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EXECUTIVE SUMMARY

In the state of Florida, the determination of “impairment” of water quality is, by rule, followed by
the development of an estimate of the amount of reduction in stormwater nutrient loads that must
be implemented to allow a water body to improve to the point that it meets water quality standards
commensurate with its designated use. These estimates of required reductions in nutrient loads are
developed and formalized within an adopted Total Maximum Daily Load (TMDL). The load
reductions called for in TMDLs are then apportioned out to local governments to implement
through the Basin Management Action Plan (BMAP) process. Finally, BMAP actions are to be
implemented through the National Pollutant Discharge Elimination System (NPDES) program.
The NPDES program is in turn meant to be implemented via each local government’s Municipal
Separate Storm Sewer System (MS4) stormwater discharge permit. In this way, and through these
mechanisms, a determination of water quality impairment, and the development of a course of
action to ameliorate that impairment, can have a direct impact on the amount of time and resources
that the City of Lakeland (the “City”) would have to spend on various lake management activities.

This Water Quality Management Plan (WQMP) for the City’s priority lakes (Beulah, Bonnet,
Bonny, Crystal, Gibson, Hollingsworth, Hunter, Mirror, Morton, Parker, and Wire) differs from
past and current guidance documents produced by and for various regulatory programs. Each of
the eleven priority lakes was evaluated to verify the impairment status, identify the nutrient of
greatest importance to water quality and finally, what type of projects are required to restore water
guality. In addition to nutrients and chlorophyll-a (a surrogate for algal biomass), factors affecting
guality in the lakes include long-term land use and hydrologic alterations, stormwater runoff,
historic point source discharges (particularly phosphorus), extent of submerged aquatic vegetation
(SAV) and emergent aquatic vegetation (EAV), lake water levels, and hydrologic connections to
forested wetlands and other lakes. A decision key was developed for the City’s lakes as a means of
selecting the types of restoration projects that best address stressors on a lake by lake basis. These
components were included as part of a holistic lake management approach for the priority lakes.
The link between water quality issues and lake-specific water quality restoration projects for the
priority lakes are presented in the context of state and federal regulations (e.g. TMDL status), as
well as current lake management science.

Each of the eleven priority lakes was originally determined to be impaired for nutrients in a prior
study by the City. Most of those determinations of impairment were based upon the State of
Florida’s previous criteria, the Trophic State Index (TSI). However, Florida developed newer
criteria, codified in FAC 62-302.531, and adopted in 2013 by both the Florida Department of
Environmental Protection (FDEP) and the US Environmental Protection Agency (EPA). Using the
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newer Numeric Nutrient Concentration (NNC) criteria, Lake Wire is no longer impaired for
nutrient-related water quality problems; however, the remaining priority lakes do not meet the
current NNC. Therefore, while the City may wish to monitor Lake Wire water quality as there is
currently no evidence that water quality is problematic from a regulatory aspect (for nutrients).

Additionally, the science of lake management has evolved to the point that several of the traditional
management actions that typically arise from the TMDL-BMAP approach may not be the best
methods to address water quality issues in some of the City’s priority lakes. For example, Lakes
Beulah, Bonnet and Hunter are the only lakes where water quality is worse in wet years than in dry
years. Since pollutant loads from stormwater runoff are positively correlated with rainfall, this
means that for the other seven nutrient-impaired priority lakes poor water quality is not primarily
caused by stormwater runoff. For these lakes, internal lake processes appear to be more causative
than stormwater runoff. Consequently, stormwater retrofit projects are an appropriate lake
management approach, worthy of the significant time and resources required, for three of the City’s
eleven priority lakes. For the remaining seven nutrient-impaired lakes, other types of projects are
required for successful lake management.

Alternative lake management activities are likely to be equally beneficial, if not more so, than
traditional stormwater retrofit projects for a number of the City’s priority lakes. For example,
whole lake circulation via artificial aeration systems has been successfully used to improve water
quality in small lakes both in Florida and elsewhere. Such an approach should be investigated for
its application for Lakes Beulah, Crystal, Mirror and Morton. Also, the reestablishment of the
water quality benefits associated with the influences of intact historical wetland fringes should be
investigated as a management tool for Lakes Bonnet, Bonny, Crystal and Parker, and potentially
for Lake Gibson as well. In those lakes, one of the primary stressors on water quality appears to
be the reduced amount of colored dissolved organic matter (aka “tannins”) in the lake, due to
hydrologic alterations that have lowered these lakes below their historical wetland fringes.

The application of paleolimnological techniques has determined that Lake Hollingsworth has better
water quality at present than it had in the 1960 to 1970s. The improvement in water quality in Lake
Hollingsworth is thought to be due to the loss of citrus groves as the watershed transitioned from
an agricultural landscape to a more urbanized one; an influence on water quality not captured in
Lake Hollingsworth’s current TMDL. Additionally, results from paleolimnological work
conducted on Lake Hollingsworth shows that the water quality targets used by FDEP for its TMDL
are overly restrictive and unrealistic, as FDEP’s TMDL for Lake Hollingsworth is based on a target
water quality condition that would have resulted in a finding of impairment as far back as the 1890s.
Similar paleolimnological work in Lake Bonny shows that the likely largest impact to water quality
is not nutrients from external loads, but the loss of tannins from its historical wetland fringes, in
response to lowering the lake elevation through drainage canals. Evidence of lost wetland
influences in Lake Bonny correlates with the lowering of the lake sometime between the 1890s and
the 1920s.

This WQMP provides a compilation of information relevant to water quality in these lakes, an
analysis of water quality and water quality trends in these lakes, identification of primary
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degradation sources (in-lake and external), and lake-specific potential restoration, preservation,
and/or treatment plans (including narrative descriptions of proposed project(s)). One of the primary
features of this plan is the recommendation of scientifically proven methods for managing lakes as
integrated ecological systems, rather than management based on external nutrient loads alone.
Recommendations have been made in consideration of management projects implemented in the
past that have had successful, documented system responses. Using results from a lake by lake
assessment of water quality and a determination and ranking of the most important stressors to
water quality, lake-specific management actions were identified. A brief summary of these lake-
specific management activities is listed below.

LAKE BEULAH

The lake is impaired for nutrients, with evidence that stormwater loads contribute to ongoing water
quality problems. As such, stormwater loads should be reduced, with a focus on raingarden-type
projects that are capable of reducing pollutant loads and recharging the surficial aquifer to
supplement dry season water levels. Additionally, Lake Beulah is small enough that artificial
circulation would be expected to improve water quality. A Before and After, Control and Impact
(BACI) study on the benefits of whole-lake circulation should be undertaken to test the response to
whole lake circulation, involving some combination of Lake Beulah, Crystal Lake, Lake Mirror
and Lake Morton. There is no evidence that Lake Beulah would benefit from projects designed to
increase the influence of wetland-related tannin loads to the lake. However, the expansion of SAV
within the lake and EAV along the lake fringe is recommended to improve water quality via
assimilation of nutrients from the water column and the soil-pore water.

LAKE BONNET

The lake is impaired for nutrients, with evidence that stormwater loads contribute to ongoing water
quality problems. As such, stormwater loads should be reduced, with a focus on both raingarden-
type projects that are capable of reducing pollutant loads and recharging the surficial aquifer to
supplement dry season water levels as well as larger stormwater treatment/retention projects.
Additionally, Lake Bonnet would benefit from projects that could increase the influence of
wetland-related tannin loads to the lake, as the lake appears to have been lowered to an elevation
below that of its historical fringing wetlands. However, Lake Bonnet is too large for artificial
circulation to be able to improve water quality. The bottom sediments in Lake Bonnet appear to
be having an adverse impact on water quality, and further investigations are warranted to determine
if sediment removal or sediment inactivation would be appropriate lake management strategies.
Additionally, the expansion of SAV within the lake and EAV along the lake fringe is recommended
to improve water quality via assimilation of nutrients from the water column and the soil-pore
water.

LAKE BONNY

The lake is impaired for nutrients and has a TMDL produced by FDEP which allows for restoration
activities which address internal as well as external nutrient loads. However, while smaller projects
may be appropriate in selected areas, there is no evidence of the need for large regional stormwater
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retrofit projects to address external nutrient loading. Lake Bonny would likely benefit from projects
that could increase the influence of wetland-related tannin loads to the lake, as the lake appears to
have been lowered to an elevation below that of its historical fringing wetlands. Lake Bonny is too
large for artificial circulation to be effective for water quality improvement. The bottom sediments
in Lake Bonny appear to be having an adverse impact on water quality, and further investigations
are warranted to determine if sediment removal or sediment inactivation would be appropriate lake
management strategies. Additionally, the expansion of SAV within the lake and EAV along the
lake fringe is recommended to improve water quality via assimilation of nutrients from the water
column and the soil-pore water.

CRYSTAL LAKE

The lake is impaired for nutrients, but has a recent Nutrient Management Plan that has been
reviewed and approved by FDEP. While smaller projects may be appropriate in selected areas
including improvements or retrofits to existing stormwater infrastructure, there is no evidence of
the need for large regional stormwater retrofit projects. Crystal Lake would likely benefit from
projects that could increase the influence of wetland-related tannin loads to the lake, as the lake
appears to have been lowered to an elevation below that of its historical fringing wetland.
Additionally, Crystal Lake is small enough that artificial circulation would be expected to be able
to improve water quality. The bottom sediments in Crystal Lake appear to be having an adverse
impact on water quality, and further investigations are warranted to determine if sediment removal
or sediment inactivation would be appropriate lake management strategies. Additionally, the
expansion of SAV within the lake and EAV along the lake fringe is recommended to improve water
quality via assimilation of nutrients from the water column and the soil-pore water.

LAKE GIBSON

Recently, Lake Gibson has recently shifted from an unimpaired to an impaired surface water body.
While smaller projects may be appropriate in selected areas, there is no evidence of the need for
large regional stormwater retrofit projects in the watershed. However, Lake Gibson would benefit
from projects that could increase the influence of wetland-related tannin loads to the lake,
particularly for a large wetland feature located north of the lake, which appears to have been
compromised by a ditch running down through the middle of the wetland. The lake is too large for
artificial circulation to be able to improve water quality. No evidence was found of the influence
of the resuspension of bottom sediments influencing water quality. However, the expansion of
SAV within the lake and EAV along the lake fringe is recommended to improve water quality via
assimilation of nutrients from the water column and the soil-pore water.

LAKE HOLLINGSWORTH

While the lake is impaired for nutrients, paleolimnological studies have found that water quality in
Lake Hollingsworth is better now than it was in the 1960 and 1970s. The improvement in water
quality is thought to be due to the reduction of agricultural land use (historical citrus groves) as a
dominant feature of the watershed. Also, and with potential implications to other lakes in the City,
the paleolimnological work on Lake Hollingsworth shows that the water quality targets used by
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FDEP in its TMDL would have resulted in a finding of impairment more than 100 years ago,
although development existed prior that timeframe. While smaller scale and opportunistic projects
may be appropriate in selected areas, there is no evidence of the need for additional large regional
stormwater retrofit projects for Lake Hollingsworth. Lake Hollingsworth is too large for artificial
circulation to improve water quality. There is no evidence that Lake Hollingsworth would benefit
from projects designed to increase the influence of wetland-related tannin loads to the lake.
However, sediments in Lake Hollingsworth continue to adversely impact water quality, despite a
fairly recent and large-scale dredging project aimed at sediment removal. A severe drought
coincided with the sediment removal project, which created conditions that made it impossible to
remove all the targeted sediments. Although there is evidence of improvements in water quality
associated with the sediment removal project and a follow up whole-lake alum application project,
the sediment impact remains, and additional efforts to act on the sediment nutrient supply appear
to be appropriate. Additionally, the expansion of SAV within the lake and EAV along the lake
fringe is recommended to improve water quality via assimilation of nutrients from the water column
and the soil-pore water.

LAKE HUNTER

The lake is impaired for nutrients, and has an existing FDEP-approved TMDL. This assessment
found evidence that stormwater loads contribute to ongoing water quality problems. As such,
stormwater loads should be reduced, with a focus on raingarden-type projects that are capable of
reducing pollutant loads and recharging the surficial aquifer to supplement dry season water levels.
However, the lake is too large for artificial circulation to be able to improve water quality. There
is also no evidence that Lake Hunter would benefit from projects designed to increase the influence
of wetland-related tannin loads to the lake. Additionally, the expansion of SAV within the lake
and EAV along the lake fringe is recommended to improve water quality via assimilation of
nutrients from the water column and the soil-pore water.

LAKE MIRROR

The lake is impaired for nutrients. However, while smaller projects may be appropriate in selected
areas, there is no evidence of the need for large regional stormwater retrofit projects. Additionally,
the lake is not likely to benefit from projects that could increase the influence of wetland-related
tannin loads to the lake. However, Lake Mirror is small enough that artificial circulation would be
expected to be able to improve water quality. A BACI study on the benefits of whole-lake
circulation should be undertaken to test the response to whole lake circulation, involving some
combination of Lake Beulah, Crystal Lake, Lake Mirror and Lake Morton. Additionally, the
expansion of SAV within the lake and EAV along the lake fringe is recommended to improve water
quality via assimilation of nutrients from the water column and the soil-pore water.

LAKE MORTON

The lake is impaired for nutrients. However, while smaller projects may be appropriate in selected
areas, there is no evidence of the need for large regional stormwater retrofit projects. Additionally,
the lake is not likely to benefit from projects that could increase the influence of wetland-related
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tannin loads to the lake. However, Lake Morton is small enough that artificial circulation would
be expected to be able to improve water quality. A BACI study on the benefits of whole-lake
circulation should be undertaken to test the response to whole lake circulation, involving some
combination of Lake Beulah, Crystal Lake, Lake Mirror and Lake Morton. Additionally, the
expansion of SAV within the lake and EAV along the lake fringe is recommended to improve water
guality via assimilation of nutrients from the water column and the soil-pore water.

LAKE PARKER

The lake is impaired for nutrients, and has a TMDL that has been approved by FDEP. And while
smaller projects may be appropriate in selected areas, there is no evidence of the need for large
regional stormwater retrofit projects. However, Lake Parker would benefit from projects that could
increase the influence of wetland-related tannin loads to the lake, particularly for a large wetland
feature located west of the lake, which appears to have been compromised by a drainage ditch
running down through the middle of the wetland. Lake Parker is too large for artificial circulation
to be able to improve water quality. A unique feature of the Lake Parker watershed is the large
Tenoroc Lakes system, located on the lake’s northern and northeastern shoreline. While significant
data gaps exist, it may be possible to create a flow-through water treatment system, if the Tenoroc
system lakes are found to have the appropriate characteristics of depth and water quality to allow
for the extensive non-native Hydrilla beds in those lakes to act as “polishing ponds” for water
pumped into the Tenoroc lakes from Lake Parker before being discharged back into the lake. While
permitting obstacles exist, there is the potential for such a system to be able to substantially improve
water quality in Lake Parker.

LAKE WIRE

Lake Wire is not impaired for nutrients. While smaller projects may be appropriate in selected
areas, there is no evidence of the need for large regional stormwater retrofit projects.  There is,
however, the need to carefully manage the Hydrilla in the lake, as it appears that the extensive
Hydrilla beds are largely responsible for the very good water quality in the lake. Should an overly
aggressive Hydrilla eradication effort be conducted in Lake Wire, it is almost certain that the
nutrient pool contained within the Hydrilla would become available in the water column, with
resultant algal blooms and the likelihood that the lake would become impaired for nutrients.
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1. INTRODUCTION

Project Objective

The ecological integrity and aesthetic beauty of lakes in the City of Lakeland (“City”) are integral
to its identity and economic sustainability, and the City is facing increasing pressures from both the
public and regulatory agencies to maintain or improve water quality in its 38 named lakes. In some
of the lakes, water quality is declining, and cost-effective solutions to remediate these problems are
needed. In other lakes, water quality appears to be stable or improving; however, regulatory
agencies have deemed them impaired based on recently adopted Numeric Nutrient Criteria (NNC),
potentially requiring costly measures that may or may not be effective. In response to a request
from the City, and in close coordination with City staff, Atkins North America, Inc. (Atkins) and
Environmental Science Associates, Inc. (ESA) have combined their efforts to produce this Water
Quality Management Plan (WQMP) for 11 priority lakes within the City’s boundaries. The priority
lakes, chosen by the City based on their regulatory status (NNC impairment and/or TMDL
assignment), public access, and natural water bodies (as opposed to manmade lakes (e.g., former
phosphate mining pits), include the following:

= Lake Beulah

= Lake Bonnet

= Lake Bonny and Little Lake Bonny
= Crystal Lake

= Lake Gibson

= Lake Hollingsworth

= Lake Hunter

= Lake Parker

= Lake Mirror

= Lake Morton

= Lake Wire
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1. Introduction

The WQMP provides a compilation of information relevant to water quality in these lakes, an
analysis of water quality and water quality trends in these lakes, identification of primary
degradation sources (in-lake and external), and lake-specific potential restoration, preservation,
and/or treatment plans (including narrative descriptions of proposed project(s)). One of the primary
features of this plan is the recommendation of scientifically proven methods for managing lakes as
integrated ecological systems, rather than projects based on external nutrient loads alone.
Recommendations have been made in consideration of management projects implemented in the
past that have had successful, documented system responses. More specifically, this WQMP:

= Characterizes water quality for the priority lakes in the City, as relates to regulatory
criteria such as impairment determinations and the State of Florida’s Total Maximum
Daily Load (TMDL) program;

= |dentifies potential restoration, preservation, and/or treatment projects to address
water quality issues (if found);

= Links potential restoration, preservation, and/or treatment projects to lakes based on
individual water quality needs; and

= Provides recommendations to prioritize lake restoration, preservation, and/or
treatment actions.

While traditional stormwater treatment projects can successfully reduce external nutrient loadings
to lakes, historic point and nonpoint source runoff and natural lake processes that may have resulted
in internal nutrient loads that traditional stormwater projects don’t address. Consequently, both
traditional and non-traditional water quality management projects have been proposed to address
both external and internal nutrient loading to the named lakes in this WQMP.

In addition to nutrients and chlorophyll-a (a surrogate for algal biomass), factors affecting water
guality include long-term land use and hydrologic alterations, stormwater runoff, historic point
source discharges (particularly phosphorus), presence and extent of submerged aquatic vegetation
(SAV) and emergent aquatic vegetation (EAV), lake water levels, and hydrologic connections to
forested wetlands and other lakes. A decision key was developed for the City’s lakes as a means of
selecting the types of restoration projects that best address stressors on a lake by lake basis, and the
project types coming out of the decision tree process were included as part of a holistic lake
management approach for the named lakes. The link between water quality issues and lake-specific
water quality restoration projects for the named lakes are presented in the context of state and
federal regulations (e.g. TMDL status), as well as lake management science.

This WQMP is focused on the 11 priority lakes selected by the City. Many of these lakes have
been negatively impacted through historical point and non-point sources of pollution and many
have been listed as impaired. The WQMP involves incorporating existing information and
previously conducted water quality studies to develop improved water quality plans for the lakes.
The additional information was used to evaluate alternatives and best management practices
(BMPs) that could be used to improve water quality in the lakes. The WQ