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EXECUTIVE SUMMARY
The water supply and stormwater drainage systems in Winter Haven were designed and built based on
criteria appropriate to the time they were created. Back then, the lakes were healthy, water supplies
were abundant, and water treatment and distribution networks were simply extended to follow growth
in the community. Today, however, limits on the availability of new sources of water and impacts to lake
water levels and lake water quality are requiring the City to evaluate new approaches to meeting the
City’s future water needs by enhancing the management and beneficial use of rainwater and
stormwater runoff.

Water resources in Winter Haven are depleted and degraded.
Nearly half of the 56 lakes in the community have impaired water
quality and the City’s existing water supply is at or near capacity.
To prosper and grow, the City must double its current water supply
by 2050 and restore the health of its beloved lakes.
The greatest opportunity for meeting Winter Haven’s water resource needs is to manage the more than
50 inches of rain (35.2 billion gallons per year or 6.5 million gallons per day) that fall on the community
each year as a valuable resource to be preserved and protected. Rainfall is the primary source of
freshwater that recharges the community’s lakes and the underlying aquifers supplying the community’s
drinking water.
With the Winter Haven From Gray to Green Enhanced Stormwater Permit Design Manual, the City is
implementing a new stormwater permitting strategy that combines the benefits of rainwater
conservation and harvesting with land use planning and “green” low impact development (LID) best
management practices (BMPs) to help protect the quantity and quality of water in Winter Haven while
restoring the community’s lakes.
The land use planning and LID practices recommended by the City are designed to put the natural
landscape and processes of the watershed to work for the benefit of the community. They make room
for floodwaters, filter and cleanse stormwater runoff, store water for dry periods, and recharge the
aquifer for future water supply needs. All the while, they more fully maintain the natural hydrologic
cycle—the natural cycle of precipitation, vegetation, evaporation, and water courses and reservoirs that
sustains Winter Haven and all communities. Managing stormwater in this way—as a resource to be
preserved and protected—stands in stark contrast to conventional “pipe and pond” (gray) stormwater
management systems designed to quickly drain, direct, detain, and dispose of stormwater as a polluted
waste product.
“Getting the water right” in Winter Haven is the key to facilitating growth and protecting the local
economy, culture, and environment.
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PURPOSE AND OVERVIEW
The Winter Haven From Gray to Green Enhanced Stormwater Permit Design Manual provides a
methodology and guidance for enhancing the stormwater permitting, design, analysis, and use of low
impact development (LID) best management practices (BMPs) in Winter Haven, Florida. Enhancing
development project designs and permitting practices are critical to protecting the quantity and quality
of water in Winter Haven and restoring the community’s lakes. The practices are designed to minimize
changes to the local hydrology by reducing the amount of stormwater runoff and maximize the
beneficial use of rainwater, the primary source of freshwater recharging the community’s lakes and the
underlying aquifers supplying the community’s drinking water.
Chapter 1 (Regulatory Framework) provides an overview of the current regulatory frameworks for
protecting surface water quality and permitting of development projects which affect stormwater runoff
quantity and quality in Winter Haven, including Florida’s Total Maximum Daily Load (TMDL) and
Environmental Resource Permit (ERP) programs and Winter Haven’s Comprehensive Plan and Land
Development Code. It summarizes the legal requirements to restore lake water quality in Winter Haven
and establishes the need to enhance the City’s stormwater permitting criteria and methodology to
better evaluate the infiltration benefits of LID BMPs to help protect the quantity and quality of water in
Winter Haven and restore the community’s lakes. It provides a summary of LID practices recommended
in Winter Haven and a stormwater design checklist to help stormwater permittees maximize the
benefits of infiltration and facilitate the City’s permit review.
Chapter 2 (Design/Permitting Methodology) outlines a process to facilitate the design of a stormwater
management system for a typical development site, using ICPR v4 (a Hydrologic and Hydraulic [H&H]
software for modeling interconnected channel and pond systems; Streamline Technologies, 2019) with
Green-Ampt hydrology (a simple, physically-based method to estimate infiltration processes) and
percolation links (ICPR v4). Although, other H&H analysis software can be used in place of ICPR, the
approach presented here utilizes ICPR since it is the primary software used by stormwater designers and
is widely accepted by permitting agencies (other software used by designers and acceptable to
permitting agencies include SWMM and PONDS). The process will help site designers account for and
get credit for infiltration from proposed stormwater systems. It assumes a working knowledge of GIS
and ICPR v4. A template project folder with standard GIS features and ICPR v4 model is provided to help
streamline project setup, design, and reporting. A stormwater permit report checklist is also provided.
Chapter 3 (Design/Permitting Enhancements and Benefits) quantifies some of the benefits of Winter
Haven’s stormwater design/permitting methodology for better evaluating infiltration. The
enhancements to the methodology are designed to promote the use of the LID design practices
recommended in the Winter Haven From Gray to Green Community Development Guide (Singleton,
March 2018). The practices promote on-site infiltration and evapotranspiration, minimize the amount of
stormwater runoff, maximize the beneficial use of stormwater, and reduce the amount of publicly
funded mitigation needed to reduce the impacts of local development. An analysis of the benefits is
provided comparing:
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Curve Number (CN) hydrologic method for calculating pervious runoff against the Green-Ampt
(GA) hydrologic method;
Stormwater Management Area (SMA) sizing both with and without percolation from the SMA;
SMA sizing using a traditional design approach (concentrated SMAs) against a distributed design
approach.

Rain gardens and bioswales throughout Winter Haven. Photo credit: Mike Britt

WINTER HAVEN, FLORIDA: ENHANCED STORMWATER PERMIT DESIGN MANUAL—FEBRUARY 2021

9

1.0 REGULATORY FRAMEWORK
This chapter provides an overview of the current regulatory frameworks for protecting surface water
quality and permitting of development projects which affect stormwater runoff quantity and quality in
Winter Haven, including Florida’s Total Maximum Daily Load (TMDL) and Environmental Resource
Permit (ERP) programs and Winter Haven’s Comprehensive Plan and Land Development Code. It
summarizes the legal requirements to restore lake water quality in Winter Haven and establishes the
need to enhance the City’s stormwater permitting criteria and methodology to better evaluate the
benefits of low impact development (LID) best management practices (BMPs) to help protect the
quantity and quality of water in Winter Haven and restore the community’s lakes. It provides a summary
of LID practices recommended in Winter Haven and a stormwater design checklist to help stormwater
permittees maximize the benefits of infiltration and facilitate the City’s permit review.

1.1 Florida’s TMDL Program
The TMDL Program for protecting surface water quality in Florida is directed by the Florida Department
of Environmental Protection (FDEP). A TMDL is a scientific determination of the maximum amount of a
given pollutant that a surface water can absorb and still meet the water quality standards that protect
human health and aquatic life. Waterbodies (estuaries, lakes, rivers, springs) that do not meet water
quality standards are identified as "impaired" for the particular pollutants of concern—nutrients,
bacteria, mercury, etc.—and TMDLs must be developed, adopted, and implemented to reduce those
pollutants and restore the health of the waterbody.
The FDEP has determined that 20 of the 56 lakes in Winter Haven are impaired for nutrients and must
be restored to meet State Water Quality Standards (see list of impaired lakes in Appendix A). As shown
in Figure 1, the impaired lakes include 17 of the 25 lakes that make up the northern and southern
Winter Haven Chain of Lakes (WHCOL). Eighteen (18) of the lakes in the WHCOL are designated as
Surface Water Improvement Management (SWIM) waterbodies for priority protection and restoration
by the Southwest Florida Water Management District (SWFWMD). Thirteen (13) of the SWIM
waterbodies are impaired.
Under state and federal regulations, Winter Haven has developed a plan for restoring the impaired
lakes. The six (6) principal components of the City’s lake restoration plan include:
 Winter Haven From Gray to Green Enhanced Stormwater Permit Design Manual (this manual,
Singleton, 2021) for enhancing the City’s permitting methodology and promoting the use of LID
best management practices;
 Winter Haven From Gray to Green Community Development Guide (Singleton, 2018) for
increasing the beneficial use of rainwater and stormwater runoff to restore lake water quality
and hydrology using 15 planning and 12 structural engineering LID practices (summarized in
Figure 2, p. 16);
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Figure 1. Map showing the 20 of the 56 lakes in Winter Haven that are impaired for nutrients and must
be restored to meet state and federal regulations. Thirteen of the 20 impaired lakes are designated by
the SWFWMD as SWIM waterbodies for priority restoration.
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The six (6) principal components of the City’s lake restoration plan (continued):
 Winter Haven Annual Lakes Report (Winter Haven, 2018) for documenting the health of the lakes
based on chemical, biological, and hydrological monitoring data;
 Winter Haven Chain of Lakes and Interior Lakes Water Quality Management Plans (Tomasko,
Latham, and Singleton, 2010 and 2011) for restoring and protecting lake water quality;
 Winter Haven Comprehensive Plan and Land Development Code (adopted in 2011) requirements
for protecting lake levels and lake water quality (summarized in Section 1.3, pp. 11-13); and
 Winter Haven Sustainable Water Resource Management Plan (Singleton, 2010) for restoring and
protecting the water resources of the Peace Creek watershed and Winter Haven.

1.2 Florida’s Environmental Resource Permit Program
The discharge of stormwater in Florida has been subject to various regulations since the early 1980s to
prevent pollution of the “Waters of the State” and to protect the designated beneficial uses of said
surface waters for drinking, fishing, swimming, and shellfish harvesting. Stormwater management is
regulated at the state level by the FDEP, at the regional level by the five water management districts (in
Winter Haven by the SWFWMD), and at the local level by municipal governments (Winter Haven).
The goals of stormwater management regulations within the state are outlined in Chapter 62-40, Water
Resource Implementation Rule, Florida Administrative Code (FAC). This rule establishes that stormwater
design criteria adopted by the FDEP and the water management districts shall achieve at least an 80%
reduction of the average annual load of pollutants that cause or contribute to violations of State Water
Quality Standards. When the stormwater system discharges to an Outstanding Florida Water (OFW), the
design and performance criteria increases to a 95% reduction.
The design criteria for permitting stormwater systems in the state are provided in the Environmental
Resource Permit (ERP) Applicant’s Handbook, Volume II, developed and adopted by each water
management district (e.g., SWFWMD, 2013). If stormwater management systems are designed using
these region-specific design criteria, then there is a rebuttable presumption that the discharge from the
stormwater system will comply with the state water quality standards established in Chapter 62-40.
These criteria, including pollutant removal efficiencies, were evaluated and updated by Harper and
Baker in 2007.

1.3 Need to Enhance Stormwater Permitting to Better Evaluate Infiltration
A wide range of stormwater permit design criteria have been implemented in the state to achieve the
minimum stormwater treatment performance standards. However, research on the performance of
current stormwater management systems indicates a high degree of variability in the pollutant removal
effectiveness of commonly used systems (Harper and Baker, 2007). In addition, design criteria for the
same type of stormwater management system vary widely throughout the state, which can impact the
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performance efficiency of stormwater management systems designed in one area of the state as
compared to another (Harper and Baker, 2007).
In many cases, the variability observed in the performance of retention/infiltration-based stormwater
management systems can be explained by differences in soil infiltration rates (hydraulic conductivity
and depth to groundwater) which vary across the state and for each development site. These
differences in infiltration are not explicitly evaluated under the state’s current permitting criteria.
By not evaluating the infiltration capacity of stormwater BMPs, based on local hydrogeologic conditions,
stormwater management systems designed using the state’s presumptive criteria can either underaccount or over-account water quality treatment efficiency and/or water quantity attenuation, as
follows:
 The State’s presumptive criteria for water quality treatment requires retention of the runoff
from 1 inch of rainfall or for projects less than 100 acres, 0.5 inches of runoff (for projects
located within a drainage basin determined by DEP to have impaired water quality, a match of
the pre-development pollutant loading is required).
o Consider the results of a sample calculation using BMPTRAINS, v8.6 (Wanielista, 2017), a
desktop application engineers use to evaluate and document stormwater BMP design
performance. The calculation assumes 0.5 inches of retention for a 10-acre single-family
residential site (60% Impervious/40% Directly Connected Impervious Area (DCIA))
considering both well-drained (CN = 39) and poorly-drained (CN = 80) soil conditions
(see Table 1 and Appendix B screen captures of BMPTRAINS data input and results):
 Both scenarios are estimated to provide a 60-70 percent reduction of the postdevelopment pollutant loads potentially resulting in an:
 The well-drained scenario would require a 98 percent treatment efficiency and
the poorly drained would require a 94 percent treatment efficiency to match
pre-development nutrient loadings.
 Neither scenario achieves a pre/post-development loading match.
o By stipulating a pre/post-development match of total discharge volume for the 25-year,
24-hour design storm (7.5 inches of rainfall, encompassing over 99% of the daily rainfall
events in Winter Haven), treatment efficiencies of the post-development system result
in a closer match to the pre-developed nutrient loading (see Table 1 and Appendix B
screen captures of BMPTRAINS data input and results)
 The State’s presumptive criteria for water quantity attenuation requires a match of predevelopment peak discharge rate for the (25-year, 24-hour design storm)
o The current criteria, which requires matching peak discharge rates, does not mitigate
increases in downstream flooding in a volume-sensitive watershed, like the Peace Creek
watershed and Winter Haven (SWFWMD, December 2009).
o By stipulating a pre/post-development match of total discharge volume for the 25-year,
24-hour design storm (7.5 inches of rainfall, 99% of daily rainfall events in Winter
Haven), will result in less increases in downstream flood stages (help mitigate
downstream flooding).
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Under accounting for stormwater system performance can have the net effect of unnecessarily
increasing the cost of water quality treatment by virtue of over-sizing systems, while over-accounting for
stormwater system performance can have the net effect of unintentionally contributing to downstream
water quality impacts and flooding, financial losses, and the need for future public mitigation to restore
water quality and reduce flooding. The methodology and guidance provided in the Winter Haven
Enhanced Stormwater Permit Design Manual (this manual), is specifically designed to help address these
impacts.
Table 1. Pre/post-development match of discharge volume for the 25-year, 24-hour design storm, results
in treatment efficiencies of the post-development system much closer to pre-developed rates.
25-year, 24-hour
(~7.5" rainfall)

Pre-Dev

Post-Dev

Difference

Total Runoff Volume
(inches)

Well Drained/CN

1.02

3.73

2.71

Poorly Drained/CN

5.16

6.37

1.21

Required
Treatment
Efficiency

Dry Retention Treatment
Efficiency

Pre/Post
Match

Winter
State
Haven
25-year
0.5”
Volume Match
Runoff
Criteria
Retention
Post-Development

93% TN
98% TP
79% TN
94% TP

99%

68%

85%

61%

1.4 Winter Haven’s Comprehensive Plan and Land Development Code
Winter Haven’s Comprehensive Plan and Land Development Code includes many requirements for
protecting land and water resources, including aquifers, lakes, wetlands, floodplains, wildlife habitat,
and threatened and endangered species (Singleton, 2015). Many of these provisions, along with
complimentary provisions for promoting compact, infill, and mixed-use development, were adopted by
the City in 2011, following the adoption of the Winter Haven Sustainable Water Resource Management
Plan (Singleton, 2010). These provisions, collectively known as the City’s Sustainable Water Resource
Requirements, include the following requirements:
 To help preserve and restore natural hydrologic functions, improve aquifer recharge and lake
levels, and stabilize flows of the Peace Creek and Peace River systems, the City requires that the
post-development hydrologic condition of each site should equal or exceed the predevelopment hydrologic condition:
o For the sandy/ridge areas, close to 100% of stormwater should be percolated
(infiltrated) into the ground.
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o

For the lower lying valley/flood conveyance areas, historical wetlands and floodplains
should be preserved for stormwater treatment, wetland mitigation, flood water storage,
water supply, and habitat restoration.

Infiltration must be a component of the analytic methods used to
permit stormwater management systems in Winter Haven.
Increased on-site infiltration and detention and the release of detention volumes at less than
pre-development flow rates, is necessary to prevent increased flows and flooding throughout
the watershed. This can be accomplished by minimizing the amount of stormwater runoff using
source controls, natural infrastructure (including trees), and the LID planning and structural
practices recommended in the Winter Haven From Gray to Green Community Development
Guide (Singleton, March 2018) which promote on-site infiltration and evapotranspiration (see
summary of recommended LID practices in Figure 2). Minimizing the amount of stormwater
runoff reduces the amount of publicly funded mitigation needed to reduce the impacts of
stormwater runoff and increases the beneficial use of stormwater.

The City of Winter Haven requires that “the post development hydrologic
condition of each site should equal or exceed the predevelopment hydrologic
condition.” Winter Haven 2025 Comprehensive Plan, Conservation Element,
Objective 2.3, Policy 2.3.2


If natural drainage features, including lake shores, will be affected by development, then the
City requires developers to implement protection measures, including modifications to the
proposed development, to ensure the preservation and protection of natural drainage features
and lake shores. To mitigate the impacts of development, the City requires that:
o All impacts to wetlands, water quality, flood storage, and aquifer recharge should be
mitigated on site to the maximum extent feasible. Where it is not possible to provide
mitigation onsite, mitigation should occur within the Peace Creek Watershed.
o Wetland restoration areas should be created in historical wetlands; and these areas
should be used to further economic development by providing waterfront access,
walking trails, and other amenities.
The specific design solutions for meeting the City’s preservation and mitigation requirements vary with
each development, due to the different soils, topography, and drainage features associated with each
site, and the type, size, scale, and location of structures associated with each development.


Stormwater permittees are encouraged to participate in pre-development meetings with the
City to identify the appropriate minimum impact design standards, work through potential
design issues, and avoid unnecessary permitting delays or expense. Minimum impact design
standards are intended to be site-specific design standards for keeping rainfall where it falls to
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minimize the amount of stormwater runoff and the impact to groundwater and surface water.
Stormwater permittees are encouraged to use the Winter Haven From Gray to Green
Community Development Guide (Singleton, March 2018) (summarized in Figure 2) and the
Winter Haven Low Impact Development (LID) Design Checklist (Figure 3 and as a printable form
in Appendix C) to maximize the benefits of infiltration and facilitate the City’s permit review.
The checklist must be fully annotated and submitted to the City as part of the Permittee’s
Stormwater Permit Report (see example development reviews and annotated checklists in
Appendix D). The structural engineering LID practices for mitigating development impacts,
including descriptions and siting and design considerations for each practice, along with the
mechanisms for stormwater reduction and pollutant control associated with each are detailed in
Appendix E.
Where available, developers are required to connect to the City’s reclaimed water system
(highly treated wastewater; reuse water) for irrigation and other non-potable uses to conserve
drinking water. This also has the benefit of helping restore hydrologic functions by increasing
infiltration and evapotranspiration.
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Figure 2. Summary of LID Practices Recommended in Winter Haven

LID Practices Recommended in Winter Haven
The enhancements to Winter Haven’s stormwater permitting criteria are intended to increase the use of
the LID planning and structural practices recommended in the Winter Haven From Gray to Green
Community Development Guide (Singleton, March 2018). The 27 practices that stormwater permittees in
Winter Haven should consider using in their projects include:
 Five site planning and design practices for mapping and protecting green infrastructure to avoid
development impacts. The process of protecting green infrastructure starts at the top of the
watershed and then moves down to the project site to identify critical hydrologic and habitat
connections for protection and/or restoration. The practices include:
o Protecting open spaces and natural areas; maximizing the retention of native forest
cover and vegetation; preserving and enhancing native soils; retaining and incorporating
natural drainage and topographic features; and maintaining the pre-development
hydrology (peak discharge and volume) and water balance.
 Ten site planning and design practices for fitting the project to the site to minimize development
impacts. The process begins by placing structures and other impervious areas on the site in a
way that protects green infrastructure and natural pathways for water using simplistic, nonstructural practices and a multidisciplinary approach including planners, engineers, landscape
architects, and architects. The practices include:
o Reducing, minimizing, and disconnecting impervious surfaces; controlling runoff at the
source; managing stormwater as close to its origin as possible; maximizing infiltration,
evapotranspiration, and infiltration; creating a hydrologically rough landscape;
employing natural processes for water quality improvement; providing multiple,
redundant and distributed runoff LID control practices; integrating stormwater controls
into the development design; reducing reliance on traditional conveyance and
concentrated pond technologies; and developing reliable, long-term maintenance
programs.
 Twelve structural practices for mitigating development impacts. The practices are designed to
mimic the way that nature manages rainfall by capturing, infiltrating, filtering, storing,
transpiring, evaporating, and containing runoff close to its source. The practices include:
o Green roofs, rainwater harvesting, pervious paving, trees, rain gardens, bioswales,
infiltration trenches, infiltration basins, constructed wetlands, dry detention ponds, wet
retention ponds, and mechanical structures for flow control and linking structural
practices as a network.
Together, the practices are designed to put the natural landscape and processes of the watershed to
work for the benefit of the community by: making room for floodwaters; filtering and cleansing runoff;
storing water for dry days and drought; recharging the aquifer for water supply; letting the water flow
for nature; and all the while maintaining the natural hydrologic cycle. The development guide can be
accessed at the following link:
http://nebula.wsimg.com/6a61c566d4ccb095a3c7f95ccf1b9af3?AccessKeyId=4854FA18920104DA51AC
&disposition=0&alloworigin=1
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Figure 3. Winter Haven Low Impact Development (LID) Design Checklist

Low Impact Development (LID) Design Checklist
Please use and annotate this checklist for better site design for both new development and
redevelopment projects in Winter Haven. By using these guidelines, you will help protect the
community’s lakes and drinking water. More detailed information on the guidelines can be found in the
Winter Haven From Gray to Green Community Development Guide, available at the following link:
www.sustainablewinterhaven.net. The relevant page numbers in the guide are provided below.
1. Avoid stormwater runoff (pp. 22-27)
 Use hydrology as the integrating framework
o Reproduce predevelopment hydrology (volume and peak discharge);
o Create a multifunctional landscape that incorporates stormwater features into the
landscape and that uses surface water elements as focal civic spaces.
 Preserve and emulate natural drainage
o Utilize existing flow paths;
o Fit development to the terrain; and
o Restore the drainage and/or biological capacity of damaged or lost soils through
mechanical improvements or soil amendments.
 Protect site characteristics
o Preserve open spaces and natural areas (floodplains, wetlands, lakes, and forests);
o Confine construction and development to least critical/sensitive areas;
o Reduce limits of clearing and grading;
o Stage construction to limit the area of exposure on the site at any one time; and
o Minimize soil compaction.
2. Minimize and mitigate stormwater runoff (pp. 28-33; and structural practices pp. 34-47)
 Assess impervious surfaces
o Reduce, minimize, and disconnect impervious surfaces from stormwater pipes.
 Micromanage
o Control runoff at the source and manage stormwater as close to its origin as possible;
o Create a hydrologically rough landscape to slow storm flows and increase infiltration;
o Employ natural processes for water quality improvement; and
o Maximize infiltration, evapotranspiration, and filtration using low impact development
structural practices (rain gardens, bioswales, pervious paving, infiltration trenches, etc.).
 Design and link stormwater controls as an integrated system
o Use redundant runoff treatment systems and reduce the reliance on traditional
conveyance and pond technologies; and
o Develop long-term, routine stormwater system maintenance plans to ensure
performance.
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2.0 DESIGN/PERMITTING METHODOLOGY
This chapter outlines a process to facilitate the design of a stormwater management system for a typical
development site, using ICPR v4 (an hydrologic and hydraulic [H&H] software for modeling
interconnected channel and pond systems; Streamline Technologies, 2019) with Green-Ampt hydrology
(a simple, physically-based method to estimate infiltration processes) and percolation links (ICPR v4).
Although, other H&H analysis software can be used in place of ICPR, the approach presented here
utilizes ICPR since it is the primary software used by stormwater designers and is widely accepted by
permitting agencies (other software used by designers and acceptable to permitting agencies include
SWMM and PONDS). The process will help site designers account for and get credit for infiltration from
proposed stormwater systems. It assumes a working knowledge of GIS and ICPR v4. A template project
folder with standard GIS features and ICPR v4 model is provided to help streamline project setup,
design, and reporting. The folder can be accessed at the following link: insert City’s link when available.
The chapter is divided into two (2) main sections. The first outlines the pre-development Hydrology and
Hydraulics (H&H) analysis and the second outlines the post-development analysis. Each section is
subdivided into three (3) sub-sections, the first consisting of the spatial delineation of the model
features in GIS, followed by parameterization of the ICPR v4 model, and the model simulation. Each subsection is broken into individual steps. A stormwater permit report checklist is also provided.
To help outline the approach, an analysis is conducted for an example project consisting of a previously
developed commercial site located in Winter Haven. The example site is considered open land (grass)
with well-drained/sandy soils in its pre-developed condition. The example performs analysis for select
SWFWMD ERP design storms (Table 2) but does not include the analysis that would be required for a
FDOT drainage connection permit. However, the approach would be acceptable for FDOT permitting if
the additional design storms required by FDOT are simulated. The required FDOT design storms can be
found in the FDOT Drainage Connection Permit Handbook at the following link:
https://www.fdot.gov/roadway/Drainage/Manualsandhandbooks.shtm. Although not all the design
storms in Table 2 are required for an ERP submittal, they are provided in the analysis to fully evaluate
performance of the system. Generally, the 25-year, 24-hour event is used to match pre/post
development peak discharge rates, the 100-year, 24-hour event is used to ensure the proposed
stormwater management areas (SMAs) within closed basins are capable of controlling this storm, and
the 25-year, 24-hour event is used to ensure a match of pre/post total discharge volumes for water
quality, as required by Winter Haven (Singleton and Albrecht, 2019).
Table 2. ERP Design Storms
Storm
Rainfall Depth
(inches)
25-year, 24-hour
7.5
100-Year, 24-Hour
1

10.0

Purpose (regulatory entity)
Match discharge volume – water quality treatment (City)1
Match peak discharge rate – water quantity attenuation
(City/SWFWMD)
Ensure containment in SMAs – water quantity attenuation (City)

Exceeds SWFWMD 1.0”/0.50” runoff retention requirements for water quality treatment (see Table 1, p. 13)
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2.1 Pre-Development Site Analysis
The following pre-development site analysis is intended to estimate the peak runoff rates and total
discharge volumes from the site, prior to development.

2.1.1 Delineate Pre-Development Model Features (GIS)
The process first delineates the relevant model features using ARC-GIS to facilitate development of
accurate spatial features and parameters, prior to model (ICPR v4) parameterization (open GIS MXD file
in template project folder). Alternatively, it is possible to do the same using CAD software or within the
ICPR software. Using GIS to delineate the model features, streamlines the production of the stormwater
report figures, ensures the accurate analysis of spatial parameters, and enhances quality assurance/
control.
1. Delineate Proposed Project Limits
Digitize a polygon using the “Project_Limits” shapefile which encompasses the construction limits of the
proposed project. Populate the project name in the “Name” field and calculate the project area in the
“Acre” field.
The example project is a 2.1-acre site located in Winter Haven as shown on Figure 4. Although the aerial
imagery shows a developed site, the site is considered un-developed for the purposes of this analysis.
Figure 4. Project Limits
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2. Delineate Pre-Development Drainage Basin Boundary
Based on pre-development topography and adjacent stormwater infrastructure, digitize a polygon using
the “Drainage_Boundary” shapefile which encompasses the entire project limits, as well as any off-site
areas draining to the proposed site.
The example project does not include any off-site drainage area, so the drainage basin boundary is the
same as the project limits, as shown on Figure 5.
Figure 5. Project Drainage Boundary
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3. Delineate Pre-Development Land Cover
Digitize polygons using the “PreDeveloped_Land_Cover” shapefile for the entire Drainage Boundary and
classify the “Type” field for each polygon using values provided in Table 3. These values are built into the
ICPR model template. The land cover can be delineated using the latest aerial imagery and/or survey
data.
The example project is un-developed and classified as “Pervious”, as shown on Figure 6.
Table 3. Land Cover Types
Code
DCIA Impervious
Non-DCIA Impervious
Pervious
Pond/Wetland/Water

Description
Directly Connected Impervious Area
Non-Directly Connected Impervious Area
Open Pervious Land
Water Feature or SMA, Including Dry Retention
Areas

Figure 6. Pre-Developed Land Cover
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4. Classify Pre-Development Soil Type
Identify and delineate the soil types within the drainage boundary using the “PreDeveloped_Soil_Cover”
shapefile. Soil classifications can be obtained using the USDA/NRCS SSURGO soil survey during the
planning stages but should be updated using on-site geotechnical analysis prior to preliminary design.
The Green-Ampt parameters for the SSURGO Soil types are included in the template model. User should
input parameters for on-site soils (as needed) based on geotechnical data to the Green-Ampt lookup
table in ICPR.
The following parameters are required:
 Saturated Vertical Hydraulic Conductivity (ft/day)
 Moisture Content (decimal)
o Saturated, Residual, Initial, Field, and Wilting
 Pore Size Index
 Bubble Pressure
 Depth to Water Table (ft.)
The example site is classified as “Urban Lands” by the SSURGO coverage but based on site specific
analysis it was determined that the site consisted of well drained sands with a SHWL <6 feet, so
“Candler-Urban land complex, 0 to 5 percent slopes” was used, as shown on Figure 7.
Figure 7. Pre-Developed Soil Coverage
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5. Delineate Preliminary Sub-Drainage Areas
Using LiDAR (planning phase) and/or site-specific topographic survey (design phase), delineate a
“PreDeveloped_SubBasins” polygon for each sub-drainage basin. The subbasins should be subdivided
based on each unique discharge point and for each on-site depressional area. Populate the “Name” field
and field calculate “Acres” field.
The example site consists of a single drainage sub-basin which drains to an internal depression, as shown
on Figure 8.
6. Calculate Pre-Development Time of Concentration (TC)
Use TR-55 or other acceptable method to calculate the Time of Concentration (TC) for each sub-basin.
Populate the TC value for each sub-basin in the “PreDeveloped_SubBasins” shapefile.
For the example project the single pre-developed sub-basin uses a minimum TC of 10 minutes.
7. Delineate Pre-Development Storage (Stage-Area) Nodes
Digitize a point for each depressional area within the drainage boundary using the
“PreDeveloped_Storage_Node” shapefile. Populate the “Name” Field for each storage node.
For the example project, a single storage node was delineated for an internal depressional area, as
shown on Figures 9.
Figure 8. Pre-Development Subbasins
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Figure 9. Pre-Development Storage Node
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8. Delineate Boundary (Time-Stage) Nodes
Digitize a point for each outfall location which the existing site discharges to using the
“PreDeveloped_Boundary_Node” shapefile. Develop a time-stage table for each design storms. The
time-stage table can be developed using various sources, including existing watershed models and FEMA
flood maps.
The example project drains to an inlet on the north west corner of the project limits, as shown on Figure
10. The time-stage table (Table 4) was set at a constant elevation of 161.5, which is the invert of the inlet
opening. This conservative elevation was established since the site overflows at 162.5, so the boundary
stage is not a factor in calculating discharge from the pre-developed site.
Figure 10. Pre-Development Boundary Node

Table 4. Pre-Development Time-Stage Table
Time (Hours)
0
1000

Stage (NAVD 1988)
161.5
161.5
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9. Delineate Pre-Development Hydraulic Connections (Links)
Digitize a line for each hydraulic connection (Link) within and leaving the project drainage basin using
the representative shapefile (“PreDeveloped_Pipe”, “PreDeveloped_DropStructure”,
“PreDeveloped_Channel”, and “PreDeveloped_Weir”). Populate the name field for each connection.
The example project may potentially discharge via an overland flow weir from the internal depression to
the boundary node, as shown on Figure 11.
Figure 11. Pre-Development Hydraulic Connections (Links)
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2.1.2 Parameterize Pre-Development ICPR v4 Model
The following section provides a general outline of the ICPR v4 model parameterization. There are a
variety of tools available to streamline importation of the GIS data and parameters developed in the
previous section. It is recommended that the user reference the ICPR user manual and/or training
materials for additional details regarding model parametrization using GIS data.
1. Populate Pre-Development Sub-Basin Data
Populate the Hydrology < Manual Basins (Distributed) Table for each sub-basin. The table can be
populated manually or automatically using the ICPR v4 tools to intersect the Sub-basin, Land Cover, and
Soils (see ICPR User’s Manual.
Figure 12 shows the populated manual basin table for the example project.
Figure 12. Pre-Developed Manual Basin Table
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2. Populate Pre-Development Storage (Stage/Area) Node Table
Populate the 1D Hydraulics < Node table for each storage node within the drainage boundary using
LiDAR (planning phase) and/or site-specific topographic survey (design phase). At least at 1 ft stage
interval is recommended. Generally, the node name, initial stage, warning stage, and stage/area fields
need to be populated.
Table 5 shows the stage-area table for the example project. Figure 13 shows the populated table for the
example project.
Table 5. Pre-Development Stage-Area Table
Stage (NAVD 1988)
160
161
162
163

Area (Acres)
0.1
0.9
1.5
2.0

Figure 13. Pre-Development Storage (Stage/Area) Node Table
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3. Populate the Boundary Node Tables
In the Boundary Stage Set, populate the time-stage data for each applicable design storm (Figure 14 and
Figure 15). Create a time/stage node entry for each boundary node (Figure 16).
Figure 14. Pre-Development Boundary Stage Sets

Figure 15. Pre-Development Boundary Stage Set (Design Storm)
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Figure 16. Boundary (Time-Stage) Node Data Table

4. Populate Pre-Development Link Parameters
Populate the tables for the 1D-Hydraulic connections (Links), such as channel, pipe, weir etc.
In this example, an overland flow weir is used for the flow from the storage to the boundary. Figure 17
shows the overland flow weir used for the example project.
Figure 17. Overland Flow Weir Link Table
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2.1.3 Simulate Design Storms and Extract/Tabulate Pre-Developed Results
Simulate the relevant design storms and extract the peak discharge rates and total discharge volumes
for each discharge point (Boundary point) for each relevant design storm.
For the example project, the 25, and 100-year, 24-hour design storms were simulated. As Tables 6 and 7
show, the pre-developed site does not discharge for storms up to and including the 100-year, 24-hour
event. However, for ERP purposes we are only required to match the discharge rate up to the 25-year,
24-hour storm. Additionally, permittees will be required to match the total discharge volume for the 25year, 24-hour storm to meet City permitting requirements. The 100-year, 24-hour storm is simulated to
subsequently ensure the proposed Stormwater Management Areas (SMAs) can contain the 100-year, 24hour storm.
Table 6. Pre-Development Peak Discharge Rate
Node
Boundary_1

Peak Discharge Rate (CFS)
25-year, 24-hour
100-year, 24-hour
0.0
0.0

Table 7. Pre-Development Total Discharge Volume
Total Discharge Volume (ac-ft)
25-year, 24-hour
Node
100-year, 24-hour
0.0
Boundary_1
0.0
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2.2 Post-Development Site Analysis
The post-development site analysis is an iterative process for developing the H&H features and
parameters needed to conduct the post-development H&H analysis.

2.2.1 Delineate Post-Development Model Features (GIS)
1. Delineate Post-Development Stormwater Management Area Contours
Delineate contour polygons for each proposed stormwater management feature using the
“PostDeveloped_Pond_Contours” shapefile. Contours should be delineated at the bottom and top of
each proposed pond as well as at 1-foot intervals. Populate the “Name” and “Elevation” fields and
calculate the geometry in the “Acres” field.
The example project includes three (3) stormwater retention areas, as shown on Figure 18.
2. Delineate Post-Development Land Cover
Digitize polygons using the “PostDeveloped_Land_Cover” shapefile for the entire drainage boundary
and classify each using values previously provided in Table 2, p. 22. The land cover should be delineated
based on the latest design plans. Pond areas should be delineated along the top of bank.
The example project is to be developed into a commercial site with three (3) stormwater retention areas,
as shown on Figure 18.
Figure 18. Post-Development Pond Contours and Land Cover
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3. Classify Post-Development Soil Type
Identify and delineate the soil types within the drainage boundary using the
“PostDeveloped_Soil_Cover” shapefile. Generally, the post-development soils should be the same as
pre-development soils unless soil augmentation is anticipated to occur as part of the proposed project.
The example site will continue to be classified as “Candler-Urban land complex, 0 to 5 percent slopes”.
4. Delineate Sub-Drainage Areas
Based on the proposed grading plan, delineate “PostDeveloped_SubBasins” polygons for each subdrainage basin. The sub-basins should be subdivided for each stormwater area as well as any unaffected
areas within the proposed project limits. Populate the “Name” field and calculate the area in the “Acres”
field.
The example site consists of three (3) subbasins, one for each proposed stormwater management areas,
as shown on Figure 19.
Figure 19. Post-Development Subbasin Delineation

5. Calculate Time of Concentration (TC)
Use TR-55 or other acceptable method to calculate the TC for each sub-basin. Populate the TC value for
each subbasin in the “PostDeveloped_SubBasins” shapefile.
For the example project the post-developed subbasins have been assigned a TC of 10 minutes.
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6. Delineate Post-Development Storage (Stage-Area) Nodes
Digitize a point for each proposed stormwater management area or unaffected depressional areas in the
“PostDeveloped_Storage_Node” shapefile. Populate the “Name” Field for each storage node.
For the example project, three (3) storage nodes were delineated for each stormwater retention area, as
shown on Figure 20.
Figure 20. Post-Development Storage Nodes
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7. Delineate Post-Development Hydraulic Connections (Links)
Digitize a line for each hydraulic connection within and leaving the project drainage basin using the
representative shapefile (“PostDeveloped_Pipe”, “PostDeveloped_DropStructure”,
“PostDeveloped_Channel”, and “PostDeveloped_Weir”). Populate the name field for each connection.
The example project includes an overflow weir for each of the stormwater management features which
are connected to the Boundary Node, as shown on Figure 21.
Figure 21. Post-Development Hydraulic Connections
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8. Delineate Post-Development Groundwater Nodes
Digitize a groundwater boundary node point for each stormwater management area using the
“PostDevelopment_GW Nodes” shapefile. Populate “Name” field.
The example project includes a GW boundary node for each of the three (3) stormwater management
areas, as shown on Figure 22.
Figure 22. Post-Development Groundwater Node Delineation
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9. Delineate Post-Development Percolation Links
Delineate a percolation link for each retention area using the “PostDevelopment_Perc_Links” shapefile.
Populate the “Name” field.
The example project included three (3) percolation links, as shown on Figure 23.
Figure 23. Post-Development Percolation Link Delineation
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10. Delineate Post-Development Percolation Rings
Delineate the percolation link perimeter rings for each retention area using the
“PostDeveloped_PercRings” shapefile. First, delineate the P-1 ring along the ponds water quality
treatment elevation. Then buffer the P-1 ring out to delineate the P-2 ring. Finally, buffer the P-2 ring
out to delineate the P-3 ring. The buffer distances can vary but the designer should ensure the
groundwater mound is able to dissipate prior to reaching the P-3 layer (See ICPR manual). Clip the lines
to eliminate the segments that intersect with an adjacent percolation ring. Assign the “Name” field to
match the associated percolation link, the “Perc_Layer” field to identify the ring (P-1, P-2, or P-3), and
field calculate the length (in feet).
The example project included rings for the three (3) percolation links, as shown on Figure 24. The Buffer
distance in this case was 50 feet from P-1 to P-2 and 100 feet from P-2 to P-3.
Figure 24. Post-Development Percolation Ring Delineation
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2.2.2 Build Post-Development ICPR v4 Model
1. Populate Post-Development Sub-Basin Data
Populate the Hydrology < Manual Basins (Distributed) Table for each sub-basin. The table can be
populated manually or automatically using the ICPR v4 tool to intersect the Sub-basin, Land Cover, and
Soils to automate population of the table.
Figure 25 shows the populated manual basin table for the example project.
Figure 25. Post-Developed Manual Basin Table
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2. Populate Post-Development Storage (Stage/Area) Node Table
Populate the 1D Hydraulics < Node table for each storage node. Generally, the node name, initial stage,
warning stage, and stage/area fields need to be populated. In the post-development scenario, the Pond
Contours shapefile should be used to populate the node Stage-area table.
Figure 26 shows the populated table for the example project.
Figure 26. Post-Development Storage (Stage/Area) Node Table
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3. Populate Post-Development Structural Link Parameters
Populate the appropriate table for each hydraulic connection (Link).
Figure 27 shows a sample of the parameters used for the three (3) structural overflow weirs used for the
example project. In this case, the weir discharge elevations were set just above the 25-year peak stage to
meet the no pre-development discharge for this storm.
Figure 27. Post-Development Structural Link Parameters

4. Populate Post-Development GW Nodes
Populate the GW node parameters using time-stage nodes with a constant stage set at the Seasonal
High Water Level (SHWL).
Figure 28 shows the GW node parameters used for the sample project.
5. Populate Post-Development Percolation Link Parameters
Populate the parameters for each percolation link. Of specific importance are the aquifer base, water
table elevation, horizontal and vertical conductivity, and percolation ring parameters.
Figure 29 shows the percolation link parameters used for the sample project.
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Figure 28. Post-Development GW Node Parameters

Figure 29. Post-Development Percolation Link Parameters
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2.2.3 Simulate Design Storms and Extract/Tabulate Post-Developed Results
Simulate the relevant design storms and extract the peak discharge rates and total discharge volumes
for each discharge point (Boundary point) and the peak stage for each pond for the relevant design
storms.
As Tables 8 and 9 show, the post-developed site discharge rates and volumes up to and including the
100-year, 24-hour event. Table 10 shows a comparison of the critical design storms of which the postdevelopment discharge rate of the 25-year, 24-hour storm and the discharge volume of the 2.33-year,
24-hour storm do not exceed the pre-development condition. Table 11 shows the peak stages for the
post-development conditions for the 100-year, 24-hour storm do not exceed the respective pond top of
bank.
Table 8. Post-Development Peak Discharge Rate
Node
Boundary_1

Peak Discharge Rate (CFS)
25-year, 24-hour
100-year, 24-hour
0.0
1.82

Table 9. Post-Development Total Discharge Volume
Total Discharge Volume (ac-ft)
Node
25-year, 24-hour 100-year, 24-hour
Boundary_1
0.0
0.09

Table 10. Pre/Post Development Discharge Comparison
Peak Discharge Rate (CFS)
25-year, 24-hour
Node
PrePostDevelopment
Development
Boundary_1
0.0
0.0

Total Discharge Volume (ac-ft)
25-year, 24-hour
PrePostDevelopment
Development
0.0
0.0

Table 11. Post-Development Pond Peak Stages
Node
Proposed NE Pond
Proposed NW Pond
Proposed SW Pond

Top of Bank
Elevation
165.0
162.0
164.0

Peak Stage (NAVD88)
Outfall Discharge
25-year,
Elevation
24-hour
164.75
164.72
161.75
161.71
163.75
163.42

100-year,
24-hour
164.94
161.85
163.83
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2.3 Stormwater Permit Report Checklist
Stormwater permitees in Winter Haven are required to submit a stormwater permit report summarizing
the elements identified in the Winter Haven Stormwater Permit Report Checklist (Figure 30 and as a
printable form in Appendix C).
Figure 30. Winter Haven Stormwater Permit Report Checklist

Stormwater Permit Report Checklist
Please use this checklist as the cover sheet for your stormwater permit to ensure that all the elements
required in Winter Haven are included:
 Winter Haven Low Impact Development (LID) Design Checklist
o Fully annotated, as per the examples in Appendix D, explaining why the project was
designed as it was
 Applicable design storms
o Peak discharge rate
o 25-year, 24-hour design storm
o Closed drainage basin: 100-year, 24-hour design storm
o Total discharge volume
o 25-year, 24-hour design storm
o Closed drainage basin: 100-year, 24-hour design storm
 Special conditions – if project is in one or more of the following watersheds, then there are
additional permit requirements, as follows (check all that apply):
o Discharge to an impaired waterbody: Permittee must demonstrate a match of pre- and
post-development pollutant (Nutrient) loadings.
o Discharge to Outstanding Florida Waters (OFW): Provide additional 50% treatment
volume.
o Discharge to a closed drainage basin: required to match discharge rates and volume up
to and including the 100-year, 24-hour design storm.
 Reports (signed and sealed)
o Geotechnical Analysis Report
o Stormwater Calculation Report
 Approved permits
o SWFWMD ERP
Please include the following Figures and Tables in the project stormwater calculations report submitted
with the permit application.
 List of required figures:
o Figure 1: Limits of Project/Construction Activities
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Figure 30. Stormwater Permit Report Checklist (continued)




List of required figures (continued):
o Figure 2: Limits of Drainage Area
o Figure 3: Pre-Development Topography (Contours)
o Figure 4: Pre-Development Flood Hazard Area (if applicable)
o Figure 5: Pre-Development Sub-basin Delineation
o Figure 6: Pre-Development Link-Node Diagram
o Figure 7: Pre-Development Soil Coverage
o Figure 8: Pre-Development Imperviousness
o Figure 9: Post-Development Topography (Contours)
o Figure 11: Post-Development Link-Node Diagram
o Figure 12: Percolation Rings
o Figure 13: Post-Development Soil Coverage
o Figure 14: Post-Development Imperviousness
List of required tables:
o Table 1: Pre-Development Imperviousness/Soil Breakdown
o Table 2: Soil Hydrologic Parameters
o Table 3: Pre-Development Time of Concentration Calculations
o Table 4: Pre-Development Depressional Stage/Area/Volume Breakdown (if applicable)
o Table 5: Summary of Project Design Storms (Frequency, Depth, and Duration)
o Table 6: Post Development Imperviousness /Soil Breakdown
o Table 7: Post-Development Stormwater Management Area Stage/Area/Volume
Breakdown
o Table 8: Post-Development Percolation Link Parameters
o Table 9: Peak Discharge Comparison (25-year and other applicable design storms)
o Table 10: Total Discharge Volume Comparison (25-year and other applicable design
storms)
o Table 11: Peak Stage Summary (25, 100-year, and other applicable design storms)
o Table 12: Floodplain Impact and Compensation Stage/Area/Volume Breakdown (if
applicable)
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3.0 BENEFITS OF THE DESIGN/PERMITTING
METHODOLOGY
This chapter quantifies some of the benefits of Winter Haven’s stormwater design/permitting
methodology for better evaluating infiltration. The enhancements to the methodology are designed to
promote the use of the LID design practices recommended in the Winter Haven From Gray to Green
Community Development Guide (Singleton, March 2018). The practices promote on-site infiltration and
evapotranspiration, minimize the amount of stormwater runoff, maximize the beneficial use of
stormwater, and reduce the amount of publicly funded mitigation needed to reduce the impacts of local
development.
The benefits of the proposed methodology are quantified by comparing:
 Runoff Rates and Volumes using Curve Number vs. Green-Ampt hydrologic methods;
 SMA Sizing both with and without Percolation Links; and
 Design with a single retention pond (Traditional) vs. a distributed system (LID).

3.1 Curve Number vs. Green-Ampt Hydrologic Methods
There are several ways to estimate the volume and/or the rate of infiltration of water into a soil. The
hydrologic rainfall abstraction method used for this analysis was the Green-Ampt (GA) equation, as
incorporated in the ICPR v.4 software (Streamline Technologies, 2019).
The GA method provides an explicit accounting of soil storage and infiltration rates that is more accurate
than the curve number (CN) method in estimating runoff rates and volumes. This is because the GA
method includes nine parameters for each soil type (p. 22) and calculates infiltration/runoff over the
course of the storm event, whereas the CN method includes only one parameter and calculates
infiltration at the start of the storm event, so runoff only occurs after soil storage is exhausted.
A comparison of runoff rates and volumes using the CN and GA hydrologic methods was conducted
using ICPR v4 for a generic 10-acre development site. The comparison was based on an un-developed
(5% impervious) site vs a developed (60% impervious/30% DCIA) site. A CN of 39 was used for the welldrained condition and a CN of 80 was used for the poorly-drained condition. GA parameters were based
on Archbold sand, 0 to 5 percent slopes for the well-drained condition and Chobee fine sandy loam,
depressional, 0 to 1 percent slopes for the poorly-drained condition (see Table 12).
Table 12. Generic site hydrologic/soil parameters
Soil Zone
Well-Drained Soil
(Archbold sand)
KV saturated (feet/day)
50.0
WT initial depth (feet)
4.6
CN
39

Poorly-Drained Soil
(Chobee fine sandy loam)
4.3
0.5
80
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The resulting peak runoff rates and total runoff volumes from this analysis are provided in Table 13. As
shown, the GA method results in a:
 Lower increase (difference) in peak flow rate and total discharge volume for both well-drained
and poorly-drained soils than the CN method.
o The reduced difference should help developers meet the City’s pre-/post-development
runoff rate and volume match requirements using smaller SMAs than would be required
using the CN method;
 Lower allowed peak discharge flow rate for well-drained sites; and
 Higher allowed peak discharge flow rate for poorly-drained sites.

UnDeveloped

Difference

3.83
0
30.71
38.45

Developed

19.39
11.53
35.74
38.45

Difference

Well Drained/CN
Well Drained/GA
Poorly Drained/CN
Poorly Drained/GA

UnDeveloped

Developed

Table 13. Comparison of CN vs GA Runoff Rates and Volumes
25-year 1-day
(~7.5 inches of rainfall)
Peak Flow (cfs)
Volume (ac-ft)

15.56
11.53
5.03
0

3.11
3.24
5.30
5.82

0.85
0
4.30
5.36

2.26
3.24
1.00
0.46

3.2 Modeling Both With and Without Percolation
The example project in Chapter 2 was used to compare the resulting post-development SMA sizing both
with and without modeling the design storm simulations with the percolation links. This analysis used
the actual (constructed) site layout (Figure 31), while adjusting the SMA sizing to meet the criteria
identified in Chapter 2 (match the pre-development 25-year peak discharge rate [0 cfs] and the 2.33year total discharge volume [0 ac-ft]). This analysis assumes a single retention pond with a bottom
elevation of 160.0, top elevation of 164.0, and overflow elevation of 163.75, using a 4:1 side slope.
Additionally, the groundwater parameters are the same as the example project used in Chapter 2 for
the scenario with percolation.
Table 14 shows the required SMA area for each scenario. Based on this analysis, incorporation of
percolation results in a 43% reduction in the SMA area.
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Figure 31. Example Project Site

Table 14. Pond Area Comparison (With and Without Percolation)
Scenario
Required SMA Area
No Percolation
0.38 acres
With Percolation
0.22 acres

3. 3 Traditional Retention Ponds vs. Distributed LID Practices
A comparison of traditional stormwater design (single stormwater pond) and a LID design (distributed
ponds) was conducted using the example project in Chapter 2 (Figure 32) Both designs included
percolation and the same impervious area.
 As shown on Table 15, the traditional design resulted in a slightly smaller pond area. While the
LID design resulted in a smaller pond volume.
o Reconfiguring the LID design to allow for slightly deeper retention areas would result in
an equal, if not smaller pond area.
 Additionally, the LID design utilized perimeter greenspace which would likely be required for the
traditional design to meet setback requirements and for aesthetics.
 Additionally, the LID design eliminates the need for an internal stormwater collection system
since runoff can be routed directly to the nearest SMA. Table 16 shows the estimated cost
savings achieved by eliminating the internal collection system for the sample project.
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Figure 32. Example Project Site Plan with LID Features and Percolation Rings

Table 15. Pond Area Comparison (Traditional vs LID)
Scenario
SMA Area
(Acres)
Traditional w/Percolation
0.22
Distributed w/Percolation
0.30

SMA Volume
(Acre-Feet)
0.59
0.41

Table 16. Stormwater Infrastructure Eliminated using Distributed Approach
Element
Units
Unit Cost
Type C Inlet
4
$4,500
18” Mitered End Section
1
$2,500
12” Mitered End Section
1
$1,500
18” RCP
400 LF
$45
12” PVC
140 LF
$30
Total

Total Cost
$18,000
$2,500
$1,500
$18,000
$4,200
$44,200
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APPENDICES
Appendix A – List of nutrient impaired lakes in Winter Haven that must be restored to meet state and
federal regulations
Appendix B – Screen captures of BMPTRAINS data input for sample calculations shown in Table 1, p. 13
(Well-Drained and Poorly-Drained soils)
Appendix C – Printable permit forms
 Winter Haven Low Impact Development (LID) Design Checklist
 Winter Haven Stormwater Permit Report Checklist
Appendix D – Example development reviews using Winter Haven’s Stormwater System Design Checklist
Appendix E – Structural engineering LID practices for mitigating development impacts, including
 Descriptions and siting and design considerations for each structural engineering LID practice
shown in Figure E-1, along with the;
 Mechanisms for stormwater reduction and pollutant control associated with each detailed in
Tables E-1 and E-2.
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Appendix A
List of nutrient impaired lakes in Winter Haven that must be restored to meet state and federal
regulations
TMDL
TMDL
TMDL
Adopted
In Progress
Needed
 Northern Winter Haven Chain of Lakes (5 of 9 lakes are impaired for nutrients)
Conine*
1488U
X
X
Fannie*
14882
Haines*
1488C
X
X
Hamilton
15041
X
X
Little Hamilton
15001
Middle
15002
X
X
Hamilton
Henry
1504A
Rochelle*
1488B
X
X
Smart
1488A
 Southern Winter Haven Chain of Lakes (12 of 16 lakes are impaired for nutrients)
Blue
1521Q
X
X
Cannon*
1521H
X
X
Eloise*
1521B
X
X
Hartridge*
1521I
X
X
Howard*
1521F
X
X
Idylwild*
1521J
X
X
Jessie*
1521K
X
X
Lulu*
1521
X
X
Mariana
1521L
X
X
May*
1521E
X
X
Mirror*
1521G
X
X
Roy*
1521O
Shipp*
1521D
X
X
Spring*
1521G1
Summit*
1521M
Winterset*
1521A
 Winter Haven Interior Lakes (3 of 29 lakes are impaired for nutrients)
Bess
1590Z
Buckeye
1488S
Citrus
1488F
Daisy
1539R
Deer
1521P
X
X
Dexter
1539P
Elbert
1548
Little Lake
Not Assessed
Elbert
Fox
1521C1
Gem
1488H
Lake

WBID #

Impaired
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Gross
1602
Hart
1590D
Ida
1488E
Idyl
1488R
Link
1539Y
Lucerne
1488W
Mariam
1539X
Martha
1488P
Maude
1488Q
Otis
1539D
X
Little Lake Otis
Not Assessed
Pansy
1488Y
X
Rattlesnake
1590C
Reeves
1590E
River Lake
1521A1
Round
1539
Ruby
1590A
Silver
1488G
Swan
14881
*SWIM waterbody for priority restoration and protection

X
X
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Appendix B
Screen captures of BMPTRAINS data input and results for sample calculations for well-drained
and poorly-drained soils

WINTER HAVEN, FLORIDA: ENHANCED STORMWATER PERMIT DESIGN MANUAL—FEBRUARY 2021

56

Appendix C
Printable forms – Winter Haven LID Design Checklist and Stormwater Permit Report Checklist
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Low Impact Development (LID) Design Checklist
Please use and annotate this checklist for better site design for both new development and
redevelopment projects in Winter Haven. By using these guidelines, you will help protect the
community’s lakes and drinking water. More detailed information on the guidelines can be found in the
Winter Haven From Gray to Green Community Development Guide, available at the following link:
www.sustainablewinterhaven.net. The relevant page numbers in the guide are provided below.
Project name:
Site address:
Parcel ID:
Parcel size:
Description:
DRC summary: to be completed by City
DRC insights: to be completed by City
1. Avoid stormwater runoff (pp. 22-27)
 Use hydrology as the integrating framework
o Reproduce predevelopment hydrology (volume and peak discharge);
o Create a multifunctional landscape that incorporates stormwater features into the
landscape and that uses surface water elements as focal civic spaces.
 Preserve and emulate natural drainage
o Utilize existing flow paths;
o Fit development to the terrain; and
o Restore the drainage and/or biological capacity of damaged or lost soils through
mechanical improvements or soil amendments.
 Protect site characteristics
o Preserve open spaces and natural areas (floodplains, wetlands, lakes, and forests);
o Confine construction and development to least critical/sensitive areas;
o Reduce limits of clearing and grading;
o Stage construction to limit the area of exposure on the site at any one time; and
o Minimize soil compaction.
2. Minimize and mitigate stormwater runoff (pp. 28-33; and structural practices pp. 34-47)
 Assess impervious surfaces
o Reduce, minimize, and disconnect impervious surfaces from stormwater pipes.
 Micromanage
o Control runoff at the source and manage stormwater as close to its origin as possible;
o Create a hydrologically rough landscape to slow storm flows and increase infiltration;
o Employ natural processes for water quality improvement; and

Maximize infiltration, evapotranspiration, and filtration using low impact development
structural practices (rain gardens, bioswales, pervious paving, infiltration trenches, etc.).
Design and link stormwater controls as an integrated system
o Use redundant runoff treatment systems and reduce the reliance on traditional
conveyance and pond technologies; and
o Develop long-term, routine stormwater system maintenance plans to ensure
performance.
o



Stormwater Permit Report Checklist
Please use this checklist as the cover sheet for your stormwater permit to ensure that all the elements
required in Winter Haven are included.
Project name:
Site address:
Parcel ID:
Parcel size:
Description:










Winter Haven Low Impact Development (LID) Design Checklist
o Fully annotated, as per the examples in Appendix D, explaining why the project was
designed as it was
Applicable design storms
o Peak discharge rate
o 25-year, 24-hour design storm
o Closed drainage basin: 100-year, 24-hour design storm
o Total discharge volume
o 25-year, 24-hour design storm
o Closed drainage basin: 100-year, 24-hour design storm
Special conditions – if project is in one or more of the following watersheds, then there are
additional permit requirements, as follows (check all that apply):
o Discharge to an impaired waterbody: Permittee must demonstrate a match of pre- and
post-development pollutant (Nutrient) loadings.
o Discharge to Outstanding Florida Waters (OFW): Provide additional 50% treatment
volume.
o Discharge to a closed drainage basin: required to match discharge rates and volume up
to and including the 100-year, 24-hour design storm.
Reports (signed and sealed)
o Geotechnical Analysis Report
o Stormwater Calculation Report
Approved permits
o SWFWMD ERP

Please include the following Figures and Tables in the project stormwater calculations report submitted
with the permit application.
 List of required figures:
o Figure 1: Limits of Project/Construction Activities
o Figure 2: Limits of Drainage Area
o Figure 3: Pre-Development Topography (Contours)





List of required figures (continued):
o Figure 4: Pre-Development Flood Hazard Area (if applicable)
o Figure 5: Pre-Development Sub-basin Delineation
o Figure 6: Pre-Development Link-Node Diagram
o Figure 7: Pre-Development Soil Coverage
o Figure 8: Pre-Development Imperviousness
o Figure 9: Post-Development Topography (Contours)
o Figure 11: Post-Development Link-Node Diagram
o Figure 12: Percolation Rings
o Figure 13: Post-Development Soil Coverage
o Figure 14: Post-Development Imperviousness
List of required tables:
o Table 1: Pre-Development Imperviousness/Soil Breakdown
o Table 2: Soil Hydrologic Parameters
o Table 3: Pre-Development Time of Concentration Calculations
o Table 4: Pre-Development Depressional Stage/Area/Volume Breakdown (if applicable)
o Table 5: Summary of Project Design Storms (Frequency, Depth, and Duration)
o Table 6: Post Development Imperviousness /Soil Breakdown
o Table 7: Post-Development Stormwater Management Area Stage/Area/Volume
Breakdown
o Table 8: Post-Development Percolation Link Parameters
o Table 9: Peak Discharge Comparison (25-year and other applicable design storms)
o Table 10: Total Discharge Volume Comparison (25-year and other applicable design
storms)
o Table 11: Peak Stage Summary (2.33, 25, 100-year, and other applicable design storms)
o Table 12: Floodplain Impact and Compensation Stage/Area/Volume Breakdown (if
applicable)
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Appendix D
Example development reviews using Winter Haven’s LID Design Checklist
The annotated development reviews for projects in Winter Haven include:
 Redevelopment projects
o Tupelo Vue Apartments
o Grove Roots Brewing Company
 New development projects
o Winter Haven Fire Station No. 1
o Winter Haven Chain of Lakes Sports Complex
 Stormwater retrofit projects
o Winter Haven nature parks
o Winter Haven rain garden and bioswale program—summary of ongoing work
Also included in the reviews are:
 Legacy projects with important lessons for today
o Greater Winter Haven Chamber of Commerce—an early model for LID
o CVS pharmacy—options for reducing development impacts and costs
o FDOT drainage pond—an outdated example to avoid
o Central Avenue—options for updating an outdated stormwater system
The reviews are driven by the planning and structural LID practices detailed in the Winter Haven Gray to
Green Community Development Guide and summarized in the City’s one-page Low Impact Development
(LID) Design Checklist for avoiding, minimizing, and mitigating stormwater runoff.
Each project review begins with a description of the project, the DRC summary of the project review,
and insights identified for further consideration. A common insight identified in most of the reviews,
including the legacy projects, is the opportunity/need to evaluate the infiltration benefits of stormwater
practices to optimize the design of the practices to maximize the utility of the site and the benefits to
the water resources in Winter Haven.
The use of red text in the reviews indicates elements in the stormwater system design checklist that
could have been addressed better by the project.
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Tupelo Vue Apartments – urban redevelopment
Site address:
Parcel ID:
Description:

525 Avenue G NW, Winter Haven, FL
262805695-00000040, 00000010, 00003220, 00004010 and 00004080
Urban redevelopment project consisting of a five-story apartment complex, under
building parking, and low impact design (LID) practices; certified Green though the
National Green Building Standard for preserving natural resources through responsible
land development practices; promoting walkability; and cost-effective energy and water
efficiency practices.
DRC summary: Excellent example of compact, infill development with effective use of LID planning and
structural practices to maximize onsite infiltration of stormwater; meets City’s
requirement for development in sandy/ridge areas to infiltrate close to 100% of the
stormwater on site; project review based on as-built site plans and specifications and
on-site inspection.
Insights:
Modeling the infiltration benefits of LID practices as part of the stormwater permit
approval process would likely reduce the size of the infiltration basins (depth and/or
area), allowing better utilization of the site, including increasing the buildable area,
consistent with compact infill development on sandy soils with high infiltration rates.

Source: Google Maps.
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1. Avoid stormwater runoff
 Use hydrology as the integrating framework
 Reproduce predevelopment hydrology (volume and peak discharge);
- Effective use of LID practices to increase infiltration and treatment in the high,
well-drained sandy ridge area of downtown; meets City’s requirement for
development in sandy/ridge areas to infiltrate close to 100% of the stormwater
on site.
 Create a multifunctional landscape that incorporates stormwater features into the
landscape and that uses surface water elements as focal civic spaces;
- Effective use of open green space in common areas for siting structural LID
practices, including integrated system of roof gutters/downspouts, infiltration
basins/ponds, grassed bioswales and open areas, and trees.
 Preserve and emulate natural drainage
 Utilize existing flow paths;
- Effective use of LID practices to increase infiltration and treatment in the high,
well-drained sandy ridge area of downtown.
 Fit development to the terrain;
- Compact, infill development is consistent with surrounding urban development,
maximizing both the building footprint and infiltration practices.
 Restore the drainage and/or biological capacity of damaged or lost soils through
mechanical improvements or soil amendments.
- Drainage and biological capacity of soils restored through mechanical reworking
of soils and soil amendments using native topsoil.
 Protect site characteristics
 Preserve open spaces and natural areas (floodplains, wetlands, lakes, and forests);
- No impacts to natural areas; LID practices restored aquifer recharge.
 Confine construction and development to least critical/sensitive areas;
- No impacts to critical/sensitive areas; buildings and infiltration practices are
strategically located on high well-drained sandy soils.
 Reduce limits of clearing and grading;
- Redevelopment included removal of all existing impervious areas (structures
and pavement).
 Stage construction to limit the area of exposure on the site at any one time;
- Limited site area and building envelope reduced period of construction and
exposure of soils.
 Minimize soil compaction.
- Drainage and biological capacity of soils restored through mechanical reworking
of soils and soil amendments using native topsoil.
2. Minimize and mitigate stormwater runoff
 Assess impervious surfaces
 Reduce, minimize, and disconnect impervious surfaces from stormwater pipes.
- Under-building parking reduced impervious area by 50%.
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Micromanage
 Control runoff at the source and manage stormwater as close to its origin as possible;
- Roof runoff directed to vegetated areas via gutters and downspouts.
 Create a hydrologically rough landscape to slow storm flows and increase infiltration;
- Roof runoff directed through a treatment train of vegetated areas, including
grassed bioswales and open spaces, infiltration basins/ponds, and trees.
 Employ natural processes for water quality improvement;
- Extensive use of infiltration practices to maximize water quality treatment.
 Maximize infiltration, evapotranspiration, and filtration using LID structural practices
(rain gardens, bioswales, pervious paving, infiltration trenches, etc.);
- Effective use of open green space in common areas for siting structural LID
practices, including infiltration basins/ponds, grassed bioswales and open
spaces, and trees.
Design and link stormwater controls as an integrated system
o Use redundant runoff treatment systems and reduce the reliance on traditional
conveyance and pond technologies;
- Infiltration basins/ponds appear to be over-sized; likely that the depth and area
of the practices, could have been reduced if the infiltration benefits of the
practices were modeled as part of stormwater permit approval.
 Develop long-term stormwater system maintenance plans to ensure performance;
- Not explicitly provided for, but all LID practices are located within routinely
maintained landscaped areas.
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Grove Roots Brewing Company – urban redevelopment
Site address:
Parcel ID:
Description:

302 3rd St SW, Winter Haven, FL
26-28-29-62000-002010, 002240, 002230, and part of 002040, 002091, and 002072
Urban redevelopment project that reduced and disconnected a previously 100%
impervious area from the City’s piped stormwater conveyance system which discharges
directly to the community’s lakes, contributing to the impairment of lake water quality.
The redeveloped site is now internally drained by an integrated system of LID practices.
DRC summary: Excellent example of compact, infill development with effective, voluntary use of LID
planning and structural practices to maximize onsite infiltration of stormwater; although
not required, meets City’s requirement for development in sandy/ridge areas to
infiltrate close to 100% of the stormwater on site; project review based on as-built site
plans and specifications and on-site inspection.
Insights:
Mechanical reworking of the previously compacted soils in the areas used to site LID
infiltration practices (previously, impervious areas), especially the parking lot bioswales,
might increase infiltration of runoff for storms greater that the one in 25-year design
storm used to size the practices; modeling of the infiltration benefits of the LID practices
would likely reveal the ability to manage even larger storms.

Sources: Google Maps (top) and Thomas L. Singleton (bottom).
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1. Avoid stormwater runoff
 Use hydrology as the integrating framework
 Reproduce predevelopment hydrology (volume and peak discharge);
- Effective use of LID practices to increase infiltration and treatment in the high,
well-drained sandy ridge areas downtown; meets City’s requirement for
development in sandy/ridge areas to infiltrate close to 100% of the stormwater
on site.
 Create a multifunctional landscape that incorporates stormwater features into the
landscape and that uses surface water elements as focal civic spaces;
- Effective use of open green space in common areas for siting structural LID
practices, including integrated system of roof gutters/downspouts, infiltration
basins, parking areas graded to flow into grassed swales, open areas, and trees.
 Preserve and emulate natural drainage
 Utilize existing flow paths;
- Effective use of LID practices to increase infiltration and treatment in the high,
well-drained sandy ridge areas downtown.
 Fit development to the terrain;
- Compact, infill urban redevelopment is consistent with surrounding urban
development maximizing both the building footprint and infiltration practices.
o Restore the drainage and/or biological capacity of damaged or lost soils through
mechanical improvements or soil amendments;
- Mechanical reworking of the previously compacted soils in the areas used to
site LID infiltration practices (previously, impervious areas), especially the
parking lot bioswales, might increase on-site infiltration of runoff for storms
greater that the one in 25-year design storm used to size the practices.
 Protect site characteristics
 Preserve open spaces and natural areas (floodplains, wetlands, lakes, and forests);
- No impacts to natural areas; LID practices restored aquifer recharge.
 Confine construction and development to least critical/sensitive areas;
- No impacts to critical/sensitive areas; LID practices restored aquifer recharge.
 Reduce limits of clearing and grading;
- Redevelopment included removal of significant amounts of impervious area.
 Stage construction to limit the area of exposure on the site at any one time;
- Site not exposed; redevelopment included removal of significant amounts of
impervious area.
o Minimize soil compaction;
- Mechanical reworking of the previously compacted soils in the areas used to
site LID infiltration practices (previously, impervious areas), especially the
parking lot bioswales, might increase infiltration of runoff for storms greater
that the one in 25-year design storm used to size the practices; modeling of
infiltration benefits of LID practices used might reveal the ability of the designed
system to manage even larger storms.
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2. Minimize and mitigate stormwater runoff
 Assess impervious surfaces
 Reduce, minimize, and disconnect impervious surfaces from stormwater pipes;
- Reduced and disconnected 100% impervious area from City’s piped stormwater
conveyance system.
 Micromanage
 Control runoff at the source and manage stormwater as close to its origin as possible;
- Roof runoff is directed to vegetated areas by roof gutters and downspouts; and
parking areas are graded to direct runoff to grassed bioswales.
 Create a hydrologically rough landscape to slow storm flows and increase infiltration;
- Roof and parking runoff directed through a treatment train of vegetated areas,
including grassed bioswales and open spaces, infiltration basins, and trees.
 Employ natural processes for water quality improvement;
- Extensive use of infiltration practices to maximize water quality treatment
 Maximize infiltration, evapotranspiration, and filtration using LID structural practices
(rain gardens, bioswales, pervious paving, infiltration trenches, etc.).
- Effective, voluntary use of LID planning and structural practices to maximize
onsite infiltration of stormwater, including infiltration basins, grassed bioswales,
and trees.
 Design and link stormwater controls as an integrated system
 Use redundant runoff treatment systems and reduce the reliance on traditional
conveyance and pond technologies;
- No ponds used; roof and parking runoff directed through a treatment train of
vegetated areas, including grassed bioswales and open spaces, infiltration
basins, and trees.
 Develop long-term stormwater system maintenance plans to ensure performance;
- Not explicitly provided for, but LID practices are all located within routinely
maintained landscaped areas.

Source: Google Maps.
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Winter Haven Fire Station No. 1 – new development
Site address:
Parcel ID:
Description:
DRC summary:

Insights:

302 3rd St SW, Winter Haven, FL
26-28-29-62000-002010, 002240, 002230, and part of 002040, 002091, and 002072
New fire station and safety complex
Excellent example of new development with effective use of LID planning and structural
practices to maximize onsite infiltration of stormwater, including preservation of
existing trees; meets City’s requirement for development in sandy/ridge areas to
infiltrate close to 100% of the stormwater on site; project review based on as-built site
plans and specifications and on-site inspection.
Modeling the infiltration benefits of the LID practices used in this project would likely
demonstrate the capacity to manage rainfall events greater than the one in 25-year
design storm required by the state stormwater permit (environmental resource permit).

Source: Google Maps.
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1. Avoid stormwater runoff
 Use hydrology as the integrating framework
 Reproduce predevelopment hydrology (volume and peak discharge);
- Effective use of LID practices to increase infiltration and treatment in the high,
well-drained sandy ridge area downtown; meets City’s requirement for
development in sandy/ridge areas to infiltrate close to 100% of the stormwater
on site
 Create a multifunctional landscape that incorporates stormwater features into the
landscape and that uses surface water elements as focal civic spaces;
- Effective use of open green space in common areas for siting structural LID
practices, including interconnected system of infiltration basins, parking areas
graded to flow into grassed swales, open areas, and trees.
 Preserve and emulate natural drainage
 Utilize existing flow paths;
- Effective use of LID practices to increase infiltration and treatment in the high,
well-drained sandy ridge areas downtown.
 Fit development to the terrain;
- Compact, infill urban development is consistent with surrounding urban
development maximizing both the building footprint and infiltration practices.
 Restore the drainage and/or biological capacity of damaged or lost soils through
mechanical improvements or soil amendments;
- Drainage and biological capacity of soils restored through mechanical reworking
of soils and soil amendments using native topsoil.
 Protect site characteristics
 Preserve open spaces and natural areas (floodplains, wetlands, lakes, and forests);
- Existing trees protected.
 Confine construction and development to least critical/sensitive areas;
- No impacts to critical/sensitive areas; existing trees protected; buildings and
infiltration practices located on high well-drained sandy soils.
 Reduce limits of clearing and grading;
- Existing trees protected.
 Stage construction to limit the area of exposure on the site at any one time;
- Phased construction of buildings, paved areas, and drainage features.
 Minimize soil compaction;
- Drainage and biological capacity of soils restored through mechanical reworking
of soils and soil amendments using native topsoil.
2. Minimize and mitigate stormwater runoff
 Assess impervious surfaces
 Reduce, minimize, and disconnect impervious surfaces from stormwater pipes;
- Meets City’s requirement for development in sandy/ridge areas to infiltrate
close to 100% of the stormwater on site
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Micromanage
 Control runoff at the source and manage stormwater as close to its origin as possible;
- Roof runoff is directed to vegetated areas by roof downspouts; and parking
areas are graded to direct runoff to grassed bioswales.
 Create a hydrologically rough landscape to slow storm flows and increase infiltration;
- Roof and parking runoff directed through a treatment train of vegetated areas,
including grassed bioswales and open spaces, infiltration basins, and trees.
 Employ natural processes for water quality improvement;
- Extensive use of infiltration practices to maximize water quality treatment
 Maximize infiltration, evapotranspiration, and filtration using LID structural practices
(rain gardens, bioswales, pervious paving, infiltration trenches, etc.).
- Effective use of open green space for siting structural LID practices, including
infiltration basins, grassed bioswales, and trees.
Design and link stormwater controls as an integrated system
 Use redundant runoff treatment systems and reduce the reliance on traditional
conveyance and pond technologies;
- No ponds used; roof and parking runoff directed through a treatment train of
vegetated areas, including grassed bioswales and open spaces, infiltration
basins, and trees.
- Modeling the infiltration benefits of the LID practices used in this project would
likely demonstrate the capacity to manage rainfall events greater than the one
in 25-year design storm required by the state environmental resource permit
(ERP permit).
 Develop long-term stormwater system maintenance plans to ensure performance;
- Not explicitly provided for, but LID practices are all located within routinely
maintained landscaped areas

Source: Google Maps.
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Winter Haven Chain of Lakes Sports Complex – redevelopment
Site address:
Parcel ID:
Description:

210 Cypress Gardens Boulevard, Winter Haven, FL
26-27-26
Redevelopment of existing sports complex; former spring training location of the Boston
Red Sox and the Cleveland Indians; includes the addition of an indoor field house, multistory parking garage, and creation of wetland nature park and nature walk.
DRC summary: Significant expansion of existing uses with limited increase in impervious area,
relocation of baseball fields out of lake floodplain and poor soil conditions, and
restoration of lake wetlands, all consistent with LID practice guidelines; meets City’s
requirement for development in lower lying valley/flood conveyance areas to preserve
historical wetlands and floodplains for stormwater treatment, wetland mitigation, flood
water storage, water supply, and habitat restoration; project review based on
conceptual site plan and on-site inspection.
Insights:
Although the drainage plan has yet to be developed, the nature park will buffer the
impacts of the baseball fields which, in turn, will buffer the impacts of the buildings and
parking areas which are located far away from the lake. The use of LID practices
proximal to the buildings and parking areas will complete the design.

Conceptual site plan for redevelopment of Winter Haven Chain of Lakes Sports Complex. Photo credit: Polk Drones.
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Topographic map showing that the existing baseball fields (shown in dark blue) are at an elevation below the water levels in Lake
Lulu. Although a levee prevents the fields from flooding, they do flood when lake levels rise after large storm events. Under the
redevelopment plan, the fields will be relocated out of the floodplain and poor soil conditions. The nature park will restore the
historic wetlands for stormwater treatment, wetland mitigation, flood water storage, water supply, and habitat restoration. Photo
credit: Polk Drones.

1. Avoid stormwater runoff
 Use hydrology as the integrating framework
 Reproduce predevelopment hydrology (volume and peak discharge);
- Although the drainage plan has not been developed yet, the conceptual site
plan demonstrates effective use of LID site design to minimize increase in runoff
from redeveloped areas and restore hydrology of lake wetlands; meets City’s
requirement for development in lower lying valley/flood conveyance areas to
preserve historical wetlands and floodplains for stormwater treatment, wetland
mitigation, flood water storage, water supply, and habitat restoration; project
will be required to meet peak discharge requirements of the state.
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 Create a multifunctional landscape that incorporates stormwater features into the
landscape and that uses surface water elements as focal civic spaces;
- Excellent multi-functional use of the site to avoid, minimize and mitigate
impacts of development and stormwater. As currently proposed, the nature
park will buffer the impacts of the baseball fields which, in turn, will buffer the
impacts of the buildings and parking areas which are located far away from the
lake. The use of LID practices proximal to the buildings and parking areas will
complete the design.
 Preserve and emulate natural drainage
 Utilize existing flow paths;
- Relocating the baseball fields out of the floodplain and poorly drained soils;
maintaining structures and paved areas on higher, dry land.
 Fit development to the terrain;
- Effective use of open green space for siting recreation uses and impervious
areas.
 Restore the drainage and/or biological capacity of damaged or lost soils through
mechanical improvements or soil amendments;
- Wetlands will be restored within nature park; drainage and biological capacity
of soils in redeveloped areas will be restored through mechanical reworking of
soils and soil amendments using native topsoil.
 Protect site characteristics
 Preserve open spaces and natural areas (floodplains, wetlands, lakes, and forests);
- Relocating baseball fields out of floodplain and restoring historic wetlands.
 Confine construction and development to least critical/sensitive areas;
- Relocating baseball fields out of floodplain and restoring historic wetlands.
 Reduce limits of clearing and grading;
- Redevelopment is largely limited to the existing building footprint.
 Stage construction to limit the area of exposure on the site at any one time;
- Phased construction of buildings, paved areas, and drainage features.
 Minimize soil compaction;
- Drainage and biological capacity of soils restored through mechanical reworking
of soils and soil amendments using native topsoil.
2. Minimize and mitigate stormwater runoff
 Assess impervious surfaces
 Reduce, minimize, and disconnect impervious surfaces from stormwater pipes;
- Limited increase in impervious area.
 Micromanage
 Control runoff at the source and manage stormwater as close to its origin as possible;
- Although the drainage plan has yet to be developed, the conceptual site plan
includes sufficient areas proximal to the buildings and paved areas suitable for
siting LID practices.
 Create a hydrologically rough landscape to slow storm flows and increase infiltration;
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As previously noted, the nature park will buffer the impacts of the baseball
fields which, in turn, will buffer the impacts of the buildings and parking areas
which are located far away from the lake. The use of LID practices proximal to
the buildings and parking areas will complete the design.
 Employ natural processes for water quality improvement;
- The nature park will provide extensive water quality treatment using natural
processes.
 Maximize infiltration, evapotranspiration, and filtration using LID structural practices
(rain gardens, bioswales, pervious paving, infiltration trenches, etc.).
- Although the drainage plan has yet to be developed, the conceptual site plan
includes sufficient areas proximal to the buildings and paved areas suitable for
siting LID practices.
Design and link stormwater controls as an integrated system
 Use redundant runoff treatment systems and reduce the reliance on traditional
conveyance and pond technologies;
- Although the drainage plan has yet to be developed, the current conceptual site
plan does not include any ponds.
 Develop long-term stormwater system maintenance plans to ensure performance;
- Not explicitly provided for, but LID practices are all located within routinely
maintained landscaped areas.
-
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Winter Haven Nature Parks – stormwater retrofit
Site Address: Lakes Howard, Hartridge, Maude, and Conine
Description:
Urban stormwater retrofit projects to enhance lake water quality and lake levels.
DRC summary: Effective use of constructed wetlands and other LID practices at the scale of
neighborhoods to protect lake health and create community parks; at the regional scale
of watersheds, the parks provide storage for water supply and flood relief.
Winter Haven has constructed three LID nature parks in the urban area to store and treat stormwater.
The first, an 11-acre nature park at Lake Howard, captures and treats stormwater runoff from a 578-acre
watershed. The second, a 6-acre nature park at Lake Hartridge, captures and treats runoff from a 105acre watershed. The third park treats runoff from a 7-acre residential watershed and restores
approximately 1,000 feet of lake shore at Lake Maude. A fourth park, currently being developed,
encompasses 34 acres and treats stormwater from a 328-acre watershed at Lake Conine. In addition to
their water quality and water storage benefits, the parks are recreational and aesthetic amenities that
draw people to them, preserve the beauty of the landscape, create habitat for fish and wildlife, and
provide economic, social, and health benefits to the City and to neighboring areas.

Lake Howard Nature Park is one of three LID nature parks in Winter Haven designed to treat urban stormwater runoff.
Photo credits: Mike Britt.
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At the watershed scale, the City has developed a regional water storage plan for water supply and flood
relief in Winter Haven and the Peace Creek watershed. The restored hydrologic network resembles a
"necklace" of water, known as the "sapphire necklace" (see figure, below). The 19 sites can store up to
9.9 billion gallons of water—more than twice the amount of water consumed by Winter Haven in a
single year.

Sapphire Necklace plan for restoring and protecting the water resources in Winter Haven and the Peace Creek watershed. The
lighter blue areas in the figure are restored wetland storage features; the darker blue areas are enhanced canal conveyance
features linking the lakes and storage areas. The numbers 2-20 identify wetland storage areas that could be restored. Source:
Singleton, 2010.
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Winter Haven Rain Garden and Bioswale Program – stormwater retrofit
Site address:

Throughout Winter Haven, including City Hall, the downtown Winter Haven Library, and
along 3rd Street and 7th Street SW.
Description:
Urban stormwater retrofit projects to enhance lake water quality and lake levels.
DRC summary: Effective use of rain gardens, bioswales, and other infiltration practices constructed
along public rights-of-ways to capture and treat street runoff.
The City has constructed 45 rain gardens, bioswales, and percolation projects in the public right-of-way
and park areas around the downtown area. It is currently developing a Complete Streets project along
7th Street SW in the Oaks neighborhood on the east side of Lake Howard, west of downtown. The
project is designed to prevent nutrients and sediments from reaching the lake and help recharge the
aquifer to enhance lake water levels. The City’s initial goal is to devote 5% of the watershed's current
land area to rain gardens, swales, and percolation projects. This percentage is based on the calculation
that about 2 billion gallons a year of stormwater are no longer infiltrated because of altered hydrologic
function, and 5% of the watershed's land area would be needed to infiltrate that quantity of water
annually.

Source: Peace Creek Sustainable Water Resource Management Plan, 2010.
Aerial photos showing stormwater capture system covering 5% of the surface area (highlighted in green)
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Greater Winter Haven Chamber of Commerce Building—an early model for LID
Site Address: 401 Avenue B NW, Winter Haven, FL
Description:
Early and excellent example of LID, predating current stormwater regulations
DRC summary: The building—constructed in 1990, well before the stormwater regulations we have
today—is surrounded by infiltration basins, grassed bioswales, and trees. The striking 3story building sits prominently at the northern end of Central Park and the southern end
of the Chain of Lakes Trail. The tree-lined approach to the building from the north from
City Hall, with its broad shallow bioswales receiving runoff from both 4 th and 5th Streets
NW, is another beautiful and remarkable example of LID. Combined with Central Park,
this ribbon of green infrastructure is a defining element of downtown Winter Haven.

Photo credits, all photos this page and next, except as noted: Google Maps.
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View of Chamber of Commerce Building from the north with broad tree-lined bioswales on either side of the sidewalk and
bioswales in the Chamber parking areas

Photo credit (also top left): Tom Singleton.
View of Central Park looking south from the Chamber of Commerce Building
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CVS Pharmacy—options for reducing development impacts and costs
400 NW 6th Street, Winter Haven, FL
CVS pharmacy with oversized stormwater pond, predating current stormwater
regulations. The building—constructed in 1999, before the current stormwater and
downtown parking regulations—is surrounded by an excess number of parking spaces
and a very large, deep stormwater pond guarded by a heavy security fence. Less than 50
percent of the parking is ever used and the pond, which is constructed in sandy soils
with very high infiltration rates, has never held water, let alone, overflowed through the
5-foot standing pipe.
DRC Summary: Modeling the infiltration benefits of LID practices would demonstrate the significant
benefits of replacing the pond with a much smaller stormwater system consisting of
impervious paving, bioswales, and raingardens. Taken in combination with the City’s
new downtown parking regulations, this means that a similar development today could
be developed on a lot almost half the size and at a significant cost-savings. This would
benefit the developer and the community.
Site address:
Description:

Photo credit: Google Maps.
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FDOT Drainage Pond—an outdated example to avoid
Avenue C SW between 4th and 5th Streets SW, Winter Haven, FL
Oversized Florida Department of Transportation stormwater pond in the middle of
downtown, predating current stormwater regulations. Like the CVS pond, this pond has
never held water, as it was constructed in sandy soils with very high infiltration rates.
DRC Summary: A better and more appropriate solution than the pond would be a shallow infiltration
basin or broad bioswale with vegetation and trees, like the tree-lined lane north of the
Greater Winter Haven Chamber of Commerce Building.
Site address:
Description:

Photo credit: Google Maps.
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Central Avenue Flooding— options for updating an outdated stormwater system
Central Avenue between 1st and 2nd Street SW near the US Post Office
Site of chronic street flooding in an area that is covered almost 100 percent by
impervious surfaces (buildings, parking areas, and roads; see image on next page). The
diameter of the pipes draining Central Avenue are simply too small to quickly convey
stormwater runoff from the impervious surfaces. With time, the flood waters are
eventually drained to Lake Howard.
DRC Summary: Capturing rainwater at the source of the buildings and paved areas could be
accomplished using an interconnected system LID practices, consisting of roof gutters
and downspouts on the buildings, directed to pervious paving, infiltration trenches, and
dry wells in the public alleys and tree boxes in the public sidewalks. This system could be
supplemented by bioswales and raingardens constructed within and along the edges of
the parking lots. This same solution could be applied throughout the downtown to
reduce direct discharges of untreated stormwater to the stormwater system and
surrounding lakes. Infiltrating stormwater throughout the downtown in this way will
enhance lake water quality and lake and groundwater levels (lake health and water
supply) and reduce flooding.
Site address:
Description:

Photo credit: Google Maps.
Aerial photo with overlay of section of Central Avenue that floods, public alleys, and City-owned parking lots
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Appendix E
Structural engineering LID practices for mitigating development impacts
Descriptions and siting and design considerations for each structural engineering LID practice shown in
Figure E-1, along with the mechanisms for stormwater reduction and pollutant control associated with
each are detailed in Tables E-1 and E-2.
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Figure E-1. A menu of LID stormwater controls organized by increasing level of treatment service (quality) and increasing level of volume reduction
(quantity). As shown, the flow control devices in the lower left corner of the menu provide the least amount of treatment service and volume
reduction, while constructed wetlands in the upper right corner of the menu offer the most treatment and volume reduction.

Source: Low Impact Development: a design manual for urban areas, University of Arkansas Community Design Center, University of Arkansas Press, 2010.
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Table E-1. LID stormwater control descriptions and siting and design considerations
#
1

Control
Oversized
pipes

Description
Subsurface
pipe systems
sized larger
than required
to reduce
peak flow
rates

2

Flow control
devices

Flow control
devices, such
as flow
splitters, are
used to
reduce peak
discharge,
attenuating
concentrated
stormwater
flows

3

Dry swale

A dry swale,
or grassed
swale, is an
open grassed
conveyance
channel that
filters,
attenuates,
and detains

Design considerations
While oversized pipes are more costly, they
eliminate larger pressure drops and high velocities
associated with undersized or even correctly sized
pipes during larger storm events. Lower velocities
reduce outlet erosion and scouring. Larger volume
pipes allow water to be detained, without creating
problematic backwater effects. The location of
oversized pipes can vary within the LID network. As
with any pipe infrastructure, oversized pipes require
trash and sediment removal annually.
Flow control devices are placed in areas of
concentrated sheet flow, channel flow, or pipe flow
to attenuate stormwater runoff prior to it entering a
stormwater management system. They slow
concentrated surface runoff and pipe discharge,
thus allowing large debris and sediments to drop out
of suspension. They are used to improve the
function of other LID facilities and prevent scouring
from excessive flow energy. Damaging runoff, peak
flow rates, and sediment loads that overwhelm
stormwater management systems, are reduced as a
result of using flow control devices.
In place of hard-engineered concrete channels, dry
swales offer services beyond peak flow reduction
that include runoff detention and sedimentation.
Dry swales, when combined with check dams and
underdrains, detain stormwater, and increase
infiltration. Often located in drainage easements,
they are a cost-effective way to convey water
between buildings, land uses, and along roadsides.
Water quality is optimized when the channel profile

Optimal level
of service
Flow control

Location in
LID network
Utilize where
piping cannot
be avoided,
under
impervious
surfaces like
driveways and
sidewalks

Flow control

Downstream
from
concentrated
stormwater
runoff

From small
residential
application
to larger
commercial
site

Require regular
management
and inspection
to remove
excess
sediment, trash,
and debris

Detention,
filtration, and
infiltration

Downstream
of flow
control
facilities,
upstream of
catchment
components,
overflow

Small
watershed
runoff area,
like low
density
projects or
small
impervious
surfaces

Periodic
inspections of
dry swales are
needed in order
to manage grass
growth, and
remove large
debris and/or
trash. Annual

Scale
Applicable
anywhere
within LID
network

Maintenance
requirements
Require annual
trash and
sediment
removal
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#

Control

Description
stormwater
runoff as it
moves
downstream

4

Underground
detention

Underground
detention
systems
detain
stormwater
runoff prior to
its entrance
into a
conveyance
system

5

Detention
pond

Detention
ponds, or dry
ponds, are
stormwater
basins
designed to
intercept
stormwater
runoff for
temporary
impoundment
and metered
discharge to a
conveyance

Design considerations
is two to eight foot maximum in bottom width,
holding a four-inch water volume depth. During the
establishment newly seeded banks should be
stabilized with erosion control devices. Dry swales
can improve site aesthetics and provide wildlife
habitat, depending on the type of grasses planted.
Underground storage systems store and slowly
release runoff into the LID network. Some systems
can infiltrate stormwater if the soil beneath is
permeable. Underground storage is employed in
places where available surface area for on grade
storage is limited. Underground storage reduces
peak flow rate through metered discharge and has
potential for infiltration. Improved water quality is
achieved by sedimentation, or the settling of
suspended solids. Though at first costly,
underground detention systems are easy to access
and maintain.
Detention ponds are designed to completely
evacuate water from storm events, usually within 24
hours. They primarily provide runoff volume control
reducing peak flows that cause downstream
scouring and loss of aquatic habitat. As a general
rule, detention ponds should be implemented for
drainage areas greater than 10 acres. On smaller
sites it may be difficult to provide control since
outlet diameter specifications needed to control
small storm events are small and thus prone to
clogging. Also, treatment costs per acre are reduced
when implemented at larger scales. Re-suspension
of settled material is a large concern in these
systems, requiring periodic sediment, debris, and

Optimal level
of service

Location in
LID network
basins, or
outlets

Detention and
infiltration

Optimally
placed after
filtration
facilities to
prevent
excessive
sedimentation

Maximum
watershed
runoff area
is 25 acres

Detention

Downstream
of catchment
and runoff,
upstream
from off-site
stormwater
management
systems

Watershed
runoff area
of 10 acres
and greater

Scale

Maintenance
requirements
inspections
should assess
the slope of the
dry swale, as
well as the
infiltration rate.
Annual
inspection and
sediment
cleanout

Regular trash
and intermittent
sediment
removal,
pollutants
accumulate in
soils and may
require
amendments
and clean out
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#

Control

6

Wet vault

7

Rainwater
harvesting

Description
system or a
receiving
waterbody
Wet vaults are
subterranean
structures for
stormwater
runoff
retention
where a
permanent
pool is
maintained

Rainwater
harvesting
involves
collection,
storage, and
reuse of
runoff from
roofs

Optimal level
of service

Design considerations
pollutant removal. Detention ponds do not provide
infiltration and are therefore best used within a
network that provides biological treatment.
Wet vaults contribute to stormwater flow
Retention
attenuation, as well as minor treatment. As a result
of permanent water retention, wet vaults are able to
remove more sediment than other subterranean
storage devices, which drain completely. Wet vaults
do not empty in between storm events, but do
slowly discharge storage into other stormwater
facilities. This facility provides runoff volume control,
peak discharge reduction, sediment control, and
harvesting potential. Wet vaults are typically used
where there is limited surface area for LID facilities.
Minimal maintenance is required. Periodic
inspection of in-flow areas is needed along with
removal of large debris, sediment, and settled
pollutants.
Rainwater harvesting reduces runoff volume and
Retention
peak flows. Cisterns, bladder tanks, and precast
ferrocement septic tanks are generally larger than
rain barrels and slim tanks, and are used for
domestic water supply, rather than irrigation for
landscaping. Most rainwater harvesting devices are
modulated and can be connected to provide
increased storage. Consider that in areas with
rainfall more than 25 inches annually, a 1,000 square
foot roof will produce a minimum of 15,000 gallons
of rainwater per year. To capture this water for
irrigation during the peak months approximately 10
rain barrels or one 500-gallon cistern are needed.
Maintenance needs are moderate compared to

Location in
LID network

Scale

Maintenance
requirements

Upstream of
overflow
basins or
outlets and
downstream
from filtration
facilities

Sized
according to
watershed
runoff area

Requires special
equipment for
trash and
sediment
removal

Beginning of
treatment
train, directly
at the source
of runoff

From a
small 50gallon rain
barrel for a
residential
application
to larger
25,000gallon
commercial
scale
cisterns

Seasonal debris
removal,
storage tank
inspection
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#

Control

Description

8

Retention
pond

A retention
pond, also
known as a
wet pool or
wet pond, is a
constructed
stormwater
pond that
retains a
permanent
pool of water,
with minor
biological
treatment

9

Filter strip

A filter strip is
a sloped

Optimal level
of service

Design considerations
other LID technologies, however, water must be
used periodically between rain events to maximize
storage capacity, minimize runoff, and avoid odors.
Gutter screens prevent the accumulation of debris in
runoff. Filtration and purification equipment must
be incorporated when using stormwater runoff for
potable uses.
Wet ponds remove pollutants through biological
Retention and
uptake processes and sedimentation. The amount of treatment
pollutants that are removed from stormwater runoff
is proportionate to the length of time runoff remains
in the pond, as well as the relation of runoff to
retention pond volume. Since retention ponds must
maintain a permanent pool, they cannot be
constructed in areas with insufficient precipitation
or highly permeable soils, unless the soil is
compacted or overlain with clay. Generally,
continual drainage inputs are required to maintain
permanent pool levels. One advantage of a
retention pond is the presence of aquatic habitat
when properly planted and maintained. The use of a
pond aerator is necessary to prevent stagnation and
algae growth that can lead to eutrophication, or an
anaerobic environment. A balanced aerobic
environment is a necessary condition for aquatic life
and pest control. Regular maintenance inspections
are needed to ensure proper drainage, aerobic
functioning and aeration, and vegetative health.
Trash, debris, and sediment will need to be removed
periodically.
Filter strips use vegetation to slow runoff, allowing
Filtration
suspended sediment and debris loads to drop out of

Location in
LID network

Scale

Maintenance
requirements

Downstream
of catchment
and runoff,
usually
constructed at
the lowest
point of the
site

Can be used
for
residential,
commercial,
and
industrial
sites, with
watershed
runoff areas
no smaller
than 10
acres
depending
on regional
precipitatio
n

Inspected
semiannually to
confirm that
drainage is
functioning
properly and to
remove
sediment,
accumulated
trash, and
debris

Upstream of
major

From a
small slope

Trash and
sediment
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#

Control

Description
medium that
attenuates
stormwater
runoff by
converting it
into sheet
flow, typically
located
parallel to an
impervious
surface such
as a parking
lot, driveway,
or roadway

10

Underground
sand filter

An
underground
sand filter is a
three
chambered
system that
pretreats,
filters, and
temporarily
stores the first
flush of
stormwater
runoff

Design considerations
runoff flow. This prevents clogging of stormwater
drainage systems or receiving waterbodies.
Stormwater runoff should be uniformly distributed
along the top of the entire filter strip using a flow
control facility such as a level spreader. Other
treatment facilities, such as a swale, should be used
for channelized flows. The drainage area should not
exceed 150 linear feet to ensure proper functioning
of the filter strip. The lateral slope of the filter strip
should be one to two percent. A series of stepped
level spreaders could compensate for slightly
steeper slopes. Filter strip areas cannot be used for
construction material storage or activities that could
disturb the ground surface. Regular inspection and
maintenance are required to prevent clogging by
sediment and/or debris. Filter strips should be
located in sunny areas to dry out between rain
events.
Underground sand filters compensate for space
limitations in high-density urban cores lacking
pervious drainage areas. Underground sand filters
have demonstrated effectiveness in removing many
common pollutants found in urban stormwater
runoff, especially those in particulate form.
Underground sand filters are intended primarily for
quality control, not quantity. They are most effective
when designed to intercept only the first flush, while
subsequent runoff bypasses the system for
stormwater quantity control facilities. These devices
are to be used only after a site has been stabilized,
as sediment suspended in stormwater runoff during

Optimal level
of service

Location in
LID network
treatment
systems

Detention and
filtration

Downstream
of flow
control device
that routes
“first flush” of
runoff into the
filter

Scale
at street
side to the
size of a
large field

Small
watershed
runoff areas
between
one and ten
acres

Maintenance
requirements
removal, and
mowing

Regular removal
of trash,
pollutants, and
sediments
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#

Control

11

Surface sand
filter

12

Vegetated
wall

Description

Also known as
a filtration
basin, a
surface sand
filter utilizes a
flow splitter,
wet/dry
sedimentation
forebay, and
sand filter bed
to manage
nutrient loads
in the first
flush of runoff
A vegetated
wall, also
known as a
living or green
wall or
vertical
garden, is an
extension of
the building
envelope
laminated
with
vegetation
and a soil or
inorganic

Design considerations
construction would rapidly clog and disable the sand
filter.
Sand filters receive the first flush of runoff, settling
out heavier solids in the pretreatment basin. Water
is distributed over the sand filter for a second
filtration of pollutants. Surface sand filters trap
nitrates, phosphates, hydrocarbons, metals, and
sediment. They also reduce peak discharge by
collecting and slowing runoff velocity as water flows
through the filter. Surface sand filters are useful for
areas where pollutants are a critical water quality
issue. Treatment levels provided by these facilities
increase when groundwater infiltration is part of the
system. Surface sand filters are most efficient when
draining less than 10 acres of land.
Vegetated walls are classified as passive or active
systems. While active systems address air quality,
passive systems address water quality, and thus are
more applicable to LID. Similar in application to
vegetated roofs, vegetated walls harvest water to
reduce stormwater runoff loads. Vegetated walls
also regulate building temperature through
additional thermal insulation, reducing heating and
cooling loads. Structural loads and proper moisture
barriers must be carefully considered, as well as
plant types suitable for the intended solar
orientation.

Optimal level
of service

Location in
LID network

Detention and
filtration

Downstream
of flow
control device
that routes
“first flush” of
runoff into the
filter

Small
watershed
runoff areas
between
one and ten
acres

Regular removal
of trash,
pollutants, and
sediments

Flow control
and filtration

Beginning of
network,
directly from
the roof

From small
residential
applications
to larger
commercial
applications

Occasional
watering and
trimming
depending on
species

Scale

Maintenance
requirements
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#

Control

13

Vegetated
roof

14

Pervious
paving

Description
growing
medium
Vegetated
roofs, or
green roofs,
are garden
ecologies
installed atop
buildings.

Pervious, or
permeable,
paving allows
water to
vertically flow
through hard
surfaces. As
substitutes for
impervious
paving, they
support both
pedestrian
and vehicular
traffic

Design considerations

Intended to be closed loop systems, vegetated roofs
collect rainwater at its source, slow its release, and
reduce its volume through evapotranspiration from
plants. Vegetated roofs also regulate building
temperature through additional thermal insulation,
reducing heating and cooling loads. Vegetated roofs
are especially effective in controlling intense, shortduration storms, and have been shown to reduce
cumulative annual runoff by 50 percent in
temperate climates. Vegetated roofs are desirable in
flood-prone climates with regular flash storm
events. Vegetated roofs can be built on flat roofs or
sloped roofs, however flat roofs are easier to install.
Roofs with steep slopes usually require the addition
of cross battens to secure drainage layers and to
control soil erosion.
A pervious paving system includes a subsurface base
made of course aggregate for stormwater storage. In
some designs, pervious pavement is supported by
underground layers of soil, gravel and sand to
increase storage and maximize infiltration rates.
Pervious paving removes sediment and other
pollutants. It acts to reduce and distribute
stormwater volume, encouraging groundwater
infiltration. Multiple types of pervious paving,
including modulated precast pavers, poured in place
systems, porous asphalt, porous concrete, and
gravel, offer varying levels of service. Reduction of
the urban heat island effect is possible when using
high albedo, lightly colored systems. Large scale

Optimal level
of service

Location in
LID network

Filtration and
treatment

Beginning of
network,
directly within
the runoff
source

From small
residential
applications
to large
industrial
buildings

Inspection of
the roof
membrane, as
well as routine
vegetation
inspection and
maintenance of
the drainage
flow paths

Filtration,
infiltration,
and treatment

Apply
upstream of
treatment
systems to
provide
sediment
removal and
to reduce
runoff volume

From a
parking stall
to a parking
lot or street

Vacuum-based
sediment
removal from
paving; turf
paver systems
may need to be
mowed and
irrigated to
maintain
vegetation

Scale

Maintenance
requirements
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#

Control

15

Infiltration
trench

16

Tree box filter

Description

Design considerations
vacuums must be used to clean out gravel, paver,
and porous systems. Turf paver systems may need
occasional mowing and irrigation.
Infiltration
Infiltration trenches are particularly useful for sites
trenches are
with poorly-drained soils. Runoff gradually
laminated
percolates through an engineered trench with
systems with
amended soil over a period of days. Infiltration
fabric-lined
trenches filter particulates as stormwater runoff
excavations
moves through the media. These facilities promote
atop a fabricalgae growth that serves as pollutant digesters.
lined reservoir Since the maximum catchment area for infiltration
to increase
trenches is two acres, it may be necessary to
infiltration
incorporate supporting LID facilities into the
stormwater management plan. Infiltration trenches
require less maintenance if upstream pre-treatment
facilities like filter strips are used. Trees should not
be planted near infiltration trenches. These two
actions reduce the potential for clogging the trench.
Annual inspection is recommended to remove large
debris and/or trash.
A tree box
Tree root systems treat and uptake stormwater
filter or in
runoff captured from the street into the box filter.
ground well
An underdrain carries treated runoff to either a
consists of a
surface discharge location or a larger retention
container
system for secondary treatment. The life of the tree
filled with
is short, so trees need replacement every five to ten
amended soil years. Tree box filters can also be planted with hardy
and planted
shrubs and herbaceous plants tolerant of
with a tree,
inundations. Tree box filters and wells can be
underlain by
incorporated into urban retrofits with the added
crushed gravel benefits of water quality improvement and
media.
reduction of the urban heat island effect. As with

Optimal level
of service

Location in
LID network

Infiltration
and treatment

Downstream
of filtration
components,
but upstream
of major
treatment
facilities

From a
small strip
to a sand
field with a
maximum
catchment
area of two
acres

Annual removal
of trash and
raking to
maintain
permeability

Filtration or
infiltration
(depends on
which system
is to used)

Upstream of
major
treatment
systems, and
in place of
street trees
(not in swales
or other filter
devices)

A single tree
box to a
large urban
tree box
network

Occasional
removal of trash
and raking of
surface to
maintain
permeability;
replacement of
tree after seven
years

Scale

Maintenance
requirements
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#

Control

Description

17

Rain garden

A rain garden
is a planted
depression
designed to
infiltrate
stormwater
runoff, but
not hold it.

18

Riparian
buffer

A riparian
buffer is a
strip of hydric
soil with
facultative
vegetation
along the
banks of a
river or
stream
offering niche

Design considerations
other filtration devices, tree box filters require
occasional inspection to remove large debris and/or
trash.
A rain garden is commonly known as a bioretention
facility. Stormwater pollutant mitigation is
accomplished through phytoremediation processes
as runoff passes through the plant and soil
community. Rain gardens combine layers of organic
sandy soil for infiltration, and mulch to promote
microbial activity. Native plants are recommended
based upon their intrinsic synergies with local
climate, soil, and moisture conditions without the
use of fertilizers and chemicals. Rain gardens are
best applied on a relatively small scale. They work
well along driveways and in low lying areas of a
property. Rain gardens should be located at least 10
feet away from buildings to prevent water seepage
into foundations or underneath houses, causing
mold and mildew problems. Also, location away
from large trees allows exposure to sunlight so that
rain gardens may dry out between storm events.
Riparian buffers are a simple, inexpensive way to
protect and improve water quality through local
plant communities. Between 50 and 85 percent of
stormwater pollutant loads can be filtered within
100 to 300 foot vegetated buffers. Buffer strips
structurally stabilize banks and shorelines to prevent
erosion and slumping. Trees and shrubs provide
shade to maintain consistent water temperature
necessary for nutrient exchange and the survival of
some aquatic life. Buffer width is based on
surrounding context, soil type, size and slope of

Optimal level
of service

Location in
LID network

Filtration,
infiltration,
and treatment

Downstream
of filtration
facilities, but
upstream of
primary
treatment
facilities

500 sq ft, to
allow for
adequate
irrigation
between
small storm
events

Occasional
removal of trash
and pruning of
vegetation

Filtration,
infiltration,
and treatment

Downstream
of all LID
facilities,
before
waterbodies

100’ to 300’
wide

Trash and
sediment
removal as
necessary, and
occasional
mowing in zone
3

Scale

Maintenance
requirements
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#

Control

Description
ecotone
services

19

Bioswale

A bioswale is
an open,
gently sloped,
vegetated
channel
designed for
treatment and
conveyance of
stormwater
runoff

20

Infiltration
basin

Infiltration
basins, or wet
meadows, are
shallow
impound
areas with
highly
permeable

Design considerations
catchment area, and vegetative cover. Riparian
buffers are most effective when combined with flow
attenuation devices to avoid scouring from high
velocity flows throughout a stream channel. Some
management is required when riparian buffers are
near urban development. Avoid disturbing zone 1 as
tree litter aids in flow control and filtration.
Bioswales are a bioretention device in which
pollutant mitigation occurs through
phytoremediation by facultative vegetation.
Bioswales combine treatment and conveyance
services, reducing land development costs by
eliminating the need for costly conventional
conveyance systems. The main function of a
bioswale is to treat stormwater runoff as it is
conveyed, whereas the main function of a rain
garden is to treat stormwater runoff as it is
infiltrated. Bioswales are usually located along
roads, drives, or parking lots where the contributing
acreage is less than five acres. Bioswales require
curb cuts, gutters or other devices that direct flow to
them. They may require an underdrain where soil
permeability is limited, as well as an overflow grate
for larger storm events.
These facilities improve water quality by filtering
stormwater runoff through hydric soils and
recharging groundwater supply. In addition to water
filtration, infiltration basins use facultative plants for
phytoremediation to mitigate pollutants from
stormwater runoff. Unlike rain gardens and
bioswales, which are primarily used for single
property applications, infiltration basins optimally

Optimal level
of service

Location in
LID network

Scale

Maintenance
requirements

Filtration,
infiltration,
and treatment

Downstream
of filtration
components,
but upstream
of larger
detention,
retention, or
treatment
facilities

2’-8’ wide
with 2”-4”
optimal
water depth

Occasional
removal of trash
and pruning of
vegetation

Filtration,
infiltration,
and treatment

End-of-line
facility,
upstream of
overflow
basins or
receiving
waterbodies

Large multiacre wet
meadows

Semiannual
removal of trash
and sediment,
and mowing
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#

21

Control

Constructed
wetland

Description
soils designed
to temporarily
detain and
infiltrate
stormwater
runoff. They
do not retain
a permanent
pool of water.
Constructed
wetlands are
artificial
marshes or
swamps with
permanent
standing
water that
offer a full
range of
ecosystem
services to
treat polluted
stormwater

Design considerations
serve larger scales of land development. The key
element in siting infiltration basins is identifying
areas with intrinsic hydrogeologic properties
(minimum soil infiltration rate of 0.27 inches/hour)
critical for sustained infiltration. They are not
suitable on fill sites. Since the primary cause of
failure in infiltration basins is sediment buildup,
sediment-reducing facilities must be used upstream.
Infiltration basins require less maintenance as
vegetation communities mature through successive
stages of ecological development.
Considered to be a comprehensive treatment
system, constructed wetlands, like infiltration
basins, require intrinsic hydrogeologic properties to
reproduce natural watershed functioning. As with
other infiltration systems, pre-treatment systems
upstream help to remove sediment that may clog a
wetland system, resulting in eutrophication or an
oxygen deprived system. Constructed wetlands are
land rich biofilters and differ from retention ponds in
their shallower depths, greater vegetation coverage,
and extensive wildlife habitat. They require
relatively large contributing drainage areas to
maintain a shallow permanent pool. Minimum
contributing drainage area should be at least 10
acres, although pocket wetlands may be appropriate
for smaller sites if sufficient water flow is available.

Optimal level
of service

Retention,
filtration,
infiltration,
and treatment

Location in
LID network

End-of-line
facility,
upstream of
overflow
basins or
receiving
waterbodies

Scale

From pocket
wetlands
managing
up to 10
acres of
drainage to
shallow
marshes
managing
more than
25 acres of
drainage

Maintenance
requirements

System requires
removal of trash
and sediment
between two
and ten years,
and
semiannually
during first
three years

Sources: Low Impact Development: a design manual for urban areas, University of Arkansas Community Design Center, University of Arkansas Press, 2010.
Design of Urban Stormwater Controls, Water Environment Federation, American Society of Civil Engineers/Environmental and Water Resources Institute, pp. 100-101, 2012.
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#
1

2

3
4

5

6
7

8

9
10

LID Control
Oversized
pipes
Flow control
devices
Dry swale
Underground
detention
Detention
pond
Wet vault
Rainwater
harvesting
Retention
pond
Filter strip
Underground
sand filter
●

●
●
●

●
●
●

●
●
●
●

●
●
●

●
●
●
●

●
●
●

●
●
●

●
●
●
●
●

●

●
●

●
●

●
●

●

●
●

●

●
●

●
●

●
●

●

●

●
●

●
●

●

●

●

●
●

●

●
●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

Screening (BOD, trash)

Disinfection (pathogens)

Biological
Temperature reduction (thermal enrichment)

Organic compound degradation (BOD,
hydrocarbons)
Pathogen die-off (pathogens)

Sulfate reduction (TDS)

Nitrification/denitrification (TN, NO2, NO3)

Plant metabolism (TDS, TN, NO2, NO3, TP,
dissolved P, metals)

Filtration (TSS, TN, TP, BOD, metals,
hydrocarbons, pathogens, trash)

Coagulation (TSS, TDS, dissolved P, BOD,
metals)

Precipitation (TSS, TDS, dissolved P, BOD,
metals, pathogens)

Sorption (TDS, TP, metals, hydrocarbons)

Swirl concentration (TSS, trash)

Laminar separation (TSS, hydrocarbons)

Floatation (TSS, hydrocarbons, trash)

Sedimentation (TSS, TN, TP, BOD, metals,
pathogens, trash)

Runoff collection and usage (excess runoff
volume, high peak flow, thermal enrichment)

Evapotranspiration (excess runoff volume,
high peak flow, thermal enrichment)

Dispersion (excess runoff volume, high peak
flow, thermal enrichment)

Infiltration (excess runoff volume, high peak
flow, thermal enrichment)

Runoff volume reduction

Peak flow attenuation (high peak flow)

Table E-2. LID stormwater quantity reduction and pollutant removal mechanisms.
Quantity Control
Pollutant Control
Other

●

●

●

●
●
●
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#
11

12

13

14

15

16
17
18

19
20

LID Control
Surface sand
filter
Vegetated
wall
Vegetated
roof
Pervious
paving
Infiltration
trench
Tree box filter
Rain garden
Riparian
buffer
Bioswale
Infiltration
basin
●
●

●
●
●

●
●
●

●
●
●
●
●
●

●
●
●

●
●

●
●
●
●
●
●
●
●

●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●

●
●

●
●

●
●
●

●
●
●
●
●

●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●

●
●
●
●
●
●
●

●
●
●
●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

Screening (BOD, trash)

Disinfection (pathogens)

Biological
Temperature reduction (thermal enrichment)

Organic compound degradation (BOD,
hydrocarbons)
Pathogen die-off (pathogens)

Sulfate reduction (TDS)

Pollutant Control
Nitrification/denitrification (TN, NO2, NO3)

Plant metabolism (TDS, TN, NO2, NO3, TP,
dissolved P, metals)

Filtration (TSS, TN, TP, BOD, metals,
hydrocarbons, pathogens, trash)

Coagulation (TSS, TDS, dissolved P, BOD,
metals)

Precipitation (TSS, TDS, dissolved P, BOD,
metals, pathogens)

Sorption (TDS, TP, metals, hydrocarbons)

Swirl concentration (TSS, trash)

Laminar separation (TSS, hydrocarbons)

Floatation (TSS, hydrocarbons, trash)

Sedimentation (TSS, TN, TP, BOD, metals,
pathogens, trash)

Runoff collection and usage (excess runoff
volume, high peak flow, thermal enrichment)

Evapotranspiration (excess runoff volume,
high peak flow, thermal enrichment)

Dispersion (excess runoff volume, high peak
flow, thermal enrichment)

Infiltration (excess runoff volume, high peak
flow, thermal enrichment)

Runoff volume reduction

Peak flow attenuation (high peak flow)

Quantity Control
Other

●
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#
21

●
●
●
●
●
●
●
●
●
●
●
●
●
●

Screening (BOD, trash)

Disinfection (pathogens)

Biological
Temperature reduction (thermal enrichment)

Organic compound degradation (BOD,
hydrocarbons)
Pathogen die-off (pathogens)

Sulfate reduction (TDS)

Pollutant Control
Nitrification/denitrification (TN, NO2, NO3)

Plant metabolism (TDS, TN, NO2, NO3, TP,
dissolved P, metals)

Filtration (TSS, TN, TP, BOD, metals,
hydrocarbons, pathogens, trash)

Coagulation (TSS, TDS, dissolved P, BOD,
metals)

Precipitation (TSS, TDS, dissolved P, BOD,
metals, pathogens)

Sorption (TDS, TP, metals, hydrocarbons)

Swirl concentration (TSS, trash)

Laminar separation (TSS, hydrocarbons)

Floatation (TSS, hydrocarbons, trash)

Sedimentation (TSS, TN, TP, BOD, metals,
pathogens, trash)

Runoff collection and usage (excess runoff
volume, high peak flow, thermal enrichment)

Evapotranspiration (excess runoff volume,
high peak flow, thermal enrichment)

Dispersion (excess runoff volume, high peak
flow, thermal enrichment)

Infiltration (excess runoff volume, high peak
flow, thermal enrichment)

Runoff volume reduction

LID Control
Constructed
wetland
Peak flow attenuation (high peak flow)

Quantity Control
Other

●

Source: Design of Urban Stormwater Controls, Water Environment Federation, American Society of Civil Engineers/Environmental and Water Resources Institute, p. 100-101, 2012.
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Getting the water right in Winter Haven is the key to facilitating growth and protecting the local
economy, culture, and environment. Photo credit: City of Winter Haven
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