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FORWARD by Michael J. “MJ” Carnevale, Manager, Natural Resources
The water resources in Winter Haven are depleted and degraded. Nearly half of the 54 lakes in the city
have impaired water quality and the City’s existing water supply is at or near capacity. The City will need
to double its current water supply by 2050 and restore the health of its lakes if it is to continue to
prosper and grow.
Rapid population growth coupled with expected economic
growth will increase pressure on the water resources in
Winter Haven. The weather extremes of drought and
heavy rainfall that continue to afflict the entire state will
place an even greater stress on the community’s water
resources. Changes in seasonality of wet and dry periods
will alter the timing of available water supplies and affect
the water infrastructure and local industries that rely on
established flows.

Winter Haven has experienced
many severe weather extremes,
including the lowest recorded lake
levels in history in 2001, three
hurricanes that caused extensive
flooding in 2004, and one of the
worst 3-year droughts on record
from 2007 to 2010.

The greatest opportunity for protecting the water resources is to manage the more than 50 inches of
rain that fall on Winter Haven as a valuable resource to be preserved and protected. Rainfall is the
primary source of freshwater that recharges the community’s lakes and the aquifer supplying the
community’s drinking water.
The 15 planning and 12 structural practices detailed in this guide will help the community transition to a
more adaptable stormwater management system designed to increase the beneficial use of stormwater
to restore lake water quality, enhance public water supply, reduce flooding, and protect natural
resources; and respond to changes in weather patterns and demographic and economic trends and
pressures.
The design methods and development review checklists in this guide will be tested and refined over the
next 18-24 months. Although not required, voluntary implementation will be encouraged to allow
developers to take advantage of the cost-savings and development incentives associated with
implementing low impact design.
How Winter Haven manages its water resources will affect the community’s future for decades, perhaps
even permanently. Its economy, its quality of life, and its future viability depend on preserving and
sustaining the health of its water resources, especially its lakes. Taking advantage of the opportunity to
restore and protect the community’s water resources today ensures that current and future generations
will have the benefits of those resources. This guide will help Winter Haven become the principle
architect of its water future.
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PURPOSE AND OVERVIEW

Figure 1. Winter Haven Chain of Lakes
Winter Haven, a community of 38,953 people in Polk County, is largely defined by its lakes. Fifty-four freshwater
lakes border or are contained within the City limits. In fact, there are so many lakes that Winter Haven calls itself
"the Chain of Lakes City." The Winter Haven Chain of Lakes consists of nine lakes in the Northern Chain (shown in
darker blue—see note below) and 16 lakes in the Southern Chain (shown in light blue). Little Lake Hamilton and
Middle Lake Hamilton are also part of the Northern Chain but lie outside the City. Out of the City's total area of
about 25 square miles, water covers almost eight square miles, or almost one-third. Like Winter Haven, the
surrounding region also has many lakes; there are 554 lakes in Polk County. The numerous lakes reflect the
enormous stores of water that are potentially contained within the landscape. The orange line on the map is the
dividing line between the Winter Haven Ridge and the Polk Uplands. Note: Generally, Lake Henry is not considered a
part of the Northern Chain, since the canal is not navigable. However, since most of the management plans include
Lake Henry for planning purposes, it is shown as part of the Chain on the map.
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PURPOSE AND OVERVIEW
The Winter Haven Gray to Green Community Development Guide was created to provide guidance to the
community on increasing the beneficial use of stormwater to help:
• Restore lake water quality and lake water levels;
• Enhance public water supply;
• Reduce flooding; and
• Protect natural resources.
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Achieving these goals is important to the community, as the:
• City’s existing water supply is at or near capacity and new supplies are required to support
economic development and a growing population—the City estimates it will need to double its
current water supply by 2050 to meet future demands;
• Twenty-one of the City’s 54 lakes have impaired water quality (nutrient impairment) and must
be restored to meet state and federal regulations to protect the lakes and public health; and
• Peace Creek drainage canal, which provides limited flood protection to Winter Haven and
neighboring communities, is draining and disposing of the very water the communities need to
prosper and grow.
The objective of the 15 planning and 12 structural engineering practices detailed in this Guide is to help
the community meet these goals by transitioning:
• From conventional “pipe and pond” (gray) stormwater management systems designed to
quickly drain, direct, detain, and dispose of stormwater as a polluted waste product;
• To vegetation-based (green) stormwater management systems designed to slow, spread, soak,
and store stormwater as a valuable resource to be protected. (see Figure 2)
This transition will help restore the natural movement and storage of water in the community and
surrounding watershed and, as a result, help restore the community’s lakes (water quality and lake
levels), enhance its public water supplies, reduce flooding, and protect its natural resources.

Source: University of Arkansas, Community Design Center. 2010.
Figure 2. Transitioning from drainage to storage; from wasting to protecting: two very different ways of managing stormwater

PURPOSE AND OVERVIEW

How is this guide organized?
Chapter 1 (Definitions and First Principles) defines and explains the significance of the three elements of
vegetation-based stormwater management: green (natural) infrastructure and low impact development
(LID) non-structural (planning) and structural (engineered) practices. The first principles (fundamental
assumptions) driving the transition to vegetation-based stormwater management are the finite limits of
land and water resources. The LID planning and structural practices detailed in this guide are focused on
avoiding, minimizing, and mitigating the impacts of land use changes and development and living within
the limits imposed by land and water.
Chapter 2 (Avoiding Impacts) introduces 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:
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.
Chapter 3 (Minimizing Impacts) introduces 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, non-structural practices and a multidisciplinary approach including planners, engineers,
landscape architects, and architects. The practices include: 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
runoff LID control practices; integrating stormwater controls into the development design; reducing
reliance on traditional conveyance and pond technologies; and developing reliable, long-term
maintenance programs.
Chapter 4 (Mitigating Impacts) introduces 12 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
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.
Chapter 5 (Putting it all Together) provides guidance on how to put all the planning and structural
practices together to optimize how well the project fits the site. Together, the 27 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;
FROM GRAY TO GREEN

recharging the aquifer for water supply; letting the water flow for nature; and all the while maintaining
the natural hydrologic cycle.
Chapter 6 (Implementation Frameworks and Timeline) provides an overview of the state, regional, and
local governmental regulatory frameworks for implementing low impact design in Winter Haven. The
frameworks include the Florida Total Maximum Daily Load (TMDL) and Environmental Resource Permit
(ERP) programs and Winter Haven’s Comprehensive Plan and Land Development Code. The low impact
design practices in this document, along with the lake water quality management plans the City
developed for the Winter Haven Chain of Lakes and Interior Lakes (Tomasko, et al, 2010 and 2011),
provide the necessary guidance for restoring the community’s lakes, as required under the TMDL
program, and directing future stormwater permitting under the ERP requirements of the state and the
City’s Comprehensive Plan and Land Development Code.
The planning and structural practices will be tested and refined over the next 18-24 months. Although
not required, voluntary implementation will be encouraged to allow developers to take advantage of
the cost-savings and development incentives associated with implementing low impact design.
The last three chapters of the Guide include the References, Glossary, and Appendices. The Appendices
include:
• Appendix A – Gray to Green planning process and summary of all 27 planning and structural
Practices
• Appendix B – Siting and design considerations for selecting structural practices
• Appendix C – Stormwater quantity reduction and pollutant removal mechanisms for structural
practices
• Appendix D – Definitions for stormwater reduction and pollutant removal mechanisms
• Appendix E – List of the lakes in Winter Haven that are impaired for nutrients and must be
restored to meet state and federal regulations
• Appendix F – Winter Haven’s Sustainable Water Resource Requirements
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Lake Howard. Photo credit: City of Winter Haven.
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CHAPTER 1 – DEFINITIONS AND FIRST
PRINCIPLES
Vegetation-based stormwater management consists of three elements:
• Green (natural) infrastructure;
• Low impact development (LID) non-structural (planning) practices; and
• LID structural (engineered) practices.
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The first principles or fundamental assumptions driving the transition to vegetation-based stormwater
management are the finite limits of land and water resources. The LID planning and structural practices
detailed in this guide are focused on managing the nexus of land and water to:
• Avoid, minimize, and mitigate the impacts of land use changes and development; and
• Live within the limits imposed by land and water.

What is green infrastructure?
Green infrastructure is the network of natural environmental components, green spaces (vegetation),
and blue spaces (water) that provides multiple social, economic, and environmental benefits. In the
same way that the transportation infrastructure is made up of a network that includes roads, railways,
and airports, green infrastructure has its own physical components, including open spaces (e.g.,
groundwater recharge zones, working landscapes, and undeveloped open lands) and functioning
ecosystems (e.g., forests, wetlands, lakes, streams, floodplains, estuaries, riparian zones, and aquifers),
as well as elements of the built environment (e.g., landscaped areas) that can be designed and managed
to benefit a community. These areas function to:
• Capture and store rainwater and runoff;
• Control flooding and stormwater runoff;
• Facilitate infiltration and groundwater recharge;
• Filter and assimilate pollutants in rainwater and runoff;
• Sustain natural hydrologic processes; and
• Sustain ecological systems and underlying watershed health.
The multiple functions provided by green infrastructure are known as ecosystem services. Working
together, these functions integrate all aspects of water management: water supply, water quality, flood
control, and natural resource protection. In contrast, gray (human-engineered) infrastructure typically
addresses only one aspect of water at a time and, often, works at cross purposes with the other aspects
of water (e.g. flood control systems that function at the expense of water supply, water quality, and
natural resource protection).
Green infrastructure helps maintain the natural cycle of precipitation, vegetation, evaporation, water
courses, and reservoirs, known as the hydrologic cycle. The amount of water in each segment of the
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cycle—the water balance—defines the local landscape: the type and amount of vegetation, the type and
prevalence of streams and surface water features, and the amount of groundwater. The water balance
varies from site to site and across sites, neighborhoods, and communities, depending upon the soils,
geology, topography, and climate.
Land use changes and development alter the hydrologic cycle and the natural water balance. Rainfall
continues, but where impervious surfaces that prevent rainwater from infiltrating into the ground have
replaced forests, a much larger percentage of the rainfall is converted to stormwater runoff. Because
more water in the cycle is diverted as runoff, the volume of runoff increases dramatically, while the
volume of groundwater recharge and evapotranspiration decreases. With intense urban development
(75-100% impervious area), there can be a:
• Five-fold (500 percent) increase, or more, in the amount of runoff; an
• 80 percent loss of deep infiltration; a
• 60 percent loss of shallow infiltration; and a
• 25 percent loss in evapotranspiration.
It may be difficult to appreciate the magnitude of this change on a site-by-site basis and in the context of
only one site and a single rainfall event. However, on a cumulative basis, the effects on local water
resources of changing land uses are significant. For example, the:
• Rainwater lost as runoff on a single acre of land in Winter Haven is almost three quarters of a
million gallons of water per year—enough to meet the annual water needs of 17 people or
seven households.1
Such changes to the water balance short-circuit the ecosystem services provided by green
infrastructure, contribute to downstream flooding and pollution, and reduce the amount of water
available in the watershed for people and the environment. The planning and structural practices in this
guide are designed to help protect and restore the natural water balance and ecosystem services
provided by green infrastructure.

What is low impact development?
Low impact development (LID) is an ecosystem-based approach to land development and stormwater
management that favors non-structural, planning and structural, soft (ecological) as opposed to hard
(mechanical, abiotic) engineering practices to mimic the way that nature manages rainfall. The goal of
LID is to maintain a site’s pre-development hydrology (runoff volume and flow) using design techniques
and practices that allow rainwater to soak into the ground, infiltrate, filter, store, transpire, evaporate,
and contain runoff close to its source. This promotes the natural movement and storage of water in the

1 60 inches of rain x 45% lost to runoff = 27 inches x 43,560 square feet per acre ÷ 12 inches per foot = 98,010 cubic feet x 7.48
gallons per cubic foot = 733,115 gallons per year/365 = 2,009 gallons per day/120 gallons per day per person = 16.74 people per
day/2.4 people per household = 6.975 households.
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watershed to reduce flooding and enhance water quality, water supply, and natural system protection.
In this way, rainwater is valued as a resource, rather than a waste product to be disposed of.
LID works by utilizing natural processes driven by the water cycle that governs watersheds. It is a placebound approach dependent upon the integration of local soil, plant, and hydrological communities. Just
as in nature, LID treatment networks are designed not to exceed the capacity of the site’s landscape to
manage water. As with any organic process, optimal functioning of the network is both scale and timedependent, requiring pulsed and incremental water inputs.
Urbanization has caused the loss of wetlands, forests, vegetation cover, and soil humus, all of which
constitute a watershed’s capacity to slow, spread, and soak stormwater, and which creates and
maintains stable hydrological functioning. Buildings, turf, and asphalt, have industrialized the ground
surfaces, eliminating local plant and soil communities necessary for natural hydrological cycling.
Conventional hard-engineered stormwater infrastructure concentrates runoff in detention facilities then
dispatches untreated or partially treated runoff to another site, simply moving waste problems around.
Instead, LID performance is optimized when runoff is treated through a robust network of pervious
surfaces that allow rainwater to infiltrate into the ground, depressional storage, and plant communities,
with high connectivity, redundancy, and distribution, designed to remediate pollution and reduce runoff
volumes and peak flows on site.
Conventional hard-engineering, based on universal protocols for runoff evacuation, favors peak demand
design over context-sensitive design. LID, on the other hand, is a high-performance technology based on
a site-specific design solution tailored to place—but requires more planning. LID relies on
biogeochemical rather than low-service mechanical processes to manage and treat stormwater runoff.
The intent of this guide is to make vegetation-based stormwater management—green infrastructure
and LID—the preferred and commonly-used approach to community development throughout Winter
Haven:
• For new development, redevelopment, and retrofits; and
• At all scales from building and lots to streets to integrated networks of green infrastructure and
LID across the entire community (see Figure 3).

18

DEFINITIONS AND FIRST PRINCIPLES

Source: University of Arkansas, Community Design Center. 2010.
Figure 3. Vegetation-based stormwater management works best when applied at all scales: from buildings and lots to streets to
integrated networks of green infrastructure and LID across entire communities and watersheds

What are the first principles of land and water management?
The first principles or fundamental assumptions driving the transition to vegetation-based stormwater
management are the finite limits of land and water resources.
Water is a finite resource
The volume of water in the world is finite and never changes. However, only 2.5 percent of that water is
fresh, and two-thirds of that is locked up in glaciers, snow, ice, and permafrost and is unavailable for
human use. Of the approximately 0.76 percent of fresh water that is available for people to use, only a
small portion (one percent) is on the surface of the Earth, while the rest is in underground aquifers. The
hydrologic cycle of precipitation, vegetation, evaporation, water courses, and reservoirs keeps the flow
of water on Earth in constant motion, but there is only so much water available in any given place and at
any given time.
Rainfall is the primary source of fresh water in Winter Haven. It keeps the groundwater and surface
water supply systems in the community primed. Groundwater and surface water in the community are
secondary sources. Pumped or drained faster than they are replenished by rainfall, these secondary
sources cease to exist. The impacts of local and regional groundwater over-pumping and surface water
drainage are evidenced in Winter Haven by the reduction in aquifer and lake levels by up to ten feet.
Rainwater is the source of the water Winter Haven drinks, which ultimately becomes its wastewater; but
rainwater is also the stormwater that pollutes the community’s aquifers and lakes, and it is the
floodwaters that damage its businesses and homes. Water that is polluted must be cleaned-up at great
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expense before it can be used and water that is drained out from under the community is not available
for the community to drink or use. Winter Haven may not be able to create water, but it can manage the
water it has, much better—especially the rainwater that falls and runs off as stormwater in the
community. Stormwater in Winter Haven is a valuable resource to be protected.
Land is a finite resource
Just like water, land is a finite resource. If the current pace and patterns of development continue,
Florida’s population is projected to more than double over the next 50 years and cover most of the
state. As the map on the right side of Figure 4 shows, if land is not in conservation or otherwise
permanently protected it will most likely be developed.

Source: 1000 Friends of Florida. 2016.
Figure 4. Map of Florida showing alternative patterns of development in 2070, as compared to 2010

Conservation lands are the hydrologic backbone of the state. They are the green infrastructure that
captures, cleanses, and stores the water that keeps our wetlands, lakes, streams, and aquifers primed—
the water we need to prosper and grow. They need to be protected for the ecosystem services and
water resource benefits they provide communities today. But there are limits to what the land can
support, and the conservation lands we have today will not be able to support unlimited growth in the
future. All communities need a certain amount of land to capture, cleanse, and store water, grow food,
and produce energy. Which is why Winter Haven and communities throughout the state must learn to
store water anywhere and everywhere they can, using green infrastructure and LID practices.
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Avoiding, minimizing, and mitigating impacts
The LID planning and structural practices detailed in this guide are focused on managing the nexus of
land and water to:
• Avoid, minimize, and mitigate the impacts of land use changes and development; and
• Live within the limits imposed by land and water.
The four-step process for accomplishing this is shown in Figure 5.

Source: Thomas L. Singleton Consulting, September 2017.
Figure 5. Four-step planning process for avoiding, minimizing, and mitigating the impacts of land use changes and development

The next four chapters, corresponding to the four steps in the planning process, are as follows:
• Chapter 2 introduces five planning practices for mapping and protecting green infrastructure to
avoid impacts;
• Chapter 3 introduces ten planning practices for designing and fitting the project to the site to
minimize impacts; and
• Chapter 4 introduces 12 structural practices to mitigate impacts; and
• Chapter 5 provides guidance on putting all the practices together to optimize how well the
project fits the site.
Together, the 27 practices in these chapters 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.
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CHAPTER 2 – AVOIDING IMPACTS
This chapter introduces five site planning and design practices for mapping and protecting green
infrastructure and the natural pathways for water 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: 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. Protecting natural features that provide ecosystem services helps:
• Moderate downstream flooding by providing storage and slowing the velocity of flow;
• Enhance water quality by trapping sediments and nutrients and maintaining natural treatment
processes that occur within soils and sediment beds;
• Promote infiltration and reduce runoff volumes to recharge the aquifer and maintain baseflow
to streams and lakes; and
• Increase biodiversity and ecosystem health.

Planning Practice #1
Preserve open spaces and natural areas, including recharge zones, aquifers, springs, lakes,
rivers, estuaries, bays, floodplains, wetlands, riparian areas, and forests
• Confine construction and development to the least critical/sensitive areas
A community’s water resources are only as healthy as the areas through which they flow. By retaining or
restoring open spaces, natural areas, and drainage features within the built environment of a
community, the natural infrastructure can filter, store, and distribute water resources, ensuring their
quality and quantity for human use. Water storage in natural waterbodies and aquifers is essential for
current and future water needs of communities. Natural systems of vegetation, soils, floodplains, and
wetlands provide ecosystem services that maintain the water balance and mitigate flooding.
Winter Haven has identified two location-specific priorities for restoring and protecting the green
infrastructure and hydrologic functions in the community (Singleton, et al., 2010):
• Increased infiltration and treatment of rain water and stormwater in the high and dry sandy
Ridge areas of the headwaters of the watershed, which includes downtown Winter Haven:
o To restore lake water quality and lake levels, protect public water supplies, and reduce
downstream flooding; and
• Increased storage and conveyance of rainwater and stormwater in the low lying, flood prone
areas of the middle and lower reaches of the watershed, which includes more than 10,000 acres
of historic wetlands near US 27 and State Road 60:
o To protect public water supplies, reduce downstream flooding, and protect flows in the
Peace River (minimum flows and levels set by the water management district to prevent
significant harm resulting from water withdrawals).
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Planning Practice #2
Maximize retention of native forest cover and restore disturbed vegetation to intercept, infiltrate,
evaporate, and transpire precipitation
• Reduce limits of clearing and grading and restrict heavy equipment from parking on or
traveling across critical root zones
The root systems of plants naturally filter and treat stormwater, while the matrix of roots, stems and
leaves attenuate runoff and encourage infiltration. Plant leaves and branches also intercept rainfall,
managing the amount of water that reaches the ground. Roots break up rock and soil, indirectly aiding
in infiltration and encouraging soil tilling. These actions facilitate soil development and microbial
colonization. Additional environmental benefits include improved air quality, carbon sequestration,
reduced heat island effect, reduced irrigation, pollutant removal, and habitat preservation or formation.
Vegetation can return upward of 50% of the annual rainfall volume back to the atmosphere to help
maintain the water balance (Watson & Adams, 2011).
LID actions for protecting vegetation include:
• Protect Pre-Development Vegetation:
o Protect and preserve existing native vegetation and urban forests during construction,
particularly along waterbody edges; and
o Heavy equipment should not be allowed to park on or travel across critical root zones.
• Prevent Erosion During and After Construction:
o Do not clear cut a site; and
o Install erosion control blankets, lay straw or seed native grasses like buffalo grass and
wild rye to temporarily stabilize stockpiled topsoil.
• Restore Ecological Services:
o Re-establish critical ecological habitat and wetlands as appropriate for regional and local
conditions.

Planning Practice #3
Preserve permeable, native soil and enhance disturbed soils to store and infiltrate storm flows
• Minimize soil compaction
• Stage construction to limit the area of exposure on the site at any one time
• Restore the drainage and biological capacity of damaged or lost soils through
mechanical improvements and/or soil amendments
Native soils play a critical role in the storage, conveyance, and treatment of stormwater. Pores and
fractures comprising soil structure act as conduits that carry water from the surface to groundwater and
aquifers below providing groundwater storage and stream base flow. Soil structure is formed when soil
biota and organic matter chemically and physically bind mineral particles into aggregates. Both texture
and structure determine pore space available for air and water circulation, erosion resistance, plant root
penetration, and ease of tillage. Clay, for instance, offers the least infiltration potential of soil types,
while sand offers the most.
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LID requires detailed analyses of site soils to determine hydric soil types and infiltration rates.
Depending on the soil type and structure, 10 to 40 percent or more of annual precipitation can be
infiltrated to replenish groundwater. In the dry, sandy ridge areas that include downtown Winter Haven,
recharge can reach a maximum of 100 percent of the annual rainfall amount (+50 inches).
Optimum LID planning places new impervious surfaces over less permeable soils, while highly
permeable soils desirable for LID structural practices should be used for infiltration and treatment. Soil
surveys and borings designate soil hydrologic classes (A, B, C, or D) based on compaction, texture, depth,
and other characteristics. Let the site dictate design. A percolation test can be conducted to determine
the soil’s infiltration rate measured in minutes per inch.
LID actions for protecting soils include:
• Before Construction:
o Develop an erosion and sediment control plan;
o Conduct soil borings at LID facility areas to identify soil type and the depth of
groundwater, or water table;
o Conduct a percolation test to determine the soil’s infiltration rate; and
o Develop a “no compaction zone” plan based on location of LID facilities and high
compaction probability areas (typically soil with high percolation rates) to prevent heavy
site equipment use in these areas.
• During Construction:
o Employ erosion and sediment control devices;
o Avoid compaction by implementing the “no compaction zone” plan; and
o Avoid site work during rainfall—wet soils are more vulnerable to compaction.
• After Construction
o Implement a soil enhancement regimen using soil amendments;
o To generate microbial communities, add compost, and for infiltration add sand; and
o Manage LID facility areas by removing litter annually to prevent clogging.
Techniques that can lessen the impact of clearing and grading, include:
• Stockpile topsoil during construction and replace topsoil after construction
• Design smaller building envelopes
• Implement minimal foundation excavation techniques
• Construct foundation designs that fit the building into the land rather than reshaping the land to
fit the building
• Deep-till and loosen soils compacted during site grading to restore their natural infiltration
capacity for areas intended for stormwater management and infiltration or not required to have
a structural capacity
• Clearing, grading and heavy construction activity should occur during the driest months of the
year to avoid erosion and sediment yield from equipment activity.
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Planning Practice #4
Retain and incorporate natural drainage and topographic features and patterns that slow and
infiltrate stormwater
• Fit development to the terrain
• Preserve and emulate natural drainage
• Utilize existing flow paths
• Create a multifunctional landscape that incorporates stormwater features into the
landscape
Designing for LID requires an understanding of hydrology, the science of water occurrence, distribution,
and movement of water on a given area. The initial phase of LID design must characterize the site’s
natural hydrology, connectivity up and down stream, location within the catchment area, and on-site
flow paths.

Planning Practice #5
Maintain predevelopment hydrology (peak discharge and volume) and water balance (percent of
surface water runoff, infiltration, and evapotranspiration)
All the LID planning and structural practices in this guide are designed to reduce the volume of runoff
associated with land development to restore a more natural water balance. This is accomplished by
using management practices that slow, spread and soak the land surface with rainfall. This approach
creates opportunities to harvest rainwater, recycle stormwater, reduce and slow down peak stormwater
flows, and reduce or eliminate piped discharges to receiving waters. This can reduce flooding and
enhance water quality, water supply, and natural system protection. By working to restore the water
balance through better planning and design, LID practices can help development be a force of good or at
least be less destructive.
Stormwater regulations have traditionally focused on
controlling the rate of flow for larger storm events leaving
a site—not the volume of flow—to prevent flooding. This
means the total volume of water leaving a site may
increase dramatically, even if the water does not leave
the site at a rate higher than it did before development.
As a result, detention basins designed to meet these
requirements do not reduce flooding—instead, they can
contribute to flooding. They increase the volume of runoff
and extend the duration of flow which increases
downstream flow rates. This effect is magnified at the
watershed scale where the combined volume from many
sites leads to increased flow rates and water levels (ASCE,
2012). As a result, flood control—the primary goal of
detention systems—is often not achieved. This problem
will only become more apparent and the problem made
worse with increased urbanization, the buildout of
watersheds, and the increased frequency of intense storm
events nationally (Figure 6).
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Figure 6. Observed change in very heavy
precipitation. Percent changes in the amount of
precipitation falling in very heavy events (the
heaviest 1%) from 1958 to 2012 for each region
(Melillo & Richmond 2014).

The “volume-based” approach used in LID to manage stormwater, stands in stark contrast to the
traditional “collect and convey at a controlled rate and flow” approach found in most stormwater
regulations today. The design goals of LID are to capture all the runoff from small storms (less than 1.5
inches of precipitation which comprise 90 percent or more of the rainfall events in most parts of the US),
and as much runoff as possible from larger storm events. This dramatically reduces the volume of water
discharged downstream and replicates the natural system response to rainfall (Table 1). This reduces
both pollutant loading and downstream flooding. Captured rainfall is returned to the atmosphere
through soils and vegetation, returned to the groundwater, and used to meet the needs of people and
nature.
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Table 1. Comparison of the rainfall response of natural and altered landscapes, summarizing the advantages of mimicking
natural systems in landscape design (Watson & Adams, 2011)

Storm Size
Very small storms
(< 0.5 inches)
In most areas, more than
65% of all rainfall events are
less than 0.5 inches
Small storm events
(< 1.5 inches)
In most areas, 95% of all rain
events are less than 1.5
inches

Moderate storm events
(> 1.5 inches)
Varies by location, but
generally between 1.5 inches
and 4 inches

Larger storm events
(> 2 year-24 hour)
Varies by location, but
generally greater than 4
inches

Landscape Conditions
Natural
Interception by vegetation
Infiltration into soils
Altered
Impervious surfaces increase volume
and frequency of runoff
Natural
Depression storage
Groundwater levels rise
Headwater streams rise
Infiltration into soils
Altered
Loss of forest and natural groundcover
Increase in lawn, compaction of soils
Natural
Streams flow full
Floodplains may flow
Altered
Stream channel cuts down from too
much runoff too often
Floodplain is disconnected from channel
Natural
Local and watershed flooding
Altered
Downstream flooding increases in
frequency and level

Rainfall Response
No runoff – water
returned to atmosphere or
groundwater
Nearly all rainfall on
impervious becomes
runoff
Little or no runoff

Rainfall on landscape
becomes runoff
Runoff begins

Increased runoff volume is
greater than capacity of
streams and floodplains
Floodplains slow flow and
limit damage
Water is conveyed
downstream faster and in
greater amounts

Capturing runoff from the early part of a large storm is more effective than controlling the rate of flow
at the height of a storm (ASCE, 2012). As shown in Table 1, a volume-based approach that mimics the
natural system response, as promoted with LID, is far more effective at reducing the flooding impacts of
larger storm events than the conventional approach of detention and conveyance. Excess runoff from
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larger storms should be released at a rate that can be safely conveyed downstream without causing
erosion or the receiving waters to overflow (in most cases, a flow rate not exceeding the 2-year, 24-hour
storm, e.g., releasing runoff from a 10-year storm at a flow rate of a 1-year or 2-year, 24-hour storm).
Maintaining the pre-development hydrology after development using LID planning and structural
practices, allows the urbanized landscape to function more like the natural landscape to infiltrate and
hold more water (see Figure 8). As in nature, this increases the beneficial use of stormwater to protect
water quality, enhance water supply, reduce flooding, and protect natural resources.

Source: Adapted from Hewlett, Principles of Forestry, 1982
Figure 7. Natural landscape response to rainfall, illustrating the water holding capacity of natural landscapes
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CHAPTER 3 – MINIMIZING IMPACTS
This chapter introduces 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: 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 runoff LID control
practices; integrating stormwater controls into the development design; reducing reliance on traditional
conveyance and pond technologies; and developing reliable, long-term maintenance programs.

Planning Practice #6
Reduce, minimize, disconnect, and eliminate impervious surfaces to maximize infiltration
A key component of low impact design is to mimic the pre-development hydrologic processes of
infiltration, filtration, and storage. None of these processes occur on impervious areas which do not
absorb water and instead create runoff. Impervious areas can have a big impact on water balance and
flooding because:
• Virtually every rainfall event will generate runoff
and increase the overall volume of water occurring Shockingly, the rate of increase in
as runoff. Small storms that would not produce any
impervious surfaces in the US has
runoff from a natural landscape will be translated
exceeded the rate of population
almost entirely into runoff. During large rainfall
growth by 500 percent over the last
events, the volume of runoff generated and
40 years. (University of Arkansas,
discharged downstream will increase.
• Runoff begins almost immediately after rainfall 2010)
begins. There is virtually no buffer time between the
beginning of rainfall and the beginning of runoff.
(see Table 1 on page 28)
By limiting impervious surfaces, more area is provided for natural hydrologic processes. Restricting
impervious area also promotes other desired outcomes such as increasing the use of permeable paving
(Structural Practice # 3), retention of native vegetation (Planning Practice #2), and minimizing site
disturbance (Planning Practice #3).
LID actions for reducing, minimizing, and disconnecting include:
• Avoid connecting and piping impervious areas to conveyance systems. Instead, first direct water
flows onto vegetated areas. Do not collect and convey water to one location. Instead, allow
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rainfall to be managed close to where it falls. Use many small areas to disperse water in small
rainfall events.
Rather than piping water from building roofs to storm sewers, roof downspouts can be
disconnected to discharge to vegetated areas, including lawns, rain gardens and planter boxes.
Landscapes can be designed to receive this runoff. Care should be taken to avoid building
designs that combine roof drainage into one location. Instead design buildings that use many
downspouts and disperse water throughout the landscape.
Impervious surfaces, such as parking lots, streets, and sidewalks, can be graded toward
vegetated areas rather than concentrating water and conveying it immediately to inlets and
pipes. In low-traffic areas, eliminating curbs will allow water to disperse onto vegetated areas.
Wherever possible, minimize the amount of impervious surfaces associated with surface parking
lots, cul-de-sacs, and street paving.

Planning Practice #7
Control runoff at the source
Low impact design emphasizes controlling runoff where it is formed rather than being conveyed to
ponds. Controlling runoff at the source reduces the potential for runoff and pollutants to contact each
other and the concentration of polluted runoff. Rainwater that falls on a roof can be captured directly
on or from a roof using a:
• Green, Vegetated Roof (Structural Practice #1, Chapter 4) designed to collect rainwater at its
source, slows its release, and reduce its volume through evapotranspiration from plants;
• Cistern or rain barrel (Rainwater Harvesting, Structural Practice #2, Chapter 4) designed to
collect, store, and reuse (non-potable uses, including lawn irrigation and flushing toilets) runoff
captured from the roof using roof gutters and downspouts;
• Gutters and downspouts that direct roof runoff to an:
o Infiltration Trench (Structural Practice #7, Chapter 4) or drywell; or
o Vegetated areas, including lawns landscaped with trees, rain gardens (Structural
Practice #5, Chapter 4), and planter boxes.
In the same way, runoff from a parking lot or road can be captured directly on or from the parking lot or
road using:
• Pervious Paving (Structural Practice #3, Chapter 4) that allows water to vertically flow through
the hard surfaces to remove sediment and other pollutants, reduce and distribute stormwater
volume, and encourage groundwater infiltration;
• Curb cuts and grading to direct the impervious runoff to:
o Infiltration Trench (Structural Practice #7, Chapter 4);
o Bioswale (Structural Practice #6, Chapter 4) with Trees (Structural Practice #4, Chapter
4); or
o Infiltration Basin (Structural Practice #7, Chapter 8) with Trees (Structural Practice #4,
Chapter 4).
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Planning Practice #8
Manage stormwater as close to its origin as possible using small, distributed hydrologic controls
Low impact design using small distributed hydrologic controls is a very effective strategy for managing
stormwater runoff from small, moderate, and extreme rainfall events:
• Small rainfall events (up to 0.5 inches) – most of the runoff will be generated by impervious
surfaces.
o Avoid connecting and piping runoff from impervious areas to conveyance systems;
instead, control runoff at the source (Planning Practice #7) and direct flows onto
vegetated areas to allow rainfall to be managed close to where it falls.
• Moderate rainfall events (0.5 to 1.5 inches) – altered landscapes, such as lawns, will begin to
generate runoff, and runoff will continue to be generated from impervious surfaces; a natural
landscape will absorb most of the rainfall in this category of rainfall events (see Table 1, page
28).
o Focus on re-creating landscapes that can improve water capture or designing Structural
Practices (Chapter 4) that can capture water for infiltration, evapotranspiration, or very
slow release; each stormwater intervention should be designed with a safe “overflow”
during larger rainfall events, with overflows connected to convey water safely;
o In small rainfall events, designed stormwater interventions will capture and hold water;
as rainfall continues in larger events, the individual components are connected as a
system to safely and slowly convey water toward the stream system or, in an urban
environment to a regional storm sewer.
• Extreme rainfall events (greater than 3 inches) – the capacity of any system, natural or manmade, to hold water will be exceeded, and water will move downstream; in a natural system,
the rate at which this runoff moves downstream is buffered by wetlands, riparian buffers, and
floodplains, these features serve to capture some volume of water and to slow the rate at which
water moves to downstream locations.
o If the volume of water from the smaller rainfall events is managed successfully at the
site level, then the need to control the rate of water is substantially reduced; in
addition, wetlands and floodplains serve to reduce flood damage on both the site and
watershed scale; regional stormwater facilities, including constructed wetlands and
restored wetlands can augment this capacity.

Planning Practice #9
Minimize runoff by maximizing infiltration, evapotranspiration, filtration, and storage
The goal of low impact design is to maintain a site’s pre-development hydrology (runoff volume and
flow) using design techniques and practices that allow rainwater to soak into the ground, infiltrate, filter,
store, transpire, evaporate, and contain runoff close to its source. This promotes the natural movement
and storage of water in the watershed to reduce flooding and enhance water quality, water supply, and
natural system protection. In this way, rainwater is valued as a resource, rather than a waste product to
be disposed of.
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LID works by utilizing natural processes driven by the water cycle that governs watersheds. It is a placebound approach dependent upon the integration of local soil, plant, and hydrological communities. Just
as in nature, LID treatment networks are designed not to exceed the capacity of the site’s landscape to
manage water. As with any organic process, optimal functioning of the network is both scale and timedependent, requiring pulsed and incremental water inputs.

Planning Practice #10
Create a hydrologically rough landscape that slows storm flows and increases time of infiltration
In a natural landscape, vegetation offers a “tortuous” path for stormwater to follow at both the small
scale (natural swales and depressions and the large scale (stream meanders and floodplains), storing
and slowing water along the way. Downstream flood effects of extreme events are reduced in a complex
system that begins with headwater streams.

Planning Practice #11
Employ natural processes for water quality improvement
Nutrient overloading from nitrogen, phosphorous, and potassium used in industrialized landscaping
practices (lawn fertilizers, insecticides, and herbicides), as well as animal wastes, and leaks from sanitary
sewers impair natural hydrological cycling. Nutrient concentrations transported in stormwater runoff
can result in heavy algae growth, which lowers dissolved oxygen levels leading to eutrophication most
common in lakes and estuaries. Bacteria from organic matter, such as garbage, and pet and yard wastes,
decomposes in surface waters, reducing water quality. Oil, toxic substances, and heavy metals from
automobiles, pesticides, and building materials are harmful to biological systems and aquatic life. LID
networks render these toxins inert by filtering and trapping sediments and nutrients and maintaining
natural treatment processes that occur within soils and sediment beds.

Planning Practice #12
Increase reliability of stormwater systems by providing multiple, redundant runoff controls
A set of specific design principles can increase the level of ecological services in urban infrastructure.
These principles of redundancy, diversity, and distribution model the ecological dynamics necessary to
optimize the landscape’s carrying capacity and resiliency. Application of these design principles are the
foundation for design of a LID treatment network that can effectively slow, spread, and soak runoff.
• Redundancy – To avoid systemic failure (i.e., flooding) facility redundancy is important in LID
design. While some facilities may work well in isolation for first flush and small storm events, a
distributed circuit of facilities creates redundancy by connecting facilities in multiple routes. The
alternate routes in a network reduce the effects of gaps, increasing performance and general
levels of service. Hybrid conventional and ecological engineering systems may be connected
through surface facilities and underground conveyance to address sites with poor soils and for
larger storm events up to a 100-year event.
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Resiliency – To maximize ecological benefits, LID design should incorporate multiple LID facilities
with different levels of service. Using an array of LID facilities that slow, spread, and soak
stormwater assures full treatment capacity and resiliency in the system. Facilities that simply
control flow and store stormwater should accompany more robust facilities that filter, infiltrate,
and treat stormwater. To optimize resiliency, healthy ecosystems are readily adaptable to
metabolic alterations brought on by external or internal disturbances. Biological diversity
increases resiliency, enabling LID networks to withstand shocks or perturbations, rebuilding
themselves when necessary. Design for optimum resiliency maximizes interfaces like those in
natural systems avoiding the system rigidity of conventional engineering.
Distribution – Distribution, or a dispersed spatial arrangement of LID facilities, optimizes the full
carrying capacity of a site and avoids pitfalls associated with concentration. Water quality and
quantity functioning are cumulative so that even very small facilities provide compounding
benefits to the overall network. Usually, several small facilities will provide greater treatment
and more diverse habitat than one large facility, while accommodating sensitive areas.

Planning Practice #13
Integrate stormwater controls into the development design and utilize the controls as amenities
to create a multifunctional landscape
LID design creates site amenities with many collateral benefits to property owners and the community,
including:
• Increase in property values due to the presence of well-designed and functional landscapes that
facilitate best stormwater management practices;
• Time devoted to yard maintenance is reduced since LID landscapes achieve greater selforganization as they age, nullifying the need for continual mowing, trimming, and blowing
beyond occasional pruning;
• Maintenance and energy costs are reduced since plant biodiversity in LID landscapes negates
the need for fertilizers, herbicides, and mowing—all based on nonrenewable fossil fuel inputs.
Use of native xeriscapes obviates the need for continual irrigation beyond the establishment
phase, lowering water bills.
• Higher aesthetic and economic value is derived from the changing distribution of vegetation in
native polycultural landscapes than that from the monoculture of the industrialized turf lawn.

Planning Practice #14
Reduce the reliance on traditional conveyance and pond technologies
Conventional stormwater management systems are designed to remove runoff from a development site
as fast as possible. A system of pipes and open channels brings the runoff to a pond, usually located at
the lower end of the site. In LID, runoff is managed in small, cost-effective landscaped features such as
rain gardens, filter strips, vegetated buffers, grassed swales, and rain barrels located near the source of
impact. With these landscape features, runoff will penetrate the soil and recharge the groundwater or
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enter a pipe at the base of the unit to be gradually released. This approach allows a developed site to be
designed as an integral part of the environment and maintains the site’s predevelopment watershed
conditions. By decreasing the runoff volume, LID decreases the dependence on stormwater ponds.
reducing impervious surfaces, decreasing the use of storm drain piping and inlet structures, and
eliminating or reducing the size of large stormwater management ponds can significantly reduce
development costs.

Planning Practice #15
Develop reliable and long-term maintenance programs with clear and enforceable guidelines to
ensure continued performance of LID stormwater systems
For low impact development techniques to be effective, the LID facilities must be properly installed and
maintained. Therefore, inspection of these facilities during and after construction is essential to
successful implementation of LID. Bioretention facilities require management of the vegetation and
periodic replacement of soil media. Infiltration facilities need to be monitored for sediment build-up and
continued infiltration and drawdown. Permeable pavements need to be cleaned to prevent clogging.
Without proper, on-going maintenance the function and benefits of LID facilities will be diminished or
lost. The decentralized nature of LID best management practices can make maintenance difficult.
Because proper maintenance of LID facilities is crucial to their function, ensuring regular and proper
maintenance occurs is essential. On private property, this will require frequent inspection and stringent
enforcement by the City.
The maintenance requirements in Winter Haven are as follows:
• For public facilities, these maintenance activities are conducted by City staff. Therefore, the
ability to provide proper maintenance for all public stormwater facilities is dependent on
sufficient funding and staffing by the City.
• For private facilities, the requirement for maintenance is established through a recorded
maintenance agreement between the facility owner and the City. This agreement requires that a
maintenance program be followed, records of maintenance be maintained, and an annual
report be provided to the City. This agreement grants the City access to the private stormwater
facilities for on-going inspection and authorizes the City to provide maintenance repair if needed
(at owner cost). Therefore, the City also has the responsibility of overseeing and enforcing
maintenance of private facilities when maintenance is not being performed. This oversight is
also subject to sufficient funding and staffing by the City.
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CHAPTER 4 – MITIGATING IMPACTS
This chapter introduces 12 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 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.
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The practices can be designed to fit into a range of development settings and conditions: urban and
rural, commercial, and residential; and in various soil types, topographies, and climate conditions. The
techniques can be applied at the site, neighborhood, watershed, or regional scales to create a reliable
green stormwater management system to address drainage and reduce water related impacts from land
conversion and development. They range from constructed wetlands designed to treat runoff from an
entire community to small rain gardens designed to capture runoff from a single part of one rooftop.
From this perspective (and, as will be discussed in the next chapter, Chapter 5), the design strategies can
be linked together to create a series of LID practices—functioning as an integrated stormwater
management system—from the point where rain falls to the point of discharge into a creek, stream,
lake, or coastal estuary. The practices are carefully selected to limit pollution at its source, reduce
volume and peak flows to recharge the aquifer, prevent flooding, erosion, and sedimentation, and
provide water quality treatment, before discharging clean water to preserve and restore receiving
waters (see Figure 8).

Figure 8. The goal of low impact design is to limit pollution at its source, reduce volume and peak flows to recharge the aquifer,
prevent flooding, erosion, and sedimentation, and provide water quality treatment, before discharging clean water to preserve
and restore receiving waters
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Structural Practice #1
Green Roof
Green roofs, or vegetated roofs collect rainwater at its source, slow its release, and reduce its volume
through evapotranspiration from plants. They also regulate building temperature through additional
thermal insulation, reducing heating and cooling loads. Vegetated roofs are especially effective in
controlling intense, short-duration storms, and have been shown to reduce cumulative annual runoff by
50 percent in temperate climates (University of Arkansas, 2010). Vegetated roofs are desirable in floodprone 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. The strength of the supporting
structure, as well as the size, slope, height, and directional orientation of the roof are critical factors that
must be assessed before installation of a green roof.

Source: University of Arkansas, Community Design Center. 2010.
Figure 9. Green roofs collect rainwater at its source, slow its release, and reduce its volume through evapotranspiration
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Structural Practice #2
Rainwater Harvesting
Rainwater harvesting involves collection, storage, and reuse of runoff from roofs. Rainwater harvesting
reduces runoff volume and 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 1,000square 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 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.
Rainwater harvesting offers three basic levels of service, involving storage cisterns with options for
treatment. The simplest service is rainwater reuse for outdoor landscape irrigation. A more complex
harvesting service incorporates a greywater building supply with additional treatment for nonpotable
water uses like toilet flushing and landscape irrigation. The highest level of service involves harvesting
for potable (drinking) water which requires UV light disinfection for a private water system, and when
combined with water from a public utility includes proper back-flow prevention.
Rooftops are cleaner than other impervious areas, such as pavements. Roof runoff has the potential to
be detained and reused. Cisterns, rain barrels, and other vertical storage structures are large containers
that store water captured via the external roof downspouts of buildings. Stored runoff can be used for
passive irrigation, fire protection, or graywater reuse, including flushing toilets. In turn, the demand for
potable sources of water for secondary uses is reduced.
When considering rainwater harvesting, keep in mind that petroleum-based roofing and treated wood
products leach toxins. Studies have shown that these products are known to cause cancer and mental
defects. Harvested rainwater from these surfaces should only be used for ornamental landscape
irrigation. Harvesting rainwater from a green roof is safe for use on edible landscapes because they do
not pose contamination risks, but will require filtration and disinfection for potable (drinking) water
uses.
Rainwater harvesting consists of up to six primary components, depending on the targeted level of
water quality. These components are catchment, conveyance, filtration, storage, distribution, and
purification. The amount of water collected depends on catchment size, surface texture, surface
porosity, slope conditions of the roof, and annual rainfall. Regardless of the catchment surface material,
a transmission loss of 10 to 70 percent should be expected due to runoff material absorption or
percolation, evaporation, and inefficiencies in the collection process. The first flush of rainwater after a
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dry period should be diverted from the catchment system as it will be contaminated with dust, mosses,
pesticides, bird droppings, etc.
Buildings present ready opportunities for harvesting stormwater runoff from roofs through small-scale
embedded technologies. LID facilities are chosen according to the level of ecological service desired. The
simplest service is groundwater recharge from roof stormwater runoff. Gutters and leaders that channel
rainwater create concentrated discharges and are avoided in favor of devices that slow, spread, and
soak rainwater throughout the site. A higher level of service involves vegetated or green roofs, which
absorb and evaporate rainwater through a cultivated plant and soil community. Green roofs are
superior building insulators, minimizing heating and cooling demands. Green walls minimize solar gain
during the summer and wind loading during the winter.

Source: University of Arkansas, Community Design Center. 2010.
Figure 10. Rainwater harvesting involves collection, storage, and reuse of runoff from roofs to reduce runoff volume and peak
flows
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Structural Practice #3
Pervious Paving
Pervious, or permeable, paving allows water to vertically flow through hard surfaces. As substitutes for
impervious paving, they support both pedestrian and vehicular traffic. 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 vacuums must be used to clean out gravel, paver, and
porous systems. Turf paver systems may need occasional mowing and irrigation.

Source: University of Arkansas, Community Design Center. 2010.
Figure 11. Pervious, or permeable, paving allows water to vertically flow through hard surfaces to reduce and distribute
stormwater volume and encourage groundwater infiltration
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Structural Practice #4
Trees
Healthy trees are essential components of green infrastructure and urban forestry. Shade trees planted
along hard surfaces reduce the heat island effect and improve air quality. Besides functioning as carbon
sinks, trees also reduce stormwater runoff through interception, evapotranspiration, throughfall, and
flow attenuation. Trees help create a sense of place, reduce noise and glare, and provide a safety barrier
for pedestrians from traffic, which is why neighborhood value is increased by their presence.
Trees vary in their growth requirements and rates based on the biological and physical conditions of the
site. Trees should be chosen based on cold hardiness, mature size and shape, drought tolerance, rooting
characteristics, and resistance to insect and disease problems. For a list of suitable urban trees, consult a
local nursery or landscape design professional (also see “Urban Trees for Zones 4-8” pp. 100-101).
The planting area should accommodate the anticipated root structure at maturity, ensuring absorption
of water and nutrients. Remember that roots can extend well beyond the canopy of the tree. Use
structural soil for adequate root penetration while minimizing damage to paved surfaces. Spacing
between trees should reflect species’ crown size at maturity. With proper planning and care, urban
street trees can live well beyond their average 10-year lifespan.

Source: University of Arkansas, Community Design Center. 2010.
Figure 12. Trees reduce stormwater runoff through interception, evapotranspiration, throughfall, and flow attenuation
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Structural Practice #5
Rain Garden
A rain garden is a planted depression designed to infiltrate stormwater runoff, but not hold it. 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.

Source: University of Arkansas, Community Design Center. 2010.
Figure 13. Rain gardens are planted depressions designed to infiltrate stormwater runoff
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Structural Practice #6
Bioswale
A dry swale, or grassed swale, is an open grassed conveyance channel that filters, attenuates, and
detains stormwater runoff as it moves downstream. 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 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. Periodic inspections of dry
swales are needed to manage grass growth, and remove large debris and/or trash. Annual inspections
should assess the slope of the dry swale, as well as the infiltration rate.

Source: University of Arkansas, Community Design Center. 2010.
Figure 14. A dry swale, or grassed swale, is an open grassed conveyance channel that filters, attenuates, and detains
stormwater runoff as it moves downstream
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Structural Practice #7
Infiltration Trench
Infiltration trenches are laminated systems with fabric-lined excavations atop a fabric-lined reservoir to
increase infiltration. Infiltration trenches are particularly useful for sites with poorly-drained soils.
Runoff gradually percolates through an engineered trench with amended soil over a period of days.
Infiltration trenches filter particulates as stormwater runoff moves through the media. These facilities
promote algae growth that serves as pollutant digesters. Since the maximum catchment area for
infiltration trenches is two acres, it may be necessary to 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.

Source: University of Arkansas, Community Design Center. 2010.
Figure 15. Infiltration trenches are laminated systems with fabric-lined excavations atop a fabric-lined reservoir to increase
infiltration
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Structural Practice #8
Infiltration Basin
Infiltration basins, or wet meadows, are shallow impound areas with highly permeable soils designed to
temporarily detain and infiltrate stormwater runoff. They do not retain a permanent pool of water.
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 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.

Source: University of Arkansas, Community Design Center. 2010.
Figure 16. Infiltration basins or wet meadows, are shallow impound areas with highly permeable soils designed to temporarily
detain and infiltrate stormwater runoff
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Structural Practice #9
Constructed Wetland
Constructed wetlands are artificial marshes or swamps with permanent standing water that offer a full
range of ecosystem services to treat polluted stormwater. 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.

Source: University of Arkansas, Community Design Center. 2010.
Figure 17. Constructed wetlands are artificial marshes or swamps with permanent standing water that offer a full range of
ecosystem services to treat polluted stormwater
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Structural Practice #10
Dry Detention Pond
Detention ponds, or dry ponds, are stormwater basins designed to intercept stormwater runoff for
temporary impoundment and metered discharge to a conveyance system or a receiving waterbody.
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 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 pollutant removal. Detention ponds
do not provide infiltration and are therefore best used within a network that provides biological
treatment.

Source: University of Arkansas, Community Design Center. 2010.
Figure 18. Detention ponds, or dry ponds, are stormwater basins designed to intercept stormwater runoff for temporary
impoundment and metered discharge to a conveyance system or receiving waterbody
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Structural Practice #11
Wet 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. Wet ponds remove pollutants through
biological uptake processes and sedimentation. The amount of 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.

Source: University of Arkansas, Community Design Center. 2010.
Figure 19. 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
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Structural Practice #12
Flow Control Devices
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. These devices are intended 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 using flow control devices. These facilities
require regular management and inspection to remove excess sediment, trash, and debris.

Source: University of Arkansas, Community Design Center. 2010.
Figure 20. Flow control devices are used to reduce peak discharge, attenuating concentrated stormwater flows
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CHAPTER 5 – PUTTING IT ALL TOGETHER
This chapter provides guidance on how to put all the planning and structural practices together to
optimize how well the project fits the site. Together, the 27 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 four-step process for accomplishing this is as follows:
1. Map and protect green infrastructure to avoid impacts
Start at the top of the watershed and work your way down to your site to identify critical
hydrologic and habitat connections for protection and/or restoration
2. Fit the project to the site to avoid and minimize impacts
Start by placing structures and other impervious areas on the site in a way that protects green
infrastructure and natural pathways for water
3. Select LID practices to mitigate impacts
Start at the beginning: first, where rain falls on the roof, then on other impervious areas and,
lastly, on land (pervious areas)
- Select practices to slow, spread, and infiltrate rain water;
- Plan for overflow routes and manage overflow as a resource;
- Maximize vegetation and organic groundcover, including trees, to create a living sponge that
increases infiltration and reduces evaporation, runoff, and erosion;
- Stack functions to maximize beneficial relationships and efficiency; and
- Devise strategies that solve one problem that simultaneously solves many other problems
and create resources.
4. Evaluate how well the project fits the site
If the fit can be improved, then modify the project design
The Gray to Green planning process and a summary of all 27 practices can be found in Appendix A, along
with a summary list of guidelines for better site design.
As discussed in the preceding chapter (Chapter 4) the design strategies can be linked together to create
a series of LID practices—functioning as an integrated stormwater management system—from the point
where rain falls to the point of discharge into a creek, stream, lake, or coastal estuary. The practices are
carefully selected to limit pollution at its source, reduce volume and peak flows to recharge the aquifer,
prevent flooding, erosion, and sedimentation, and provide water quality treatment, before discharging
clean water to preserve and restore receiving waters.
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It is important to remember that low impact design borrows its basic hydrologic principles from
nature—the uniform distribution of micro-management controls. In a natural setting, stormwater is
controlled by a variety of mechanisms (interception by vegetation, small depression storage, channel
storage, infiltration and evaporation) uniformly distributed throughout the landscape. LID mimics these
mechanisms by uniformly distributing small infiltration, storage, and retention and detention measures
throughout the developed landscape. In this way, every development feature (green space, landscaping,
grading, streetscapes, roads, and parking lots) can be designed to provide some type of beneficial
hydrologic function.
Low impact design concepts are scalable to various sized projects and land-use types. Dividing urban
development into its constituent components—building, property, street and open space—illustrates
stakeholder action opportunities within each component. The goal is not just to minimize impact, but to
develop regenerative and productive urban landscapes that continually renew ecosystem functioning.
Low impact design requires individuals to implement projects, but it takes a region to make it work. It
should be applied at all scales from lots to streets, to regional networks:
• Lots: LID lots infiltrate stormwater through reduction or elimination of impervious surfaces and
replacement of turf grass with productive landscapes.
• Streets: LID streets are green streets reducing and filtering runoff as it enters public space while
enhancing the quality of place.
• Networks: LID networks contain treatment facilities connected to regionally scaled systems of
stormwater management.
Prince George’s County, Maryland has been a leader in implementing low impact design. Their guidance
for selecting LID practices is summarized on the next page. Additional siting and design considerations
for selecting practices from can be found in Appendix B. The stormwater quantity reduction and
pollutant removal mechanisms for the practices, along with definitions for the pollutant removal
mechanisms can be found in Appendices C and D, respectively.
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LID Practice Selection
Selection of the optimum LID facility or combination of facilities for a project or site depends on the
desired hydrologic outcomes. While site planning techniques can greatly reduce the hydrologic impacts
of development, additional measures are likely needed to mimic predevelopment hydrology—the goal
of LID. Once the site hydrology has been analyzed for pre-development conditions and postdevelopment objectives, the site can be shaped through design of a LID treatment network.
The first step in determining LID facility selection requires an evaluation of site opportunities and
constraints. Opportunities involve physical conditions of a site, such as soils (infiltration rate), water
table depth, bedrock depth, climate, drainage area, precipitation patterns, slope and available land.
These physical conditions influence the types of facilities to be used. Therefore, an understanding of the
project site is critical to LID facility selection. Remember to think small regarding the size of the
managed area, which encourages a network of smaller, distributed facilities in place of one large facility.
The second step in determining LID facility selection is to define the type of hydrologic controls
required. Hydrologic controls include flow control, detention, retention, filtration, infiltration and
treatment. Control functions are quantifiable for pre-development conditions based on various design
parameters such as stormwater runoff volume, peak discharge, and frequency and duration of
discharge. Like conventional stormwater management infrastructure, LID networks must meet local
stormwater rate, volume, and water quality treatment mandates for post-development conditions.
Other site feasibility factors include maintenance and management protocols, community acceptance,
and cost. Facility selection is not just a matter of choosing from a menu of preferred practices, but
rather is part of a larger planning and design process. The facilities by themselves may not be sufficient
in restoring the hydrologic functions of a site. LID solutions are most effective when combined with
other site planning practices described in Chapters 2 and 3 (Avoid Impacts and Minimize Impacts,
respectively).
Third, facilities are arranged on site in varying configurations to determine if they meet both site
constraints and local regulations, measured by hydrological modeling. Due to multiple variables,
facilities are arranged and sized until hydrologic control objectives are optimized. This interactive
process usually identifies several design options that meet the development goals. The final
configuration can then be determined by space requirements, site aesthetics and cost.
Finally, If LID facilities alone cannot meet the hydrologic control objectives of a project it may be
necessary to create a hybrid solution, incorporating conventional hard engineering practices. Severe site
constraints, such as soils with low infiltration rates, the location of the water table, and intensive land
uses, may render LID facilities insufficient. Nonetheless, LID facilities should be used wherever possible,
supplemented by conventional practices such as detention ponds and pipes to meet hydrologic design
objectives.
Source: Prince George’s County, Maryland. January 2000.
Low Impact Development Design Strategies: An integrated Design Approach.
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Gray to Green Decision Support Tool
The University of South Florida, in partnership with the University of Florida and Thomas L. Singleton
Consulting, with grant funding assistance from the U.S. Forest Service, developed the Gray to Green
(G2G) infrastructure planning tool to assist professionals associated with stormwater management in
visualizing how to incorporate green infrastructure in their communities (Tsegaye and Singleton, 2017).
G2G is a GIS-based mapping toolset for protecting green infrastructure and siting potential stormwater
management practices. It includes a spreadsheet-based scenario analysis tool that uses information
generated from the GIS tool to show the potential for green infrastructure and BMPs to capture and
treat runoff for an assessed project site.
The G2G tools, which can be accessed at https://gray2green.jimdo.com, are intended to help users
create and communicate a plan for green infrastructure implementation that:
• Identifies the natural pathways that contribute water to and drain water away from a site;
• Captures and treats runoff water as close to the source as possible; and
• Restores a more natural/pre-development water balance to the site.
The four-step process and the twelve structural practices used in this guide are aggregated into the two
main components of G2G:
• GIS-based Mapping and Visualization tool used to map existing hydrology and green
infrastructure, fit a development/redevelopment project to the site, and identify potential areas
for siting green infrastructure BMPs, and
• BMP Scenario Analysis tool that guides users through the process of quantifying volume and
pollutant load reduction while exploring the use of different structural practices.

Figure 21. G2G Roof Runoff tab in Excel where users can select different LID structural practices and see the resulting changes in
managed runoff volume and pollutant loads
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LID Sites, Streets, Neighborhoods, and Networks in Winter Haven
There are numerous examples of LID applied at the site, street, neighborhood, and watershed network
scales in Winter Haven
Tupelo Vue
Tupelo Vue, is a five-story urban apartment complex with under building parking and LID practices. It is
an excellent example of compact, infill development, driven by low impact design.
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Source: Google Earth.
Figure 22. Tupelo Vue, 525 Avenue G NW, Winter Haven, is a five-story urban apartment complex with under building
parking and LID practices
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Grove Roots Brewing Company
The Grove Roots Brewing Company is an award winning urban redevelopment project that voluntarily
implemented low impact design and structural practices, including bioswales, infiltration basins,
pervious pavers, and a reflection pond.

Source: Google Earth.
Figure 23. Grove Roots Brewing Company, 302 3rd St SW, Winter Haven, with bioswales, infiltration basins, pervious
pavers, and a reflection pond. The City has also developed street-side raingardens all along 3rd Street.

Figure 24. Winter Haven is developing “green streets” throughout downtown. It is developing a Complete Streets
project along 7th Street SW in the Oaks neighborhood on the east side of Lake Howard, west of downtown.
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The City has constructed 45 rain garden 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.
LID Neighborhood Development
Low impact design neighborhoods like the one shown at the bottom of Figure 25 are designed to protect
green infrastructure and minimize stormwater runoff. As this example illustrates, LID design can reduce
the amount of impervious roads by 25 percent or more and increase the amount of open space and
protected areas by 50 percent or more. This reduces the cost of site and infrastructure development and
creates a more desirable environment for homeowners.

Figure 25. LID design can significantly reduce the amount of impervious area and increase the amount of open space and
protected areas to create a more desirable environment for homeowners.
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LID Networks – Nature Parks and the Sapphire Necklace
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, still in the planning stages, will
cover 34 acres and treat 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.

Photo credits: Mike Britt.
Figure 26. Lake Howard Nature Park is one of three LID nature parks in Winter Haven designed to treat urban stormwater runoff
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The City has developed a plan for restoring and protecting the water resources in Winter Haven and the
Peace Creek watershed. The restored hydrologic network resembles a "necklace" of water, known as the
"sapphire necklace" (see Figure 27). 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. Not shown are improved lake levels and water storage in area lakes and increased infiltration of
rainwater in the sandy soils along the higher Ridge areas that include downtown Winter Haven. The
numbers 2-20 identify wetland storage areas that could be restored. 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.
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Source: Singleton, 2010.
Figure 27. Sapphire Necklace plan for restoring and protecting the water resources in Winter Haven and the Peace Creek
watershed.

CHAPTER 5 – PUTTING IT ALL TOGETHER
As an example, Storage Area 18 is a low-lying area that could be used to capture runoff from the
adjoining urban areas to:
• Prevent localized and downstream flooding from existing and future development; and
• Maintain higher groundwater levels in the recharge area supplying the City’s groundwater
supply wells.

Source: Google Earth.
Figure 28. Storage Area 18 (circled in red) is a low-lying area that could be used to capture runoff from the adjoining urban areas
to prevent flooding and enhance water supply

The City’s goal is to restore and preserve as much as possible the historical movement and storage of
water throughout the community before drainage and other alterations took place, using stormwater
runoff, excess floodwaters, and reuse water as resources, while still providing adequate flood
protection. In other words, the natural infrastructure would be allowed to do naturally what it does
best—capture, store, and cleanse water for the community and nature. Ultimately, what is good for the
lakes and the environment (water storage, water quality treatment, and aquifer recharge) is good for
the community and economic growth (water supply and flood protection).

FROM GRAY TO GREEN

CHAPTER 6 – IMPLEMENTATION FRAMEWORKS
AND TIMELINE
This chapter provides an overview of the state, regional, and local governmental regulatory frameworks
for implementing low impact design in Winter Haven. The frameworks include the Florida Total
Maximum Daily Load (TMDL) and Environmental Resource Permit (ERP) programs and Winter Haven’s
Comprehensive Plan and Land Development Code. The low impact design practices in this document,
along with the lake water quality management plans the City developed for the Winter Haven Chain of
Lakes and Interior Lakes (Tomasko, et al, 2010 and 2011), provide the necessary guidance for restoring
the community’s lakes, as required under the TMDL program, and directing future stormwater
permitting under the ERP requirements of the state and the City’s Comprehensive Plan and Land
Development Code.
The planning and structural practices and development review checklists in this guide will be tested and
refined over the next 18-24 months. Although not required, voluntary implementation will be
encouraged to allow developers to take advantage of the cost-savings and development incentives
associated with implementing low impact design.

Florida TMDL Program
The TMDL Program 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 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 clean up the water body.
The FDEP has determined that 21 of the 54 lakes in Winter Haven are impaired for nutrients and must
be restored to meet state water quality standards (see list in Appendix F). As shown in Figure 23, the 21
impaired lakes include 17 of the 25 lakes that make up the northern and southern Winter Haven Chain
of Lakes. Fourteen of the impaired lakes are designated by the Southwest Florida Water Management
District as Surface Water Improvement Management (SWIM) waterbodies for priority restoration. Under
state and federal regulations, Winter Haven must develop a plan for restoring the impaired lakes. This
document is a key component of the City’s restoration plan.
Future development and redevelopment projects in Winter Haven should:
• Not cause or contribute to violations of State Water Quality Standards; and should
• Restore or at least not make water quality worse in the lakes.
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Figure 29. Map showing the 21 of the 54 lakes in Winter Haven that are impaired for nutrients and must be restored to meet
state and federal regulations. Thirteen of the 21 impaired lakes are designated by the Southwest Florida Water Management
District as Surface Water Improvement Management (SWIM) waterbodies for priority restoration.

FROM GRAY TO GREEN

Environmental Resource Permit Program
The discharge of stormwater within the State of Florida has been subject to regulation since the early
1980s to prevent pollution and protect the designated uses of surface waters (potable water, shellfish
harvesting, or recreation). Stormwater management is regulated at the state level by the Florida
Department of Environmental Protection (FDEP), at the regional level by the water management
districts, and at the local level by municipal governments, including Winter Haven.
The criteria used to permit stormwater projects in Florida unintentionally, but unfortunately,
discourages the use of most of the structural practices in this guide, including rain gardens, bioswales,
pervious pavement, infiltration trenches, infiltration basins, constructed wetlands, and trees. This is
because the presumptive design criteria used to permit stormwater projects in Florida does not include
a comprehensive evaluation of infiltration.
Although the structural practices in this guide can provide significant infiltration, which will greatly
reduce pollutant discharge to surface waters and help meet state water quality standards, engineers
generally do not quantify their water quality benefits for an ERP permit, as it is considered too complex
(the parameters for evaluating infiltration include: hydraulic conductivity, depth to groundwater, BMP
configurations [depth, width, and length], time of concentration, and average annual rainfall).
By not evaluating for infiltration losses, stormwater models are likely to under-represent treatment
efficiencies in high recharge areas like those found in downtown Winter Haven and possibly overrepresent treatment in poorly drained areas surrounding the downtown. The former has the net effect
of increasing the cost of treatment, while the later has the net effect of contributing to downstream
water quality impacts, flooding, and economic loss. In both cases, it discourages the use of structural
practices that promote infiltration.
Without regulatory credit for the benefits they provide, the structural practices in this guide are too
easily written off as costly and unnecessary additions to a project. However, quantifying the infiltration
benefits of stormwater management practices is important as it will increase the use of structural
practices in Winter Haven, where recharge can reach a maximum of 100% of the rainfall amount per
year (+50 inches). For this reason, stormwater permittees in Winter Haven will be required to model
infiltration in permitting their stormwater management systems.

Winter Haven’s Comprehensive Plan and Land Development Code
In 2015, Winter Haven evaluated the City’s Comprehensive Plan and Land Development Code
requirements for protecting water (Singleton, 2015). The evaluation found that many of the major
elements for protecting water resources are already in place in the City’s Comprehensive Plan and Land
Development Code. These include specific provisions for protecting land and water resources, including
aquifers, lakes, wetlands, floodplains, wildlife habitat, and threatened and endangered species. Many of
these provisions, along with complimentary provisions for promoting the revitalization of the downtown

60

CHAPTER 6 – IMPLEMENTATION FRAMEWORKS AND TIMELINE
urban core through compact, infill, and mixed-use development, were adopted by the City in 2011 in the
Winter Haven 2025 Comprehensive Plan. These provisions, collectively known as the City’s Sustainable
Water Resource Requirements, have been excerpted from the Comprehensive Plan and Land
Development Code and compiled as a single document in Appendix G. No inconsistencies were found
between the City’s Comprehensive Plan and Land Development Code that would inhibit or otherwise
prevent the City from implementing the adopted policies and ordinances for protecting water resources
or the planning and structural practices in this guide.
Winter Haven’s Land Use Planning Requirements for Protecting Water
Some of the specific requirements in the City’s Comprehensive Plan and Land Code for protecting water
include:
• 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 into the
ground.
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.
Increased onsite detention and the release of detention volumes at less than predevelopment
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 runoff source
controls, natural infrastructure (including trees), and the planning and structural practices in this
guide that promote onsite infiltration and evapotranspiration. Minimizing the amount of runoff
reduces the amount of mitigation needed to reduce the impacts of stormwater runoff.
• 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.
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•

•

To identify the appropriate minimum impact design standards, work through potential design
issues, and avoid unnecessary permitting delays or expense, landowners and developers are
encouraged to participate in predevelopment meetings with the City. Minimum impact design
standards are site-specific design standards for keeping rainfall where it falls to minimize the
amount of stormwater runoff and the impact to groundwater and surface water.
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.

Winter Haven’s Water Future
The water and stormwater drainage systems in Winter Haven were designed and built based on models
appropriate to the time they were created. Back then, the lakes were healthy, water supplies were
abundant, and 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 levels
and water quality are requiring the City to evaluate new approaches to meeting the City’s future water
needs.
With this guide, the City is proactively pursuing new strategies that combine water conservation and
efficiency, water reuse projects, rainwater harvesting, and land use planning to protect the quantity and
quality of water in Winter Haven. Getting the water right in Winter Haven is the key to protecting the
local economy, culture, and environment.
LID requires individuals to implement projects, but it takes everyone in the watershed to make it work.
It works best when applied at all scales: from buildings and lots to streets to integrated networks of
green infrastructure and LID across entire communities and watersheds.
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Photo credits: City of Winter Haven
Figure 30. Getting the water right in Winter Haven is the key to protecting the local economy, culture,
and environment.
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GLOSSARY
Algal bloom—A rapid increase in the number of algae (phytoplankton) in an aquatic system, caused by
excess nutrients in fertilizer and stormwater runoff. When the algae die and decay through natural
processes, they consume oxygen in the water, which can lead to fish kills.
Aquifer—Underground water storage.
Basin—Also referred to as a watershed, a basin is the geographic area through which water flows across
the land and drains into a common body of water, such as a stream, river, lake, or ocean. It includes
tributaries (wetlands, streams, canals, and ditches) as well as stormwater that runs off the land. Basins
are usually separated from other basins by naturally elevated areas.
Best management practice (BMP) —Methods that have been determined to be the most effective,
practical means of preventing or reducing pollution from nonpoint sources.
Bioretention area—A shallow, landscaped depression constructed to receive runoff from impervious
surfaces. These areas slow the speed of stormwater runoff and filter pollutants from the water.
Biosolids—Treated sewage sludge.
Coliform—Bacteria that live in the intestines (including the colon) of humans and other animals that are
used as a measure of the presence of feces in water or soil.
Conservation subdivision—A residential or mixed-use development where a significant portion of the
buildable land is designated as undivided, permanently protected open space, with houses clustered on
the rest of the property. Communities can use this designation to help preserve open space and natural
areas, protect water quality and wildlife habitat, reduce subdivision construction and maintenance
costs, and expand public trails and greenways.
Conveyance—A broad, relatively shallow corridor through which floodwaters can pass.
Consumptive use—Water that is consumed and not returned to the source from which it originated. It
consists of the water that evaporates, is used in products or crops, or is consumed by humans or
livestock.
Designated use—The specific uses that Florida applies to each waterbody or waterbody segment (such
as drinking water, swimmable, fishable) for which there are water quality standards. The state has five
designated use categories, as follows:
Class I: Potable water supplies
Class II: Shellfish propagation or harvesting
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Class III: Recreation, propagation, and maintenance of a
healthy, well-balanced population of fish and wildlife
Class IV: Agricultural water supplies
Class V: Navigation, utility, and industrial use (there are no
state waters currently in this class).
Ditch block—A barrier placed across a canal or ditch, designed to deflect water flow.
Drawdown—The lowering of an aquifer or reservoir.
Dry season—The dry part of the year—in Florida, generally defined as November through May.
Ecosystem Services—
Environmental Resource Permit (ERP)—A water management district permit that is required before an
applicant initiates any construction activity that would affect wetlands, alter surface water flows, or
contribute to water pollution.
Evapotranspiration—The water vapor produced through the natural processes of evaporation and
transpiration. When rain falls on the earth, some of the water evaporates from the land surface and
from waterbodies, returning to the atmosphere. Plants also transpire water vapor through small
openings in their leaves.
External loads—Pollutants originating from outside a waterbody that contribute to its pollutant load.
Floodplain—A low-lying area next to a waterbody that allows floodwaters to spread out, and where
man-made structures such as buildings are prone to damage from floodwater.
Floodway—A stream channel and the surrounding areas that carry floodwater.
Florida-friendly landscaping—A set of landscaping principles designed to reduce stormwater runoff and
fertilizer and pesticide use, and to protect water resources from contamination and overuse. It includes
using low-maintenance plants, mulch, integrated pest management, water conservation, and other
environmentally sustainable practices.
Floridan aquifer—A deep aquifer system made up of a layer of thick carbonate rock that underlies an
area of about 100,000 square miles in southern Alabama, southeastern Georgia, southern South
Carolina, and all of Florida. It is the principal source of potable (drinking) water in these areas.
French drain—A ditch covered with gravel or rock that channels surface water and groundwater away
from an area.
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Green infrastructure—The network of natural environmental components, green spaces (vegetation),
and blue spaces (water) that provides multiple social, economic, and environmental benefits. In the
same way that the transportation infrastructure is made up of a network that includes roads, railways,
and airports, green infrastructure has its own physical components, including open spaces (e.g.,
groundwater recharge zones, working landscapes, and undeveloped open lands) and functioning
ecosystems (e.g., forests, wetlands, lakes, streams, floodplains, estuaries, riparian zones, and aquifers),
as well as elements of the built environment (e.g., landscaped areas) that can be designed and managed
to benefit a community.
Green roofs—Engineered, vegetated systems installed on roofs to collect rainwater at its source, slow
its release, and reduce its volume through evapotranspiration from plants. Green roofs are designed to
absorb the initial rainfall of small events and slow the rate of flow during larger storms. In addition to
controlling stormwater runoff, they trap and breakdown airborne pollutants, create habitat, mitigate
urban heat island effects, recycle carbon, and conserve energy by stabilizing the indoor temperature and
humidity of buildings.
Groundwater—Water below the land surface, including shallow and deep aquifers.
Groundwater basin—A discrete underground deposit of water in the form of a single aquifer or a group
of interconnected aquifers.
Headwaters—The area or place where a stream or river originates.
Hydric—Holding water.
Hydric park—Also called a nature park, this is a water treatment and storage area that also significantly
contributes to an area's recreational system, provides habitat for fish and wildlife, and provides
economic and social benefits to neighboring areas. These parks generally contain passive recreational
features such as hiking trails, boardwalks, fishing/observation decks, benches, picnic tables,
and educational displays.
Hydrologic system—The way in which water moves through and is distributed and stored in a specific
area such as a watershed. It can also refer to a conceptual model, called the hydrologic cycle, of the
cyclical movement, distribution, and storage of water that occurs between the atmosphere and above
and below the Earth's surface.
Hydrology—The study of the movement, distribution, and quality of water. The term is also used to
describe the movement of water through an area or watershed.
Hydroperiod—The length of time that a wetland or pond contains water.
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Impaired—The condition of a waterbody that does not achieve water quality standards (designated use)
due to pollutants or an unknown cause.
Infiltration—The absorption of stormwater into the ground.
Infiltration basin—A shallow pond constructed to infiltrate stormwater into the ground. A type of best
management practice (BMP), it is used to manage stormwater runoff, prevent flooding and downstream
erosion, and improve water quality in adjacent waterbodies. Infiltration basins generally do not
discharge to surface waters but are designed with overflow structures that are used during flood
conditions.
Internal loads—The recycling of nutrients from organic material that enters a waterbody, decomposes,
and is stored in bottom sediments.
Land application—The application of treated sewage sludge (also called biosolids) to the land surface.
Legacy nutrients—Nutrients such as nitrogen and phosphorus that are deposited in a stream, river, or
lake from past human activities, including land clearing, past wastewater discharges, untreated
stormwater, and poor agricultural practices. Rainwater carries the nutrients to nearby surface waters,
where they are taken up by aquatic plants such as algae. Once the plants die and decompose, the
nutrients are released into the water, only to be taken up again by new plant growth. This cycle is
endlessly repeated.
Limited-development zone—An ecologically sensitive or valuable area where development activities are
limited in scope.
Loading—The total quantity of pollutants in stormwater runoff that contributes to water quality
impairment in a waterbody. It is calculated by multiplying the concentration of the pollutant by the
rate of flow, expressed as a volume per unit of time.
Low-impact development (LID)—An ecosystem-based approach to land development and stormwater
management that favors non-structural, planning and structural, soft (ecological, as opposed to hard,
mechanical, abiotic) engineering practices to mimic the way that nature manages rainfall. The goal of
LID is to maintain a site’s pre-development hydrology (runoff volume and flow) using design techniques
and practices that allow rainwater to soak into the ground, infiltrate, filter, store, transpire, evaporate,
and contain runoff close to its source. This promotes the natural movement and storage of water in the
watershed to reduce flooding and enhance water quality, water supply, and natural system protection.
In this way, rainwater is valued as a resource, rather than a waste product to be disposed of. LID is the
preferred approach to community development in Winter Haven.
Management and Storage of Surface Water (MSSW) permit—A permit required by the water
management districts before applicants carry out any activities that affect surface water, in order
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to prevent harm to Florida waters. These activities include the construction of stormwater management
systems, dams, impoundments, reservoirs, dredging, filling, and the creation of canals, ditches, culverts,
impoundments, fill roads, buildings, and other impervious surfaces.
Minimum Flows and Levels (MFLs)—Flows and levels for waterbodies established by the water
management districts to prevent significant harm as a result of water withdrawals.
Mitigation—The process of calculating the amount and type of lost hydrologic function caused by
human land uses, and compensating for those impacts by restoring or setting aside other areas with
the same function. Examples include mitigation for wetland losses, losses of habitat essential to
threatened and endangered species, and impacts to riverine systems, as well as water quality and flood
protection. The mitigation process can also be extended to include pollutant and carbon trading.
Mitigation bank—A public or private entity that sells mitigation credits to developers to compensate for
the ecological impacts of their activities, such as wetland destruction and habitat loss. The funds are
then used to purchase conservation land or carry out restoration projects. This transfer of management
responsibilities and liability is very attractive to permit holders, who would otherwise be responsible for
the design, construction, monitoring, ecological success, and long-term protection of a site. A mitigation
bank's value is defined in mitigation credits.
Mitigation credit—The value of an ecological improvement, determined using a functional assessment
method such as the Uniform Mitigation Assessment Method (UMAM) (Rule 62-345, Florida
Administrative Code). The credits are sold to developers who need to offset the ecological impacts of
their activities.
Natural infrastructure—Also called green infrastructure, this consists of interconnected, healthy natural
areas (both land and water) that provide multiple ecological services and benefits, supporting human,
animal, and plant life at no cost. The term is also used to describe strategically planned and managed
networks of naturally functioning areas—such as open spaces, forests, swamps, rivers, and aquifers—
that operate as a whole to preserve and restore ecosystem values and functions.
Nature park—Also called a hydric park, this is a water treatment and storage area that also significantly
contributes to an area's recreational system, provides habitat for fish and wildlife, and provides
economic and social benefits to neighboring areas. These parks generally contain passive recreational
features such as hiking trails, boardwalks, fishing/observation decks, benches, picnic tables, and
educational displays.
Nested regional watershed—A watershed within a watershed, created to concentrate mitigation in a
smaller region than the larger regional watershed.
Nitrogen—One of the three major nutrients required for plant growth (the others being phosphorus and
potassium). Nitrogen plays a role in almost all plant metabolic processes.
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No-development zone—An ecologically sensitive or valuable area where no construction is permitted.
Nonpoint source—Diffuse runoff without a single point of origin that flows over the surface of the
ground by stormwater and then flows to surface water or ground water. It includes atmospheric
deposition and runoff or leaching from agricultural lands, urban areas, unvegetated lands, onsite sewage
treatment and disposal systems, and construction sites.
Nutrients—Chemical elements, such as nitrogen, phosphorus, and potassium, that are required for plant
growth. Excessive amounts of nutrients that reach a waterbody through runoff from agricultural or
residential areas can cause algal blooms.
Outfall—The place where a sewer, drain, or stream discharges into a waterbody.
Overlay district—A special zone, created for a significant natural resource such as a floodplain or
aquifer, where additional restrictions are applied to land uses. The underlying zoning remains in place.
More than one overlay district may be applicable to a single area.
Overlay ordinance—An ordinance that applies a common set of standards to a designated area, to
minimize or control the impacts of development—for example, where water can be stored and
treated, and how it will flow during flood events.
Percolation—The downward flow of water through soil.
Pervious—Porous; allowing water to pass through.
Phosphorus—One of the three major nutrients required for plant growth (the others being nitrogen and
potassium).
Pocket wetland—An artificially constructed shallow marsh system for storing stormwater and removing
pollutants.
Point source—An identifiable and confined discharge point for one or more water pollutants, such as a
pipe, channel, vessel, or ditch.
Pollutant loading—The amount of a pollutant entering a waterbody.
Potentiometric surface—An imaginary surface that represents the height to which water will rise when
trapped between impermeable layers of rock or in a cased well.
Predevelopment—The natural vegetative community types and hydrologic condition prior to
modification for agricultural, urban, or other uses.
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Rain garden—A planted depression that holds stormwater runoff from impervious urban areas such as
roofs, driveways, and sidewalks, so it can be absorbed into the ground.
Rapid infiltration basins (RIBs) —A group of artificially constructed basins used to percolate treated
wastewater rapidly through underlying soils when the demand for reuse water (for uses such
as irrigation) is low.
Reach—A section of a river.
Recharge—The addition of water to the groundwater system.
Retention pond—An artificially constructed, permanent pool of water designed to store stormwater
runoff.
Reuse—The application of reclaimed wastewater for a beneficial purpose. Section 62-610.810, Florida
Administrative Code, contains the criteria used to classify projects as "reuse" or "effluent disposal."
Riparian—Related to the banks on either side of a river.
Riverine—Related to a river.
Runoff—Rainwater that is not absorbed into the ground but flows across the land surface, picking up
contaminants.
Saltwater intrusion—The movement of saline water into a freshwater aquifer, often caused by
groundwater pumping in coastal areas.
Simulation model—In simulation modeling, detailed information about a specific place is entered into a
computer model, and different scenarios are simulated to gain a better understanding of the possible
outcomes.
Slough—A soft, low-lying, swampy area. , through which water moves slowly.
Soil water recharge—The amount of water retained in the soil during the wet season.
Soil water utilization—The water stored in the soil that is extracted by plants to meet their
evapotranspiration needs during period of low rainfall.
Southern Water Use Caution Area (SWUCA) —An area designated by the Southwest Florida Water
Management District in 1992 where water resources are or will become critical in the next 20 years. The
SWUCA encompasses 5,100 square miles and covers all DeSoto, Hardee, Manatee, and Sarasota
Counties, and parts of Charlotte, Highlands, Hillsborough, and Polk Counties.
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Southern Water Use Caution Area Recovery Strategy—A Southwest Florida Water Management District
restoration strategy for the SWUCA that focuses on restoring flows in the upper Peace River, restoring
lake levels, and ensuring sufficient water supplies to support current uses.
Stormwater—Water that falls on the land surface from a rainfall event.
Stormwater capture system—A system designed to capture and hold stormwater, allowing it to
infiltrate into the ground.
Stormwater runoff—The portion of rainfall that hits the ground and is not evaporated, percolated, or
transpired by vegetation, but flows over the ground surface into a receiving waterbody.
Stormwater treatment area—An artificially constructed, vegetated wetland, designed to store water
and to remove nutrients and other contaminants from stormwater.
Strand—The land bordering a waterbody.
Surface water—Water on the land surface, including rivers, lakes, streams, estuaries, and oceans.
Surface Water Improvement and Management (SWIM)—In 1987, the Florida Legislature created the
SWIM Program. The water management districts develop SWIM plans for priority waterbodies to
restore damaged ecosystems, prevent pollution from stormwater runoff and other sources, and educate
the public. Currently, 29 waterbodies are on the priority list.
Surficial aquifer—A shallow aquifer below the land surface.
Sustainable—Resource use that meets the needs of people and the environment in the present, while
also enabling future generations to meet their own needs.
Swale—A shallow, linear, grassy depression designed to capture stormwater from roads and parking
lots.
Swamps—Forested wetlands.
Tannins—Chemicals leached from the breakdown of organic matter, such as leaves, that turns water a
dark tea or coffee color. Tannins reduce the amount of light penetrating the water.
Total Maximum Daily Load (TMDL) —A TMDL is the maximum amount of a given pollutant that a
waterbody can receive and remain healthy.
Transfer of development rights—The sale of development rights to a property, used to preserve open
space, restrict growth, or protect ecologically sensitive areas.
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Wastewater—The combination of liquid and pollutants from residences, commercial buildings,
industrial plants, and institutions, together with any ground water, surface runoff, or leachate that may
be present.
Water balance—The amount of water in each segment of the hydrologic cycle. The water balance
defines the local landscape: the type and amount of vegetation, the type and prevalence of streams and
surface water features, and the amount of groundwater. The water balance varies from site to site and
across sites, neighborhoods, and communities, depending upon the soils, geology, topography, and
climate.
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Water budget—A water budget describes what happens to water entering and leaving a watershed. The
components of a water budget include the amount of rainfall; surface water and groundwater flows;
the amount of water stored in lakes, wetlands, and aquifers; the amount of water taken up by plants;
and the effects of natural conditions such as sunlight, rain, and wind.
Watershed—Also called a basin, this is the geographic area through which water flows across the land
and drains into a common body of water, such as a stream, river, lake, or ocean. It includes tributaries
(wetlands, streams, canals, and ditches) as well as stormwater that runs off the land. Watersheds are
usually separated from other watersheds by naturally elevated areas.
Water table—The level of the groundwater surface.
Water Use Caution Area (WUCA) —A designation given by the water management districts to areas
where water supplies are or will become critical in the next 20 years.
Wetland—A low-lying area containing soils that are saturated with water permanently or seasonally.
They may contain pools of water and can be forested or marshy. Wetlands are the most biologically
diverse of all ecosystems and provide valuable habitat for fish and wildlife. They also remove nutrients
and other pollutants from water.
Wetland storage area—An artificially constructed wetland, designed to store water and to remove
nutrients and other contaminants from stormwater.
Wet season—The rainy part of the year—in Florida, generally defined as June through October.
Withdrawal—The extraction of water for human use.
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APPENDICES
The Appendices include:
• Appendix A – Gray to Green planning process and summary of all 27 planning and structural
Practices
• Appendix B – Siting and design considerations for selecting structural practices
• Appendix C – Stormwater quantity reduction and pollutant removal mechanisms for structural
practices
• Appendix D – Definitions for stormwater reduction and pollutant removal mechanisms
• Appendix E – Guide sheets and checklists for preparing a Drainage Control Plan (Guide Sheet 1)
and an Abbreviated Drainage Control Plan (Guide Sheet 2)
• Appendix F – List of the lakes in Winter Haven that are impaired for nutrients and must be
restored to meet state and federal regulations
• Appendix G – Winter Haven’s Sustainable Water Resource Requirements

Prepared by Thomas L. Singleton Consulting for the City of Winter Haven, Florida
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Appendix A
Gray to Green planning process and summary of all 27 planning and structural practices

Source: Thomas L. Singleton Consulting, September 2017.
Figure 1. Four-step planning process for avoiding, minimizing, and mitigating the stormwater impacts of land use change and
development

1. Map and protect green infrastructure to avoid impacts
Start at the top of the watershed and work your way down to your site to identify critical hydrologic
and habitat connections for protection and/or restoration
2. Fit the project to the site to avoid and minimize impacts
Start by placing structures and other impervious areas on the site in a way that protects green
infrastructure and natural pathways for water
Avoiding impacts
Planning Practice #1

Planning Practice #2
Planning Practice #3
Planning Practice #4
Planning Practice #5
Minimizing impacts
Planning Practice #6
Planning Practice #7
Planning Practice #8
Planning Practice #9
Planning Practice #10
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Preserve open spaces and natural areas, including recharge zones, aquifers,
springs, lakes, rivers, estuaries, floodplains, wetlands, riparian areas, and
forests
Maximize retention of native forest cover and restore disturbed vegetation to
intercept, infiltrate, evaporate, and transpire precipitation
Preserve permeable, native soil and enhance disturbed soils to store and
infiltrate storm flows
Retain and incorporate natural drainage and topographic features and patterns
that slow and infiltrate stormwater
Maintain predevelopment hydrology (peak discharge and volume) and water
balance (percent of surface water runoff, infiltration, and evapotranspiration)
Reduce, minimize, disconnect, and eliminate impervious surfaces to maximize
infiltration
Control runoff at the source
Manage stormwater as close to its origin as possible using small, distributed
hydrologic controls
Minimize runoff by maximizing infiltration, evapotranspiration, filtration, and
storage
Create a hydrologically rough landscape that slows storm flows and increases
time of infiltration

Planning Practice #11

Employ natural processes for water quality improvement

Planning Practice #12

Increase reliability of the stormwater system by providing multiple, redundant
runoff controls
Integrate stormwater controls into the development design and utilize the
controls as amenities to create a multifunctional landscape
Reduce the reliance on traditional conveyance and pond technologies

Planning Practice #13
Planning Practice #14
Planning Practice #15

Develop reliable and long-term maintenance programs with clear and
enforceable guidelines to ensure continued performance of stormwater
control systems
3. Select LID practices to mitigate impacts
Start at the beginning: first, where rain falls on the roof, then on other impervious areas and, lastly,
on land (pervious areas)
- Select practices to slow, spread, and infiltrate rain water;
- Plan for overflow routes and manage overflow as a resource;
- Maximize vegetation and organic groundcover, including trees, to create a living sponge that
increases infiltration and reduces evaporation, runoff, and erosion;
- Stack functions to maximize beneficial relationships and efficiency; and
- Devise strategies that solve one problem that simultaneously solves many other problems and
create resources.
Mitigating impacts
Structural Practice #1
Green Roof
Structural Practice #2

Rainwater Harvesting

Structural Practice #3

Pervious Paving

Structural Practice #4

Trees

Structural Practice #5

Rain Garden

Structural Practice #6

Bioswale

Structural Practice #7

Infiltration Trench

Structural Practice #8

Infiltration Basin

Structural Practice #9

Constructed Wetland

Structural Practice #10

Dry Detention Pond

Structural Practice #11

Wet Retention Pond

Structural Practice #12

Flow Control Devices

4. Evaluate how well the project fits the site
If the fit can be improved, then modify the project design
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Gray to Green Development Guidelines
Please consider these guidelines 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 Gray to
Green Community Development Guide on the pages indicated 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
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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 stormwater system maintenance plans to ensure performance.
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Appendix B
Siting and design considerations for selecting structural practices
#
1

Control
Green roof

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

2

Rainwater
harvesting

Rainwater
harvesting
involves
collection,
storage, and
reuse of
runoff from
roofs
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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.
Rainwater harvesting reduces runoff volume and
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 1,000square 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
other LID technologies, however, water must be
used periodically between rain events to maximize

Optimal level
of service
Filtration and
treatment

Location in
LID network
Beginning of
network,
directly
within the
runoff source

Retention

Beginning of
treatment
train, directly
at the source
of runoff

Scale
From small
residential
applications
to large
industrial
buildings

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

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

Seasonal debris
removal,
storage tank
inspection

#

Control

Description

3

Trees

4

Rain garden

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

5

Bioswale

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

Design considerations
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.

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.
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

Optimal level
of service

Location in
LID network

Scale

Maintenance
requirements

82
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 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
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#

Control

Description
runoff

6

Pervious
pavement

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

7

Infiltration
trench

Infiltration
trenches are
laminated
systems with
fabric-lined
excavations
atop a fabriclined reservoir
to increase
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Design considerations
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.
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
vacuums must be used to clean out gravel, paver,
and porous systems. Turf paver systems may need
occasional mowing and irrigation.
Infiltration trenches are particularly useful for sites
with poorly-drained soils. Runoff gradually
percolates through an engineered trench with
amended soil over a period of days. Infiltration
trenches filter particulates as stormwater runoff
moves through the media. These facilities promote
algae growth that serves as pollutant digesters.
Since the maximum catchment area for infiltration
trenches is two acres, it may be necessary to

Optimal level
of service

Location in
LID network

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

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

Scale

Maintenance
requirements

#

Control

Description
infiltration

8

Infiltration
basin

Infiltration
basins, or wet
meadows, are
shallow
impound
areas with
highly
permeable
soils designed
to temporarily
detain and
infiltrate
stormwater
runoff. They
do not retain
a permanent
pool of water.

9

Constructed
wetland

Constructed
wetlands are
artificial
marshes or
swamps with
permanent
standing

Design considerations
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.
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
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

Optimal level
of service

Location in
LID network

Scale

Maintenance
requirements

84

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

Retention,
filtration,
infiltration,
and treatment

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

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

System
requires
removal of
trash and
sediment
between two
and ten years,
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#

Control

Description
water that
offer a full
range of
ecosystem
services to
treat polluted
stormwater

10

Dry detention
pond

11

Wet retention
pond

Detention
ponds, or dry
ponds, are
stormwater
basins
designed to
intercept
stormwater
runoff for
temporary
impoundment
and metered
discharge to a
conveyance
system or a
receiving
waterbody
A retention
pond, also
known as a
wet pool or
wet pond, is a
constructed
stormwater
pond that
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Optimal level
of service

Design considerations
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.
Detention ponds are designed to completely
Detention
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. Generally,
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
pollutant removal. Detention ponds do not provide
infiltration and are therefore best used within a
network that provides biological treatment.
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

Location in
LID network

Scale
managing
more than 25
acres of
drainage

Maintenance
requirements
and
semiannually
during first
three years

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

Watershed
runoff area
of 10 acres
and greater

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

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

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

#

Control

Description
retains a
permanent
pool of water,
with minor
biological
treatment

Design considerations
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.

Optimal level
of service

Location in
LID network

Scale
runoff areas
no smaller
than 10 acres
depending
on regional
precipitation

Maintenance
requirements
accumulated
trash, and
debris

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
11
LID Control
Green roof
Rainwater
harvesting
Pervious
paving
Trees
Rain garden
Bioswale
Infiltration
trench
Infiltration
basin
Constructed
wetland
Dry pond
Wet pond
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Screening (BOD, trash)

Disinfection (pathogens)

Biological
Temperature reduction (thermal enrichment)

Pathogen die-off (pathogens)

Organic compound degradation (BOD,
hydrocarbons)

Sulfate reduction (TDS)

Stormwater quantity reduction and pollutant removal mechanisms for structural practices
Quantity Control
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)
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Other

●
●

Source: Design of Urban Stormwater Controls, Water Environment Federation, American Society of Civil Engineers/Environmental and Water Resources Institute, adapted from pp. 100-101, 2012.
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Appendix D
Definitions for stormwater reduction and pollutant removal mechanisms
Source: Design of Urban Stormwater Controls, Water Environment Federation, American Society of Civil
Engineers/Environmental and Water Resources Institute, adapted from pp. 104-141, 2012.
Stormwater unit processes are the mechanisms for stormwater reduction and pollutant removal.
Stormwater unit operations or controls are the “boxes” in which treatment occurs. Definitions for 22
stormwater unit processes that occur in various stormwater controls are provided below. The
definitions are drawn from the manual of practice, Design of Urban Stormwater Controls, published in
2012 by the Water Environment Federation and American Society of Civil Engineers/Environmental and
Water Resources Institute. The processes are presented in two broad categories: quantity control and
quality control. Understanding the mechanisms in unit processes will help stormwater managers select
the appropriate stormwater controls to effectively address stormwater water quantity and quality
management goals.
The most immediate effect of urbanization is the increases in volume and peak flows associated with
precipitation events. Historically, stormwater management has focused on quantity control, given its
effects on flooding, bank erosion, and associated economic losses. Over the last 25 years water quality
treatment of stormwater has become an equally important priority.
A. Quantity control
1. Peak flow attenuation. Increased peak flows result from larger runoff volumes, reduced natural
storage in the watershed, and shorter travel times associated with flow over paved surfaces and through
pipes. Peak flow attenuation has traditionally been the single focus of stormwater management, with an
emphasis on building storage facilities sized to reduce peak flows to a given target specified. In fact,
attenuation is more effectively achieved by also reducing the runoff volume and lengthening the travel
time.
Peak flows are also attenuated as water flows through a variety of conveyances, natural or artificial, and
as a result of storage and frictional effects that take place in the channel or pipe. Green infrastructure
approaches take advantage of this mechanism by replacing fast conveyances such as gutters and pipes
with swales and other conveyances that slow down the flow of water and increase the travel time and
the storage of runoff within the conveyance system. Flow velocities can be decreased by using wide
channels, mild slopes, and high roughness vegetation.
2. Runoff volume reduction. The concept of green infrastructure has emerged to “manage rain” and
thus reduce the amount of runoff through practices that minimize the volume of the runoff generated
as well as infiltration and evapotranspiration to reduce the direct runoff that reaches receiving waters.
Effective volume control starts with site design that includes preservation of natural resources that
maximize retention of rain water on site, for instance, forest stands that provide interception and welldrained soils that provide storage of water in the pore space. Soils that are unavoidably compacted by
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construction activities can be amended to restore its storage capacity and permeability. Infiltration
performance in disturbed soils is improved by means of deep tillage and compost amendments as well
as plantings with deep-rooted native species. Excess runoff is further reduced by capturing it close to the
point where it is generated, typically using green infrastructure controls that are distributed throughout
the site. This water is either infiltrated to the native soil or evapotranspired by the vegetation in the
controls.
3. Infiltration is the process of water entering soils from rainfall, snowmelt, or irrigation. Rates of
infiltration are controlled by rates of soil water movement below the surface. This soil water movement
also controls the supply of water for plant uptake and for evaporation at the soil surface. Infiltration and
soil water movement directly affect surface runoff, groundwater recharge, evapotranspiration, soil
erosion, and transport of chemicals in surface and subsurface waters. Soil properties affecting soil water
movement are hydraulic conductivity and water retention characteristics that describe the ability of the
soil to store and release water. Hydraulic conductivity is a measure of the soil’s ability to transmit water
that is dependent on the geometric properties of the soil and the fluid’s viscosity, which is a function of
temperature. Seasonal and annual temperature variations significantly affect the performance of
infiltration-based stormwater controls.
Infiltration is a means of achieving quantity control, both volume and peak flow attenuation, but is also
recognized as a means of pollutant control because, by reducing volume and filtering pollutants, it
reduces the total load of pollutants to surface waters. Infiltration occurs not only in stormwater controls
whose primary intent is infiltration (e.g., permeable pavement), but also in many other unit operations
such as swales, wet basins, wetlands, underground recharge galleries (vaults), and unlined filters. Given
the importance of minimizing groundwater contamination, the intervening soil should have a good
capacity to remove pollutants, with sufficient separation between the bottom of the treatment facility
and groundwater. Special consideration should also be given to excessively well-drained soils, fractured
geology, and karst terrain.
4. Dispersion. Engineered dispersion attempts to minimize hydrologic change by moving stormwater
from impervious surfaces to pervious areas, for example landscapes original to the site before
development or soils that have been amended to restore storage and infiltration properties. The most
common approaches are collectively known as imperviousness disconnection. In essence, disconnection
is implemented to facilitate infiltration but also has the additional effect of slowing the flow of water
and lengthening travel times. A common application is the dispersion of stormwater into vegetated
buffers such as forests and grasslands abutting an adjacent waterbody, stream, lake, or wetland.
The benefits of dispersion are often summarized as a reduction of the effective impervious area (EIA),
which is the portion of the total impervious area (TIA) that discharges directly to receiving waterbodies.
The term “directly connected impervious area” (DCIA) is also used interchangeably with EIA.
Imperviousness disconnection is most applicable to residential development by conveying runoff
generated by impervious surfaces such as rooftops, driveways, parking lots, and streets to vegetated
areas. Disconnection of the large parking lots and rooftops for commercial areas yields much more
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modest reductions in runoff because the large ratio of imperviousness to pervious area in these land
uses. The amount of reduction is a function of the pervious area flow path, the ratio of impervious area
to receiving pervious areas, and the infiltration capacity of the pervious areas. For hydrologic soil types A
and B, significant reductions in runoff are possible for most land uses when impervious surfaces drain to
these very permeable soils. The less permeable type C and D soils allow lesser reductions and for
relatively low-density land uses that have low impervious to pervious area ratios.
5. Evapotranspiration is the process by which water returns to the atmosphere by evaporation from
water and soil surfaces and by transpiration as plants release water vapor through their leaves as part of
their metabolic processes. Evapotranspiration ranges from 40% of the annual precipitation in the
Northeast and Northwester United States, to approximately 70% or more in the Southeast, and nearly
100% in the Southwest. During urbanization, pavement replaces native vegetation. In addition, plants
brought to the site for landscaping are typically not mature, are more sparsely planted, and have less
dense foliage than the native vegetation. Therefore, less water returns to the atmosphere through
evapotranspiration and the volume of runoff increases.
Evapotranspiration is a function of climatic conditions such as air temperature, wind speed, relative
humidity, and solar radiation and of evapotranspiring surface conditions, water temperature, roughness,
density and type of vegetative cover, root depth, water availability, and albedo, which is the fraction of
reflected incident sunlight.
As rainfall falls upon vegetated surfaces, some of it is intercepted by leaves, of which some evaporates
back into the atmosphere during and immediately after the storm, and the rest flows along the truck as
stem flow. This phenomenon is readily observed in small storm events, where interception can
represent a substantial portion of total rainfall. In dense forests in the humid mid-Atlantic, annual
rainfall losses caused by interception approach 30%. Interception is a component of the water cycle that
is often poorly quantified.
6. Runoff collection and usage. The focus of this unit process is storage and use for landscape irrigation,
nonpotable consumption such as toilet flushing, industrial processes, and potable use with additional
treatment. Water is typically collected from rooftops. By capturing water for beneficial purposes, water
is either completely removed from direct runoff or its flow to receiving waters is delayed. Harvesting
rainwater is also effective in reducing stormwater pollution by preventing rain to come in contact with
pollutants from pavement and bare soil.
The means of storage varies from small cisterns and rain barrels for individual residences to large water
tanks and ponds akin to small lakes with pumps and other mechanical and electrical equipment.
The effectiveness of rainwater harvesting in reducing runoff volume depends on the demand for the
collected water. Irrigation is seldom needed soon after a storm; therefore, in humid climates where
storms occur relatively often, the facility must be emptied at least partially to provide storage for the
next storm. In such situations, rainwater harvesting behaves like a basin. Additional demand such as
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toilet flushing increases the effectiveness of rainwater harvesting as water is moved from the
stormwater drainage system to the wastewater collection system.
B. Quality control
7. Sedimentation is gravity separation by the downward movement of particles under quiescent
conditions. Although four types are typically defined in water and wastewater treatment, only two are
relevant to stormwater: discrete settling and flocculent settling. Discrete means that each particle
settles separately from the others and does not attach when coming into contact with other particles.
Small particles in water tend to stick together when coming into contact and form a flocculent
suspension. Sand defined as particles greater than 75μm and larger particles in the silt range settle
discretely. Finer silts and clays tend to flocculate after a few hours of quiescence.
8. Floatation is relevant to material in stormwater with a specific gravity less than water. This includes
petroleum hydrocarbons and light gross solids such as paper, cigarette butts, and plastic bags, which are
neutrally buoyant.
9. Laminar separation. Even mile turbulence inhibits removal of oil droplets and small silt and clay-size
particles, although it assists coalescence and coagulation of these particles. Laminar separation of
particles from liquids minimizes if not eliminates this turbulence. The term laminar in this instance refers
to the hydraulic condition of the water in the stormwater control. Laminar conditions are created by the
use of plates or tubes. The configuration calms the water as it passes through and provides protection
from inlet turbulence and wind in the case of open basins.
Coalescing oil and water separators are a widely recognized application of laminar separation.
Coalescence is the formation of large oil droplets from the collision of smaller droplets. Collision occurs
as the droplets rise to the underside of each plate. The concept is used in some small manufactured
vaults to enhance the removal of fine sediments as well. However, care must be taken with the use of
laminar separation for settling sediments. Volume is a significant parameter for these particles and it is
unlikely that fine silts and clays are removed unless the vault has a rather large unit volume, irrespective
of the presence of laminar devices. The larger the unit volume (cubic meter per hectare served), the less
incremental benefit provided by laminar devices.
10. Swirl concentration. A swirling motion of fluid around a common center is used in some cylindrical
vaults to enhance separation of particles, hence the alternative name vortex separation. The
expectation is that the motion produces an inertial force that adds to the gravitational force found with
normal sedimentation. The swirling motion may initiate at a peak flow of 10 to 20% of the control’s
rated flow capacity. The effect is better performance with all other factors being equal such as basin size
and hydraulic efficiency. However, it has not been established that the swirling motion in products
called vortex separators adds significantly to performance. It is possible that observed improvement in
performance over a nonswirl vault is a result of improved hydraulic efficiency, more closely approaching
the ideal hydraulic loading rate rather than the effect of swirling motion per se.
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There is a second attribute of swirling motion that may assist performance, which is the minimization of
resuspension. The swirling motion results in what is called secondary flow, or movement of water
toward the center axis of the vault. Larger deposition, particularly of small particles, occurs at the center
of the unit where they are less susceptible to resuspension at high flows. This effect may be negated if a
strong vortex occurs that may resuspend the accumulated particles.
11. Sorption. There are three types of sorption: adsorption, absorption, and ion exchange. Ion exchange
is not strictly a sorptive process, but it is discussed here for convenience. As implied by its name, ion
exchange involves replacement of ions of less “interest” with ions in incoming stormwater that are of
greater interest to the media. Heavy metal removal by zeolite is an example of ion exchange. Ion
exchange can be cationic or anionic. Most media have a cationic exchange, which means the media has
the ability to exchange lighter positively charged metals such as calcium, magnesium, and sodium for
heavier metals such as copper, zinc, and lead. The exchange capacity can be measured in a laboratory to
determine the useful life of the media.
With adsorption and absorption there is no exchange for ions. Rather, sorption is brought about by
physical van der Waals forces and binding between chemical complexes of stormwater pollutants on the
surface of the media. The difference between adsorption and absorption is the degree of homogeneity
between the pollutant and the media. With adsorption, there is no homogeneity. Attachment occurs at
the surface media, either its immediate exterior surface or interior surfaces within the porous media.
With absorption, the pollutant penetrates to the molecular level of the media. The pollutant and media
become homogenous in structure, although no chemical transformation occurs. With both unit
processes, media attachment occurs without alteration of the media’s chemical structure. The
distinction between adsorption and absorption is relevant to stormwater treatment. With absorption,
the pollutant will not desorb from the media once bonded. This is not the case for adsorption, which is
not the dominant sorption process in soils and filter media. The sorbed pollutant can desorb because
attachment is related to conditions of chemical equilibrium, which can change. For example, desorption
of pollutants from wet basin soils during periods of dry weather flow has been observed.
Adsorption occurs as runoff flows into stormwater controls. With few exceptions, all pollutants in
stormwater are hydrophobic to come degree, including bacteria and viruses. Notable exceptions are
ethylene glycol (antifreeze) and chloride, which are highly soluble. Adsorption does not occur naturally
in wet basins or filters. It occurs with solid polymers used in drain-inlet inserts to absorb free oils. The
distinction between adsorption and precipitation is the nature of the bond that forms between the
pollutant and media. With sorption, surface attraction between the pollutant and the media causes the
pollutant to leave the aqueous solution and adhere to the media. With precipitation, a new chemical
forms by joining of two elements, such as a metal with a sulfide. With some pollutant removal reactions
in stormwater controls, particularly soils, the distinction between adsorption and precipitation is neither
distinct nor fully understood. In some instances, it appears that sorption is followed by precipitation in
the same process.
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With respect to engineered filter media, removal of pesticides, petroleum hydrocarbons, and metals by
activated carbon, compost, and other organic media is by adsorption and sometimes followed by
biological degradation. In soils, organic material, known as humic substances, is naturally created from
degradation of dead vegetation.
Phosphorous and metals removal by inorganic media, such as metal oxide on sand or in soils, is likely a
sorption and precipitation complex. The initial reaction appears to be adsorption, with slow alteration of
the complex to a precipitate. The metal oxides of interest are iron, aluminum, and manganese. As the
precipitate forms, sorption sites reopen, resulting in continued sorption during subsequent storms.
Removal of phosphorous by calcium complexes such as calcium carbonate may be a combination of
sorption and precipitation, whereas direct removal by calcium takes place by precipitation only. These
unit processes also occur in soils.
Ammonia sorbs to clay in infiltrators, sand filters, and bioretention filters. Specialized bacteria
subsequently change the ammonia to nitrate. Nitrate is leached from clay during a subsequent storm,
rejuvenating sorptive sites for incoming ammonia. Nitrate is lost from the system unless used by plants
for growth or converted to nitrogen gas by another specialized group of bacteria.
As previously mentioned, pollutants removed by adsorption may subsequently desorb due to a change
in the chemistry of the water in the stormwater control. Significant shifts in any one of the following
chemical conditions may cause the reentry of the pollutant to aqueous solution: pH, background
concentration of the pollutant, dissolved oxygen concentration, and salinity. A reduction in pH to below
6 may cause the release of metals sorbed to oxides. Calcium formations are enhanced by high pH, which
can occur in wet basins and wetlands. Similarly, an increase in dissolved phosphorous and metals has
been observed in basins and wetlands during dry weather flow. It is likely that dry weather flow has a
lower concentration of pollutants than typically occur in stormwater, causing a shift in chemical
equilibrium and release of the pollutant into aqueous solution.
Some pollutant removal mechanisms are reversed by anaerobic conditions, whereas others are
promoted. Iron phosphate formation requires aerobic conditions; metal sulfide precipitation requires
anaerobic conditions. Anaerobic conditions are preferable, although not necessary for the sorption of
toxic organic compounds and dissolved metals to organic matter, which is resistant to degradation in the
absence of dissolved oxygen. Adsorption and precipitation to aluminum oxide and calcium or calcium
carbonate is unaffected by oxygen condition. Adsorption and precipitation of dissolved phosphorous
with ferric and ferric oxide can only occur in an aerobic environment. The complex dissolves under
anaerobic conditions. Another consideration is that anaerobic conditions lower the pH, with a
subsequent dissolution of metal complexes resulting in metals being discharged by the control in a
subsequent storm. A final consideration is the potential adverse effect of the discharge of low dissolved
oxygen stormwater on receiving streams resulting from the development of anaerobic conditions.
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12. Precipitation is a unit process in which a settleable or filterable particulate is formed by joining two
inorganic dissolved species with the objective of removing one of them. Precipitation occurs naturally
without the aid of chemicals or can be induced by a chemical.
Natural precipitation occurs in the soils of infiltrators, wet basins and wetlands, and filter media. It also
occurs with incidental infiltration to soils from the bottoms of swales and dry basins. Precipitation may
occur in the standing water of wet basins or infiltration basins.
Calcium phosphates may form in wet basins if the stormwater has sufficient calcium and alkalinity. Algae
may enhance the process. Dissolved phosphorous may be removed by aluminum, iron, and manganese
in the water column and in the soil of wet basins and infiltration basins, or in sand filters if the sand
contains these metals. Removal may take place directly with the metal or its oxide. Metals such as zinc
and copper precipitate with sulfide, an important sequestering process in wet basins and wetlands.
As noted with adsorption, the distinction between adsorption and precipitation is not always clear with
some of the removal processes in nature, particularly in soils. In some instances, both appear to occur
with the dissolved pollutant initially removed by adsorption into a complex that slowly changes to a
precipitate.
Precipitates may undergo dissolution similar to desorption if water chemistry changes significantly, as
previously noted with adsorption. The precipitates primarily affected are metal sulfides and ferric
phosphate. The former dissolve in aerobic conditions and the latter in anaerobic.
Chemical precipitation is induced by two general methods: modifying the surface of filter media or
adding the chemical as a liquid or solid to stormwater. These chemicals induce precipitation by altering
water chemistry. Effective precipitation is achieved with rapid and complete mixing at the point of
chemical addition, followed by gentle stirring to flocculate the precipitate. The flocculent is removed by
sedimentation or filtration.
Alum and sodium aluminate are used to reduce eutrophication in small lakes. The appropriate dosage of
chemical enters directly into the storm drain upstream of the discharge point and the turbulence in the
flow mixes the chemical. Flocculated precipitates settle in the lake. Reductions of total and dissolved
phosphorous of approximately 90% are achieved at dosages of 5 mg/L of alum to give a phosphorous
concentration to approximately 0.025 mg/L. There may not always be sufficient alkalinity in the
stormwater to avoid an excessive drop of the pH to toxic levels. The occurrence of this condition varies
with the site. The process produces both metal-phosphate and metal-hydroxide precipitates. The latter
flocculates the former, producing settleable floc. Other precipitants include poly aluminum chloride and
ferric sulfate and chloride.
Dissolved metals sorb to metal-hydroxide flocs. The addition of aluminum and iron salts is, therefore,
one means of removing dissolved metals. Bacteria are also removed by metal-hydroxide flocs, either by
sorption to the floc or by being swept into the floc as colloids.
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Limitations to the practical application of precipitation in stormwater treatment are the highly variable
nature of flows and dissolved pollutant concentrations, the need to manage chemical sludges, and the
added complexity of operating and maintaining mechanical systems. If the system operates in real time,
the dosage may have to vary correspondingly with the highly fluctuating flow. An equalization basin can
dampen peak flows and allow the precipitation unit to operate at a lower, less variable peak flow.
13. Coagulation is the agglomeration of small particles into larger particles that typically have a more
rapid settling rate. With aid of chemicals, it may occur in conjunction with precipitation or to solely
remove clay and fine silts that do not otherwise settle within a given timeframe needed for adequate
performance of stormwater controls (i.e., from a few hours to several days). Coagulation is becoming
more common in stormwater treatment, particularly at construction sites. The same constraints noted
for precipitation with liquid chemical apply to coagulation.
Coagulation consists of the following two steps: destabilization and flocculation. Unanimity does not
exist in related engineering fields on the terminology of coagulation. Some consider coagulation to be
the destabilization step, with flocculation as a separate process. Others define coagulation as presented
here.
Suspensions of small particles, including bacteria, are stable because they resist aggregation into larger
particles as they repel each other because of negative surface charge. Destabilization with chemicals
allows aggregation of these small particles into large, denser flocs. The rate of aggregation is a function
of collision frequency and how many of the collisions result in floc growth. If the flocs grow too large or
the energy input is excessive, hydrodynamic shearing forces break the flocs. The combined processes of
floc formation and breakup reach a steady state after a period of mixing. The final condition of the floc
depends on the original characteristics of the solids, the coagulant, and the mixing conditions. Some
coagulants create a floc that sweeps small particles.
Successful flocculation occurs as transport processes bring particles together. Transport occurs by
natural means, such as wind in a wet basin, or by artificial mixing with pumps, paddles, and fountains.
Because coagulation occurs naturally in lakes and estuaries, it likely occurs in stormwater basins without
the aid of chemicals. The significance of its role on performance of stormwater controls has not been
defined, although it has been observed in untreated stormwater under ideal conditions in the
laboratory. Under quiescent conditions, coagulation begins within approximately 6 hours. Coagulation
likely begins in only 1 to 2 hours if the basin is stirred.
Coagulants are divided into three groups: inorganic salts, organic polymers, and inorganic polymers. As
noted previously, inorganic salts used in stormwater treatment such as aluminum sulfate (alum0,
aluminum chloride, ferric chloride, and ferric sulfate produce a metal-hydroxide that causes coagulation.
Most coagulants are available as a liquid, powder, and solid log or block. Organic polymers are often
used at construction sites.
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14. Filtration may be characterized as physical or sorptive. Sorptive unit processes were previously
discussed (see sorption). Physical filtration is defined as a unit process in which filter media remove
particles and attached pollutants by straining and sedimentation on and within the media. Particles
smaller than the openings of the media are retained in niches or held against the media by the force of
water. In practice, particles as small as 10 to 15% of the nominal void diameter are removed, although at
decreasing efficiencies. This process is enhanced in porous media such as perlite whose porous structure
traps fine particles, likely increasing the sediment retention capacity over nonporous media.
Electrostatic and related forces cause clays and fine silts to attach to sand, with the effect varying with
the relative differences in electric surface charges between the sand and incoming particles. It has not
been established whether this mechanism occurs with other types of media.
15. Plant metabolism is considered a unit process inasmuch as a design specifies the presence and
density of plants in a stormwater control. Through photosynthesis, plants use energy from the sun to
transform carbon dioxide and water into starches and sugars, which are the sources of energy for plants.
By way of metabolic activity, pollutants useful to growth by plants, algae, and some bacteria are
removed from stormwater in the process of making biomass.
Plant metabolism is the primary biological process by which phosphorous is removed in stormwater
controls. Phosphorous in stormwater is mostly in the particulate form and is removed by settling.
Generally, one-fourth to one-third of incoming phosphorous is in aqueous solution as free
orthophosphate or bound to aqueous organics and is biologically available. Although stormwater
manuals focus on the removal of total phosphorous, stormwater control design should address
phosphorous that is biologically available and present as dissolved and on surfaces of fine sediments.
Controls such as vaults may be effective at reducing total phosphorous, but may only modestly affect
what is potentially biologically available.
The potential for particulate phosphorous to dissolve or be released by bacterial activity is not well
understood. It is known that some of the phosphorous bound to fine silts and clays become biologically
available, most likely by desorption. Some of the phosphorous present in organic matter in incoming
stormwater may be released as degradation by bacteria occurs. This fraction is likely site specific and
highly variable among storms at each site.
Once vegetation fills in a surface stormwater control, the uptake of phosphorous, nitrogen, and metals
is offset by their loss from decaying vegetation. Loss also occurs as plants enter a stage of senescence in
the fall. A small portion of the phosphorous is essentially permanently sequestered in a portion of dead
organic matter that is resistant to degradation by bacteria, particularly in the anaerobic soils of wet
basins and wetlands. This portion has been estimated to be approximately 0.5 to 1 g/m2 per year in
natural wetlands, which may serve as the basis for design. Phosphorous can be removed by harvesting
vegetation. However, the effectiveness of foliage harvesting depends upon design. That is, the larger the
unit surface area, the greater the role harvesting can play.
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16. Nitrification/denitrification. Nitrogen exists in the following forms: bound within organic matter,
ammonium, and ammonia, nitrite, nitrate, and nitrogen gas. Nitrogen in untreated stormwater is
primarily organically bound with lesser concentrations of ammonium, ammonia, and nitrate. Nitrogen
does not precipitate or sorb, except for ammonia, which sorbs to clay in soils. Ammonium (NH4-) is the
ionic form of ammonia (NH3) in solution in water, whereas free ammonia is as a gas. Some ammonia my
leave the system directly by volatilization, but his condition requires a high pH and warm temperatures
to be a significant pathway. Certain algae and bacteria species and some wetland plants are capable of
altering nitrogen gas to obtain nitrogen for growth. Called nitrogen fixation, this process is only
significant in the absence of other forms of nitrogen.
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It is likely that most of the nitrogen removal in vegetated systems is performed by bacteria through
nitrification and denitrification. Like phosphorous, some is sequestered in organic matter resistant to
degradation, particularly in the anaerobic soils present in wet basins and wetlands. Transformation by
bacteria ultimately causes nitrogen release to the atmosphere as a gas. Bacterial activity occurs
primarily in the soil and on biofilms, where the density of bacteria is greatest, rather than in the wet
pool. The transformation is described as:
Organic –bound nitrogen → NH4+ / NH3 + O2 → NO2 + NO3 → N2↑
ammonification

nitrification denitrification

While many bacteria species carry out the first step in the process, nitrification and denitrification
depend on a few species. Nitrification proceeds from ammonium to nitrate and then from nitrite to
nitrate. Each step is conducted by two different groups of bacteria, Nitrosomonas and Nitrobacters,
respectively. Nitrite is changed relatively quickly to nitrate; little persists unless the temperature is low.
For denitrification, the genera Bacillus, Micrococcus, and Pseudomonas are the most significant in the
soils. The genera Pseudomonas, Aerininasm, and Vibrio are the most significant in aquatic environments.
A group of bacteria capable of transforming ammonia directly to nitrogen gas without the intermediate
step of nitrification may also be present in wet basins.
Nitrification and denitrification are sensitive to dissolved oxygen and temperature. Process rates
decrease significantly below 15 ○C. Nitrification only occurs in the presence of dissolved oxygen.
Denitrification occurs when dissolved oxygen is nearly absent and takes place completely only when
dissolved oxygen is zero. Because nitrification and denitrification occur in separate areas, ammonia and
nitrite ions must move to aerobic and anaerobic areas, respectively, by slow diffusion. Process rates
have been found to differ substantially among natural wetlands because of differences in soils,
particularly pH and organic matter. Therefore, this is possibly the case for stormwater wetlands as well.
In a filter, nitrification and denitrification may not occur to a significant degree if the residence time of
the stormwater through the filter is only for a few hours rather than days.
The terrestrial nitrogen cycle differs to the extent that the soils are generally aerobic because of the lack
of standing water. Nitrification occurs readily in infiltrators and sand and bioretention filters, and may
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occur as stormwater is passing through. More likely, ammonium and ammonia sorb to clays during each
storm, with transformation to nitrate occurring later. This nitrate desorbs from clay during each storm,
giving the impression that nitrification is occurring. Denitrification in filters and infiltrators is not likely to
be significant. Bacterial degradation of organic matter, if present in the media, may create micro sites
with low dissolved oxygen, leading to some denitrification. While these treatment systems may become
temporarily anaerobic during storms, the time period is insufficient to promote effective denitrification.
However, bioretention filters can be designed to maintain an anaerobic internal water storage (IWS)
zone, where denitrification can occur between storms. Denitrification may also be limited by low
concentrations of dissolved carbon.
As nitrification and denitrification are likely the most important processes for ultimate removal of
nitrogen from a stormwater unit operation, they are identified as unit processes because they can be
directly enhanced by design. As with phosphorous, design of stormwater controls should focus on the
bioavailable fraction of nitrogen, not the total nitrogen load.
17. Sulfate reduction requires extreme anaerobic conditions and time for the specialized bacteria to
process sulfate. Hence, while it occurs in the saturated soils of wet basins and wetlands, it is not likely to
occur to a significant degree in a unit operation that may only occasionally experience anaerobic
conditions, such as an infiltration basin or a sand filter. In stormwater wetlands, unit processes may be
assisted by the diurnal shift in dissolved oxygen induced by high plant activity from high dissolved
oxygen in the afternoon to anaerobic conditions in the early morning. However, bacteria do not
necessarily shift into operation for such a short period of time given the energy needed.
18. Organic compound degradation. The rate of removal of anthropogenic compounds such as
pesticides varies widely, from days to centuries, depending upon the particular compound. Bacteria
require time to adjust to the presence of these organics and, therefore, may not be fully effective where
a particular compound enters the system sporadically. However, these compounds likely sorb to organic
matter in the facility, providing time for gradual degradation. Some compounds breakdown more readily
in anaerobic environments.
19. Pathogen die-off. Fecal coliform and related bacteria define receiving water standards, serving as
surrogates for pathogenic organisms that are not readily determined by analytical procedures. It is
generally believed that pathogenic organisms die more quickly than indicator bacteria. Hence, low
counts of indicator bacteria imply low counts of pathogenic organisms. However, this presumption has
proved to be problematic for fecal coliform bacteria. Many states have shifted to E. coli as the surrogate.
Determination of the performance of particular stormwater controls regarding the removal of indicator
organisms is confounded by the prescribed protocol of only taking grab samples, uncertainty in
laboratory procedures, growth of bacteria in the stormwater control, and its introduction directly into
basins and wetlands from sources such as wildlife and pets.
20. Temperature reduction. Thermal enrichment is of particular concern for streams with cold water
fish species such as trout and salmon. Warm pavement heats runoff. Groundwater that enters surface
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basins increases in temperature as it passes through the basins. Because there are means to reduce the
temperature of stormwater before discharge, temperature reduction can be considered a unit process.
Design measures to minimize thermal enrichment or to cool water once it has been heated by pavement
include avoidance of low-flow channels in dry basins, shading of wet basins and wetlands, use of vaults
rather than surface basins, deployment of rock gallery outlets from basins, and use of bioretention.
21. Disinfection. While pathogens naturally die in stormwater controls, disinfection can be more directly
controlled by mechanical methods. Spraying or recirculating water in a basin enhances death by
ultraviolet (UV) radiation. Field studies in this process, however, are lacking. Ozonation and UV radiation
systems are being used to treat dry weather and stormwater at modest peak flows. Some
manufacturers of stormwater products have modified the surface of filter media with specific chemical
complexes such as amines that kill bacteria on contact.
22. Screening removes gross pollutants, including litter, debris, very coarse sediment, and vegetation by
straining them through devices with large openings. Gross pollutants can impair aquatic habitat, injure
aquatic life, degrade aesthetic conditions, and cause clogging of drainage infrastructure. In addition,
they may undergo a variety of transformations that may cause additional stormwater pollution. Gross
pollutants have gained importance as a water quality concern and, in recent years, trash total maximum
daily loads (TMDLs) have been added to municipal stormwater permits; for example, in the cities of Los
Angeles and Washington D.C.
Almost every type of stormwater control will remove gross pollutants to some degree. For example, the
vegetation in bioretention filters and wetlands trap plastic bags and other floating items. Most
manufactured vaults are designed to remove large pollutants. The most effective means of litter
removal is direct screening with devices known as gross pollutant traps (GTPs). Gross pollutant traps
that remove pollutants primarily by screening include screens, nets, baskets, and racks, whereas hoods
largely exclude large floating solids from the flow. The effectiveness of both processes is heavily
dependent on maintenance activities that remove the material collected. When screens are
perpendicular to the flow path, they can clog easily as material becomes lodged in the opening, which
requires taking the unit out of operation for cleaning. An arrangement in which the flow meets the
screen at an angle provides more effective screening because it allows self-cleaning.
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Appendix E
List of the lakes in Winter Haven that are impaired for nutrients and must be restored to meet
state and federal regulations
Table 2. List of lakes with impaired water quality in Winter Haven by waterbody identification number (WBID #). Twenty-one of
the 54 lakes in Winter Haven are impaired for nutrients, including 17 of the 25 lakes in the iconic Winter Haven Chain of Lakes.
Thirteen of the 21 impaired lakes are designated by the Southwest Florida Water Management District as Surface Water
Improvement and Management (SWIM) waterbodies for priority restoration and protection (identified by *)

TMDL
TMDL
Adopted
In Progress
• 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
Little Hamilton
15001
Middle Hamilton
15002
X
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
Hartridge*
1521I
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 (4 of 29 lakes are impaired for nutrients)
Bess
1590Z
Buckeye
1488S
Citrus
1488F
Daisy
1539R
Deer
1521P
X
X
Dexter
1539P
Elbert
1548
X
Little Lake Elbert Not Assessed
Lake

WBID #
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Impaired

TMDL
Needed

X
X

X
X

X

Fox
1521C1
Gem
1488H
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
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Appendix F
Winter Haven’s Sustainable Water Resource Requirements
Excerpts from the Winter Haven 2025 Comprehensive Plan (adopted 8/22/11) and Land Development
Code, organized into five broad strategies for influencing the amount and location of impervious cover
(paved or built areas that prevent the natural infiltration of rainwater into the soil) at the watershed,
municipal, neighborhood, and site scales. The five strategies are:
• Protect natural resources, open spaces, and trees;
• Promote efficient, compact development patterns and infill;
• Design complete, smart streets that reduce overall imperviousness;
• Encourage efficient provision of parking; and
• Adopt natural/green infrastructure stormwater management provisions.
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1. Protect natural resources, open space, and trees
Future Land Use Element – Comprehensive Plan
Goal One: It is the goal of the City of Winter Haven to secure the high quality of its living, working, and
resting environment by directing the character, location, magnitude, and timing of land uses; in order to
maximize economic viability, preserve residential tranquility, maintain the value of private and public
investment in the community, and protect the natural environment, enhance the City’s unique sense of
place, respect the City’s cultural and architectural heritage, and ensure the City’s sustainability for future
generations.
Objective 1.1: Winter Haven shall manage growth and development as an urbanized development
area, in which the area is currently served, or is programmed to be served within the next five years, by
municipal central sanitary sewerage and potable water systems.
Policy 1.1.9:
Review all requests to amend the Future Land Use Map for consistency with the 2010
Sidewalk, Pedestrian and Multi-modal Infrastructure Access Plan and the 2010 Sustainable Water
Resource Management Plan. Develop regulations in the land Development Regulations consistent with
these plans.
Policy 1.2.2:
Primary Activity Center.
F. The maximum impervious surface ratio for parcels shall be as follows:
• Parcels located within the Downtown (bounded by Lake Silver/Avenue I, NW on the north, Avenue G,
SW on the south, Second Street NE/SE on the east, and Sixth Street NW/SW on the west): 100%
• Parcels located outside of Downtown: 80%
• Areas of high aquifer recharge (sandy soils): 75%
• Waterfront parcels: 60%
Objective 1.5: Preserve and manage to the greatest extent possible, the City’s natural environment and
resources including air, water, soils, plants, wildlife, and climate for the benefit of current and future
residents of Winter Haven.
Policy 1.5.1:
Conservation. Conservation Future Land Use shall be assigned to all lands consisting of
or containing Category 1 wetlands [defined in Conservation Element Policy 4.1.6 as wetlands located
within a lake littoral zone; or wetlands in excess of 30 acres that have retained their historic and natural
hydrologic function], floodways, the Peace Creek Drainage Canal and its tributaries, and environmentally
significant uplands which are desired to be protected. Development within Conservation areas shall be
limited to 1 residential dwelling unit per 10 acres. In no case shall the development disturb more than
five (5) percent of the land area, with mitigation of impacts to be delineated in the Unified Land
Development Code.
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Sec. 21-51. - CN Conservation. Code of Ordinances (p. 350)
(a) Future land use classification: Conservation.
(b) The purpose of this district is to preserve the proper functioning of natural resources, such as
wetlands, floodplains, and groundwater recharge areas. Certain agricultural uses are also permitted in
this district.
Policy 1.5.2:
All land within a 400-foot radius of an existing public supply potable water well shall be
designated as a wellhead protection area. All land within a 200-foot radius of an existing or designated
protected wellhead shall be designated a "primary wellhead protection zone."
Policy 1.5.3:
Within wellhead protection areas, the following shall be prohibited: landfills; facilities
for bulk storage, handling or processing of hazardous materials as stated and regulated by Florida
Administrative Code (Public Community Water System Drinking Water Quality Standards); land use
activities, in whole or part, that require the storage, handling, production or transportation of
radioactive materials, petroleum products, medical waste, or similar substances; feed lots or other
commercial animal processing facilities (e.g., slaughterhouses); mines; excavation of land, waterways or
drainage facilities which intersect the water table. Within a primary wellhead protection zone, no
development activities are permitted unless the City finds that such activities are consistent with the
Comprehensive Plan and should not be injurious to the public health, safety and welfare.
Policy 1.5.4:
All new development within areas identified as known or potential natural drainage
features, including the shores of the City's lakes, shall be required to inventory all such areas prior to
receiving development approval. If natural drainage features and lake shores will be affected by
development, protection measures must be identified and implemented by the developer, including
necessary modifications to the proposed development, to ensure the preservation and protection of
natural drainage features and lake shores.
Policy 1.5.5:
Protect wellfields through specific prohibitions, restrictions, standards and criteria for
any existing or proposed wastewater system, which could potentially contaminate the water supply.
Policy 1.5.6:
Future land uses shall be encouraged, directed and coordinated to locate in areas with
topographic area soil conditions appropriate to the proposed development.
Policy 1.5.7:
Review all requests to amend the Future Land Use Map for consistency with the 2010
Sustainable Water Resource Management Plan. Favorable consideration should be given to those
amendments that encourage the following:
• Promotes the development of nature parks that could be utilized for regional stormwater
management systems;
• Develops partnerships to encourage a watershed restoration;
• Conserves water in the watershed, historical wetlands, floodplains, and aquifer recharge areas.
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Policy 1.5.12: Require applications that request to amend the Future Land Use Map on parcels that
are wholly or partly within areas identified as known or potential habitats for endangered or threatened
vegetative and wildlife species include an inventory of all listed species. If listed species are found on the
site or would be affected by the proposed Future Land Use amendment, a specific management plan
must be prepared by the developer, including necessary modifications to the proposed amendment, to
ensure the preservation of the listed species and their habitat.
Objective 1.6: Utilize land development regulations and zoning districts to implement the goals,
objectives, and policies of the Comprehensive Plan for development on individual properties.
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Policy 1.6.1:
Maintain and implement land development regulations that define the standards and
criteria for the use, density, intensity and compatibility of land, water, and adjacent land and water uses.
By 2014, conduct a review of the Unified Land Development Code (ULDC) for consistency with the 2025
Comprehensive Plan. Where necessary, adopt changes to the ULDC to ensure implementation of the
Comprehensive Plan.
Policy 1.6.14: Incorporation of Category 2 wetlands, [as defined by the Conservation Element Policy
4.1.6, wetlands between 3 and 30 acres regardless of current hydrologic function; or wetlands that have
been degraded and no longer have their natural hydrological function] into surface water management
systems shall be required to enhance hydrology and functional characteristics.
Policy: 1.6.15: If wetland impacts occur as part of a development project, a Wetland Mitigation Plan
shall be submitted as part of the City’s site plan review process for review and approval to the City of
Winter Haven. The plan shall be developed in cooperation with wetland regulatory agencies (SWFWMD
and the Department of Army, Corps of Engineers) as appropriate, to provide significant long term
hydrological and environmental benefit. The plan shall provide for the following:
a. On-site mitigation alternatives to the greatest extent possible. If on-site mitigation is not possible, offsite mitigation within the Peace Creek Watershed shall be provided;
b. Post-development onsite wetlands shall be protected and buffered by natural habitat. Swales and
stormwater ponds that are created for stormwater attenuation and treatment may be located within
buffers; and
c. Improvement of lost hydrologic functions within the watershed, including recharge, water quality, and
flood attenuation.
Policy 1.6.16: Ensure that land development regulations define the standards and criteria for the
setback of structures from lakes in the City. By 2014, review and amend as necessary, Land
Development Regulations for boathouses, docks, piers, and other structures located on or adjacent to
the City’s lakes.
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Policy 1.6.17: Ensure that construction setbacks from the "jurisdictional line" of wetlands and lakes in
the City will comply with applicable State or Federal agency requirements, at the time of development
approval.
Policy 1.6.18: Implement and maintain Land Development Regulations that define the standards and
criteria for protection of flood plains (see land development regulations on next page).
ARTICLE V. - RESOURCE PROTECTION STANDARDS.
DIVISION 1. - FLOODPLAIN MANAGEMENT.
Code of Ordinances (p. 403)
Editor's note— Ord. No. O-03-61, § 1(Exh. A), adopted November 24, 2003, amended article V in its
entirety to read as herein set out. Formerly, article V pertained to similar subject matter and derived
from Ord. No. O-00-09, Art. 5(5.01.01—5.01.04, 5.02.01—5.02.05, 5.03.01—5.03.06, 5.04.01—5.04.08,
5.05.01, 5.06.00), adopted April 24, 2000; Ord. No. O-00-28, § 1(H), (I), adopted October 2, 2000; Ord.
No. O-01-19, § 1, adopted April 9, 2001.
Sec. 21-253. - Intent and purpose.
The flood hazard areas of the City are subject to periodic inundation which results in loss of life and
property, health and safety hazards, disruption of commerce and governmental services, extraordinary
public expenditures for flood protection and relief, and impairment of the tax base, all of which
adversely affect the public health, safety and general welfare.
These flood losses are caused by the cumulative effect of obstructions in floodplains causing increases in
flood heights and velocities, and by the occupancy in flood hazard areas by uses vulnerable to floods or
hazardous to other lands which are inadequately elevated, flood-proofed, or otherwise unprotected
from flood damages.
It is the purpose of this division to promote the public health, safety and general welfare and to
minimize public and private losses due to flood conditions in specific areas by provisions designed to:
(1) Restrict or prohibit uses which are dangerous to health, safety and property due to water or erosion
hazards, which result in damaging increases in erosion or in flood heights velocities;
(2) Require that uses vulnerable to floods, including facilities which serve such uses, be protected
against flood damage at the time of initial construction;
(3) Control the alteration of natural floodplains, stream channels, and natural protective barriers which
are involved in the accommodation of flood waters;
(4) Control filling, grading, dredging and other development which may increase erosion or flood
damage, and;
(5) Prevent or regulate the construction of flood barriers which will unnaturally divert floodwaters, or
which may increase flood hazards to other lands.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
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Sec. 21-254. - Objectives.
The objectives of this division are:
(1) To protect human life and health;
(2) To minimize expenditure of public money for costly flood control projects;
(3) To minimize the need for rescue and relief efforts associated with flooding and
generally undertaken at the expense of the general public;
(4) To minimize prolonged business interruptions;
(5) To minimize damage to public facilities and utilities such as water and gas mains,
electric, telephone and sewer lines, street and bridges located in floodplains;
(6) To help maintain a stable tax base by providing for the sound use and development
of floodprone areas in such a manner as to minimize flood blight areas; and
(7) To ensure that potential homebuyers are notified that property is in a flood area.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-255. - Definitions.
The following definitions shall apply to the floodplain management portion of this Code:
Accessory structure means any structure that is located on the same parcel of property as the principal
structure and the use of which is incidental to the use of the principal structure. Accessory structures
should constitute a minimal investment, may not be used for human habitation, and be designed to
have minimal flood damage potential.
Addition means any walled and roofed expansion to the perimeter of a building in which the addition is
connected by a common load-bearing wall other than a fire wall. Any walled and roofed addition, which
is connected by a firewall or is separated by independent perimeter load-bearing walls, is new
construction.
Appeal means a request for a review of the floodplain management administrator's interpretation of
any provision of this article or a request for a variance.
Area of shallow flooding means a designated AO or AH zone on the community's flood insurance rate
map (FIRM) with base flood depths from one (1) to three (3) feet where a clearly defined channel does
not exist, where the path of flooding is unpredictable and indeterminate, and where velocity flow may
be evident. Such flooding is characterized by ponding or sheet flow.
Basement means that portion of a building having its floor sub-grade (below ground level) on all sides.
Building means all walled and roofed buildings, including gas or liquid storage tanks and manufactured
homes that are principally above ground.

108

APPENDICES
Existing construction means any structure for which the start of construction commenced before the
effective date of the floodplain management code.
Flood insurance study means the official hydraulic and hydrologic report provided by FEMA. The report
contains flood profiles, as well as the FIRM, FHBM, and the water surface elevation of the base flood.
Highest adjacent grade means the highest natural elevation of the ground surface, prior to the start of
construction, next to the proposed walls of a building.
Historic structure means any structure that is:
(1) Listed individually in the National Register of Historic Places or preliminarily determined by the
secretary of the interior as meeting the requirements for individual listing on the National Register;
(2) Certified or preliminarily determined by the secretary of the interior as contributing to the historical
significance of a registered historic or a district preliminarily determined by the secretary to qualify as a
registered historic district;
(3) Individually listed on a State inventory of historic places in States with historic preservation
programs which have been approved by the secretary of the interior; or
(3) Individually listed on a local inventory of historic places in communities with historic preservation
programs that have been certified either:
a. By an approved State program as determined by the secretary of the interior, or
b. Directly by the secretary of the interior in States without approved programs.
National geodetic vertical datum, as corrected in 1929 is a vertical control used as a reference for
establishing varying elevations within the floodplain.
New construction means any structure for which the start of construction commenced on or after the
effective date of the floodplain management code.
Recreational vehicle means a vehicle that is:
(1) Built on a single chassis;
(2) Four hundred (400) square feet or less when measured at the largest horizontal projection;
(3) Designed to be self-propelled or permanently towable by a light duty truck, and;
(4) Designed primarily not for use as a permanent dwelling but as temporary living quarters for
recreational, camping, travel, or seasonal use.
Substantial damage means damage of any origin sustained by a structure whereby the cost of restoring
the structure to its before damaged condition would equal or exceed fifty (50) percent of the market
value of the structure before the damage occurred. Substantial damage also means flood-related
damages sustained by a structure on two (2) separate occasions during a ten-year period for which the
cost of repairs at the time of each flood event, on the average, equals or exceeds twenty-five (25)
percent of the market value of the structure before the damage occurred.
Substantially improved existing manufactured home parks or subdivisions is where the repair,
reconstruction, rehabilitation, or improvement of the streets, utilities, and pads equals or exceeds fifty
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(50) percent of the value of the streets, utilities, and pads before the repair, reconstruction or
improvement commenced.
Violation: means the failure of a structure or other development to be fully compliant with this Code. A
structure or other development without the elevation certificate, other certifications, or other evidence
of compliance required by this Code is presumed to be in violation until such time as that
documentation is provided.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
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Sec. 21-256. - Methods of reducing flood losses.
In order to accomplish its purposes, this division includes methods and provisions for:
(1) Restricting or prohibiting uses which are dangerous to health, safety, and property due to water or
erosion hazards, or which result in damaging increases in erosion or in flood heights or velocities;
(2) Requiring that uses vulnerable to floods, including facilities which serve such uses, be protected
against flood damage at the time of initial construction;
(3) Controlling the alteration of natural floodplains, stream channels, and natural protective barriers,
which help accommodate or channel flood waters;
(4) Controlling filling, grading, dredging, and other development which may increase flood damage; and,
(5) Preventing or regulating the construction of flood barriers that will unnaturally divert flood waters or
may increase flood hazards in other areas.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-257. - Lands to which these regulations apply.
These regulations shall apply to all areas of special flood hazard within the zoning and building code
jurisdiction of the City.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-258. - Basis for establishing the areas of special flood hazard.
The areas of special flood hazard identified by the Federal Emergency Management Agency on the
FEMA maps dated December 2000 (or most current version as amended by FEMA), with accompanying
maps and other supporting data, and any revision thereto, are adopted by reference and declared to be
a part of these regulations. The FEMA maps are on file in the planning and community development
office or the building department.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-259. - Establishment of development permit.
A development permit shall be required in conformance with the provisions of these regulations prior to
the commencement of any development activities.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)

APPENDICES
Sec. 21-260. - Compliance.
No structure or land shall hereafter be located, extended, converted or structurally altered without full
compliance with the terms of this division and other applicable regulations.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-261. - Abrogation and greater restrictions.
This division is not intended to repeal, abrogate, or impair any existing easements, covenants, or deed
restrictions. However, where this division and other codes conflict or overlap, whichever imposes the
more stringent restrictions shall prevail.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-262. - Interpretation.
In the interpretation and application of this division all provisions shall be:
(1) Considered as minimum requirements;
(2) Liberally construed in favor of the governing body, and;
(3) Deemed neither to limit nor repeal any other powers granted under State statutes.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-263. - Warning and disclaimer of liability.
The degree of flood protection required by these regulations is considered reasonable for regulatory
purposes and is based on scientific and engineering consideration. Larger floods can and will occur on
rare occasions. Flood heights may be increased by man-made or natural causes. These regulations do
not imply that land outside the areas of special flood hazard or uses permitted within such areas will be
free from flooding or flood damages. These regulations shall not create liability on the part of the City or
by any officer or employee thereof for any flood damages that result from reliance on these regulations
or any administrative decision lawfully made thereunder.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-264. - Penalties for violation.
Violation of the provisions of this division or failure to comply with any of its requirements, including
violation of conditions and safeguards established in connection with grants of variance or special
exceptions, shall constitute a misdemeanor. Any person who violates this division or fails to comply with
any of its requirements shall, upon conviction thereof, be fined not more than five hundred dollars
($500.00) or imprisoned for not more than sixty (60) days, or both, and in addition, shall pay all costs
and expenses involved in the case. Each day such violation continues shall be considered a separate
offense. Nothing herein contained shall prevent the planning and community development director or
his designee from taking such other lawful actions as is necessary to prevent or remedy any violation.
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(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-265. - Designation of Flood damage prevention administrator.
The City hereby appoints the development services director or his designee to administer and
implement the provisions of this division and is herein referred to as the floodplain ordinance
administrator, the floodplain management administrator and/or the administrator.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-266. - Permit procedures.
Application for a development permit shall be made to the floodplain management administrator on
forms furnished by him or her prior to any development activities, and may include, but not be limited
to, the following plans in duplicate drawn to scale showing the nature, location, dimensions, and
elevations of the area in question; existing or proposed structures, earthen fill, storage of materials or
equipment, drainage facilities, and the location of the foregoing. Specifically, the following information
is required:
(1) Application stage.
a. Elevation in relation to mean sea level of the proposed lowest floor (including
basement) of all buildings;
b. Elevation in relation to mean sea level to which any non-residential building will be
floodproofed;
c. Certificate from a registered professional engineer or architect that the nonresidential floodproofed building will meet the floodproofing criteria;
d. Description of the extent to which any watercourse will be altered or relocated as
result of proposed development; and
(2) Construction stage. Upon placement of the lowest floor, or floodproofing by
whatever construction means, it shall be the duty of the permit holder to submit to
the floodplain management administrator a certification of the NGVD elevation of
the lowest floor or floodproofed elevation, as built, in relation to mean sea level.
Said certification shall be prepared by or under the direct supervision of a registered
land surveyor or professional engineer and certified by same. When floodproofing is
utilized for a particular building said certification shall be prepared by or under the
direct supervision of a professional engineer or architect and certified by same. Any
work undertaken prior to submission of the certification shall be at the permit
holder's risk. (The floodplain management administrator shall review the lowest
floor and floodproofing elevation survey data submitted.) The permit holder
immediately and prior to further progressive work being permitted to proceed shall
correct deficiencies detected by such review. Failure to submit the survey or failure
to make said corrections required hereby, shall be cause to issue a stop-work order
for the project.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
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Sec. 21-267. - Duties and responsibilities of the floodplain.
Management administrator.
Duties of the administrator shall include, but not be limited to:
(1) Review all development permits to assure that the permit requirements of this
article have been satisfied;
(2) Advise permittee that additional Federal or State permits may be required, and if
specific Federal or State permit requirements are known, require that copies of such
permits be provided and maintained on file with the development permit.
(3) Verify and record the actual elevation (in relation to mean sea level) of the lowest
floor (including basement) of all new or substantially improved buildings.
(4) Verify and record the actual elevation (in relation to mean sea level) to which the
new or substantially improved buildings have been flood-proofed.
(5) Review certified plans and specifications for compliance. Where interpretation is
needed as to the exact location of boundaries of the areas of special flood hazard
(for example, where there appears to be a conflict between a mapped boundary
and actual field conditions) the floodplain management administrator shall make
the necessary interpretation. The person contesting the location of the boundary
shall be given a reasonable opportunity to appeal the interpretation as provided in
this division.
(6) When base flood elevation data or floodway data have not been provided, then the
floodplain management administrator shall obtain, review and reasonably utilize
any base flood elevation and floodway data available from a Federal, State or other
source.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-268. - General standards.
In all areas of special flood hazard the following provisions are required:
(1) New construction and substantial improvements shall be anchored to prevent
flotation, collapse or lateral movement of the structure;
(2) Manufactured homes shall be anchored to prevent flotation, collapse, or lateral
movement. Methods of anchoring may include, but are not limited to, use of overthe-top or frame ties to ground anchors. This standard shall be in addition to and
consistent with applicable State requirements for resisting wind forces;
(3) New construction and substantial improvements shall be constructed with materials
and utility equipment resistant to flood damage;
(4) New construction or substantial improvements shall be constructed by methods and
practices that minimize flood damage;
(5) Electrical, heating, ventilation, plumbing, air conditioning equipment and other
service facilities shall be designed and/or located so as to prevent water from
entering or accumulating within the components during conditions of flooding;
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(6) New and replacement water supply systems shall be designed to minimize or
eliminate infiltration of floodwaters into the system;
(7) New and replacement sanitary sewage systems shall be designed to minimize or
eliminate infiltration of floodwaters into the systems and discharges from the
systems into floodwaters;
(8) On-site waste disposal systems shall be located and constructed to avoid
impairment to them or contamination from them during flooding;
(9) Any alteration, repair, reconstruction or improvements to a building that is in
compliance with the provisions of this article shall meet the requirements of "new
construction" as contained in this article; and
(10)Any alteration, repair, reconstruction or improvements to a building that is not in
compliance with the provisions of this article, shall be undertaken only if said nonconformity is not furthered, extended, or replaced.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-269. - Specific standards.
In all areas of special flood hazard where base flood elevation data have been provided, the following
provisions are required:
(1) Residential construction. New construction or substantial improvement of any
residential building (or manufactured home) shall have the lowest floor, including
basement, elevated no lower than two (2) feet above the base flood elevation.
Should solid foundation perimeter walls be used to elevate a structure, openings
sufficient to facilitate the unimpeded movements of flood waters.
(2) Non-residential construction. New construction or substantial improvement of any
commercial, industrial, or nonresidential building (or manufactured home) shall
have the lowest floor, including basement, elevated to no lower than two (2) feet
above the level of the base flood elevation. Buildings located in all A-zones may be
floodproofed in lieu of being elevated provided that all areas of the building below
the BFE elevation are water tight with walls substantially impermeable to the
passage of water and use structural components having the capability of resisting
hydrostatic and hydrodynamic loads and the effect of buoyancy. A registered
professional engineer or architect shall certify that the standards of this subsection
are satisfied. Such certification shall be provided to the building official.
(3) Elevated buildings. New construction or substantial improvements of elevated
buildings that include fully enclosed areas formed by foundation and other exterior
walls below the base flood elevations shall be designed to preclude finished living
space and designed to allow for the entry and exit of floodwaters to automatically
equalize hydrostatic flood forces on exterior walls.
a. Designs for complying with this requirement must either be certified by a professional engineer
or architect or meet the following minimum criteria:
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ii.

Provide a minimum of two (2) openings having a total net area of not less
than one (1) square inch for every square foot of enclosed area subject to
flooding;
iii.
The bottom of all openings shall be no higher than one (1) foot above
foundation interior grade (which must be equal to in elevation or higher
than the exterior foundation grade); and,
iv.
Openings may be equipped with screens, louvers, valves or other coverings
or devices provided they permit the automatic flow of floodwaters in both
directions.
b. Access to the enclosed area shall be minimum necessary to allow for parking of vehicles (garage
door) or limited storage of maintenance equipment used in connection with the premises
(standard exterior door) or entry to the living area (stairway or elevator); and
c. The interior portion of such enclosed area shall not be partitioned or finished into separate
rooms.
(4) Standards for manufactured homes and recreational vehicles.
a. All manufactured homes placed, or substantially improved, on individual lots or parcels, in
expansions to existing manufactured home parks or subdivisions, in a new manufactured home
park or subdivision or in substantially improved manufactured home parks or subdivisions, must
meet all the requirements for new construction, including elevation and anchoring.
b. All manufactured homes placed or substantially improved in an existing manufactured home
park or subdivision must be elevated so that:
i.
The lowest floor of the manufactured home is elevated no lower than two (2)
feet above the level of the base flood elevation, or
ii.
The manufactured home chassis is supported by reinforced piers or other
foundation elements of at least an equivalent strength, of no less than thirty-six
(36) inches in height above the ground.
iii.
The manufactured home must be securely anchored to the adequately
anchored foundation system to resist flotation, collapse and lateral movement.
iv.
In an existing manufactured home park or subdivision on which a manufactured
home has incurred "substantial damage" as the result of a flood, any
manufactured home placed or substantially improved must meet the standards
above.
c. All recreational vehicles placed on-sites must either:
i. Be fully licensed and ready for highway use (a recreational vehicle is ready for highway use if it is on
its wheels or jacking system, is attached to the site only by quick disconnect type utilities and security
devices and has no permanently attached additions); or
ii. Meet all the requirements for new construction, including anchoring and elevation requirements
above; or
iii. Be on the site for fewer than one hundred eighty (180) consecutive days.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
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Sec. 21-270. - Standards for subdivision proposals.
(1) All subdivision proposals shall be consistent with the need to minimize flood
damage;
(2) All subdivision proposals shall have public utilities and facilities such as sewer, gas,
electrical and water systems located and constructed to minimize flood damage;
(3) All subdivision proposals shall have adequate drainage provided to reduce exposure
to flood hazards, and;
(4) Base flood elevation data shall be provided for subdivision proposals and other
proposed development (including manufactured home parks and subdivisions)
which is greater than the lesser of fifty (50) lots or five (5) acres.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-271. - Critical facility.
Construction of new critical facilities shall be, to the extent possible, located outside the limits of the
special flood hazard area (SFHA) (100-year floodplain). Construction of new critical facilities shall be
permissible within the SFHA if no feasible alternative site is available. Critical facilities constructed within
the SFHA shall have the lowest floor elevated three (3) feet or more above the level of the base flood
elevation at the site. Floodproofing and sealing measures must be taken to ensure that toxic substances
will not be displaced by or released into floodwaters. Access routes elevated to or above the level of the
base flood elevation shall be provided to all critical facilities to the extent possible.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-272. - Designation of Development Special Magistrate to hear variances and appeals.
The Development Special Magistrate as established by the City shall hear and decide appeals and
requests for variances from requirements of this division.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03; Ord. No. O-12-19, § 3(exh. A, pt. I), 5-29-12)
Sec. 21-273. - Duties of Development Special Magistrate.
The Development Special Magistrate shall hear and decide appeals when it is alleged an error in any
requirement, decision, or determination is made by the floodplain management administrator in the
enforcement or administration of this division. Any person aggrieved by the decision of the Magistrate
may appeal such decision to the circuit court as provided in Florida Statutes.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03; Ord. No. O-12-19, § 3(exh. A, pt. I), 5-29-12)
Sec. 21-274. - Variance procedures.
In passing upon such applications, the Development Special Magistrate shall consider all technical
evaluations, all relevant factors, standards specified in other sections of this division and:
(1) The danger that materials may be swept onto other lands to the injury of others;
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(2) The danger of life and property due to flooding or erosion damage;
(3) The susceptibility of the proposed facility and its contents to flood damage and the
effect of such damage on the individual owner;
(4) The importance of the services provided by the proposed facility to the community;
(5) The necessity to the facility of a waterfront location, where applicable;
(6) The availability of alternative locations for the proposed use which are not subject
to flooding or erosion damage;
(7) The compatibility of the proposed use with existing and anticipated development;
(8) The relationship of the proposed use to the comprehensive plan and floodplain
management program for that area;
(9) The safety of access to the property in times of flood for ordinary and emergency
vehicles;
(10)The expected heights, velocity, duration, rate of rise, and transport of sediment of
the floodwaters and the effects of wave action, if applicable, expected at the site;
and
(11)The costs of providing governmental services during and after flood conditions,
including maintenance and repair of public utilities and facilities such as sewer, gas,
electrical, and water systems, and streets and bridges.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03; Ord. No. O-12-19, § 3(exh. A, pt. I), 5-29-12)
Sec. 21-275. - Conditions for variances.
(1) Variances shall only be issued when there is:
a. A showing of good and sufficient cause;
b. A determination that failure to grant the variance would result in exceptional hardship; and
c. A determination that the granting of a variance will not result in increased flood heights,
additional threats to public expense, create nuisance, cause fraud on or victimization of the
public, or conflict with existing local laws or ordinances.
(2) Variances shall only be issued upon a determination that the variance is the minimum
necessary, considering the flood hazard, to afford relief; and in the instance of an "historic
structure," a determination that the variance is the minimum necessary so as not to destroy the
historic character and design of the building.
(3) Any applicant to whom a variance is granted shall be given written notice specifying the
difference between the base flood elevation and the elevation to which the lowest floor is to be
built and stating that the cost of flood insurance will be commensurate with the increased risk
resulting from the reduced lowest floor elevation.
(4) The floodplain management administrator shall maintain the records of all appeal actions and
report any variances to the Federal emergency management agency or the department of
community affairs upon request.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
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Sec. 21-276. - Variance notification.
Any applicant to whom a variance is granted shall be given written notice over the signature of a
community official that:
(1) The issuance of a variance to construct a structure below the base flood elevation will result in
an increase of premium rates for flood insurance of up to twenty-five dollars ($25.00) for every
one hundred dollars ($100.00) of insurance coverage; and
(2) Such construction below the base flood level increases risks to life and property. A copy of the
notice shall be recorded by the floodplain management administrator in the office of the clerk
of the courts and shall be recorded in a manner so that it appears in the chain of title of the
affected parcel of land.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-277. - Historic structures.
Variances may be issued for the repair or rehabilitation of "historic structures" upon a determination
that the proposed repair or rehabilitation will not preclude the structure's continued designation as an
"historic structure" and the variance is the minimum to preserve the historic character and design of the
structure.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-278. - Special conditions.
Upon consideration of the factors listed above and by the purposes of this division, the Development
Special Magistrate may attach such conditions to the granting of variances as it deems necessary to
further the purposes of this article.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03; Ord. No. O-12-19, § 3(exh. A, pt. I), 5-29-12)
Sec. 21-279. - No-impact certification within the floodway.
Variances shall not be issued within any designated floodway if any impact in flood conditions or
increase in flood levels during the base flood discharge would result.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Secs. 21-280—21-283. - Reserved.
Policy 1.6.2:
Utilize zoning districts and the official zoning map to implement adopted Future Land
Use designations and policies.
Policy 1.6.4:
Maintain and implement land development regulations that establish standards and
criteria for the maintenance and enhancement of the natural landscape, the provision of buffers, the
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shading of impervious surfaces, the establishment of street trees throughout the City, and development
of standards for streetscape in certain transportation corridors.
Landscape Ordinance
Section I: (5) Canopy Requirements and Regulations (p. 2)
(a) – All healthy canopy trees on site which are greater than five inches in diameter measured three feet
above the ground must be preserved.
Section I: (8) Conservation Requirements and Regulations (p. 4)
(a) – All healthy canopy trees on site which are greater than five inches in diameter measured three feet
above the ground must be preserved. By meeting this provision, the standard for canopy coverage of
fifty percent of impervious area is reduced to forty percent.
Section II (p. 9)
Table 1 – Tree Species and Use Characteristics
Policy 1.6.6:
Develop and implement Land Development Regulations requiring the use of native,
Florida-Friendly, or drought tolerant landscaping for all new residential, commercial, institutional, or
industrial developments within the City.
Objective 2.2: Utilize the City’s Community Redevelopment Areas (CRA) as a mechanism for
redevelopment and improvement of both public and private lands within the Central Urban Core of
Winter Haven.
Policy 2.2.3:
The City shall use the 2003 Urban Lakefront and Economic Revitalization Study as a
guide when making decisions relating to changes to the Future Land Use, Zoning Maps, and Unified Land
Development Code for parcels located inside the study area.
Conservation Element – Comprehensive Plan
Goal One: Achieve high levels of water quality that will support recreation, wildlife, and commerce in
the city’s lakes through the reduction of direct point and non-point sources of pollution.
Objective 1.1: Implement a program of activities to maintain the quality of lakes and their drainage
basins; and improve the quality of lakes determined by local and state agencies and lakes management
groups to be functioning below the desired level.
Policy 1.1.9:
Maintain lakeshore protection zone regulations as part of the city’s land development
code regulations wherein special restrictions on development and related activities are applied. At the
minimum, the development will be restricted within a shoreline protection zone between a lakeshore
and 30 feet landward of the high water mark wherein vegetation clearance is limited, and only marine
dependent structures and activities are allowed.
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Sec. 21-191. - Planning standards. Code of Ordinances (p. 384)
(c) The proposed street layout shall be integrated with the circulation network of the surrounding area.
The following planning standards shall promote public convenience and safety:
(10) No public streets shall be dedicated within forty (40) feet of the high water elevation of any lake,
except where public access to the lake is to be provided;
(11) No street shall be accepted as a public street unless the extreme high water table or a new water
table established as the result of the installation of an approved underdrain system is at least one (1)
foot below the road base course;
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ARTICLE V. - RESOURCE PROTECTION STANDARDS.
DIVISION 3. - LAKESHORE PROTECTION.
Code of Ordinances (p. 412)
Sec. 21-291. - Findings of fact, purpose and intent.
Shoreline vegetation is necessary for the health and viability of a lake system. Sediments and nutrients
contributed both by stormwater runoff and recirculation within the lakes' waters are stored by shoreline
vegetation and associated environs. Both wave action and stormwater runoff will cause extensive
erosion of nutrient-laden soils particularly where these soils have been destabilized by vegetation
removal. Erosion of lakeshore soils not only contributes to the slow filling-in of lakes, but these soils also
entrap and entrain quantities of organic matter which contribute to the nutrient load on the lake. This
soil stabilization as well as the natural up-take and assimilative capacities of shoreline vegetation
reduces the quantity of nutrients available for both cultural and natural eutrophication. By these
mechanisms, shoreline vegetation both protects and improves lake water quality. A list of beneficial and
noxious plants will be maintained by the planning and development department in cooperation with
State and county agencies.
In order to maintain lake water quality, habitat values and reduce shoreline erosion in public lakes, this
article is enacted as a measure to protect the public health and welfare by restricting the amount of
clearing or removal of shoreline vegetation.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-292. - Exemptions.
The provisions of this article shall not apply to:
(a) Emergency repairs on public or private projects necessary for the preservation of life, health, or
property where taken to implement and accomplish the beneficial purposes of this article under
such circumstances where it would be impractical to obtain approval from the building
department prior to making such emergency repairs.
(b) Maintenance of public or privately-owned portions of a structural stormwater or drainage
control system which does not constitute major construction or rebuilding.
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(c) Lawn mowing, trimming of vegetation, and other lawn maintenance activities which will not
result in the clearance of aquatic vegetation.
(d) A property owner whose shoreline has previously been cleared and if the clearing is
continuously maintained, it shall not be necessary to obtain a permit for the maintenance.
However, if shoreline vegetation is allowed to be reestablished, a permit must be obtained to
clear it.
(e) Activities, by State and local agencies, associated with the construction of docks (see section 21103(b)), or public boat ramps, canals, and/or seawalls for the purpose of navigation.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-293. - Development standards, limitations on clearing.
(a) A property owner clearing less than fifty (50) feet or fifty (50) percent of owned shoreline, whichever
is less, shall not be required to obtain a permit.
(b) A property owner who desires to clear more than fifty (50) feet or fifty (50) percent of owned
shoreline, whichever is less, must obtain all State and Federal permits.
(c) No fill material of any kind shall be placed below the 100-year floodplain elevation without proper
permitting from applicable jurisdictional agencies.
(d) No fill material of any kind shall be placed below the high-water mark established by the City for a
given named waterbody.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-294. - Permits required for shoreline clearing.
(a) The owner shall obtain the appropriate State or Federal permit prior to commencing
any shoreline clearing.
(b) In the event changes, modifications, or alterations in the permitted clearing are
made, the owner is responsible for submitting the proposed change to the
permitting agency before continuing with the shoreline clearing.
(c) Upon receipt of a permit, two (2) copies of the permit must be posted, one (1)
visible at the clearing site; the other visible from the road until clearing is complete
or for seven (7) days, whichever is longer.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-295. - Enforcement.
(a) If the code enforcement director determines that clearing is occurring without prior
approval or not in accordance with this article, he/she shall promptly issue a notice
of violation. The notice of violation of the provision of this article or procedures
adopted pursuant thereto shall:
(1) Be in writing;
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(2) Include a description of the site where the violation has occurred;
(3) Cite the provisions of this article which have been violated;
(4) Require remedial action or actions to be taken as deemed necessary, such remedial
action may involve restoration of damaged topography, revegetation of the site to
meet chapter requirements, replacement of affected wildlife, payment of all permit
and inspection fees, and other actions consistent with the intent of this article; and
(5) State that if the owner or his agent fails to complete the required remedial actions
within the time allowed or fails to take any remedial action in response to the
notice, that appropriate legal action will be taken.
(b) If the required remedial action or actions to bring the clearance into compliance
with this article are not taken, the City planning department shall refer the case to
the code enforcement board.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-296. - Penalty.
Whenever in this Code or in any ordinance of the City any act is prohibited or is made or declared to be
unlawful or an offense, or whenever in the code or ordinance the doing of any act is required or the
failure to do any act is declared to be unlawful, where no specific penalty is provided therefore, the
violation of any such provision of this Code or any ordinance shall be punishable by a fine not exceeding
five hundred dollars ($500.00). Each day any violation of any provision of this Code or of any ordinance
shall continue shall constitute a separate offense.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Secs. 21-297, 2-298. - Reserved.
Objective 1.2: Implement a program of activities intended to improve surface water quality.
Objective 1.3: Control soil erosion by requiring all construction and exposed sites to implement the best
management practices consistent with other local and State governmental agencies
Goal Two: Protect groundwater by eliminating further contamination and maintain current supplies, in
order to achieve the highest level possible for potable water supplies.
Objective 2.1: Implement groundwater protection program measures that are consistent with
SWFWMD, the county, and the Region.
Policy 2.1.3:
All land within a 400-foot radius of an existing public supply potable water well shall be
designated as a wellhead protection area, and be so identified on existing and future land use maps.
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Policy 2.1.4:
Within wellhead protection areas , the following shall be prohibited: landfills; facilities
for bulk storage, handling, or processing of materials on the Florida substance list; activities that require
the storage, use, handling, production, or transportation of restricted substances, agricultural chemicals,
petroleum products, hazardous toxic waste, medical waste, or similar substances; feed lots or other
commercial animal facilities; mines; and excavation of waterways or drainage facilities which intersect
the water table.
Policy 2.1.5:
Abandoned wells shall be plugged or capped through implementation of existing
programs of SWFWMD.
Policy 2.1.6:
Land use plans and approvals shall identify and enforce provisions to protect recharge
areas and well fields from contamination by incompatible activities. Future land use designations shall
take into account the location of existing and future water supply sources.
Policy 2.1.7:
Coordinate the locations of designated collection sites for used oil and grease with other
governmental agencies so that the materials may be properly disposed.
Objective 2.2: Protect the environment from the effects of the storage and transportation of hazardous
materials.
Objective 2.3: Work towards the preservation and restoration of the City’s natural hydrologic functions
in order to improve lake levels and stabilize flows of the Peace Creek and Peace river systems.
Policy 2.3.2:
The post development hydrologic condition of each site should equal or exceed the
predevelopment hydrologic condition.
• For the sandy/ridge areas, close to 100% of stormwater should be percolated into the ground.
• 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.
• Investigate land use tools such as overlay ordinances, which should be coordinated and adopted by
other local governments in the watershed. Approach Polk county and the Central Florida Regional
Planning council about the possibility of a watershed based ordinance.
Goal Three: Protect and enhance local watersheds so that the highest level of ground and surface water
quality can be achieved and maintained.
Objective 3.1: Minimize flood damage through the preservation of the functions of floodplains,
watersheds, and other natural storage areas.
Objective 3.2: Work with other government agencies, non-profit groups, property owners, and
developers to enhance and restore natural watersheds, floodplains, and water storage areas.
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Policy 3.1.1:
Compensating storage requirements necessary for the protection and conservation of
the natural function of floodplains shall be in compliance with the requirements of affected agencies
having jurisdiction. In addition, land development regulations will require to the greatest extent feasible
structures to be built outside of the 100-year floodplain, the amount of fill and disturbance will be
minimized to the minimum necessary to accommodate the proposed use, with compensating storage
provided for that amount of fill placed within the 100-year floodplain. Hazardous material or wastes will
not be stored within the 100-year floodplain.
Policy 3.1.2:
Residential development occurring within the 100-year floodplain shall not exceed a
gross density of one (1) dwelling unit per one (1) acre of land. To preserve and maintain the function of
the floodplain, require the clustering of residential uses that are developed on parcels located either
partially or wholly within the floodplain.
Policy 3.1.3:
Maintain and enforce the Land Development Regulations that define the standards and
criteria that uphold the Flood Prevention and Protection Ordinance already in place for the City of
Winter Haven.
Goal Four: Protect all area wetlands from negative impacts which may occur from human activities,
which could result in lowering of the quality of life for residents of Winter Haven.
Objective 4.1: Define the standards and criteria necessary to protect wetlands and their function in the
City’s overall hydrology.
Policy 4.1.7:
Development activities allowed in Category 1 wetlands [defined in Policy 4.1.6 as
wetlands located within a lake littoral zone; or wetlands in excess of 30 acres that have retained their
historic and natural hydrologic function] shall be limited to such things as passive recreational activities,
including walking trails, docks, timber boardwalks for water access, wildlife management shelters, and
footbridges and observation decks. Alteration of Category 1 wetlands shall be limited to five (5) percent
of the wetland area. Category 1 wetlands shall be mapped Conservation on the Future Land Use Map
Series.
ARTICLE V. - RESOURCE PROTECTION STANDARDS.
DIVISION 4. - WETLANDS PROTECTION. Code of Ordinances (p. 413)
Sec. 21-299. - Purpose and intent.
The City commission has determined that wetlands contiguous to waters of the State, and
noncontiguous and isolated wetlands serve important functions in the hydrologic cycle and ecological
system and therefore require protection. It is the purpose and intent of this section to provide for the
protection, maintenance, and enhancement of wetlands within the City in accordance with the adopted
comprehensive plan, recognizing the rights of individual property owners to use their lands in a
reasonable manner as well as the rights of all citizens to protection and purity of the waters of the City
and their associated wetland ecosystems.
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(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-300. - Relationship to other requirements relating to wetlands protection.
In addition to meeting the following wetlands protection requirements, development plans shall comply
with applicable Federal, State and water management district regulations. In all cases the strictest of the
applicable standards shall apply.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-301. - Protection zones established.
There is hereby created a wetlands protection zone in which special restrictions on development apply.
The boundaries of this zone shall be the most landward extent of the following:
(a) Areas within the dredge and fill jurisdiction of the FDEP as authorized by F.S. ch. 403.
(b) Areas within the jurisdiction of the U.S. Army Corps of Engineers as authorized by Section 404, Clean
Water Act or Section 10, River and Harbor Act.
(c) Areas within the jurisdiction of the SWFWMD pursuant to Rule 40D-4, FAC.
(d) Development requiring a permit or permits from one (1) or more of the U.S. Army Corps of
Engineers, FDEP, and the SWFWMD, shall have the most restrictive agency wetlands boundary
determination recognized by the City as the wetlands boundary. The term most restrictive is used here
to mean the boundary covering the largest area.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-304. - Development standards.
(a) Except as otherwise provided in this section, it is presumed that development will have an adverse
effect on wetlands. No activities other than those listed below shall be undertaken in a wetland
protection zone.
The following activities and development types generally may be undertaken unless the City commission
determines in a specific case that a listed activity or development type would have a significant adverse
impact on the wetland protection zone:
(1) Scenic, historic, wildlife, or scientific preserves.
(2) Minor maintenance or emergency repair to existing boat docks, walking trails, and timber catwalks.
(3) Cultivating agricultural or horticultural products that occur naturally in the wetland.
(4) Constructing fences where no fill activity is required and where navigational access will not be
impaired by construction of the fence.
(5) Developing a "wetlands storm water discharge facility" in accordance with State permits received
under Chapters 17— 25, FAC.
(6) Construction of foot bridges and boardwalks.
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(b) All development in an upland zone shall be in accordance with the future land use map of the
comprehensive plan and the zoning classification, and shall be designed, constructed and maintained to
avoid significant adverse effects on the adjacent wetland. Where a development site lies partly within
the wetland zone and partly within the upland zone, the acreage within a wetland zone may be used to
determine the total allowable units or square footage of development that will be allowed on a site. This
development potential shall be transferred from the wetland zone to the upland zone.
The following standards shall apply within upland zones:
(1) The developer shall completely restore any portion of a wetland zone damaged as a result of
construction activity in the upland zone.
(2) The City commission may require other reasonable protective measures to be undertaken within the
upland zone as necessary to prevent significant adverse effects on a wetland. Protective measures may
include, but are not limited to:
a. Maintaining natural drainage patterns.
b. Limiting the removal of vegetation.
c. Minimizing the amount of fill used in the development activity.
d. Prohibiting or limiting the use of septic tanks.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-305. - Mitigation.
State and Federal agencies may require mitigation of adverse impacts or payment in lieu of mitigation
on wetlands as a condition of development approval if it finds that such impacts are unavoidable. In
such cases, action will be taken during or after development to reduce or counteract damage to
wetlands areas. A mitigation plan approved by a Federal, State, or regional agency shall be submitted to
the City. Mitigation shall not contribute to the production of mosquitoes by creating mosquito larval
habitat or by eliminating habitat for predatory fish. The mitigation plan shall include, but is not limited
to, the following actions:
(a) Preservation and maintenance regulations to reduce or eliminate the impact over time.
(b) Compensation for the impact through enhancement or preservation of existing wetlands,
reestablishment of wetlands that are no longer functioning, or the creation of new wetlands. All
compensation or mitigation of wetland destruction shall be performed within a five-mile radius of the
planned wetland destruction.
(c) Repair, rehabilitation, or restoration of the wetland.
(d) Specific design requirements based upon conditions of the site and the type of wetland to be
created or restored.
(e) Periodic monitoring to remove exotic or nuisance vegetation.
(f) Preservation or creation of an appropriate habitat in an adjacent wetland zone.
A developer of a compensatory mitigation plan shall grant a conservation easement in accordance with
F.S. § 704.06, and section 21-301 of this Code on the newly purchased, created, enhanced or restored
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environmentally sensitive lands to protect them from future development. A legal mechanism other
than a conservation easement may be considered, if appropriate, to carry out the purpose of this
subsection.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-306. - Prohibited ongoing activities.
The following standards apply to post-development activities taking place within any wetland or upland
zone.
(a) Without an amendment to the development order, no person shall clear more
vegetation than was permitted for the original development.
(b) No fuel or toxic substances shall be stored, transferred, or sold in a wetland or an
upland zone.
(c) Fertilizers, herbicides, or pesticides shall not be applied in a wetland, except for
projects conducted under the authority of Chapter 373, F.S., the Surface Water
Improvement and Management Act, and governmentally authorized mosquito
control programs.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-307. - Reserved.
ARTICLE V. - RESOURCE PROTECTION STANDARDS.
DIVISION 6. - CONSERVATION EASEMENTS.
Code of Ordinances (p. 415) (Ord. No. O-03-61, § 1(Exh. A), 11-24-03
Sec. 21-310. - Generally.
As a condition for approval of a development permit or development order, or as part of a development
agreement established under article VI of this chapter, any person, corporation or entity owning
property in the City may create a conservation easement. Conservation easements shall be subject to
the provisions of section 704.06, F.S., and may be used to prevent or prohibit the following activities:
(a) Construction or placing of buildings, roads, signs or other advertising, utilities, or other structures on
or above the ground.
(b) Dumping or placing of soil or other substances or materials as landfill, and dumping of trash, waste,
or unsightly or offensive materials.
(c) Excavation, dredging, or removal of loam, peat, gravel, soil, rock, or other material substance in such
manner as to affect the surface of the ground.
(d) Any use that alters the natural condition of the land or water area, or is detrimental to the retention
or preservation of such areas.
(e) Activities detrimental to stormwater management, flood control, water conservation, erosion
control, soil conservation, or fish and wildlife habitat preservation.
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(f)
Any use that is detrimental to the preservation of properties of historical, architectural,
archaeological, or cultural significance.
Conservation easements are perpetual, undivided interests in property and may be created or stated in
the form of a restriction, easement, covenant, or condition in a deed, will, or other instrument executed
by or on behalf of the owner of the property, or in any order of taking. Such easements may be acquired
in the same manner as other interests in property are acquired, except by condemnation or by the
exercise of the power of eminent domain. They may be assigned to other governmental agencies,
charitable organizations, or trusts authorized to acquire such easements. Conservation easements run
with the land and are binding on all subsequent owners of the property. Conservation easements entitle
holder to enter the land in a reasonable manner and at reasonable times to assure compliance with the
purpose(s) of the easement. All conservation easements shall be recorded and indexed in the public
records of Polk County in the same manner as any other instrument affecting the title to real property.
Objective 4.2: To the greatest extent possible, require mitigation projects for locally impacted wetlands
to occur within the Peace Creek Watershed.
Policy 4.2.1:
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.
Policy 4.2.3:
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.
Goal Five: Maintain the current biological diversity of plant, fish, and wildlife and the natural integrity of
ecological systems.
Objective 5.1: Winter Haven shall adopt provisions to evaluate, protect, and manage natural systems,
in order to preserve wildlife, fish, and native vegetative communities, and to maintain viable populations
of existing plant, fish, and wildlife species.
Policy 5.1.2:
All new development and redevelopment, wholly or partly within areas identified a
known or potential natural drainage features, including the shores of the City’s lakes, shall be required
to inventory all such areas prior to receiving development approval. If natural drainage features and
lakeshores will be altered by the development, a specific management plan with buffers for the lakes
and drainage features must be prepared by the developer, including necessary modifications to the
proposed development, to ensure the preservation and protection of natural drainage features and
lakeshores.
Policy 5.1.3:
Require all new developments and redevelopments, wholly or partly within areas
identified as known or potential habitats for endangered or threatened vegetative and wildlife species
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are required to inventory all listed species prior to receiving development approval. If listed species are
found on the site or would be affected by the development, a specific management plan must be
prepared by the developer, including necessary modifications to the proposed development, to ensure
the preservation of the listed species and their habitat.
Recreation and Open Space Element – Comprehensive Plan
Goal One: Winter Haven will facilitate the development of a well-balanced system of parks and
programs that include active and passive recreational opportunities to meet a variety of needs for
individuals and groups of all ages and abilities.
Objective 1.1: The City shall adopt Level of Service (LOS) standards for parks and recreation facilities to
reflect current economic conditions and community desires.
Policy 1.1.1:
A LOS standard of 6.0 acres of developed parkland per 1000 residents shall be adopted.
Park land may consist of neighborhood parks, nature parks, golf courses, trails, and undeveloped public
open space.
Policy 1.1.6:
All residents should be served by a recreational trail within 1/3 mile of their home. Work
towards funding new trail projects to increase the number of residents being served by a recreational
trail by 25 percent by 2020.
Objective 1.2: Winter Haven will develop, improve, maintain, and manage park facilities and resources
in a manner that evokes a positive and safe image. The City should provide an above average number of
facilities and recreation areas when compared to peer cities.
Policy 1.2.3:
Design, construct, and manage parks and trails with access ways that are compatible
with natural features and character of the individual park site.
Goal Three: Promote the natural environment and all forms of nature-based recreation opportunities
Objective 3.2: Identify, and when possible, preserve environmentally sensitive lands located within or
adjacent to the city that may be suitable for passive recreational opportunities.
Policy 3.2.4:
Continue the practice of co-locating stormwater management areas with nature parks
as a way of encouraging interaction between residents and the environment.
Objective 3.3: Continue to implement a tree planting and maintenance program for the purpose of
aesthetics, preserving the urban forest, habitat preservation, and energy conservation.
Policy 3.3.3:
Work towards meeting a goal of planting at least 250 new public and private trees
annually within the City.
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Policy 3.3.5:
Implement a tree maintenance program that includes water conserving irrigation
systems, proper pruning, fertilizing, and management techniques.
Policy 3.3.6:
Continue to maintain and enforce tree canopy coverage requirements for all pervious
parking areas within the City. By 2014, update the Landscape Ordinance to encourage the use of a
variety of tree species to promote a diversified tree canopy.
Policy 3.3.7:
By 2014, develop and implement land development regulations requiring the planting of
street trees and yard/canopy trees within all new developments and provide protection to existing
trees.
Capital Improvements Element – Comprehensive Plan
Goal One: The timely and efficient provision of needed public facilities and services through the use of
sound fiscal policies
Objective 1.1: Utilize the Capital Improvement Element to meet existing capital deficiencies,
accommodate desired future growth, and replace any obsolete or worn-out facilities.
Policy 1.1.5:
Level of Service standards:
(d.) Drainage:
(1) All development and redevelopment shall design all stormwater systems to manage the effects of a
25-year, 24 hour storm event.
(2) In all development and redevelopment, the post development stormwater runoff rate shall not be
greater than the predevelopment runoff rate. Any difference in the pre and post volume of stormwater
shall be contained on site.
(3) Any development and redevelopment, not having a positive outfall, will be required to retain a 100year, 24-hour storm event.
(4) Require all development and redevelopment, to construct onsite drainage systems and retention
facilities that maintain water quality and promote aquifer recharge.
(f.) Recreation:
(1) Maintain a LOS standard of 6 acres of developed park land per 1,000 residents.
Note: As of February 2015, the City had 494 acres of park and recreation lands or 13.7 acres of parkland
per 1000 residents.
Objective 1.5: Identify and implement methods to finance the on-going operation and management of
recreational facilities within the City through diversified funding sources.
Policy 1.5.2:
The City shall continue to collect impact fees to acquire land and develop recreational
facilities needed as a result of population growth. Impact fees shall be reviewed at a minimum of once
every five (5) years to reflect inflation and rising costs of land acquisition and park development.
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Drainage and Aquifer Recharge Sub-Element of the Infrastructure Element – Comprehensive Plan
Overall Intent: Manage and store stormwater to the benefit of the aquifer and the City’s lakes and other
hydrological features.
Goal One: Manage stormwater run-off in a way that protects the City’s natural hydrological systems,
while at the same time, prevents flooding.
Objective 1.1: Adopt the following Level of Service standards for new development or substantial
modification of existing projects.
Policy 1.1.1:
All development and redevelopment shall design all stormwater systems to, at a
minimum, manage the effects of a 25-year, 24-hour storm event.
Policy 1.1.2:
For all development and redevelopment sites, the postdevelopment stormwater runoff
rate shall not be greater than the natural, pre-development runoff rate. Any difference in the pre- and
post-volume of stormwater runoff shall be contained on site.
Policy 1.1.3:
Any development or redevelopment site, not having a positive outfall, will be required
to retain a 100-year, 24-hour storm event.
Policy 1.1.4:
Require all development and redevelopment, to construct on-site stormwater systems
and retention facilities that maintain water quality and promote aquifer recharge.
Objective 1.3: Establish stormwater management regulations for new development that beneficially
use stormwater for water supply and lake management.
Policy 1.3.2:
By 2014, revise and update the stormwater management regulations contained in the
City’s Land Development Regulations for consistency with the 2010 Water Resource Sustainability Plan
and all State and Federal standards governing surface water quantity and quality.
Sec. 21-161. - Stormwater management. Code of Ordinances (p. 380)
(a) Stormwater runoff is recognized both as a valuable natural resource critical to the maintenance of
water quantity in the Central Florida lakes, as well as a significant contributor of pollutants which affect
the quality of the lake waters. This article was enacted in order to:
(1) Control stormwater runoff and prevent or minimize damage to persons or property which may occur
as a result of heavy rainfall;
(2) Define stormwater management control areas and restrict those activities within the areas that are
not compatible with sound stormwater management;
(3) Establish runoff limitations in order to ensure suitable treatment and reduction in the amounts of
undesirable pollutants discharged to outfalls or receiving waters of those lakes located in the City;
(4) Prevent the installation of improvements which adversely affect stormwater management and
drainage patterns;
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(5) Implement a program of stormwater management within the City for the continued projection of a
vital natural resource.
(6) Require the treatment of stormwater from redeveloped sites which otherwise would be exempt
from State and regional stormwater treatment requirements. For purposes of treatment of stormwater
on redeveloped sites, the word treatment shall be defined as the reduction of the pollutants contained
in stormwater through detention, retention, filtration or other physical, chemical or biological
processes.
(b) The provisions of this article shall not apply to:
(1) Bona fide agricultural or forest operations, including land clearing operations in connection
therewith; provided, however, if such land is subsequently changed to another type of use, the
use of such land shall thenceforth be subject to this article.
(2) Home gardening or other minor clearing or excavation work not incident to a substantial change
in the existing residential use of land which may be reasonably expected not to contribute any
substantial amount of on-site generated runoff beyond the boundaries of the property of the
residence involved.
(3) Emergency repairs, on public or private projects, necessary for the preservation of life, health,
or property where taken to implement and accomplish the beneficial purposes of this article as
set forth herein under such circumstances where it would be impractical to obtain approval
from the City Engineer prior to making such emergency repairs.
(4) Routine maintenance or repair work on public or privately-owned portions of a structural
stormwater or drainage control system which does not constitute major construction or
rebuilding.
(5) Single-family residential lots where the property owner will reside in the residence upon its
completion or completion of any addition thereto.
(6) Single-family residential lots located outside the one hundred-year floodplain (individual lots only).
(7) Redeveloped structures which undergo less than fifty (50) percent demolition of their entire
footprint area and are adding no new building square footage.
(8) Redeveloped lots or sites which are less than one-half acre (21,780 square feet) in size.
(9) Sites that are approved with zero lot line requirements.
(10) Redeveloped sites that are a part of a regional stormwater treatment system or otherwise treat
stormwater to the extent required by the regulations contained in this section.
(c) Any person proposing development or redevelopment in the City shall submit, as part of, or attached
to, site plans for the proposed development, a stormwater management plan which demonstrates the
measures to be implemented by such person for controlling runoff as required under provisions of this
article. The site and stormwater management plans shall include information necessary to illustrate the
means by which compliance with applicable control standards will be achieved. Approval of the
stormwater management plan shall be a condition prior to the issuance of a building permit.
Minimum requirements for supporting documentation that shall be included are:
(1) The nature and extent of clearing, grading and development operations;
(2) Contour elevations for existing and post-development conditions;
(3) Hydrologic engineering analysis of runoff for existing and post-development conditions;
(4) The projected sequence of work (for large-scale development projects); and
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(5) Impact upon waterways affected by the proposed development.
(d) The maximum volume of post-development off-site discharge shall not exceed the pre-development
discharge. The rate of runoff leaving the site shall not cause adverse off-site impacts.
(e) The following shall be the maximum allowable runoff under this article.
(1) All changes to land use resulting in facilities for parking and roadways shall limit the peak runoff to
both:
a. That generated by a ten-year design storm, and the maximum allowable runoff coefficient for that
land use area; and
b. That allowed by the capacity of the existing system to accommodate the peak runoff without
damage to upstream and downstream property.
(2) All other land use changes shall adhere to a. and b. above except that the design storm shall be a
twenty-five-year design storm.
(f)
The following stormwater treatment standards shall apply for those areas undergoing
redevelopment:
(1) Redeveloped sites equal to or larger than one-half acre in size (21,780 square feet) but less than two
(2) acres in size shall treat one-quarter (¼) inch of runoff from all impervious areas.
(2) Redeveloped sites which are two (2) acres or more in size shall treat one-half (½) inch of runoff from
impervious areas.
(3) The use of buffer yards, required landscape areas and the use of up to ten (10) percent of required
parking can be used for the purposes of treatment under this provision.
(4) Redeveloped non-residential and multifamily sites requiring a State or regional permit shall be
required to meet the treatment standards outlined above only for those areas not covered by treatment
facilities designed for the project.
(g) Maintenance requirements. It shall be the duty of the property owner to provide proper
maintenance of the stormwater management system so that the system continues to meet the
requirements of this section. The City shall have access to inspect stormwater management systems and
facilities and to require such maintenance, repair, and replacement of facilities as necessary.
(Ord. No. O-00-09, 1(Art. 3, 3.05.00), 4-24-00; Ord. No. O-01-06, § 1, 2-26-01)
ARTICLE VI. - PUBLIC FACILITY MONITORING AND PERMITTING
DIVISION 1. – CONCURRENCY.
Code of Ordinances (p. 418)
Sec. 21-316. - Levels of service.
Through the concurrency management system, Winter Haven shall maintain the following levels of
service for public facilities:
Stormwater management:
The stormwater management level of service for new development shall be equal to a 25-year 24-hour
storm event. Stormwater treatment and disposal facilities shall meet the design and performance
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standards established in section 17-25.025, FAC. The first inch of stormwater runoff shall be treated onsite, pursuant to Section 17-3.051, FAC. Stormwater discharge facilities shall be designed such that the
receiving water body shall not be degraded below minimum conditions necessary to assure the
suitability of water for the designated use of its classification as established in Chapter 17-3, FAC. These
standards shall apply to all new development and redevelopment. For existing development, the City
has established a level of service to contain the three-year twenty-four-hour storm event.
Note: additional levels of service for other facilities are provided in this section of the code.
(Ord. No. O-00-09, Art. 6 (6.01.06), 4-24-00)
Policy 1.3.3:
Continue to enforce and, as necessary, update the City’s flood prevention land
development regulations. Ensure that the regulations remain consistent with Federal Emergency
Management Agency (FEMA) data and maps.
Policy 1.3.4:
Assign “Conservation” Future Land Use along existing natural drainage features and
floodways to prevent encroachment from development. For minor drainage features and floodways, the
buffer shall be a minimum of 50 feet from the edge of the feature, and for major drainage features and
floodways, including the Peace Creek and the Wahneta Farms Drainage Canals, the buffer shall be a
minimum of 100 feet from the edge of the feature.
Objective 1.5: Improve surface water quality.
Policy 1.5.3:
Infill residential development within improved residential areas or subdivisions existing
prior to April 1991, must ensure that its postdevelopment stormwater runoff will not contribute
pollutants which will cause the run-off from the entire improved area or subdivision to degrade
receiving water bodies and their water quality.
Goal Two: Protect the recharge capabilities of the aquifer to insure the future supply of water resources.
Objective 2.1: Protect all natural drainage features and groundwater recharge areas by establishing
criteria to manage development.
Policy 2.1.4:
Maintain land development regulations to protect areas of high recharge potential by
addressing the following:
a. density limits;
b. impervious-surface cover requirements;
c. vegetation preservation;
d. stormwater retention design consideration;
e. control of point and non-point pollution of ground and surface waters (including, but not limited to,
contact with sinkholes and the use of vegetative buffers and proper design of stormwater management
systems); and
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f. water quality standards for waters discharged into the groundwater aquifer which ensures that new
development and redevelopment within a “high recharge area” will not reduce the quality of the water
discharged into the groundwater aquifer.
DIVISION 2. - POTABLE WATER WELLHEAD PROTECTION AREAS.
Code of Ordinances (p. 411)
Sec. 21-284. - Purpose and intent.
The purpose and intent of this section is to safeguard the health, safety and welfare of the citizens of the
City by limiting certain land uses and activities that occur within wellhead protection areas surrounding
potable water supply wells, thereby providing protection of the principal source of water for domestic,
agricultural, and industrial use. The availability of adequate and dependable supplies of potable quality
water is of primary importance to the future of the City; therefore, standards are described in this
section with the intent of protecting both the quantity and quality of the groundwater supply. It is
further the intent of this section to control development in and adjacent to designated wellheads to
protect water supplies from potential contamination.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-285. - Establishment of wellhead protection area.
Development regulations established in this section shall be applicable to designated wellhead
protection areas for all public supply water wells. Prior to designation of or in the absence of sufficient
information for wellhead protection areas, the official wellhead protection area shall consist of a radius
of four hundred (400) feet around each of the City's public supply potable water wells, as provided for in
the Future Land Use Element, Objective 4 and Policy 4.8 and Conservation Element, Objective 2 and
Policy 2.2 of the Comprehensive Plan of the City of Winter Haven (see Figure 1). An official map of wells
and their wellhead protection areas shall be maintained in the development director's office and shall
be verified annually.
Where a property lies partly outside the wellhead protection area, development standards contained in
this section shall apply only to that part of the property lying within the wellhead protection area.
Where the wellhead protection area boundary passes through a building, the entire building shall be
considered to be in the protection area.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-286. - Wellhead protection area land use restrictions.
(a) The handling, production or storage of hazardous substances shall be prohibited
within the wellhead protection area, an area of four hundred (400) feet surrounding
a potable water well. All other activities located within four hundred (400) feet of a
wellhead are permitted in accordance with the zoning district and the table of land
uses. Existing uses within the zone of protection that produce or store hazardous
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(b)

(1)
(2)
(3)

(4)
(5)
(6)
(7)

substances shall be identified and a list kept, so that the source of contamination
may be identified more easily in the case of contamination of a well. This list shall be
verified/updated annually.
It is the intent of the City to prohibit any new uses from locating within four
hundred (400) feet of a well that may produce or store hazardous materials that
may contaminate the well. The following land uses and activities, and any other use
or activity that stores or produces hazardous materials, are prohibited in the
wellhead protection area, including the zone of protection:
Landfills;
Facilities for bulk storage, handling or processing of materials on the Florida
Substance List;
Activities that require the storage, use, handling, production or transportation of
restricted substances, agricultural chemicals, petroleum products, hazardous toxic
waste, medical waste, or similar substances; nonresidential use, handling,
production or storage of hazardous substances in any quantity; and, residential use
of more than five (5) gallons;
Feed lots or other commercial animal facilities;
Wastewater treatment plants, percolation ponds or similar facilities;
Mines; and
Excavation of waterways or stormwater management facilities which intersect the
water table.

(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Sec. 21-287. - Modification of requirements.
Any person affected by this section may petition the City Commission for modification from the
prohibitions requirements of this section, provided that the person demonstrates that special or unusual
circumstances and adequate technology exists to isolate the facility or activity from the potable water
supply in the event of a spill.
The City commission shall determine whether the land use or activity shall be approved under the
provisions of this section.
In making this decision, the City commission shall consider:
(a) The cumulative impacts of the land use or activity on the zone of protection in
combination with other uses or activities that have been permitted within said zone;
and
(b) Whether the proposed use end product that is a threat to the water supply can be
contained in the case of a spill.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
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Sec. 21-288. - Location of new wells.
No new public supply water wells shall be located such that the wellhead protection area extends past
the owners' property boundaries.
(Ord. No. O-03-61, § 1(Exh. A), 11-24-03)
Secs. 21-289—21-290. - Reserved.
Objective 2.3: Increase aquifer recharge in the Upper Peace Creek Watershed.
Policy 2.3.1:

Evaluate using treated reuse water to recharge the aquifer.

Policy 2.3.2:
Carry out a comprehensive study to identify areas, such as along public streets and as
part of public parking lots, for the development of rain gardens. Seek funding and grants to construct
the identified rain gardens. By 2020, complete 20 rain garden projects within the City.
Policy 2.3.3:
Implement public education campaigns to educate residential property owners on
techniques, such as downspout rain gardens, pervious driveways, and swales, to reduce stormwater runoff and increase infiltration.
Water Supply Sub-Element of the Infrastructure Element – Comprehensive Plan
Goal 3: Reduce the impact of water usage on natural systems including area lakes, rivers, wetlands, and
ground water systems.
Objective 3.1: Reduce, to the greatest extent possible, the effects of groundwater withdrawals on
natural systems.
Policy 3.1.1:
Study area lakes to determine whether groundwater withdrawals are resulting in
abnormal fluctuations in historic or established desirable lake levels.
Policy 3.1.2:
When locating new public water supply wells, ensure that the well’s cone of influence
will not adversely affect any lake or major wetland system.
Policy 3.1.3:
By 2013, undertake a study of existing well sites to determine the feasibility of
decommissioning wells negatively impacting adjacent lakes or major wetland systems.
Policy 3.1.4:
When developing new water sources, take into account the recommendations
contained in the 2010 Sustainable Water Resource Management Plan.
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Sanitary Sewer Sub-Element of the Infrastructure Element – Comprehensive Plan
Objective 1.3: To reduce the potential for environmental damage to the City’s lakes and other
hydrologic features, limit the installation of new septic systems and work towards the connection of
existing septic systems and package wastewater treatment plants to the City’s sanitary sewer system.
Policy 1.3.1:
The City shall coordinate the extension of sewer lines and other facilities to meet future
demand prior to, or concurrent with, the impact of development in areas with soils unsuitable for septic
tanks.
Policy 1.3.2:
In conjunction with Polk County, seek grants to aid in connecting septic systems located
in older, unincorporated neighborhoods within the City’s Utility Service Area to the sanitary sewer
system.
Policy 1.3.3:
Work with the owners/operators of package wastewater treatment plants that are
located within the City’s Utility Service Area on connection to the City’s sanitary sewer system.
Solid Waste Sub-Element of the Infrastructure Element – Comprehensive Plan
Objective 1.3: Work towards the reduction of illegal litter and trash on vacant properties and public
spaces.
Policy 1.3.3:
Continue to partner with and support lake clean-up programs such as Project EAGLE and
the Lakes Education Action Drive’s (LEAD) Lakes Appreciation Month that hold annual events to remove
illegal litter and trash from the City’s lakes.
Intergovernmental Coordination Element – Comprehensive Plan
Objective 2.7: The City shall take a leadership role in managing water resources within the Peace Creek
Watershed.
Policy 2.7.1:
Other communities within the Peace Creek Watershed shall be approached about
managing water on a watershed scale, including water supply, flooding, water quality and natural
systems. Efforts should also include agencies such as the SWFWMD, FDEP, EPA, Army Corps of
Engineers, and FDOT to ensure that future projects maximize benefits for all aspects of water, including
water supply, lake levels, water quality, wetland restoration and others. Intergovernmental agreements
for coordination should be pursued to reduce costs and maximize benefits for all aspects of water.
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Neighborhood Preservation and Revitalization Element – Comprehensive Plan
Objective 1.4: Neighborhood Aesthetics and Identity. Enhance the unique aesthetics and identity of
individual neighborhoods.
Policy 1.4.2:
Where appropriate and feasible, create open spaces that facilitate neighborhood
gatherings and contribute to neighborhood identity.
Policy 1.4.4:
Where appropriate and feasible, use urban design to create a cohesive whole among
improvements made in transportation, architecture, landscape, open space and public art.
Policy 1.4.5:
The City will continue to promote a matching grant program to encourage
neighborhoods to develop projects that will enhance the beautification, safety and quality of life.
Policy 1.4.7:
The City will make every effort to preserve and enhance unique features, such as natural
features, neighborhood institutions and other characteristics that contribute to neighborhood identity.
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2. PROMOTE EFFICIENT, COMPACT DEVELOPMENT PATTERNS & INFILL
Future Land Use Element – Comprehensive Plan
Objective 1.1: Winter Haven shall manage growth and development as an urbanized development
area, in which the area is currently served, or is programmed to be served within the next five years, by
municipal central sanitary sewerage and potable water systems.
Policy 1.1.4:
Ensure an adequate supply of residential, commercial, industrial, institutional, and
recreation land is available through the year 2025, to serve the City’s projected population, as well as
the needs of residents living in the surrounding utility service area.
Objective 1.2: Increase and maintain the vitality of the cultural, commercial, and residential character
of the City’s historic urbanized core.
Policy 1.2.2:
Primary Activity Center. The historic cultural, commercial, and industrial area of Winter
Haven shall be mapped on the Future Land Use Map as the Primary Activity Center of the City. Within
this area a high intensity mix of uses including retail sales and services, offices, government offices,
institutional uses, medium to high density residential uses, and both active and passive recreation uses.
The Primary Activity Center serves as the local center of commerce and a destination for all residents of
the City, surrounding unincorporated utility service area, and other nearby cities and towns. (Note: this
policy includes additional text and criteria for achieving higher densities in the downtown [Central Urban
Core])
Objective 1.3: Promote a compact and efficient growth pattern for new development located within
urbanizing areas surrounding the City’s Central Urban Core by maximizing the use of existing and
planned utility, roadway, transit, and public-school infrastructure.
Policy 1.3.4:
Regional Activity Center. High intensity retail, restaurant, office, tourist, residential, and
institutional areas with a market radius extending beyond the Winter Haven Area, shall be mapped as a
Regional Activity Center on the Future Land Use Map.
Policy 1.3.5:
Neighborhood Activity Center. Moderate intensity retail, restaurant, office, residential,
and institutional areas with a targeted market radius of less than five (5) miles shall be mapped as a
Neighborhood Activity Center on the Future Land Use Map.
Policy 1.3.6:
Commercial. Isolated office and retail uses shall be mapped as Commercial on the
Future Land Use map. The Commercial Future Land Use designation is intended primarily for outlying
and existing office or retail land uses that do not meet the criteria of one of the activity center
designations. Limited residential uses are considered a secondary use within an area designated as
Commercial.
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Capital Improvements Element – Comprehensive Plan
Policy 1.2.6:
To promote infill development and redevelopment in older areas of the City where the
necessary infrastructure is already in place, continue to maintain the Core Improvement Area, in which
impact fees are reduced or waived.
Housing Element – Comprehensive Plan
Objective 1.3: Establish infill strategies by adopting land development regulations that define
standards and criteria, and by programming capital improvements to facilitate infill development and
redevelopment.
Policy 1.3.3:
Establish financial incentives to promote construction on infill lots, such as reducing or
waiving impact and utility fees and charges, where legally feasible.
Policy 1.3.4:
Maintain land development regulations that encourage infill development and other
patterns of compact urban growth by allowing for zero lot-line development, accessory units, floor area
reduction, and smaller lot sizes.
Policy 1.3.6:
Revise the land development regulations to allow for greater use of accessory
residential units as an alternative, low impact, housing option in place of developing traditional singlefamily and multifamily units.
Drainage and Aquifer Recharge Sub-Element of the Infrastructure Element – Comprehensive Plan
Objective 1.2: Utilize the stormwater utility fee to reduce existing flooding problems, construct facilities
to accommodate future demand, to improve the quality of stormwater run-off, and to develop areas for
the storage of stormwater.
Policy 1.2.3:
To facilitate the goal of creating a compact, pedestrian friendly downtown, work
towards the development of regional stormwater management facilities (ie. retention basins and
swales) that will improve water quality and increase aquifer recharge.
Sec. 21-43. - C-1 Downtown commercial—Downtown business district. Code of Ordinances (p. 348)
(c) Additional development standards
(4) To encourage high intensity urban form in the downtown core, the minimum height for any new
building constructed in the C-1 zoning district after 2007 shall be two (2) stories.
Sec. 21-107. - First Street, North Overlay District. Code of Ordinances (p. 369)
(4) Vehicle parking.
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a. Location. Parking shall be placed on the sides and rear of buildings, in order to shield and minimize
the massive appearance of the entire parking area, and in some instances, separate the parking required
for mixed-use projects.
c. Shared parking. Shared parking is highly encouraged.
Retail parking. The parking requirement for retail space in this district shall be 3.0 parking spaces per
one thousand (1,000) square feet of building area.
d. Impervious surfaces. The use of pervious concrete is encouraged. For all commercial buildings with
required parking of five (5) or fewer spaces, gravel of aggregate 7 or larger with a concrete driveway
apron and material containing the gravel (concrete border, fencing, brickwork, etc.) is acceptable. Hard,
stable surfaces still must be used to meet ADA standards. In order to increase percolation and water
quality, up to ten (10) percent ISR credit may be given for the use of pervious concrete, gravel parking
surfaces, and rain gardens to treat and percolate stormwater, with the final credit amount to be
determined at the site plan review stage.
e. Connections. Developments shall provide driveway improvements and driveway "stub-outs" to
property lines to facilitate existing and future interconnection of parking areas to adjacent sites. All
necessary ingress/egress easements shall be recorded with the Polk County Clerk of Courts prior to final
approval of the site plan.
f. Cross access. To allow for efficient internal traffic circulation, all parking areas shall be designed to
allow cross access between adjacent parcels for both vehicles and pedestrians.
g. Continuous drive aisle. Cross access drives and parking areas shall be aligned to allow for a
continuous drive aisle extending between parcels. The continuous drive aisle shall be a minimum of
twenty-four (24) feet in width.
DIVISION 9. - CLUSTER/ZERO LOT LINE DEVELOPMENT. Code of Ordinances (p. 386)
(Ord. No. O-00-09, Art. 3 (3.09.00), 4-24-00)
Sec. 21-202. - Development regulations.
Cluster and zero lot line single-family developments are a permitted use in all R-3 and R-4 zoning
districts, subject to the approval and design standards established in this section; or may be approved as
a planned unit development (PUD) subject to the provisions thereof.
(b) The gross density, which is calculated based on the total (gross) acreage within the perimeter of the
property to be developed, is the controlling factor for consistency with the future land use designation
of the property.
(c) The area located within the development's boundaries which lies within State or Federal
jurisdictional wetlands, lakes or streams, or within other water bodies may be credited as gross acreage,
where said acreage comprises twenty-five (25) percent or less of the development area. Any such
acreage in excess of twenty-five (25) percent may not be credited for the purpose of determining the
gross density.
(d) There is no minimum or maximum project size requirement.
(j) The maximum impervious surface ratio of a cluster or zero lot line development shall be sixty (60)
percent.
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3. design complete, SMART streets that reduce imperviousness
Future Land Use Element – Comprehensive Plan
Objective 1.2: Increase and maintain the vitality of the cultural, commercial, and residential character
of the City’s historic urbanized core.
Policy 1.2.4:
Continue the development of a multi-modal transportation network to serve the higher
intensity uses located within the Central Urban Core. Require developers of new projects within the
Central Urban Core to provide multi-modal components such as sidewalks and transit stops where none
exist. Annually include projects in the 5-Year Schedule of Capital Improvements that are needed to
eliminate gaps in the multi-modal network.
Policy 1.2.5:
To promote the continued development of a multi-modal transportation network within
the Central Urban Core, develop and implement Land Development Regulations that reduce the amount
of required on-site parking for uses located adjacent to or within 500 feet of a transit route or with a
dense sidewalk/trail network.
Objective 1.3: Promote a compact and efficient growth pattern for new development located within
urbanizing areas surrounding the City’s Central Urban Core by maximizing the use of existing and
planned utility, roadway, transit, and public-school infrastructure.
Policy 1.3.2:
Residential-Low Density. Attached, detached, and manufactured residential uses ranging
in density from 2.01 to 10.0 dwelling units per acre shall be mapped as Residential-Low Density on the
Future Land Use Map. Secondary uses that are generally compatible with Residential-Low Density
include houses of worship, schools, and recreational uses such as clubhouses, golf courses, and
playgrounds.
B. To further the objective of creating a compact and efficient growth pattern, all new residential
subdivisions shall be required to connect, when possible, to existing adjacent subdivisions, and/or
provide for future access to adjoining vacant tracts of land.
C. All residential subdivisions containing 60 or more building lots should provide a minimum of two
access points, and when possible, access points on to multiple roadways.
Transportation Element – Comprehensive Plan
Goal One: Provide a safe, convenient, and efficient, multi-modal transportation system within the City
which is responsive to community needs, is consistent with future land use policies, is environmentally
sound, and promotes economic opportunity.
Objective 1.1: Provide for a functional roadway network based on the proposed roadway network in
Phase I of the adopted Polk County 2035 Long Range Transportation Plan (LRTP).
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Policy 1.1.1:
The following Levels of Service (LOS) for roadways within the City are hereby adopted:
C. To promote the development and use of public transportation systems, all public transit facilities,
inter-modal public transit connection or transfer facilities, transit terminals/stations, and park-and-ride
lots shall be exempt from meeting transportation concurrency requirements.
Policy 1.1.2:
To promote urban infill and redevelopment and downtown revitalization, the City
designates the area mapped by the “Transportation Concurrency Exception Area Map” contained in the
Transportation Map Series as a Transportation Concurrency Exception Area (TCEA). Within the TCEA, the
following principles shall apply:
• New development or redevelopment shall be exempt from meeting the transportation level of service
standards contained in Policy 1.1.1;
• All properties shall be located no further than 1,320 feet (1/4 mile) from an established or proposed
transit route; however, a maximum distance of 660 feet (1/8 mile) is preferred in the immediate
downtown area; and
• All properties shall have a minimum of a 5-foot sidewalk along their roadway frontage(s) with all new
developments and significant redevelopments providing a direct connection between the building and
sidewalk;
Policy 1.1.3:
Reduce existing roadway deficiencies by adding lanes, constructing new roadways,
adding bike lanes, sidewalks and other pedestrian facilities, providing transit or other alternative
transportation management procedures
Objective 1.8: Develop and implement a program to protect existing and future roadway corridors,
aviation, and mass transit rights-of-way from encroachment by development.
Policy 1.8.4:
Local streets shall be provided with adequate right-of-way width to accommodate
underground utilities, walkways designed for pedestrian convenience and safety, and where feasible, a
streetscape for trees and other landscaping, and amenities (such as street furniture, transit stops, etc).
Local streets within the downtown area should contain sufficient right-of-way to accommodate onstreet parking at a minimum of one side of the street.
Objective 1.10: Promote and support bus ridership of at least 10 passenger trips per revenue hour on all
fixed routes. The City will promote and support ridership through coordination with the transit providers
to locate stops and terminals near major transit trip generators and attractors.
Policy 1.10.4: Encourage the location of major trip generators and employment centers on or within ¼
mile of transit routes to decrease the number of vehicle trips within the City and to accommodate the
transportation disadvantaged.
Goal 2: Provide for an environmentally friendly transportation system that reduces vehicle trips and
supports non-motorized and alternative energy transportation options that limit the growth of, and
ultimately reduce, greenhouse gas emissions.
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Objective 2.1: Work towards reducing the City’s total number of vehicle miles traveled (VMT) through
an emphasis on creating a more compact development footprint.
Policy 2.1.1:
By 2014, revise the City’s zoning regulations to allow more opportunities for mixed use
development.
Objective 2.2: Plan for the use and expansion of alternative, non-motorized modes of transportation
for commuting as well as recreational purposes. Annually work towards increasing the total number of
linear feet of non-motorized travel routes within the City.
Policy 2.2.1:
Establish criteria and standards in the land development regulations that require the
provision of bike facilities to serve developments.
Policy 2.2.2:
Require the construction of pedestrian facilities on all streets within all new planned
developments, subdivisions, and along all collector or arterial roadways.
Policy 2.2.3:
Develop a sidewalk system which links residential neighborhoods to schools, shopping
areas, and public service facilities. Give high priority to these facilities when planning for capital
improvements to the transportation network.
Objective 2.3: Implement concepts and fund projects contained in the 2010 Sidewalk, Pedestrian, and
Multimodal Infrastructure Access Plan.
Policy 2.3.5:
Require developers of new or redeveloped properties to provide components identified
in the 2010 Sidewalk, Pedestrian, and Multimodal Infrastructure Access Plan whenever their
development activities impact the right-of-way fronting their property.
Drainage and Aquifer Recharge Sub-Element of the Infrastructure Element – Comprehensive Plan
Goal Two: Protect the recharge capabilities of the aquifer to insure the future supply of water resources.
Objective 2.2: Increase stormwater run-off capture and storage opportunities in order to improve the
overall hydrologic function of the Peace Creek Watershed.
Policy 2.2.1:
Work with the Florida Department of Transportation and Polk County to incorporate
water storage and conveyance features identified in the Sustainable Water Resource Management Plan
as part of all highway construction projects.
Policy 2.2.2:
Work with the Florida Department of Transportation, Polk County, and other local
governments to ensure that any wetland and floodplain mitigation occurs locally within the Peace Creek
Watershed.
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Policy 2.2.3:
Continue to prioritize the development of nature or hydric parks within the City as a way
to increase stormwater treatment and storage.
Policy 2.2.4:
Develop Land Development Regulations that encourage new developments to utilize
low-impact stormwater treatment methods to ensure stormwater is percolated into the ground as
opposed to being treated in large ponds and discharged.
Objective 1.3: Increase aquifer recharge in the Upper Peace Creek Watershed.
Policy 2.3.1:

Evaluate using treated reuse water to recharge the aquifer.

Policy 2.3.2:
Carry out a comprehensive study to identify areas, such as along public streets and as
part of public parking lots, for the development of rain gardens. Seek funding and grants to construct
the identified rain gardens. By 2020, complete 20 rain garden projects within the City.
Policy 2.3.3:
Implement public education campaigns to educate residential property owners on
techniques, such as downspout rain gardens, pervious driveways, and swales, to reduce stormwater runoff and increase infiltration.
Sec. 21-107. - First Street, North Overlay District. Code of Ordinances (p. 369)
(4) Vehicle parking.
d. Impervious surfaces. The use of pervious concrete is encouraged. For all commercial buildings with
required parking of five (5) or fewer spaces, gravel of aggregate 7 or larger with a concrete driveway
apron and material containing the gravel (concrete border, fencing, brickwork, etc.) is acceptable. Hard,
stable surfaces still must be used to meet ADA standards. In order to increase percolation and water
quality, up to ten (10) percent ISR credit may be given for the use of pervious concrete, gravel parking
surfaces, and rain gardens to treat and percolate stormwater, with the final credit amount to be
determined at the site plan review stage.
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4. ENCOURAGE EFFICIENT Provision of PARKING
Future Land Use Element – Comprehensive Plan
Objective 1.2: Increase and maintain the vitality of the cultural, commercial, and residential character
of the City’s historic urbanized core.
Policy 1.2.2:
Primary Activity Center. The historic cultural, commercial, and industrial area of Winter
Haven shall be mapped on the Future Land Use Map as the Primary Activity Center of the City. The
following criteria shall apply to development within the Primary Activity Center:
H. In keeping with the high intensity/high density nature of the Primary Activity Center, uses with large
parking needs are encouraged to utilize structured parking.
Policy 1.2.5:
To promote the continued development of a multi-modal transportation network within
the Central Urban Core, develop and implement Land Development Regulations that reduce the amount
of required on-site parking for uses located adjacent to or within 500 feet of a transit route or with a
dense sidewalk/trail network.
Objective 1.6: Utilize land development regulations and zoning districts to implement the goals,
objectives, and policies of the Comprehensive Plan for development on individual properties.
Policy 1.6.8:
Maintain and implement Land Development Regulations that establish standards and
criteria for the regulation of off-street traffic flow and parking for different types of vehicles. By 2014,
develop requirements or incentives to limit the amount of excess off-street surface parking in the City.
Drainage and Aquifer Recharge Sub-Element of the Infrastructure Element – Comprehensive Plan
Objective 1.5: Improve surface water quality.
Policy 1.5.4:
By 2014, implement Land Development Regulations requiring the use of rain gardens,
pocket wetlands, or similar stormwater catchment basins to capture and treat stormwater from
rooftops, parking lots, and roadways.
Sec. 21-40. - R-5 Multi-family residential—High density. Code of Ordinances (p. 347)
(e) Structured parking garages. To encourage the use of structured parking garages, uses that utilize
structured parking garages instead of surface parking lots shall be permitted to increase the maximum
lot coverage for the development site from sixty (60) percent to eighty (80) percent or increase the
maximum building height by two (2) floors or twenty (20) feet. Where structured parking garages are
used, the parking garage shall follow the requirements contained in Table 21-40 for principal structures.
(g) Parking reductions for proximity to transit. Any permitted use located near a fixed transit route shall
be entitled to the following reductions in the number of required on-site parking spaces.
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1. Adjacent to a transit route: Twenty-five (25) percent 2. Within three hundred fifty (350) feet of a
transit route: Twenty (20) percent
3. Within six hundred sixty (660) feet of a transit route: Fifteen (15) percent
4. Within one thousand three hundred twenty (1,320) feet of a transit route: Ten (10) percent
5. Within one thousand three hundred twenty (1,320) feet of a transit terminal: Twenty-five (25)
percent
To qualify for the parking reduction, a sidewalk network connecting the use and the transit route must
either be in place, programmed for construction within three (3) years, or constructed by the property
owner seeking the parking space reduction.

148

APPENDICES
5. ADOPT GREEN INFRASTRUCTURE STORMWATER MANAGEMENT
Sec. 21-107. - First Street, North Overlay District. Code of Ordinances (p. 369)
(4) Vehicle parking.
d. Impervious surfaces. The use of pervious concrete is encouraged. For all commercial buildings with
required parking of five (5) or fewer spaces, gravel of aggregate 7 or larger with a concrete driveway
apron and material containing the gravel (concrete border, fencing, brickwork, etc.) is acceptable. Hard,
stable surfaces still must be used to meet ADA standards. In order to increase percolation and water
quality, up to ten (10) percent ISR credit may be given for the use of pervious concrete, gravel parking
surfaces, and rain gardens to treat and percolate stormwater, with the final credit amount to be
determined at the site plan review stage.
Sec. 19-219. – Stormwater utility established. Code of Ordinances (p. 323)
(d) Exemptions and credits.
(3) Credit for onsite facilities. Any owner of property subject to a stormwater utility fee shall receive a
credit of up to sixty (60) percent of the stormwater utility fee otherwise payable under this chapter, to
the extent that onsite or appurtenant stormwater collection, storage and treatment facilities for the
property reduce or eliminate the need for available publicly provided facilities and services as provided
for in the rate resolution. The city shall have the authority to inspect such facilities for verification of
permitting and operability.
(4) Mitigation credit. In addition to the credit provided for onsite facilities, the city may provide, in the
fee schedule from time to time adopted or amended by resolution, a mitigation credit of up to an
additional thirty (30) percent against the fee otherwise due and payable by a property owner, where the
property owner carries out programs or practices which are identified in the fee schedule as mitigation
practices or best management practices. The credit assigned for each such activity or practice shall be as
specified in the fee schedule. The maximum credit allowed for any parcel is seventy (70) percent.
Sec. 21-161. - Stormwater management. Code of Ordinances (p. 380)
(g) Maintenance requirements. It shall be the duty of the property owner to provide proper
maintenance of the stormwater management system so that the system continues to meet the
requirements of this section. The City shall have access to inspect stormwater management systems and
facilities and to require such maintenance, repair, and replacement of facilities as necessary.
(h) Stormwater system standards.
(1) Stormwater systems as required by this chapter shall be designed so as to be readily accessible from
rights-of-way, parking lots, courtyards, or other open areas so that maintenance and clean-out of these
areas can be easily accomplished.
(2) The appearance and buffering of stormwater pond areas shall meet the requirements of the City's
landscape code.
(3) Retention areas shall be designed and function to prohibit the abilities of mosquitoes to breed and
hatch.
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Rain gardens and bioswales throughout Winter Haven. Photo credit: Mike Britt
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