
the USTM by changing soil and subsoil properties

e requires specification of inlet properties: low flow
bypass and high flow bypass values

e requires specification of storage properties: surface
area, depth to overflow weir, infiltration rate, and
evaporative loss

2006) e requires specification of outlet properties: overflow
weir width
e advanced options require specification of the weir
coefficient, number of CSTR cells, and k and C*
values
eisolation or separation of runoff from different
Downspout Implicit sources

Disconnection

(Wong, et al. 2005)

e may be treated as the outlet of an infiltration
system modeled as a green roof

Soakaway Pits
/ Dry Wells /
Infiltration
Trenches

Implicit
(Wong, et al. 2005)

¢ can be modeled using a pond/sedimentation basin
under the USTM

e requires specification of inlet properties: low flow
bypass and high flow bypass values

e requires specification of storage properties: surface
area, extended detention depth, permanent pool
volume, seepage, and evaporative loss
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e requires specification of outlet properties: overflow
weir width and equivalent pipe diameter

e advanced options require specification of the weir
coefficient, number of CSTR cells, and k and C*
values

Bioretention
(all types)

Explicit
(Wong, et al. 2005)

e modeled as a bioretention system under the USTM
e requires specification of inlet properties: low flow
bypass and high flow bypass values

e requires specification of storage properties: surface
area, extended detention depth, and seepage

e requires specification of infiltration properties: filter
area, filter depth, filter median particle diameter,
saturated hydraulic conductivity, and depth below
underdrain pipe

e requires specification of outlet properties: overflow
weir width

e advanced options require specification of the weir
coefficient, void ratio, number of CSTR cells, and k
and C* values

Soil
Amendments

Implicit
(Wong, et al. 2005)
(Elliot and Trowsdale
2006)

e amended area can be represented by a pervious
area with altered parameters

e requires specification of infiltration properties: soil
storage capacity, initial storage, field capacity, and
infiltration capacity coefficient & exponent

Tree Clusters

Implicit
(Wong, et al. 2005)
(Elliot and Trowsdale
2006)

e tree cluster can be represented by a pervious area
with altered parameters

e requires specification of infiltration properties: soil
storage capacity, initial storage, field capacity, and
infiltration capacity coefficient & exponent

Filter Strips

Explicit(Wong, et al.
2005)

e modeled as buffer strips

e requires user specification of transfer functions

e requires user specification of treatment properties:
percentage of upstream area buffered, buffer area,
and seepage

Permeable
Pavement

Implicit
(Wong, et al. 2005)

e permeable pavement can be represented by a
pervious area with altered parameters

e requires specification of infiltration properties: soil
storage capacity, initial storage, field capacity, and
infiltration capacity coefficient & exponent

Grass
Channels

Explicit
(Wong, et al. 2005)

e modeled as a vegetated swale under the USTM

e requires specification of inlet properties: low flow
bypass and high flow bypass values

e requires specification of storage properties: length,
bed slope, base width, top width, depth, vegetation
height, and seepage

e advanced options require specification of the
number of CSTR cells, and k and C* values

Dry Swales

Explicit
(Wong, et al. 2005)

e modeled as a vegetated swale under the USTM
with no vegetation
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e requires specification of inlet properties: low flow
bypass and high flow bypass values

e requires specification of storage properties: length,
bed slope, base width, top width, depth, vegetation
height (none), and seepage

e advanced options require specification of the
number of CSTR cells, and k and C* values

e can be modeled by routing stormwater through a

Level Spreader Implicit filter strip, into an infiltration trench, then onto an
overflow area
e can be modelled by modifying the parameters of
Roadway Implicit the original road area to reflect roadway reductions,
Reduction such as the replacement of roadway with grass
swales or bioretention
e can be modelled by modifying the parameters of
Al Implicit the original subcatchments to reflect various home
Clustering g
layouts
Table B-4: BMPDSS LID simulation capabilities
LID Practice Simulation Type Modelling Methods and Input Parameters
e modeled as a rain barrel
e requires user specification of basin dimensions: length and
Exolicit width
Rainwater (Tetrax'rl)'elz((::lh inc | ® requires user specification of orifice parameters: orifice
Harvesting 2007) diameter, orifice height, and exit type
e requires user specification of weir parameters: weir height
and geometry
¢ can specify number of dry days
e modeled as a green roof
e requires user specification of substrate properties: depth of
Explicit soil, soil porosity, vegetative parameters, and soil layer
Green Roofs (Tetra Tech Inc | infiltration
2007) e underdrain structure can be considered and requires
specification of storage depth, media void fraction and
background infiltration
Downspout Implicit . . . .
Disconnection (TetraTechInc | e rt_aduc_ed_or dlsco_nnected imperviousness can be simulated
2007) by identifying the site layout and routing
e modeled as a detention basin
e requires user specification of orifice parameters: orifice
Soakaway Pits Explicit diameter, orifice height, and exit type
/ Dry Wells / (Tetra 'FI)'ech Inc | ® requires user specification of substrate properties: depth of
Infiltration 2007) soil, soil porosity, vegetative parameters, and soil layer
Trenches infiltration

e underdrain structure can be considered and requires
specification of storage depth, media void fraction and
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background infiltration

e modeled as a bio-retention site
e requires user specification of orifice parameters: orifice
diameter, orifice height, and exit type

Bioretention Explicit o r_equi_res user specificat?on of substrate propert_ies: depth of
(all types) (Tetra Tech Inc | soil, soil porosity, vegetative parameters, and soil layer
2007) infiltration
e underdrain structure can be considered and requires
specification of storage depth, media void fraction and
background infiltration
Soil Implicit . degignated pervious areas can be simulated by identifying
Amendments (Tetra Tech Inc | the site layout and routing
2007) e pervious area can be described as a percentage
Implicit ¢ designated pervious areas can be simulated by identifying
Tree Clusters (Tetra Tech Inc | the site layout and routing
2007) e pervious area can be described as a percentage
e may or may not be modeled
Filter Strips ) ¢ details and information on specific processes and input
parameters required are not covered in present literature or
documentation
e modeled as a porous pavement
e requires user specification of substrate properties: depth of
Permeable Explicit _so?l, so_iI porosity, vegetative parameters, and soil layer
Pavement (Tetra Tech Inc | infiltration
2007) e underdrain structure can be considered and requires
specification of storage depth, media void fraction and
background infiltration
e modeled as a swale
¢ requires user specification of BMP dimensions: Manning’s
N, width, length, max depth, and various slopes
Grass Explicit e requires user specification of substrate properties: depth of
Channels (Tetra Tech Inc | soil, soil porosity, vegetative parameters, and soil layer
2007) infiltration
e underdrain structure can be considered and requires
specification of storage depth, media void fraction and
background infiltration
e can be modeled as a swale with no vegetation
¢ requires user specification of BMP dimensions: Manning’s
N, width, length, max depth, and various slopes
Implicit e requires user specification of substrate properties: depth of
Dry Swales (Tetra Tech Inc | soil, soil porosity, vegetative parameters, and soil layer
2007) infiltration

e underdrain structure can be considered and requires
specification of storage depth, media void fraction and
background infiltration
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¢ can be modeled by routing stormwater through a filter strip,

SR G Implicit into an infiltration trench, then onto an overflow area
Roadwa ¢ can be modelled by modifying the parameters of the
ay Implicit original road area to reflect roadway reductions, such as the
Reduction . ; )
replacement of roadway with grass swales or bioretention
Home Imolicit e can be modelled by modifying the parameters of the
Clustering P original subcatchments to reflect various home layouts
Table B-5: LID simulation capabilities in SUSTAIN
LID Method Sm}';?;'on Modelling Methods / Input Parameters
e can be modeled as a hydrodynamic storage device
¢ uses stage-outflow storage routing with weir/orifice
Rainwater Implicit eq“ationls el mied bollutant routing and first order
Harvesting (Lai, et al. 2009) | °* completely mixed pollutant routing and first order decay

for treatment
¢ advanced options include CSTRs in series and plug flow
for pollutant routing, k-C* model, and sedimentation

Green Roofs

Explicit
(Lai, et al. 2009)

e modeled explicitly as a roof garden

¢ details and information on specific processes and input
parameters required are not covered in present literature or
documentation

Downspout
Disconnection

Implicit
(Lai, et al. 2009)

e reduced or disconnected imperviousness can be
simulated by identifying the site layout and routing

Soakaway Pits
/ Dry Wells /
Infiltration
Trenches

Explicit
(Lai, et al. 2009)

e modeled as an infiltration trench

¢ uses Holtan-Lopez equation to model infiltration

e uses constant ET rate to model evapotranspiration

e uses stage-outflow storage routing with weir/orifice
equations

o completely mixed pollutant routing and first order decay
for treatment

e advanced options include the Green Ampt method for
infiltration

Bioretention
(all types)

Explicit
(Lai, et al. 2009)

e modeled as a bio-retention system

¢ uses Holtan-Lopez equation to model infiltration

e uses constant ET rate to model evapotranspiration

¢ uses stage-outflow storage routing with weir/orifice
equations

o completely mixed pollutant routing and first order decay
for treatment

e requires user specification of underdrain percent reduction
e advanced options include the Green Ampt method for
infiltration and calculation of potential ET and actual ET
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Soil Implicit ¢ designated pervious areas can be simulated by identifying
Amendments | (Lai, et al. 2009) | the site layout and routing
Implicit ¢ designated pervious areas can be simulated by identifying

Tree Clusters

(Lai, et al. 2009)

the site layout and routing

¢ modeled as buffer strips or riparian buffer
¢ pollutant trap efficiency is a function of strip width or flow
length

. . Implicit . . . .
Filter Strips _MPIC ¢ advanced options include kinematic wave overland flow
(Lai, et al. 2009) ) . . .
routing, process-based sediment interception method
(VFSMOD), and first order decay nutrient/pollutant removal
simulation method
e can be modeled explicitly as a porous pavement
Permeable Explicit ¢ details and information on specific processes and input
Pavement (Lai, et al. 2009) | parameters required are not covered in present literature or
documentation
e modeled as a swale
¢ uses kinematic flow routing by solving coupled continuity
Grass Explicit equation and Manning’s Equation
Channels (Lai, et al. 2009) e completely mixed pollutant routing and first order decay
for treatment
¢ advanced options include plug flow pollutant routing,
CSTRs in series and sedimentation.
e can be modeled as a swale with no vegetation
¢ uses kinematic flow routing by solving coupled continuity
Imolicit equation and Manning’s Equation
Dry Swales mp o completely mixed pollutant routing and first order decay
(Lai, et al. 2009)
for treatment
e advanced options include plug flow pollutant routing,
CSTRs in series and sedimentation.
Level Implicit e can be modeled by routing stormwater through a filter
Spreader P strip, into an infiltration trench, then onto an overflow area
e can be modelled by modifying the parameters of the
Roadway - L .
. Implicit original road area to reflect roadway reductions, such as the
Reduction . ; )
replacement of roadway with grass swales or bioretention
Home - e can be modelled by modifying the parameters of the
. Implicit C .
Clustering original subcatchments to reflect various home layouts
Table B-6: LID simulation capabilities in WBM
LID Method Simulation Type Modelling Methods / Input Parameters
Explicit e modeled as a simple rainwater cistern
Rai (QUALHYMO User | e requires user specification of cistern properties: initial cistern
ainwater : : . :
. Manual and capacity, max storage capacity, and daily withdrawal rate
Harvesting . . : . .
Documentation o lateral inflow time series used for inflow
2009)
Implicit e can be modeled as a soakaway area
Green Roofs | (QUALHYMO User | e requires user specification of storage properties: storage depth-
Manual and area-outflow table based on actual surface grading and estimate
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Documentation of ponding depth before spill outflow occurs
2009) e require user specification of infiltration properties: surface
infiltration capacity and percolation capacity based on estimated
saturated hydraulic conductivity of soil layers
¢ lateral inflow time series used for inflow
Explicit
Downspout (QUGIa_rlLl\l/laOnélser o surface runoff and pollutant loadings can be split into as many
Disconnection Documentation as three fractions that can be redirected to another area
2009)
e modeled as an infiltration trench or gallery
Soakaway Explicit . requirgs .user.specification of ir_1fi|tration properties:_surface area,
Pits / Dry Wells (QUALHYMO User surface !nf|ltrat|on rates, soil moisture ho_Idmg capacity, and _
/ Infiltration Manual anq percolat}o_n rate set to vglue represeptatlve of saturated hydraulic
Trenches Documentation conductivity of surrounding native soil
2009) o ET factor is set to zero
o lateral inflow time series used for inflow
e modeled as a bioretention facility
Explicit e requires user specification of storage propertie_s: storage erth-
] ) (QUALHYMO User area-outflow table based on actual surface grading and estimate
Bioretention Manual and of ponding depth before spill outflow occurs
(all types) Documentation e requires user specification of infiltration properties: surface
2009) infiltration capacity based on estimate d conductivity of surface
soil/granular material and percolation rate based on estimated
conductivity of underlying soil layers
Implicit
Soil (QUALHYMO User
Amendments Manual and e can be modeled by changing parameters of a pervious area
Documentation
2009)
Implicit
(QUALHYMO User
Tree Clusters Manual and ¢ can be modeled by changing parameters of a pervious area
Documentation
2009)
e may or may not be modeled
Filter Stri . ¢ details and information on specific processes and input
ps ) : .
parameters required are not covered in present literature or
documentation
Explicit
Permeable (QUGI;ELI}A;;JSW e can be modeled by changing parameters of a pervious area
HERTETIES Documentation
2009)
e modeled as a grassed swale
Explicit e requires user specification of storage proper.ties: storage depth-
(QUALHYMO User to-area-outﬂow t.able based on average or typical swale cross-
Grass Manual and section, hydraulic roughness, length, bed slope
Channels Documentation e requires user specification of infiltration properties: surface
2009) infiltration capacity and percolation capacity based on estimated

saturated hydraulic conductivity of soil layers
¢ |ateral inflow time series used for inflow
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e can be modeled as a grassed swale with no vegetation
e requires user specification of storage properties: storage depth-

Implicit .
(QUALHYMO User to-area-outﬂow t.able based on average or typical swale cross-
Dry Swales Manual and section, hydraulic roughness, length, bed slope
Documentation . _requjres user §pecification of ?nfiltration properties: surface
2009) infiliration capacity and percolation capacity based on estimated
saturated hydraulic conductivity of soil layers
o lateral inflow time series used for inflow
Level . .
Spreader — e cannot be modelled due to lack of routing capability
Roadway N e can be modelled by modifying the_ parameters of the original
Reduction Implicit road area to reflect roadway reductions, such as the replacement
of roadway with grass swales or bioretention
Home Implicit e can be modelled by modifying the parameters of the original
Clustering subcatchments to reflect various home layouts
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APPENDIX C: Cost Data and Functions for LID
Practices

Table C-1: Summary of cost data findings for LID practices

Relevant LID Practices

Study Location . Study Details Reference
y Studied y
Investigates the municipal level
. benefits of implementing green Banting et al.,
Toronto, Ontario Green Roof roof technology in the City of 2004
Toronto.
Installation and operation of
various sites in | Gy -tion Trench, Biofiltration | Stoctural BMPs forexisting | ) ppang,
California, United e . CALTRANS facilities and to
Swale, Bicfiltration Strip 2004
States evaluate the performance and
costs
New York, United Rain gardens, cisterns, green New York State Stormwater
roofs, stormwater planters, , CWP, 2003
States Management Design Manual
permeable pavement
Drawn from North Rain gardens, bioretention,
Carolina and cisterns, dry well, rain barrels, Manual on urban stormwater
: . . CWP, 2007
Maryland, United swales, permeable pavers, retrofit practices
States, studies green roof.
Green roofs, downspouts, rain
barrels and cisterns, Stormwater best management City of

City of Chicago

permeable paving, filter Strips,
rain gardens, drainage swales

practices guide

Chicago, 2003

Roof disconnection, rain

Drawn from various barrels, soakaway pit, pervious City of
North American ' ypiLp Stormwater Master Plan Hamilton,
. pavement, rooftop gardens,
studies . . 2007
bioretention,
Rainwater harvesting, green
roofs, downspout
Drawn from various disconnection, soakaway Low impact development
) e CVC & TRCA,
North American pits/infiltration trenches, stormwater management
. : . . 2010
studies bioretention, vegetated filter manual
stripspermeable pavement,
grass swales, dry swales
Bioretention cells, bioretention
slopes, bioretention swales,
green roofs, water quality
Virginia, United swales, dry well, downspout Fact Sheets for LID BMPs for Fairfax. 2005
States disconnection, infiltration the Fairfax County ’
trenches, permeable/porous
pavements, cisterns and rain
barrels
Ontario, Canada Rainwater harvesting Developing design requirements | Farahbakhsh,
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and tools for large-scale
rainwater harvesting

Despins, &
Leidl, 2008

North Carolina

Bioretention areas (rain

gardens), cisterns, greenroofs,

permeable pavements, and
swales

Study to estimate the cost of
installing urban stormwater
BMPs for small, residential and
commercial areas (watersheds
less than 2 acres).

Hathaway &
Hunt, 2007

Drawn from various
case studies in the
United States

Bioretention, cistern, grassed
swale, green roof, infiltration
trench, porous pavement, rain
barrel, vegetated filterstrip

An examination of cost-
effectiveness of BMPs as part of
a larger project to develop a
framework for BMP placement
in urban watersheds

Shoemaker et
al., 2009

Toronto and
surrounding
regions

Green roofs

An Economic analysis of green
roofs

TRCA, 2007

Toronto, Ontario

Rainwater harvesting

Performance Evaluation of a
Rainwater Harvesting System
Toronto, Ontario

TRCA, 2008

Drawn from various
case studies in the
United States

Bioretention,
permeable/porous pavements,
infiliration trench, vegetative
swales, filter strips

Storm water technology fact
sheets

U.S. EPA,
1999;
U.S. EPA,
2006

Drawn from various
case studies in the
United States

N/A - examined whole project
costs

Examination of stormwater
Costs using LID strategies and
practices

U.S. EPA,
2007

Drawn from various
case studies in
North America

Swale, permeable pavement,
green roof, cistern, residential
rain garden, curb-contained
bioretention, in-curb planter
vault

BMP and LID whole life cost-
models

WEREF,
2009a,b

North Carolina

Bioretention-raingarden

Evaluation of cost and benefit of
structural stormwater BMPs in
North Carolina.

Wossink &
Hunt, 2003

Philadelphia,
Pennsylvania

Green roofs,
bioretention/bioinfiltration,
porous pavement

Planning-level cost estimates for
LID practices in urban
watersheds

Vanaskie et
al., 2010

Pennsylvania

Downspout disconnection,
filter strips, grass channels

Pennsylvania Stormwater Best
Management Practices Manual

Pennsylvania
Department of
Environmental
Protection,
2006

Lot-based LID Practices
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Table C-2:

Summary of cost data for rainwater harvesting systems

Sizeof | Curency | AV9-capital °°5t‘ A""”z O&M | Avg.costper |AnnualO&M| Area | Unit Capital | Annual UnitO&M
LID Design Type component | inyear | P&rcomPonen CEE( LID (in2010 | costs(in | treated | Cost(SCDN/m?| Cost (SCDN/m? References
(Volume, m%) | reportea | (incurrency currency $CDN) 2010$CDN) [ (m?) treated) treated)
’ reported) reported)
Ei’::arflrg'ca‘ed Cistern - 37.85 2005USD | $13,000.00 $1,400.00 $18,813.08 $2,026.02 | 202345 $9.30 $1.00 Fairfax County, 2005
Rain barrel 021 2005USD | $12,500.00 $900.00 $18,089.50 | $130244 | 202345 $8.94 $0.64 Fairfax County, 2005
Commercial rairwater 18.00 2007 CAD | $18,000.00 No Info Given |  $18,729.07 NIA 950.00 $19.71 N/A TRCA, 2007
harve: ||nc|_ vqt_em - cistern
Commercial rainwater 45.00 2007 CAD | $35,000.00 No Info Given |  $36,417.64 NIA 2879.00 $12.65 N/A TRCA, 2007
harvesting svstem - cistern
Rain barrel No Info Given | 2006 USD | $90,750.00 No Info Given | $99,279.09 N/A 4046.90 $24.53 NIA CWP, 2007
Cistern No Info Given | 2006 USD | $54,450.00 No Info Given |  $59,567.45 N/A 4046.90 $1472 NIA CWP, 2007
Cistern 208 2007USD | $1,446.12 No Info Given $1,538.22 N/A 51.10 $30.11 NIA Hathaway & Hunt, 2007
Cistern 379 2007USD | $1,756.12 No Info Given $1,867.96 N/A 92,90 $20.11 N/A Hathaway & Hunt, 2007
Cistern 946 2007USD |  $2411.28 No Info Given $2,564.85 N/A 232.25 $11.04 N/A Hathaway & Hunt, 2007
Below-ground concrete tank 0.90 2007 CAD|  $5,798.00 No Info Given $6,032.84 NA 160.00 $37.71 NA Famgbf’e‘::jslh'zgggp'"s'
Below-ground concrete tank 1.80 2007 CAD|  $5,875.00 No Info Given $6,112.96 N/A 160.00 $38.21 N/A Fa'agbfgﬁh*zgggpi”&
Below-ground concrete tank 345 2007 CAD|  $6,263.00 No Info Given $6,516.68 N/A 160.00 $40.73 NA Famgbf’e‘::jslh'zgggp'"s'
Below-ground concrete tank 495 2007 CAD|  $6,789.00 No Info Given $7,063.98 N/A 160.00 $44.15 N/A Famgbf:::;h'zgg;p'"s'
Below-ground concrete tank 6.30 2007 CAD|  $7,398.00 No Info Given $7,697.65 N/A 160.00 $48.11 NA Fa'agbf'e‘:“;h’zgggp'”s’
Below-ground concrete tank 8.15 2007CAD|  $8217.00 No Info Given $8,549.82 N/A 160.00 $53.44 N/A Famgbf:::;h'zgg;p'"s'
Below-ground concrete tank 10.00 2007 CAD |  $9,048.00 No Info Given $9,414.48 N/A 160.00 $58.84 NA Fa'agbf'e‘:“jh’zgggp'”s’
Below-ground concrete tank 450 2007CAD|  $6586.00 No Info Given $6,852.76 N/A 160.00 $42.83 N/A Famgbf:::;h'zgg;p'"s'
Below-ground concrete tank 6.30 2007 CAD |  $16,308.00 No Info Given $16,968.54 N/A 480.00 $35.35 NA Fa'agbf'e‘:“jh’zgggp'”s’
Below-ground concrete tank 12.60 2007 CAD |  $19,146.00 Nonfo Given | $19,921.49 N/A 480.00 $4150 N/A Famgbf_’::?lh'zgg;p'"s'
Below-ground concrete tank 18.18 2007 CAD |  $21,612.00 No Info Given $22,487.37 N/A 480.00 $46.85 NA Fa'agbf'e‘rjh’zgggp'”s’
Below-ground concrete tank 2718 2007 CAD |  $25674.00 Nolnfo Given | $26,713.90 N/A 480.00 $55.65 N/A Famgbf'e‘::jslh'zgggp'"s'
Below-ground concrete tank 36.30 2007 CAD |  $29,754.00 No Info Given $30,959.16 NA 480.00 $64.50 NA Fa'agbf'e‘rjh’zgggp'”s’
Fiberglass cisterin 038 2008 USD $878.00 $1,308.00 $906.66 $1,350.70 929 $97.60 $14539 WERF, 2009b
Fiberglass cisterin 038 2008 USD $878.00 $1,308.00 $906.66 $135070 | 27.87 $3253 $48.46 WERF, 2009b
Fiberglass cisterin 076 2008USD | $1,107.00 $1,308.00 $114314 | $1,35070 | 37.16 $30.76 $36.35 WERF, 2009b
Fiberglass cisterin 076 2008USD | $1,107.00 $1,308.00 $1,14314 | $1,35070 | 4645 $24.61 $29.08 WERF, 2009b
Fiberglass cisterin 114 2008USD | $1,337.00 $1,308.00 $138065 | $1,35070 | 6503 $2123 $20.77 WERF, 2009b
Fiberglass cisterin 114 2008USD | $1,567.00 $1,308.00 $1618.15 | $1,35070 | 9290 $17.42 $14.54 WERF, 2009b
Rain barrel No Info Given | 2007 CAD $195.00 No Info Given $202.90 N/A 239.13 $0.85 N/A City of Hamilton, 2007
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Figure C-1: Estimated capital cost per rainwater harvesting tank (in 2010 $CDN) vs.
impervious area treated (in m?)
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Figure C-2: Estimated O&M cost per rainwater harvesting tank (in 2010 $CDN) vs.
Impervious area treated (in m?

Table C-3: Summary of cost data for downspout disconnection

. capi o o Annual Unit O&M
LID Design Type Currency in year Avg :::::I':;:s‘t per Annual O&M costs (in| Avg. capital cost per | Annual O&M costs (in Area treated 1m2) Unit Capital Cost — ($CDNIm2 References
i 2
reported (in currency reported) currency reported) | LID (in 2010 $CDN) 2010 $CDN) ($CDN/m” treated) eamtad)
Downspout system 2010 CAD $100.00 No Info Given $100.00 No Info Given 160 $0.63 N/A CVC & TRCA, 2010
Downspout system 2005 USD $100.00 No Info Given $110.21 No Info Given 160 $0.69 N/A Fairfax County, 2005
Downspout system 2006 USD $100.00 No Info Given $107.88 No Info Given 160 $0.67 N/A CWP, 2007
Downspout system 2009 CAD $55.00 No Info Given $55.00 No Info Given 160 $0.34 N/A Farahbakhsh, Despins,
& Leidl, 2008
Downspout system 2010 CAD $25.00 No Info Given $25.00 No Info Given 140 $0.18 N/A RiverSides, n.d
Roof disconnection 2007 CAD 500 No Info Given 520.25 No Info Given 239 $2.18 N/A City of Hamilton, 2007
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Figure C-3: Estimated capital cost for downspout disconnection installation (in 2010
$CDN) vs. Impervious area treated (in m?
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Table C-4: Summary of cost data for dry well

. Avg. capital cost per | Annual O&M costs . P )
Currency in year Avg. capital cost per LID [ Annual 0&M costs ) Unit Capital Cost Annual Unit &M Cost
LID Design Type component (in currency Area treated (m®) 2 2 References
reported (in currency reported) reported) (in 2010 $CDN) (in 2010 $CDN) ($CDN/m"” treated) ($CDN/m"” treated)
Dry well unit 2006 USD $62,765.00 No Info Given $68,663.93 NA 10000 $6.87 NA CVC & TRCA, 2010
Dry well unit 2005 USD $10,000.00 $800.00 $11,202.74 $903.42 2023 $5.58 $0.45 Fairfax County, 2005
Dry well unit 2006 USD $41,745.00 No Info Given $45,668.37 NA 4047 $11.28 NA CWP, 2007
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Figure C-4: Estimated capital cost for dry well installation (in 2010 $CDN) vs. Impervious

area treated (in m?

Table C-5: Summary of cost data for green roof

LID Design Type

Currency in year

Avg. capital cost per
component

Annual O&M costs (in

Avg. capital cost per LID

Annual O&M costs (in

Area treated (m?)

Unit Capital Cost

Annual Unit O&M Cost

References

reported (incurrency reported) | CuTency reported) (in 2010 SCDN) 2010 SCDN) (SCDN/m? treated) (SCDN/m treated)
Extensive Green roof 2007 CAD $147.50 $23.35 $152.95 $24.30 1 $170.16 $24.30 CVC & TRCA, 2010
Extensive Green roof 2005 USD $17.50 Noinfo given $19.92 NA 01 $214.42 NA Fairfax County, 2005
Extensive Green roof 2005 USD $250,00000 $1,600.00 $284,602.96 $1,62146 2023 $140.66 $0.90 Fairfax County, 2005
Green roof assembly 2004 CAD $82.50 Noinfo given $91.79 NA 1 $91.79 NIA iau"'g‘fmz"zh\‘/:"m“:'s;;j
Green roof assembly 2007 USD $13.35 Noinfo given $1431 NA 01 $154.04 NA Hathaway & Hunt, 2007
Extensive Green roof 2006 USD $617,10000 Noinfo given $900,741.68 NA 4047 $222.58 NA CWP, 2007
Intensive Green Rooftops 2006 USD $1,125,300.00 Noinfo given $1,241,021.86 NA 4047 $306.66 NA CWP, 2007
Extensive Green roof 2003 USD $1175 Noinfo given $14.20 NA 01 $152.85 NA City of Chicago, 2003
Intensive Green Rooftops 2003 USD $2150 Noinfo given $25.98 NA 01 $279.66 NA City of Chicago, 2003
Extensive Green Roofs 2006 USD $12.50 Noinfo given $13.78 NA 01 $148.33 NA PZE”:’H?;EV?'P‘Zggﬁfs
retroft green roof 2003 USD $1350 Noinfo given $16.31 NiA 04 $175.57 NA CWP, 2003
new green roof 2003 USD $8.50 Noinfo given $10.27 NiA 04 $110.55 NA CWP, 2003
Modular green roof assembly 2008 USD $119.995.00 $3,469.00 $123,912.39 $3,562.25 300 $413.04 $11.94 WERF, 2007b
Modular green roof assembly 2008 USD $151,604.00 $3,95000 $156,553.29 $4,078.95 400 $391.38 $10.20 WERF, 2007b
Modular green roof assembly 2008 USD $189.497.00 $4,477.00 $195,683.36 $4,623.16 500 $39137 $9.25 WERF, 2007b
Modular green roof assembly 2008 USD $227,406.00 $5,004.00 $234,820.95 $5,167.37 600 $391.38 $8.61 WERF, 2007b
Modular green roof assembly 2008 USD $265,30000 $5,532.00 $273,961.04 $5,712.60 700 $39137 $8.16 WERF, 2007b
Modular green roof assembly 2008 USD $303,193.00 $6,059.00 $313,001.11 $6,256.80 800 $391.36 s7.82 WERF, 2007b
Rooftop Gardens (commercial) 2007 CAD $130.00 Noinfo given $135.27 N/A 1 13527 NA City of Hamitton, 2007
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Capital costs (2010 $CAD)
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Figure C-5: Estimated capital cost for green roof installation (in 2010 $CDN) vs.

Impervious area treated (in m?
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Annual O&M costs (2010 $CAD)
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Figure C-6: Estimated O&M cost for green roof installation (in 2010 $CDN) vs.
Impervious area treated (in m?

Table C-6: Summary of cost data for permeable pavements

. Avg. capital cost per . . . . .
. Currency in year Annual O&M costs (in | Avg. capital costper LID | Annual O&M costs (in Unit CapitalCost | Annual Unit O&M Cost
LID Design Type component Area treated (m?) 2 a References
reported (in cumeney reported) | cuency reported) (in 2010 SCDN) 2010 SCDN) (SCDN/m’ treated) (SCDN/m? treated)
Paver 2005 USD $12,000.00 No info given $13,660.94 NA 202 $67.51 NA Fairfax County, 2005
Paver 2007 USD $9.61 No info given $10.31 NA 0.1 $110.98 N/A Hathaway & Hunt, 2007
Paver 2006 USD $435,600.00 No info given $480,395.56 NA 4047 $118.71 N/A CWP, 2007
Paver - Asphalt 2003 USD $0.75 $200.00" 5091 $0.01 04 $9.80 $0.06 CWP, 2003
Paver - Porous Concrete 2003 USD $4.25 $200.00% $5.14 $0.01 0.1 $55.33 $0.06 CWP, 2003
Paver - Grassigravel pavers 2003 USD $363 $200.00" $4.38 $0.01 04 $47.15 50.06 CWP, 2003
Interlocking Concrete N
Paving Blocks 2003 USD $7.50 $200.00° $9.06 $0.01 0.1 $97.52 $0.06 CWP, 2003
Paver - Asphalt 2005 USD $28,780.00 $870.00 $33,873.53 $990.42 2023 $16.74 $0.49 WERF, 2007b
Paver - Porous Concrete 2005 USD $186,960.00 $4,203.00 $220,048.48 $4,887.20 2023 $108.75 $2.42 WERF, 2007b
Paver - Grass/gravel pavers 2005 USD $165,430.00 $3,827.00 $194,708.07 $4,356.71 2023 $96.23 $2.15 WERF, 2007b
Interlocking Concrete 2005 USD $287,580.00 $6,470.00 $338.476.38 $7,365.52 2023 $167.28 $3.64 WERF, 2007b
Paving Blocks
Single-lot Residential 2007 CAD $3,360.00 Noinfo given $3,360.00 NA 28 $120.00 N/A City of Hamilton, 2007
pervious drivewa
Pervious pavements for
driveway/parking areas 2007 CAD $120.00 No info given $124.86 NA 1 $124.86 N/A City of Hamilton, 2007
high-rise)

::xﬁ:fnf"eme"‘ n 2007 CAD $70,616.00 Noinfo given $73,476.23 NA 10000 $7.35 N/A Gity of Hamilton, 2007

* Annual maintenance in $/acrelyear
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Figure C-7: Estimated capital cost for permeable pavement installation (in 2010 $CDN) vs.
impervious area treated (in m2)
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Figure C-8: Estimated O&M cost for permeable pavement installation (in 2010 $CDN) vs.
Impervious area treated (in m?
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Table C-7: Summary of cost data for bioretention

LID Design Type | Surrency in year “’9-;::‘":':;;‘"‘" Am;il::lg:;:;m B EEHECTIET | AMEICHIEES | ey || ik CERIEIGRR: A::‘::: :slg‘ri;n?::“ References
reported (|r:ecur:!eer;cy reported) LID (in 2010 $CDN) (in 2010 $CDN) ($CDN/m? treated) treated)
ported)

Bioretention cell 2005 USD $10,000.00 $925.00 $11,384.12 $1,053.03 2023 $5.63 $052 Fairfax County, 2005
Bioretention cell 2006 USD $62,765.00 No info given $68,663.93 NA 10000 $6.87 NA CVC & TRCA, 2010
Slo retentionn lay 2003 USD $2,742.12 $143.11 $331338 $172.93 1214 $273 $0.14 Wossink & Hunt, 2003
S;‘;"ewmm in clay 2003 USD $55,363.28 $217.77 $66,896.84 $263.13 19223 $3.48 $0.01 Wossink & Hunt, 2003
?;‘?L’e'e““"" in clay 2003 USD $113,652.85 $240.79 $137,329.60 $290.95 37231 $3.69 $0.01 Wossink & Hunt, 2003
Bioretention cell 2003 USD $1688.48 $143.11 $2,040.24 $172.93 1214 $1.68 $0.14 Wossink & Hunt, 2003

cell 2003 USD $5,661.22 $217.77 $6,840.59 $263.13 19223 $0.36 $0.01 Wossink & Hunt, 2003
Bioretention cell 2003 USD §7,562.35 $240.79 $9,137.78 $290.95 37231 $0.25 $0.01 Wossink & Hunt, 2003
Rain Garden 2003 USD $11.00 No info given $13.29 NA 01 $143.06 NA CWP, 2003
Bioretention area 2007 USD $3.00 No info given $3.22 NA 01 $34.66 NA Ha'“a’”;gyof Hunt,
Rain garden 2006 USD $14,520.00 No info given $16,013.18 NA 4047 $3.96 NA CWP, 2007
New Bioretention area 2006 USD $25,400.00 No info given $28,012.05 N/A 4047 $6.92 NA CWP, 2007
i’l“rz:'ila“”e'e"""" 2006 USD $108,900.00 No info given $120,098.89 N/A 4047 $29.68 NA CWP, 2007

Planter 2006 USD $98,010.00 No info given $108,089.00 NA 4047 $26.71 NA CWP, 2007
;1"9&23"’9‘9"““ 2006 USD $38,115.00 No info given $42,034 61 NA 4047 $10.39 NA CWP, 2007
Bioinfiltation 2003 USD $3.50 No info given $423 NA 01 $45.53 NA City of Chicago, 2003
Rain garden 2008 USD $658.00 $183.80 $679.48 $189.80 9 §73.14 $20.43 WERF, 2007b
Rain garden 2008 USD $1351.89 $193.80 $12396.03 $200.13 28 $50.09 $7.18 WERF, 2007b
Rain garden 2008 USD $2,046.00 $203.80 $2,112.79 $210.45 46 $45.49 $4.53 WERF, 2007b
Rain garden 2008 USD $2,740.00 $213.80 $2,829.45 $220.78 65 $43.51 $3.40 WERF, 2007b
Rain garden 2008 USD $3,435.00 $223.80 $3,547.14 $231.11 84 $42.42 $2.76 WERF, 2007b
Rain garden 2008 USD $4,129.00 $402.60 $4,263.80 $415.74 102 $41.72 $4.07 WERF, 2007b
Rain garden 2008 USD $4,823.00 $412.60 $4,980.45 $426.07 121 $41.24 $353 WERF, 2007b
Rain garden 2008 USD $5,517.00 $422.60 $5,607.11 $436.40 139 $40.88 $3.13 WERF, 2007b
In-curb Planter Vault 2008 USD $10,000.00 $455.00 $10,722.95 $487.90 40 $264.97 $12.06 WERF, 2007b
In-curb Planter Vault 2008 USD $10,000.00 $455.00 $10,722.95 $487.90 202 $52.99 $2.41 WERF, 2007b
In-curb Planter Vault 2008 USD $10,000.00 $455.00 $10,722.95 $487.90 405 $26.50 $121 WERF, 2007b
In-curb Planter Vault 2008 USD $10,000.00 $455.00 $10,722.95 $487.90 1012 $10.60 $0.48 WERF, 2007b
In-curb Planter Vault 2008 USD $20,000.00 $1,090.00 $21,445.91 $21,909.14 2023 $10.60 $10.83 WERF, 2007b
In-curb Planter Vault 2008 USD $40,000.00 $2,900.00 $42,891.80 $43,818.26 4047 $10.60 $10.83 WERF, 2007b
Filters/bio-retention 2007 CAD $390.00 No info given $405.80 N/A 4 $101.45 NA City of Hamilton, 2007

NOTE: Cost estimates apply to bioretention implemented as a lot, linear, and an area based practice
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Figure C-9: Estimated capital cost for bioretention installation (in 2010 $CDN) vs.
Impervious area treated (in m?
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Figure C-10: Estimated O&M cost for bioretention installation (in 2010 $CDN) vs.
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Linear-based LID Practices

Table C-8: Summary of cost data for filter strip and level spreaders

N Avg. capital cost per| Annual 0&M ; Annual O&M . n Annual Unit O&M
- Unit Capital Cost
LID Design Type Currreem;y rtI: dyear component costs (in ‘I\.‘ig ;:i?‘p;: 1' : ;sct[m;)r costs (in 2010 | Area treated (m?) ':Dma':' :: Cost ($CDN/m’ References
P! (in currency currency $CDN) (5 Rsated) treated)

Filter strip 2009 CAD $6.25 No Info Given $6.34 No Info Given 1 $6.34 NA CVC & TRCA, 2010
Biofiltration strip 1999 USD $63,037.00 $2,750.00 $84,124.44 $3,669.94 3930 $21.41 $0.93 CALTRANS, 2004
Filter strip 2006 USD $21,780.00 No Info Given $24,019.78 No Info Given 4047 $5.94 NA CWP, 2007

Vegetated filter strip 2006 USD $21,500.00 $350.00 $23,752.17 $357.56 4047 $5.87 $0.09 EPA, 2006
Pennsylvania Department
Vegetated filter strip 2006 USD 50,000 750 55237.60 828.57 4047 $13.65 $0.20 of Environmental
Protection, 2006

Note: No date is given for the costs reported in the Pennsylvania Department of Environment Protection
(2006). It is assumed the cost is reported in 2006 USD, which corresponds to the year the document was

issued.

Capital costs (2010 $CAD)
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Figure C-11: Estimated capital cost for filter strip or level spreader installation (in 2010
$CDN) vs. Impervious area treated (in m?
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Figure C-12: Estimated O&M cost for filter strip or level spreader installation (in 2010
$CDN) vs. Impervious area treated (in m?)

Table C-9: Summary of cost data for grass channel

LID Design Currency in Avegr'(f:::t:ln::t Ar::;:; z:‘M Avg. capital cost| Annual O&M Unit Capital | Annual Unit O&M
= 9 year per P! per LID (in 2010| costs (in 2010 |Area treated (m?)| Cost (SCDN/m? | Cost ($CDN/m? References
DES reported | (i currency | $CDN) $CDN) treated) treated)
P reported) reported)
Grass channel | 2006 USD $44,850.00 No info given $49,462.21 No info given 10000 $4.95 N/A CVCZ%E{CA'
Biofiltration
swale 1999 USD $57,818.00 $2,750.00 $77,159.56 $3,669.94 4500 $17.15 $0.82 CALTRANS, 2004
Grass channel | 2007 USD $0.95 No info gi $1.02 No info gi 0.1 $10.98 NIA Hathaway &
rass channel . o info given . o info given . . Hunt, 2007
Grass channel | 2006 USD $45,375.00 No info given $50,041.21 No info given 4047 $12.37 N/A CWP, 2007
Pennsylvania
Grass Swale | »556 ysp $6.50 $0.75 per unitarea|  $7.18 $0.83 14 $5.15 $0.59 Department of
(from seed) Environmental
Protection, 2006
Pennsylvania
Grass Swale . Department of
(from sod) 2006 USD $17.50 $0.75 per unit area $19.35 $0.83 1.4 $13.89 $0.59 Environmental
Protection, 2006
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Figure C-13: Estimated capital cost for grass channel installation (in 2010 $CDN) vs.
Impervious area treated (in m?

Annual O&M costs (2010 $CAD)
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Figure C-14: Estimated O&M cost for grass channel installation (in 2010 $CDN) vs.
Impervious area treated (in m?)
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Table C-10: Summary of cost data for dry swale

4500 5000

LID Design Type Currency in year AVQ'::;';T"‘:;‘ per Am::::’::g::‘z;s‘s Avg. c.apital cost per| An.nual O&M costs Area treated (mz) Unit Cagital Cost A::::‘(:(;‘I’J‘N?r::w References
reported (in currency reported) LID (in 2010 $CDN) (in 2010 $CDN) ($CDN/m" treated) treated)

Bioslope 2005 USD $10,000.00 $200.00 $11,384.12 $227.68 2023 $5.63 $0.11 Fairfax County, 2005
Swale 2006 USD $83,490.00 No Info Given $92,075.82 No Info Given 4047 $22.75 NA CWP, 2007
Swale 2005 USD $625.00 $246.00 $711.50 $280.05 202 $3.52 $1.38 WERF, 2007b
Swale 2005 USD $1,125.00 $246.00 $1,280.71 $280.05 405 $3.16 $0.69 WERF, 2007b
Swale 2005 USD $5,250.00 $246.00 $5,976.67 $280.05 2023 $2.95 $0.14 WERF, 2007b
Swale 2005 USD $9,750.00 $246.00 $11,099.51 $280.05 4047 $2.74 $0.07 WERF, 2007b
Swale 2005 USD $18,750.00 $246.00 $21,345.22 $280.05 20235 $1.05 $0.01 WERF, 2007b
Swale 2005 USD $37,500.00 $246.00 $42,690.45 $280.05 40469 $1.05 $0.01 WERF, 2007b
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Figure C-15: Estimated capital cost for dry swale installation (in 2010 $CDN) vs.
Impervious area treated (in m?
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Figure C-16: Estimated O&M cost for dry swale installation (in 2010 $CDN) vs.
Impervious area treated (in m?

Table C-11: Summary of cost data for soakaway pit or infiltration trench

LID Design Type Currency in Avg'::::;ln‘::;t per Am:r:::g:rnz;s‘s Avg. capital cost per| Annual O&M costs e — (mz) Unit Capital Cost A:::tal(:cng;::\ﬂ References
- ; )

year reported (D Iy i) LID (in 2010 $CDN) | (in 2010 $CDN) ($CDN/m’ treated) trestad
Infiltration trench | 2005 USD $10,000.00 $650.00 $11,384.12 $739.97 2023 $5.63 $0.37 Fairfax County, 2005
Infiltration trench | 2006 USD $62,765.00 No info given $68,663.93 N/A 10000 $6.87 NA CVC & TRCA, 2010
:‘r:’ngci'”f""a""" 1993 USD $13,500.00 $700.00 $20,771.49 $934.17 38 $549.83 $24.73 US EPA, 1999
‘Sr;”:c':q'”f""a""" 1993 USD $5,750.00 $325.00 $8,847.12 $433.72 38 $234.19 $11.48 US EPA, 1999
Infiltration trench | 1999 USD $146,154.00 $2,660.00 $195,046.14 $3,540.84 14000 $13.93 $0.25 CALTRANS, 2004
Soakaway Pit 2007 CAD $30,000.00 No info given $31,215.12 NA 10000 $3.12 NA City of Hamilton, 2007

NOTE: Soakaways are similar in construction to infiltration trenches (TRCA, 2007) so the cost data obtained will apply to

both practices.
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Figure C-17: Estimated capital cost for soakaway pit or infiltration trench installation (in
2010 $CDN) vs. Impervious area treated (in m?)
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Figure C-18: Estimated O&M cost for soakaway pit or infiltration trench installation (in
2010 $CDN) vs. Impervious area treated (in m?)

187



APPENDIX D.1: Case study data and results for
hydrological performance evaluation

D.1 LID Planning Framework Component 1: Evaluation of Hydrological
Performance

D.1-1.

Input Data

Table D.1-1: Screening of the Rainfall Records in Barrie WPCC Rain Gauge Station
(adapted from Li et al. (2010))

Monitoring Period
Year | Starting Date | Ending Date | *°f Missing .
Records, in Missing Record Dates
(Apr 1%) (Nov 1%)
Days
1968 May 1 June 1 183 Apr 1 to 30, June 2 to Nov 1
1978 July 1 Nov 1 92 Apr 1 to June 30, Aug 16
1979 Apr 1 Nov 1 2 June 23 to 24
1980 Apr 1 Nov 1 2 July 21, Oct 5
1981 Apr 1 Oct 31 2 July 19, Nov 1
1982 Apr 1 Nov 1 29 June 2 to 30
1983 Apr 1 Nov 1 o | e
1984 Apr 1 Nov 1 o | e
1985 Apr 1 Nov 1 o | e
1986 Apr 1 Oct 30 5 Oct 13 to 16, Nov 1
1987 Apr 1 Sept 28 34 Sept 29 to Nov 1
July 23, July 26, Oct 6 to 11,
1988 July 1 Oct 31 10 Oct 24. Nov 1
1989 Apr 1 Nov 1 o | e
1990 Apr 1 Nov 1 2 June 23 to 24
1991 Apr 1 Nov 1 1 Apr7
Apr 7, May 2 to 31,
1992 Apr 1 Oct 1 62 Oct 2 to Nov 1
1993 Apr 1 Nov 1 o | e
1994 Apr 1 Nov 1 o | e
1995 Apr 1 Nov 1 1 Apr 3
1996 Apr 11 Nov 1 10 Apr 1to 10
1997 May 1 Nov 1 30 Apr 1 to 30
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1998 Apr 2 Nov 1 1 Apr 1
1999 Apr 1 Nov 1 o | e
2000 Apr 1 Nov 1 o | -
2001 Apr 1 Nov 1 o | e
2002 Apr 1 Nov 1 1 Apr 28
2003 Apr 1 Nov 1 2 Apr 3, Aug 6
* Rain season is between April 1 and November 1.
D.1-2. Identification of number of models to run

Table D.1-2: Distribution of Lots in Lake Simcoe Watershed Suitable for Green Roof

Frequency

Application
Bin Buildings over 350m?
Frequency Cumulative %
0 0 0.00%
11 63 11.41%
22 157 39.86%
33 191 74.46%
44 78 88.59%
55 22 92.57%
66 9 94.20%
77 8 95.65%
88 11 97.64%
100 13 100.00%
Total # of Lots 552
Region 1 Region 2 Region 3
250 w7 100%

p—

0

11 22

33 44 55 66
Building Size/ Lot Size (%)

[ om . mm BN |

77 88 100

90%

80% o

70%% == Frequency
3

60% 5
o

50% 2

40% 3 - Cumulative %

30%3

20%

10%

0%

Figure D.1-1: Histogram of building size-to-lot size ratio for Green Roof
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Table D.1-3: Distribution of Lots in Lake Simcoe Watershed Suitable for Soakaway Pit

Application
Bin Commercial Residential
Frequency Cumulative % |Frequency Cumulative %
0 0 0.00% 0 0.00%
11 13 13.27% 422 5.92%
22 31 44.90% 2536 41.51%
33 36 81.63% 2789 80.65%
44 14 95.92% 1256 98.27%
55 4 100.00% 101 99.69%
66 0 100.00% 10 99.83%
77 0 100.00% 6 99.92%
88 0 100.00% 5 99.99%
100 0 100.00% 1 100.00%
Total # of Lots 98 7126
Region 1 Region 2 Region 3
40 100%
35 /./- 90%
80% o
30 70% é‘ m—— Frequency
?25 60% g
% 20 50% % e e
- 15 40% é

30%
10

20%
51 10%
0! 0%

0 " 22 7 88 100

33 44 55 66
Building Size/ Lot Size (%)

Figure D.1-2: Histogram of building size-to-lot size for soakaway pit application on lots
designated as commercial land use

Region 1 Region 2 Region 3
3000 100%
/’- 90%
2500 o
8, Frequency
g
2000 0% H
g 60% 3
2 1500 50% Q —=— Cumulative %
£ 2
v 40% 3
1000 | E
0% 3
20%
500
10%
o = 0%
0 11 2 33 4 5 66 77 8 100
Building Size/ Lot Size (%)

Figure D.1-3: Histogram of building size-to-lot size for soakaway pit application on lots
designated as residential land use
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Table D.1-4: Distribution of Lots in Lake Simcoe Watershed Suitable for downspout
disconnection Application

Bin Commercial Industrial Residential
Frequency Cumulative % |Frequency Cumulative % |Frequency Cumulative %
0 0 0.00% 0 0.00% 0 0.00%
11 21 9.25% 96 13.50% 440 5.77%
22 71 40.53% 258 49.79% 2659 40.63%
33 72 72.25% 246 84.39% 2943 79.21%
44 30 85.46% 77 95.22% 1315 96.45%
55 10 89.87% 20 98.03% 147 98.37%
66 9 93.83% 11 99.58% 26 98.72%
77 3 95.15% 2 99.86% 28 99.08%
88 4 96.92% 0 99.86% 27 99.44%
100 7 100.00% 1 100.00% 43 100.00%
Total # of Lots 227 71 7628
. e [
60 - oo 28
- e e
ol ;I:ljm ;0,/
Building Size/ Lot Size (%)

Figure D.1-4: Histogram of building size-to-lot size for downspout disconnection
application on lots designated as commercial land use
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100
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Figure D.1-5: Histogram of building size-to-lot size for downspout disconnection
application on lots designated as industrial land use
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Figure D.1-6: Histogram of building size-to-lot size for downspout disconnection
application on lots designated as residential land use

Table D.1-5: Distribution of lots in Lake Simcoe Watershed Suitable for dry well

application

Bin Commercial Industrial Residential
Frequency Cumulative % |Frequency Cumulative % |Frequency Cumulative %
0 0 0.00% 0 0.00% 0 0.00%
11 23 11.86% 100 14.18% 2368 23.46%
22 61 43.30% 254 50.21% 3328 56.42%
33 67 77.84% 246 85.11% 3043 86.57%
44 31 93.81% 73 95.46% 1238 98.83%
55 9 98.45% 18 98.01% 95 99.77%
66 1 98.97% 11 99.57% 3 99.80%
77 0 98.97% 2 99.86% 4 99.84%
88 1 99.48% 0 99.86% 11 99.95%
100 1 100.00% 1 100.00% 5 100.00%
Total # of Lots 194 705 10095
7 r 0o
Building Size/ Lot Size (%)

Figure D.1-7: Histogram of building size-to-lot size for dry well application on lots
designated as commercial land use
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Figure D.1-8: Histogram of building size-to-lot size for dry well application on lots
designated as industrial land use
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Figure D.1-9: Histogram of building size-to-lot size for dry well application on lots
designated as residential land use

Table D.1-6: Distribution of lots in Lake Simcoe Watershed Suitable for rainwater
harvesting application

Bin Commercial Industrial Residential
Frequency Cumulative % |Frequency Cumulative % |Frequency Cumulative %
0 0 0.00% 0 0.00% 0 0.00%
11 23 11.86% 100 14.18% 530 6.36%
22 61 43.30% 254 50.21% 3053 43.01%
33 67 77.84% 246 85.11% 3268 82.24%
44 31 93.81% 73 95.46% 1307 97.92%
55 9 98.45% 18 98.01% 117 99.33%
66 1 98.97% 11 99.57% 13 99.48%
77 0 98.97% 2 99.86% 12 99.63%
88 1 99.48% 0 99.86% 17 99.83%
100 1 100.00% 1 100.00% 14 100.00%
Total # of Lots 194 705 8331
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Figure D.1-10: Histogram of building size-to-lot size for rainwater harvesting application
on lots designated as commercial land use
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Figure D.1-11: Histogram of building size-to-lot size for rainwater harvesting application
on lots designated as industrial land use
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Figure D.1-12: Histogram of building size-to-lot size for rainwater harvesting application
on lots designated as residential land use
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Table D.1-7: Modelled Lots for Existing Conditions Function

Residential 434202200809800 114 DUNLOP STE BAR-NE40
Green Roof Industrial 434204000603502 80 MORROW RD BAR-SW13 1860.14 | 922.38 49.59 91.20
Industrial 434203200306100 20 ELLIOTT AVE BAR-C23 13323.80 | 2386.12 17.91 91.83

1a) Resource & Industrial | 434203200304101 26 Ferndale Drive BAR-C23 18939.50 | 367.81 1.94 24.83

1b) Resource & Industrial | 434203200301800 428 Tiffin St BAR-C25 5511.15 | 365.49 6.63 92.80
2a) Residential 434203102002800 114 Anne StN BARNW12 3749.39 | 664.66 17.73 49.14
2b) Resource & Industrial | 434204000202100 134 Tiffin St BAR-C25 2150.79 | 351.83 16.36 87.62
3a) Residential 434201201505700 88 Cook St BAR-NE14 1906.44 | 455.60 23.90 28.15
3b) Open Area 434203102200225 500 Dunlop StW BAR-C16 8981.86 | 2821.62 31.41 79.58
4a) Resource & Industrial | 434203101902602 36 Lennox Dr BAR-C16 1,641 | 553.299 33.72 34.83
4b) Resource & Industrial | 434204000206010 134 Anne St BAR-C25 131511 | 471.79 35.87 82.56
5a) Residential 434203200504600 34 Simcoe St BAR-NE39 2408.77 | 1145.14 47.54 77.04
5b) Commercial 434202200306500 89 Collier St BAR-NE40 792.81 | 412.19 51.99 88.09
6a) Resource & Industrial | 434204000202500 168 Tiffin St BAR-C25 15792.20 | 9367.56 59.32 70.31
6b) Residential 434202200802200 89 Dunlop StE BAR-NE40 607.21 | 35846 59.03 91.23
7a) Residential 434202200809700 110 Dunlop StE BAR-NE40 544.13 | 390.07 71.69 72.26
7b) Residential 434203200504100 33 Mary St BAR-NE39 79689 | 56444 70.83 94.33
8a) Residential 434202200805700 46 Dunlop StE BAR-NE39 609.21 | 469.13 77.01 79.87
8b) Commercial 434202200802500 | 105-107 Dunlop StE BAR-NE40 500.68 | 398.25 79.54 99.43
9%a) Residential 434202200810700 6569 Collier St BAR-NE40 04212 | 834.84 88.61 88.96
9b) Residential 434202200301410 17 Mulcaster St BAR-NE40 47739 | 459.77 96.31 96.31
Commercial 434202200305600 115 COLLIER ST BAR-NE32 75520 | 123.26 16.32 34.08

Commercial 434202200306000 105 COLLIER ST BAR-NE40 319.29 | 106.67 33.41 77.58

. Commercial 434202201003701 44 COLLER ST BAR-NE39 2957.15 | 1218.86 41.22 75.19
Soakaway Pit Residential 434201100503600 148 PUGET ST BAR-NE8 78948 | 130.78 16.57 28.88
Residential 434205000606798 | 29 STEPHANIE LANE BAR-SE85 406.85 | 201.07 49.42 60.75

Residential 434203200510000 14 HIGH ST BAR-C5 006.74 | 706.65 77.93 77.93

Commercial 434202201002700 35 WORSLEY ST BAR-NE39 512.52 | 409.20 79.84 91.92

Commercial 434202200307200 100 COLLEER ST BAR-NE40 613.76 | 245.84 40.06 92.86

Commercial 434203101904400 125 EDGEHILL DR BAR-C1 248359 | 414.76 16.70 56.69

Downspout Industrial 434203101005900 8 ECCLES STN BAR-C5 337.20 | 221.70 65.75 85.70
Disconmention Industrial 434204000501200 151 TFFINST BAR-C26 3590.96 | 1842.12 51.30 88.65
Industrial 434204000202100 134 TFFINST BAR-C25 2150.79 | 351.83 16.36 87.62

Residential 434202200805800 50 DUNLOP STE BAR-NE39 497.97 | 433.71 87.10 87.10

Residential 434205000606606 103 ESTHER DR BAR-SE85 526.08 | 260.27 49.47 58.15

Residential 434201201613800 12 MELROSE AVE BAR-NE13 83564 | 137.88 16.50 24.80

Commercial 434203101904400 125 EDGEHILL DR BAR-C1 248359 | 414.76 16.70 56.69

Commercial 434202200307200 100 COLLIER ST BAR-NE40 613.76 | 245.84 40.06 92.86

Commercial 434202201002700 35 WORSLEY ST BAR-NE39 512.52 | 409.20 79.84 91.92

Industrial 434203101005900 8 ECCLES STN BAR-C5 337.20 | 221.70 65.75 85.70

Dry Well Industrial 434204000501200 151 TIFFINST BAR-C26 3590.96 | 1842.12 51.30 88.65
Industrial 434204000202100 134 TIFFINST BAR-C25 2150.79 | 351.83 16.36 87.62

Residential 434202200810700 6569 COLLIER ST BAR-NE40 04212 | 834.84 88.61 88.96

Residential 434205000606606 103 ESTHER DR BAR-SE85 526.08 | 260.27 49.47 58.15

Residential 434202101404700 136 OWEN ST BAR-NE39 1334.87 | 220.22 16.50 20.29

Commercial 434202201002700 35 WORSLEY ST BAR-NE39 512.52_ | 409.20 79.84 91.92

Commercial 434202200307200 100 COLLIER ST BAR-NE40 613.76 | 24584 40.06 92.86

Commercial 434203101904400 125 EDGEHILL DR BAR-C1 248359 | 414.76 16.70 56.69

Raimwater Industrial 434203101005900 8 ECCLES STN BAR-C5 337.20 | 221.70 65.75 85.70
Harvesting Industrial 434204000501200 151 TIFFINST BAR-C26 3590.96 | 1842.12 51.30 88.65
Industrial 434204000202100 134 TIFFINST BAR-C25 2150.79 | 351.83 16.36 87.62

Residential 434202200810700 65-69 COLLEER ST BAR-NE40 94212 | 834.84 88.61 88.96

Residential 434205000606606 103 ESTHER DR BAR-SE85 526.08 | 260.27 49.47 58.15

Residential 434202101404700 136 OWEN ST BAR-NE39 1334.87 | 220.22 16.50 20.29
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D.1-3.

Green Roof Model

SWMM Input Parameters for LID Modules

To implement the green roof in the SWMM model, a few design assumptions were applied. It

was assumed that the green roof was applied on the 75% of the roof area. As a result, the

percentage of area in which the LID occupies was determined by the following equation:

% of subcatchment area =

75% X building area

lot area

The percent impervious area in the subcatchment box was also affected as a result of the

green roof application. Since the green roof is implemented on the roof, a portion of the

impervious area will be decreased upon implementation.

75%Xxbuilding area

% of subcatchment area =

lot area

%ImpernoLip—(%of subcatchment area)

Revised % impervious area =

1-% of subcatchment area

The “%of subcatchment area” is the percentage of lot area in which the LID occupies. This

value is located in the “BMP Editor box”

Table D.1-8: Parameters in the “Subcatchment” Box of the SWMM-LID Program for
Green Roof Model

Parameter Values

Names of Parameters Symbols | Region1 | Region2 | Region 3
user-assigned name of subcatchment Name GreenRoof
rain gage assigned to subcatchment Rain Gage RainGage
name of node or another subcatchment that Outlet 01
receives runoff
area of subcatchment, in hectares Area 1.33238 0.1860 0.0642
width of overland flow path, in metres Width 47.3 30.5 13.3
average surface slope, in % %Slope 2
per‘i\‘fﬁ:ﬁél‘lﬁfgg'ous area, in % %Imperv 91.83 100 96.51
per‘z‘e,vr;:r?fl_'{{‘)';’e“"ous area, in % %Imperv 90.56 100 90.775
Mannings n for impervious area N-Imperv 0.015
Mannings n for pervious area N-Perv 0.24
depth of depression storage on impervious Dstore- 1.524
area, in mm Imperv
depth of depression storage on pervious Dstore-Perv 7.62

area, in mm
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percent of impervious area with no %Zero- 25

depression storage, in % Imperv

choice of internal routing between pervious Subarea Outlet

and impervious sub-areas Routing

percent of runoff routed between sub-areas, Percent 100

in % Routed

BMP/LID units BMP 1
Controls

Infiltration: Green-Ampt Method

suction head, innmm | - 88.9

conductivity, in mm/r | - 3.4

initial deficit e 0.463

Table D.1-9: Parameters in the “BMP Controls Editor” Box of the SWMM-LID Program
for Green Roof Model

Parameter Values

Names of Parameters Region 1 | Region 2 | Region 3
Process Layer: Surface
storage depth, in mm 0
length to width ratio, dimensionless 2.5 ‘ 2 ‘ 2
surface slope, in % 2
'surfa.ce roughness or Mannings n, 0.1
dimensionless '
_ swale_ side slope (run/rise), 5
dimensionless
Process Layer: Soil
thickness, in mm 95
porosity, in volume fraction 0.25
field capacity, in volume fraction 0.2
wilting point, in volume fraction 0.1
conductivity, in mm/hr 12.7
conductivity slope, dimensionless 10.0
suction head, in mm 88.9
Process Layer: Storage
height or thickness, in mm 300
void ratio, dimensionless 0.75
drain height, in mm 0
drain coefficient, in mm/hr 25.4
drain exponent, dimensionless 1
permeable bottom no
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Soakaway Pit Model

To implement the soakaway pit, a number of design assumptions were made. From
existing literature, it was determined that the soakway pit the depth of the stone should be a
maximum 1.5 metres (TRCA & CVC, 2010). It was also found that for this LID technology, it
can be assumed that the storage layer is filled with a uniformly-graded, washed 50 mm
diameter stone with a 40% void capacity (TRCA & CVC, 2010). For the area in which the
soakway pit would occupy in the subcatchment, “Table 3.2: Water Quality Storage
Requirements based on Receiving Waters” in the OMOE Stormwater Management Design
manual (OMOE, 2003) was used as a basis for the sizing criteria. This table is reproduced

below for reference.

Table D.1-10: Water quality storage requirements based on receiving waters (adapted
from OMOE, 2003)

Storage Volume (m®*/ha) for
Impervious Level
Protection Level | SWAIP Tipe 3505 35% T0%% 85%
Enhanced Infiltration 25 30 33 40
80%a1 -1 . -
- CORETEIR ) e tlands 80 105 120 140
5.5, 1emnoval
Hyln:d Wel Pond Wetland 110 150 175 195
Wet Pond 140 190 225 230
Normal Infiltration 20 20 25 30
70% long-term ] _ -
S S removal Wetlands 60 70 80 a0
Hybr:d Wet PondWetland 75 o0 105 120
Wet Pond a0 110 130 150
Basic Infiltration 20 20 20 20
60%% long-te . - -
o CRETEER ) Wetlands 60 60 50 60
S5 remaowval
Hyvbnid Wet PondWetland 60 70 73 80
Wet Pond 60 T3 33 93
Drv Pond (Continuous Flow) a0 130 200 240

In order for the soakaway pit to achieve an enhanced 80% long-term S.S. removal as an

infiltration practice, and assuming an 85% impervious level, the storage volume criteria to apply
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is 40 m*/ha. Therefore, to determine the soakaway pit based on the drainage area, which is

assumed to be the roof area in this case, the following is the sizing criteria that will apply:

Storage Volume (7:—5) X roofarea(mz) = Soakaway Pitwoidgpgee

40m3
10000

X 100f 4req(mz) = 0.40
Soakaway Pit Volume = 0.01 X 700 fy¢q(M?)

~ Area of Soakaway Pit = % X 100 fyreq (depth = 1.5m)

0.0067X100fgrea
Lot Size

%of Lot Area occupied by Soakaway Pit = x 100

The “percent of impervious area, in %” parameter will also change in the subcatchment editor
box (Table D.1-10) when applying the dry well. It is assumed that this practice will be placed on
a portion of the pervious area of the lot. As a result, the percent imperviousness parameter will

change as follows:

%imperviousness_noLID Lot Size

Revised % imperviousness = , : ,
100 (Lot Size—Area occupied by soakaway pit)

100

There is no underdrain included in this design. Using these design assumptions, the
appropriate parameters were calculated for the subcatchment and LID properties implemented
within the model developed in SWMM-LID. An ‘“infiltration trench” LID module was selected in
SWMM-LID to represent the dry well practice. These design assumptions were applied to all two

land-use categories assessment in this study for soakaway pit implementation.

Table D.1-11: Parameters in the “Subcatchment” Box of the SWMM-LID Program for
the Soakaway Pit Commercial and Residential Land Use Analysis

Parameter Values
Region
Names of Parameters Symbols | Region 1 Region 2 3

user-assigned name of subcatchment Name SoakawayPit
rain gage assigned to subcatchment Rain Gage RainGage
name of node or another Outlet 01
subcatchment that receives runoff
area of sul_)catchment, in hectares Area 0.07552 0.03193 02957
(Commercial)
area 'of su.bcatchment, in hectares Area 0.07895 0.04069 | 0.09067
(Residential)
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width of ov.erland flow path, in metres Width 16.80 10.00 50.0
(Commercial)
W|dth_ of oyerland flow path, in metres Width 17.4 12 29
(Residential)
average surface slope, in % %Slope 2
percent of impervious area, in % o 75.1
(without LID) (Commercial) Folmperv 84.08 77.58
percent of impervious area, in % o 75.4
(with LID) (Commercial) olmperv 84.17 77.75
percent of impervious area, in % o 77.9
(without LID) (Residential) folmperv 28.88 60.75
percent of impervious area, in % o 78.3
(with LID) (Residential) folmperv 28.91 60.95
Mannings n for impervious area N-Imperv 0.015
Mannings n for pervious area N-Perv 0.24
depth of depression storage on Dstore- 1.524
impervious area, in mm Imperv
depth of depression storage on Dstore-Perv 7.62
pervious area, in mm
percent of impervious area with no %Zero- 25
depression storage, in % Imperv
choice of internal routing between Subarea Outlet
pervious and impervious sub-areas Routing
percent of runoff routed between sub- Percent 100
areas, in % Routed
BMP/LID units BMP 1
Controls
Infiltration: Green-Ampt Method
suction head, innm | - 88.9
conductivity, inmm/hr | - 3.4
initial deficit | 0.463
Table D.1-12: Parameters in the “BMP Controls Editor” Box of the SWMM-LID
Program for the Soakaway Pit Commercial and Residential Land Use Analysis
Parameter Values
Region | Region | Region
Names of Parameters 1 2 3
Process Layer: Surface
storage depth, in mm 0
length to width ratio, dimensionless 1
surface slope, in % 5
surface roughness or Mannings n, 0.024
dimensionless '
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swale side slope (run/rise), 5
dimensionless
Process Layer: Storage
height or thickness, in mm 1500
void ratio, dimensionless 0.40
drain height, in mm 0
drain coefficient, in mm/hr 0
drain exponent, dimensionless 0.5
permeable bottom yes

Downspout Disconnection Model

The tables below show the properties that are used to describe the downspout disconnection

when implemented within the subcatchment for each land-use type. The assumptions regarding

the downspout design, routing of runoff after LID application, and SWMM-LID module are the

same for all land-use types assessed. In order to calculate the amount of impervious area

the LID occupies, a square commonly used downspout design of 76.2mm x 76.2mm was

assumed (DVC Aluminum, 2010).

It was also assumed that once the downspout is

disconnected, any runoff that flows through it will be directed to the pervious area of the

subcatchment. Finally, a “rain barrel” LID module was selected in SWMM-LID to represent the

downspout disconnection practice. The values used in the “BMP Controls Editor” Box of the

SWMM-LID Program for all land-use type modelled are shown in Table D.1-16.

Table D.1-13: Initial general parameters in the “Subcatchment” Box of the SWMM-LID
Program used to model Downspout Disconnection for all land-use types

Parameter Values

Names of Parameters Symbols Region 1 | Region 2 | Region 3
user-assigned name of Name Subcatchment_Downspout
subcatchment
 gegs s
name of node or another Outlet 01
subcatchment that receives runoff
average surface slope, in % %Slope 2
Mannings n for impervious area N-Imperv 0.011
Mannings n for pervious area N-Perv 0.15

1.524

depth of depression storage on

Dstore-Imperv
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impervious area, in mm

depth of depression storage on

| : Dstore-Perv 7.62
pervious area, in mm
percent of impervious area with no %Zero-Imperv 25
depression storage, in %
choige of internal rogting between Subarea Routing OUTLET
pervious and impervious sub-areas
percent of r_unooff routed between Percent Routed 100
sub-areas, in %
BMP/LID units BMP Controls 0
Infiltration: Green-Ampt Method
suction head, inmm | e 88.9
conductivity, inmm/hr | —mee 3.4
initial deficit | e 0.463

Table D.1-14: Initial specific parameters in the “Subcatchment” Box of the SWMM-LID
Program used to model Downspout Disconnection for each land-use types

Parameter Values

Names of Parameters Symbols Region 1 | Region 2 | Region 3
Commercial 0.2484 0.0614 0.0512
area of subcatchment, in hectares Industrial 0.2151 0.3591 0.0337
Residential 0.08356 0.04105 0.04980
i ) Commercial 25.45 12.60 19.47
m‘gtt:‘egf overland flow path, in Industrial 20.50 40.4 37.00
Residential 18.50 15.78 10.28
. . ) Commercial 56.7 92.9 91.9
percent of impervious area, in % Industrial 87.62 88.65 85.70
(without LID) - :
Residential 87.10 58.15 24.80

Table D.1-15: Adjusted parameters in the “Subcatchment” Box of the SWMM-LID
Program in the Downspout Disconnection for each Land-Use Model

. : Parameter Values
ames o : -
Land Use Type Parameters Symbols Reg;]lon Regz|on Region 3
percent of impervious
area, in % (takes into %Imperv 56.7 92.9 91.9
Commercial account LID)
BMP/LID units BMP 1 1 1
Controls
percent of impervious
Industrial area, in % (takes into %Imperv 87.62 88.65 85.70
account LID)
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BMP/LID units BMP 1 1 1
Controls
percent of impervious
area, in %(takes into %Imperv 87.10 58.15 24.80
Residential account LID)
BMP/LID units BMP 1 1 1
Controls

Table D.1-16: Parameters in the “BMP Controls Editor” Box of the SWMM-LID
Program in the Downspout Disconnection for all Land-Use Models

Parameter Values
Names of Parameters Region 1 \ Region 2 | Region 3

Process Layer: Storage

Height or Thickness (mm) 1

Void Ratio 0.99

Drain Height 0

Drain Coefficient (C) 75**

Drain Exponent (n) 0

Drain Delay 0

**NOTE: A high value of C was determined through sensitivity testing. A high value of C best
simulates the behaviour of a downspout in that the flow going into the technology will equal the flow
going out.

Dry Well Model

To implement the dry well in the SWMM model, some design parameters had to be
determined. A typical dry well design is described in Government of Prince George’s County
(1999) LID Manual. Based on this design, the dry well in this model is assumed to have a
storage (gravel) depth of 3 feet. Since this LID technology is very similar to a soakaway pit and
infiltration trench (TRCA &CVC, 2010), it was assumed that the storage layer is filled with a
uniformly-graded, washed 50 mm diameter stone with a 40% void capacity. For the area in
which the dry well would occupy in the subcatchment, the Ontario Ministry of Environment
(2003) “Table 3.2: Water Quality Storage Requirements based on Receiving Waters” was used

as a basis for the sizing criteria. This table is adapted and shown in Table D.1-10.

In order for the dry well to achieve an enhanced 80% long-term S.S. removal as an infiltration

practice, and assuming an 85% impervious level, the storage volume criteria to apply is 40
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m®ha. Therefore, to determine the dry well based on the drainage area, which is assumed to be

the roof area in this case, the following is the sizing criteria that will apply:

Storage Volume (T—j) X roofarea(mz) = Dry Well Volume(voidspace)

3

0000 % 700 areq(m?) = 0.40

Dry Well Volume = 0.01 X 100 f,,0q(m?)
- Area of Dry Well = % X 700 f,req (depth = 3ft ~ 0.900m)

0.011X7100fgrea
Lot Size

%of Lot Area occupied by dry well = x 100

The “percent of impervious area, in %” parameter will also change in the subcatchment editor
box (Table D.1-17) when applying the dry well. It is assumed that this practice will be placed on
a portion of the pervious area of the lot. As a result, the percent imperviousness parameter will

change as follows:

%imperviousness_noLID Lot Size 100
100 (Lot Size—Area occupied by dry well)

Revised % imperviousness =

There is no underdrain included in this design. Using these design assumptions, the
appropriate parameters were calculated for the subcatchment and LID properties implemented
within the model developed in SWMM-LID. An ‘“infiltration trench” LID module was selected in
SWMM-LID to represent the dry well practice. These design assumptions were applied to all
three land-use categories assessment in this study for dry well implementation. As well, the
values used in the “BMP Controls Editor” Box of the SWMM-LID Program are the same values

used for all models regardless of land-use type.

Table D.1-17: Initial general parameters in the “Subcatchment” Box of the Dry Well
Model for all land-use types

Nam f Parameter Svmbol Parameter Values
Ames of Fardmeters ymbols Region 1 | Region 2 | Region 3

user-assigned name of Name Subcatchment_DryWell
subcatchment
rain gage assigned to . .
subcatchment Rain Gage RainGage
name of node or another Outlet 01
subcatchment that receives runoff
average surface slope, in % %Slope 2
Mannings n for impervious area N-Imperv 0.011
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Mannings n for pervious area

N-Perv

0.15

depth of depression storage on

( _ ( Dstore-Imperv 1.524
impervious area, in mm

depth of depre§sion storage on Dstore-Perv 762
pervious area, in mm

percent of impervious area with no | %Zero-Imperv 25
depression storage, in %

choige of internal rogting between Subarea Routing OUTLET
pervious and impervious sub-areas

percent of r_unooff routed between Percent Routed 100
sub-areas, in %

BMP/LID units BMP Controls 0
Infiltration: Green-Ampt Method

suction head,inmm | - 88.9
conductivity, inmm/hr | - 3.4
initial deficit | e 0.463

Table D.1-18: Initial specific parameters in the “Subcatchment” Box of the SWMM-LID
Program used to model Dry Well for each land-use types

Parameter Values
Names of Parameters Symbols Region 1 | Region 2 | Region 3

Commercial 0.2483 0.0614 0.0513
area of subcatchment, in hectares Industrial 0.2151 0.3591 0.0337

Residential 0.1335 0.0403 0.0942

i ) Commercial 25.45 12.6 19.4709

widih of overland flow path, in Industrial 37 40.4 205

Residential 19 15.5 20

Commercial 56.7 92.86 91.92
percent of impervious area, in % Industrial 87.62 88.65 85.70
(without LID) - :

Residential 20.29 58.15 88.96

Table D.1-19: Adjusted parameters in the “Subcatchment” Box of the SWMM-LID
Program in the Dry Well for each Land-Use Model

Parameter Values
Land Use Type Names of Parameters Region 1 Region 2 | Region 3
Commercial 56.80 93.27 92.73
Industrial % impervious area (takes into 87.78 89.16 86.32
account LID)
Residential 20.33 58.47 89.84
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Table D.1-20: Parameters in the “BMP Controls Editor” Box of the SWMM-LID

Program
Parameter Values
Names of Parameters Region 1 | Region 2 | Region 3
Process Layer: Surface
Storage depth 0
Length to Width Ratio 1.0
Surface Slope 2.0
Surface Roughness 0.06
Swale Side Slope 5
Process Layer: Storage
Height or Thickness (mm) 914.4
Void Ratio 0.40
Drain Height 0
Drain Coefficient (C) 0
Drain Exponent (n) 0.5
Permeable Bottom Checked

**NOTE: It was assumed that the “surface roughness” was of the type “cultivated soils - Residue
cover < 20%” (Rossman, 2009)

Rainwater Harvesting Model

The sizing criteria for the rain barrels/cisterns used in this model had to account for
variation in roof sizes that would be treated. The commonly used practice is to design
for a 0.5 inch rainfall/m? of roof area (Snyders Industries, Inc., n.d.). Each tank
implemented on the modelled lots was sized according to this criterion. The depth of the
tanks was assumed to be 2m for commercial and industrial lots, and 1.3m for residential
lots based on average industry sizes (The RainWell, n.d.). While there is no underdrain
included in this design, it was assumed that the captured rainwater would be directed
100% to a pervious surface at a later time after the rainfall occurred. Using these design
assumptions, the appropriate parameters were calculated for the subcatchment and LID
properties implemented within the model developed in SWMM-LID. A “rain barrel” LID
module was selected in SWMM-LID to represent the rainwater harvesting practice.

Table D.1-21: Initial general parameters in the “Subcatchment” Box of the SWMM-LID
Program for all land-use types

Parameter Values
Names of Parameters Symbols

Region 1 | Region 2 | Region 3
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user-assigned name of

Name Subcatchment_ RWH
subcatchment
rain gage assigned to . .
subcatchment Rain Gage RainGage
name of node or another Outlet 01
subcatchment that receives runoff
average surface slope, in % %Slope 2
Mannings n for impervious area N-Imperv 0.011
Mannings n for pervious area N-Perv 0.15
depth of depression storage on Dstore-Imperv 1 524
impervious area, in mm '
depth of depression storage on Dstore-Perv 762
pervious area, in mm '
percent of impervious area with no | %Zero-Imperv 25
depression storage, in %
chou;e of mternal rogtlng between Subarea Routing OUTLET
pervious and impervious sub-areas
percent of r_unooff routed between Percent Routed 100
sub-areas, in %
BMP/LID units BMP Controls 0
Infiltration: Green-Ampt Method
suction head, inmm | - 88.9
conductivity, inmm/hr | —me 3.4
initial deficit | e 0.463

Table D.1-22: Initial specific parameters in the “Subcatchment” Box of the SWMM-LID
Program used to model Rainwater Harvesting for each land-use types

Names of Parameters

Symbols

Parameter Values

Region 1 | Region 2 | Region 3
Commercial 0.248359 | 0.06137 0.051252
area of subcatchment, in hectares Industrial 0.2151 0.3591 0.0337
Residential 0.1335 0.0403 0.0942
) _ Commercial 25.45 12.6 19.4709
widih of overland flow path in Industrial 37 404 205
Residential 19 15.5 20
percent of impervious area, in % Commercial 56.69 92.86 91.92
(without LID) ’ Ind_ustngl 87.62 88.65 85.70
Residential 20.29 58.15 88.96

Table D.1-23: Adjusted parameters in the “Subcatchment” Box of the Rainwater
Harvesting Model for each Land-Use Type

Land Use Type

Names of Parameters |

Parameter Values
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Region 1 Region 2 Region 3
Commercial 56.75 93.09 92.38
Industrial % impervious area (takes into 87.71 88.94 86.05
account LID)
Residential 20.32 58.43 89.73

Table D.1-24: “BMP Controls Editor” Box for Rainwater Harvesting Model

Names of Parameters

Parameter Values

Region1 | Region 2 | Region 3

Process Layer: Storage

Height or Thickness (mm)

2000 (Commercial & Industrial),
1300 (Residential)

Void Ratio 0.99
Drain Height 0
Drain Coefficient (C) 254
Drain Exponent (n) 0.5
Drain Delay 6

**NOTE: Default parameter values provided within the example Rain Barrel module for the value of C

and n (EPA SWMM Manual, 2009) were used in this case.
D.1-4. Additional lots included for development of runoff volume function

without LID application

" Building Size- . Total Runoff
Land-use Type Assessment ID Number Address Stormu:;tershed Lot Size (m’) Bldg ;sue to-Lot Size In;rpemc;us without LID
(m7) Ratio (%) ea (%) | pplication (m")
Resource & Industrial 434203200304101 26 Ferndale Drive BAR-C23 18939.50 367.81 1.94 24.83 2167.00
Resource & Industrial 434203200301800 428 Tiffin St BAR-C25 5511.15 365.49 6.63 92.80 2139.00
Residential 434203102002800 114 Anne StN BAR-NW12 3749.39 664.66 17.73 49.14 858.00
Resource & Industrial 434204000202100 134 Tiffin St BAR-C25 2150.79 351.83 16.36 87.62 811.00
Residential 434201201505700 88 Cook St BAR-NE14 1906.44 455.60 23.90 28.15 290.00
Open Area 434203102200225 500 Dunlop St W BAR-C16 8981.86 2821.62 31.41 79.58 3109.00
Resource & Industrial 434203101902602 36 Lennox Dr BAR-C16 1,641 553.299 33.72 34.83 293.00
Resource & Industrial 434204000206010 134 Anne St BAR-C25 1315.11 471.79 35.87 82.56 476.00
Residential 434203200504600 34 Simcoe St BAR-NE39 2408.77 1145.14 47.54 77.04 818.00
Commercial 434202200306500 89 Collier St BAR-NE40 792.81 412.19 51.99 88.09 305.00
Resource & Industrial 434204000202500 168 Tiffin St BAR-C25 15792.20 9367.56 59.32 70.31 4910.00
Residential 434202200802200 89 Dunlop StE BAR-NE40 607.21 358.46 59.03 91.23 241.00
Residential 434202200809700 110 Dunlop StE BAR-NE40 544.13 390.07 71.69 72.26 177.00
Residential 434203200504100 33 Mary St BAR-NE39 796.89 564.44 70.83 94.33 325.00
Residential 434202200805700 46 Dunlop St E BAR-NE39 609.21 469.13 77.01 79.87 215.00
Commercial 434202200802500 105-107 Dunlop St E BAR-NE40 500.68 398.25 79.54 99.43 214
Residential 434202200810700 65-69 Collier St BAR-NE40 942.12 834.84 88.61 88.96 365.00
Residential 434202200301410 17 Mulcaster St BAR-NE40 477.39 459.77 96.31 96.31 199.00
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D.1-5. Performance curves developed from the SWMM-LID modelled lots to
estimate volumetric runoff reduction
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Figure D.1-13: Performance curve for lots modelled with green roof application
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Figure D.1-14: Performance curve for commercial lots modelled with soakaway pit

application
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Figure D.1-15: Performance curve for residential lots modelled with soakaway pit
application
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Figure D.1-16: Performance curve for commercial lots modelled with downspout disconnection
application
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Figure D.1-17: Performance curve for industrial lots modelled with downspout disconnection

application
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Figure D.1-18: Performance curve for residential lots modelled with downspout disconnection
application
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Figure D.1-19: Performance curve for commercial lots modelled with dry well application
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Figure D.1-20: Performance curve for industrial lots modelled with dry well application
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Figure D.1-21: Performance curve for residential lots modelled with dry well application
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Figure D.1-22: Performance curve for commercial lots modelled with rainwater harvesting
application
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Figure D.1-23: Performance curve for industrial lots modelled with rainwater harvesting application
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Figure D.1-24: Performance curve for residential lots modelled with rainwater harvesting
application
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D.1-6. Performance curves developed from the SWMM-LID modelled lots to
estimate pollutant loading reduction potential
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Figure D.1-25: Pollutant loading performance curve for lots modelled with
green roof application
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Figure D.1-26: Pollutant loading performance curve for commercial lots
modelled with soakaway pit application
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Figure D.1-27: Pollutant loading performance curve for residential lots
modelled with soakaway pit application
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Figure D.1-28: Pollutant loading performance curve for commercial lots modelled with

downspout disconnection application
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Figure D.1-29:

Pollutant loading performance curve for industrial lots modelled with
downspout disconnection application
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Figure D.1-30: Pollutant loading performance curve for residential lots modelled with

downspout disconnection application
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Figure D.1-31: Pollutant loading performance curve for commercial lots modelled with

dry well application
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Figure D.1-32: Pollutant loading performance curve for industrial lots modelled with

dry well application
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Figure D.1-33: Pollutant loading performance curve for residential lots modelled with

dry well application
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Figure D.1-34: Pollutant loading performance curve for commercial lots modelled with

rainwater harvesting application
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Figure D.1-35: Pollutant loading performance curve for industrial lots modelled with

rainwater harvesting application
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Figure D.1-36: Pollutant loading performance curve for residential lots modelled with
rainwater harvesting application
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APPENDIX D.2: Application of Cost Estimate Functions for LID
Practices in Case Study

Table D.2-1: Example of Total-cost estimates produced for LID practice included in case study

434204001679900 LAKESHORE DR BAR-SES80 173405.00 | 767.11 $313,387
434205000600350 | 61 BIG BAY POINT RD BAR-SW33 630790.00 | 5540.87 $2,037,546
434203200114400 55 LAKESHORE DR BAR-C15 41166.70 | 442.60 $186,939
434204001730100 359 TIFFIN ST BAR-C25 20412.10 | 382.46 $163,023
434203200304 101 26 FERNDALE DR BAR-C23 18939.50 | 367.81 $157,165
434205000501900 214 HICKORY LANE BAR-SE3 11160.60 | 352.65 $151,089
434204000300201 BRADFORD ST E/S BAR-SW11 27829.00 | 891.16 $360,886
434203200302100 452 TIFFIN ST BAR-C25 14130.40 | 531.69 $222,043
434203102054000 340 LEACOCK DR BAR-C1 40507.40 | 1534.18 $602,529
434205000419500 | 650 BIG BAY POINT RD BAR-SE1 11702.00 | 451.46 $190,446
434203200303900 46 FERNDALE DR BAR-C23 10127.60 | 424.46 $179,744
434203200305100 15 SARJEANT DR BAR-C23 35457.50 | 1501.49 $590,388
434204001724300 94 PATTERSON RD BAR-SW45 9785.79 442.24 $186,796
434201100602200 170 STEEL ST BAR-NE3 8165.45 430.46 $182,128
434205000218400 306 YONGE ST BAR-SE25 10582.10 | 566.40 $235,626
434205000417400 601 YONGE ST BAR-SE7 7107.95 389.01 $165,637
434203200303700 60 FERNDALE DR BAR-C23 21041.90 | 1240.66 $493,026

(NOTE: Cost-estimates (in 2010 $CDN) for some lots suitable for green roof installation are shown)
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APPENDIX D.3: Stakeholder Involvement in the
Lake Simcoe LID Project Case Study

Part One: Questionnaires used in research

LSRCA LID Workshop

3. Given the information presented in this Workshop, which LID practices would you invest
in? (Please check the appropriate box):

LD practice No chance Maybe Definitely!
Preliminary Questions to Assess the Opinions and Concerns of Stakeholders Soakaway pit o o o
Regarding LID Implementa et G = G
Ory Well o o o
§ Rainwater harvesting o o o
1. Which group of stakeholders do you represent? (e.g., municipal government, developer, e = = =
private citizen, landscape architect, private (environmental) consulting firm, stormwater Downspout disconnection o o =]
manager, local NGOs, etc) Filter strip a o [=]
Permeable pavement =] o =}
Grass channel a o =}
Ory Swale o o o
2. Which LID practices were you familiar with before this Workshop? (Please check the Infiltration trench o o o
appropriate box): Level spreader o o o
Roadway reduction o o o
D practice Never heard of it Have some Very familiar - Currently Soil amendments o o o
e implementing LIDs Tree clusters a o o
Permeable pavement o o o
Soakaway pit (=} o o Home clustering o o o
Bioretention o o o
ory wel & & = 4. What do you think the benefits (immediate and long term) would be to you f you were
toimplement LID practices? Please check off and rank accordingly:
Rainwater harvesting o o o
Green roof o o o Benefits Check Rank
Downspout o o o S P Fr e
:I'“S::"s:i:""" o o o Possible rebates o o o o
Public image o o a o
Permeable pavement o o o Aesthetics. o o o o
Eres dieial I = = Environmental benefits. o o o o
Dry Swale o o o Reduction of infrastructure costs. o o o o
Infiltration trench o o n] No benefits o =} o o
Level spreader o o a Other benefits (please list):
Roadway reduction =] =] a
Soil amendments o o a
Tree clusters. o o a
Permeable pavement o o o
Home clustering o o o
2
1

Rank UNIVFRSITY

5. Check off your LD
Rank . .
7. What type of incentive program do you think needs to be in place to have effective LID

Loncern Check Low implementation? Please check off accordingly:
Costs - capital =] o o o Inces Check
Cost— O&M a =] a o
Lack of design guidelines/standards =} o a o Municipal rebate o
Long payback period o o o o Reduced requirements for stormwater o
Space o a a o management
Municipal approval o o o o Recognition program o
Liabilty o o o o Streamiined approvals o
Buy-in: gain acceptance from influencing o o o o Other incentives (please lst):
stakeholders
Aesthetics o o o o
Other concerns (please list all): 8. Please list any other comments or concerns related to LID implementation that you may

have.

6. Where do you think the drivers of LID implementation will come from? Please check off

R Please fill out the ballot below and return the survey to Sarah Lawson
Eorn Check (Ryerson University) before the end of the Workshop.
Your name will be entered into a draw.
Developers

oo

Municipal programs and policies (rebates, Surveys can also be mailed in to the following address:
by-laws, education, stormwater charges, etc) Department of Civil Engineering

Provincial regulations and guidelines o Faculty of Engineering, Architecture and Science
Private citizens and corporations o Ryerson University
Grassroot initiatives o 350 Victoria Street
Local NGOs =l Toronto, Ontario,
Other drivers (please list): Canada M58 2k3
Tel: 1-416-979-5000
Thank you for your parti
[Fiame: ]
[Organization: | |
[Contact Number: | |
3 4

“New Directions ’09 in Stormwater Management” Conference (“SWM Conference”)
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TRCA/CSA LID Training Course
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Part Two: Questionnaire Results

Main Stakeholder Groups Represented

Table D.3-1: Representation of stakeholders groups that participated in Questionnaire

#of #of # of # of
Stakeholdergroups | Representatives | Representatives SLakeholtere ot s HL R
Present Present (%)

Present Present (%) Municipal government 13 34.21%

Municipal Governments 18 50% Provincial or Federal government 1 2.63%
Federal Governments 1 3% Conservation Authority 1 2.63%

9

School board 1 3% Dévelépef i __ 1 2.63%
=— Scientist (i.e., geoscience, aquatic, biology, 1 2.63%
Provincial Government Planning professional (i.e. architect, lands 1 2.63%
(Ontario) 3 8% Private consulting firm (environmental, cor| 6 15.79%
Stormwater manager 1 3% Storm water professional (i.e., manager, e 13 34.21%
Private Consulting Firm 5 14% Member of local NGOs 0 0.00%
- — . Member of School Board 0 0.00%
Private Citizen 1 3% Researcher 1 2.63%
Conservation Authority 5 14% Local Business Owner (i.e., restaurant, supd 0 0.00%
Student 1 3% Private citizen 0 0.00%
Other (please specif 0 0.00%

Total 36 100% {please spedfy) =
Total 38 100.00%

Sample 1 Sample 2

#of
Stakeholder groups Rep i #of Rep
Present Present (%)
Municipal government 6 27.27%
Provincial or Federal government 0 0.00%
Conservation Authority 2 9.09%
Developer 1 4.55%
Scientist (i.e., geoscience, aquatic, biology,
botany, ecology) 1 4.55%
Planning professional (i.e. architect,
landscape architect, urban planning
consultant) 1 4.55%
Private consulting firm (environmental,
construction) 3 13.64%
Storm water professional (i.e., manager,
engineer, hydrologist, modeller) 7 31.82%
Member of local NGOs 0 0.00%
Member of School Board 0 0.00%
Researcher 0 0.00%
Local Business Owner (i.e., restaurant,
supermarket, real estate, etc) 0 0.00%
Private citizen 0 0.00%
Other (please specify) 1 4.55%
Total 22 100.00%

Sample 3
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Current knowledge of LID practices

Table D.3-2: Knowledge of LID practices indicated by survey participants in each

sample
Sample 1: LSRCA LID Workshop Sample 2: SWM Conference Sample 3: TRCA/CSA LID Training Course
LID Practices
X Have some ” Never heard of Have some - Neverheard of | Have some "
Never heard of it Very Familiar . Very Familiar . Very Familiar
knowledge it knowledge it knowledge

Soakaway Pit 4.44% 68.89% 26.67% 2.70% 32.43% 64.86% 10.00% 50.00% 40.00%
Biorention 6.82% 71.21% 15.91% 8.11% 51.35% 40.54% 4.55% 59.09% 36.36%
Dry Well 13.95% 69.77% 16.28% 8.11% 54.05% 37.84% 10.53% 52.63% 36.84%
Rainwater Harvesting 4.55% 70.45% 25.00% 5.41% 51.35% 43.24% 0.00% 54.55% 45.45%
Green Roofs 2.22% 71.78% 20.00% 2.70% 43.24% 54.05% 5.00% 50.00% 45.00%
Downspout Disconnection 2.21% 63.64% 34.09% 0.00% 24.32% 75.68% 0.00% 38.10% 61.90%
Filter Strips 16.67% 59.52% 23.81% 5.41% 40.54% 54.05% 4.55% 50.00% 45.45%
Permeable Pavements 2.22% 71.78% 20.00% 0.00% 45.95% 54.05% 0.00% 50.00% 50.00%
Grass Channel 2.27% 61.36% 36.36% 0.00% 27.03% 72.97% 9.09% 45.45% 45.45%
Dry Swale 9.30% 55.81% 34.88% 2.70% 29.73% 67.57% 0.00% 50.00% 50.00%
Infiltration Trench 4.55% 59.09% 36.36% 0.00% 27.03% 72.97% 4.76% 33.33% 61.90%
Level Spreader 27.91% 46.51% 25.58% 16.22% 37.84% 45.95% 42.11% 26.32% 31.58%
Roadway Reduction 20.93% 67.44% 11.63% 16.22% 45.95% 37.84% 20.00% 65.00% 15.00%
Soil Amendments 27.50% 60.00% 12.50% 32.43% 40.54% 27.03% 38.10% 47.62% 14.29%
Tree Clusters 15.91% 68.18% 15.91% 29.73% 54.05% 16.22% 33.33% 57.14% 9.52%
Home Clustering 34.88% 53.49% 11.63% 32.43% 48.65% 18.92% 65.00% 25.00% 10.00%

= Never Heard of it = Have some knowledge Very Familar - Currently implementing LID
. . 11.63% 12.50% . 11.63%
|| 15.91% 16.28% | e || e || 15.91%
34.09% I 36.36% 34.88% 36.36% I I I I

Home
Clustering

Level Tree Clusters

Spreader

Infiltration
Trench

2%
Grass
Channel

.22% 21 % 22%
Rainwater  GreenRoofs Downspout  Filter Strips ~ Permeable
Harvesting Disconnection Pavements

Soakaway Pit  Biorention Dry Well Dry Swale Roadway Soil

Reduction  Amendments

Figure D.3-1: Knowledge of LID practices held by LID Workshop Attendees (Sample #1
Results)
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= Never Heard of it " Have some knowledge “Very Familar - Currently implementing LID

2.70% ’ 2.70% o ’ 5 o 2.70% o
Soakaway Pit  Biorention Dry Well Rainwater ~ Green Roofs Doané'out Filter Strips Pe%)ga{ﬁle %Pa?s/é' Dry Swale Inﬂlg%'on Level Roadway Soil Tree Clusters Home
Harvesting Disconnection Pavements Channel Trench Spreader Reduction  Amendments Clustering

Figure D.3-2: Knowledge of LID practices by SWM Conference Attendees (Sample 2 Results)

® Never Heard of it = Have some knowledge “ Very Familar - Currently implementing LID

Soakaway Pit Biorention Dry Well Rainwater Green Roofs Downspout Filter Strips  Permeable Grass Dry Swale Infiltration Level Roadway Soil Tree Clusters Home
Harvesting Disconnection Pavements Channel Trench Spreader Reduction Amendments Clustering

Figure D.3-3: Knowledge of LID practices by Training Workshop Attendees (Sample 3 Results)
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Table D.3-3: Percentage of survey participants that “have some knowledge” or “very
familiar” with LID practices in each sample

Sample 1: LSRCA LID| Sample 2: SWM |Sample 3: TRCA/CSA

LID Practices Workshop Conference LID Training Course AR
Soakaway Pit 95.56% 97.30% 90.00% 94.29%
Biorention 93.18% 91.89% 95.45% 93.51%
Dry Well 86.05% 91.89% 89.47% 89.14%
Rainwater Harvesting 95.45% 94.59% 100.00% 96.68%
Green Roofs 97.78% 97.30% 95.00% 96.69%
Downspout Disconnection 97.73% 100.00% 100.00% 99.24%
Filter Strips 83.33% 94.59% 95.45% 91.13%
Permeable Pavements 97.78% 100.00% 100.00% 99.26%
Grass Channel 97.72% 100.00% 90.91% 96.21%
Dry Swale 90.69% 97.30% 100.00% 96.00%
Infiltration Trench 95.45% 100.00% 95.24% 96.90%
Level Spreader 72.09% 83.78% 57.89% 71.26%
Roadway Reduction 79.07% 83.78% 80.00% 80.95%
Soil Amendments 72.50% 67.57% 61.90% 67.32%
Tree Clusters 84.09% 70.27% 66.67% 73.68%
Home Clustering 65.12% 67.57% 35.00% 55.90%

Table D.3-4: Percentage of survey participants that indicated to be “very familiar” with
LID practices in each sample

Sample 3:
. Sample 1: Sample 2: TRCA/CSA LID
LID Practices LSRCA LID SWM . Average
Training
Workshop Conference
Course
Soakaway Pit 26.67% 64.86% 40.00% 43.84%
Biorention 15.91% 40.54% 36.36% 30.94%
Dry Well 16.28% 37.84% 36.84% 30.32%
Rainwater Harvesting 25.00% 43.24% 45.45% 37.90%
Green Roofs 20.00% 54.05% 45.00% 39.68%
Downspout Disconnection 34.09% 75.68% 61.90% 57.22%
Filter Strips 23.81% 54.05% 45.45% 41.11%
Permeable Pavements 20.00% 54.05% 50.00% 41.35%
Grass Channel 36.36% 72.97% 45.45% 51.60%
Dry Swale 34.88% 67.57% 50.00% 50.82%
Infiltration Trench 36.36% 72.97% 61.90% 57.08%
Level Spreader 25.58% 45.95% 31.58% 34.37%
Roadway Reduction 11.63% 37.84% 15.00% 21.49%
Soil Amendments 12.50% 27.03% 14.29% 17.94%
Tree Clusters 15.91% 16.22% 9.52% 13.88%
Home Clustering 11.63% 18.92% 10.00% 13.52%

226



Home Clustering
Soil Amendments Tm:ﬁ;g;:ers l_13.52%

17.94%
Roadway Reduction
21.49%

Soakaway Pit
43.84%

Biorention

30.94%
Dry Well
30.32%

I\~ Rainwater Harvesting
37.90%

\

Level Spreader,

34.37%

Infiltration Trench
57.08%
Green Roofs
39.68%
Dry Swale
50.82%

Downspout Disconnection
57.22%

Grass Channel
51.60%

Filter Strips
Permeable Pavements 41.11%

41.35%

Figure D.3-4: Average percentage of respondents among all samples who are “very
familiar” with LID practices

LID practices most likely to be supported by stakeholders in watershed

B No Chance M Maybe Definitely!

16.67%
20.59%
28.95% 27.27% ° 27.03% 21.88%

0
3 42.86% 42.11%
51.35% 52.63%

36.84% 41 039 i & 3288
R (]
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7
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Figure D.3-5: Likeliness to invest in LID practices (Sample 1)

227



M Don’t know what is! M No chance M Maybe ' Definitely!

Figure D.3-6: LID practices most likely to implement by stakeholder groups in
watershed (Sample 2)

M Don’'t know what is! M Nochance M Maybe [ Definitely!

Figure D.3-7: LID practices most likely to implement by stakeholder groups in
watershed (Sample 3)
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120.00%

100.00% —— 7 | — — — — S . I —

11.96% 12.09%

Definitely!
80.00%

53.18%  91.3%%

¥ Maybe

60.00%
¥ No chance

¥ Don't know
what is!

40.00%

20.00%

0.00%

Soakaway pit Bioretention  Dry Well Rainwater ~ Green roof ~Downspout ~ Filterstrip ~ Permeable/ Grass channel Dry Swale  Infiltration Level Roadway Soil Tree clusters Home
harvesting disconnection porous trench spreader reduction  amendments clustering
pavements

Figure D.3-8: Average results of Sample 2 and Sample 3 of LID practices most likely
to implement by stakeholder groups in watershed

Table D.3-5: LID practice most likely to implement (Sample 2 and Sample3)

Sample 2: SWM Conference | Sample 3: TRCA/ICSALID Training Co
LID Likeliness to implement ranking
Practices |Don't know Maybe [Don't know|

No chance| Maybe | Definitely! No chance| Maybe | Definitely!

what is!
Soakaway pit| 2.86% 2.86% 34.29% | 60.00% | 94.29% 10.53% 5.26% 31.58% | 52.63%
Bioretention 10.81% 0.00% 37.84% | 51.35% | 89.19% 0.00% 5.00% 35.00% | 60.00%
Dry Well 5.41% 2.70% 67.57% | 24.32% | 91.89% | 16.67% 0.00% 66.67% 16.67%

+Definitely| what is!

E:::’S‘;t:; 0.00% | 0.00% | 59.46% | 40.54% | 100.00% | 0.00% | 0.00% | 57.14% | 42.86%
Green roof 0.00% | 0.00% | 5946% | 40.54% | 100.00% | 0.00% | 5.00% | 60.00% | 35.00%
Downspout
discon:ecﬁon 0.00% | 000% | 19.44% | 80.56% | 100.00% | 0.00% | 5.00% | 35.00% | 60.00%
Filter strip 2.70% | 0.00% | 45.95% | 51.35% | 97.30% | 5.00% | 0.00% | 40.00% | 55.00%
Permeable/
porous 0.00% | 556% | 58.33% | 36.11% | 94.44% | 0.00% | 0.00% | 33.33% | 66.67%
pavements
Sr::ia 0.00% | 000% | 2222% | 77.78% | 100.00% | 0.00% | 0.00% | 33.33% | 66.67%

Dry Swale 0.00% 2.70% 40.54% | 56.76% | 97.30% 0.00% 0.00% 25.00% | 75.00%

:’:j:ﬁ:m 278% | 000% | 36.11% | 61.11% | 97.22% | 000% | 000% | 33.33% | 66.67%
'S'z‘r’:; dor 1111% | 0.00% | 38.89% | 50.00% | 88.89% | 26.32% | 0.00% | 47.37% | 26.32%
rRe‘(’j‘l’J‘i‘;‘l’:z 15.79% | 526% | 57.89% | 21.05% | 78.95% | 10.53% | 10.53% | 68.42% | 10.53%
:‘T’:'en dments | 2703% | 270% | 4054% | 2073% | 7027% | 11.11% | 556% | 77.78% | 556%

Tree clusters | 27.03% 5.41% 48.65% 18.92% | 67.57% 10.00% 10.00% | 75.00% 5.00%

Home 29.73% | 541% | 4595% | 18.92% | 64.86% | 15.79% | 10.53% | 68.42% | 5.26%
clustering
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Table D.3-6: Average results for Sample 2 and 3

Average results of Sample 2 and Sample 3

Likeliness to implement ranking

LID

Practices |Don't know . Maybe

1
what is! No chance| Maybe [ Definitely! +Definitely

Soakaway pit| 6.69% | 4.06% | 32.93% | 56.32% | 89.25%
Bioretention | 541% | 2.50% | 3642% | 55.68% | 92.09%
Dry Well 11.04% | 1.35% | 67.12% | 20.50% | 87.62%
E::C:’:;:é 0.00% | 0.00% | 58.30% | 41.70% | 100.00%
Green roof 0.00% | 2.50% | 59.73% | 37.77% | 97.50%
Downspout
disconnection| 0.00% | 2.50% | 27.22% | 70.28% | 97.50%
Filter strip 3.85% | 0.00% | 42.97% | 53.18% | 96.15%
Permeable/
porous 0.00% | 278% | 4583% | 51.39% | 97.22%
pavements
St 0.00% | 0.00% | 27.78% | 72.22% | 100.00%
channel
Dry Swale 0.00% | 1.35% | 32.77% | 65.88% | 98.65%
1’:2:::”” 139% | 000% | 34.72% | 63.89% | 98.61%
's'z‘r’:'a dor 18.72% | 0.00% | 43.13% | 38.16% | 81.29%
fe?ji‘i‘g:: 1316% | 7.90% | 63.16% | 15.79% | 78.95%
:‘:\"en dments | 1907% | 413% | 59.16% | 17.64% | 76.81%
Tree clusters | 18.51% | 7.70% | 61.82% | 11.96% | 73.78%
Z'I‘;':t:ring 2276% | 7.97% | 57.18% | 12.09% | 69.27%
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Reasons for Implementation

Table D.3-7: Reason for implementation indicated by survey participants of Sample 2

Reasons for Implementation
5 Clear existing Prove‘n case Existing rebates & . Reduces infrastructure
Will notimplement | . — caplTaI & Low O&M costs guidelines & stu.d|e5 i Aesthetics financial support . ST . required to achieve Other reasons
implementation costs standards effe:weness& — environmental benefits stormwater benefits
LID Practice performance

Soakaway pit 1.10% 10.99% 12.09% 10.99% 15.38% 7.69% 0.00% 19.78% 19.78% 2.20%
Bioretention 1.30% 6.49% 7.79% 6.49% 18.18% 15.58% 0.00% 23.38% 18.18% 2.60%
Dry Well 0.00% 11.11% 11.11% 8.89% 11.11% 6.67% 0.00% 17.78% 28.89% 4.44%
Rainwater harvesting 0.00% 7.84% 11.76% 0.00% 9.80% 1.96% 5.88% 29.41% 29.41% 3.92%
Green roof 1.09% 1.09% 3.26% 5.43% 15.22% 20.65% 6.52% 26.09% 17.39% 3.26%
Downspout disconnection 0.00% 20.19% 17.31% 9.62% 13.46% 1.92% 2.88% 14.42% 18.27% 1.92%
Filter strip 0.00% 11.69% 16.88% 7.79% 9.09% 15.58% 0.00% 22.08% 14.29% 2.60%
Permeable/porous pavements 5.66% 1.89% 0.00% 3.77% 16.98% 9.43% 1.89% 26.42% 28.30% 5.66%
Grass channel 0.00% 15.89% 17.76% 12.15% 9.35% 14.02% 0.93% 14.02% 14.02% 1.87%
Dry Swale 0.00% 15.85% 18.29% 8.54% 7.32% 13.41% 1.22% 13.41% 19.51% 2.44%
Infiltration trench 1.41% 7.04% 8.45% 14.08% 15.49% 4.23% 1.41% 25.35% 19.72% 2.82%
Level spreader 0.00% 21.82% 20.00% 9.09% 9.09% 7.27% 0.00% 10.91% 18.18% 3.64%
Roadway reduction 5.26% 12.28% 8.77% 1.75% 14.04% 10.53% 0.00% 14.04% 28.07% 5.26%
Soil amendments 6.38% 12.77% 19.15% 2.13% 12.77% 4.26% 0.00% 17.02% 21.28% 4.26%
Tree clusters 1.92% 11.54% 13.46% 3.85% 9.62% 23.08% 3.85% 17.31% 11.54% 3.85%
Home clustering 2.94% 14.71% 11.76% 2.94% 8.82% 8.82% 0.00% 26.47% 17.65% 5.88%
Total number of reason selected 6.00 9.00 0.00 6.00 4.00 0.00 13.00 14.00

Total number of reason selected (%) 37.50% 56.25% 0.00% 37.50% 25.00% 0.00% 81.25% 87.50%

Table D.3-8: Reason for implementation indicated by survey participants of Sample 3

for
Proven case Existing rebates & Red infrastructure
. xisting rebates educes infrastructure
LID Practice . . Low capital & Clear existing guidelines & studies of . - Significant X 3 Other
Will notimplement R . Low O&M costs N Aesthetics financial support . N required to achieve
implementation costs standards effectiveness & environmental benefits ) reasons
programs stormwater benefits
performance
Soakaway pit 0.00% 17.07% 12.20% 14.63% 19.51% 2.44% 0.00% 17.07% 17.07% 0.00%
Bioretention 0.00% 13.04% 6.52% 6.52% 19.57% 13.04% 2.17% 23.91% 15.22% 0.00%
Dry Well 0.00% 12.00% 12.00% 12.00% 24.00% 0.00% 0.00% 20.00% 16.00% 4.00%
Rainwater harvesting 0.00% 15.63% 12.50% 12.50% 25.00% 0.00% 3.13% 15.63% 15.63% 0.00%
Green roof 6.06% 0.00% 0.00% 12.12% 27.27% 18.18% 6.06% 15.15% 15.15% 0.00%
Downspout disconnection 0.00% 21.28% 12.77% 10.64% 19.15% 2.13% 4.26% 17.02% 12.77% 0.00%
Filter strip 0.00% 17.39% 15.22% 10.87% 21.74% 4.35% 2.17% 15.22% 13.04% 0.00%
Permeable/porous pavements 2.38% 0.00% 4.76% 14.29% 28.57% 9.52% 4.76% 19.05% 16.67% 0.00%
Grass channel 0.00% 22.22% 15.56% 8.89% 22.22% 8.89% 2.22% 13.33% 6.67% 0.00%
Dry Swale 0.00% 19.51% 17.07% 9.76% 19.51% 7.32% 2.44% 14.63% 9.76% 0.00%
Infiltration trench 0.00% 16.67% 14.29% 11.90% 16.67% 4.76% 0.00% 21.43% 14.29% 0.00%
Level spreader 5.26% 26.32% 5.26% 10.53% 15.79% 0.00% 0.00% 15.79% 15.79% 5.26%
Roadway reduction 6.25% 6.25% 6.25% 6.25% 18.75% 6.25% 0.00% 25.00% 25.00% 0.00%
Soil amendments 4.76% 14.29% 14.29% 4.76% 23.81% 0.00% 0.00% 19.05% 14.29% 4.76%
Tree clusters 0.00% 10.00% 16.67% 3.33% 16.67% 13.33% 0.00% 23.33% 13.33% 3.33%
Home clustering 9.52% 9.52% 14.29% 4.76% 14.29% 14.29% 0.00% 14.29% 19.05% 0.00%
Total number of reason selected 9 6 0 16 2 0 14 10
Total number of reason selected (%) 56% 38% 0% 100% 13% 0% 88% 63% 0%

231




Table D.3-9: Average results for reasons (Sample 2 and 3)

for Impl
- Reduces
Existing .
) - Proven case N infrastructure
. . Low capital & Low |Clearexisting . rebates & Significant R
LID Practice Will not X X o studies of . X . h required to Other
X implementation O&M | guidelines & X Aesthetics financial environmental X
implement effectiveness & 3 achieve reasons
costs costs standards support benefits
performance rorrams stormwater
e benefits

Soakaway pit 0.55% 14.03% 12.14% 12.81% 17.45% 5.07% 0.00% 18.43% 18.43% 1.10%
Bioretention 0.65% 9.77% 7.16% 6.51% 18.87% 14.31% 1.09% 23.64% 16.70% 1.30%
Dry Well 0.00% 11.56% 11.56% 10.44% 17.56% 3.33% 0.00% 18.89% 22.44% 4.22%
Rainwater harvesting 0.00% 11.73% 12.13% 6.25% 17.40% 0.98% 4.50% 22.52% 22.52% 1.96%
Green roof 3.57% 0.54% 1.63% 8.78% 21.25% 19.42% 6.29% 20.62% 16.27% 1.63%
Downspout disconnection 0.00% 20.73% 15.04% 10.13% 16.31% 2.03% 3.57% 15.72% 15.52% 0.96%
Filter strip 0.00% 14.54% 16.05% 9.33% 15.42% 9.97% 1.09% 18.65% 13.66% 1.30%
Permeable/porous pavements 4.02% 0.94% 2.38% 9.03% 22.78% 9.48% 3.32% 22.73% 22.48% 2.83%
Grass channel 0.00% 19.06% 16.66% 10.52% 15.78% 11.45% 1.58% 13.68% 10.34% 0.93%
Dry Swale 0.00% 17.68% 17.68% 9.15% 13.41% 10.37% 1.83% 14.02% 14.63% 1.22%
Infiltration trench 0.70% 11.85% 11.37% 12.99% 16.08% 4.49% 0.70% 23.39% 17.00% 1.41%
Level spreader 2.63% 24.07% 12.63% 9.81% 12.44% 3.64% 0.00% 13.35% 16.99% 4.45%
Roadway reduction 5.76% 9.27% 7.51% 4.00% 16.39% 8.39% 0.00% 19.52% 26.54% 2.63%
Soil amendments 5.57% 13.53% 16.72% 3.44% 18.29% 2.13% 0.00% 18.03% 17.78% 4.51%
Tree clusters 0.96% 10.77% 15.06% 3.59% 13.14% 18.21% 1.92% 20.32% 12.44% 3.59%
Home clustering 6.23% 12.11% 13.03% 3.85% 11.55% 11.55% 0.00% 20.38% 18.35% 2.94%
Total number of reason selected 4 5 0 11 2 0 13 10
Total number of reason selected (%) 25% 31% 0% 69% 13% 0% 81% 63% 0%

Main Concerns and Barriers to LID Implementation

Table D.3-10: Concerns and barriers for LID implementation in each sample

1: LSRCALID Workshop

2: SWM Conference

3: TRCAICSALID Training Course

Barriers Barrier Ranking
Low Medium High Not a barrier Low | Medium | High [ Nota barrier Low Medium High

Costs — capital 7.14% 30.95% 61.90% 5.71% 11.43% | 34.29% | 48.57% | 0.00% 10.53% | 52.63% 36.84%
Cost — 0&M 2.44% 17.07% 80.49% 8.57% 8.57% | 40.00% | 42.86% |  0.00% 11.76% | 58.82% 29.41%
Time and effort to implement
e uEllen B irlhiER T Option not included in survey 571% 8.57% | 57.14% | 28.57% |  0.00% 588% | 7059% | 23.53%
Lack of design
glidelies Standarcelpolices 0.00% 54.76% | 45.24% 2.78% | 19.44% | 41.67% | 36.11% |  5.88% 11.76% | 41.18% |  41.18%
Possible long payback peried | 5, g6, 34.29% | 42.86% 857% | 28.57% | 48.57% | 14.29% | 1053% | 36.84% | 31.58% | 21.05%
Lack of Life-cycle-analysis and
economic studies Option not included in survey 14.71% 23.53% | 23.53% | 38.24% 5.88% 17.65% | 35.29% 41.18%
Space 22.86% 51.43% 25.711% 10.53% 18.42% [ 42.11% | 28.95% |  0.00% 16.67% | 44.44% 38.89%
Municipal approval 19.44% 50.00% 30.56% 20.59% 23.53% | 14.71% [ 41.18% |  5.56% 27.78% | 16.67% 50.00%
Liability 15.00% 40.00% 45.00% 13.89% 22.22% | 30.56% | 33.33% |  0.00% 31.58% | 26.32% 42.11%
Buy-in: gain acceptance from
influencing stakeholders (i.e.,
support from public,
government, upper
TENEE L City) 0.00% 65.79% 34.21% 11.43% 8.57% | 28.57% | 51.43% |  5.26% 1579% | 26.32% | 52.63%
Aesthetics 29.03% 54.84% 16.13% 44.44% 36.11% | 19.44% [ 0.00% 15.79% 52.63% | 15.79% 15.79%
Winter maintenance: Option not included in survey 11.11% 25.00% | 47.22% | 16.67% 5.56% 22.22% 44.44% 27.78%
Lack of existing examples and
case studies Option not included in survey 8.33% 30.56% | 41.67% | 19.44% |  6.25% 31.25% | 37.50% 25.00%
Minimal simulation models and
tools to predict performance
and effectiveness Option not included in survey 8.11%. 24.32% | 40.54% [ 27.03% 12.50% 12.50% 56.25% 18.75%
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Table D.3-11: Main concerns identified by each stakeholder group in Sample 2 and 3

Main Stakeholder Groups
Barriers
Municipal Governments Conservation Authorities Private Consulting Firms | Stormwater Professionals
Sample 2Sample 3 Average |Sample 2 Sample 3| Average [Sample 2 Sample 3| Average [Sample 2Sample 3 Average
Costs — capital 57.85% | 54.29% | 56.07% | 5.88% | 10.00% | 7.94% | 30.88% | 28.57% | 29.73% | 82.85% | 54.29% | 68.57%
Cost — O&M 68.10% | 60.00% | 64.05% | 6.67% | 10.00% | 8.34% | 20.96% | 40.00% | 30.48% | 90.00% | 60.00% | 75.00%
Time and effort to
implement and maintain
over time 65.00% | 83.33% | 74.17% | 5.00% | 8.33% 6.67% | 40.00% | 41.67% | 40.84% | 70.00% | 25.00% | 47.50%
Lack of design
guidelines/
standards/policies 75.90% | 57.15% | 66.53% | 6.67% | 14.29% | 10.48% | 28.71% | 42.86% | 35.79% | 68.71% | 42.86% | 55.79%
Space 89.20% | 66.07% | 77.64% | 6.25% | 28.57% | 17.41% | 12.50% | 37.50% | 25.00% | 79.55% | 42.86% | 61.21%
Buy-in: gain acceptance
from influencing Not Not Not Not
stakeholders 67.78% | selected| 67.78% | 0.00% | selected | 0.00% | 22.22% | selected | 22.22% | 80.00% | selected [ 80.00%
Table D.3-12: Perception of benefits in Sample 2 and 3
Sample 1: LSRCALID Workshop | Sample 2: SWM Conference Sample 3: TRCA/CSALID Training Course
Benefit Ranking
Dereits Medium & Medium & Medium &
Low Medium High . Not a benefit Low Medium | High . Not a benefit Low Medium High .
High High High
Possible rebates 2571% | 40.00% 34.29% 74.29% 14.71% 38.24% | 26.47% |[20.59% | 47.06% 5.88% 17.65% | 35.29% | 41.18% | 76.47%
Public image 11.63% | 51.16% 37.21% 88.37% 0.00% 8.33% | 47.22% |44.44% | 91.67% 0.00% 16.67% | 44.44% | 38.89% | 83.33%
Aesthetics 17.50% | 55.00% 27.50% 82.50% 0.00% 16.67% | 44.44% | 38.89% | 83.33% 5.56% 556% | 50.00% | 38.89% | 88.89%
Environmental benefits 217% 21.74% 76.09% 97.83% 0.00% 0.00% | 11.11% |88.89% | 100.00% 0.00% 526% | 26.32% | 68.42% | 94.74%
Reduces infrastructure and utility|
maintenance costs (i.e., streets, | 25.00% | 32.50% 42.50% 75.00% 2.63% 18.42% | 36.84% |42.11% | 78.95% 5.56% 0.00% | 50.00% | 44.44% | 94.44%
curbs, storm sewers)
Can be integrated into existing Option not included in survey 278% | 25.00% | 44.44% |27.78% | 72.22% 0.00% 16.67% | 55.56% | 27.78% | 83.33%
infrastructure
:;ﬁ;‘jo'rz‘smee""g regulatory Option not included in survey 7.89% 21.05% | 36.84% |34.21% | 71.05% 5.56% 556% | 38.89% | 50.00% | 88.89%
Assists in meeting LEED Option not included in survey 1M41% | 11.11% | 44.44% |33.33% | 77.78% 5.56% 16.67% | 33.33% | 44.44% | 77.78%
certification requirements.
Reduces stormwater
management construction Option not included in survey 7.89% 21.05% | 34.21% | 36.84% | 71.05% 16.67% 5.56% 38.89% | 38.89% 77.78%
costs.
Increased property value Option not included in survey 21.62% 27.03% | 32.43% | 18.92% | 51.35% 0.00% 11.11% | 38.89% | 50.00% 88.89%
Potentially increases lot
yields/amount of developable Option not included in survey 5.41% 27.03% | 3243% |35.14% | 67.57% 11.11% 27.78% | 16.67% | 44.44% | 61.11%
land
Provides environmental Option not included in survey 0.00% 26.47% | 41.18% |32.35% | 73.53% 0.00% 35.29% | 35.29% | 29.41% | 64.71%
education opportunities
No benefits 66.67% 33.33% 0.00% 33.33% Option not included in survey Option not included in survey
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Table D.3-13: Perception of benefits held by main stakeholder in Sample 2 and 3

Main Stakeholder Groups
Top Benefits Conservation Private Consulting Stormwater
Municipal Governments Authorities Firms Professionals
Sample 2 Sample 3 |Sample 2 Sample 3| Sample 2 |Sample JSample 2 Sample 3
Not Not Not
Public image 100.00% | Not selected |100.00%| selected 83.33% [selected| 83.34% | selected
Aesthetics 91.66% 100.00% |100.00%| 100.00% | 66.67% |100.00%| 91.66% | 80.00%
Environmental benefits| 100.00% 100.00% |100.00%| 100.00% | 100.00% [100.00%]100.00%| 100.00%
Reduces
infrastructure and
utility maintenance
costs (i.e., streets, Not Not Not
curbs, storm sewers) |Not selected| 100.00% |selected| 100.00% | selected |100.00%| selected| 80.00%
Assists in meeting Not Not Not
regulatory obligations. |Not selected| 83.33% |selected| 100.00% | selected |100.00%| selected| 100.00%
Increased property Not Not Not
value Not selected| 80.00% |selected| 100.00% | selected | 10.00% |selected| 100.00%

Table D.3-14: Drivers identified by survey participants in each sample group

Sample 1: Sample 2: _I_S;g:;g:A
Drivers LSRCALID SWM .
LID Training
Workshop | Conference
Course
Developers 14.62% 13.86% 7.69%
Municipal programs and
policies (rebates, by-laws, 31.54% 29.70% 30.77%
education, stormwater charges,
Provincial regulations and
o 31.54% 30.69% 34.62%
guidelines
Private 9|t|zens and 8.46% 4.95% 3.85%
corporations
Grassroot initiatives 10.77% 7.92% 5.77%
Local NGOs 3.08% 5.94% 7.69%
Option not
Community Groups included in 0.99% 7.69%
survey
. Option not
Market — Strong desire for includedin | 5.94% 1.92%
environmental responsibility
survey
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Table D.3-15: Incentive programs identified by survey participants

Sample 1: . Sample 3:
Incentives LSRCALID s%";’:"f‘:rze:cvzm TRCAICSALID | Average
Workshop Training Course

Reduced requirements for 25.66% 12.09% 8.43% 15.39%
stormwater management
Recognition program 16.81% 9.89% 14.46% 13.72%
Streamlined approvals (e.g., o . o o
accelerated reviews for site 25.66% 14.29% 12.05% 17.33%
T dit f lifying LID i

ax creditfor qualfying __ Option not 11.54% 13.25% 12.39%
techniques included in survey
Bonus (i.e., municipal rebate, o 0 0 0
increased floor area (ratio), etc) 28.32% 13.74% 14.46% 18.84%
Reducg fees (e.g., plgn rewev‘i . Opthn not 0.34% 0.64% 0.49%
fees, utility fees) for site plans* |included in survey
Grants for funding LID projects Option not
including for demonstration and |included in survey 9.89% 12.05% 10.97%
Crecilts for stormwater utility ‘ Opthn not 13.19% 0.08 10.81%
fees included in survey
Regulatqry—based sghgmes a Opthn not 5.49% 7.93% 6.36%
(i.e., ordinances, policies, etc)* |included in survey

Table D.3-16: Perception of costs indicated by survey participants in Sample 2 and

Sample 3
Sample 2: SWM Conference Sample 3: TRCA/ICSALID
Training Course
LID Practice
Cost Ranking
Low Medium High Low Medium High

Soakaway pit 55.56% 38.89% 5.56% 70.59% 29.41% 0.00%
Bioretention 29.41% 38.24% 32.35% | 23.53% 58.82% 17.65%
Dry Well 47.22% 41.67% 11.11% | 56.25% 43.75% 0.00%
Rainwater harvesting 27.03% 48.65% 24.32% | 41.18% 23.53% 35.29%
Green roof 2.86% 14.29% 82.86% | 11.76% 0.00% 88.24%
Downspout

disconnection 94.59% 5.41% 0.00% 94.12% 5.88% 0.00%
Filter strip 64.86% 29.73% 5.41% 58.82% 35.29% 5.88%
Permeable/porous

pavements 0.00% 41.67% 58.33% | 11.76% 52.94% 35.29%
Grass channel 81.58% 15.79% 2.63% 70.59% 29.41% 0.00%
Dry Swale 82.86% 17.14% 0.00% 76.47% 23.52% 0.00%
Infiltration trench 19.44% 69.44% 11.11% | 23.53% 76.47% 0.00%
Level spreader 56.25% 43.75% 0.00% 60.00% 33.33% 6.67%
Roadway reduction 51.52% 39.39% 9.09% 43.75% 37.50%| 18.75%
Soil amendments 35.71% 35.71% 28.57% | 33.33% 33.33%| 33.33%
Tree clusters 57.69% 38.46% 3.85% 50.00% 21.43%| 28.57%
Home clustering 44.00% 32.00% 24.00% | 53.85% 30.77%| 15.38%
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APPENDIX D.4: Overall case study results and
decision-making data

Table D.4-1: Runoff Volume Assessment Case Study Results

Maximum Potential of Total Runoff, in m* . Runoff Volume
s Stormsewershed Total Runoff of Stormsewershed Volume Reduction (RSl caycepehcd Removed by LID
tormsewershed ID . LID Type 2 of Area | Volume Reduction
Area (m?) (m*)| Volume Area (m?) %) ) (mm/m?) in
(%) (without LID)[  (with LID) Stormwatershed
Green Roof 48,736.71 65,825 61,352 6.7 0.64 4.17
Soakaway Pit 154,211.36 130,252 116,930 10.2 1.89 1243
BAR-C1 1,071,530 704,193 10 Downspout Disconnection 185,079.53 165,787 109,738 33.8 7.96 52.31
Dry Well 184,156.56 176,182 153,240 13.02 3.26 2141
Rainwater Harvesting 184,340.67 166,147 99,015 40.41 9.53 62.65
Green Roof - - - _ -
Soakaway Pit 3,410.03 3,011 2,702 10.25 2.50 11.59
BAR-C11 26,627 12,340 14 Downspout Disconnection 3,693.08 3,011 1,623 46.11 11.25 52.14
Dry Well ,280.65 3,308 2,799 - - 9.13
Rainwater Harvesting ,997.60 3,011 1,340 55.50 13.54 2.75
Green Roof 41,020.11 41,489 37477 9.67 1.82 3.35
Soakaway Pit 20,022.10 25,736 23,762 767 0.90 149
BAR-C12 171,839 220,580 4 Downspout Disconnection 38,059.69 48470 42,091 13.16 2.89 37.13
Dry Well 39,902.77 52,985 50,240 5.18 1.24 15.97
Rainwater Harvesting 39,964.05 51,900 42,380 18.34 4.32 55.40
Green Roof 442.60 ,038 2,001 1.84 1.84 047
Soakaway Pit - - - - ! e 1 e
BAR-C15 79,906 2,038 2 Downspout Disconnection - - -
Dry Well - - -
Rainwater Harvesting - - - —
Green Roof 29,179.50 42,169 38,833 791 2.22 14.23
Soakaway Pit - - - _ -
BAR-C16 234,508 150,250 5 Downspout Disconnection 23,917.30 36,027 31,219 13.35 3.20 20.50
Dry Well 24,145.22 36,027 33,390 7.32 1.75 11.24
Rainwater Harvesting 2414522 36,027 29,169 19.04 4.56 29.25
Green Roof - - - e e S R
Soakaway Pit - - -
BAR-C17 52,794 - 0 Downspout Disconnection - - -
Dry Well - - -
Rainwater Harvesting - - - —
Green Roof 148,776.26 151,927 137,614 9.42 217 22.99
Soakaway Pit 2,142.23 3,730 3,342 041 0.06 0.62
BAR-C18 622,619 658,739 6 Downspout Disconnection 157,043.21 170,177 143,703 15.56 4.02 4252
Dry Well 154,798.05 166,452 151,174 .18 232 4.54
Rainwater Harvesting 154,798.05 166,452 128,885 22.57 5.70 0.34
Green Roof 21,343.66 21,880 19,559 10.61 1.53 7.56
Soakaway Pit 8,545.94 7137 6,214 12.93 0.61 6.98
BAR-C19 132,171 151,991 8 Downspout Disconnection 38,490.49 33,820 24,893 26.40 5.87 67.54
Dry Well 38,416.14 56,238 47,882 13.32 4.84 55.66
Rainwater Harvesting 38,416.14 33916 22,259 34.37 7.67 88.20
Green Roof 3,124.66 625 3,283 9.43 .48 3.30
Soakaway Pit 10,653.00 818 8,753 10.85 49 10.28
BAR-C21 103,637 71,403 12 Downspout Disconnection 18,317.60 16,717 10,938 34.57 .09 55.77
Dry Well 18,428.50 22,398 19,269 13.97 4.38 30.19
Rainwater Harvesting 2041719 18,844 10,514 44.20 11.67 80.37
Green Roof 7.441.89 5,763 5,251 8.87 72 11.06
Soakaway Pit 5,718.65 4,029 3,698 8.20 Nk 715
BAR-C22 46,207 29,738 5 Downspout Disconnection 6,334.06 4,575 4,242 7.28 A2 7.20
Dry Well 9,441.62 7,006 6,796 2.99 0.70 4.53
Rainwater Harvesting 9,554.09 8,366 6,906 17.45 4.91 31.59
Green Roof 25,238.91 70,187 67,019 4.51 1.00 9.03
Soakaway Pit - - - e R -
BAR-C23 350,832 317,061 3 Downspout Disconnection 28,368 77,075 69,807 9.43 2.29 20.72
Dry Well 28,697.94 84,899 82,372 2.98 0.80 7.20
Rainwater Harvesting 28,697.94 84,899 75,094 11.55 3.09 27.95
Green Roof 76,496.34 110,243 102,334 717 1.58 1291
Soakaway Pit - - - — -
BAR-C25 612,525 499,394 5 Downspout Disconnection 88,563.25 124,568 108,409 12.97 3.24 26.38
Dry Well 90,111.20 132,291 123,568 6.59 1.75 14.24
Rainwater Harvesting 90,111.20 132,291 108,760 17.79 471 38.42
Green Roof 30,799.74 38,793 36,209 6.66 1.28 1378
Soakaway Pit - - - _ -
BAR-C26 187,583 201,842 5 Downspout Disconnection 48,011.56 54,350 47,373 12.84 3.46 37.19
Dry Well 48,011.56 54,350 50,637 6.83 1.84 19.79
Rainwater Harvesting 48,011.56 54,35 44,498 18.13 4.88 52.52
Green Roof 2,762.22 4,561 4,259 6.72 0.27 298
Soakaway Pit 7,261.01 729 6,510 10.71 0.69 7.58
BAR-C28 103,023 112,895 9 Downspout Disconnection 18,534.14 29,77 23,002 22.75 6.00 65.74
Dry Well 20,065.53 38,568 34,909 9.49 3.24 35.51
Rainwater Harvesting 20,065.53 32,696 22,744 30.44 8.81 96.59
Green Roof - - - _ -
Soakaway Pit 1,762.28 4,267 3,878 9.12 2.23 2.70
BAR-C3 144,361 17,435 14 Downspout Disconnection 1,925.88 4,389 2421 44.84 11.29 13.63
Dry Well 195.45 4,389 3,845 1241 3.12 3.77
Rainwater Harvesting 195.45 4,389 1,897 56.78 14.29 17.26
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Green Roof 7,560.38 10,492 10,069 4.03 0.58 4.28
Soakaway Pit 4,060.58 3,870 3,453 10.77 0.57 4.21
BAR-C30 98,969 73,148 5 Downspout Disconnection 5,055.30 12,315 10,394 15.60 2.63 1942
Dry Well 11,495.32 23,998 22,976 4.26 1.40 10.32
Rainwater Harvesting 11,949.14 22473 19177 14.67 4.51 33.31
Green Roof - - -
Soakaway Pit - - -
BAR-C32 33,480 - 0 Downspout Disconnection - - - —
Dry Well - - - —
Rainwater Harvesting - - - o
Green Roof 27,666.78 38407 35,735 6.96 1.12 9.30
Soakaway Pit 20,915.96 22,55 0,247 0.23 0.96 8.03
BAR-C4 287,256 239,541 8 Downspout Disconnection 55,079.07 54,63 9,686 7.36 6.24 52.05
Dry Well 45,026 42 68,30 1,021 0.66 3.04 25.35
Rainwater Harvesting 45,677 .44 55,64 7,381 2.82 7.62 63.57
Green Roof 29,262 .84 37,071 34,758 6.24 .73 471
Soakaway Pit 40,184.00 36,265 32,681 9.88 14 7.29
BAR-C5 491,364 315,463 8 Downspout Disconnection 76,396.39 74,549 54,271 27.20 .43 4127
Dry Well 58,233.36 93,313 83,946 10.04 .97 19.06
Rainwater Harvesting 704737 74,265 489 34.11 8.03 51.5:
Green Roof 4,627.7 3,969 4 12.68 1.70 164
Soakaway Pit 1,666.0: 1672 .5 9.55 0.54 52
BAR-C8 30,677 29,611 12 Downspout Disconnection 12,153.00 6,006 .24 46.04 9.34 90.14
Dry Well 747847 11,459 ,657 - - 58.74
Rainwater Harvesting 6,886.27 6,506 ,065 52.89 11.62 11217
Green Roof 5,201.64 7464 ,.903 7.52 1.00 .65
Soakaway Pit 1,537.87 1742 ,565 10.14 0.31 .73
BAR-C9 64,846 56,361 8 Downspout Disconnection 10,976.82 15,114 12,207 19.24 51 44.83
Dry Well 10,908.38 15,907 14,482 8.96 2.5 21.97
Rainwater Harvesting 11,868.53 16,134 11,747 27.20 7.7 67.67
Green Roof 1,033.24 1,207 1,148 4.89 0.4 0.74
Soakaway Pit 2427, 2,05 ,838 10.35 1.54 2.65
BAR-NE11 80,042 13,746 16 Downspout Disconnection 5,628.12 4,644 ,502 46.11 15.58 26.75
Dry Well 2,766. 317 694 - - 5.96
Rainwater Harvesting 2,766. 2674 193 5540 10.78 1851
Green Roof - - - e
Soakaway Pit - - - - -
BAR-NE12 24,306 2,740 33 Downspout Disconnection 2,749.47 1,972 1,063 46.11 33.19 37.41
Dry Well 191.37 365 316 - - 2.01
Rainwater Harvesting 589.14 403 179 55.44 8.15 91
Green Roof 26,066.88 23,233 21,542 7.28 0.61 2.8
Soakaway Pit 53,911.00 43,689 39,497 9.59 1.52 7.0
BAR-NE13 592,055 275,581 7 Downspout Disconnection 57,155.05 47,095 31,396 33.33 5.70 26.5.
Dry Well 99,687.86 109,481 95,57 12.7 5.0 23.49
Rainwater Harvesting 65,135.7: 52,083 33, 35.4 6.6! 31.1
Green Roof 2,713.1 27! 3, 0.1 0.
Soakaway Pit 4,619.8 47 4,640 2.4 .
BAR-NE14 302,098 117,227 12 Downspout Disconnection 6,495.7 7,07 4,591 10.65 41.
Dry Well 2,616.27 2,801 7,836 4.24 16.45
Rainwater Harvesting 3,598.37 6,59 1,954 12.49 48.46
Green Roof - - -
Soakaway Pit - - -
BAR-NE17 84,721 20,389 28 Downspout Disconnection - - - —
Dry Well 12,656.47 9,994 8,378 16.17 7.92 19.07
Rainwater Harvesting 14,207.63 10,395 4,746 54.34 27.71 66.68
Green Roof - - - e N B
Soakaway Pit - - - —
BAR-NE18 120,072 34,356 24 Downspout Disconnection - - - —
Dry Well 20,107.63 19,003 16,041 1559 862 9.80
Rainwater Harvesting 20,144.03 15,354 6,985 5451 24.36 27.70
Green Roof - - - e N
Soakaway Pit 5,223.43 5,169 4,633 10.38 0.98 3.67
BAR-NE19 146,146 55,012 19 Downspout Disconnection 5,736.45 55 ,981 46.11 4.64 17.45
Dry Well 22,488.48 253 21,46 15.22 7.00 26.36 |
Rainwater Harvesting 22,566.01 18,9 .59 54.76 18.91 71.18
Green Roof 7,852.35 ,288 N4 14 0.40 197
Soakaway Pit ,352.8 31 28,3 .34 .04 10.11
BAR-NE20 289,305 143,148 10 Downspout Disconnection ,393.1 ,594 19,030 41.62 .48 46.88
Dry Well ,549 41 ,892 34,467 13.60 .79 18.75
Rainwater Harvesting 662.0: ,05: 15,154 49.58 10.41 51.51
Green Roof - - - e B
Soakaway Pit - - - —
BAR-NE24 43,481 11,818 24 Downspout Disconnection - - - —
Dry Well 6,291.26 6,722 5,692 16.32 8.72 23.69
Rainwater Harvesting 6,326.47 5,096 2,312 54.63 23.56 64.02
Green Roof 1,066.92 1114 1,018 8.63 0.29 0.73
Soakaway Pit - - - e R -
BAR-NE25 130,886 33,691 22 Downspout Disconnection - - - _ e -
Dry Well 16,034.58 17,363 14,869 14.36 7.40 19.05
Rainwater Harvesting 17,910.87 15214 7,696 49.42 22.32 57.45
Green Roof - - -
Soakaway Pit - - -
BAR-NE26 43,582 12,348 25 Downspout Disconnection - - - —
Dry Well 7,151.65 6,619 5,582 15.67 8.40 23.80
Rainwater Harvesting 7,317.22 5,729 ,603 54.56 25.31 71.72
Green Roof 13,110.18 14,380 13,517 6.00 1.00 6.59
Soakaway Pit 10,052.70 13,302 12,628 5.07 0.78 515
BAR-NE27 143,390 86,442 5 Downspout Disconnection 9,468.07 12,933 11,338 12.34 1.85 12.19
Dry Well 23,224 .83 23,906 22,432 6.17 1.71 11.26
Rainwater Harvesting 23,286.92 21921 17,903 18.33 4.65 30.70
Green Roof - - - —
Soakaway Pit - - - —
BAR-NE28 111,963 35,795 24 Downspout Disconnection - - - e R
Dry Well 17,772.65 20,108 17,015 15.38 8.64 27.62
Rainwater Harvesting 17,893.28 15,687 7115 54.65 23.95 76.57
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Green Roof 7,307.83 8,112 7474 7.85 0.31 197
Soakaway Pit 42,166.82 39,002 34,853 10.64 2.04 12.84
BAR-NE29 323,137 203,135 13 Downspout Disconnection 44,426 4 42,54 22,929 46.1 .66 60.72
Dry Well 47,668.2 66,34 56,386 15.0 4.90 30.81
Rainwater Harvesting 48,808.2; 47,13 21,306 54.7 12.71 79.92
Green Roof 28,544 3 38,26 35,830 6.3 0.55 3.07
Soakaway Pit 95,389.12 4,440 75,924 10.08 .93 10.77
BAR-NE3 790414 441,644 9 Downspout Disconnection 103,372.64 ,756 59,920 37.42 .11 4534
Dry Well 99,925.43 131,439 114,285 13.05 .88 21.70
Rainwater Harvesting 97,732.89 750 51,394 43.98 .14 51.06
Green Roof 4,767.94 327 ,99. 4.56 0.5: .7/
Soakaway Pit 13,164.67 12,202 11,26 7.67 1.4 7.5
BAR-NE30 123,729 64,211 8 Downspout Disconnection 13,908.96 12,833 ,37 26.91 5.3 27.9:
Dry Well 12,017.09 17,339 1561 9.96 2.6 139
Rainwater Harvesting 14,479.86 14,510 9,445 34.91 7.89 40.94
Green Roof 16,768.27 15,189 ,852 8.80 .95 .62
Soakaway Pit 32,545.27 29, 574 9.61 .01 13.97
BAR-NE31 202,077 140,746 7 Downspout Disconnection 26,317.0 30, ,358 27.87 14 4275
Dry Well 26,351.2 35,194 .64 10.09 .52 17.58
Rainwater Harvesting 25,119.4; 29, ,25 2.40 .90 48.05
Green Roof 1,995.77 15! .34 1.39 .35 2.93
Soakaway Pit 4,882.07 4,259 795 0.90 0.94 7.86
BAR-NE32 59,077 49,467 5 Downspout Disconnection 11,228.26 14,713 13,021 1.50 3.42 28.64
Dry Well ,280.7: 4,00 13,496 3.67 1.04 8.69
Rainwater Harvesting ,170.3: 4,964 12,698 15.14 4.5 38.35
Green Roof 396.6. 3,024 56,265 10.73 0.9 554
Soakaway Pit 112,135.8 106,20 95,050 10.50 1.50 9.15
BAR-NE39 1,219,320 742,846 10 Downspout Disconnection 244,381.09 197,15 121,97 38.13 101 61.65
Dry Well 149,183.93 220,10 191,27 13.10 3.8 23.64
Rainwater Harvesting 161,976.05 156,36 85,89 45.07 9.4 57.79
Green Roof 13,454.01 1061 9,29 12.47 0.9: 7.81
Soakaway Pit 9,378.73 7,385 6,472 2.36 0.64 5.39
BAR-NE40 169,460 143,416 5 Downspout Disconnection 45,302.33 2,976 25494 2.69 5.22 4415
Dry Well 27,041.20 7,453 59,951 1.1 5.23 44.27
Rainwater Harvesting 25,404.14 4,988 19,878 0.4! 3.56 30.15
Green Roof ,384.65 2,731 ,552 6. 0.10 0.36
Soakaway Pit 31,805.66 26,019 23,375 10. 1.45 5.33
BAR-NE8 495,746 182,824 16 Downspout Disconnection 37,559.94 30,627 16,503 46. 7.73 2849
Dry Well 63,880.64 70,801 60,302 14. 5.74 21.18
Rainwater Harvesting 63,880.64 52,645 23,780 54.83 15.79 58.23
Green Roof ,506.74 ,357 129 .71 1.44 .69
Soakaway Pit .110.29 67! 521 .24 0.9 .50
BAR-NE9 62,083 15,890 17 Downspout Disconnection ,301.32 .21 ,507 43.54 17.0: 43.56
Dry Well ,569.92 ,884 517 12.70 23 .90
Rainwater Harvesting ,292.65 76! 417 48.68 8.4 21.66
Green Roof - - - —
Soakaway Pit - - - —
BAR-NW10 134,366 - 0 Downspout Disconnection - - -
Dry Well - - -
Rainwater Harvesting - - - —
Green Roof 11,623.17 14,109 13,250 6.09 0.29 1.58
Soakaway Pit 84,950.63 68,826 61,505 10.64 2.46 1343
BAR-NW12 545,142 297,107 12 Downspout Disconnection 86,769.56 68,794 39,585 42.46 9.83 3.58
Dry Well 85,820.55 75,634 64,283 15.01 3.82 0.82
Rainwater Harvesting 86,748.01 69,743 34,869 50.00 11.74 3.97
Green Roof 1,753.57 3925 3,787 3.52 0.59 213
Soakaway Pit ,828.70 3925 ,604 .16 1.36 28.14
BAR-NW28 11,383 23,548 10 Downspout Disconnection ,828.70 3,925 114 46.13 7.69 159.05
Dry Well .828.70 7,849 ,.802 .35 4.45 92.06
Rainwater Harvesting ,828.70 3,925 85 .07 9.51 196.76
Green Roof - - - —
Soakaway Pit - - - —
BAR-NW29 63,588 - 0 Downspout Disconnection - - - —
Dry Well - - -
Rainwater Harvesting - - - e
Green Roof 4514 7 1,718 2.52 .50 3.90
Soakaway Pit 4514 7 1,633 7.37 47 11.42
BAR-SE1 29,787 8,814 12 Downspout Disconnection 4514 A 49 46.14 .23 71.45
Dry Well 4514 7 1,528 13.31 .66 20.60
Rainwater Harvesting 4514 7 744 57.81 11.56 89.51
Green Roof - - - e R
Soakaway Pit 259.64 253 230 1.83 1.83
BAR-SE10 12,707 1,265 11 Downspout Disconnection 259.64 253 136 9.22 9.18
Dry Well 259.64 0 436 5.51 548
Rainwater Harvesting 259.64 5. 111 11.22 11.17
Green Roof 356.7 3! 320 0.03 0.08
Soakaway Pit 9,666.7 871 7,921 2.07 4.84
BAR-SE14 163,266 38,144 13 Downspout Disconnection 9,666.78 8712 4,693 10.53 24.61
Dry Well 9,666.78 11,677 10,015 4.36 10.18
Rainwater Harvesting 9,666.78 8,712 3,815 12.84 29.99
Green Roof - - -
Soakaway Pit - - -
BAR-SE16 8,996 - 0 Downspout Disconnection - - - —
Dry Well - - - —
Rainwater Harvesting - - - —
Green Roof 1,930.69 .303 1,216 .67 .18 0.59
Soakaway Pit 15,264.36 11,199 10,132 .53 .23 7.30
BAR-SE17 146,317 47,855 13 Downspout Disconnection 15,604.97 11,421 6,154 46.12 11.01 36.00
Dry Well 15,604.97 12,511 10,643 14.93 .90 12.76
Rainwater Harvesting 15,604.97 11421 5,051 55.78 13.31 43.54
Green Roof - - - e R R
Soakaway Pit 71.95 273 49 .88 1.96 0.70
BAR-SE21 34,663 1,237 12 Downspout Disconnection 71.95 273 47 46.13 10.19 3.64
Dry Well 71.95 417 59 13.94 4.70 1.68
Rainwater Harvesting 71.9! 73 1 56.39 12.46 445
Green Roof 4,599.54 5,228 4,94 5.37 0.82 11.79
Soakaway Pit 4,635.74 5,228 4,73 9.46 1.45 20.78
BAR-SE24 23,807 34,196 9 Downspout Disconnection 4,635.74 5,228 2,81 46.12 7.05 101.29
Dry Well 4,635.74 13,28 11470 13.65 5.30 76.17
Rainwater Harvesting 4,635.74 5,22 ,309 55.85 8.54 122.64
Green Roof 11,593.68 2382 22,391 6.01 0.81 4.96
Soakaway Pit 21,013.51 2501 22,627 9.56 1.36 8.29
BAR-SE25 288,566 176,374 11 Downspout Disconnection 35,704 .27 34,014 18,333 46.10 8.89 54.34
Dry Well 2581217 59,577 51,084 14.26 4.82 2943
Rainwater Harvesting 2581217 33,944 15,113 55.48 10.68 65.26
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Green Roof

6,631.19

Soakaway Pit 4,661 9.91 2.22 9.32
BAR-SE26 55,054 23,079 14 Downspout Disconnection 6,918.60 5321 2,867 46.12 10.63 44.57
Dry Well 6,680.99 6,803 5,795 14.82 4.37 18.31
Rainwater Harvesting 7,409.12 5,781 2,576 55.44 13.89 58.22
Green Roof - - - e I N R
Soakaway Pit ,783.59 ,29 2,969 9.77 2.9 A1
BAR-SE28 27,308 11,077 20 Downspout Disconnection ,379.91 ,85: 998 46.11 7.7 .96
Dry Well 41849 ,00 1,707 14.98 27 .04
Rainwater Harvesting ,176.34 .92 1,73 55.80 19.71 .59
Green Roof 391.20 27 25 748 0.0 0.28
Soakaway Pit 10,815.80 851 761 10.54 2.07 12.23
BAR-SE29 73,451 43,400 14 Downspout Disconnection 11,675.56 10,157 547 46.11 10.79 63.77
Dry Well 11,070.83 13,600 11,58 14.82 4.64 27.44
Rainwater Harvesting 11.871.71 10,856 4,852 55.30 13.83 81.74
Green Roof 352.65 694 678 .35 0.09 0.31
Soakaway Pit ,857.37 4,069 3,73 .22 1.76 6.36
BAR-SE3 52,587 18,975 12 Downspout Disconnection ,857.37 4,069 2,19 46.13 .89 35.70
Dry Well ,857.37 074 5,24 13.59 4.35 15.70
Rainwater Harvesting ,857.37 4,06 1,74 57.0 12.23 4412
Green Roof ,408.37 3,004 2,75 8.1 .57 0.20
Soakaway Pit ,727.12 8,664 7,791 10.0 2.03 0.72
BAR-SE30 74,648 43,026 12 Downspout Disconnection 10,054.31 8,401 4,531 46.1 9.01 3.18
Dry Well 9,432.52 13,667 11,697 14.4 4.58 1.62
Rainwater Harvesting 10,628.11 9,283 4,161 55.1 11.90 4.20
Green Roof 1,739.99 1,943 1,749 9.9 0.33 6.56
Soakaway Pit 2,463.07 13,868 12,732 8.1 1.95 38.45
BAR-SE38 29,550 58,282 14 Downspout Disconnection 2,703.02 14,087 7,588 46.13 11.15 219.91
Dry Well 2,463.07 14,299 12,302 13.96 3.43 67.56
Rainwater Harvesting 2,703.02 14,087 6,056 57.01 13.78 271.78
Green Roof - - - _ -
Soakaway Pit ,943 3. 1,637 1,491 .89 1.12 3.77
BAR-SE42 38,608 12,950 11 Downspout Disconnection 4,049.54 3,288 2,194 33.27 8.4 28.34
Dry Well 4,049.54 4,737 4,160 12.19 4.4 14.95
Rainwater Harvesting 4,049.54 3,288 1,925 41.46 10.! 35.31
Green Roof ,078.20 8,204 7875 4.01 0.2 181
Soakaway Pit ,812.! 11,457 0,257 10.48 0.80 6.62
BAR-SE47 181,324 149,370 7 Downspout Disconnection ,827. 25,159 6,662 33.77 5.69 46.86
Dry Well ,827. 79,391 9,514 12.44 6.61 54.47
Rainwater Harvesting ,827. 25,159 4,772 41.28 6.95 57.28
Green Roof - - - e R
Soakaway Pit - - - e B
BAR-SE51 14,846 5,885 8 Downspout Disconnection 3,005.08 1,962 1,660 15.38 513 20.32
Dry Well 3,005.08 1,962 1,779 9.33 3.1 12.32
Rainwater Harvesting 3,005.08 1962 1,520 22.52 7.51 29.76
Green Roof 37,507.85 28,787 25,748 10.56 264 49.27
Soakaway Pit - - - e R
BAR-SE59 61,683 115,150 6 Downspout Disconnection 37,705.29 28,787 23,884 17.03 4.26 79.49
Dry Well 37,705.29 28,787 25,617 11.01 2.75 51.40
Rainwater Harvesting 37,705.29 28,787 21,468 25.43 6.36 118.66
Green Roof 6,942.53 5,794 5,267 9.09 227 12.16
Soakaway Pit - - - e B
BAR-SE61 43,327 23,175 6 Downspout Disconnection ,942.53 5,794 4,916 15.15 3.79 20.25
Dry Well ,942.53 5,794 5,267 9.09 227 12.15
Rainwater Harvesting 42.53 5,794 4,513 22.11 5.53 29.57
Green Roof 79.84 8,734 8,258 5.44 0.41 7.16
Soakaway Pit - - - e R
BAR-SE63 66,392 115,962 2 Downspout Disconnection 4.20 35,74 33,239 7.01 2.16 37.71
Dry Well 4.20 35,74 35,355 1.08 0.33 583
Rainwater Harvesting 4.20 35,74 32,949 7.82 2.41 42.08
Green Roof ,234.39 12,710 12,108 4.73 0.39 540
Soakaway Pit ,102.70 12,710 11,520 9.36 0.78 10.68
BAR-SE64 111,448 152,519 9 Downspout Disconnection ,366.22 12,710 6,848 46.12 3.84 52.60
Dry Well ,102.70 101,679 88,451 13.01 8.67 118.70
Rainwater Harvesting ,102.70 12,710 5,600 55.94 4.66 63.79
Green Roof 11,308.42 10,394 9,227 11.23 2.52 26.56
Soakaway Pit - - - e -
BAR-SE67 43,956 46,347 6 Downspout Disconnection 11,582.01 11,984 10,010 16.48 4.26 4492
Dry Well 11,582.01 11,984 10,733 10.44 2.70 28.48
Rainwater Harvesting 11,582.01 11,984 9,055 24.45 6.32 66.65
Green Roof 21,396.55 28,005 26,570 5.12 .72 3.52
Soakaway Pit 22,198.1 26,34 23,882 9.36 24 6.06
BAR-SE7 407,245 198,491 8 Downspout Disconnection 26,919.7 32,86 20,617 37.26 17 0.07
Dry Well 24,957 4 7841 68,723 12.36 4.88 .80
Rainwater Harvesting 24,957 4 32,86 17,907 45.51 7.53 .72
Green Roof 8,668.17 ,589 6,138 .85 0.34 85
Soakaway Pit 19,671.74 16,848 15,319 .07 1.15 .26
BAR-SE74 244,253 132,859 9 Downspout Disconnection 25,608.19 22918 12,347 46.12 7.96 4328
Dry Well 23,235.79 64,971 56,274 13.39 6.55 35.63
Rainwater Harvesting 23,502.95 21,52 427 56.21 9.11 49.54
Green Roof ,691.83 6,98 716 .81 0.56 1.35
Soakaway Pit 11,195.84 9,624 ,551 11.16 2.25 546
BAR-SE80 196,535 47,758 1 Downspout Disconnection 11,237.43 10,048 5415 46.11 9.70 23.57
Dry Well 9,163.65 11,281 9,572 16.15 3.58 8.70
Rainwater Harvesting 11,288.60 ,824 4,487 54.33 11.17 27.15
Green Roof 75.39 4 2548 3.55 0.71 .48
Soakaway Pit 75.39 ,64 2427 8.13 1.63 .09
BAR-SE81 39,023 13,211 11 Downspout Disconnection 75.39 64 1423 46.13 9.23 .20
Dry Well 75.39 4 2274 - - 87
Rainwater Harvesting 75.39 ,64 1,134 57.10 11.42 .68
Green Roof - - - —
Soakaway Pit - - - -
BAR-SE82 11,789 2,069 17 Downspout Disconnection 1,095.49 690 372 46.08 15.36 1.62
Dry Well 1,095.49 690 560 18.79 6.26 0.66
Rainwater Harvesting 1,095.49 690 333 51.73 17.24 1.82
Green Roof - - - - ! == 1
Soakaway Pit 131,449.54 89,5662 77,899 13.02 3.27 59.35
BAR-SE85 751,111 356,903 13 Downspout Disconnection 13291244 88,753 47,847 46.09 11.46 208.14
Dry Well 132,007 49 89,834 73,580 18.09 4.55 82.70
Rainwater Harvesting 150,607.61 8,753 42,222 52.43 13.04 236.76
Green Roof ,851.41 0,793 9,783 9.36 0.85 8.87
Soakaway Pit 16,331.96 9,468 17,545 9.88 1.62 16.87
BAR-SW10 113,968 118,876 12 Downspout Disconnection 19,598.08 23,704 14,421 39.16 7.81 81.45
Dry Well 18,197.45 34,612 30,113 13.00 3.78 39.48 |
Rainwater Harvesting 6,828.53 30,300 15,751 48.02 12.24 127 6
Green Roof 22,812.98 27,753 26,018 .25 0.47 3.0
Soakaway Pit 71,911.64 59,789 53,630 10.30 1.65 10.7
BAR-SW11 572,529 372,726 9 Downspout Disconnection 87,363.3 67,141 38,772 42.25 7.61 49.55
Dry Well 81,397.2 149,806 129,162 13.78 5.54 36.06
Rainwater Harvesting 157,877.1 68,238 33,908 50.31 9.21 59.96
Green Roof 46,596.04 52,244 48,066 8.00 1.97 17.81
Soakaway Pit - - - e R
BAR-SW13 234,634 211,849 5 Downspout Disconnection 47,495.27 53,202 45,880 13.76 3.46 31.20
Dry Well 47,495.27 53,202 49,118 7.68 1.93 17.40
Rainwater Harvesting 47,495.27 53,202 42,731 19.68 4.94 4463
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Green Roof 1,505.35 2,003 1,892 5.53 0.32 0.98

Soakaway Pit 1,805.83 2,325 2122 8.72 0.58 179

BAR-SW23 113,062 34,833 6 Downspout Disconnection 7,145.35

Dry Well ,145.35 1
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Rainwater Harvesting 8,951.17
1

Green Roof .788.16
Soakaway Pit -

BAR-SW27 22,115 3,514 3 Downspout Disconnection - - - o

Dry Well - - -

Rainwater Harvesting - - N

Green Roof - - - -

Soakaway Pit ,918. ,133 .89 1.01 2.24 34

BAR-SW30 68,702 10,478 1" Downspout Disconnection 411 0.10 9.59 14.6:

Dry Well 411 ,335 ,86 4.07 4.48 6.8
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Rainwater Harvesting ,240. 505 ,30! 47.76 11.42 174
Green Roof - -

Soakaway Pit - - - —

BAR-SW31 21,103 - 0 Downspout Disconnection - - -

Dry Well - - -

Rainwater Harvesting - - - j—

Green Roof - - -

Soakaway Pit - - -

BAR-SW32 56,175 - 0 Downspout Disconnection - - - —

Dry Well - - - —

Rainwater Harvesting

Green Roof 4151173 71,336 67,472 542 1.89 15.87

Soakaway Pit

BAR-SW33 243,566 204,317 2 Downspout Disconnection 436.62 44,327 41,735 5.85 1.27 10.64

Dry Well 436.62 44,327 44,327 - -

Rainwater Harvesting 436.62 44,327 41,764 578 1.25 10.52
Green Roof - - -

Soakaway Pit - - - j—

BAR-SW39 10,171 - 0 Downspout Disconnection - - -

Dry Well - - -

Rainwater Harvesting - - - j—

Green Roof - - - —

Soakaway Pit

BAR-SW40 351,744 81,027 2 Downspout Disconnection ,323.
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Dry Well ,323.

Rainwater Harvesting .3

Green Roof ,731.9

Soakaway Pit 57,919.44 46,868 4

BAR-SW45 491,948 204,348 12 Downspout Disconnection 60,261.7 49, 7 4 4:7 10. 44:8
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Dry Well 59,972.24 57, 4

Rainwater Harvesting 112,944.2 45,

©|o
o|3|S|N]|S
~
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©
N

Green Roof ,084.7:

Soakaway Pit 87333 5 170 10.18 1.03 74

BAR-SW48 48,602 34,879 6 Downspout Disconnection ,450.24 479 .875 46.11 4.60 33.01

Dry Well ,367.34 20,877 18,117 - - 56.77

Rainwater Harvesting 11,877.22 3,479 1,559
Green Roof -

Soakaway Pit - - -
BAR-SW51 68,869 - 0 Downspout Disconnection - - - —

Dry Well - - -

Rainwater Harvesting - - _

Green Roof - - - —

Soakaway Pit

BAR-SW7 64,790 53,902 5 Downspout Disconnection 17,198.58 17,967 15,980 11.06 3.69 3067

Dry Well 17.198.58 17,967 17,084 4.92 1.64 13.64

Rainwater Harvesting 17,198.58 17,967 15,284 14.94 4.98 4142
Green Roof - - -

Soakaway Pit

BAR-SW8 17,096 7,612 6 Downspout Disconnection 2,826.09 2,537 2,202 13.20 4.40 19.60

Dry Well 2,826.09 2,537 2357 711 2.37 10.55
Rainwater Harvesting 2,826.09 2,537 2,063 18.70 6.23 2775

Green Roof 4,682.79 31,552 29,456 6.64 0.42 249

Soakaway Pit 4,148.73 78,765 70,699 10.24 1.61 9.58
BAR-SW9 841,651 501,649 10 Downspout Disconnection 124,623.34 104,248 64,207 38.41 7.98 47.57

Dry Well 117,348.94 181,326 157,185 13.31 4.81 28.68
Rainwater Harvesting 215,555.95 105,759 56,873 46.22 9.74 58.08

Note: "/ TSS stands for Total Suspended Solids.
@ TP stands for Total Phosphorus.
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Table D.4-2: Pollutant Loading Assessment Case Study Results

Total Pollutant Loading of Stormsewershed Pollutant Loading Reduction of Pollutant Removed by LID (kg[yrfm") in Maximum Potential Pollutant Loading
Before LID Application (kglyr) without LID (with LID) Applicable Area (%) Stormwatershed Reduction in Stormsewershed (%)
Stormsewershed ID LID Type M Area
Area (m?) (m?)
1ss T Zinc 1ss T Zinc 1ss TP Zinc Tss e Zinc Tss T Zinc Tss e Zinc Tss T Zinc
Green Roof 48,736.71 17.509.35 26.99 14.48 120.10 27.30 .24 13.65 -1.15 8.58 28 -0.11 .80 3 -0.00
Soakaway Pit 154,211.36 | 34,647.10 53. 2866 2352499 36.80 80 3210 31.09 -28.43 .94 .75 5.26 .38 .02
BAR-C1 1071530 | 187,315.34 288.72 154.92 |_Downspout Disconnection 44,099.29 67. 3647 69765 3269 81 6214 51.91 62.14 14.63 12.22 14.63 .57 .03 18.37 2093 2359
Dry Well 62,393.10 72. 3876 41,696.72 5320 41 3317 26.35 37.01 11.05 .59 .26 1 .02
Rainwater Harvesting 4419517 68. 36.55 .780.35 7.70 - 7787 88.69 100.00 18.37 2093 2359 12 .06
Green Roof 48,736.71 - - - - - - - - - - - - - -
Soakaway Pit 154,211.36 800.89 1. .66 525.31 0.81 0.81 34.41 34.41 -22.24 8.40 8.40 -543 .35 .02
BAR-C11 26,627 3,282.56 5.06 2.71|_Downspout Di 185,079.53 800.89 1. .66 175.47 0.42 0.15 78.09 65.59 78.09 19.05 16.00 19.05 .49 .03 24.40 24.40 24.40
Dry Well 184,156.56 879.89 1. .73 528,66 0.96 044 3992 29.02 39.92 10.70 778 10.70 19 .01
Rainwater Harvesting 184,340.67 800.89 1. 66 - - - 100.00 100.00 100.00 24.40 24.40 24.40 .08 .05
Green Roof 4873671 11,036.12 17 13 8796.31 17.46 7.99 2030 265 12.44 .82 -0.50 .34 .03 -0.00
Soakaway Pit 154,211.36 6,845.82 0.55 566 4.729.43 7.53 7.53 3092 28.62 -33.03 361 3.34 -3.85 12.32 .02
BAR-C12 171,839 58,674.34 90.44 48.53 | Downspout Di 185,07 12,893.11 9.87 10.66 9,987.67 16.07 8.26 22.53 19.15 22.53 4.95 4.21 4.95 16.9 .02 7.84 2323 2353
Dry Well 184,156.56 14,947.78 1.72 11.66 12,857.87 19.60 10.09 13.98 9.76 13.43 3.56 2.35 3.23 12.1 .01
Rainwater Harvesting 184,340.67 13,805.31 1.28 1142 9,207.75 .27 - 33.30 98.74 100.00 7.84 23.23 23.53 26.7¢ .12
Green Roof 48,736.71 542.10 0.84 045 530.28 82 044 18 1.44 1.93 2.18 144 1.93 Xl 00
Soakaway Pit 154,211.36 N N N N - - N N N - N - - - N
BAR-C15 79,906 542.10 0.84 0.45 [ Downspout Di: 185,079.53 N N N N - - N N N N N N N - N 218 144 193
Dry Well 184,156.56 N - - - - - - - - - - - - - -
Rainwater Harvesting 184,340 - - - - - - - - - - - - - - -
Green Roof 48,736. 11.216.90 17.29 9.28 9,396.60 17.59 8.34 16.23 -1.73 10.08 4.55 -0.49 2.83 7.76 -0.00 0.00
Pit 154,211 N N - N - - - - - - - - - - -
BAR-C16 234508 |  39,966.44 61.60 33.05 |_Downspout Disconnection 185,07 958318 14.77 7.93 6,153.30 10.31 5.09 3579 3017 3579 8.58 7.24 8.58 14.63 0.02 0.01 20.70 12.33 23.98
Dry Well 184,156.56 |  33,390.26 14.77 793 2511562 12.16 587 2478 17.65 2593 2070 4.23 6.22 35.29 0.01 0.01
Rainwater Harvesting 184,340.67 9,583.18 14.77 7.93 4,654.10 747 - 5143 51.43 100.00 12.33 12.33 23.98 21.02 0.03 0.03
Green Roof 48,736.71 - - - - - - - - - - - - - - -
Soakaway Pit 154,211.36 N N - N - - - - - - - - - - -
BAR-C17 52,794 - - - | _Downspout Disconnection 185,07 - N - - - - - - - - - - - - - - - -
Dry Well 184,156.56 N N - N - - - - - - - - - - -
Rainwater Harvesting 184,340.67 - - - - - - - - - - - - - - -
Green Roof 4873671  40412.59 6229 3342] 3244289 63.86 2938 19.72 252 12.11 4.55 0.58 279 12.80 0.00
Soakaway Pit 154,211.36 992.24 1.53 0.82 651.41 1.00 1.00 34.34 4.34 -22.36 0.19 0.19 -0.13 0.55 00
BAR-C18 622,619 | 175,224.62 270.08 144.92 | Downspout Di 185,079.53 45,267.20 69.77 37.44 25,829.7¢ 44.69 21.36 42.94 5.95 42.94 11.09 9.29 11.09 31.22 04 26.57 15.69 2527
Dry Well 184,156.56 145,769.13 68.25 36.62 99,206. 53.31 24.88 31.94 88 32.04 26.57 .53 8.10 74.79 02
Rainwater Harvesting 184,340.67 | 44,276.29 68.25 3662 17.968. 25387 - 5942 09 100.00 15.01 15.69 2527 4225 07
Green Roof 736.71 82017 8.97 81 4512 9.25 4.15 2247 3.14 13.70 23 -0.45 1.97 .89 -0.00
Pit 154,211.36 898.32 2.93 57 1,265, 195 195 3332 33.32 -24.26 .56 56 114 79 01
BAR-C19 132171|  40429.48 6232 33.44 |_Downspout Di 185,079.53 8,996.07 1387 7.44 3,565.35 6.97 2.95 6037 4975 60.37 1343 11.07 1343 41.09 05 28.02 17.71 2231
Dry Well 184,156.56 29,125.70 22.65 12.15 17.796.51 1647 7.48 38.90 27.28 38.46 28.02 9.92 13.98 85.72 05
Rainwater Harvesting 184,340.67 9,021.62 1391 46 1,859.71 2.87 - 79.39 79.39 100.00 17.71 17.71 22.31 54.19 08
Green Roof 48,736.71 964.25 49 .80 773.95 52 70 .74 -2.52 12.12 .00 -0.13 .62 1.84 -0.00
Pit 154,211.36 2611.71 03 16 172581 67 67 .92 3370 2355 66 63 324 8.55 01
BAR-C21 103,637 18993.12 2928 15.71 |_Downspout Disconnection 185,079.53 444685 85 68 1.460.26 .02 21 16 56.01 67.16 15.72 1311 1 28.82 04 2336 24.01 2639
Dry Well 184,156.56 9,698.05 .18 93 584463 6. 01 73 27.86 38.98 2029 .74 1 37.18 02
Rainwater Harvesting 184,340.67 5,012.40 7.73 4.15 576.43 7 - 88.50 91.00 100.00 23.36 24.01 2 42.80 07
Green Roof 48,736.71 1532.88 2.36 1.27 1.250.07 4 1.12 18.45 223 11.37 58 -0.43 12 -0.00
Soakaway Pit 154,211.36 1.071.70 165 0.89 692.17 11 116 3541 2958 3124 4.80 401 -4 21 01
BAR-C22 46,207 791043 12.19 6.54 | Downspout Disconnection 185.079.53 216.93 .88 1.065.06 1.69 0.88 12.48 10.00 12.48 92 1 1.92 29 00 875 2813 2813
Dry Well 184,156.56 863.50 87 171443 2.71 142 00 77 8.00 88 1 1.88 23 00
Rainwater Harvesting 184,340.67 22541 43 1532.88 - - 3112 100.00 100.00 .75 28, 28.13 14.99 07
Green Roof 4873671 18,669.75 2878 1 17.106.95 2876 14.59 37 0.04 552 85 0. 122 45 00
Soakaway Pit 154,211.36 - - - - - - - - - - - - - -
BAR-C23 350,832 84,338.24 130.00 69.75 | Downspout Di 185,079.53 20,502.02 31.60 16.96 16.,285.13 2595 1347 20.57 17.87 20.57 5.00 4.34 5.00 12.02 0.02 10.54 8.65 26.78
Dry Well 184,156.56 82371.75 34.81 18.68 73.485.89 32.22 16.62 10.79 7.43 11.02 10.54 1.99 2.95 25.33 0.01
Rainwater Harvesting 184,34067 | 2258324 34.81 1868| 15287.03 2356 - 3231 3231 100.00 8.65 8.65 2678 20.80 0.03 0.05
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Green Roof 4873671 2932475 4520 2425] 2506536 4581 22.05 1452 135 9.09 321 030 201 695 0.00 000
Soakaway Pit 154,211.36 - - - - - - - - - - - - - - -
BAR-C25 612525 132,838.80 204.75 109.87 [ Downspout Di 185,07953 | 78.102.10 07 2740]  64.32052 6.23 1797 29.05 34.41 1037 58 2248 00 02 21.06 12.89 26.49
Dry Well 184,156.56 | 123,142.80 24 2910] 9517320 557 22.26 15.98 2350 21.06 23 4566 00 01
Rainwater Harvesting 1 35,189.54 24 2910 18,216.60 7.84 - 4867 100.00 1278 26.49 27.71 00 .05
Green Roof 10,318.91 o1 853 894261 6.08 782 ) 108 8.40 56 61 734 0.0 .00
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-C26 187,583  53,689.90 82.76 44.41 [ Downspout Di 1 53.727.91 22.28 11.96] 4675130 15.88 788 99 2876 34.06 12.99 77 917 37.19 00 02 22.26 1363 26.93
Dry Well 1 . 50,0156 22.28 11.96] 38,6258 18.60 9.05 .90 16.54 24.31 22.26 6.55 63.72 0.0 .02
Rainwater Hanvesting 184,340.67 | 14,4570 22.28 11.96 7,363.58 11.00 - .07 50,62 100.00 1321 26.93 37.81 0.0 .06
Green Roof 73671 87 00 1,050.88 89 092 47 ERE] 848 54 34 59 00 .00
Soakaway Pit 154,211.36 99 60 1.2756 97 1.97 34.22 2259 21 146 44 00 000
BAR-C28 103,023  30029.94 46.29 24.84 [ Downspout Di 185,079.53 1221 55| 17.250.1 81 377 36.00 4247 13.59 11.20 39,62 0.0 .03 18.05 18.83 28.96
Dry Well 184,156.56 15.81 48] 18440.7 12.87 6.28 18.62 26.01 14.81 . 88 4316 0.0 .02
Rainwater Harvesting 184,340.67 1341 19 32763 469 - 65.00 100.00 18.05 1 28.96 5262 00 .07
Green Roof 73671 - - - - - - - - - - - - - - -
Soakaway Pit 15421136 134.98 75 094 739.24 114 114 34.87 3487 2138 8. 853 523 74 00 000
BAR-C3 144,361 4,637.59 715 3.84 | Downspout Di 185,079.53 167.54 80 097 284.95 064 024 7559 64.52 7559 19 16.24 19.03 11 00 01 24.47 2518 2518
Dry Well 184,156.56 167.54 80 097 826.71 1.41 068 29.19 217 29.19 7. 547 7.3 36 00 .00
Rainwater Hanvesting 184,340.67 16754 80 097 32.56 - - 97.21 100.0 100.00 24 2518 25.1 86 0.0 01
Green Roof .736.71 ,790.88 30 231 2588.16 29 20 7.26 2 4.88 04 004 7 .05 0.0 .00
Soakaway Pit 15421136 029.39 59 085 67734 04 04 34.20 34.2 2263 81 1.81 1.2 .56 00 000
BAR-C30 98,969  19.457.46 29.99 16.09 |_Downspout Di 185,079.53 669.65 05 271 849037 .95 03 1220 21.78 2521 .06 367 2 11.92 00 01 932 2215 3072
Dry Well 184,156.56 | 12,605.70 84 528] 11.383.71 .01 66 .69 3 1168 28 2.75 83 12.35 0.0 01
Rainwater Hanvesting 184,340.67 ,977.89 21 4.94 4,164.12 57 - 30.34 72.0 100.00 32 2215 30.72 1833 00 .05
Green Roof 73671 - - - - - - - - - - - - - - -
Soakaway Pit 154,211.36 - - - - - - - - - - - - - - -
BAR-C32 33480 - - - [ Downspout Di 185,079.53 - - - - - - - - - - - - - - - - - -
Dry Well 184,156.56 - - - - - - - - - - - - - - -
Rainwater Harvesting 184,340.67 - - - - - - - - - - - - - - -
Green Roof 73671 10.216.15 15.75 45 878383 15.94 771 402 EF 8.80 25 2 4.99 0.0 00
Soakaway Pit 154,211.36 ,999.19 25 .96 3.934.30 .06 6.06 4.42 34, 2222 24 209 719 00 0,00
BAR-C4 287,256 |  63,717.99 98.21 52.70 | Downspout Di 185,07953 |  36,504.93 22.40 12.0: 2714991 1178 521 563 47 56.67 14.68 12.93 3257 0.0 02 16.26 16.96 2323
Dry Well 184,156.56 | 38,061.89 28,00 15.0! 27,701.69 22,00 1051 722 21 30.07 16.26 57 36.07 002 .02
Rainwater Hanvesting 18434067 | 14,800.68 22.81 122 468730 16 - 68.33 731 100.00 15.87 23.23 35.21 0.06 .04
Green Roof 73671 860.99 15. 1 8642.01 1533 752 1236 08 784 45 92 248 00 .00
Soakaway Pit 154,211.36 646.40 14. 98 6,302.49 86 9.86 34.66 337 2357 98 271 681 00 000
BAR-C5 491364 83913.26 129.34 69.40 [ Downspout Di 185,07953 | 30,759.25 30. 1640 2070334 18.28 8.56 32.69 401 47.78 1198 11.29 2047 0.0 .02 15.14 21.03 2354
Dry Well 184,156.56 | 33,871.10 38. 2053 2597260 31.07 15.23 23.32 187 25.79 41 763 16.07 00 01
Rainwater Harvesting 184,34067 | 19,754.48 30. 16.34 704819 .25 - 432 893 100.00 15.14 23 2586 00 .03
Green Roof 736, 05579 63 087 768.00 7 0.7 726 42 16.41 65 ; 38 00 .00
Soakaway Pit 154,21 44469 69 .37 29041 .45 0.4! 4.69 34.6 217 96 A .03 0.0 ~0.00
BAR-C8 30,677 7,876.62 1214 651 [ Downspout D 1 159760 .46 32045 096 02 9.94 61.16 79.9: 16.21 16. 4163 0.0 .03 21.97 21.97 21.97
Dry Well 1 047.97 70 179361 330 14 41.15 29.85 411 1593 1593 40,89 005 03
Rainwater Hanvesting 1 X .730.56 67 - - - 100.00| 1004 100.00 21.97 21.97 56.41 009 .05
Green Roof .736.71 98535 06 1.681.32 341 149 1531 1. 955 03 26 69 0,00 .00
Soakaway Pit 15421136 46341 71 30375 47 047 3445 34 2216 06 068 4 000 000
BAR-C9 64,846 1499208 23.11 12.40 |_Downspout Di 18507953 | 12,489.95 20 1032307 .96 1.90 1735 36. 4293 1445 1151 334: 003 02 21.30 1879 2863
Dry Well 184,156.56 | 11,844.26 52 . 8,650.98 .24 251 26.96 19. 28.35 21. 8.00 49.2 002 .02
Rainwater Hanvesting 184,340.67 4,291.74 62 .55 1,647.50 .27 - 61.61 65.65 100.00 17 28.63 40.7 007 .05
Green Roof 73671 00 49 27 29133 50 025 24 016 6.03 0. 0 053 3 0.00 .00
Soakaway Pit 154,211.36 .35 84 045 357.92 055 055 34.37 34,37 22.31 5. 5 3.33 34 000 000
BARNE11 80,042 3,656.55 564 3.02 [ Downspout D 185,079.53 1.235.26 90 1.02 27142 065 022 78.03 65.74 78.03 26. 22. 26.36 12.04 002 01 26.36 2221 26.36
Dry Well 184,156.56 .56 30 070 517,80 093 043 3862 2814 38.62 8 6. 891 07 000 .00
Rainwater Harvesting 184,340 10 059 - - - 100.00 100.00 100.00 19 19. 19.46 .89 001 01
Green Roof 36. - - - - - - - - - - - - - -
Soakaway Pit 154,211 - - - - - - - - - - - - - -
BAR-NE12 24,306 728.91 112 060 [_Downspout Di 185,079 81 04 11464 028 009 7815 6545 78.15 56.24 56.24 16.87 00 01 56.24 47.10 56.24
Dry Well 184,156 15 00 65.69 0.11 005 3242 2397 32.42 32 4.32 00 .00
Rainwater Hanvesting 184,340 A7 0. - - - 100.00 100.00 100.00 14.69 14.69 0.0 .00
Green Roof 36. 53 5 .267.33 966 64 477 140 923 25 78 0.0 .00
Soakaway Pit 1 91 9. 048.96 1255 1255 074 29.95 30 87 484 Y 00 000
BARNE13 592055|  73,304.63 112.99 60.63 | Downspout Di 1 31 0. ,137.04 10.05 41 7.48 47.98 57. 10.04 82 12. 0.0 01 13.89 18.11 18.90
Dry Well 1 89 24 21,657.63 34.14 16.15 1.98 2394 2. 13.89 13.09 17. 0.0 .01
Rainwater Harvesting 1 1.4 67559 089 - 66.25 9583 100.00 1252 18.90 15. 00 .02
Green Roof 07 794,88 1.34 068 76 0 575 24 ; 25 00 .00
Soakaway Pit 1 6.0 4.795.69 7.39 739 34.38 34. 2229 .06 5. .32 0.0 ~0.00
BARNE14 302008|  31,182.38 48.06 25.79 [ Downspout Di 185, 596 1.578.81 382 1.31 78.08 65, 78.08 18.04 18. 18.62 0.0 .02 2268 2268 2268
Dry Well 184,156 . . 722 532390 963 4.40 38.99 28’ 38.99 1091 10 11.26 00 01
Rainwater Harvesting 184,340.67 073.65 .90 585 - - - 100.00 100 100.00 2268 22.68 2342 00 .02
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Green Roof 736. - - - - - - - - - - - - - - -
Soakaway Pit 11. - - - - - - - - - - - - - - -
BAR-NE17 84,721 542346 836 4.49 [ Downspout D 79, - - - - - - - - - - - - - - - 50.99 5099 50.99
Dry Well K 265831 410 220 152024 283 126 42.81 3097 4281 20.98 1518 20.98 1343 0.01 001
Rainwater Harvesting K 276516 426 229 - - - 100.00 100.00 100.00 50.99 5099 50.99 3264 0.05 003
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit - - - - - - - - - - - - - - -
BAR-NE18 120,072 9,138.82 1409 7.56 [ Downspout Di - - - - - - - - - - - - - - - 4469 4469 4469
Dry Well K 5054.70 779 418 3,000.96 549 248 40,63 2950 4063 2247 16.32 2247 1710 0.02 001
Rainwater Harvesting K 408413 630 338 - - - 100.00 100.00 100.00 4469 4469 4469 34.01 0.05 003
Green Roof - - - B - - - - - - - - - - -
Soakaway Pit 37504 21 a4 902,59 139 139 34 3436 2233 323 210 323 00 K
BAR-NE19 146,146 14,633.11 2255 12.10 [ Downspout Di 47148 22 22 32239 078 027 78 6558 78.09 785 X 7.85 786 01 3454 3454 3454
Dry Well K .732.86 10. 57 4,090.22 741 338 2857 39.25 18.06 13. 18, 18.08 02
Rainwater Harvesting K ,053.72 7. 18 - - - 1 100 100.00 345 34 3454 34 05
Green Roof 47062 04 71.04 B 89 E 770 7 005 X 0.
Soakaway Pit 330, 89 7.74 .7 78 K 31 27.45 X 92 . X K
BAR-NE20 289305(  38,077.29 58.69 31.49 [ Downspout D 669 A7 487 4 12 4 59, 042 16 1351 16 21, 1878 2100 21.00
Dry Well K 10611, 78 ,940.28 12.2; 74 34.61 25. 34.60 X 04 64 1269
Rainwater Harvesting K 1995 E 61 579 - - 89.4: 100 100.00 18 21.00 21 2471 X X
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 2 - - - - - - - - - - - - - - -
BAR-NE24 43481 314351 485 260 [ Downspout Di - - - - - - - - - - - - - - - 4312 4312 4312
Dry Well K 1.788.03 276 148 1.079.26 1.9 089 3964 2883 3964 2255 16.40 22.55 16.30 0.02 001
Rainwater Harvesting K 1,35548 209 142 - - - 100.00 100.00 100.00 4312 4312 4312 3147 0.05 003
Green Roof ¥ 29632 046 025 24331 047 022 17.89 211 11.05 059 007 037 041 -0.00 000
Soakaway Pit 211.36 - - - - - - - - - - - - - - -
BAR-NE25 130,886 8,961.92 1381 741 [ Downspout Di 53 - - - - - - - - - - - - - - - 41.96 41.96 45.16
Dry Well X 6,044.82 712 382 516 237 3487 2754 38.08 2352 1419 1962 16.10 0.01 001
Rainwater Harvesting 340 67 4,047.04 624 335 044 - 92.92 92.92 100.00 41.96 41.96 4516 2873 004 003
Green Roof 71 - - - - - - - - - - - - - -
Soakaway Pit 211.36 - - - - - - - - - - - - - - -
BAR-NE26 43,582 3,284.52 506 2.72 [ Downspout D 53 - - - - - - - - - - - - - - - 46.39 4639 46.39
Dry Well X 760,69 7 46 1,039.88 1.91 086 X 2971 40 21.95 1592 21.95 1654 02
Rainwater Harvesting 340 67 52384 26 - - - 100 100.00 100 46.39 6. 46.39 34.97 05
Green Roof 71 82501 16 37363 .94 93 1. 07 7 96 K 25 0.
Soakaway Pit 211.36 ,538.24 93 ,920.92 .58 58 X -56. 68 867 E
BAR-NE27 143390  22,99358 3544 19.02 | Downspout Di 53 44025 85 71873 38 25 3 20 14 X 14 857 2536 2536
Dry Well X 358.98 X 26 33365 65 41 1.7 16. 46 2 46 X
Rainwater Harvesting 340 67 ,831.10 99 82 ,861.06 - - 100.0( 100. 57 2 25.36 13
Green Roof 71 - - - - - - - - - - - - - - -
Soakaway Pit 36 - - - - - - - - - - - - - - -
BAR-NE28 111,963 952155 1468 7.87 [ Downspout Di 53 - - - - - - - - - - - - - - - 4382 4382 4382
Dry Well X 24 4 321685 586 266 86 2898 39.86 22.39 16.28 22 1904 02
Rainwater Harvesting 340 67 43 4! - - - 1 100.00 100 4382 4382 43 37.07 06
Green Roof 71 33 7 810 ¥ [ 170 10 64 007 - 107 0,00
Soakaway Pit 36 99 51 820 10. 1 34.25 22. ¥ 58 4. 1.00 02 E
BAR-NE29 323137| 5403378 83.29 4469 [ Downspout D 53 z 3 Y 6557 78, 16. 137 16. 735 04 2320 2320 2320
Dry Well X 2 1 2803 38 12. X 12! .00 02
Rainwater Harvesting 340 67 - - 100 100.00 100 23 23 23 .80 06
Green Roof 71 X 83 62 092 99 K 63 .00
Soakaway Pit 36 62 .55 55 31.98 26.77 ¥ X X .25 01 E
BAR-NE3 790414 | 117.477.31 181.07 97.16 [ Downspout D 53 26 .20 | 41 5365 64.01 14, 11 13 20.96 03 1695 19.87 2077
Dry Well X 89 .66 1 86 24.55 3375 10. K 10, 1596 02
Rainwater Harvesting 67 62 6 - 60 9564 100.00 1695 19 20’ 2520 05
71 0. 00 0 52 47 02 58 .97 000 33
Soakaway Pit 36 7 00 .7 72 26 2556 -38.72 X 486 - 03 E
BAR-NE30 123729|  17,08008 26.33 14.13 [ Downspout Di 53 .5 26 .2 54 45 3823 4560 X 764 X 12.5¢ 1428 2260 2260
Dry Well 1 8 86 25.00] 18.32 25.00 ¥ 95 7 .3 X
Rainwater Harvesting K 95 - - 63. 100.00 100.00 14. 22,60 22.6 19.7 05
Green Roof 23 6 9 8 220 11 K 024 0
Soakaway Pit 05 8. 1 4.6 3231 -26. 24 75 ¥ K
BAR-NE31 202077| 3743839 57.71 30.96 [ Downspout D ¥ 71 7. 61 7.23 3958 47 1040 72 10 ¥ 1258 2129 2129
Dry Well 63 43 11 7 6.24 19.07 26 .56 77 16
Rainwater Harvesting ; 97107 29 - - 59.08 100.00 100 12.58 212 21. .31 X
Green Roof 85 62 29 2428 355 1475 75 K 66 0
Soakaway Pit .92 75 1 39.98 36.22 1886 4 E 67 E
BAR-NE32 59,077|  13,158.10 2028 10.88 | Downspout Di 0 60 1954 1621 1954 8 ¥ 12 841 3025 30.25
Dry Well 7 ¥ 78 67 7.00 67 7. 9 ¥ X
Rainwater Harvesting ; ,980. - - 100.00 100.00 4 3025 30 18. X
Green Roof 764 26,67 9 320 86 9 027 X 0
Soakaway Pit 2 28.74 7 33.99 23.01 9 86 ¥ 9 E
BAR-NE39 1,219,320  197,597.02 304.57 163.43 [ Downspout D X 37, 7 ¥ 5384 06 17.81 14.29 17 28,87 17.81 2007 21.05
Dry Well 211 68 0! 4 2457 76 1121 28 10 1817
Rainwater Harvesting ; 593 - 4 95.36 100.00 1777 20,07 21.05 28.80
Green Roof 823 7 211 162 Kl 030 46
Soakaway Pit 964 X 3252 257" T 67 E .90 E
BAR-NE40 169,460 38,1875 58.80 31,55 [ Downspout D X 771 13 ¥ K 30.05 394 0 91 X 2041 13.08 1742 1742
Dry Well 56 1794 2766 221 1 2039 278 13.0¢ 59 13 2944
Rainwater Harvesting 340 6,641 1025 - - 100.00 10001 106 1742 17. 15.89
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Green Roof 736. 726.5 12 60 631 55 13 102 826 002 12 0.
Soakaway Pit 11. .921.1 67 72 4537, 99 34. 3445 2217 X 90 316 ¥ K
BAR-NES 495746|  48,631.18 74.96 40.22 [ Downspout D 79, 146.7. 56 7 1,791, ¥ 48 78 65.79 801 13 11.02 1307 12 28.60 28.80 28.80
Dry Well K ,833.1 03 15 11,699 2 68 37 2763 7.88 14, 10.70 14.67 14.
Rainwater Harvesting ; ,003.68 58 11 93’ - - 99 100.00 1 28 28.80 28.80 28.06 X
Green Roof 627.07 97 499 .99 20. 267 040 85 .06 0.
Soakaway Pit 44589 69 290 45 34 82 E X 67 227 50 K
BAR-NE9 62,083 422672 651 350 | Downspout Di 1.652.07 55 K 432 .97 73 77 ¥ 281 24.14 28.85 1964 28.85 24.14 28.85
Dry Well . 767.05 18 63 521.9 91 314 .39 9 ¥ 25 80 .95
Rainwater Harvesting ; 73464 13 61 92.12 - - 87 100.00 100.00 1520 17.38 17.38 1035 X X
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-NW10 134,366 - - - [DownspoutD 185, . - - - - - - - - - - - - N - - . .
Dry Well 184, - - - - - - - - - - - - - - -
Rainwater Harvesting 184, - - - - - - - - - - - - - - -
Green Roof 736. .752.92 7 .302.1 583 87 12.01 078 763 57 004 E 83 0,00
Soakaway Pit 1 36 307,82 12,284 1901 01 32.90 3264 2553 62 56 5 02 K
BAR-NW12 545142|  79,030.41 12181 65.36 [ Downspout D 185,079.53 29933 2. 1127 3 72.06 60.05 72.06 1669 13.90 16 03 2164 2347 23.47
Dry Well 1 56 .67 12,121 22.09 3 3975 2875 3975 10, 32 10. 02
Rainwater Harvesting 184,340 67 67 7. - - 92.20 100.00 100 21 2347 2 05
Green Roof 736.71 104397 ¥ 980 60 83 07 56 X 09 ¥ 00
Soakaway Pit 1 36 .97 86 675. 04 04 35 3526 20, ¥ 88 34 05 K
BAR-NW28 11,383 6,263.84 965 5.18 |_Downspout Di 185,079.53 .97 86 23444 .53 19 77.54 66.89 77 12 1115 12.9: 09 X 16.67 16.67 16.67
Dry Well 1 56 95 73 1.415.00 45 7 32 2384 32 10. 95 107 07 05
Rainwater Harvesting 184,340 67 .97 [ 86 - - - 100 100.00 100 16 1667 1661 - 14 08
Green Roof 736.71 - - - - - - - - - - - - - - -
Soakaway Pit 1 36 - - - - - - - - - - - - - - -
BAR-NW29 63,588 - - - [[DownspoutD 185,079.53 - - - - - - - - - - - - - - - - - -
Dry Well 1 56 - - - - - - - - - - - - - - -
Rainwater Harvesting 184,340 67 - - - - - - - - - - - - - - -
Green Roof 736.7 46888 7: 451. 71 38 75 1.08 284 .75 02; 57
Soakaway Pit 1 468,88 7 302, 47 47 3558 3558 20.06 12 71 401 ¥ K
BAR-SE1 29,787 234441 361 1.94 [ DownspoutD 185, 468.88 7: 106. 24 09 7737 67.32 7737 1547 134 1547 12. 20.00 20.00 20.00
Dry Well 1 468,88 7 318/ 55 26 32.07 2373 3207 41 47! 41 .
Rainwater Harvesting 184 468.88 7: K - - - 100.00[ 10000 100.00 20.00 200 20.00 15. X X
Green Roof X - - - - - - - - - - - - - - -
Soakaway Pit 1 727 06 4383 007 007 3485 3485 2142 97 97 428 K
BAR-SE10 12,707 336.37 052 0.28 |_Downspout Di 185, 7.27 06 14.95 003 001 7777 66.34 777 1555 1327 1555 20.00 20.00 20.00
Dry Well 1 13455 XK 89.01 016 007 33.84 2493 84 1354 97 1354
Rainwater Harvesting 184, 7.27 06 - - - 100 100.00 100.00 20.00 20.00 20.00
Green Roof X 8.44 07 82.29 07 6. 0. 70 .06 00 04 X
Soakaway Pit 1 31729 X 92 1.508.80 33 341 34 21.34 97 o7 487 .95 K
BAR-SE14 163266  10,146.25 1564 839 [ Downspout Di 185, 317.29 57 92 51559 43 77 66. 75 17.76 1516 17.76 11.04 2284 2284 2284
Dry Well 1 105,95 79 57 2,001.92 X 66 3555 26 555 1088 98 1088 .76
Rainwater Harvesting 184, 31729 57 92 - - - 100.00 100 100.00 22.84 2284 22.84 1419 X X
Green Roof X - - - - - - - - - - - - - - -
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SE16 8,996 - - - [[DownspoutD 185, - - - - - - - - - - - - - - - - - -
Dry Well 1 - - - - - - - - - - - - - - -
Rainwater Harvesting 184, - - - - - - - - - - - - - - -
Green Roof X 346,67 53 2 300.37 26 13.3¢ 1.08 841 003 0.
Soakaway Pit 1 97894 59 4 1.945.19 00 347 3470 2169 X 12 E z K
BAR-SE17 146317 1272054 1962 1053 | Downspout DI 185, ,037.99 68 5 672.74 56 77.8 66.15 77.86 18. 15.79 18. 16. 23.87 2387 2387
Dry Well 1 ,327.94 13 7! 2,057.93 ¥ 70 38.1 27.84 38.16 X 28 X X X
Rainwater Harvesting 184, ,037.99 68 5 - - - 100.0 100.00 100.00 23 2387 23 20. .02
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 1 72568 XK 06 4727 007 007 3497 3497 2120 772 772 468 73 00 0,00
BAR-SE21 34,663 32903 051 027 [ Downspout D 185, 72.68 1 06 16.20 004 001 77.71 1747 14.69 1717 63 .00 .00 22.09 2209 22.09
Dry Well 1 110.99 A7 09 7274 013 006 3446 1162 55 1162 00 00
Rainwater Harvesting 184, 72.68 06 - - - 100.00 22.09 22.09 22.09 .00 .00
Green Roof 39071 15 1.246.8: Xl 07 667 58 K I Y .00
Soakaway Pit 1 390.71 15 907.7 A 40 2164 31 v 3 20! 03 K
BAR-SE24 23,807 9,096.10 1402 7.52 | Downspout D 185, 139071 15 308.1 7: 25 77.84 11.90 10. 11 45. .06 1529 1529 1529
Dry Well 1 53325 92 23544 1 95 3336 12.96 X 12 49 06 X
Rainwater Harvesting 184, 1390.7 - - - 100.00 15.29 15.2 15. 58. .09 .05
Green Roof 3367 X 58743 84 85 752 60 0. I 0 00
Soakaway Pit 1 6546 26 34599 70 70 2171 .92 92 3 X 0.00
BAR-SE25 288,566 | 4691551 72.31 38.80 [ Downspout D 185, .047.6 95 z 195903 89 62 78.35 1511 12.53 15. 24 .02 1925 19.25 1925
Dry Well 1 8474 43 13 10.200.74 1804 44 3563 1204 83 12 19 X 02
Rainwater Harvesting 184, .029.01 92 - - - 100.00 19.25 19.25 19. 31 05 .03
Green Roof - - - - - - N - - - - - -
Soakaway Pit 1 376.40 12 4 900.90 139 139 X 21.98 775 75 493 64 000
BAR-SE26 55,054 6,139.15 946 5.08 | Downspout D 185, 41533 18 A7 31218 074 026 77.94 65.94 77.94 17.97 15.20 17.97 20.04 .02 25.05 2505 25.05
Dry Well 1 80966 79 50 1126.76 202 093 3774 3774 1112 12 1142 1240 01
Rainwater Harvesting 184, 53775 37 27 - - - 100.00 100.00 25.05 2505 25.05 27.93 .02
Green Roof - - - - - - - - - - - - - -
Soakaway Pit 1 87535 3 72 572.43 088 088 3461 X 2187 1028 1028 11 02 001
BAR-SE28 27,308 2,946.43 454 2.44 | Downspout D 185, 492.50 7 41 107.20 026 009 78.23 65.25 78.23 13.08 1091 13.08 14. 02 .01 35.44 3544 35.44
Dry Well 1 534.22 44 329,31 059 027 38.36 27.97 38.36 .95 07 95 01 01
Rainwater Harvesting 184, 1,044 86 - - - 100.00 100.00 100.00 354 35. 35. 3 .06 .03
Green Roof 721 06 61 05 1522 151 950 Xl K X X 0
Soakaway Pit 1 265. 87 1,488 29 34.29 3429 22.46 ¥ X 4. .5 E
BAR-SE29 73451 1154446 17.79 955 [ Downspout Di 185, 701 2 593 49 65.76 78.02 18. 15. 18. .7 25.01 2501 25.01
Dry Well 1 61749 2,251 X 86 2756 3776 11 X 11 6
Rainwater Harvesting 184, 887.77 ¥ - - - 100.00 100.00 25 251 25 3
Green Roof 1845 28 X 178.39 28 15 A7 261 X X X
Soakaway Pit 082.3 67 9 700.97 .08 08 3524 20.70 z 5i 4. 2 K
BAR-SE3 52,587 5,047.41 778 4.17 [ Downspout D 082,31 67 90 24292 55 20 66.86 7756 164 14 16 1596 21.44 2144 21.44
Dry Well 6157 49 34 1.080.16 88 89 2446 3315 104 7. 10 1018 X
Rainwater Harvesting K 1082.31 67 90 - - - 100.00 100.00 21 214 21 20.58 X .02
Green Roof 7991 23 66 664.57 187 1044 K ¥ 80 .00
Soakaway Pit 304.59 55 91 1.509.94 3448 22.10 X X 4. .65 02 K
BAR-SE30 74648 1144485 1764 947 [ "Downspout Di X 23655 45 85 49256 65.86 77.98 15 12 15. .36 03 2157 2157 2157
Dry Well 56 63538 60 01 231881 X < 2652 3622 11 43 11 64 02
Rainwater Harvesting 340 46917 81 04 - - - 100.00 100.00 21 2157 21 .08 05




Green Roof 736 516.7 .80 43 408.15 .82 37 21, 2. 1286 .70 009 .43 .67 -0.00
Soakaway Pit 11. ,688.8: .69 .05 2,388.67 .68 .68 35.. 35.. -20.68 .39 .39 -4.92 .07 E
BAR-SE38 29550  15,503.14 23.90 12.82 |_Downspout D 79 747.0: 78 10 84094 .91 .70 77 66.1 7756 1875 16.16 18.75 13 2417 2447 2417
Dry Well K ,803.51 .86 15 2,490.19 7 06 34.; 25. 3453 .47 23 47 .05
Rainwater Harvesting K ,747.03 .78 .10 - - - 100.( 100.( 100.00 2417 2417 2417 126. .20 5
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 1 13542 .67 .3 283 .44 044 34.96 34.96 -21.21 4. 42 -2 .94 -0.00
BAR-SE42 38,608 344483 531 2.85 |_Downspout D 185, 1,821.63 7. 1.235. .65 028 3217 52, 37 17, 1324 15, 15. .01 20.54 2054 25.39
Dry Well 184, 2113.23 0 1,485. 0.71 29.7: 23 18. 55 11. 16. .01
Rainwater Harvesting 184, 74.62 .7 166. - 80.¢ 80.¢ 1 20.! 20.54 25 18. .02
Green Roof 736 ,182.23 8 025 7. .02 . .00
Soakaway Pit 1 36 ,047.65 N .52 ,001.6! 34 - X -1 X -0.00
BAR-SE47 181,324 | 3973230 61.24 32.86 |_Downspout Di 185,079.53 13,270.97 1032 53 885.7¢ X 33 11, X 10.1 24.1 .02 19.19 1341 16.84
Dry Well 1 .56 27,218.67 32.55 1747 19,593.3. 25. 1 28. X X 19. 12 16.34 420! .( .03
Rainwater Harvesting 184,340.67 692.24 10.32 .53 ,363.9( 2. - 79.¢ .62 100.0f 13. 13 16.84 29.3 .05 .03
Green Roof .736.71 - - - - - - - - - - - - - - -
Soakaway Pit 1 36 - - - - - - - - - - - - - - -
BAR-SE51 14,846 1,565.33 241 1.29 [_Downspout D 185,079.53 196157 .80 1,659.87 .51 024 .38 3657 .70 1927 1219 14,57 0.3 37.00 2011 33.33
Dry Well 1 .56 1.778.61 .80 1,199.36 .62 029 .57 2241 .88 37.00 AT 10.96 9.0:
Rainwater Harvesting 184,340.67 521.78 .80 206.92 .32 - .34 60.34 100.00 2011 20.11 33.33 1.2 X
Green Roof .736.7° 7.657.47 11.80 5.946.13 1217 547 5 -3.11 63 559 078 1 7.7: <
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SE59 61683|  30,629.86 4721 25.33 |_Downspout Di 185, 28.787.47 11.80 33| 23884.00 .87 316 .03 41.7¢ 12 16.0 10 12.53 79.4¢ .08 .05 32.34 16.94 25.00
Dry Well 1 25,616.87 11.80 .33 15,712.10 .69 3.88 .67 26.3 .67 32.3 . .67 160.5¢ .05 .04
Rainwater Harvesting 184, 7.657.47 11.80 33 ,468.99 .81 - 76 67.7¢ 100.00 16.9: 16 25.00 84.1 13 .10
Green Roof X 1541.14 38 27 ,248.91 3 113 .96 -2.3: 67 .7: K 92 6.7: -0.00 00
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SE61 43327 6,164.56 9.50 5.10 |_Downspout Di 185, 793.76 27 4916.29 .52 073 35.83 4278 14.2: .96 10, 20.25 27.39 14.82 25.00
Dry Well 1 ,267.30 27 3,578.67 .86 087 21.85 32.06 27.3 46 . 38.97
Rainwater Harvesting 184, ,541.14 27 627.45 .97 - 59.29 100.00 14.8: 1482 25, 21.09 X
Green Roof X 32317 92 2,078.71 60 179 044 77 0.7¢ -0.03 68 <
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SE63 66,392  30,845.97 4754 2551 | Downspout Di 185 35,742.86 1465 786] 3323907 13. 6.99 7.01 1025 1114 8.12 3.6 37.71 .02 8.12 702 30.82
Dry Well 1 35,355.48 1465 7.86 34,138.46 14. 7.58 .44 .34 3.58 3.95 0.72 N 18.33 .01
Rainwater Harvesting 184, ,507.60 1465 7.86 7.342.60 11. - 2277 2277 100.00 7.0; 702 30 3261 .05
Green Roof X ,380. 80 3,080.66 63 .88 0.07 581 .7: 001 .69 0.
Soakaway Pit 1 ,380.¢ .80 2,205.29 .40 34.77 34.77 -21.56 .9 .90 B 10. -
BAR-SE64 111448|  40,570.08 62.53 33.55 |_Downspout Di 185 ,380. .80 749.11 . 77.84 66.18 77.84 .4 5 ¥ 23 2064 15.32 2064
Dry Well 1 27,046 41§ 22.37 18,675.06 321 1 30.95 2298 3095 20.6: 15.3: 20.¢ 75.
Rainwater Harvesting 184, ,380. 80 - - - 100.00 100.00 100.00 .3: 3 30. .05
Green Roof ,764.90 29 2,103.80 4.41 1.95 2391 -347 14.54 36 -0.7 1 -0.00
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SE67 43956|  12,328.41 19.00 10.20 |_Downspout D 185 11,984, 10,009.87 .95 137 16.41 40.01 47.96 16.02 10.35 12. 44.9: .04 .03 3111 16.87 25.86
Dry Well 1 10,732 .897.46 6! 167 35., 25.04 36.71 31.11 47 . 87.2! .03 .02
Rainwater Harvesting 184, 187 4 107.62 7 - 65. 65.25 100.00 16. 16.87 25. 47.3; .07 .06
Green Roof 449.. ,720.44 11, 0.28 X K 7 0.
Soakaway Pit 1 008 ,671.87 K 34.77 -21. X - .94 R
BAR-SE7 407245|  52,798.49 81.38 43.67 |_Downspout Di 185 429 y 6. X 53. 62 10. 10. 13.61 1344 16.25 16.56
Dry Well 1 21,514 15 25 1 .47 22 30.( 12. . 11.85 15. X
Rainwater Harvesting 184, ,740.9¢ A7 - A7 98. 100, 13. 1 16.5¢ 17. X .02
Green Roof 752.73 L .7 -1 8.66 K .4 0. 0.
Soakaway Pit 1 A81.67 7 X 8¢ 34. 21.34 . y 2.7 6. K
BAR-SE74 244253|  35340.60 5447 29.23 | Downspout Di 185 ,096.09 y 0 1354 .1 78 66.32 77.78 13. 114 1 19. 16.20 16.20 16.20
Dry Well 1 17.283.72 26 14.2 11.,685. 20.21 X 32.3 2395 3239 15. 11 1 22.92 X
Rainwater Harvesting 184, ,726.39 7 - - - 100.0¢ 100.00 100.00 16. 16.2( 1 2344 .02
Green Roof 857.12 X 1.731.96 .85 AT .74 0. 457 . .0 .64
Soakaway Pit 1 560.05 .95 X 1,688.57 .60 60 34.0. 34 -22.92 .86 8 .43 K
BAR-SE80 196535  12,703.61 19.58 10.51 [_Downspout D 185 ,672.68 2 585.12 42 48 78.1 65. 78.11 16.43 1379 1062 20.57 2057 20.57
Dry Well 1 000.68 1.830.63 .31 51 38.9¢ 28.¢ 38.99 .21 .71 .95 X
Rainwater Harvesting 184, ,613.08 - - - 100.0¢ 100, 100.00 20.57 2057 13.30 .02
Green Roof 7024 659.58 0! .5 6.15 0.54 423 23 .11 A1
Soakaway Pit 702. [ 454.92 .7 7 35.27 3527 -20.63 .05 05 .35 K
BAR-SE81 39,023 3,514.14 542 2.91| DownspoutD . 7024 .08 157.88 .3 1 77.54 66.91 77.54 15.51 13.38 13.96 20.00 20.00 20.00
Dry Well 56. 7024 .08 K 460.60 .8 .31 34.46 2534 34.46 .89 .07 .21
Rainwater Harvesting 340 702. 08 5 - - - 100.00 100.00 100.00 20.00 20.00 18.01

245




Green Roof 7362 - - - - - - - - - - - - - - -
Soakaway Pit 11 - - - - - - - - - - - - - - -
BAR-SE82 11,789 550.43 085 046 [ Downspout Di 70 18348 028 015 3884 010 003 7883 6381 7883 2628 2127 2628 1227 002 0.01 33.33 3333 3333
Dry Well X 18348 028 015 86.86 018 007 52.66 37.60 52.66 17.55 12,53 17.55 8.20 001 0.01
Rainwater Harvesting ; 18348 028 015 - - - 10000 100.00[ _100.00 3333 3333 3333 15.56 002 0.01
Green Roof 5 - - - 5 - - - - 5 - - 5 - -
Soakaway Pit 1 8236 7 7 15.894.49 2450 2450 3328 28 2434 35 35 511 5 02 K
BAR-SE85 751,111|  94,936.12 14633 78.52 [ Downspout D 185, 608.3 5 503413 13.03 416 78.68 18 68 1957 15.96 19.57 7 .03 24.87 2487 24.87
Dry Well 184, 895.7 7 1193587 2363 987 .05 85 .05 12.60 02 12, .9; .02
Rainwater Harvesting 184, 608, - - - 1 10000 100.00 24.8 2487 24, 4 .05
Green Roof 736 870, y : 54 09 249 03 7 02 9 -0.00
Soakaway Pit 1 36 178, 98 28 30 30 Y 3361 2373 . 1 K 1545 02 K
BARSW10 113968|  31621.07 4874 26.15 [ Downspout D 18507953 305. 7 1 30 76 6.2 55.77 66.29 13. 11 13. 36.67 .05 22.18 2549 25.49
Dry Well 1 56 .206. 61 1077 11 3295 24.08 3295 . [ ; 2662
Rainwater Harvesting 184,340.67 ,059.86 67 - - 03] __10000] _100.00 22. 25 25. 6154 X
Green Roof 736.7 382. AT 39 0,87 7.85 0. ; 60 0.
Soakaway Pit 1 .903. 15 77 3355 2383 . 38 3. 38 K
BAR-SW11 572529|  99,145.21 152.82 82.00 [ Downspout D 185, 075. : 77 : 6053 7267 13. 10.90 13, 22.86 17.05 18.05 18.31
Dry Well 1 732, 1 96 34, 2534 34.60 14 1019 13 2529
Rainwater Harvesting 184, 151, 7.9 01 . - 93. 9857 | 100.00 17, 18.05 18. 2953 X
Green Roof ; 896,89 142 49] 1161378 2 1032 162 .78 10.20 4.05 044 973 E
Soakaway Pit 1 - - - - - - - - - - - - - - -
BARSW13 234,634|  56,351.82 86.86 46.61 [ Downspout D 185, 2181 1170] 4588002 14.95 733 76 3148 3741 1299 791 39 31 23.46 13.33 25.11
Dry Well 1 2181 1170 3580645 17.77 852 92 1853 2722 23. 65 84 56.
Rainwater Harvesting 184, 21.81 117 6.639.60 1023 - .08 53.08] _ 100.00 13. 13.33 25.11 32, X
Green Roof ; 82 475,69 .83 72 0.4 88 003 40 . 0.
Soakaway Pit 1 95 401.81 62 .03 2107 . 34 141 92 K
BAR-SW23 113,062 9,265.52 14.28 7.66 | _Downspout D 185, 4 549861 27 57 3884 11, 95 25 66 16.39 13.07 23.82
Dry Well 1 7 63209 69 ; 37 } 2453 16.3 09 80 1343 X X
Rainwater Harvesting 184, 4 996.15 54 - 87 4. 100.00 130 13.07 23.82 10.71 02 .02
Green Roof ; 4 883.87 3 074 7 0.70 382 44 70 82 30 .00 00
Soakaway Pit 1 - - - - - - - - - - - - - -
BAR-SW27 22,115 934.69 144 0.77 [ Downspout DI 185 - B - - - - B B - - B - - B - 544 070 382
Dry Well 1 - - - - - - - - - - - - - - -
Rainwater Harvesting 184, - - - - - - - - - - - - - - -
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 1 567.29 87 47 37383 058 3410 34, 2281 694 94 EY 28 K
BAR-SW30 68702  2787.15 430 231 [ Downspout D 185 989.80 03 55 507.66 047 48.71 58. 69.79 17.30 13.97 164 7.0 2160 2160 2391
Dry Well 1 1.184.69 37 73 792.94 046 33.07 26 37.16 14.06 56 11 5.7
Rainwater Harvesting 184, 666.40 03 55 64.39 - 9034 90. 100.00 21.60 2160 23 8.7
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SW31 21,103 - - - [ Downspout DI 185, - - - . - B B B - - - . - - - - . .
Dry Well 1 - - - - - - - - - - - - - - -
Rainwater Harvesting 184, - - - - - - - - - - - - - - -
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 1 - - - - - - - - - - - - - - -
BAR-SW32 56,175 - - - [ Downspout Di 185 - B - - - B - - - - - - - B - - - -
Dry Well 1 - - - - - - - - - - - - - - -
Rainwater Harvesting 184, - - - - - - - - - - - - - - -
Green Roof 18.975.40 2925 1569] 1699049 2937 1464 1046 043 673 365 015 235 815 2000 000
Soakaway Pit - - - 5 - - - - - - - - 5 - -
BARSW33 243566 |  54,348.31 83.77 44.95 [ Downspout D 44.326.96 1817 975| 4173544 16.97 910 585 660 664 477 143 144 1064 0.00 000 477 381 21.70
Dry Well 44,326.96 1817 975| 4453713 1825 980 047 044 047 (©.39)] 010 2010 -0.86 0,00 000
Rainwater Harvesting ; 11,79097 1817 975| _ 9.71887 14.98 - 17.57 17.57] 10000 381 381 21.70 8.51 001 0.04
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 5 - - - - - - - - - - - - - -
BAR-SW39 10471 - - - [[Downspoutd - - - - - - - - - - - - - - - - - -
Dry Well - - - - - - - - - - - - - - -
Rainwater Harvesting ; - - - - - - - - - - - - - - -
Green Roof - - - - - - - - - - - - - - -
Soakaway Pit 5 - 5 - - 5 - - - - - - - - -
BAR-SW40 351744|  21,553.30 3322 17.83 [ Downspout DI 27.009. 11.07 25.437.60 1035 555 582 652 653 2 a7 a7 X 00 7.29 582 3333
Dry Well 27.000. 11.07 27.163.48 1113 598 057 051 057 ©.72) 047 X 044 0. ~0.00
Rainwater Harvesting ; 7.184. 11.07 ,930.83 14 - 17.45 17.45] _ 100.00 8 82 33. .56 X .02
Green Roof 327 05 - 05 103 83 029 6.36 2 001 27 0.
Soakaway Pit 466.9 22 10. 1262 1262 35 35 22 8 88 X 7 E
BAR-SW45 491,948|  54,356.47 8378 44.96 [ Downspout D 603 22 1085 23 256 14 25 76. 185 1551 18. 205: 2172 2172 2219
Dry Well 717, 71 12.72 1692 770 47 65 30. 118 A1 11 130 X
Rainwater Harvesting 340 05 59 97 .39 - 88 88| 100 21.7: 2172 22. 239 .02
Green Roof 71 934, 7 43 74 6 065 395 5 07 09
Soakaway Pit 36 938.91 7 .95 95 34.4 34.44 22.19 .4 49 - 65 E
BAR-SW48 48,602 9.277.72 1430 7.67 [ Downspout DI 3 92553 7 49 17 78.0 65.66 78.06 7 55 - 14.86 18.99 14.07 18.99
Dry Well X 5553.18 59 55 14 317! 2350 3173 189 14.07 18.9 36.25
Rainwater Harvesting 67 92553 77 - - - 10000 100.00]100.00 .98 98 98 19.04
Green Roof 71 - - - - - - - - - - - - - - -
Soakaway Pit 211.36 - - B - - B B B - - B B - B B
BAR-SWS51 68,869 - - - [[Downspoutd 3 - - - - - - - - - - - - - - - - - -
Dry Well X - - - - - - - - - - - - - - -
Rainwater Harvesting 340.67 - - - - - - - - - - - - - - -
Green Roof 71 - - - - - - - - - - - - - - -
Soakaway Pit 211.36 - B B - - B B B - - B B - B B
BAR-SW7 64790|  14,338.01 22.10 11.86 [ Downspout DI 3| 1796743 737 395] 1598021 567 289 11.06 2299 2690 1386 766 897 3067 003 002 2114 1365 3333
Dry Well X 17.083.80 737 395] 14,05272 648 325 17.74 12.06 17.77 21.14 402 592 46.78 001 001
Rainwater Harvesting 340,67 477934 737 395] 282163 435 - 40.96 4096 10000 1365 1365 3333 30.22 005 006
Green Roof 71 - - - - - - - - - - - - - - -
Soakaway Pit 211.36 - B B - - B B B - - B - B B
BAR-SW8 17,096 202469 342 1.67 | Downspout D 3 253721 220220 73 036 2973 3524 1655 91 1 1960 28.97 16.86 3333
Dry Well X 235692 1.770.44 .86 042 17.19 2527 28.97 73 Y 3431
Rainwater Harvesting 34067 674.90 [ 33355 51 - 5058 | 100, 16.86 16.86 33. 19.97 X
Green Roof 83927 12 7.277. 13.07 6. .07 007 33 0.
Soakaway Pit : 20951 3 : 13.975. 2161 214 .08 24. 3 19 ) .29 E
BAR-SW9 841,651| 133.438.56 20568 110.36 [ Downspout D 40,338 42 293 21,056 18.72 7 19 A 14. 1168 13.96 2291 18.34 19.35 21.08
Dry Well 156 59,664 74. 089] 40.473. 55.83 26.2 20 4.1 14. 00 12.35 22.80 .02
Rainwater Harvesting 34 28,131, 43’ 3.27 ,654.06 356 - 791000 18. 19.35 21.08 29.08 .05

Note: ") TSS stands for Total Suspended Solids.

(% TP stands for Total Phosphorus.




Table D.4-3: Decision-Making Input Data

Runoff Volume

Pollutant Removed by LID
(kglyrlmz) in Stormwatershed

Stakeholder
Stormsewershed ID LID Type Removedzbg./ LID UG REEE! Acceptance Level
(mm/m°) in (2010, $CDN) Rank
Stormwatershed | tss (" T ? Zinc
Green Roof 417 2.23 0.00 0.00 $18,492,478 4
Soakaway Pit 1243 10.38 0.02 -0.01 $11,634,699 2
BAR-C1 Downspout Disconnection 52.31 25.57 0.03 0.02 $4,384,606 1
Dry Well 2141 19.31 0.02 0.01 $2,235,134 5
Rainwater Harvesting 62.65 32.12 0.06 0.03 $27,211,253 3
Green Roof - 0.00 0.00 0.00 $0 0
Soakaway Pit 11.59 10.35 0.02 -0.01 $346,683 2
BAR-C11 Downspout Disconnection 52.14 23.49 0.03 0.02 $6,435 1
Dry Well 19.13 13.19 0.01 0.01 $41,601 5
Rainwater Harvesting 62.75 30.08 0.05 0.02 $730,115 3
Green Roof 23.35 13.03 0.00 0.01 $14,623,362 4
Soakaway Pit 1149 12.32 0.02 -0.01 $690,065 2
BAR-C12 Downspout Disconnection 3713 16.91 0.02 0.01 $13,311,989 1
Dry Well 15.97 12.16 0.01 0.01 $171,926 5
Rainwater Harvesting 55.40 26.76 0.12 0.07 $2,586,240 3
Green Roof 047 0.15 0.00 0.00 $186,939 4
SoakawayPit | = - 0.00 0.00 0.00 $0 0
BAR-C15 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
DryWell | - 0.00 0.00 0.00 $0 0
Rainwater Harvesting [  —-- 0.00 0.00 0.00 $0 0
Green Roof 14.23 7.76 0.00 0.00 $11,527,664 4
Soakaway Pit - 0.00 0.00 0.00 $0 0
BAR-C16 Downspout Disconnection 20.50 14.63 0.02 0.01 $711,429 1
Dry Well 11.24 35.29 0.01 0.01 $288,752 5
Rainwater Harvesting 29.25 21.02 0.03 0.03 $1,099,413 3
GreenRoof | - 0.00 0.00 0.00 $0 0
SoakawayPit | = - 0.00 0.00 0.00 $0 0
BAR-C17 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
DryWell | - 0.00 0.00 0.00 $0 0
Rainwater Harvesting | - 0.00 0.00 0.00 $0 0
Green Roof 22.99 12.80 0.00 0.01 $54,014,084 4
Soakaway Pit 0.62 0.55 0.00 0.00 $63,405 2
BAR-C18 Downspout Disconnection 42.52 31.22 0.04 0.03 $46,507,289 1
Dry Well 24 .54 74.79 0.02 0.02 $816,079 5
Rainwater Harvesting 60.34 42.25 0.07 0.06 $5,657,472 3
Green Roof 17.56 9.89 0.00 0.00 $8,106,524 4
Soakaway Pit 6.98 4.79 0.01 0.00 $482,117 2
BAR-C19 Downspout Disconnection 67.54 41.09 0.05 0.03 $3,888,026 1
Dry Well 55.66 85.72 0.05 0.04 $396,281 5
Rainwater Harvesting 88.20 54.19 0.08 0.06 $2,124,639 3
Green Roof 3.30 1.84 0.00 0.00 $1,250,077 4
Soakaway Pit 10.28 8.55 0.01 0.00 $1,043,932 2
BAR-C21 Downspout Disconnection 55.77 28.82 0.04 0.02 $238,736 1
Dry Well 30.19 37.18 0.02 0.02 $228,500 5
Rainwater Harvesting 80.37 42.80 0.07 0.04 $3,099,420 3
Green Roof 11.06 6.12 0.00 0.00 $2,846,909 4
Soakaway Pit 7.15 8.21 0.01 -0.01 $97,284 2
BAR-C22 Downspout Disconnection 7.20 3.29 0.00 0.00 $290,545 1
Dry Well 4.53 3.23 0.00 0.00 $108,142 5
Rainwater Harvesting 31.59 14.99 0.07 0.04 $398,712 3
Green Roof 9.03 4.45 0.00 0.00 $9,805,671 4
Soakaway Pit - 0.00 0.00 0.00 $0 0
BAR-C23 Downspout Disconnection 20.72 12.02 0.02 0.01 $1,286,451 1
Dry Well 7.20 25.33 0.01 0.01 $332,241 5
Rainwater Harvesting 27.95 20.80 0.03 0.05 $1,155,823 3
Green Roof 12.91 6.95 0.00 0.00 $28,672,719 4
Soakaway Pit - 0.00 0.00 0.00 $0 0
BAR-C25 Downspout Disconnection 26.38 2248 0.02 0.02 $11,631,990 1
Dry Well 14.24 45.66 0.01 0.01 $853,886 5
Rainwater Harvesting 38.42 27.71 0.04 0.05 $3,743,853 3
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Green Roof 13.78 7.34 0.00 0.00 $11,431,616 4

Soakaway Pit - 0.00 0.00 0.00 $0 0

BAR-C26 Downspout Disconnection 37.19 37.19 0.03 0.02 $7,212,712 1
Dry Well 19.79 63.72 0.02 0.02 $429,996 5

Rainwater Harvesting 52.52 37.81 0.06 0.06 $2,191,511 3

Green Roof 2.98 1.59 0.00 0.00 $1,149,029 4

Soakaway Pit 7.58 6.44 0.01 0.00 $610,420 2

BAR-C28 Downspout Disconnection 65.74 39.62 0.04 0.03 $1,360,010 1
Dry Well 35.51 43.16 0.03 0.02 $221,114 5

Rainwater Harvesting 96.59 52.62 0.08 0.07 $2,085,775 3

Green Roof - 0.00 0.00 0.00 $0 0

Soakaway Pit 2.70 2.74 0.00 0.00 $27,252 2

BAR-C3 Downspout Disconnection 13.63 6.11 0.01 0.01 $57,880 1
Dry Well 3.77 2.36 0.00 0.00 $2,480 5

Rainwater Harvesting 17.26 7.86 0.01 0.01 $50,231 3

Green Roof 4.28 2.05 0.00 0.00 $2,810,918 4

Soakaway Pit 4.21 3.56 0.01 0.00 $157,077 2

BAR-C30 Downspout Disconnection 1942 11.92 0.01 0.01 $102,256 1
Dry Well 10.32 12.35 0.01 0.01 $121,672 5

Rainwater Harvesting 33.31 18.33 0.07 0.05 $669,075 3

GreenRoof | = - 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-C32 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
DryWell | - 0.00 0.00 0.00 $0 0

Rainwater Harvesting | - 0.00 0.00 0.00 $0 0

Green Roof 9.30 4.99 0.00 0.00 $10,377,152 4

Soakaway Pit 8.03 7.19 0.01 0.00 $1,377,758 2

BAR-C4 Downspout Disconnection 52.05 32.57 0.04 0.02 $9,239,123 1
Dry Well 25.35 36.07 0.02 0.02 $472,687 5

Rainwater Harvesting 63.57 35.21 0.06 0.04 $3,848,369 3

Green Roof 4.71 248 0.00 0.00 $11,175,345 4

Soakaway Pit 7.29 6.81 0.01 0.00 $2,021,918 2

BAR-C5 Downspout Disconnection 41.27 2047 0.02 0.02 $3,521,743 1
Dry Well 19.06 16.07 0.01 0.01 $672,103 5

Rainwater Harvesting 51.55 25.86 0.06 0.03 $7,417,911 3

Green Roof 16.41 9.38 0.00 0.00 $1,716,610 4

Soakaway Pit 5.21 5.03 0.01 0.00 $156,671 2

BAR-C8 Downspout Disconnection 90.14 41.63 0.05 0.03 $1,715,969 1
Dry Well 58.74 40.89 0.05 0.03 $88,750 5

Rainwater Harvesting 11217 56.41 0.09 0.05 $558,399 3

Green Roof 8.65 4.69 0.00 0.00 $2,100,525 4

Soakaway Pit 2.73 246 0.00 0.00 $122,873 2

BAR-C9 Downspout Disconnection 44.83 33.42 0.03 0.02 $216,192 1
Dry Well 21.97 49.24 0.02 0.02 $133,136 5

Rainwater Harvesting 67.67 40.78 0.07 0.05 $847,660 3

Green Roof 0.74 0.37 0.00 0.00 $414,874 4

Soakaway Pit 2.65 2.34 0.00 0.00 $152,795 2

BAR-NE11 Downspout Disconnection 26.75 12.04 0.02 0.01 $8,276 1
Dry Well 5.96 4.07 0.00 0.00 $35,031 5

Rainwater Harvesting 18.51 8.89 0.01 0.01 $423,008 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-NE12 Downspout Disconnection 37.41 16.87 0.02 0.01 $5,754 1
Dry Well 2.01 1.30 0.00 0.00 $2,429 5

Rainwater Harvesting 9.18 4.41 0.01 0.00 $57,315 3

Green Roof 2.86 1.54 0.00 0.00 $9,912,091 4

Soakaway Pit 7.08 6.03 0.01 0.00 $3,328,575 2

BAR-NE13 Downspout Disconnection 26.52 12.43 0.02 0.01 $1,234,901 1
Dry Well 2349 17.20 0.02 0.01 $1,221,156 5

Rainwater Harvesting 31.15 15.50 0.03 0.02 $7,414,750 3
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Green Roof 0.51 0.25 0.00 0.00 $1,143,992 4

Soakaway Pit 9.39 8.32 0.01 0.00 $2,351,522 2

BAR-NE14 Downspout Disconnection 41.33 18.62 0.02 0.02 $67,331 1
Dry Well 16.45 11.26 0.01 0.01 $413,136 5

Rainwater Harvesting 48.46 2342 0.04 0.02 $4,827,558 3

GreenRoof | = - 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-NE17 Downspout Disconnection |  —— 0.00 0.00 0.00 $0 0
Dry Well 19.07 1343 0.01 0.01 $160,479 5

Rainwater Harvesting 66.68 32.64 0.05 0.03 $2,354,692 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit [ = 0.00 0.00 0.00 $0 0

BAR-NE18 Downspout Disconnection |  —— 0.00 0.00 0.00 $0 0
Dry Well 9.80 17.10 0.02 0.01 $255,035 5

Rainwater Harvesting 27.70 34.01 0.05 0.03 $3,301,245 3

GreenRoof | e 0.00 0.00 0.00 $0 0

Soakaway Pit 3.67 3.23 0.00 0.00 $417,706 2

BAR-NE19 Downspout Disconnection 17 .45 7.86 0.01 0.01 $6,547 1
Dry Well 26.36 18.08 0.02 0.01 $285,285 5

Rainwater Harvesting 71.18 34.58 0.05 0.03 $3,764,512 3

Green Roof 1.97 1.04 0.00 0.00 $3,120,958 4

Soakaway Pit 10.11 9.13 0.01 -0.01 $2,112,366 2

BAR-NE20 Downspout Disconnection 46.88 21.10 0.03 0.02 $252,756 1
Dry Well 18.75 12.69 0.01 0.01 $395,392 5

Rainwater Harvesting 51.51 24.71 0.04 0.02 $4,500,559 3

GreenRoof | = - 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-NE24 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
Dry Well 23.69 16.30 0.02 0.01 $79,833 5

Rainwater Harvesting 64.02 31.17 0.05 0.03 $1,070,044 3

Green Roof 0.73 041 0.00 0.00 $444,423 4

Soakaway Pit - 0.00 0.00 0.00 $0 0

BAR-NE25 Downspout Disconnection - 0.00 0.00 0.00 $0 0
Dry Well 19.05 16.10 0.01 0.01 $203,017 5

Rainwater Harvesting 57.45 28.73 0.04 0.03 $2,816,971 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit |  —— 0.00 0.00 0.00 $0 0

BAR-NE26 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
Dry Well 23.80 16.54 0.02 0.01 $90,640 5

Rainwater Harvesting 71.72 34.97 0.05 0.03 $1,134,641 3

Green Roof 6.59 3.15 0.00 0.00 $4,763,032 4

Soakaway Pit 5.15 4.31 0.01 -0.01 $476,555 2

BAR-NE27 Downspout Disconnection 12.19 5.03 0.01 0.00 $518,129 1
Dry Well 11.26 7.15 0.01 0.01 $232,629 5

Rainwater Harvesting 30.70 13.74 0.06 0.03 $2,069,062 3

GreenRoof | - 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-NE28 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
Dry Well 27.62 19.04 0.02 0.02 $225,693 5

Rainwater Harvesting 76.57 37.27 0.06 0.03 $3,703,085 3

Green Roof 1.97 1.07 0.00 0.00 $2,968,766 4

Soakaway Pit 12.84 11.00 0.02 -0.01 $3,182,414 2

BAR-NE29 Downspout Disconnection 60.72 27.35 0.04 0.02 $218,928 1
Dry Well 30.81 21.00 0.02 0.02 $602,116 5

Rainwater Harvesting 79.92 38.80 0.06 0.03 $7,810,978 3

Green Roof 3.07 1.63 0.00 0.00 $11,361,638 4

Soakaway Pit 10.77 9.25 0.01 -0.01 $5,500,639 2

BAR-NE3 Downspout Disconnection 45.34 20.96 0.03 0.02 $970,974 1
Dry Well 21.70 15.96 0.02 0.01 $1,251,480 5

Rainwater Harvesting 51.06 25.20 0.05 0.03 $11,465,960 3

Green Roof 2.70 1.33 0.00 0.00 $1,895,936 4

Soakaway Pit 7.56 7.03 0.01 -0.01 $556,622 2

BAR-NE30 Downspout Disconnection 27.92 12.58 0.02 0.01 $222,076 1
Dry Well 13.95 9.32 0.01 0.01 $148,136 5

Rainwater Harvesting 40.94 19.71 0.05 0.03 $1,411,547 3
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Green Roof 6.62 3.66 0.00 0.00 $6,371,050 4

Soakaway Pit 13.97 1341 0.02 -0.01 $1,540,814 2

BAR-NE31 Downspout Disconnection 42.75 19.27 0.02 0.02 $156,420 1
Dry Well 17.58 12.16 0.01 0.01 $330,952 5

Rainwater Harvesting 48.05 23.31 0.06 0.03 $3,279,142 3

Green Roof 2.93 1.66 0.00 0.00 $796,848 4

Soakaway Pit 7.86 7.67 0.01 0.00 $240,810 2

BAR-NE32 Downspout Disconnection 28.64 12.94 0.02 0.01 $550,348 1
Dry Well 8.69 6.10 0.01 0.01 $116,893 5

Rainwater Harvesting 38.35 18.73 0.10 0.06 $967,179 3

Green Roof 5.54 3.13 0.00 0.00 $27,732,730 4

Soakaway Pit 9.15 7.93 0.01 0.00 $8,078,096 2

BAR-NE39 Downspout Disconnection 61.65 28.87 0.04 0.02 $5,918,083 1
Dry Well 23.64 18.17 0.02 0.01 $1,859,660 5

Rainwater Harvesting 57.79 28.80 0.05 0.03 $21,412,641 3

Green Roof 7.81 4.46 0.00 0.00 $5,427,723 4

Soakaway Pit 5.39 3.90 0.01 0.00 $317,001 2

BAR-NE40 Downspout Disconnection 44 15 20.41 0.02 0.02 $1,366,993 1
Dry Well 44.27 29.44 0.03 0.02 $328,963 5

Rainwater Harvesting 30.15 15.89 0.06 0.03 $1,726,869 3

Green Roof 0.36 0.19 0.00 0.00 $1,360,425 4

Soakaway Pit 5.33 4.81 0.01 0.00 $2,108,440 2

BAR-NE8 Downspout Disconnection 28.49 12.82 0.02 0.01 $218,892 1

Dry Well 21.18 14.39 0.02 0.01 $807,860 5

Rainwater Harvesting 58.23 28.06 0.04 0.02 $9,550,308 3

Green Roof 3.69 2.06 0.00 0.00 $1,017,514 4

Soakaway Pit 2.50 2.50 0.00 0.00 $75,444 2

BAR-NE9 Downspout Disconnection 43.56 19.64 0.03 0.02 $44,181 1

Dry Well 5.90 3.95 0.00 0.00 $19,885 5

Rainwater Harvesting 21.66 10.35 0.02 0.01 $321,286 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit | @ - 0.00 0.00 0.00 $0 0

BAR-NW10 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
DryWell | = - 0.00 0.00 0.00 $0 0

Rainwater Harvesting | - 0.00 0.00 0.00 $0 0

Green Roof 1.58 0.83 0.00 0.00 $4,477,287 4

Soakaway Pit 1343 11.05 0.02 -0.01 $5,948,829 2

BAR-NW12 Downspout Disconnection 53.58 24.19 0.03 0.02 $954,857 1
Dry Well 20.82 14.67 0.02 0.01 $1,070,346 5

Rainwater Harvesting 63.97 31.38 0.05 0.03 $12,853,153 3

Green Roof 12.13 5.57 0.00 0.00 $683,696 4

Soakaway Pit 28.14 32.34 0.05 -0.02 $27,881 2

BAR-NW28 Downspout Disconnection 159.05 71.12 0.09 0.06 $62,392 1
Dry Well 92.06 59.12 0.07 0.05 $21,790 5

Rainwater Harvesting 196.76 91.71 0.14 0.08 $58,451 3

GreenRoof | = - 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-NW29 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
DryWell | - 0.00 0.00 0.00 $0 0

Rainwater Harvesting |  —-- 0.00 0.00 0.00 $0 0

Green Roof 3.90 0.59 0.00 0.00 $190,446 4

Soakaway Pit 1142 5.60 0.01 0.00 $15,025 2

BAR-SE1 Downspout Disconnection 71.45 12.18 0.02 0.01 $2,906 1

Dry Well 20.60 5.05 0.01 0.00 $5,658 5

Rainwater Harvesting 89.51 15.74 0.02 0.01 $31,553 3

GreenRoof | - 0.00 0.00 0.00 $0 0

Soakaway Pit 1.83 1.84 0.00 0.00 $13,259 2

BAR-SE10 Downspout Disconnection 9.18 4.12 0.01 0.00 $670 1
Dry Well 5.48 3.58 0.00 0.00 $3,289 5

Rainwater Harvesting 11.17 5.29 0.01 0.00 $28,017 3

Green Roof 0.08 0.04 0.00 0.00 $152,719 4

Soakaway Pit 4.84 4.95 0.01 0.00 $610,758 2

BAR-SE14 Downspout Disconnection 24.61 11.04 0.01 0.01 $18,117 1
Dry Well 10.18 6.76 0.01 0.01 $122,420 5

Rainwater Harvesting 29.99 14.19 0.02 0.01 $1,293,906 3
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GreenRoof | = - 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-SE16 Downspout Disconnection | - 0.00 0.00 0.00 $0 0
DryWell | - 0.00 0.00 0.00 $0 0

Rainwater Harvesting | - 0.00 0.00 0.00 $0 0

Green Roof 0.59 0.32 0.00 0.00 $822,160 4

Soakaway Pit 7.30 7.07 0.01 0.00 $770,934 2

BAR-SE17 Downspout Disconnection 36.00 16.17 0.02 0.01 $47,134 1
Dry Well 12.76 8.68 0.01 0.01 $196,950 5

Rainwater Harvesting 43.54 20.76 0.03 0.02 $1,658,445 3

GreenRoof | e 0.00 0.00 0.00 $0 0

Soakaway Pit 0.70 0.73 0.00 0.00 $24,247 2

BAR-SE21 Downspout Disconnection 3.64 1.63 0.00 0.00 $210 1
Dry Well 1.68 1.10 0.00 0.00 $3,455 5

Rainwater Harvesting 4.45 2.10 0.00 0.00 $51,532 3

Green Roof 11.79 6.04 0.00 0.00 $1,765,208 4

Soakaway Pit 20.78 20.29 0.03 -0.01 $65,235 2

BAR-SE24 Downspout Disconnection 101.29 4547 0.06 0.04 $217,286 1
Dry Well 76.17 49.52 0.06 0.04 $54,911 5

Rainwater Harvesting 122.64 58.42 0.09 0.05 $137,758 3

Green Roof 4.96 2.60 0.00 0.00 $4,517,235 4

Soakaway Pit 8.29 8.00 0.01 0.00 $1,260,840 2

BAR-SE25 Downspout Disconnection 54.34 24.56 0.03 0.02 $3,464,631 1
Dry Well 2943 19.57 0.02 0.02 $314,749 5

Rainwater Harvesting 65.26 31.29 0.05 0.03 $2,840,096 3

GreenRoof | = - 0.00 0.00 0.00 $0 0

Soakaway Pit 9.32 8.64 0.01 0.00 $528,503 2

BAR-SE26 Downspout Disconnection 44 .57 20.04 0.03 0.02 $7,438 1
Dry Well 18.31 1240 0.01 0.01 $84,768 5

Rainwater Harvesting 58.22 27.93 0.04 0.02 $1,252,778 3

GreenRoof | e 0.00 0.00 0.00 $0 0

Soakaway Pit 1.11 11.09 0.02 -0.01 $199,556 2

BAR-SE28 Downspout Disconnection 2.96 14.11 0.02 0.01 $2,622 1
Dry Well 1.04 7.50 0.01 0.01 $18,013 5

Rainwater Harvesting 7.59 38.24 0.06 0.03 $523,635 3

Green Roof 0.28 0.15 0.00 0.00 $166,511 4

Soakaway Pit 12.23 10.58 0.02 -0.01 $762,690 2

BAR-SE29 Downspout Disconnection 63.77 28.70 0.04 0.02 $24,741 1
Dry Well 2744 18.60 0.02 0.02 $140,317 5

Rainwater Harvesting 81.74 39.32 0.06 0.03 $1,823,197 3

Green Roof 0.31 0.12 0.00 0.00 $151,089 4

Soakaway Pit 6.36 7.25 0.01 0.00 $198,553 2

BAR-SE3 Downspout Disconnection 35.70 15.96 0.02 0.01 $12,568 1
Dry Well 15.70 10.18 0.01 0.01 $48,754 5

Rainwater Harvesting 44.12 20.58 0.03 0.02 $419,671 3

Green Roof 0.20 1.80 0.00 0.00 $1,382,497 4

Soakaway Pit 0.72 10.65 0.02 -0.01 $546,203 2

BAR-SE30 Downspout Disconnection 3.18 23.36 0.03 0.02 $56,861 1
Dry Well 1.62 17.64 0.02 0.01 $119,042 5

Rainwater Harvesting 4.20 33.08 0.05 0.03 $1,266,364 3

Green Roof 6.56 3.67 0.00 0.00 $678,687 4

Soakaway Pit 38.45 44.00 0.07 -0.02 $77,180 2

BAR-SE38 Downspout Disconnection 219.91 98.35 0.13 0.08 $58,114 1
Dry Well 67.56 4444 0.05 0.04 $29,853 5

Rainwater Harvesting 271.78 | 126.80 0.20 0.10 $190,623 3

Green Roof - 0.00 0.00 0.00 $0 0

Soakaway Pit 3.77 3.94 0.01 0.00 $126,593 2

BAR-SE42 Downspout Disconnection 28.34 15.18 0.02 0.01 $6,545 1
Dry Well 14.95 16.27 0.01 0.01 $51,375 5

Rainwater Harvesting 35.31 18.33 0.03 0.02 $626,478 3

Green Roof 1.81 0.87 0.00 0.00 $2,299,382 4

Soakaway Pit 6.62 5.77 0.01 0.00 $975,955 2

BAR-SE47 Downspout Disconnection 46.86 2418 0.03 0.02 $623,387 1
Dry Well 54.47 42.05 0.04 0.03 $332,523 5

Rainwater Harvesting 57.28 29.39 0.05 0.03 $3,237,383 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit | —— 0.00 0.00 0.00 $0 0

BAR-SE51 Downspout Disconnection 20.32 20.32 0.02 0.01 $3,681 1
Dry Well 12.32 39.02 0.01 0.01 $38,065 5

Rainwater Harvesting 29.76 21.21 0.03 0.03 $465,309 3
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Green Roof 49.27 27.74 -0.01 0.01 $12,708,853 4

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-SE59 Downspout Disconnection 79.49 79.49 0.08 0.05 $28,476,450 1
Dry Well 51.40| 160.58 0.05 0.04 -$229,801 5

Rainwater Harvesting 118.66 84.11 0.13 0.10 $1,694,223 3

Green Roof 12.16 6.74 0.00 0.00 $2,526,007 4

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-SE61 Downspout Disconnection 20.25 20.25 0.02 0.01 $950,476 1
Dry Well 12.15 38.97 0.01 0.01 $64,473 5

Rainwater Harvesting 29.57 21.09 0.03 0.03 $181,081 3

Green Roof 7.16 3.68 0.00 0.00 $2,295,636 4

SoakawayPit [ 0.00 0.00 0.00 $0 0

BAR-SE63 Downspout Disconnection 37.71 37.71 0.02 0.01 $843,971 1
Dry Well 5.83 18.33 0.01 0.00 $82,882 5

Rainwater Harvesting 42.08 32.61 0.05 0.12 $222,590 3

Green Roof 5.40 2.69 0.00 0.00 $1,930,094 4

Soakaway Pit 10.68 10.55 0.02 -0.01 $73,040 2

BAR-SE64 Downspout Disconnection 52.60 23.61 0.03 0.02 $797,830 1
Dry Well 118.70 75.12 0.09 0.06 $68,019 5

Rainwater Harvesting 63.79 30.34 0.05 0.03 $158,830 3

Green Roof 26.56 15.04 0.00 0.01 $4,305,105 4

Soakaway Pit - 0.00 0.00 0.00 $0 0

BAR-SE67 Downspout Disconnection 44.92 44 .92 0.04 0.03 $745,396 1
Dry Well 2848 87.25 0.03 0.02 $128,461 5

Rainwater Harvesting 66.65 47.33 0.07 0.06 $371,746 3

Green Roof 3.52 1.79 0.00 0.00 $7,944,362 4

Soakaway Pit 6.06 5.98 0.01 0.00 $946,231 2

BAR-SE7 Downspout Disconnection 30.07 13.60 0.02 0.01 $1,276,166 1

Dry Well 23.80 15.57 0.02 0.01 $301,114 5

Rainwater Harvesting 36.72 1742 0.03 0.02 $2,225,726 3

Green Roof 1.85 0.99 0.00 0.00 $3,214,147 4

Soakaway Pit 6.26 6.40 0.01 0.00 $1,333,363 2

BAR-SE74 Downspout Disconnection 43.28 19.41 0.03 0.02 $456,638 1
Dry Well 35.63 22.92 0.03 0.02 $293,782 5

Rainwater Harvesting 49.54 23.44 0.04 0.02 $2,906,405 3

Green Roof 1.35 0.64 0.00 0.00 $1,082,238 4

Soakaway Pit 5.46 443 0.01 0.00 $798,963 2

BAR-SE80 Downspout Disconnection 23.57 10.62 0.01 0.01 $14,218 1
Dry Well 8.70 5.95 0.01 0.00 $116,287 5

Rainwater Harvesting 27.15 13.30 0.02 0.01 $1,743,886 3

Green Roof 048 1.11 0.00 0.00 $392,940 4

Soakaway Pit 1.09 6.35 0.01 0.00 $19,872 2

BAR-SE81 Downspout Disconnection 6.20 13.96 0.02 0.01 $16,549 1
Dry Well 1.87 6.21 0.01 0.01 $11,968 5

Rainwater Harvesting 7.68 18.01 0.03 0.01 $41,472 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-SE82 Downspout Disconnection 1.62 12.27 0.02 0.01 $21,231 1
Dry Well 0.66 8.20 0.01 0.01 $13,376 5

Rainwater Harvesting 1.82 15.56 0.02 0.01 $43,800 3

GreenRoof | e 0.00 0.00 0.00 $0 0

Soakaway Pit 59.35 10.56 0.02 -0.01 $10,439,678 2

BAR-SE85 Downspout Disconnection 208.14 24.73 0.03 0.02 $164,326 1
Dry Well 82.70 15.92 0.02 0.01 $1,672,881 5

Rainwater Harvesting 236.76 3143 0.05 0.03 $21,990,454 3

Green Roof 8.87 4.93 0.00 0.00 $3,857,830 4

Soakaway Pit 16.87 1545 0.02 -0.01 $889,658 2

BAR-SW10 Downspout Disconnection 81.45 36.67 0.05 0.03 $130,529 1
Dry Well 39.48 26.62 0.03 0.02 $228,959 5

Rainwater Harvesting 127.66 61.54 0.11 0.06 $2,482,153 3

Green Roof 3.03 1.60 0.00 0.00 $8,814,771 4

Soakaway Pit 10.76 9.38 0.01 -0.01 $4,168,595 2

BAR-SW11 Downspout Disconnection 49.55 22.86 0.03 0.02 $2,696,574 1
Dry Well 36.06 25.29 0.03 0.02 $1,013,949 5

Rainwater Harvesting 59.96 29.53 0.05 0.03 $9,682,028 3
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Green Roof 17.81 9.73 0.00 0.00 $17,994,231 4

SoakawayPit | - 0.00 0.00 0.00 $0 0

BAR-SW13 Downspout Disconnection 31.20 31.20 0.03 0.02 $2,404,796 1
Dry Well 17.40 56.35 0.02 0.01 $543,006 5

Rainwater Harvesting 44.63 32.02 0.05 0.05 $1,624,946 3

Green Roof 0.98 0.51 0.00 0.00 $591,823 4

Soakaway Pit 1.79 1.92 0.00 0.00 $49,290 2

BAR-SW23 Downspout Disconnection 14.90 9.66 0.01 0.01 $89,398 1
Dry Well 11.45 1343 0.01 0.01 $89,117 5

Rainwater Harvesting 18.76 10.71 0.02 0.02 $749,816 3

Green Roof 5.16 2.30 0.00 0.00 $696,446 4

SoakawayPit | = e 0.00 0.00 0.00 $0 0

BAR-SW27 Downspout Disconnection 0.00 0.00 0.00 $0 0
Dry Well 0.00 0.00 0.00 $0 0

Rainwater Harvesting 0.00 0.00 0.00 $0 0

GreenRoof | 0.00 0.00 0.00 $0 0

Soakaway Pit 3.42 2.82 0.00 0.00 $266,050 2

BAR-SW30 Downspout Disconnection 14.62 7.02 0.01 0.01 $5,713 1
Dry Well 6.83 5.70 0.01 0.00 $43,252 5

Rainwater Harvesting 17.41 8.76 0.01 0.01 $596,886 3

GreenRoof | e 0.00 0.00 0.00 $0 0

SoakawayPit | = e 0.00 0.00 0.00 $0 0

BAR-SW31 Downspout Disconnection 0.00 0.00 0.00 $0 0
Dry Well 0.00 0.00 0.00 $0 0

Rainwater Harvesting 0.00 0.00 0.00 $0 0

GreenRoof | 0.00 0.00 0.00 $0 0

SoakawayPit | = e 0.00 0.00 0.00 $0 0

BAR-SW32 Downspout Disconnection 0.00 0.00 0.00 $0 0
Dry Well 0.00 0.00 0.00 $0 0

Rainwater Harvesting | - 0.00 0.00 0.00 $0 0

Green Roof 15.87 8.15 0.00 0.00 $14,245,123 4

SoakawayPit | - 0.00 0.00 0.00 $0 0

BAR-SW33 Downspout Disconnection 10.64 10.64 0.00 0.00 $2,680 1
Dry Well - -0.86 0.00 0.00 $5,475 5

Rainwater Harvesting 10.52 8.51 0.01 0.04 $30,799 3

GreenRoof | -t 0.00 0.00 0.00 $0 0

SoakawayPit | = e 0.00 0.00 0.00 $0 0

BAR-SW39 Downspout Disconnection 0.00 0.00 0.00 $0 0
Dry Well 0.00 0.00 0.00 $0 0

Rainwater Harvesting 0.00 0.00 0.00 $0 0

GreenRoof | = 0.00 0.00 0.00 $0 0

SoakawayPit | = - 0.00 0.00 0.00 $0 0

BAR-SW40 Downspout Disconnection 4.47 4.47 0.00 0.00 $31,699 1
Dry Well - -0.44 0.00 0.00 $16,006 5

Rainwater Harvesting 4.40 3.56 0.01 0.02 $47,790 3

Green Roof 0.52 0.27 0.00 0.00 $1,119,287 4

Soakaway Pit 9.92 8.70 0.01 0.00 $4,773,065 2

BAR-SW45 Downspout Disconnection 44.89 20.52 0.03 0.02 $109,910 1
Dry Well 17.78 13.07 0.01 0.01 $759,702 5

Rainwater Harvesting 49.25 23.99 0.04 0.02 $9,306,093 3

Green Roof 242 1.09 0.00 0.00 $1,238,578 4

Soakaway Pit 7.40 6.65 0.01 0.00 $127,327 2

BAR-SW48 Downspout Disconnection 33.01 14.86 0.02 0.01 $230,170 1
Dry Well 56.77 36.25 0.04 0.03 $104,539 5

Rainwater Harvesting 39.51 19.04 0.03 0.02 $116,800 3

GreenRoof | - 0.00 0.00 0.00 $0 0

SoakawayPit | - 0.00 0.00 0.00 $0 0

BAR-SW51 Downspout Disconnection 0.00 0.00 0.00 $0 0
DryWell | 0.00 0.00 0.00 $0 0

Rainwater Harvesting | - 0.00 0.00 0.00 $0 0

GreenRoof | - 0.00 0.00 0.00 $0 0

SoakawayPit | - 0.00 0.00 0.00 $0 0

BAR-SW7 Downspout Disconnection 30.67 30.67 0.03 0.02 $4,730,471 1
Dry Well 13.64 46.78 0.01 0.01 $100,644 5

Rainwater Harvesting 41.42 30.22 0.05 0.06 $794,415 3

GreenRoof [ 0.00 0.00 0.00 $0 0

SoakawayPit | = e 0.00 0.00 0.00 $0 0

BAR-SW8 Downspout Disconnection 19.60 19.60 0.02 0.01 $3,035 1
Dry Well 10.55 34.31 0.01 0.01 $35,828 5

Rainwater Harvesting 27.75 19.97 0.03 0.03 $484,868 3

Green Roof 2.49 1.33 0.00 0.00 $9,761,658 4

Soakaway Pit 9.58 8.29 0.01 -0.01 $6,251,876 2

BAR-SW9 Downspout Disconnection 47.57 22.91 0.03 0.02 $2,405,213 1
Dry Well 28.68 22.80 0.02 0.02 $1,470,786 5

Rainwater Harvesting 58.08 29.08 0.05 0.03 $15,952,086 3

Note: () TSS stands for Total Suspended Solids.
@ TP stands for Total Phosphorus.
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