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1 BACKGROUND AND MANUAL ORGANIZATION 

The Orange County Stormwater Low Impact Development Manual consists of two volumes. This 
volume, Volume 1, introduces low impact development (LID), discusses county characteristics, 
assesses the site and site constraints, and goes over low impact development practices that are 
considered applicable in Florida. Volume 2 provides more specific information for LID practices 
applicable to Orange County, including design details, operation and maintenance guidelines, and 
monitoring guidance. 

This section states the purpose of the Design Manual and a breakdown of the sections and general 
manual organization. It also identifies the intended users for this manual and defines commonly 
used terms and abbreviations. Finally, a general introduction to stormwater is provided. 

1.1 Purpose and Scope 
Volume 1 of the Design Manual is intended to provide uniform guidance across Orange County to 
local jurisdictions, developers, and property owners in Orange County on the basic principles of 
LID; identifying the problems of urban stormwater runoff including flooding and water quality 
impairment; and the physical, site, cost, and operation and maintenance constraints typically seen 
with using LID practices when compared to conventional stormwater management techniques. It 
also gives an overview of current state, local, and water management district regulations that apply 
to Orange County, as well as recommendations for future regulations to accommodate new LID 
practices. The manual takes into consideration different conditions throughout the County that may 
affect different LID practices and goes over practices that are applicable to Orange County. 

1.2  Organization and Intended Users 
Volume 1 is organized into six (6) sections and is intended to be used primarily by professionals 
engaged in planning, designing, constructing, operating, and maintaining development and retrofit 
projects in Orange County. Additionally, the Florida Friendly Landscaping Plant List and 
References are included in Appendix A. The GSI Maintenance and Planting Manual can also be 
used as a reference for plant selection (Bean et al., 2023). Appendix B includes a practice selection 
discussion and practice selection matrix which provides a suitability ranking for each practice with 
respect to Orange County, as well as a summary of cost benefit associated with Total Phosphorus 
(TP) and the assigned ranking. Attachments that provide more specific information for LID 
practice applicable to Orange County can be found in Volume 2 of the Design Manual. This 
information includes design details, operation and maintenance guidelines, and monitoring 
guidance.  

• Section 1 – Background and Manual Organization provides an overview of the purpose 
and scope as well as a brief introduction to stormwater. A list of commonly used terms 
related to LID is included for clarification and better understanding of the manual. 
Additionally, the organization of the manual is presented. 

• Section 2 – Low Impact Development Introduction presents the LID concept, which 
includes the differences between conventional development and LID, and the goals, 
benefits, and challenges associated with LID. 
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• Section 3 – County Characteristics provides a description of the County to characterize 
different regions as it relates to the implementation of LID practices, such as topography, 
soils, and land use. It also discusses County regulations as well as those from the water 
management districts (WMDs), and the state of Florida. 

• Section 4 – Site Assessments and Constraints provides guidance on how to assess the 
area of interest and looks at the applicability of LID. The section covers what is included 
in a physical site assessment while also looking at redevelopment potential and permitting 
requirements. 

• Section 5 – Florida Low Impact Development Practices and County Approved LID 
Practices and Technical Design Criteria includes an introduction and guidance to each 
of the 19 LID practices considered applicable in Florida. It also includes a discussion on 
the County approved LID practices and the LID practices technical design criteria. 

• Section 6 – References provides references used within the Manual. 

1.3  Definitions 
As some terms related to stormwater are used interchangeably in the industry, the following 
definitions are provided for clarification and better understanding of how these terms are used in 
this manual. A prime example of this are the terms Low Impact Development (LID), Green 
Stormwater Infrastructure (GSI), and Best Management Practices (BMP). For the purposed of this 
manual, LID and GSI are assumed to be a type of BMP. See below for definitions of terms used 
in this manual. 

- Average Annual Runoff Coefficient: The average ratio of runoff depth to precipitation 
depth over an extended period of time, usually 15 years or greater, normalized by the total 
numbers of years to obtain an average annual value. 

- Bacteria: Historically, regulations based on bacteria focused primarily on fecal coliforms. 
In 2016, FDEP, and thus Orange County and this Manual, switched to E. coli for freshwater 
systems. 

- Basin Management Action Plan (BMAP): A BMAP is a framework for water quality 
restoration that contains local and state commitments to reduce pollution loading through 
current and future projects and strategies. The pollutant reduction goals are ones previously 
established by a total maximum daily load (TMDL). 

- Best Management Practice (BMP): For the purposes of this manual, a BMP is any 
structural or non-structural practice that results in the capture, treatment, and/or attenuation 
of stormwater runoff. This includes practices that leverage retention, detention, and 
infiltration processes for flood reduction, as well as various physical, biological, and 
chemical processes for water quality improvement. 

- Biosorption Activated Media (BAM): A class of filter media that promotes biofilm 
growth and leverages biological, chemical, and physical processes to remove nitrogen and 
phosphorus species. The media can range from coarse material, intended for higher flow 
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capacity, or finer material, intended for slower flow applications, such as for use in the 
bottom of a retention BMP. 

- Curve Number (CN): CN is the hydrologic factor which is used to reflect the runoff 
potential of a particular land use and soil type. Values for CN range from 30-100, with low 
values reflecting a low runoff potential and higher values reflecting a high runoff potential. 

- Directly Connected Impervious Area (DCIA): DCIA is the impervious area that is 
directly connected to a drainage feature, i.e., if runoff from the area flows directly into the 
drainage conveyance system, such as a gutter or storm sewer, and does not drain to a 
pervious area (Harper and Baker, 2007). Runoff from impervious area must run over a 
minimum of 20 ft of pervious area to be considered disconnected. 

- Drainage Area: An area where runoff from precipitation drains to a common point, i.e., 
creeks, streams, rivers, lakes, and reservoirs. The perimeter of a drainage area can be 
identified using topographic and drainage infrastructure maps to determine the boundary 
between where runoff would and would not flow to the collection point or drainage area 
outlet. 

- Gray Infrastructure: Refers to engineered infrastructure for water resources, typically 
consisting of concrete and metal components. Examples include treatment plants, pipes, 
and reservoirs. In gray infrastructure, runoff is directed away from certain locations and 
towards others. 

- Green-Ampt Method: The Green-Ampt method is a rainfall excess estimation method 
that leverages the physical characteristics of soils to determine the fraction of rainfall that 
infiltrates into the ground, is stored in the soils, and becomes stormwater runoff. This 
rainfall excess estimation method can be used for either discrete design storm modeling or 
continuous simulation modeling but is generally needed for a continuous simulation as 
opposed to other methods as it allows for the long-term tracking of soil water storage 
availability. 

- Green Stormwater Infrastructure (GSI): GSI consists of structural practices that 
incorporate the principals of LID to trap and treat stormwater near its source, minimizing 
the quantity, and improving the quality of stormwater discharging to gray stormwater 
infrastructure and downstream water resources. GSI can be used in place of, or in 
conjunction with, traditional gray infrastructure. 

- Horizon West Town Center: Located in the southwest portion of Orange County, Horizon 
West Town Center is comprised of more than 23,000 acres encompassing five Villages and 
a 3,500 acre Town Center. The area was identified as an opportunity to evaluate the use of 
LID practices in an urban environment where the benefits and costs of the more sustainable 
water resource management systems can be measured and quantified. 

- Infrequent Maintenance: Refers to maintenance that occurs a few times during the life of 
the practice, such as repairs or replacements. 
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- Interconnected Channel and Pond Routing (ICPR): ICPR is a hydrologic and hydraulic 
modeling tool with a focus on interconnected and interdependent pond systems. The author 
of this modeling tool is Streamline Technologies and it is proprietary. 

- Karst: Karst describes areas underlain by carbonate rocks, primarily limestone and 
dolomite. Karst formation involves the chemical weathering and erosion of carbonate rocks 
and is characterized by sinkholes and caves. 

- Low Impact Development (LID): LID is an approach to land development (or re-
development) that works with nature to manage stormwater as close to its source as 
possible. LID employs principles such as preserving and recreating natural landscape 
features, minimizing effective imperviousness to create functional and appealing site 
drainage that treat stormwater as a resource rather than a waste product.  

- New Development: Construction on sites that were previously greenfield areas; no 
previous construction or development were present. 

- Non-Directly Connected Impervious Area (Non-DCIA): Non-DCIA includes 
impervious areas which are not considered to be directly connected to drainage 
infrastructure. This is defined as having a flow distance of at least 20 feet of pervious area 
that runoff would have to flow over prior to discharge into a drainage conveyance. Runoff 
generated from these areas can infiltrate into the soil depending on soil types and land cover 
characteristics reducing the runoff volume from these areas compared to impervious areas 
directly connected. 

- Non-Directly Connected Impervious Area Curve Number (Non-DCIA CN): The non-
DCIA CN includes pervious and impervious areas that are not directly connected to a 
drainage conveyance. It is calculated by using the open space reference in the TR-55 
document for pervious areas and using 98 for non-DCIA impervious areas. Then, the area-
weighted average is calculated. A common mistake that occurs when calculating the non-
DCIA CN is double counting the impervious areas, which occurs when using one of the 
TR-55 reference land use values, other than open space, for the non-DCIA CN as this value 
includes the DCIA. 

- Outstanding Florida Springs (OFS): Section 373.802(4), Florida Statutes (F.S.), defines 
“Outstanding Florida Springs” or “OFS” to include all historic first magnitude springs, as 
determined by the department using the most recent Florida Geological Survey springs 
bulletin, and the following additional six springs: DeLeon, Peacock, Poe, Rock, Wekiva, 
and Gemini. OFS do not include submarine springs or river rises. There are 30 OFS 
consisting of 24 historic first magnitude springs and the 6 named additional springs. 

- Outstanding Florida Waters (OFW): An OFW is a waterbody deemed worthy of special 
protection because of its natural attributes (e.g., excellent water quality or exceptional 
ecological, social, educational, or recreational value). Waters are designated OFW to 
prevent the lowering of existing water quality due to permitted activities and to preserve 
the exceptional ecological and recreational significance of the waterbody. It is worth noting 
that these have additional regulatory requirements. 
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- Peaking Factors: Peaking factor is the ratio of the maximum flow to the average daily 
flow of a system (Zhang et al., 2012). Peaking factors are a hydrologic and hydraulic 
(H&H) modeling parameter. 

- Pre-developed Land: The land use condition currently existing prior to any new 
improvements. This can include an undeveloped condition or an improved condition such 
as pasture or a previously constructed building or other improvement. 

- Redevelopment: Construction on sites having existing commercial, industrial, 
institutional, or residential land uses, excluding silviculture or agriculture, where all or part 
of the existing impervious surface will be replaced with the same or lesser intense land use 
as part of the proposed activity and has not been previously permitted under Part IV of 
Chapter 373 F.S. 

- Regular Maintenance: Refers to annual/semi-annual/monthly practice upkeep, such as 
mowing, debris removal, pruning, and weeding. 

- Runoff Coefficient (C): The runoff coefficient represents the ratio of runoff depth to the 
precipitation depth. This value can be calculated on either an event basis or for an annual 
period. 

- Seasonal High Groundwater Table (SHGWT): The SHGWT represents the average high 
elevation of the groundwater table during the wet season. SHGWT determination should 
be in line with the State requirements, which states that “estimates are completed using 
generally accepted engineering and scientific principles which reflect drainage practices, 
average wet seasonal water table elevation, antecedent moisture, and any underlying soil 
characteristics that would limit or prevent percolation of stormwater through the entire soil 
column.” For determining seasonal highs in wetlands and surface waters: A qualified 
scientist shall determine the seasonal high in wetlands and surface waters by utilizing the 
States requirements. The average surveyed wetland contour line may be used in lieu of the 
seasonal high for the purposes of setting a tailwater condition for modeling.  

- Soil Survey Geographic Database (SSURGO): A database that contains information 
about soil as collected by the National Cooperative Soil Survey over the course of a 
century. The information was gathered by walking over the land and observing the soil. 
Many soil samples were analyzed in laboratories. The SSURGO database reports physical 
and chemical properties of soils that are necessary for some modeling approaches, such as 
the Green-Ampt method of runoff estimation. It is worth noting that mapped soils may not 
reflect actual conditions, particularly in urban and peri-urban areas. Any soils properties 
used in engineering design should always be confirmed on-site by a licensed geotechnical 
professional engineer. 

- Special Basins: Basins that are draining to an OFW, OFS, or other waterbodies that 
warrant extra levels of treatment. This is done to protect against degradation of already 
impaired waterbodies or protect healthy/pristine waterbodies from degradation. 

- Storm Water Management Model (SWMM): SWMM is an H&H modeling tool used 
for planning, analysis, and design related to stormwater runoff, combined and sanitary 
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sewers, and other drainage systems. The author of this modeling tool is the EPA and it is 
non-proprietary. 

- Stormwater Runoff: Stormwater runoff is the fraction of rainfall that does not evaporate, 
get absorbed by vegetation, and/or infiltrates into the ground. Stormwater runoff picks up 
pollutants such as nutrients, trash, and sediments, as it flows over land surfaces. 

- Time of Concentration (Tc): Tc refers to the amount of time it takes for a single drop of 
water to travel from the hydraulically most distant point in a drainage area to the outlet. 

- Total Maximum Daily Load (TMDL): A TMDL is the calculation of the maximum 
amount of a pollutant allowed to enter a waterbody so that the waterbody will meet and 
continue to meet water quality standards for a given pollutant. A TMDL determines a 
pollutant reduction target and allocates load reductions necessary to the source(s) of the 
pollutant of concern. BMAPs are the plans for implementing TMDLs. 

- Total Nitrogen (TN): TN is made up of ammonium (NH4), nitrite (NO2), nitrate (NO3), 
and particulate and dissolved organic forms of nitrogen. NH4, NO2, and NO3 are dissolved 
forms of nitrogen. In this manual, nitrogen will be referred to as TN, unless nitrogen species 
are stated explicitly. 

- Total Phosphorus (TP): TP is made up of particulate phosphorus and dissolved 
phosphorus. In this manual, phosphorus will be referred to TP, unless phosphorus species 
are stated explicitly. 

- Total Suspended Solids (TSS): TSS is a measure of the small particles of solid pollutants 
in waterbodies. Solids may originate from many sources, including erosion from pervious 
surfaces, dust, litter, and other particles deposited on impervious surfaces from human 
activities or the atmosphere (EPA, 1999). 

- Undeveloped Land: As referred to in this manual, this refers to the natural state of a piece 
of land prior to human modification. This is to include physical properties such as soils, 
topography, vegetative communities, and animal communities and chemical properties 
such as EMCs. 

1.4  Stormwater Introduction 
This section covers changes made to hydrology by urban development. It also covers common 
pollutants found in urban stormwater and typical pollutant removal processes. Lastly, this section 
discusses the goals of stormwater management in the context of this manual.  

1.4.1 Stormwater Characteristics from Urban Development 

Urban development results in many changes to a site that can impact stormwater runoff quality 
and quantity. Some examples of site changes are increased soil compaction, increased impervious 
area, stormwater runoff, and water quality degradation. Some pollutants commonly found in 
stormwater runoff may include sediments, nutrients, and heavy metals (Orange County, 2014). 
These pollutants can be removed by physical, chemical, and biological processes. LID practices 
typically employ these processes for the removal of pollutants associated with stormwater runoff.  
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1.4.1.1 Changes to Urban Hydrology 

The effects of urban development on a watershed are far reaching. They typically include physical 
changes as well as secondary effects, including chemical changes. Altered topography due to 
grading, altered hydrologic flow patterns, altered and compacted soils due to vehicle traffic and 
excavations, and paving/addition of impervious surfaces are examples of physical changes. These 
changes often lead to increased stormwater runoff due to the reductions in infiltration rate or 
natural soil water holding capacity as well as the increased impervious surfaces. Development 
fundamentally changes the way stormwater moves through a watershed by efficiently conveying 
water to downstream waterbodies via directly connected impervious surfaces and stormwater 
drainage infrastructure, which historically has been designed to quickly move water downstream. 
This increases the rate and total volume of stormwater that is discharged into receiving waterbodies 
instead of infiltrating to the soil and thus recharging the groundwater. The combination of these 
impacts can lead to an increase in the magnitude and frequency of flooding. 
Chemical changes to stormwater can occur due to increased flow lengths and velocities associated 
with urban development which can increase erosion and pick up pollutants that have accumulated 
on impervious surfaces. This combined with the potential pollutants associated with anthropogenic 
activities such as application of chemicals within the watershed (e.g., fertilizers, herbicides, and/or 
pesticides), wear and tear of mechanical equipment (e.g., heavy metals and oils), wastewater 
treatment infrastructure (e.g., leaky infrastructure, failing septic systems) and industrial activities 
(e.g., manufacturing facilities stormwater discharges), can increase some pollutants and the 
introduction of other pollutants to downstream waterbodies. Additionally, the efficient drainage 
and reduced infiltration can result in changes to downstream systems, such as streams or wetlands, 
which may suffer from decreased natural flows. This all can increase nutrient and other pollutant 
discharges in habitats compared to the undeveloped conditions. This can result in poor downstream 
water conditions, for example, increased turbidity decreases the amount of light entering the 
waterbody, which has impacts on dissolved oxygen levels and growth of organisms and vegetation. 
Additionally, the introduction of nutrients from stormwater may disrupt the naturally occurring 
nutrient cycles and may lead to events like algal blooms and eutrophication.  
1.4.1.2 Typical Stormwater Pollutants and Associated Removal Processes 

Understanding what pollutants are commonly found in stormwater makes it easier to determine 
how the pollutant was introduced, how it can be removed, and what LID practice can provide that 
removal. As stated previously, the most common pollutants found in stormwater are sediments, 
nutrients (nitrogen and phosphorus), heavy metals (zinc, nickel, lead, chromium, cadmium, and 
copper), pathogenic bacteria, pesticides, and organic pollutants (gasoline and oils) (Alachua 
County, 2018). For the purposes of this manual, only sediments, nutrients, and pathogenic bacteria 
are discussed further. This is because state water quality regulations are based on these pollutants. 

Regulations are based on maintaining the beneficial use of water resources, and hyper-eutrophic 
conditions are not meeting their beneficial use. Background levels of algae and nutrients occur 
naturally, but over-nutrifying water shifts the nutrient cycle out of balance. Hyper-eutrophic 
conditions are a result of excess nutrient pollution and typically exhibit a strong algal response in 
the waterbody. When algal blooms occur, they can impact the clarity of the water and decrease 
light penetration, resulting in a die-off of beneficial vegetation. Additionally, when the algae die, 
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decomposing bacteria can deplete oxygen levels in the water, harming other aquatic life and 
decreasing the rate of decomposition of organic compounds. 

There are many sources of nutrients. Nutrients are applied to farms, lawns, and public landscaped 
spaces as fertilizers which may be washed off by stormwater or enter the groundwater through 
leaching. Septic takes are also a potential source of nutrients, as they discharge nutrients into the 
groundwater which can seep into drainage infrastructure or waterbodies. Nitrogen from 
atmospheric deposition and vehicular exhausts is another source of nutrients which are deposited 
onto impervious surfaces such as parking lots, rooftops, and roads which can be washed off by 
stormwater. Typically, nitrogen and phosphorus, which are two macro-nutrients for plant growth, 
are the two primary nutrient pollutants that are regulated in Florida. 

Nitrogen 

Nitrogen is found naturally in the environment and exists in several forms. In stormwater, it is 
typically found in both inorganic and organic forms. The inorganic forms include ammonium 
(NH4), ammonia (NH3), nitrite (NO2), and nitrate (NO3). The organic forms include particulate 
and dissolved organic nitrogen. The sum of these nitrogen species make up Total Nitrogen (TN).  

Nitrogen moves through the watershed according to the nitrogen cycle, which dictates how 
nitrogen is converted to different forms. Animal waste and decaying organic material are sources 
of organic nitrogen which naturally occurring organisms can convert to ammonium or ammonia 
via a process called mineralization. Under aerobic conditions, nitrifying bacteria readily convert 
ammonia to nitrite, and then into nitrate via a process called nitrification. Nitrate is very soluble in 
water and is not removed by sedimentation or sorption mechanisms. Removal of nitrate must be 
done via biological processes, e.g., plant uptake, denitrification, or through anammox, which LID 
practices typically leverage to achieve their removals. Denitrification is a process where, under 
anoxic conditions, denitrifying bacteria converts nitrate to nitrogen gas, resulting in it off gassing 
to the atmosphere. Anammox is a process where, under anoxic conditions, anammox bacteria 
convert nitrite and ammonia to nitrogen gas, resulting in it off gassing to the atmosphere. 

It is noted that, due to the mobility of nitrate in the water column, excess nitrates can easily enter 
surface waterbodies or the groundwater. Nitrates are naturally occurring, however the EPA has set 
a drinking water standard for drinking water which is 10 mg/L of NO3–N (EPA, 2022a). High 
levels of nitrates can be found coming from sources like septic systems, wastewater discharges, 
and fertilizer input, so monitoring is important to protect drinking water supplies. While 10 mg/L 
is set as the drinking water standard, lower levels of nitrate can pose a significant risk to aquatic 
ecosystems. As nitrate is a bio-available form of nitrogen for plant growth, excess nitrogen can 
result in the excess growth of algae. This is especially true for springs, for example, which have 
very sensitive ecosystems that make them vulnerable to algal blooms due to elevated nitrate 
concentrations. Since Orange County has several springs, including Wekiva Springs which is 
designated as an Outstanding Florida Spring by FDEP, and several Outstanding Florida Waters, 
such as the Econlockhatchee River System, protection of groundwater must be considered in 
sensitive groundwater areas, such as near waterbodies and in karst geologies. More information 
regarding karst areas of the County is discussed in Section 3.1. Based on this, considerations 
should be made when incorporating retention practices in sensitive areas. LID practices that use 
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BAM media and/or vegetation as a means for nutrient removal can be effective to remove nitrates 
and should be considered in these sensitive areas. 

Phosphorus 

Phosphorus in stormwater can be either organic or inorganic forms. The most common inorganic 
form is soluble reactive phosphorus, also called ortho-phosphate. This is the form of phosphorus 
that can be readily taken up by vegetation for growth. Phosphorus is the other macro nutrient for 
plant growth and typically occurs in low concentrations in the natural environment, often being 
the growth limiting nutrient for aquatic vegetation in surface waterbodies. Based in this, relatively 
small increases in its concentration can result in hyper-eutrophic conditions, i.e., increased growth 
of algae and nuisance vegetation.  

There are four primary mechanisms to remove phosphorus from stormwater (Alachua County, 
2018). 

• Adsorption: Adsorption is the process by which pollutants stick to the surface of particles. 
Phosphorus readily adsorbs to particle surfaces, especially clays, iron, and aluminum oxides. 
As such, phosphorus is frequently attached to the surfaces of sediments in stormwater. Based 
on this, filtration/adsorption is an effective means to remove both particulate bound as well as 
dissolved phosphorus. The particulate bound can be removed via filtration processes such as 
straining, impaction, and depth filtration. Dissolved phosphorus can be removed via adsorption 
processes. It is noted that filter media’s high in clay, iron, or aluminum tend to have high 
adsorption capacities. 

• Sedimentation: Most of the phosphate is bound to particulates and can be mechanically 
removed by sedimentation and infiltration. The effectiveness depends on the particle sizes and 
densities. 

• Uptake by plants: Of the small fraction of phosphorus that is naturally soluble, most of it is 
bioavailable, i.e., readily taken up by plants. Additionally, some particulate-bound phosphorus 
can become bioavailable when broken down by bacteria. Long contact times in wet detention 
ponds and wetlands facilitate its removal from stormwater. 

• Precipitation from solution: Precipitation is a chemical reaction between phosphorus and 
dissolved calcium, iron, or aluminum to form a precipitate. An example of this is by adding 
coagulants such as Aluminum Sulfate (Alum) which results in the formation of aluminum 
phosphate that precipitates out of solution. 

LID practices that use soil, media, or vegetation as a means for nutrient removal can remove 
dissolved phosphorus. The difference in the amount removed depends on the concentration and 
specific removal mechanism. Often, phosphorus may become stored in sediment, which requires 
the dredging of sediment to completely remove it from the system. Additionally, plant uptake does 
remove phosphorus from the water column, but the plant must be removed before it starts to 
decompose and reintroduce the phosphorus back into the water. These factors need to be 
considered when implementing BMPs that incorporate these removal mechanisms. 
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1.4.2 Goals of Stormwater Management 

Florida was the first state in the United States of America to adopt a rule that requires all new 
development to treat stormwater to a specified pollutant level (Martin and West, 2021). Prior to 
modern stormwater regulation, which became effective February 1982 (F.A.C. Ch. 17-25, 1982)), 
the primary focus of stormwater systems was preventing flooding and ensuring runoff was 
efficiently conveyed away from developed areas to downstream waterbodies. The F.A.C. 
stormwater management rule outlined in Chapter 62-40, titled “Water Resource Implementation 
Rule” establishes that water management districts shall achieve at least 80% reduction of the 
average annual load. If the stormwater system discharges to an Outstanding Florida Water, the 
criteria increases to 95% reduction. The goals of modern stormwater management systems are to 
protect property and the health of local ecosystems and surface waterbodies to maintain their 
beneficial uses while minimizing flooding. This is achieved through the implementation of 
practices to mitigate flooding and protect water quality.  

Based on an extensive study performed by Harper and Baker (2007) examining the treatment 
efficiency of typical stormwater BMPs and comparing to the presumptive criteria, i.e., that wet 
detention and dry retention systems that were designed according to current standards were 
achieving 80% removal of TN and TP, it was determined that these practices on their own did not 
achieve this removal target. Based on this, implementation of a treatment train approach, where 
multiple treatment practices that incorporate multiple removal mechanisms are implemented in 
series with each other, to increase the water quality treatment achieved. Therefore, implementation 
of multiple strategies to meet water quality treatment objectives will be necessary in most 
circumstances, and it is important to consider the removal mechanisms leveraged by the practice 
to ensure that the practices are complementary. Stormwater LID practices can generally be placed 
in two categories:  

a) Non-structural LID practices are often referred to as source control practices and are typically 
leveraged as early as the planning phase of a project. Examples include preserving open space, 
minimizing soil compaction and imperviousness, planning for cluster development, and the 
use of Florida Friendly Landscaping. Additionally, performing maintenance on existing 
drainage infrastructure, such as cleaning pipes and stormwater ponds of deposited sediments 
and street sweeping are other examples of nonstructural LID practices. It is noted that 
nonstructural practices are not the focus of this LID manual. 

b) Structural LID practices, which this manual is primarily focused on, are physical structures 
used to mitigate the changes in stormwater caused by urban development. Structural BMPs 
can further be organized in retention, detention, and filtration based on their primary treatment 
mechanism, and GSI falls under this category.  

The information presented in this LID manual provides a County specific resource to address 
stormwater pollution. The practices listed and discussed were selected based on their relevance to 
conditions within the County.
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2 LOW IMPACT DEVELOPMENT INTRODUCTION 

This section introduces Low Impact Development (LID), the principles and philosophy, and the 
differences between conventional practices and LID practices. Additionally, this section will cover 
the goals, benefits, and challenges of LID, as well as go over standards supporting LID in Orange 
County. 

2.1 Introduction 
The 1972 Federal Water Pollution Control Act was the first major U.S. law addressing water 
pollution, and it initially focused on localized, easily identifiable sources (e.g., discharge of raw 
sewage or industrial waste) known as point sources of water pollution. In the Water Quality Act 
of 1987, Congress responded to the nonpoint source stormwater problem by requiring industrial 
stormwater discharges and municipal separate storm sewer systems to obtain National Pollution 
Discharge Elimination System (NPDES) permits. The permit exempted agricultural discharges; 
however, Congress created a nonpoint source pollution demonstration grant program at the U.S. 
Environmental Protection Agency (EPA) to expand the research and development of nonpoint 
controls and management practices. 

The EPA has determined that pollution transported in precipitation and runoff from urban and 
agricultural lands (nonpoint source pollution) is the primary cause of water quality impairment in 
the United States (EPA, 2000). Runoff from urban environments includes roads, roofs, parking 
lots, and pervious areas such as lawns and fields that enter stormwater conveyance systems (i.e., 
storm drain inlets and piping network) or receiving waters. Land development creates an increase 
in impervious surfaces, which increases the number of nonpoint sources of pollution. As 
stormwater runs off impervious surfaces (i.e., rooftops, roads, parking lots, etc.), it: 

• Causes increases in runoff volumes and flow rates. 
• Increases runoff velocities. 
• Transports pollutants into receiving waters. 

In June of 1999 the EPA published the first LID Manual, Low Impact Development Design 
Strategies: An Integrated Design Approach (EPA 841-B-00-003) to promote this comprehensive 
approach to stormwater management and site development. LID practices are typically designed 
and constructed in conjunction with conventional stormwater management approaches. LID 
practices utilize distributed micro-scale practices to treat runoff through the processes of storage, 
infiltration (groundwater recharge), evapotranspiration, vegetative uptake, and filtration. 
Integration of these practices into new development begins at the site planning level by reducing 
impervious surfaces, integrating the proposed improvements into the site terrain, preserving and 
using the natural drainage systems, and planning to replicate predevelopment hydrology. This 
includes infiltrating and treating stormwater runoff at the source, which reduces the demand on 
public stormwater infrastructure. It is noted that careful planning leads to more efficient and 
sustainable site design.  
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2.2 LID Principals and Philosophy 
As defined by the EPA, LID is an approach to land development that works with nature to manage 
stormwater as close to its source as possible. LID typically includes both non-structural and 
structural practices, which together work to manage water in a way that reduces the impact of 
developed areas and promotes the natural movement of water within an ecosystem or watershed. 
Non-structural practices begin at the site planning level and prevent stormwater generation or 
reduce pollutant loads, as opposed to structural practices which mitigate stormwater impacts. Non-
structural practices should be considered and implemented where applicable prior to taking 
structural BMPs into consideration. Where specific water quality regulatory requirements are 
present, such as special basin criteria, LID can be used as an effective tool to meet those regulatory 
requirements. Prevention can be achieved through non-structural practices such as: 

• Preserve natural drainage patterns and pre-development vegetation 

o Maintain natural buffers, natural topography, and drainage ways to slow and store 
water, promote infiltration, and filter pollutants. 

o Preserve site vegetation, which absorbs and reduces the amount of stormwater runoff. 

o Use native vegetation to reduce irrigation demand, as well as need for fertilizers and 
pesticides. 

o Minimize compaction of soils and land disturbance and retain native soils. 

• Minimize impervious area 

o Reducing impervious area by eliminating curb and gutter, which allows water to flow 
over pervious grassy areas maximizing infiltration and decreasing driveway length or 
width. 

o Source control, by retaining more water on the site where it falls. 

• Disconnect impervious area 

o Disconnect impervious surfaces by distributing and decentralizing practices, such as 
diverting downspouts to designated infiltrating areas and allowing infiltration to occur 
near the source. 

• Integrate open space and urban development 

o Design using cluster and concentration of development. 

2.2.1 Preserve Natural Drainage Patterns 

Conventional land development decreases the time of concentration (Tc), which is the time it takes 
for a single drop of water to travel from the hydraulically most distant point in a drainage area to 
the outlet. Decreases in Tc are typically due to increases in connectivity of impervious surfaces, 
compaction of soils, and/or clearing of land, any of which transports water more quickly from one 
point to another. As Tc decreases, typically peak flows and runoff velocities increase, which can 
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cause erosion and sediment transport downstream if not managed properly. Unlike conventional 
development, LID promotes the preservation of natural drainage patterns starting at the site 
planning and assessment stages of a project. 

Existing natural drainage divides and depressions should be maintained and used to direct and 
store water on-site. By allowing water to flow over vegetated areas velocities decrease, water has 
the ability to infiltrate, and the water is filtered. The use of pervious flow paths instead of concrete 
lined conveyances reduces the costs of construction and reduces the need for land disturbance and 
grading. Natural flow paths may be enhanced by using a vegetated swale in place of curb and 
gutter systems in street right of ways, which provides storage capacity, reduces velocity, increases 
infiltration, and filters stormwater. This can also be done by preserving vegetated areas, for 
example areas with high tree density, to preserve the natural hydrologic processes that occur, such 
as interception, evaporation, and transpiration. 

2.2.2 Minimize Impervious Area 

The key element in minimizing impervious area for a development is using alternative layouts. 
During the site planning phase, finding ways to minimize impervious area through clustering 
neighborhood layouts, reducing building footprints, parking, and increasing the permeability of 
existing soils by amending the soils and re-vegetating bare areas, helps maintain pre-development 
hydrology and ecological function of the site. The largest source of impervious area in urbanized 
areas are the connections of roadways, sidewalks, parking lots, and driveways, which are all 
elements used to facilitate transportation. Additionally, new urbanism that has zero lot lines 
contributes to increased impervious area if not done in conjunction with preservation of open 
spaces and natural areas. Building with zero lot lines is done by constructing houses along the lot 
line and decreasing lot sizes, which leads to less pervious areas within the development and more 
impervious areas like driveways and roofs. Working with zoning and transportation departments 
to narrow and shorten road sections is an easy way to reduce imperviousness; however, it can be 
challenging with emergency vehicle access requirements. Therefore, measures, such as eliminating 
curbs and gutters and allowing water to flow into the rights-of-ways or into a roadside swale, can 
significantly reduce infrastructure for piping networks.  

Parking is a large contributor to impervious surfaces and there are numerous strategies to reduce 
the amount of impervious surface without losing parking area. For residential driveways, paving 
strips for tires can be used instead of a full width driveway. They provide a structural surface for 
tires and pervious area for water to infiltrate and recharge groundwater. Other alternatives include 
shared driveways, limited width and/or length, and use of pervious/porous pavements. Parking lots 
that have much greater traffic loads than driveways are slightly more complex. Methods to 
minimize imperviousness include reducing the number and size of parking spaces, using structured 
parking decks and using pervious/porous pavements. Pervious/porous pavements can also be used 
just in parking areas that are designed as overflow parking and may not have the high traffic use 
compared to the main parking area. Using inverted landscaped parking lot islands and installing 
curb cuts to allow water to flow over pervious areas allows for integration of stormwater treatment 
practices and has the potential to reduce the amount of traditional drainage infrastructure 
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necessary. Other LID practices which can be incorporated into parking areas include bioretention 
areas, tree box filters, and swales. These practices increase runoff treatment, filtration, and 
detention. 

2.2.3 Disconnect Impervious Area 

Impervious areas directly connected to the storm sewer, commonly referred to as directly 
connected impervious area (DCIA), which does not receive water quality treatment prior to 
discharging into a receiving waterbody such as a lake, pond, or bay, often transports high loads of 
pollutants. For example, roofs and sidewalks commonly drain onto roads, which convey 
stormwater through curbs and gutters and ultimately into drop inlets that connect directly to the 
storm sewer system. In some instances, stormwater may discharge into a stormwater pond, which 
does provide some level of treatment, but this is not always the case. Design requirements to meet 
current stormwater permitting criteria generally address this issue, however older developments 
may require retrofitting. 

By disconnecting impervious areas and directing runoff to pervious areas, runoff discharge rates 
and volumes can be decreased while providing treatment and reducing the potential pollutant loads 
due to filtering and infiltration. On a smaller level, one of the simplest methods to disconnect 
impervious surfaces is to disconnect roof downspouts and redirect roof runoff to a pervious area. 
Additionally, downspouts can be connected to a rain barrel or cistern to be later used for landscape 
irrigation or other non-potable water uses. In roads or parking lots, using curb cuts or eliminating 
curbs altogether allows stormwater to drain to areas such as vegetated swales, rain gardens, or 
vegetated parking lot islands that have curb cuts. At a project-level scale during the planning phase, 
reducing the need for all stormwater to be conveyed away from the site can be done by introducing 
LID infiltration practices throughout the project area and treating stormwater incrementally, near 
the source.  

2.2.4 Integrate Open Space and Urban Development 

Following the Orange County Sustainable Operations and Resilience Action Plan, January 2021, 
the County promotes energy efficiency, renewable energy production, green buildings, water 
conservation, and waste reduction through its Orange to Green program. The County should also 
explore other incentives to go in tandem with the Orange to Green program. Enhancements to the 
ways the County conserves and protects its surface water and groundwater resources, such as Low 
Impact Development practices, can help the County to satisfy future needs in a sustainable manner. 
Integrating open space into site designs and including more urban developments such as Town 
Center can help minimize the hydrologic impacts of development. One of the first steps in site 
planning shall be to understand the existing hydrology and identify sensitive areas deemed 
essential to the functionality of the site. Sensitive areas include streams, buffer zones, floodplains, 
wetlands, high permeability soils, and conservation zones. Sensitive areas should be marked, 
protected, and connected when possible, during development activities, which will minimize 
hydrologic impacts during development. 
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Cluster development is a commonly used development technique that not only reduces impervious 
surfaces but preserves open space and lot yield. It should be noted that preserving open space does 
not require connectivity, but it should be encouraged. Promoting connectivity, as well as 
preserving open space, is a type of non-structural LID practice. Cluster development helps 
maintain the connectivity between forested areas and buffer zones, and it preserves natural areas 
on a site. Lot size is typically dictated by zoning setbacks which can require longer lengths of 
driveways and sidewalks to access the building. Buildings can also be built up with additional 
stories preserving the square footage required instead of increasing the building footprint. With 
cluster development typically comes greater impervious area per lot. However, cluster 
development reduces the area being disturbed on a parcel, groups buildings together, and utilizes 
shared resources. Cluster development decreases the overall construction footprint, reduces the 
cost of clearing and grading, and provides recreational features and amenities that can increase the 
value of properties. During the planning stage, any reduction in the reliance on personal cars offers 
the opportunity to reduce impervious area. 

2.3 Conventional versus LID 
Conventional stormwater management has historically focused on “end of pipe” solutions that 
emphasize solving flooding issues and stormwater conveyance (Bean et al., 2019). Conventional 
practices have focused on directing stormwater runoff into piped systems and moving it efficiently 
offsite. Due to multiple areas draining into the same belowground stormwater systems, a high 
volume of water traveling at a high velocity can be created. This poses risks to receiving 
waterbodies, such as wetlands, creeks, lakes, etc., as it could contribute to erosion. Additionally, 
sediments picked up aboveground make their way into the receiving waterbodies and have the 
potential to bury plants and ground-dwelling organisms. Sediments in water also can increase 
turbidity and reduce sunlight which is vital to aquatic habitats. Conventional practices have proven 
to convey runoff quickly and efficiently away from the site, with little regard to nutrient, sediments, 
or other pollutants carried and discharged into receiving waters. Pollutant removal has been viewed 
as a secondary goal in conventional practices.  

Low Impact Development approaches stormwater management through the “slow it, spread it, sink 
it” mantra. It focuses on addressing flood control and water quality concerns simultaneously. 
Beginning at the planning level, there is a focus on preserving open areas and limiting soil 
compaction. Preserving a site’s natural hydrology and stormwater flow paths is key to LID. Since 
some disturbance is necessary in development, LID focuses on implementing various Best 
Management Practices (BMPs) to mitigate and offset these disturbances. The “slow it, spread it, 
sink it” mantra focuses on slowing stormwater runoff down so that infiltration can occur. Retention 
and detention basins have historically been used to treat stormwater runoff. However, more needs 
to be done to effectively meet water quality goals. Implementing multiple LID practices 
throughout the site is most effective at treating stormwater quantity and quality on site, compared 
to conveying and treating runoff offsite. LID is best applied in greenfield projects since it is easier 
to design a stormwater plan without space restrictions, but even with redevelopment projects that 
are space-limited, small scale LID techniques can be implemented to improve stormwater 
treatment throughout the site. Both conventional stormwater management and LID practices can 
and should be used in tandem to most effectively meet both water quantity and water quality goals.  
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2.4 Standards Supporting LID 
Although no current Orange County ordinances or regulations exist which specifically discuss 
LID, many of the current Orange County policies support the use of green infrastructure and LID 
practices. The documents and policies referenced together with this manual include: 

• Orange County Comprehensive Plan 2010-2030 
• Orange County Comprehensive Plan 2020-2050 (Vision 2050) 
• Orange County Sustainability Plan, and 
• Orange County Code of Ordinances, including: 

o Chapter 15 – Environmental Control  
o Chapter 19 – Floodplain Management 
o Chapter 24 – Landscaping, Buffering, and Open Space 
o Chapter 30 – Planning & Development 
o Chapter 34 – Subdivision Regulations 

2.5 Goals, Benefits, and Challenges of LID 
The goals of LID are to provide stormwater runoff volume solutions, such as decreasing peak 
discharge rates and total runoff volumes, and to provide stormwater treatment to decrease 
pollutants and improve water quality. In the planning phase, this is done by preserving natural 
features, minimizing compaction, and reducing impervious surfaces, and during the treatment 
phase, the goals are met by managing stormwater close to its source and using a treatment train to 
slow it, spread it, and sink it.  

Benefits of using LID include reduced wetland impacts, downstream erosion, and upland habitat 
impacts since the principals of LID maximize groundwater recharge, increase baseflow in streams, 
and protect and restore water quality.  The use of LID can also increase soil fertility and soil fauna 
diversity. LID can also increase development demand for “green” properties that implement LID 
techniques as well as sustainable heating and cooling technologies. LID implementation can 
improve aesthetic value and reduce downstream flooding and property damage. Municipal water 
quality and potable water supplies benefit from LID implementation due to a reduced treatment 
need, and thus cost, to treat water before distribution. 

The challenges of LID include integration with traditional stormwater management practices, and 
a lack of familiarity of LID practices by contractors and engineers, particularly in terms of how to 
design LID practices to meet regulatory criteria. There is also a lack of experience with 
maintenance procedures and uncertainty with the associated costs. Additionally, there are no 
standard procedures of ensuring the systems are properly maintained when the LID practice is 
within private property. Regulatory challenges that LID faces include municipal codes and 
regulations not supporting LID due to current standards requiring conventional stormwater designs 
and lack of long term performance and cost data. However, as the industry matures, these questions 
and issues are becoming clearer. 
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3 COUNTY CHARACTERISTICS 

Since Orange County does not have uniform features across the entire County, it is important to 
provide an overview of the physical characteristics and any differences in features to better 
understand the County’s needs. A description of Orange County is provided in this section, with 
information such as topography, soils, and land use, as well as regulatory requirements from the 
Florida Department of Environmental Protection (FDEP), National Pollutant Discharge 
Elimination System (NPDES) regulations, Federal Emergency Management Agency (FEMA), 
American Corps of Engineers (ACOE), and the water management district regulations, both South 
Florida Water Management District (SFWMD) and St. John’s River Water Management District 
(SJRWMD). 

3.1 Physical County Characteristics 
3.1.1 Topography 

A digital elevation model (DEM) was used to evaluate and understand the topographical 
characteristics within Orange County (Exhibit 1). There are multiple lakes throughout the western 
portion of the County, which are indicated as low spots, while in the eastern portion of the County, 
there are more rivers and streams. The elevation ranges from 0 – 250 feet (NAVD88), and the 
western portion of the County has predominantly higher elevations than the eastern portion. Areas 
with higher elevations, like those present in the western portion of the County, are likely better 
suited for infiltration practices while lower elevation areas may not have favorable groundwater 
conditions to support infiltration and must rely on detention and filtration practices. Additionally, 
areas with steep slopes may experience higher runoff generation and potentially more erosion, so 
LID practices that promote the spreading of stormwater runoff, and then infiltration, are 
encouraged. 

3.1.2 Soils 

Mapping of the hydrological classes of soils across the County indicated two main soil groups, A 
and A/D (Exhibit 2). Hydrological class A is predominantly in the west and northwest, which are 
freely draining soils with a deeper water table. These soils are more conducive to retention and 
infiltrating practices where runoff is dissipated readily into the subsurface shallow aquifer. This is 
particularly evident with soils in their natural state, as development processes can compact soils 
which may impact infiltration capacity. In the eastern and southern areas of the County, a dual 
hydrological class of A/D predominates. These are soils that exhibit more freely draining 
conditions during the dry season but are more representative of poorly draining soils with high 
water tables during the wet season. To be conservative, stormwater flood design calculations shall 
assume the D condition. There are some areas of B/D and C/D hydrologic soil classes mixed in 
with the A/D soils, but they would generally be similarly considered to perform as D soils for flood 
design purposes. These areas are not conducive to infiltration and retention practices and are areas 
where detention strategies that hold onto runoff temporarily with a controlled release are 
commonly applied. Soil types present on a site targeted for development or redevelopment would 
have a direct bearing on the type of LID practices that would be effective for stormwater quantity 
and quality control. 
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Karst areas that are overlain with HSG A soils are often susceptible to pollution due to the lack of 
organic matter and lack of ability to bind and retain pollutants and nutrients. Sandy soils allow for 
rapid infiltration of stormwater and have little opportunity for pollutants to filter out. Additionally, 
since Karst areas have high rates of recharge to springs and groundwater, there is a greater 
opportunity for pollutants and nutrients to enter the groundwater without being filtered. 

3.1.3 Land Use 

The characteristics of the land cover are also important in consideration of stormwater runoff. 
Generally, it is the impact of the impervious area characteristics of a particular land use that drives 
runoff volumes. For example, highly urbanized areas where there is a high percentage of 
impervious area, particularly directly connected impervious area (DCIA), generates more runoff 
than non-compacted open space areas or natural undeveloped parcels with an abundance of 
pervious areas. Also, dense urban areas may present space constraints when looking to implement 
stormwater practices that may require significant space, particularly when looking at 
redevelopment (infill). These areas tend to consist of DCIA directing runoff directly to 
management features or discharge points. This can result in a significant increase to the volume of 
runoff to downstream areas, even if peak discharge rate controls are in place. Opportunities to 
disconnect DCIA and route runoff across pervious areas prior to collection, can help to mitigate 
these effects, even if the overall impervious area is not significantly reduced. The application of 
many small footprint LID practices may be more effective in dense urban areas, particularly when 
worked into existing development features such as parking and landscaping. 

Mapping of land use (land cover) across the County clearly indicates the degree of urbanization 
(Exhibit 3). Primary target areas for development exist in the northwest, southwest, south, and 
eastern areas of the County. New development areas could leverage larger footprint LID strategies 
that are highly flexible plugging into a development and better integrated into open space and other 
“green” strategies. In particular, residential developments may leverage neighborhood scale LID 
practices incorporating a distributed series of interconnected practices with treatment trains. 
Redevelopment (infill) areas where urbanization has already occurred are best to leverage small 
footprint LID practices on a more distributed basis to meet stormwater regulatory targets. For 
example, LID practices that are integrated into landscaping features or parking areas may be best 
used for infill applications. Land use types where stormwater management practices are to be 
applied would generally dictate the size and distribution of the LID practice. 

3.2 Regulatory Boundaries and Criteria 
3.2.1 Orange County Comprehensive Plan 

On January 1, 2007, the County adopted a Land Development Code that specifies that stormwater 
management systems shall be designed to retain or detain, with filtration, 0.5 inches of runoff from 
the developed site or the runoff generated from the first 1.0 inch of rainfall on the developed site 
to provide for water quality treatment. 

The conservation element of the comprehensive plan states that the County’s natural resources are 
preserved for the benefit of present and future generations. This includes air, surface water, 
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groundwater, vegetative communities, imperiled species, soils, floodplains, recharge areas, 
wetlands, and energy resources.  

Development that occurs in Orange County should incorporate LID principles into the design and 
develop sites to minimize negative impacts to the environment, especially regarding water quality 
and quantity. Additionally, the County will develop LID strategies in conjunction with State 
agencies to reduce impacts to water quality and manage water quantity concerns. 

The current Orange County Comprehensive Plan 2010 – 2030, effective July 1, 2022, emphasizes 
that future development should creatively address stormwater management issues, and it requires 
use of Best Management Practices (BMPs) which include, but are not limited to: 

• Holding runoff in shallow vegetated infiltration areas 
• Using clay or geotextile liners for wet detention ponds 
• Employing offline stormwater retention areas 
• Constructing many small retention areas rather than only a few large retention areas 
• Using grassed swales with cross blocks or raised driveway culverts 
• Fully vegetated stormwater retention basin side slopes and bottoms 
• Using the treatment train concept and LID principals (as discussed in Section 3.0) 
• Minimizing the amount of impervious surfaces 
• Maximizing the amount of open space left in natural vegetation 
• Maximizing the use of pervious pavements (Section 4.0) in parking areas 
• Maintaining existing vegetation where feasible 
• Buffering sinkholes and other surface-to-ground water conduits, stream channels, and 

spring shed recharge areas. 

A new comprehensive plan is being developed for 2020 through 2050 which could have a 
significant impact on future land use conditions. It will be implemented through the adoption of a 
new Land Development Code. The Vision 2050 document is going to cover the following:  

• Orange County’s new guiding principles and planning framework,  

• The following 10 subject areas: 

o Land Use, Mobility, and Neighborhoods, 

o Housing and Community Services, 

o Tourism, Arts, and Culture, 

o Economy, Technology, and Innovation, 

o Natural Resources, Conservation, and Resiliency, 

o Recreation and Open Space, 

o Transportation, 

o Public Schools, 
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o Community Facilities and Services, and  

o Implementation and Property Rights 

• Orange County’s six geographic planning areas: northwest, southwest, core, south, east, 
and rural east, and will include goals, objectives, and policies that are specific to those 
areas. 

The plan for Vision 2050 is to protect environmentally sensitive lands while preserving and 
enhancing established residential neighborhoods through urban infill and redevelopment. This will 
help with the identification of future development patterns. Smart growth and sustainability are 
two of Orange County’s key planning goals. 

3.2.2 Special Regulatory Criteria 

Orange County has numerous regulatory requirements that necessitate a focus on pollutant load 
reduction in stormwater. The State of Florida’s total maximum daily load (TMDL) program 
identifies impaired waterbodies that require specific pollutant load reduction strategies in the 
contributing areas of those waterbodies. In many of these TMDL impaired areas, basin 
management action plans (BMAPs) have been or are being developed to provide a framework for 
stakeholders to implement effective pollutant load reduction strategies to address their respective 
load allocations. TMDLs and BMAPs are priority water quality drivers, however there are 
numerous other non-TMDL impaired waters identified throughout the County that likewise should 
be considered when developing pollutant load reduction strategies. In addition, compliance with 
the County's NPDES permit necessitates the application of strategies to reduce pollutants in 
stormwater, particularly at the individual outfall level. 

In addition to the above, certain areas of the County are subject to enhanced regulatory 
requirements for stormwater quality from the water management districts. For example, SJRWMD 
has special criteria for the Lake Apopka Basin. In this area pre-development and post-development 
pollutant loads need to be evaluated to ensure no net increase in pollutant loading for a project. 
For the Lake Apopka Basin there are also specific treatment assumptions related to wet detention 
and dry retention design criteria. Additional criteria also exist when discharging to outstanding 
Florida waters (OFWs), outstanding Florida springs (OFSs), or within the Wekiva primary focus 
area (PFA). See Exhibits 4 and 5 for a map of OFWs and OFSs, respectively. 

These regulatory requirements represent drivers to reduce pollutant loads in stormwater 
representing specific geographical target areas. Whether associated with a specific waterbody, or 
a more regional area such as addressed by a BMAP, it follows that engaging in a program of LID 
practices in the County should be implemented with sensitivity to these geographical-based water 
quality improvement drivers. It should be noted that the typical focus in addressing stormwater 
quality is with respect to surface waters. There are areas of the County where groundwater impacts 
are of concern as well, for example Wekiva and Rock Springs areas. For these groundwater 
focused areas, providing enhanced load reduction in stormwater management facilities with 
practices that further treat runoff infiltrated into the groundwater are important as well. This is 
supported by the County’s comprehensive plan. 
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3.2.3 Florida Department of Environmental Protection 

The State of Florida stormwater management goals are outlined in Chapter 62-40 of the FAC, 
titled “Water Resources Implementation Rule.” “The primary goals of the State Stormwater 
Management Program are to maintain, to the maximum extent practicable, during and after 
construction and development, the predevelopment stormwater characteristics of the site; to reduce 
stream channel erosion, pollution, siltation, sedimentation, and flooding; to reduce stormwater 
pollutant loading discharged to waters to preserve or restore designated uses; to reduce the loss of 
fresh water resources by encouraging the recycling of stormwater; to enhance groundwater 
recharge by promoting infiltration of stormwater in areas with appropriate soils and geology; to 
maintain the appropriate salinity regimes in estuaries needed to support the natural flora and fauna; 
and to address stormwater management on a watershed basis to provide cost-effective water 
quality and water quantity solutions to specific watershed problems." 

The implementation rule states that stormwater design shall achieve at least 80% reduction of the 
average annual load of pollutants that cause or contribute to violations of State Water Quality 
Standards. According to state water quality standards, as set forth in Chapter 62-302 of the Florida 
Administrative Code (FAC), retention, detention, or both retention and detention shall provide for 
treatment of stormwater runoff. 

FDEP, along with the State’s water management districts, had been in the process of developing a 
statewide stormwater treatment rule. If implemented, this rule would represent a significant step 
in controlling pollutant loadings from stormwater discharges. A draft rule was published in March 
of 2010 (FDEP, 2010), and it states that stormwater treatment systems shall be designed to provide 
an 85% reduction of the post-development average annual loading of nutrients from a project or a 
reduction such that the post-development average annual loading of nutrients does not exceed the 
nutrient loading from the project areas natural vegetative community types. While the 2010 rule 
was not implemented, it was still referenced for permitting purposes. The state recognized the need 
for an updated stormwater rule and at the time of this manual’s publication, a new statewide 
stormwater rule has been approved by the FDEP but has not been ratified. 

The 2010 draft rule suggests the use of three categories of BMPs, which can be used to meet the 
statewide stormwater treatment goals. These categories include: 

• Retention BMPs – recessed area within the landscape that is designed to store and retain a 
defined quantity of runoff, allowing it to percolate through permeable soils into the shallow 
groundwater aquifer. Retention BMPs include retention basins or trenches, exfiltration 
trenches, underground retention systems, underground retention vault or chambers, French 
drains, swales, vegetated natural buffers, pervious pavements, and green roof/cistern 
systems. 

• Detention BMPs – areas that detain stormwater and discharge it at a specified rate, usually 
the predevelopment peak discharge rate. Detention BMPs include wet detention and 
underdrain filtration. 

• Source control BMPs – nonstructural BMPs that are used to either minimize the amount of 
stormwater generated or minimize the amount of pollutants getting into the stormwater.  
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3.2.3.1 Impaired Waterbodies (303(d) List) 

Section 303(d) of the Clean Water Act authorizes the Environmental Protection Agency (EPA) to 
assist states, territories, and authorized tribes in listing impaired waters and developing TMDLs 
for these waterbodies (EPA, 2022). The Impaired Waterbodies Program consists of a two-part 
process. First, the state identifies waters that are impaired or in danger of being impaired, and 
second, the state calculates pollution reduction levels that will be appropriate to meet water quality 
standards (EPA, 2022b). To ensure that impaired waters continue to be monitored, the state is 
required to update and resubmit the list of impaired waters every two years. See Exhibit 6 for a 
map of Impaired Waterbodies at the time of the development of this manual. 

It should be noted that if a body of water is not on the impaired waterbodies list, it does not mean 
it is not impaired, as it may be on the list for TMDL, BMAP, 4b, or 4e waterbodies. All lists should 
be checked to determine if a waterbody is impaired or not. 

3.2.3.2 TMDLs 

A TMDL establishes the maximum amount of a pollutant allowed in a waterbody and serves as a 
starting point or planning tool for restoring water quality (EPA, 2022). TMDLs are generated when 
the state identifies an impaired waterbody and thus needs to determine pollution reduction levels. 
Generally, load reduction targets are focused on nutrients (Total Nitrogen (TN) and Total 
Phosphorus (TP)) but may have different load allocation parameter targets. The application of LID 
practices, particularly in treatment trains, would aid in helping to meet TMDL load reduction 
requirements in these areas. See Exhibit 7 for a map of TMDL Waterbodies. 

3.2.3.3 BMAPS 

Locations that have BMAPS identify areas that have enhanced water quality treatment 
requirements. Again, the load reduction targets are generally focused on nutrients (TN and TP) but 
may have different load allocation parameter targets. The application of LID practices, particularly 
in treatment trains, would aid in helping to meet BMAP load reduction allocations in these areas. 
See Exhibit 8 for a map of BMAP waterbodies. 

3.2.3.4 4b Plans 

A waterbody can be placed in category 4b if it’s impaired but has a Reasonable Assurance Plan 
(RAP) being implemented to reduce pollutant loadings (FDEP, 2022b). See Exhibit 9 for a map 
of 4b plan waterbodies. A RAP covers the following steps (FDEP, 2022b): 

• Identify responsible participating entities (stakeholders) 
• Delineate the geographic boundary the plan will include 
• Identify point and non-point source pollutants 
• Determine appropriate water quality targets for the parameters and waterbodies of 

concern 
• Determine necessary nutrient load reductions 
• Identify projects to provide the reasonable assurance that the proposed management 

actions can achieve the designated uses of the waterbody 
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• Calculate credits or reductions (if applicable) for ongoing and planned projects 
• Identify procedures for monitoring, compliance assessment, and reporting 
• Establish key indicators that will be assessed to provide assurance of progress 
• Establish an implementation timeframe 
• Identify possible funding sources 

3.2.3.5 4e Plans 

A waterbody can be placed in category 4e (Ongoing Restoration Activities) if it’s impaired, but 
recently completed or has ongoing restoration activities underway to restore the designated uses 
of the waterbody (FDEP, 2022b). The goal of a 4e plan is to implement appropriate restoration 
activities and, if necessary, additional study so that by the next assessment cycle either a 4b RAP 
can be approved or the waterbody attains water quality standards for the parameter causing the 
impairment (FDEP, 2022b). See Exhibit 10 for a map of 4e plan waterbodies. 

3.2.4 Florida NPDES Regulations 

Orange County operates under a Municipal Separate Storm Sewer System (MS4) permit issued 
under the State of Florida NPDES program (FLS000011). Under this permit, Orange County is 
authorized to discharge stormwater to waters of the State in accordance with an approved 
Stormwater Management Program (SWMP), monitoring requirements and other provisions, as set 
forth in the permit. All existing and new stormwater discharges are covered by this permit. The 
Orange County MS4 permit requires that comprehensive stormwater master planning be 
implemented to reduce the stormwater discharges of pollutants and that structural controls 
constructed to manage stormwater are inspected and maintained, by either the County or private 
entities (i.e., home owners associations). 

3.3 Water Management District Regulations 
Orange County falls under the jurisdiction of two water management districts: St. Johns River 
Water Management District (SJRWMD), which covers the northwest and east portions of Orange 
County, and South Florida Water Management District (SFWMD), which covers the southwest 
portion of the County (Exhibit 11).  

3.3.1 South Florida Water Management District Regulations 

The SFWMD provides design guidance criteria for a suite of stormwater treatment systems or best 
management practices. SFWMD provides design criteria related to flood prevention and water 
quality aspects. SFWMD regulates the rate of discharge of stormwater runoff from developed 
properties to prevent flooding. The District requires the post-development peak discharge rate to 
be equal to or less than the pre-development 25-year, 72-hour design storm event. 

SFWMD also requires retention of a treatment volume to protect water quality as outlined in Table 
3-1 below. The treatment volume can be achieved by a suite of stormwater treatment systems, 
which are discussed in detail in the design criteria sections. SFWMD provides a list of structural 
practices suitable to meet the stormwater requirements, which include the following: 

• Dry Retention Basin 
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• Concrete Grid Pavers 
• Exfiltration Trench 
• Vegetated Filter Strips 
• Grass Swales 
• Wet Detention Pond 
• Dry Detention Pond 
• Constructed Wetlands 
• Water Quality Inlets 
• Separation Devices 
• Chemical Treatment 

3.3.2 St. Johns River Water Management District Regulations 

The SJRWMD provides design and performance criteria for new development which are similar 
to the SFWMD criteria. SJRWMD requires that stormwater management systems will not result 
in discharges to surface and groundwater of the state that can cause or contribute to violations of 
state water quality standards and will not adversely affect drainage and flood protection on adjacent 
or nearby properties. 

For stormwater management systems, SJRWMD requires post-development peak discharge rates 
to not exceed predevelopment peak discharge rates, and similar to SFWMD, SJRWMD requires 
retention or detention of a treatment volume to protect water quality (see Table 3-1 below). The 
ERP Applicants Handbook Volume II provides design, evaluation, and performance criteria for 
the following practices, to meet the stormwater requirements: 

• Dry Detention Basin 
• Retention Systems 
• Exfiltration Trench 
• Wet Detention Pond 
• Swales 
• Wetland Stormwater Management Systems 



https://www.sjrwmd.com/static/permitting/PIM-20180601.pdf
https://www.sjrwmd.com/static/permitting/PIM-20180601.pdf
https://www.sfwmd.gov/sites/default/files/documents/swerp_applicants_handbook_vol_ii.pdf
https://www.ocfl.net/Portals/0/resource%20library/planning%20-%20development/Orange%20County%20Comprehensive%20Plan%20Updated%20July%201,%202022.pdf#search=comprehensive%20plan
https://www.ocfl.net/Portals/0/resource%20library/planning%20-%20development/Orange%20County%20Comprehensive%20Plan%20Updated%20July%201,%202022.pdf#search=comprehensive%20plan


Stormwater Low Impact Development Manual 
Orange County, Florida  
 

 4-1 December 2023 

4 SITE ASSESSMENT AND CONSTRAINTS 

Since LID is not a “one-size-fits-all” solution, it is important to understand that each site will have 
different water quality needs, as well as constraints and limitations, and thus requires different 
solutions to meet those goals. This section goes over a site assessment of the area of interest, i.e., 
the proposed project site, assuming it is located within Orange County. Applicability is discussed, 
as not every LID practice is appropriate for every site or may require design modifications. Soils, 
vegetation, existing hydrology, and climate is reviewed in terms of applicability and constraints. 
Lastly, redevelopment potential and determination of permitting requirements are discussed.  

4.1 Area of Interest/Applicability Overview   
The area of interest is defined as the project area, or the area that is proposed to be improved. As 
previously stated, not every LID practice can be applied to every site, and this is especially the 
case with redevelopment projects. The available space, soils, water table depth, and property 
ownership and restrictions are all examples of variables that must be considered when evaluating 
if certain LID practices can be implemented in a site. LID practices vary in size and may also be 
scaled up or down to fit the available space. Not every practice can be used in all soil conditions, 
especially in sensitive groundwater areas or seasonal high groundwater tables (SHGWT), but some 
LID practices provide flexibility with the use of an underdrain. Property ownership as well as deed 
restricted communities may also cause extra steps to be taken in the site assessment procedure, as 
extra approvals may be required. 

4.2 Water Quality Assessment Methodology Including Treatment Trains 
To determine the water quality benefits that a given LID practice will have, a water quality 
assessment must be performed. This is when both the existing and proposed conditions are 
evaluated to determine the pollutant loading under both conditions. The difference in these 
loadings represents the benefit of the practice. Due to the nature of water quality impacts from 
stormwater, i.e., many different loading events driven by local weather patterns, a long-term 
continuous simulation hydrologic and hydraulic, and pollutant loading model must be developed 
to assess these impacts. Results of this effort will provide estimates of the average annual loading 
and LID practice performance. This needs to be done for both existing and proposed conditions. 
The results of the proposed conditions must demonstrate that applicable water quality criteria have 
been met. The long-term continuous simulation model can be done using the Interconnected 
Channel and Pond Routing Model (ICPR4), Storm Water Management Model (SWMM), or 
equivalent modeling software, subject to County approval.  

It is noted that incorporation of LID practices as recommended in this manual are intended to be 
part of a treatment train. While LID is not intended to specifically meet flood control criteria, it is 
expected to alleviate the requirements associated with it. This is achieved through implementing a 
treatment train approach which disconnects DCIA and/or spreads out storage across the watershed, 
allowing for smaller ponds for flood control purposes. 

It is noted that the model used needs to track long-term soil storage. It is recommended to use a 
runoff estimation method, such as the Green-Ampt or similar method, that allows for long-term 
tracking of soil moisture, as this will impact the volume of runoff generated. This can be performed 
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using ICPR4 or other equivalent H&H models. The minimum requirement for historic rainfall data 
is 10 years, or however much is available for the region in question. It is recommended that the 
most recent 10 years of complete data is used. A 1-hour increment/time step or shorter is required. 
Rainfall data must be reviewed for quality assurance. For example, comparing averages and 
medians, identifying outliers or missing data, and comparing the calculated annual rainfall 
compared to the average annual rainfall in the region in question. Evapotranspiration should be 
included in the model, as well as evaporation from lakes, if applicable. 

Alternatively, the methods presented by Harper and Baker (2007) can be used to evaluate the 
pollutant loading from a watershed or area of interest. This method is based on continuous 
simulation modeling that was performed evaluating the runoff from a wide variety of land cover 
conditions. The result of this effort was to establish average annual runoff coefficients for a wide 
range of different non-DCIA CN and DCIA percentage conditions. This average annual runoff 
coefficient is multiplied by the average annual rainfall volume to determine the average annual 
runoff volume. Total nitrogen (TN) and total phosphorus (TP) event mean concentrations (EMCs) 
are multiplied by the average annual runoff volume to determine the mass of TN and TP generated 
for the appropriate land use(s) within the area of interest. Similarly, Harper and Baker (2007) used 
continuous simulation modeling to evaluate the performance of retention basins for a variety of 
different retention volumes and watersheds with a variety of different non-DCIA CN values and 
DCIA percentage conditions. The results of the Harper and Baker (2007) analysis are an atlas of 
tables that can be used to determine the average annual runoff from an area of interest and the 
average annual capture efficiency of retention practices. By following the methods presented by 
Harper and Baker (2007), a pollutant loading analysis can be performed.  

There have been recent efforts to develop computer calculation models that leverage the Harper 
and Baker (2007) method to estimate the average annual runoff, TN, and TP loadings. These 
include the BMP Trains Model and the SIMPLE Seasonal model, as well as others. These offer a 
quick and straight forward way to estimate the pollutant loading from areas of interest as well as 
the water quality benefit of implementing different LID practices.  

4.3 Physical Site Assessment 
The effectiveness of any given stormwater LID practice is dependent on the physical 
characteristics of the geographical setting on which they are applied. In this section, soils, 
vegetation, hydrology, and climate are covered, which are some of the main drivers of LID 
selection and application. Additionally, if there are target areas throughout the County which need 
to meet specific water quality goals, this may create an incentive to implement LID practices 
tailored to meet the needs of the target area. 

4.3.1 Soils and Vegetation 

One of the primary characteristics that impact stormwater LID selection on a particular site are 
soils. Soil conditions on a site, including the depth to seasonal water table, directly impact the 
amount of rainfall the site soils can absorb before runoff is generated. For example, deep sandy 
soils similar to what is present in the western portions of Orange County have a deep water table 
and can absorb quite bit of rainfall before runoff occurs. In these areas, practices that promote 
retention and infiltration can be successful. Conversely, soils that have a high silt or clay content 
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and/or high water table have less capacity to absorb rainfall and therefore generate runoff more 
readily. In these areas, which are commonly present in the eastern portions of Orange County, 
strategies that rely on detention-based practices are more applicable. Development compounds the 
issue of soil absorption of runoff through the actions of clearing and compaction of soils during 
construction activities. These actions can significantly change the characteristics of a soil from a 
runoff potential perspective.  

Since water quality modeling requires continuous simulation methods such as the Green-Ampt 
method, it requires extensive soils data. Different methods may have different data requirements 
and the user should ensure all necessary data is collected and representative to support modeling 
efforts. The Green-Ampt method uses several soil properties that can be found in the Soil Survey 
Geographic Database (SSURGO). These parameters are listed below:  

• Saturated Vertical Conductivity (SSURGO) 

• Saturated Moisture Content 

• Moisture Content, Residual 

• Moisture Content, Field Capacity (SSURGO) 

• Moisture Content, Wilting (SSURGO) 

• Moisture Content, Initial = Moisture Content Field Capacity (SSURGO) 

• Pore Size Index: calculated using the Brooks-Corey formula with values obtained from 
SSURGO 

• Bubble Pressure calculated using values obtained from SSURGO 

• Water Table, Initial (SSURGO) 

The following additional parameters are also required for the Green-Ampt runoff excess method: 

• Site specific percent (%) impervious values 

• Percent (%) directly connected impervious area (DCIA) values 

It is noted that percent impervious values and DCIA percent values can be based on direct 
measurement using GIS tools, using representative areas of a given land use, and using assumed 
values from literature. 

LID practices that can adapt or be applied effectively to work with varying soil conditions can be 
effective stormwater management strategies. In high infiltration potential areas, LID can simply 
be used to more effectively direct stormwater to infiltration locations. In high water table or poorer 
soil areas, LID can act as a resource to distribute runoff to many stormwater practices to leverage 
the limited soil absorption over a larger area. 

The soils within the County are classified as Hydrologic Soil Group A, which is mostly in the west 
and northwest portions of the County and drain more freely and have a deeper water table, and 
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dual Hydrologic Soil Group A/D, which is in the eastern and southern areas of the County. Dual 
Hydrologic Soil Groups are those which drain freely during the dry season but have high water 
tables and drain poorly during the wet season, e.g. A/D. For stormwater quantity design purposes, 
a Hydrologic Soil Group of D is assumed for the A/D dual Hydrologic Soil Group as this represents 
the more conservative condition. These areas are not conducive to infiltration and retention 
practices and are areas where detention strategies temporarily detain runoff with a controlled 
release are commonly applied.  

4.3.2 Existing Hydrology and Climate 

Rainfall in Florida is driven by a few primary weather patterns, frontal storms that accompany 
winter cold fronts, convective storms that form in the hot summer months as the easterly and 
westerly sea breezes collide over the center of the state, or tropical cyclones such as hurricanes 
which can impact the state from the Atlantic Ocean or the Gulf of Mexico. The portion of the state 
that Orange County resides in is the central region, which can be impacted by all three of these 
weather phenomena. The frontal storms can generally be characterized as being longer duration 
lower rainfall intensity storm events. These generate runoff, but due to the low rainfall intensity, 
provide more time for water to soak into the ground. Convective storms rapidly form and tend to 
create relatively short duration and high rainfall intensity storm events. This results in the 
generation of very large runoff volumes and high flow rates in infrastructure due to the high 
volumes of water deposited faster than the ground can absorb. Additionally, the state of Florida is 
frequently hit with hurricanes, which can bring between 5 and 20+ inches of rain in the matter of 
a day or two (Purdum, 2002). These storms tend to result in major flooding and other storm related 
damages.  

Daily rainfall data from 1953 to 2021 were downloaded from National Oceanic and Atmospheric 
Administration (NOAA) for the Orlando International Airport (OIA) station (COOP: 086628). 
These data were evaluated to characterize the average annual rainfall total volumes (Figure 4-1) 
and to evaluate seasonal trends (Figure 4-2). The evaluation of the annual rainfall volumes 
revealed the total volume ranged from approximately 30.4 inches to 67.9 inches, with an average 
of approximately 48.6 inches. Evaluation of the monthly rainfall total data reveals that the County 
experiences distinct wet and dry periods throughout the year with the wet periods typically 
occurring from July through October. This may impact design and/or maintenance considerations 
for practices that incorporate vegetation, which may require specific plant selection. Plants should 
be selected to tolerate the range of conditions within the LID practice zones without supplemental 
irrigation past the establishment period. For example, trees are recommended to have temporary 
irrigation for the first two growing seasons. 

It should be noted that the County has ongoing efforts to study climate change impacts related to 
stormwater but were not published at the time of this publication. 
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Figure 4-1: Orange County Annual Rainfall from 1953 to 2021 

Average Annual 
Rainfall 48.6 Inches 

Note: Data taken from NOAA Precipitation Database, OIA Station (COOP:086628) 

Figure 4-2: Orange County Total Monthly Precipitation Comparison 1953 to 2021 



Stormwater Low Impact Development Manual 
Orange County, Florida  

 
 

 4-6 December 2023 

4.4 Redevelopment Potential 
While not all of Orange County is built out, a large portion is, and the dominant form of 
development in the future will likely be redevelopment. Although developing greenfield areas in 
a way that will enhance water quality in Orange County may be easier to undertake due to less 
spatial constraints, it is just as important to focus on redevelopment of grayfield areas, especially 
if they are within the watersheds of sensitive waters.  

In redevelopment areas where urbanization has already occurred, leveraging small footprint LID 
practices on a more distributed basis is a necessary strategy to meet stormwater quality regulatory 
targets. In these types of areas, LID practices could include conveying runoff from impervious 
areas to vegetated areas, such as regrading parking lots and inverting parking islands and installing 
bioretention systems, replacement of impervious parking lots and rooftops with pervious 
pavements and green roofs, or incorporating infiltration planter boxes or tree box filters to intercept 
and infiltrate runoff. Redevelopment also provides an opportunity for the implementation of 
treatment trains for enhanced water quality benefit. This can include multiple LID practices in 
series with one another, such as a bioretention system intercepting roof runoff and overflowing 
into a wet detention pond, or enhancement of existing LID practices, such as addition of a filter on 
wet detention pond discharge. These treatment trains result in increased efficiency and removal of 
pollutants. In the Wekiva Study Area specifically, new development and substantial 
redevelopment is encouraged to use LID practices to maintain surface and groundwater flow rates 
and volumes at predevelopment levels. Water quality treatment is to reduce nutrients and other 
contaminants in discharges to pre-developed levels, and post-development peak rates are not to 
exceed predevelopment peak rates of discharge (Orange County, 2022). LID is an important tool 
to help achieve regulatory objectives.  

4.5 Determination of Permitting Requirements 
In conjunction with the State of Florida Department of Environmental Protection (FDEP), the State 
Water Management Districts (WMDs) have developed the Environmental Resource Permit (ERP) 
Program to streamline the state’s regulatory programs 
(http://www.dep.state.fl.us/water/wetlands/erp/index.htm). The ERP program enables either the 
FDEP or WMDs to review and issue one permit. It is noted that if wetlands or surface waters may 
be impacted, additional permitting may be required. The ERP program regulates the construction, 
alteration, maintenance, removal, modification, and operation of all activities in uplands, wetlands 
and other surface waters that will alter, divert, impede, or otherwise change the flow of surface 
waters. This program covers the construction of new buildings, roadways, and parking areas that 
increase impervious surfaces and stormwater runoff. The program protects water quality from 
discharge of untreated stormwater runoff and protects off-site flooding due to changes in land use. 

Waterbodies must be checked to see if any of the following apply: 

• Are on the Impaired Waterbodies (303(d)) List, 

• Have a Total Maximum Daily Load (TMDL), 

• Are in a Basin Management Action Plan (BMAP) location, 

http://www.dep.state.fl.us/water/wetlands/erp/index.htm
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• Have a 4b plan, or 

• Have a 4e plan. 

It is noted that comparison of the TMDL, BMAP, and impaired waters maps indicated that the 
majority of the County has some type of enhanced regulatory water quality criteria. These cover 
essentially the entire west and central areas of the County, with only some areas in the far east 
County outside of the Econlockhatchee and St. Johns River corridors not having additional water 
quality requirements.  
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be provided. Some volume reduction occurs via vegetation interception, infiltration, and soil 
storage which results in a reduction of discharges to downstream receiving waterbodies. Credits 
can be taken for the storage volume that these systems provide, in accordance with the appropriate 
water management district ERP guidance. 

5.1.4.4 Water Quality Characteristics 

Incorporation of planter boxes on a site can result in a water quality benefit. The 
filtration/biofiltration occurs as the stormwater moves through the BAM via physical and 
biological processes, including plant uptake. The water quality performance of systems without an 
underdrain will be dominated by volume reduction rather than filtration/biofiltration. Planter boxes 
have moderate removal efficiencies for nutrients and high removal efficiencies for sediment, 
bacteria, and heavy metals (Geosyntec, 2014). BMPTrains should be used to assess the water 
quality benefits of this system based on the specifications needed. 

5.1.4.5 Operation and Maintenance 

To ensure that the planter box continues operating as intended, it is necessary to perform regular 
maintenance activities. Maintenance associated with these practices consists of weeding/removal 
of undesirable plants, and other activities associated with typical landscape maintenance. Special 
training of maintenance staff is necessary to ensure that these systems are properly maintained. 
The lifecycle of this practice is not expected to reach 20 years. 

5.1.5 Tree Box Filters 

In this section, a brief background of tree box filters is discussed, identifying the major components 
of this practice, how it is constructed, how it functions, and the applicability of the practice. 
Additionally, water quality and quantity characteristics, as well as operation and maintenance 
needs are addressed.  

5.1.5.1 Background on Tree Box Filters 

Tree Box Filters are an LID practice that consist of a concrete structure that has sufficient space 
to allow for the mature tree rootball. This structure can be filled with BAM and vegetation, e.g., 
trees and native vegetation, and is intended to replace gray infrastructure such as inlets. These 
practices are intended to provide volume reduction and filtration/biofiltration to achieve 
stormwater quality improvement. Figure 5-5 shows an example of a tree box filter. There are 
several types of tree box filters but for the purposes of this manual, when discussing tree box filters, 
it means a concrete system with media and a tree. With these kind of contained systems root 
barriers do not typically need to be used.  However, using a system such as these that provide 
limited space for the tree roots may result in needing more frequent tree replacements and tree 
selection is limited. It is noted that these systems can only be designed with an underdrain since 
the concrete box will be closed on the sides and bottom. This makes implementation of the tree 
box filter system independent of the soil and groundwater conditions at the site. Systems such as 
these, with an underdrain, will experience minimal volume reduction and most of the water quality 
benefit will be realized through filtration/biofiltration processes. Additionally, plant selection 
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should be done to consider potential root issues with the underdrain pipes, which could result in 
added maintenance costs or early system replacement.  

Tree box filters have a capital cost that can range from $10,000 to $18,000 (Geosyntec Consultants, 
2013; Geosyntec Consultants, 2020). To normalize the costs of these kinds of practices, the cost 
benefit data was referenced to determine the cost per pound of pollutant removed for each practice. 
For this practice a cost benefit of $3,156.04/lb TP was determined. Compared to other practices 
examined in this manual, the cost was considered low. Regular annual maintenance costs range 
from $100-$500 per box unit, according to the WERF Whole-Life Cost Tool. Examples of regular 
maintenance include weeding/removal of undesirable plants, and other activities associated with 
typical landscape maintenance. Special training of maintenance staff is necessary to ensure that 
these systems are properly maintained. Compared to the other practices examined in this 
memorandum, the maintenance cost is considered to be high. 

 

Figure 5-5. Urban Designed Tree Box Filter 

5.1.5.2 Practice Applicability 

Based on the design of contained tree box filters, these practices are considered suitable for use in 
all areas regardless of soils and groundwater conditions. They are also suitable for all land 
use/cover applications in both urban, suburban/rural applications. The lifecycle of tree box filters 
is expected to reach 20 years. 
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Tree box filters can be used in parking areas, street edges, sidewalks, and walking paths in both 
residential and non-residential/commercial areas. Since these systems have an underdrain, a BAM 
layer needs to be incorporated so it can provide nutrient removal prior to going into the underdrain 
and offsite. 

5.1.5.3 Water Quantity Characteristics 

While tree box filters will likely not provide sufficient storage to meet flood control requirements, 
the volume provided in the tree box filter system will help offset the additional flood control 
volume that must be provided. Some volume reduction occurs via tree/vegetation interception, 
infiltration, and soil storage which results in a reduction of discharges to downstream receiving 
waterbodies. Credits can be taken for the storage volume that these systems provide in accordance 
with the appropriate water management district ERP guidance.  

5.1.5.4 Water Quality Characteristics 

Incorporation of tree box filters on a site can result in a water quality benefit. The 
filtration/biofiltration occurs as the stormwater moves through the BAM via physical and 
biological processes, including plant uptake. BMPTrains should be used to assess the water quality 
benefits of this system based on the specifications needed.  

5.1.5.5 Operation and Maintenance 

To ensure that the tree box filter continues operating as intended, it is necessary to perform regular 
maintenance activities. Maintenance associated with these practices consists of weeding/removal 
of undesirable plants, and other activities associated with typical landscape maintenance. Special 
training of maintenance staff is necessary to ensure that these systems are properly maintained and 
operating as intended by making sure stormwater is infiltrating properly into the tree box filter. 
Removal of debris and undesired vegetation should be done on a regular basis.  

5.1.6 Stormwater and Rainwater Harvesting 

In this section, a brief background of stormwater and rainwater harvesting is discussed, identifying 
the major components of this practice, how it is constructed, how it functions, and the applicability 
of the practice. Additionally, water quality and quantity characteristics, as well as and operation 
and maintenance needs are addressed.  

5.1.6.1 Components of Stormwater Harvesting Systems 

Stormwater & Rainwater Harvesting is an LID practice which consists of capturing stormwater 
and using it for non-potable applications such as irrigation, equipment washing, spray trucks, or 
toilet flushing. It is noted that if reclaimed water is available in an area, it should be considered 
prior to stormwater and rainwater harvesting. Stormwater harvesting is typically associated with 
capture of stormwater from a larger, diverse watershed, usually using either a new or existing wet 
detention pond. Rainwater harvesting is typically associated with capture of rainwater from a 
rooftop. Figure 5-6 shows rooftop rainwater harvesting flowing to an underground storage system, 
where harvested water is pumped out for reuse. Water captured from rainwater harvesting is 
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typically of a higher quality than stormwater since roof tops are typically cleaner than paved 
surfaces, this is especially true if there is no overhanging tree branches.  

Stormwater harvesting cost can range from $1-$4/gal of storage, for a cistern, and $60 to $100 for 
individual rain barrels (Geosyntec, Stormwater Best Management Practices: Guidance Document, 
2013). Additional cost could be incurred depending on the complexity and if pretreatment of water 
is necessary for the harvesting application. To normalize the costs of these kinds of practices, cost 
benefit data was referenced to determine the cost per pound of pollutant removed for each practice. 
For this practice a cost benefit of $570.04/lb TP was determined. Compared to other practices 
examined in this manual, the cost was considered low. Maintenance associated with this practice 
will vary depending on the quality of stormwater/rainwater harvested and the harvesting 
application. The following factors are likely to require more frequent maintenance activities: lower 
water quality of harvested water, incorporation of system controls/monitoring equipment, the 
required quality of harvested water for the intended application, and incorporation of pumping 
systems. Regular annual maintenance costs are around $1,000 and infrequent maintenance costs 
are around $300 annually, according to the WERF Whole-Life Cost Tool. 
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Figure 5-6: Active Rooftop Rainwater Harvesting System in Orange County, FL 
(Geosyntec, 2019) 

5.1.6.2 Practice Applicability 

Stormwater and rainwater harvesting is suitable for use in all areas regardless of soils and 
groundwater conditions. They are also suitable for all land use/cover applications and in both urban 
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and suburban/rural applications. Water storage systems used by these practices are generally 
designed for a 20-year or longer life expectancy.  

It is noted that, since it is not practical for inspection of residential applications to ensure proper 
use of water and maintenance of systems is being done, that no credits are provided for residential 
applications. Based on this, stormwater and rainwater harvesting as presented in this manual is for 
non-residential applications. 

5.1.6.3 Water Quantity Characteristics 

Stormwater harvesting systems are volume-based and provide peak flow rate and runoff volume 
reduction depending on re-use of stored stormwater between rain events. When the cistern or rain 
barrel contains enough storage volume to fully capture runoff from storms, runoff during wet 
weather events may be eliminated. However, if stored stormwater is not used between events and 
the cistern or rain barrel is full at the beginning of the storm, the stormwater harvesting system 
will act as a flow-through device, providing minimal volume or peak flow rate reduction, if any. 
The performance of a stormwater harvesting system is heavily dependent of the re-use of stored 
stormwater between rainfall events. 

5.1.6.4 Water Quality Characteristics 

Stormwater harvesting systems as stand-alone practices do not provide water quality treatment; 
however, they do provide pollutant load reductions through volume reductions. In order to provide 
volume reductions, the stored stormwater runoff must be used between rainfall events. The 
decrease in nutrient load reductions will be proportional to the decrease in stormwater volumes. 
BMPTrains should be used to assess the water quality benefits of this system based on the 
specifications needed. 

5.1.6.5 Operation and Maintenance 

To ensure that the stormwater and rainwater harvesting system continues operating as intended, it 
is necessary to perform regular maintenance activities. Maintenance associated with these 
stormwater harvesting systems will vary depending on the quality of the stormwater/rainwater 
harvested and the harvesting application. The following factors are likely to require more frequent 
maintenance activities: lower water quality of harvested water, incorporation of system 
controls/monitoring equipment, the required quality of harvested water for the intended 
application, and incorporation of pumping systems. Debris removal from inlet screens may be 
periodically necessary.  

5.1.7 Filtration with BAM 

In this section, a brief background of filtration with BAM is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  
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5.1.7.1 Background on BAM 

BAM Enhancements are an LID practice where BAM filter media is placed in the bottom of 
traditional retention practices, such as dry retention ponds. It is noted that BAM refers to a class 
of filter media that promotes biofilm growth and leverages biological processes to remove nitrogen 
and phosphorus species. This media can range from coarser media, intended for higher flow 
capacity, to finer media that is intended for use in the bottom of retention/infiltrating LID practices. 
For the purposes of this manual, BAM is assumed to be the finer media. This BAM is engineered 
in a way that optimizes the soil texture to maintain soil moisture which facilitates conditions that 
allow for denitrification to occur. Figure 5-7 illustrates a BAM design concept. This practice is 
typically used in areas with karst geologies or near surface waterbodies where migration of nitrate 
in the surficial aquifer is a concern. However, BAM can also be used to enhance several different 
kinds of LID practices or be used in conjunction with other practices to create a treatment train. 

 

Figure 5-7. Design Details of Biosorption Activated Media System (Geosyntec, 2017) 

BAM enhancement cost is dependent on several factors; however, typical cost can range from $30-
$100/ft3 of media (FRTR, 2020). To normalize the costs of these kinds of practices the cost benefit 
data was referenced to determine the cost per pound of pollutant removed for each practice, 
specifically TP. For this practice a cost benefit of $6,890.60/lb TP was determined, and compared 
to other practices examined in this manual, the cost was considered high.  
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Filtration/biofiltration systems with BAM are LID practices that consist of the use of an engineered 
filter media to filter stormwater for solids removal and promote the growth of biofilms which 
provide biological treatment of nutrients leveraging the nitrogen cycle. Additionally, removal 
occurs through adsorption of phosphate species to the media. Figure 5-8 illustrates a conceptual 
design of a biofiltration system with BAM. As stated previously, these systems are diverse in their 
design and applications and can consist of stand-alone upflow/downflow filters or 
upflow/downflow filters associated with another LID practice such as a wet detention pond or 
baffle box.  

The capital cost for filtration/biofiltration systems with BAM is dependent on the size, media used, 
and other variables. Based on feedback from the product vendor, the typical cost ranges from $550-
$850/ft2. To normalize the costs of these kinds of practices the cost benefit data was referenced to 
determine the cost per pound of pollutant removed for each practice. For this practice a cost benefit 
of $4,398.22/lb TP was determined. The cost of this practice was determined to be low. The 
maintenance associated with this practice is consistent with typical maintenance associated with 
retention ponds with the exception that this practice will also require periodic infiltration testing 
to ensure appropriate infiltration rates and inspection of the divider berm for erosion.  

 

Figure 5-8: Biofiltration System with BAM Detail (Geosyntec, 2019) 
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5.1.7.2 Practice Applicability 

BAM enhancement LID practices are suitable for use in areas with good infiltrating, well drained 
soils and in both urban and suburban/rural applications. Additionally, BAM can be used in 
conjunction with other LID practices that have underdrains to provide some treatment before 
collection in the underdrain and discharge. They are also suitable for all land use/cover applications 
in both urban and suburban/rural applications.  

5.1.7.3 Water Quantity Characteristics 

Biofiltration systems with BAM are designed primarily to address stormwater quality, thus, they 
will likely not provide sufficient storage to meet flood control requirements. No significant volume 
reduction is expected with this practice.  

5.1.7.4 Water Quality Characteristics 

Incorporation of biofiltration systems with BAM on a site can result in a water quality benefit. 
Biofiltration systems with BAM provide a high water quality reduction for both nitrogen and 
phosphorus through physical and biological processes. BMPTrains should be used to assess the 
water quality benefits of this system based on the specifications needed. 

5.1.7.5 Operation and Maintenance 

To minimize maintenance efforts, it is recommended that pretreatment, such as nutrient separating 
baffle boxes or inlet baskets, be provided to remove larger solids/debris. Maintenance activities 
associated with BAM enhancements consists of periodic inspection of the filter media for clogging 
or other issues and replacement when the media gets clogged, or the phosphorus sorption capacity 
has been exhausted. Vegetation should be inspected and replaced if determined to not be healthy, 
and invasives and debris should be removed. Therefore, the maintenance cost for this practice is 
associated with media replacement, which depending on the specific design, could last 20 years or 
longer. It is noted that site conditions must be taken into consideration and appropriate pre-
treatment provided if warranted to minimize particulate and gross solids loading which could 
shorten the media life.  

5.1.8 Green Roof 

In this section, a brief background of green roofs is discussed, identifying the major components 
of this practice, how it is constructed, how it functions, and the applicability of the practice. 
Additionally, water quality and quantity characteristics, as well as and operation and maintenance 
needs are addressed.  

5.1.8.1 Background on Green Roofs 

Green Roofs are an LID practice that incorporate a specialized growth media, plants, and a cistern 
to capture runoff and irrigate a roof. This practice replaces an impervious surface, a rooftop, with 
a pervious surface (Figure 5-9). Green roofs capture, store, and attenuate rainfall to reduce the 
volume of stormwater and decrease the peak discharge rate. Incorporation of a cistern to capture 
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runoff from the green roof and reuse it for irrigation of the roof further reduces the volume of 
stormwater runoff. The primary water quality benefit provided by green roofs is a function of 
stormwater volume reduction, however the plants and media will also filter out pollutants.  

The cost for green roofs can be high. Average cost, per ft2, can range from $20-$30 (EPA, 2020; 
Geosyntec, Stormwater Best Management Practices: Guidance Document, 2013), or more, 
depending on the specific design. It is noted that green roofs can require additional engineering 
and design considerations that include structural enhancements and safety features. Additionally, 
there may be a need for building code updates to accommodate design features that green roofs 
require. To normalize the costs of these kinds of practices, cost benefit data was referenced to 
determine the cost per pound of pollutant removed for each practice. For this practice a cost benefit 
of $7,301.71/lb TP was determined. Compared to other practices examined in this manual, the cost 
was considered high. Regular annual maintenance costs are around $4,120 and infrequent 
maintenance costs are around $2,500 annually, according to the WERF Whole-Life Cost Tool. 
Maintenance associated with a green roof is higher than most LID practices as there are several 
components that require frequent attention, specifically weeding/removal of undesirable plants, 
inspection of waterproof membrane, testing and inspection of the irrigation system, and periodic 
cleaning of the cistern. Compared to the other practices examined in this memorandum, the 
maintenance cost is considered to be high. 
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Figure 5-9: Green Roof Schematic (Geosyntec, 2017) 

5.1.8.2 Practice Applicability 

Green roofs are suitable for use in all areas regardless of soils and groundwater conditions. They 
are also suitable for all land use/cover applications but are more commonly used in an urban 
setting. 

5.1.8.3 Water Quantity Characteristics 

While green roofs will likely not provide sufficient storage to meet flood control requirements, the 
volume provided from the green roofs will help offset the additional flood control volume that 
must be provided. Greens roofs may reduce the peak discharge rate of stormwater. Credits can be 
taken for the storage volume that these systems provide, in accordance with the appropriate water 
management district ERP guidance.  
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5.1.8.4 Water Quality Characteristics 

Incorporation of bioretention swales on a site can result in a water quality benefit. While the 
primary water quality benefit provided by green roofs is volume reduction, the plants and media 
will also filter out pollutants. BMPTrains should be used to assess the water quality benefits of this 
system based on the specifications needed. 

5.1.8.5 Operation and Maintenance 

To ensure that the green roof continues operating as intended, it is necessary to perform regular 
maintenance activities. Maintenance associated with a green roof is higher than most LID practices 
as there are several components that require frequent attention, specifically weeding/removal of 
undesirable plants, inspection of waterproof membrane, testing and inspection of the irrigation 
system, and periodic cleaning of the cistern. With proper maintenance, the lifecycle of a green roof 
will exceed 20 years.  

5.1.9 Underground Storage and Exfiltration 

In this section, a brief background of underground storage and exfiltration is discussed, identifying 
the major components of this practice, how it is constructed, how it functions, and the applicability 
of the practice. Additionally, water quality and quantity characteristics, as well as and operation 
and maintenance needs are addressed.  

5.1.9.1 Background on Underground Storage and Exfiltration 

Underground Storage and Exfiltration is a more traditional LID practice that leverages storage 
systems to store and infiltrate water into the ground to achieve volume reduction and water quality 
improvement, (Figure 5-10). Stormwater that is infiltrated results in reduced stormwater volume 
discharged to downstream receiving waterbodies. The benefit of these underground systems is that 
they can be put in most locations, including under parking lots or other site features, thus requiring 
less land for other stormwater infrastructure, such as ponds. It is noted that exfiltration systems are 
not appropriate for areas with high groundwater conditions, as they require a minimum of 2 ft 
above the seasonal high groundwater table, but underground storage can be used provided the 
system is appropriately anchored to resist any buoyant forces. 

The capital cost for underground storage and exfiltration practices is typically $4.00/ft3 (Schueler, 
1997) to $8.90/ft3 (Geosyntec, 2017). To normalize the costs of these kinds of practices the cost 
benefit data was referenced to determine the cost per pound of pollutant removed for each practice. 
For this practice a cost benefit of $2,966.98/lb TP was determined. Compared to other practices 
examined in this manual, the cost was considered low. Maintenance associated with these practices 
typically consists of vacuuming out the isolator row periodically and is considered to be low 
relative to other practices examined in this manual. 
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Figure 5-10: Underground Storage Exfiltration in Cape Canaveral, FL (Geosyntec, 2017) 

5.1.9.2 Practice Applicability 

Underground storage and exfiltration practices are suitable for use in areas with good infiltrating, 
well drained soils and in both urban and suburban/rural applications.  

5.1.9.3 Water Quantity Characteristics 

There is a high volume reduction potential when using underground storage. Credits can be taken 
for the storage volume that these systems provide, in accordance with the appropriate water 
management district ERP guidance.  

5.1.9.4 Water Quality Characteristics 

Incorporation of bioretention swales on a site can result in a water quality benefit. There is a high 
pollutant removal potential for all pollutants. BMPTrains should be used to assess the water quality 
benefits of this system based on the specifications needed. 

5.1.9.5 Operation and Maintenance 

To ensure that the underground storage exfiltration system continues operating as intended, it is 
necessary to perform regular maintenance activities. Maintenance associated with these practices 
typically consists of vacuuming out the isolator row periodically and is low. After large rain events, 
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trash and debris should be removed from the up-gradient sediment/trash removal devices to 
promote proper function of the system. System failures are generally the result of 
inadequate/improper O&M procedures within the up-gradient sediment/trash removal devices, 
and/or within the underground retention system itself (Pinellas County, 2021). Typical designs for 
this practice are intended to have a lifecycle of 20 years or longer. 

5.1.10 Vegetated Buffer Strip 

In this section, a brief background of vegetated buffer strips (VBS) is discussed, identifying the 
major components of this practice, how it is constructed, how it functions, and the applicability of 
the practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.10.1 Background on Vegetated Buffer Strips 

Vegetated Buffer Strip (VBS) is an LID practice that consists of providing a strip of vegetation 
adjacent to an impervious surface, typically a roadway, to infiltrate and filter stormwater generated 
from the impervious surface. Figure 5-11 illustrates a vegetated buffer strip adjacent to a roadway. 
These systems typically incorporate sod and BAM to maximize infiltration and biological uptake.  

VBS cost will vary greatly but is estimated at $50 to $100 per linear foot (Geosyntec, Stormwater 
Best Management Practices: Guidance Document, 2013). To normalize the costs of these kinds of 
practices, cost benefit data was referenced to determine the cost per pound of pollutant removed 
for each practice. For this practice a cost benefit of $5,024.33/lb TP was determined. Compared to 
other practices examined in this manual, the cost was considered high. Maintenance associated 
with this practice is minimal and requires only periodic infiltration testing to ensure appropriate 
infiltration rates. 

5.1.10.2 Practice Applicability 

VBSs are suitable for use in areas with good infiltrating, well drained soils and in both urban and 
suburban/rural applications. 
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Figure 5-11: Vegetated Buffer Strip (Geosyntec, 2022) 

5.1.10.3 Water Quantity Characteristics 

While VBSs will likely not provide sufficient storage to meet flood control requirements, the 
volume provided from the VBS will help offset the additional flood control volume that must be 
provided. Credits can be taken for the storage volume that these systems provide, in accordance 
with the appropriate water management district ERP guidance.  

5.1.10.4 Water Quality Characteristics 

Incorporation of VBSs on a site can result in a water quality benefit. Water quality improvement 
is achieved via filtration/biofiltration. BMPTrains should be used to assess the water quality 
benefits of this system based on the specifications needed. 

5.1.10.5 Operation and Maintenance 

To ensure that the VBS operating as intended, it is necessary to perform regular maintenance 
activities. Maintenance associated with this practice is minimal and requires periodic infiltration 
testing to ensure appropriate infiltration rates. VBSs should be inspected after major storms to 
ensure there is no debris accumulation or erosion occurring. The health of vegetation should also 
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be inspected periodically and any invasives should be removed immediately. The lifecycle of this 
practice is expected to surpass 20 years. 

5.1.11 Street Sweeping 

In this section, a brief background of street sweeping is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.11.1 Background on Street Sweeping 

Street Sweeping and storm drain cleanout practices are common LID practices used by local 
governments. More recently they have been used to comply with National Pollutant Discharge 
Elimination System stormwater permits. Figure 5-12 shows a common vacuum street sweeper.  

Street sweeping is done in urban and suburban areas where there is a higher potential for street 
debris containing a high amount of organic matter, such as streets with dense tree canopy cover. 
Street sweeping is done by sweeping trucks equipped with brooms and vacuum fans to pick up 
sediment, rocks, leaves, and other debris. The material collected can be combined with sediment 
from catch basins or treatment ponds for disposal. Small amounts of metals picked up during street 
sweeping can be disposed of in Class I or II landfills or waste-to-energy facilities, or Class III 
landfills if there is low concern of contamination (Bean et al. 2019). 

The capital cost for street sweeping is considered high, typically from $140,000 and $250,000 per 
vehicle (MDOT, 2008). It should be noted that street sweeping is an LID practice that many 
municipalities are familiar with and have the necessary equipment and staff to complete. Street 
sweeper vehicles can be purchased or leased, which would bring down capital and maintenance 
costs, or a vendor can be hired to perform the street sweeping activity. For the purposes of this 
manual, it is assumed that the sweepers would either be bought or leased. To normalize the costs 
of these kinds of practices the cost benefit data was referenced to determine the cost per pound of 
pollutant removed for each practice. For this practice a cost benefit of $257/lb TP was determined 
based on the statewide street sweeping assessment performed by FSA (Berretta, 2011). This was 
compared to the other practices examined in this memorandum to determine whether the cost 
benefit is high or low relative to the other practices examined. Based on this, the cost benefit was 
considered low relative to the other practices examined in this memorandum. Maintenance 
activities associated with these practices are considered high relative to other LID practices. 
Cleaning and maintaining a street sweeping vehicle can cost $80-$90 an hour, according to several 
municipal sweeping programs. 
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Figure 5-12: Street Sweeping Vehicle Dumping Debris in Lakeland, FL (Geosyntec, 2015) 

5.1.11.2 Practice Applicability 

Street sweeping is suitable for urban and suburban communities. Focus should be placed on urban 
environments where street debris contains a higher amount of organic material, such as areas with 
denser tree canopy cover. 

5.1.11.3 Water Quantity Characteristics 

Street sweeping is not expected to provide any water quantity benefits. 

5.1.11.4 Water Quality Characteristics 

Incorporation of street sweeping in an area can result in a water quality benefit. These practices 
are intended to protect water quality through removal of pollutants from the watershed before it 
can be washed into surface waterbodies. It is noted that street debris consists of eroded sediment 
from yards and other landscaped areas, large organic materials such as leaves, acorns, and twigs, 
as well as contamination from vehicle wear and tear. BMPTrains should be used to assess the water 
quality benefits of this system based on the specifications needed. 

5.1.11.5 Operation and Maintenance 

Maintenance activities associated with these practices are considered high relative to other LID 
practices. The lifecycle of this practice is not expected to reach 20 years per vehicle. 



Stormwater Low Impact Development Manual 
Orange County, Florida  

 
 

 5-26 December 2023 

5.1.12 Nutrient Separating Baffle Box 

In this section, a brief background of nutrient separating baffle boxes is discussed, identifying the 
major components of this practice, how it is constructed, how it functions, and the applicability of 
the practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.12.1 Background on Baffle Boxes 

Nutrient Separating Baffle Box is an LID practice that provides solids separation for stormwater. 
This practice consists of prefabricated concrete vaults with multiple chambers using flow 
deflectors to facilitate settling of particulates and a metal mesh basket to remove large organic and 
inorganic debris. These practices are typically installed in line with traditional drainage systems as 
far downstream as possible to provide treatment to as much of the watershed as possible. Figure 
5-13 shows an example of the inside of a nutrient separating baffle box. It is noted that these 
systems can have an upflow filter using BAM as a final treatment step prior to discharge. Should 
an upflow filter be included in the design, some dissolved nutrient removal is anticipated assuming 
the filter is appropriately sized for the watershed size and runoff characteristics.  

 

Figure 5-13: Nutrient separating Baffle Box Installation 
(https://oldcastleinfrastructure.com/brands/nutrient-separating-baffle-box-nsbb/) 

https://oldcastleinfrastructure.com/brands/nutrient-separating-baffle-box-nsbb/
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Based on feedback from a product vendor, capital costs for nutrient separating baffle box practices 
are typically $20,000-$30,000 each (Geosyntec, Stormwater Best Management Practices: 
Guidance Document, 2013) but can surpass $100,000 per structure. To normalize the costs of these 
kinds of practices the cost benefit data was referenced to determine the cost per pound of pollutant 
removed for each practice. For this practice a cost benefit of $10,747.38/lb TP was determined. 
Compared to other practices examined in this manual, the cost was considered high. Annual 
maintenance is dependent on the size of the box but can typically be between $2,000-$25,000, 
according to the WERF Whole-Life Cost Tool. Maintenance of these systems is considered high 
when compared to other practices, as the chambers and mesh metal baskets need to be cleaned out 
regularly (can be as frequent as monthly). 

5.1.12.2 Practice Applicability 

Nutrient separating baffle boxes are suitable for use in all areas regardless of soils and groundwater 
conditions. They are also suitable for all land use/cover applications in both urban and 
suburban/rural applications. 

5.1.12.3 Water Quantity Characteristics 

Nutrient separating baffle boxes are not expected to provide any water quantity benefits. 

5.1.12.4 Water Quality Characteristics 

Incorporation of nutrient separating baffle boxes on a site can result in a water quality benefit. This 
practice is typically used as a pre-treatment practice to provide solids removal of stormwater prior 
to another practice. The water quality benefit of these systems is realized through reduction of 
solids and organic materials. Effectiveness is highly dependent on regular maintenance of the 
system and quality characteristics of storm inflows. BMPTrains should be used to assess the water 
quality benefits of this system based on the specifications needed. 

5.1.12.5 Operation and Maintenance 

To ensure that the nutrient separating baffle boxes operate as intended, it is necessary to perform 
regular maintenance activities. Boxes can be maintained and cleaned out using a vacuum truck to 
remove accumulated sediment and debris. Maintenance of these systems is considered high when 
compared to other practices, as the chambers and mesh metal baskets need to be cleaned out 
regularly (can be as frequent as monthly). This practice is expected to have a 20 year or longer 
lifecycle.  

5.1.13 Dry Retention Ponds 

In this section, a brief background of dry retention ponds is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  
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5.1.13.1 Background on Dry Retention Ponds 

Dry Retention Ponds are LID practices that provides storage and infiltration to reduce flooding 
and treat stormwater. This practice consists of a designed depressional storage area and sod, that 
is intended to capture and treat stormwater, see Figure 5-14. It is noted that for systems 
implemented in karst geologic regions, an additional soil amendment can be incorporated to 
provide nitrate removal of water infiltrating to the surficial aquifer.  

Typical capital cost for dry retention ponds ranges from $0.50-$1.00/ft3 of storage (Communities, 
2019). To normalize the costs of these kinds of practices, the cost benefit data was referenced to 
determine the cost per pound of pollutant removed for each practice. For this practice, a cost benefit 
of $3,650.86 per pound of phosphorus removed was determined. Compared to other practices 
examined in this manual, the cost was considered low. Regular annual maintenance costs are 
around $593 and infrequent maintenance costs are around $3,101 annually, according to the WERF 
Whole-Life Cost Tool. Maintenance associated with this practice is consistent with typical sod 
maintenance which requires frequent mowing but may also require periodic sediment removal. 
Compared to the other practices examined in this memorandum, the maintenance cost is 
considered to be high. 

 

Figure 5-14: Dry Retention Pond in Orange County, FL (Geosyntec, 2020) 
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5.1.13.2 Practice Applicability 

Dry retention ponds are suitable for use in areas with good infiltrating, well drained soils and in 
both urban and suburban/rural applications. The lifecycle for these types of LID practices is 
expected to surpass 20 years. 

5.1.13.3 Water Quantity Characteristics 

These practices are intended to provide volume reduction to achieve stormwater quality 
improvement. The volume reduction occurs via infiltration and soil storage which results in a 
reduction of discharges to downstream receiving waterbodies. Credits can be taken for the storage 
volume that these systems provide, in accordance with the appropriate water management district 
ERP guidance. 

5.1.13.4 Water Quality Characteristics 

Incorporation of bioretention swales on a site can result in a water quality benefit. Since the water 
quality benefit of these practices is based on the volume of stormwater infiltrated, the anticipated 
water quality benefit of these practices is considered high. BMPTrains should be used to assess 
the water quality benefits of this system based on the specifications needed. 

5.1.13.5 Operation and Maintenance 

Retention basins should be checked regularly to ensure that soils do not experience clogging, 
which would lead to a reduction in function. Inspection frequency for these systems is also 
mandated in some NPDES MS4 permits. Over time if soils are clogged, water may pond and create 
issues with a higher groundwater table or groundwater mounding. Ensuring that there is no erosion 
on slopes and no sedimentation after major storms is critical in maintaining retention basins. It 
should be ensured that the retention basin is recovering its storage volume within allowed time 
frames. 

Other inspection items include ensuring inlets/outlets are clear and are not obstructed, and if any 
pipes, structures, or trash racks are broken, they should be replaced as soon as possible. Vegetation 
should be inspected to make sure it is healthy and providing proper nutrient removal and replacing 
it if it is not. Any invasive vegetation should immediately be removed. Mosquito breeding should 
be controlled, especially following a rain event that results in standing water. The lifecycle for 
these types of practices is expected to surpass 20 years. 

5.1.14 Wet Detention Ponds 

In this section, a brief background of wet detention ponds is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  
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5.1.14.1 Background on Wet Detention Ponds 

Wet Detention Ponds provide particle settling and biological processes to treat stormwater. This 
practice consists of a designed pond with outfall to provide storage and treatment of stormwater 
as illustrated in Figure 5-15. It is noted that these systems can be designed with a littoral zone, a 
shallow planted area that is intended to provide substrate for beneficial microbes to provide some 
additional treatment of captured stormwater, but not all detention ponds have this component. 
Typically, if a littoral zone is not included the pond volume is required to be larger but this varies 
depending on the water management district. Since the effectiveness of these processes are time 
dependent, the performance of these systems is relative to the provided volume relative to the size 
of the watershed.  

 

Figure 5-15: Residential Wet Detention Pond in Orange County, FL (Geosyntec, 2021) 

The capital construction cost for wet detention ponds is typically $0.50-$1.00/ft3 depending on the 
specific design (Communities, 2019). Cost can vary based on several factors including if a littoral 
zone is used. To normalize the costs of these kinds of LID practices the cost benefit data was 
referenced to determine the cost per pound of pollutant removed for each practice. For this practice, 
a cost benefit of $3,650.86 per pound of phosphorus removed was determined. Compared to other 
practices examined in this manual, the cost was considered low. Regular annual maintenance costs 
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are around $593 and infrequent maintenance costs are around $1,420 annually, according to the 
WERF Whole-Life Cost Tool. Maintenance associated with these practices is consistent with 
typical maintenance associated with sod but may require some degree of aquatic weed control and 
periodic sediment removal. 

5.1.14.2 Practice Applicability 

Wet detention practices are suitable for use in areas with poor infiltrating, poorly drained soils, 
and in both urban and suburban/rural applications. Use of wet detention in urban applications is 
usually impacted by the cost and availability of land as these they require a large footprint.  

5.1.14.3 Water Quantity Characteristics 

It is noted that these practices are typically used to provide flood storage for a watershed as well 
as the water quality benefits noted. Credits can be taken for the storage volume that these systems 
provide, in accordance with the appropriate water management district ERP guidance. 

5.1.14.4 Water Quality Characteristics 

These practices are intended to provide water quality improvement via particle settling and 
biological processes, which result in a concentration reduction of nutrients and solids. BMPTrains 
should be used to assess the water quality benefits of this system based on the specifications 
needed. 

5.1.14.5 Operation and Maintenance 

Maintenance associated with this practice is considered high relative to other LID practices since 
there is more upkeep associated with vegetation and debris and may occasionally require some 
degree of aquatic weed control or sediment removal. Inspection frequency for these systems is also 
mandated in some NPDES MS4 permits. Accumulation of sediment needs to be monitored, as well 
as erosion, and inflow/outflow structures should be checked after major storms to prevent clogging 
that may affect the operation of the pond. Healthy vegetation must be maintained for proper 
operation, and removal or replacement of vegetation may be necessary. The pond should also be 
inspected regularly to ensure that mosquitos are not breeding. With proper upkeep, the lifecycle of 
this LID practice is expected to surpass 20 years.  

5.1.15 Living Shorelines 

In this section, a brief background of living shorelines is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.15.1 Background on Living Shorelines 

Living Shorelines consist of maintaining or planting native vegetation along the shorelines of 
waterbodies, including bays, lakes, rivers, and streams. As illustrated in Figure 5-16, this practice 
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is intended to provide a shallow planted area to provide substrate for beneficial microbes to provide 
treatment of stormwater or surface water, reduce erosion, and provide habitat. Living shorelines 
reduce the amount of erosion that usually occurs; therefore, the anticipated water quality benefit 
of these systems is considered moderate to low compared to other LID practices.  

Installation cost for living shorelines varies from $1,000-$5,000/LF (NOAA, 2022). To normalize 
the costs of these kinds of practices the cost benefit data was referenced to determine the cost per 
pound of pollutant removed for each practice. For this practice a cost benefit of $57.00/lb TP was 
determined. Compared to other practices examined in this manual, the cost was considered low. 
Regular annual maintenance costs are around $100/LF, according to the NOAA Fisheries. 
Examples of regular maintenance include weeding/removal of undesirable plants, vegetation 
harvesting and replacement, as well as other activities associated with typical landscape 
maintenance. Compared to the other practices examined in this memorandum, the maintenance 
cost is considered to be high. 

 

Figure 5-16: Living Shoreline (Geosyntec, 2022) 

5.1.15.2 Practice Applicability 

It is noted that living shorelines considered suitable for use in areas with poor infiltrating, poorly 
drained soils, and in both urban and suburban/rural applications. They are also suitable for all land 
use/cover applications. 
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5.1.15.3 Water Quantity Characteristics 

No significant volume reduction is expected from this practice, rather concentration reductions are 
expected to be the primary nutrient removal mechanism. 

5.1.15.4 Water Quality Characteristics 

The water quality treatment for these systems occurs via reduced erosion of soils along the 
waterbody edge, filtration of stormwater that flows through these areas, and biological processes 
due to the microbial community. BMPTrains should be used to assess the water quality benefits 
of this system based on the specifications needed. 

5.1.15.5 Operation and Maintenance 

Maintenance associated with these practices is considered high relative to other practices and 
consists of weeding/removal of undesirable plants, vegetation harvesting and replacement, as well 
as other activities associated with typical landscape maintenance. Special training of maintenance 
staff is necessary to ensure that these systems are properly maintained. The lifecycle of Living 
Shorelines is not expected to exceed 20 years as this practice requires frequent harvesting and 
replacement of plants. 

5.1.16 Managed Aquatic Plant Systems 

In this section, a brief background of managed aquatic plant systems is discussed, identifying the 
major components of this practice, how it is constructed, how it functions, and the applicability of 
the practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.16.1 Background on MAPS 

Managed Aquatic Plant Systems (MAPS) is an LID practice that consists of planting native 
vegetation in floating mats installed in wet detention ponds, lakes, or other surface waterbodies. 
The roots of the plants hang in the water column taking up nutrients which support plant growth. 
Additionally, the hanging roots provide structure and substrate for beneficial microbes to provide 
treatment of stormwater or surface water. Figure 5-17 shows an example of MAPS. The 
anticipated water quality benefit of these systems is considered moderate to low compared to other 
practices.  

The capital cost for managed aquatic plant systems is approximately $35.00/ft2 (Zisette, 2019) and 
typically includes floating ecosystem mats, aquatic plants, the anchoring system, and the media 
columns. To normalize the costs of these kinds of practices, the cost benefit data was referenced 
to determine the cost per pound of pollutant removed for each practice. For this practice a cost 
benefit of $27,613.63/lb TP was determined. Compared to other practices examined in this manual, 
the cost was considered high. Maintenance associated with this practice consists of periodic 
harvesting and replacement of vegetation. Special training of maintenance staff is necessary to 
ensure that these systems are properly maintained. The annual maintenance cost is typically 3% of 
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the full instillation cost (Zisette, 2019). Compared to the other LID practices examined in this 
memorandum, the maintenance cost is considered to be high. 

 

Figure 5-17: Managed Aquatic Plant System (MAPS) in Brevard County, FL (Geosyntec, 
2017) 

5.1.16.2 Practice Applicability 

MAPS are considered suitable for use in areas with poor infiltrating, poorly drained soils, and in 
both urban and suburban/rural applications. They are also suitable for all land use/cover 
applications. 

5.1.16.3 Water Quantity Characteristics 

No significant volume reduction is expected from this practice, rather concentration reductions are 
expected to be the primary nutrient removal mechanism. 

5.1.16.4 Water Quality Characteristics 

The water quality treatment for these systems occurs via biological processes due to plant uptake 
and the microbial community. It is noted that these systems require periodic harvesting and 
replacement of vegetation; this is how the nutrient mass is removed from the system. BMPTrains 



Stormwater Low Impact Development Manual 
Orange County, Florida  

 
 

 5-35 December 2023 

should be used to assess the water quality benefits of this system based on the specifications 
needed. 

5.1.16.5 Operation and Maintenance 

Maintenance associated with these practices is considered high relative to other LID practices and 
consists of periodic harvesting and replacement of vegetation. Special training of maintenance 
staff is necessary to ensure that these systems are properly maintained. The annual maintenance 
cost is typically 3% of the full instillation cost (Zisette, 2019). The lifecycle of this practice is 
based on the longevity of the materials used. As the materials are subject to photo degradation, 
this practice is not expected to last 20 years. 

5.1.17 Constructed Wetlands 

In this section, a brief background of constructed wetlands is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.17.1 Background on Constructed Wetlands 

Constructed Wetlands consist of planting native wetland vegetation in shallow constructed areas 
to provide treatment of stormwater prior to discharge to downstream surface waterbodies. An 
example of a constructed wetland is shown in Figure 5-18. The vegetation component of these 
systems provides structure and substrate for beneficial microbes to colonize and provide treatment 
of stormwater.  

The cost associated with constructed wetlands is typically $50,000-250,000 (Geosyntec 
Consultants, 2013). Wetlands tend to be more expensive than retention basins due to the selection 
of soils, vegetation, and forebay requirements. To normalize the costs of these kinds of practices 
the cost benefit data was referenced to determine the cost per pound of pollutant removed for each 
practice. For this practice a cost benefit of $6,040.30/lb TP was determined. Compared to other 
practices examined in this manual, the cost was considered high. Regular annual maintenance costs 
are around $593 and infrequent maintenance costs are around $1,420 annually, according to the 
WERF Whole-Life Cost Tool. Maintenance associated with this practice consists of periodic 
harvesting and replacement of vegetation. Compared to the other LID practices examined in this 
memorandum, the maintenance cost is considered to be high. 

5.1.17.2 Practice Applicability 

Constructed wetlands are suitable for use in areas with poor infiltrating, poorly drained soils, and 
in both urban and suburban/rural applications. They are also suitable for all land use/cover 
applications. 
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5.1.17.3 Water Quantity Characteristics 

No significant volume reduction is expected from this practice, rather concentration reductions are 
expected to be the primary nutrient removal mechanism. 

 

Figure 5-18: Constructed Wetland (Geosyntec, 2021) 

5.1.17.4 Water Quality Characteristics 

The water quality treatment for these systems occurs via biological processes due to the said 
microbial community. It is noted that these systems require periodic harvesting and replacement 
of vegetation; this is how the nutrient mass is removed from the system. BMPTrains should be 
used to assess the water quality benefits of this system based on the specifications needed. 

5.1.17.5 Operation and Maintenance 

Maintenance associated with these practices is considered high relative to other LID practices and 
consists of periodic harvesting and replacement of vegetation. Special training of maintenance 
staff is necessary to ensure that these systems are properly maintained. Since constructed wetlands 
are designed to mimic natural systems, if they are properly maintained they are assumed to have 
an indefinite lifecycle. Therefore, this lifecycle is expected to exceed 20 years. 
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5.1.18 Florida-Friendly Landscaping 

In this section, a brief background of Florida-Friendly Landscaping is discussed, identifying the 
major components of this practice, how it is constructed, how it functions, and the applicability of 
the practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.18.1 Background on Florida-Friendly Landscaping 

Florida-Friendly Landscaping consists of planting native vegetation in place of sod. Figure 5-19 
demonstrations the use of this practice on a small-scale residential area. This practice focuses on 
placement of the ‘right plant in the right place’ to ensure proper ecosystem function and success 
of the plant. Reducing the need for fertilizers and herbicides in landscapes results in less 
opportunity for fertilizer and chemical wash off. The result of this is reduced stormwater nutrient 
event mean concentrations (EMCs). The water quality benefit for these systems occurs via this 
reduced potential for fertilizer wash off. Based on this, no significant volume reduction is expected 
from this practice, rather concentration reductions are expected to be the primary nutrient removal 
mechanism.  

Exact landscaping costs were not able to be accurately determined. However, to normalize the 
costs of these kinds of LID practices cost benefit data was referenced to determine the cost per 
pound of pollutant removed for each practice. For this practice a cost benefit of $5,024.33/lb TP 
was determined. It is noted that cost benefit numbers were unable to be found for Florida-friendly 
landscaping so engineering judgement was used to assess the cost of this practice. Based on this, 
the cost is considered to be high. Special training of maintenance staff is necessary to ensure that 
these systems are properly maintained. Examples of regular maintenance include periodic weeding 
and replacement of vegetation. The maintenance cost is considered high relative to the other 
practices examined in this manual. 

5.1.18.2 Practice Applicability 

Florida-Friendly landscaping is suitable for use in all areas regardless of soils and groundwater 
conditions. Specific plant requirements may limit the kinds of plants that can be planted in some 
regions, but the University of Florida/Institute of Food and Agricultural Sciences (UF/IFAS) has 
extensive guidance on plant selection on their website. This practice is also suitable for all land 
use/cover applications in both urban and suburban/rural applications. An added benefit of Florida-
Friendly Landscaping is the creation and/or protection of natural habitat for pollinators and other 
native species. 

5.1.18.3 Water Quantity Characteristics 

Incorporating native plants or those well adapted to the climate and soil conditions where they will 
be planted can save large amounts of irrigation water as well as time and expense for upkeep. The 
more Florida-Friendly Landscaping that is incorporated, the greater the water quantity benefits. 
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5.1.18.4 Water Quality Characteristics 

The use of Florida-Friendly Landscaping can create a low-maintenance and resource-efficient 
landscape that will have the capacity to thrive without supplemental inputs of fertilizers, pesticides, 
herbicides, etc. The more Florida-Friendly Landscaping that is incorporated, the greater the water 
quality benefits will be. BMPTrains should be used to assess the water quality benefits of this 
system based on the specifications needed. 

 

Figure 5-19: Florida Friendly Landscape (UF IFAS, 2022) 

5.1.18.5 Operation and Maintenance 

Maintenance associated with these practices is considered high relative to other LID practices and 
consists of periodic weeding and replacement of vegetation. Special training of maintenance staff 
is necessary to ensure that these systems are properly maintained. Since Florida-Friendly 
landscapes are designed to mimic natural systems, if they are properly maintained they are 
assumed to have an indefinite lifecycle. Therefore, this lifecycle is expected to exceed 20 years.  



Stormwater Low Impact Development Manual 
Orange County, Florida  

 
 

 5-39 December 2023 

5.1.19 Interceptor Trees 

In this section, a brief background of interceptor trees is discussed, identifying the major 
components of this practice, how it is constructed, how it functions, and the applicability of the 
practice. Additionally, water quality and quantity characteristics, as well as and operation and 
maintenance needs are addressed.  

5.1.19.1 Background on Interceptor Trees 

Interceptor Trees are an LID practice that consist of protection of existing or planting of new 
trees to intercept and store rainfall, thus reducing stormwater runoff generated from a site. 

 shows an example interceptor trees. These practices are intended to provide volume reduction 
to achieve stormwater quality improvement. The volume reduction occurs via tree interception, 
infiltration, and soil storage which results in a reduction of discharges to downstream receiving 
waterbodies. 

Figure 
20

Capital costs for interceptor trees involve the cost per tree used. Typically, this is between $106-
$2,423 per tree depending on the type of tree used (Nursery, 2022). To normalize the costs of these 
kinds of LID practices, cost benefit data was referenced to determine the cost per pound of 
pollutant removed for each practice. For this practice a cost benefit of $3,126.95/lb TP was 
determined. Compared to other practices examined in this manual, the cost is considered to be low. 
It is noted that special training of maintenance staff is necessary to ensure that these systems are 
properly maintained. According to Orlando Tree Services, these costs are typically $77-$140 per 
tree. This can be significantly higher if tree is planted near a sidewalk or street. Examples of regular 
maintenance include weeding/removal of undesirable plants, sidewalk/street repair, and other 
activities associated with typical tree maintenance. The maintenance cost is considered high 
relative to the other practices examined in this manual. 
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Figure 5-20: Rainfall Interceptor Trees in Winter Park, FL (Geosyntec, 2018) 

5.1.19.2 Practice Applicability 

Interceptor trees are considered suitable for use in all areas regardless of soils and groundwater 
conditions. They are also suitable for all land use/cover applications in both urban and 
suburban/rural applications. The full growth size of the tree should be kept in mind when 
considering the location for the interceptor trees. Trees should avoid obstructions, such as overhead 
power lines, utilities, and sidewalks. 

5.1.19.3 Water Quantity Characteristics 

No significant volume reduction is expected from interceptor trees 

5.1.19.4 Water Quality Characteristics 

The pollutant removal potential is low to moderate and is directly related to the reduction in 
stormwater volume. BMPTrains should be used to assess the water quality benefits of this system 
based on the specifications needed. 

5.1.19.5 Operation and Maintenance 

Maintenance associated with these practices is considered high relative to other LID practices and 
consists of watering during the establishment period, weeding/removal of undesirable plants, 
sidewalk/street repair, and other activities associated with typical tree maintenance. Special 
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training of maintenance staff is necessary to ensure that these systems are properly maintained. 
This can be significantly higher if the tree is planted near a sidewalk or street. Since trees have 
longer life spans, the lifecycle for this practice is assumed to be 20 years or more. 

5.2 County Approved LID Practices 
The County has selected four practices which appear to be most applicable for use throughout 
Orange County. Additional information including design criteria, site suitability, pollutant removal 
efficiencies, regulatory and permitting considerations, construction considerations, design 
specifications, maintenance considerations, and design calculations for well-draining and poor-
draining soils can be found in Volume 2. The breakdown of how the four practices were chosen 
can be found in Appendix B. The intent is for additional practices to be added in the future based 
on scoring. BMPs not currently included in Volume 2 can still be applied within the County, but 
must have approval from the County Engineer. 

5.3 LID Practice/Technical Design Criteria 
LID practices should not create or increase upstream flooding and should provide water quality 
improvement to meet or help meet regulatory criteria. Depending on which water management 
district the site is under, the appropriate criteria should be followed to demonstrate compliance 
with flood reduction. Without proper guidance to determine what criteria is appropriate, a complex 
regulatory environment is created where requirements can be confusing and difficult to police. 
However, the County has several impaired waterbodies to restore as well as waterbodies currently 
not impaired that it would like to proactively protect. To this end, several regulatory approaches 
were examined, namely application of a geographically appropriate special basin criteria, “post 
</= pre” approach, or a standard increased treatment requirement criteria. These three approaches 
are each discussed further below.  

• Application of a geographically appropriate special basin criteria could take several 
forms. It could specifically follow individual Total Maximum Daily Load (TMDL), 
Basin Management Action Plan (BMAP), and/or impaired waters 
boundaries/contributing areas, or a general requirement (blanket approach) that could 
be applied across all target areas. The former would be a more specific approach that 
would match the pollutant load reduction requirements to the individual 
TMDL/BMAP/impairment requirements. However, this would be challenging to 
administer since many varying criteria would need to be tracked. The latter option 
would provide a simpler approach using a blanketed single criterion that covers all the 
subject special water quality areas. However, the water quality metric that would be 
applied throughout would have to be strict enough to ensure that even the most special 
water quality areas requirements are being met. 

• Use of a “post </= pre” approach is commonly applied in stormwater management. To 
simplify, it means that post-development impacts to water quality need to be mitigated 
to provide a water quality equivalent to that of pre-development conditions. Applying 
this approach may be simplest in a blanketed way, i.e. determining a “pre” and “post” 
condition over an entire area instead of multiple “pre” and “post” conditions. However, 
uncertainty arises when trying to establish what the pre-development conditions are, 
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e.g., original native conditions or the abandoned commercial site, or the pasture that 
existed a few years before that. Since this makes “post < pre” determination difficult, 
it also makes enforcement difficult. 

• The adoption of the standard “increased treatment” requirement may be an appropriate 
option to consider, i.e., a 50% increase across the board in treatment volume 
requirement. This criteria is required by St. Johns River Water Management District in 
the Big Econ Basin, Wekiva Basin, or a direct discharge into an OFW and South Florida 
Water Management District in all basins in Orange County. The SJRWMD has specific 
nutrient criteria for the Lake Apopka Basin that exceeds the 50% increase in treatment 
volume.  This approach is a straightforward way to apply an easy-to-understand criteria 
over a blanketed area and for consistency purposes the County could require this 
criterion in all Basins in the County.  

LID practices are one way to ensure that 50% additional treatment volume is being provided across 
the County. If the new statewide stormwater rule goes into effect, then the above criteria would 
not be recommended as the new rule would be more stringent.  

Example calculations for special basins are included as part of the practice specific design guidance 
documents, which are presented in Volume 2 of this LID Manual. Although the manual and 
calculations are focused on water quality, the LID practices listed in the manual can provide 
attenuation for flood control and should be factored into site design.
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