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4.0 Lake-Specific Restoration Projects 

Lakes in the WHCL for which restoration projects are proposed are individually characterized in 
this section of the WQMP (in alphabetical order). Physical, chemical, and regulatory 
characteristics are presented in table format and maps illustrating land use and topography are 
provided for each lake. Watershed boundaries for each lake were identified using 2008 DOQQs, 
hydraulic structure connectivity, and topography from the Peace Creek Digital Terrain Model, as 
described in Section 3.4. Those sub-basins contributing to each lake were grouped to delineate 
the contributing drainage area. The decision key presented earlier is included for each lake, with 
the path to projects highlighted for that particular lake. Finally, proposed restoration projects 
specific to each lake are listed and described.  

Developed and undeveloped lands and high and low infiltration soils are identified for each lake 
watershed in each of the lake sections to illustrate that development has occurred primarily on 
high infiltration soils into which rainfall historically percolated. Consequently, much of the 
former ground water infiltration is now surface water runoff due to developed, impervious 
surfaces. However, all developed areas are not necessarily impervious (e.g. orange groves and 
pasture) and all undeveloped areas are not necessarily “natural areas” (e.g. orange groves and 
pasture). Land use cover data were obtained from the SWFWMD (2006) and may not be 
consistent with more recent 2010 aerial photography. 

4.1. Lake Blue 

Background 

Physical and chemical characteristics specific to Lake Blue are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-1). Lake Blue (WBID 1521Q) contributes 
to the WHCL Southern Chain and connects to Lake Cannon via a constructed canal and a gated 
structure that restricts flow between lakes (Photo 4-1, Figure 4-1). In 2010, Lake Blue was 
declared verified impaired based on elevated TSI values (> 60), indicating a nutrient impairment. 
A TMDL is required for Lake Blue to calculate load reductions necessary to satisfy the TSI 
criteria. The TP, TN, and chlorophyll a geometric mean for Lake Blue for the period of 1997 to 
2007 and corresponding EPA NNC water quality targets are listed in Table 4-1. To comply with 
the NNC, concentration reductions of 85 percent for TP, 62 percent for TN, and 90 percent for 
chlorophyll a are required. 

A summary of water quality statistics for Lake Blue is presented in Table 4-2. The minimum 
recorded chlorophyll a, TN, and TP concentrations exceed the NNC targets provided by EPA for 
Lake Blue. Chlorophyll a concentrations in Lake Blue have fluctuated but have remained 
consistently elevated above 6 µg/L (Figure 4-2). A statistically significant trend in chlorophyll a 
concentrations from 1987 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10).  An 
inverse relationship between lake levels and chlorophyll a concentrations may suggest sediment 
resuspension resulting in a decline in water quality.  No water quality improvement projects have 
been implemented in Lake Blue to restore water quality. Due to the hydrologic isolation of Lake 
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Blue from the Southern Chain by a gated structure, improvements in water quality of the lake 
would result in little benefit farther downstream. 

The Lake Blue watershed is 116 acres in size and includes 94 acres (81 percent) of developed 
lands compared to 22 acres (19 percent) of undeveloped lands. The 2000-2007 median color 
value (30 PCU) was below 40 PCU indicating it is a clear (non-colored) lake and specific 
conductivity data indicate the lake is acidic. The lake area, perimeter, water depth, and volume 
statistics are based on a water level elevation of 149 feet in May 2006. Bathymetry data are 
available for Lake Blue for the May 2006 water level elevation (Figure 4-3). A water level of 
148 feet was reported in August 2010, reflecting a 1.0 foot decrease in water elevation when 
compared to 2006. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Blue water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-4). The highlighted path in the decision key presents the factors on which yes/no decisions 
were based and used to identify and select water quality improvement projects. Projects to 
address water quality, nutrient and sediment loading, and reduced lake levels are proposed. The 
projects are listed in order of priority, based on expected water quality improvements. A detailed 
discussion of the potential water quality restoration implications for each project can be found in 
Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

• Project 5: Artificial Circulation 
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Table 4-1. Physical, chemical, and regulatory characteristics of Lake Blue. 

Physical 

Location in chain Southern High infiltration soils (acres) 55 (47 percent) 

Relation to other lakes Isolated Developed land (acres) 94 (81 percent) 

Watershed area (acres) 116 Undeveloped land (acres) 22 (19 percent) 

Lake area (acres)* 54 Median water depth (feet)* 5.6 

Perimeter (feet)* 5,800 Maximum water depth (feet)* 10.5 

Surface area: lake volume ratio* 0.13 
Volume (acre-feet)* 401 

Watershed to surface area ratio* 2.15 

Water Chemistry 

Locally-derived: acidic or alkaline Acidic Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 62 NNC chlorophyll a target (µg/L)  6 

Geometric mean TN (mg/L) 2.22 NNC TN target (mg/L)  0.85 

Geometric mean TP (mg/L) 0.102 NNC TP target (mg/L)  0.015 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend No trend**  
TP concentration reduction 
required 

85 percent 

*at a water level elevation of 149 feet  
**presented in section 5.0 

 
 

Table 4-2. Lake Blue water quality characteristics over the period of 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 32 29 79 153 

Color (PCU) 25 20 30 38 

Conductivity (µmhos/cm) 39 127 145 294 

Dissolved oxygen (mg/L) 39 1.4 7.88 13.06 

pH 39 5.6 7.6 9.3 

Secchi depth (feet) 32 0.6 1.0 2.0 

Total nitrogen (mg/L) 43 1.16 2.35 4.03 

Total phosphorus (mg/L) 39 0.047 0.101 0.189 
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Photo 4-1.  Water control structure at southern end of Lake Blue. 
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Figure 4-1. Lake Blue and associated watershed. 
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Figure 4-2. Lake Blue chlorophyll a concentrations with available data from 1987 to 2007. 
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Figure 4-3. Lake Blue bathymetry (May 2006) at water level elevation = 149 feet (Polk 
County Water Atlas). 
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Figure 4-4. Lake Blue decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Blue watershed has approximately 55 acres (47 percent of the watershed) classified as 
high infiltration soils. Lake Blue does not have a TMDL, therefore, SIA acres estimates were 
calculated using data from the PLRG (USF 2005).  The SIA estimate for Lake Blue was 70 acres 
(approximately 60 percent of the watershed) to meet a 90 percent PLRG. Acres of SIA estimated 
to meet the TP NNC was 78 (67 percent of the watershed) for an 85 percent phosphorus 
reduction in Lake Blue to meet its NNC.  Forty-seven percent of the watershed is characterized 
by high infiltration soils; therefore, it may not be feasible to satisfy the load reductions through 
SIA implementation. 
 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Blue may have resulted in substantial internal nutrient loads 
due to phosphorus release from sediments. Presently, sufficient data are not available to evaluate 
the internal phosphorus load and calculate the phosphorus decay rate and the time at which the 
phosphorus will ultimately become biologically unavailable in the lake sediments. A feasibility 
study is required to determine whether sediment removal/inactivation is necessary to reduce 
internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 
SAV Planting 

Hydrilla infestations have not been a chronic problem in Lake Blue. A survey of existing SAV 
cover in Lake Blue is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. 

The 1997-2007 median secchi depth for Lake Blue was 1.0 feet indicating that SAV plants 
should not be planted in water depths greater than 2 feet. The maximum planting effort could 
result in vegetation cover of approximately 4 percent of the lake bottom (2 acres).  

Cost Estimate: $20,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Blue has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  
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Project 4: EAV Planting 

A survey of existing EAV surrounding Lake Blue is recommended due to the lack of sufficient 
data at this time. Based on the results of the survey, conclusions and recommendations regarding 
emergent aquatic or woody vegetation planting can be determined. If limited EAV is present, 
shoreline conditions should be evaluated to assess if vegetation planting is viable based on the 
soil conditions, slope, water level and inundation frequency and wave disturbance.  

Project 5: Artificial Circulation 

The project design is based the system configuration developed by SolarBee®. Each circulation 
pump is assumed to effectively circulate 16 to 20 acres. The surface area of Lake Blue is 54 
acres requiring the purchase and installation of three SB10000 v 18 machines.  

Cost Estimate: $160,000 (estimate by Solar Bee®).  
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4.2. Lake Cannon 

Background 

Physical and chemical characteristics specific to Lake Cannon are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-3). Lake Cannon (WBID 1521H) is 
located in the Southern Chain of the WHCL and is hydrologically connected to lakes Idylwild, 
and Howard via constructed navigable canals and fixed structures to Lake Blue (Photo 4-2, 
Figure 4-5) and Deer. In 2005, Lake Cannon was declared verified impaired based on elevated 
TSI values (>60), indicating a nutrient impairment. A TMDL was adopted for the Southern 
Chain of the WHCL, including Lake Cannon (FDEP 2007), and Lake Cannon was subsequently 
delisted from impairment by FDEP in 2010. Based on the modeled external TP load to Lake 
Cannon, a 54 percent reduction in TP load (137 kg TP/year) is required to comply with the TSI 
criteria of 60 (FDEP 2007). The TP, TN, and chlorophyll a geometric mean for Lake Cannon for 
the period of 1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 
4-3. To comply with the NNC, concentration reductions of 17 percent for TP, 11 percent for TN, 
and 26 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Cannon is presented in Table 4-4. The median 
chlorophyll a, TN and TP concentrations exceed the NNC targets provided by EPA for Lake 
Cannon. Chlorophyll a concentrations in Lake Cannon have fluctuated but have remained 
consistently elevated above 20 µg/L (Figure 4-6). However, a statistically significant decline in 
chlorophyll a concentrations from 1983 to 2007 was observed (seasonal Kendall-Tau, p=0.0037). 
Abundant Hydrilla populations are commonly found on Lake Cannon resulting in frequent 
eradication efforts (greater than 60 percent of the lake surface area was treated in 2005). A 
stormwater alum treatment improvement projects has been implemented in Lake Cannon to 
restore water quality. Lake Cannon is located in the middle of the southern chain of lakes; 
therefore, improvements in water quality of the lake could result in benefit farther downstream. 

The Lake Cannon watershed is 746 acres in size and includes 712 acres (95 percent) of 
developed lands compared to 35 acres (5 percent) of undeveloped lands. The 2000-2007 median 
color value (17 PCU) was below 40 PCU, indicating the lake is a clear (non-colored) lake and 
specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and 
volume statistics are based on a water level elevation of 129 feet in June 2007. Bathymetry data 
are available for Lake Cannon for the June 2007 water level elevation (Figure 4-7). A water level 
of 130 feet was reported in July 2010, reflecting a 1.0 foot increase in water elevation when 
compared to 2007. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Cannon water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-8). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 



Lake-Specific Restoration Projects 

 4-12 WHCL Water Quality Management Plan 
  Final December 2010 

order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/ Management 
 

Table 4-3. Physical, chemical, and regulatory characteristics of Lake Cannon. 

Physical 

Location in chain Southern High infiltration soils (acres) 501 (67 percent) 

Relation to other lakes Intermediate Developed land (acres) 712 (95 percent) 

Watershed area (acres) 746 Undeveloped land (acres) 35 (5 percent) 

Lake area (acres)* 335 Median water depth (feet)* 9.9 

Perimeter (feet)* 16,440 Maximum water depth (feet)* 16.6 

Surface area to lake volume 
ratio* 

0.10 
Volume (acre-feet)* 
  

3,486 
 Watershed to surface area 

ratio* 
2.23 

Water Chemistry 

Locally-derived: acidic or 
alkaline 

Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(ug/L) 

27 NNC chlorophyll a target (ug/L)  20 

Geometric mean TN (mg/L) 1.12 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.036 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend Decreasing 
TP concentration reduction 
required 

17 percent 

*at a water level elevation of 129 feet                            † TMDL adopted 
**presented in section 5.0 
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Photo 4-2. View from western shoreline of Lake Cannon. 

 

 

Table 4-4. Lake Cannon water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 287 6 28 73 

Color (PCU) 158 5 17 35 

Conductivity (µmhos/cm) 98 190 217 285 

Dissolved oxygen (mg/L) 98 5.25 8.35 11.46 

pH 98 6.2 8.06 9.43 

Secchi depth (feet) 321 1.2 2.1 6.4 

Total nitrogen (mg/L) 314 0.53 1.08 1.92 

Total phosphorus (mg/L) 307 0.003 0.043 1.82 
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Figure 4-5. Lake Cannon and associated watershed.  
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Figure 4-6. Lake Cannon chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-7. Lake Cannon bathymetry (June 2007) at water level elevation = 129 feet (Polk 
County Water Atlas). 
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Figure 4-8. Lake Cannon decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Cannon watershed has approximately 501 acres (67 percent of the watershed) 
classified as high infiltration soils. A TMDL has been established for Lake Cannon, and as such, 
the SIA design should be focused on satisfying the TMDL requirements. SIA projects would 
need to encompass approximately 9 percent (65 acres) of the watershed in order to accomplish 
an annual 137 kg reduction in TP loads to Lake Cannon.  Acres of SIA estimated to meet the TP 
NNC was 24 (3 percent of the watershed) for a 17 percent phosphorus reduction in Lake Cannon 
to meet its NNC.  Sixty-seven percent of the watershed is characterized by high infiltration soils; 
therefore, it may be feasible to satisfy the TMDL or NNC load reductions through SIA 
implementation. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Cannon may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Cannon, as much as 65 percent of the lake surface has been treated for Hydrilla 
eradication. A survey of existing SAV cover in Lake Cannon is recommended due to the lack of 
sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

The median secchi depth from 1997-2007 in Lake Cannon was 2.1 feet so SAV should not be 
planted in water depths greater than 2 feet. The maximum planting effort could result in 
vegetation cover of approximately 5 percent of the lake bottom (18 acres).  

Cost Estimate: $100,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Cannon has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.   
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Project 4: EAV Planting 

A survey of existing EAV surrounding Lake Cannon is recommended due to the lack of 
sufficient data at this time. Based on the results of the EAV survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited EAV is present, shoreline conditions should be evaluated to assess if vegetation 
planting is viable based on the soil conditions, slope, water level and inundation frequency and 
wave disturbance. 
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4.3. Lake Conine 

Background 

Physical and chemical characteristics specific to Lake Conine are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-5). Lake Conine (WBID 1488U), a lake in 
the WHCL Northern Chain, is hydrologically connected to lakes Rochelle and Smart via 
constructed navigable canals (Photo 4-3, Figure 4-9). In 2005, Lake Conine was declared 
verified impaired based on elevated TSI values (>60). A TMDL is required for Lake Conine to 
calculate load reductions necessary to satisfy the TSI criteria. The TP, TN, and chlorophyll a 
geometric mean for Lake Cannon for the period of 1997 to 2007 and corresponding EPA NNC 
water quality targets are listed in Table 4-5. To comply with the NNC, concentration reductions 
of 48 percent for TP, 22 percent for TN, and 37 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Conine is presented in Table 4-6. Lake Conine 
historically received point source discharges from four WWTF (Birds Eye, Pipping Packing 
Company, Florida Citrus Salads, and the City of Winter Haven). In 1992, the City of Winter 
Haven WWTF terminated discharges to the lake. While the effluent discharges have been 
eliminated, the discharges resulted in nutrient and sediment accumulation in the lake bottom. 
Sediment inactivation in Lake Conine was completed in the mid-1990’s to address the legacy 
internal phosphorus loads.  While water quality improvements were observed, nutrient 
concentrations continue to be elevated.  Since 1998, Hydrilla eradication projects have been 
completed annually treating over 40 percent of the lake surface area in some years. The median 
chlorophyll a, TN and TP concentrations continue to exceed the NNC targets provided by EPA 
for Lake Conine. Chlorophyll a concentrations in Lake Conine are elevated above 20 µg/L but 
improvements in water quality have been observed due to previous water quality restoration 
projects (Figure 4-10). A statistically significant decline in chlorophyll a concentrations from 
1987 to 2007 was observed (seasonal Kendall-Tau, p<0.001). The combination of the 
elimination of point source discharges and alum treatment (completed in 1995) has improved 
water quality when compared to the previous water quality conditions. Additionally, the City of 
Winter Haven acquired a large parcel of undeveloped land along the southeastern rim of the lake 
for the construction of a wetland treatment project designed to improve lake water quality. 
Improvements in water quality of the lake Conine as a headwater lake could result in benefit 
farther downstream. 

Consistent with reducing external nutrient loads, the City has an approved grant from SWFWMD 
and FDEP to design and construct a project on the south side of Lake Conine on approximately 
34 acres of City property to treat stormwater from the Lake Conine watershed, as well as provide 
a new nature park. The project is in the design and permitting phase and should be under 
construction in the spring of 2011. The project will be similar to the recently completed Lake 
Hartridge Nature Park Project which also received funds from the 319 program.  

The Lake Conine watershed is 447 acres in size and includes 316 acres (71 percent) of developed 
lands compared to 131 acres (29 percent) of undeveloped lands. The 2000-2007 median color 
value (30 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake and specific 
conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume 
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statistics are based on a water level elevation of 125 feet in June 2007. Bathymetry data are 
available for Lake Conine for the June 2007 water level elevation (Figure 4-11). A water level of 
126 feet was reported in August 2010, reflecting a 1.0 foot increase in water elevation when 
compared to 2006. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Conine water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-12). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. In addition to the approved 
stormwater treatment project (described above), projects to address water quality, nutrient and 
sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs)  

• Project 2: Sediment Removal/Inactivation  

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 
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Table 4-5. Physical, chemical, and regulatory characteristics of Lake Conine. 

Physical 

Location in chain Northern High infiltration soils (acres) 288 (65 percent) 

Relation to other lakes Immediate Developed land (acres) 316 (71 percent) 

Watershed area (acres) 447 Undeveloped land (acres) 131 (29 percent) 

Lake area (acres)* 231 Median water depth (feet)* 9.9 

Perimeter (feet)* 16,458 Maximum water depth (feet)* 20.0 

Surface area to lake volume ratio* 0.12 Volume (acre-feet)* 
  

1,928 
Watershed to surface area ratio* 1.94 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (ug/L) 32 NNC chlorophyll a target (ug/L)  20 

Geometric mean TN (mg/L) 1.28 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.057 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend Decreasing 
TP concentration reduction 
required 

48 percent 

*at a water level elevation of 125 feet  
**presented in section 5.0 
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Photo 4-3. View from western shoreline of Lake Conine. 

 

Table 4-6. Lake Conine water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 84 3 39 79 

Color (PCU) 70 5 30 70 

Conductivity (µmhos/cm) 31 198 229 275 

Dissolved oxygen (mg/L) 31 5.95 8.82 13.88 

pH 31 7.32 8.22 9.21 

Secchi depth (feet) 87 0.9 1.8 3.3 

Total nitrogen (mg/L) 89 0.62 1.33 2.62 

Total phosphorus (mg/L) 85 0.014 0.073 0.163 
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Figure 4-9. Lake Conine and associated watershed.  
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Figure 4-10. Lake Conine chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. Previous water quality improvement projects are 

identified. 
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Figure 4-11. Lake Conine bathymetry (June 2007) at water level elevation = 125 feet (Polk 
County Water Atlas).  

 

 



Lake-Specific Restoration Projects 

 4-27 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-12. Lake Conine decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Conine watershed has approximately 288 acres (65 percent of the watershed) classified 
as high infiltration soils. The Northern Chain was not included in the PLRG study (USF 2005), 
therefore a TMDL has not been completed for Lake Conine and data to estimate SIA acres for 
TP load reduction are not available at this time. SIA implementation could have the additional 
benefit of increasing storage to supplement dry season lake levels and a reduction in stormwater 
loads that can be later applied to the required TMDL TP load reduction. As such, SIA design 
should be focused on recharging the surficial aquifer. The City of Winter Haven and SWFWMD 
have already purchased land along the southern rim of Lake Conine for the construction of a 
wetland treatment project designed to reduce external nutrient loads entering the lake via 
stormwater.  

Project 2: Sediment Removal/Inactivation 

Historical point source discharges to Lake Conine from the multiple WWTFs require further 
evaluation of the potential internal phosphorus load from the lake bottom sediments. Sediment 
inactivation in Lake Conine was previously completed in the mid-1990’s to address the legacy 
internal phosphorus loads. While water quality improvements were observed, nutrient 
concentrations continue to be elevated. Alum treatment has been shown to control phosphorus 
loading from sediments for approximately two to twenty years; therefore, subsequent restoration 
actions may be required. Presently, sufficient data are not available to calculate the phosphorus 
decay rate and the time at which the phosphorus will become biologically unavailable in the lake 
sediments. The recommended feasibility study is required to determine whether sediment 
removal/inactivation is necessary. 
 
Cost Estimate: $10,000. 
 
Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Conine, Hydrilla eradication occurs frequently attributing to the continued degradation 
in water quality. A survey of existing SAV cover in Lake Conine is recommended due to the lack 
of sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

The 1997-2007 median secchi depth in Lake Conine (1.8 feet) indicated that SAV planting 
should not occur in water depths greater than 2 feet. The maximum planting effort could result in 
vegetation cover of approximately 7 percent of the lake bottom (16 acres). Due to the extensive 
organic material located in Lake Conine, it is recommended that SAV planting be performed 
after sediment removal/inactivation, if completed. If sediment removal is completed, the planting 
area would need to be recalculated using updated bathymetry data. 
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Cost Estimate: $100,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Conine has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing EAV surrounding Lake Conine is recommended due to the lack of sufficient 
data at this time. Based on the results of the EAV survey, conclusions and recommendations 
regarding emergent aquatic or woody vegetation planting can be determined. If limited EAV is 
present, shoreline conditions should be evaluated to assess if vegetation planting is viable based 
on the soil conditions, slope, water level and inundation frequency and wave disturbance. 
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4.4. Lake Eloise 

Background 

Physical and chemical characteristics specific to Lake Eloise are presented here in the context of 
relevant regulatory criteria and requirements (Photo 4-4). Lake Eloise (WBID 1521B) is located 
in the WHCL Southern Chain and is hydrologically connected to lakes Lulu, Summit, Winterset 
and Little Lake Eloise via constructed canals (Figure 4-13). Canals to lakes Winterset and Lulu 
are naviagable. Lake Eloise was initially declared verified impaired based on elevated TSI values 
(>40), indicating a nutrient impairment in 2005. Later in 2005, a paleolimnological review of 
Lake Eloise supported the decision to remove the lake from the impaired list based on the 
evidence that the lake was historically eutrophic and assigned a revised TSI threshold of 60. In 
2010, Lake Eloise was again declared verified impaired based on elevated TSI values (>60), 
indicating a nutrient impairment. A TMDL is required for Lake Eloise to calculate load 
reductions necessary to satisfy the TSI criteria. The TP, TN, and chlorophyll a geometric mean 
for Lake Eloise for the period of 1997 to 2007 and corresponding EPA NNC water quality 
targets are listed in Table 4-7. To comply with the NNC, concentration reductions of 17 percent 
for TP, 18 percent for TN, and 39 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Eloise is presented in Table 4-8. In June 1975, 
point source discharges to Lake Eloise from Cypress Gardens WWTF were eliminated. The point 
source discharge resulted in the annual addition of approximately 30 kg TP and 85 kg TN to the 
lake. Recently, Hydrilla eradication treatment projects have been completed within the lake. In 
2007, 100 percent of the lake surface area was reported to have been treated for Hydrilla 
infestation. The median chlorophyll a, TN and TP concentrations exceed the NNC targets 
provided by EPA for Lake Eloise. Chlorophyll a concentrations in Lake Eloise have fluctuated 
but have remained consistently elevated above 20 µg/L (Figure 4-14). A statistically significant 
trend in chlorophyll a concentrations from 1983 to 2007 was not observed (seasonal Kendall-
Tau, p > 0.10). No water quality improvement projects have been implemented in Lake Eloise to 
restore water quality. Lake Eloise is located adjacent to Lake Lulu which discharges water 
directly to the Wahneta Farms Drain Canal. Therefore, water quality improvements in the lake 
would result in benefits to one lake farther downstream. 

The Lake Eloise watershed is 843 acres in size and includes 711 acres (84 percent) of developed 
lands compared to 132 acres (16 percent) of undeveloped lands (Table 4-7). The 2000-2007 
median color value (15 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 129 feet in June 2007. Bathymetry 
data are available for Lake Eloise for the June 2007 water level elevation (Figure 4-15). A water 
level of 130 feet was reported in July 2010, reflecting a 1.0 foot increase in water elevation when 
compared to 2007. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 
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Water Quality Restoration Project Selection and Priorities 

Based on Lake Eloise water quality and the surrounding watershed characteristics, four potential 
water quality restoration projects were identified using the WHCL WQMP (Figure 4-16). The 
decision key presents the factors on which yes/no decisions were based and used to identify and 
select water quality improvement projects. Projects to address water quality, nutrient and 
sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 
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Table 4-7. Physical, chemical, and regulatory characteristics of Lake Eloise. 

Physical 

Location in chain Southern High infiltration soils (acres) 683 (81 percent) 

Relation to other lakes 
Adjacent 

to 
Terminal 

Developed land (acres) 711 (84 percent) 

Watershed area (acres) 843 Undeveloped land (acres) 132 (16 percent) 

Lake area (acres)* 1,170 Median water depth (feet)* 9.9 

Perimeter (feet)* 42,551 Maximum water depth (feet)* 17.8 

Surface area to lake volume ratio* 0.09 Volume (acre-feet)* 
  

12,645 
Watershed to surface area ratio* 0.72 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (ug/L) 33 NNC chlorophyll a target (ug/L)  20 

Geometric mean TN (mg/L) 1.23 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.036 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

17 percent 

*at a water level elevation of 129 feet  
**presented in section 5.0 
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Photo 4-4. Lake Eloise 

 

 

Table 4-8. Lake Eloise water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 47 12 31 83 

Color (PCU) 35 5 15 50 

Conductivity (µmhos/cm) 30 230 267 346 

Dissolved oxygen (mg/L) 30 6.7 9.04 13.45 

pH 30 7.27 8.18 9.47 

Secchi depth (feet) 50 1.3 2.2 5.3 

Total nitrogen (mg/L) 50 0.38 1.32 1.78 

Total phosphorus (mg/L) 44 0.004 0.038 0.108 
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Figure 4-13. Lake Eloise and associated watershed. 
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Figure 4-14. Lake Eloise chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-15. Lake Eloise bathymetry (June 2007) at water level elevation = 129 feet (Polk 
County Water Atlas).  
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Figure 4-16. Lake Eloise decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Eloise watershed has approximately 683 acres (81 percent of the watershed) classified 
as high infiltration soils. Lake Eloise does not have a TMDL, therefore, SIA acres estimates were 
calculated using data from the PLRG (USF 2005).  The SIA estimate for Lake Eloise was 10 
acres (approximately one percent of the watershed) to meet a 31 percent PLRG. Acres of SIA 
estimated to meet the TP NNC were 6.4 (one percent of the watershed) for a 17 percent 
phosphorus reduction in Lake Eloise to meet its NNC.  Eighty-one percent of the watershed is 
characterized by high infiltration soils; therefore, it may be feasible to satisfy the load reductions 
through SIA implementation. 

Project 2: Sediment Removal/Inactivation 

Historical point source discharges to Lake Eloise from the Cypress Gardens WWTF will require 
further evaluation of the potential internal phosphorus load from the lake bottom sediments. 
Presently, sufficient data are not available to evaluate the internal phosphorus load and calculate 
the phosphorus decay rate and the time at which the phosphorus will ultimately become 
biologically unavailable in the lake sediments. A feasibility study is required to determine 
whether sediment removal/inactivation is necessary to reduce internal phosphorus loads to the 
lake. 

Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Eloise, Hydrilla eradication has been completed over as much as 100 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake Eloise is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values. The median secchi depth from 1997-2007 in Lake Eloise was 2.2 feet. The 
maximum planting effort could result in vegetation cover of approximately 5 percent of the lake 
bottom (57 acres). Due to the extensive organic material located in Lake Eloise, it is 
recommended that SAV planting be performed after sediment removal/inactivation, if 
completed. If sediment removal is completed, the planting area would need to be recalculated 
using updated bathymetry data. 

Cost Estimate: $275,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 
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FTWs 

If the feasibility study indicates that more than 30 percent of Lake Eloise has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Eloise is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level inundation frequency 
and wave disturbance. 
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4.5. Lake Fannie 

Background 

Physical and chemical characteristics specific to Lake Fannie are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-9). Lake Fannie (WBID 14882) is located 
in the Northern Chain of the WHCL and is hydrologically connected to Lakes Smart and 
Hamilton via constructed canals, however, water control structures regulate the passage of water 
through the canals (Photo 4-5, Figure 4-17) and the canals are not navigable. Initially, Lake 
Fannie was declared verified impaired based on elevated TSI values (>40). Later in 2005, a 
paleolimnological review of Lake Fannie supported the decision to remove the lake from the 
impaired list based on the evidence that the lake was historically eutrophic and assigned a 
revised TSI threshold of 60. No TMDL is required for Lake Fannie because it is not identified as 
an impaired waterbody. The TP, TN, and chlorophyll a geometric mean for Lake Fannie for the 
period of 1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-
9. Concentrations reductions in chlorophyll a, TN, or TP are not required to comply with the 
NNC. 

A summary of water quality statistics for Lake Fannie is presented in Table 4-10. Median 
chlorophyll a, TN and TP concentrations do not exceed the NNC targets provided by EPA for 
Lake Fannie. Chlorophyll a concentrations in Lake Fannie have fluctuated substantially 
however, values have remained below 20 µg/L sufficiently to maintain an unimpaired status  
(Figure 4-18). A statistically significant trend in chlorophyll a concentrations from 1986 to 2007 
was not observed (seasonal Kendall-Tau, p > 0.10). No water quality improvement projects have 
been implemented in Lake Fannie to restore water quality. However, several Hydrilla infestation 
eradication projects have been performed in the last ten years. Due to the hydrologic isolation of 
Lake Fannie from the Northern Chain by gated structures, improvements in water quality of the 
lake would result in little benefit farther downstream. 

The Lake Fannie watershed is 1,534 acres in size and includes 443 acres (29 percent) of 
developed lands compared to 1,091 acres (71 percent) of undeveloped lands. Approximately 46 
percent of the land cover within the 500 foot buffer surrounding Lake Fannie is classified as 
wetlands using the 2006 FLUCS data. Forested wetlands encompass ten percent of the total 
wetland area, which satisfies the recommended forested wetland cover required to maintain color 
levels above 50 PCU. The hydrologic connection between Lake Fannie and adjacent forested 
wetlands should be maintained to preserve the elevated color levels and resulting beneficial 
attributes. The 2000-2007 median color value (55 PCU) was above 40 PCU indicating the lake is 
a colored lake. Using the adopted EPA NNC for Florida lakes, characterization of alkalinity or 
acidity is not necessary based on the colored classification of Lake Fannie. The lake area, 
perimeter, water depth, and volume statistics are based on a water level elevation of 122 feet in 
July 2007. Bathymetry data are available for Lake Fannie for the July 2007 water level elevation 
(Figure 4-19). A water level of 121 feet was reported in August 2010, reflecting a 1.0 feet 
decrease in water elevation when compared to 2007.  
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Water Quality Restoration Project Selection and Priorities 

Based on Lake Fannie water quality and the surrounding watershed characteristics, no water 
quality restoration projects were identified using the WHCL WQMP decision key (Figure 4-20). 
The decision key presents the factors on which yes/no decisions were based and used to identify 
and select water quality improvement projects. Continued water quality monitoring is 
recommended for the ongoing evaluation of water quality status and trends. 

Table 4-9. Physical, chemical, and regulatory characteristics of Lake Fannie. 

Physical 

Location in chain Northern High infiltration soils (acres) 823 (54 percent) 

Relation to other lakes Isolated Developed land (acres) 443 (29 percent) 

Watershed area (acres) 1,534 Undeveloped land (acres) 1,091 (71 percent) 

Lake area (acres)* 805 Median water depth (feet)* 5.2 

Perimeter (feet)* 35,750 Maximum water depth (feet)* 14.1 

Surface area to lake volume ratio* 0.23 Volume (acre-feet)* 
  

3,486 
Watershed to surface area ratio* 1.9 

Water Chemistry 

Locally-derived: acidic or alkaline NA Clear or colored Colored 

Geometric mean chlorophyll a (ug/L) 12 NNC chlorophyll a target (ug/L)  20 

Geometric mean TN (mg/L) 0.93 NNC TN target (mg/L)  2.25 

Geometric mean TP (mg/L) 0.035 NNC TP target (mg/L)  0.157 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

NA 

*at a water level elevation of 122 feet  
**presented in section 5.0 
NA= not applicable 
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Photo 4-5. North view of Lake Fannie. 

 

 

Table 4-10. Lake Fannie water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 87 1 14 46 

Color (PCU) 12 5 55 80 

Conductivity (µmhos/cm) 19 202 239 368 

Dissolved oxygen (mg/L) 19 3.84 7.67 10.3 

pH 19 6.59 7.5 8.37 

Secchi depth (feet) 80 0.9 2.8 5.5 

Total nitrogen (mg/L) 91 0.37 0.84 1.75 

Total phosphorus (mg/L) 89 0.01 0.029 0.121 
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Figure 4-17. Lake Fannie and associated watershed.  
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Figure 4-18. Lake Fannie chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1986 to 2007. 
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Figure 4-19. Lake Fannie bathymetry (July 2007) at water level elevation = 122 feet (Polk 
County Water Atlas).  
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Figure 4-20. Lake Fannie decision key: highlighted path shows decision process. 



Lake-Specific Restoration Projects 

 4-47 WHCL Water Quality Management Plan 
  Final December 2010 

4.6. Lake Haines 

Background 

Physical and chemical characteristics specific to Lake Haines are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-11). Lake Haines (WBID 1488C), the 
headwaters of the WHCL Northern Chain, is hydrologically connected to Lake Rochelle via a 
constructed navigable canal and to Lake Henry via a flow-through wetland (Photo 4-6, Figure 4-
21). In 2005, Lake Haines was declared verified impaired based on elevated TSI values (>60), 
indicating a nutrient impairment. A TMDL is required for Lake Haines to calculate load 
reductions necessary to satisfy the TSI criteria. The TP, TN, and chlorophyll a geometric means 
for Lake Haines for the period of 1997 to 2007 and corresponding EPA NNC water quality 
targets are listed in Table 4-11. To comply with the NNC, concentration reductions of 20 percent 
for TP, 9 percent for TN, and 49 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Haines is presented in Table 4-12. In 1992, point 
source discharges to Lake Haines from the Lake Alfred WWTF were eliminated. These point 
source discharges resulted in the annual addition of approximately 1,515 kg TP and 2,230 kg TN 
to the lake. Median chlorophyll a, TN and TP concentrations exceed the NNC targets provided 
by EPA for Lake Haines. Chlorophyll a concentrations in Lake Haines have fluctuated but have 
remained consistently elevated above 20 µg/L (Figure 4-22). A statistically significant decline in 
chlorophyll a concentrations from 1985 to 2007 was observed (seasonal Kendall-Tau, p=0.009), 
indicating improving water quality conditions. Multiple Hydrilla eradication projects have been 
completed in the past several years, with greater than 70 percent of the lake being treated in 2002 
and 2003. Beyond the termination of the WWTF discharges in 1992, no water quality 
improvement projects have been implemented in Lake Haines to restore water quality. Lake 
Haines is a headwater lake; therefore, improvements in water quality of the lake could result in 
benefits farther downstream. 

The Lake Haines watershed is 4,120 acres in size and includes 767 acres (19 percent) of 
developed lands compared to 3,353 acres (81 percent) of undeveloped lands. The 2000-2007 
median color value (100 PCU) was below 40 PCU indicating the lake is a colored lake. Using the 
adopted EPA NNC for Florida lakes, characterization of alkalinity or acidity is not necessary 
based on the colored classification of Lake Haines. The lake area, perimeter, water depth, and 
volume statistics are based on a water level elevation of 127 feet in October 2006. Bathymetry 
data are available for Lake Haines for the October 2006 water level elevation (Figure 4-23). A 
water level of 127 feet was reported in August 2010, indicating a similar water elevation when 
compared to 2007. Changes in overall surface area, water depth, and volume of the lake should 
be considered during the development and implementation of water quality restoration projects 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Haines water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-24). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
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and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: Forested Wetland Rehydration 

• Project 4: SAV Planting/Management or FTWs 

• Project 5: EAV Planting/Management 

Table 4-11. Physical, chemical, and regulatory characteristics of Lake Haines. 

Physical 

Location in chain Northern High infiltration soils (acres) 1,846 (45 percent) 

Relation to other lakes Headwater Developed land (acres) 767 (19 percent) 

Watershed area (acres) 4,120 Undeveloped land (acres) 3,353 (81 percent) 

Lake area (acres)* 736 Median water depth (feet)* 7.8 

Perimeter (feet)* 30,662 Maximum water depth (feet)* 19.2 

Surface area to lake volume ratio* 0.10 Volume (acre-feet)* 
  

7,104 
Watershed to surface area ratio* 5.60 

Water Chemistry 

Locally-derived: acidic or alkaline NA Clear or colored Colored 

Geometric mean chlorophyll a (ug/L) 39 NNC chlorophyll a target (ug/L)  20 

Geometric mean TN (mg/L) 1.35 NNC TN target (mg/L)  1.23 

Geometric mean TP (mg/L) 0.063 NNC TP target (mg/L)  0.05 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend Decreasing** 
TP concentration reduction 
required 

20 percent 

*at a water level elevation of 127 feet  
**presented in section 5.0 
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Photo 4-6. View of northwestern shoreline of Lake Haines. 

 

Table 4-12. Lake Haines water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 269 2.29 50 130 

Color (PCU) 53 20 100 280 

Conductivity (µmhos/cm) 55 175 218 276 

Dissolved oxygen (mg/L) 55 5.47 9.11 12.91 

pH 56 6 7.79 9.32 

Secchi depth (feet) 266 0.9 1.8 3.6 

Total nitrogen (mg/L) 273 0 1.32 2.60 

Total phosphorus (mg/L) 267 0.032 0.066 0.144 
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Figure 4-21. Lake Haines and associated watershed. 
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Figure 4-22. Lake Haines chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1985 to 2007. 
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Figure 4-23. Lake Haines bathymetry (October 2006) at water level elevation = 127 feet 
(Polk County Water Atlas). 

 

•  
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Figure 4-24. Lake Haines decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Haines watershed has approximately 1,846 acres (45 percent of the watershed) 
classified as high infiltration soils. The Northern Chain was not included in the PLRG study 
(USF 2005), therefore a TMDL has not been completed for Lake Haines and data to estimate 
SIA acres for TP load reduction are not available at this time. SIA implementation could have 
the additional benefit of increasing storage to supplement dry season lake levels and a reduction 
in stormwater loads that can be later applied to the required TMDL TP load reduction. As such, 
SIA design should be focused on recharging the surficial aquifer. 

Project 2: Sediment Removal/Inactivation 

Historical point source discharges to Lake Haines from the WWTF will require further 
evaluation of the potential internal phosphorus load from the lake bottom sediments. Presently, 
sufficient data are not available to evaluate the internal phosphorus load and calculate the 
phosphorus decay rate and the time at which the phosphorus will ultimately become biologically 
unavailable in the lake sediments. A feasibility study is required to determine whether sediment 
removal/inactivation is necessary to reduce internal phosphorus loads to the lake. 

Cost Estimate: $10,000. 

Project 3: Forested Wetland Rehydration 

Approximately 27 percent of the land cover within the 500 foot buffer surrounding Lake Haines 
is classified as wetlands using the 2006 FLUCS data. Forested wetlands encompass 17 percent of 
the total wetland area, which is within the 10 to 20 percent recommended forested wetland cover 
required to maintain color levels above 50 PCU. While FLUCS classifies the land cover as 
forested wetland, the hydrologic connection between the lake and adjacent land might not be 
present as is observed along the southern rim of the Lake.  

Three proposed project areas were identified adjacent to Lake Haines expected to rehydrate 
approximately 235 acres (Figure 4-25). The feasibility study is recommended in order to evaluate 
the proposed project areas for inundation.  

Feasibility study cost estimate: $100,000. 
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Figure 4-25. Proposed forested wetland rehydration project areas for Lake Haines. 
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Project 4: SAV Planting or FTWs 

SAV Planting 

In Lake Haines, Hydrilla eradication in the lake has contributed to the continued degradation in 
water quality. A survey of existing SAV cover in Lake Haines is recommended due to the lack of 
sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (1.8 feet). The maximum planting effort could result in vegetation cover of 
approximately 7 percent of the lake bottom (51 acres). Due to the organic material located in 
Lake Haines, it is recommended that SAV planting be performed after sediment 
removal/inactivation, if completed. If sediment removal is completed, the planting area would 
need to be recalculated using updated bathymetry data. 

Cost Estimate: $240,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Haines has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 5: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Haines is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.7. Lake Hamilton 

Background 

Physical and chemical characteristics specific to Lake Hamilton are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-13). Lake Hamilton (WBID 15041), is 
the terminal lake in the Northern Chain of the WHCL and is hydrologically connected to Lakes 
Henry and Middle Lake Hamilton via non-navigable constructed canals along the northern 
shoreline and to Lake Fannie along the western shoreline via a gated constructed canal (Photo 4-
7, Figure 4-26). Lake Hamilton has not been identified as impaired; therefore, no TMDL is 
required. The TP, TN, and chlorophyll a geometric mean for Lake Hamilton for the period of 
1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-13. 
Reductions in concentrations of chlorophyll a, TN, or TP are not required to comply with the 
NNC. 

A summary of water quality statistics for Lake Hamilton is presented in Table 4-14. Median 
chlorophyll a, TN and TP concentrations do not exceed the NNC targets provided by EPA for 
Lake Hamilton. Chlorophyll a concentrations in Lake Hamilton fluctuate remaining consistently 
below 20 µg/L (Figure 4-27). A statistically significant trend in chlorophyll a concentrations 
from 1985 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). No water quality 
improvement projects have been implemented in Lake Hamilton to restore water quality. A few 
Hydrilla infestation eradication projects have been performed in the last ten years, however, 
treatment occurred to less than one percent of the lake surface area. Lake Hamilton discharges 
via a gated structure to the Peace Creek Drainage Canal; therefore, improvements in water 
quality of the lake would result in little benefit farther downstream. 

The Lake Hamilton watershed is 2,651 acres in size and includes 909 acres (34 percent) of 
developed lands compared to 1,742 acres (66 percent) of undeveloped lands. Approximately 21 
percent of the land cover within the 500 foot buffer surrounding Lake Hamilton is classified as 
wetlands using the 2006 FLUCS data. Forested wetlands encompass five percent of the total 
wetland area, which does not satisfy the recommended forested wetland cover required to 
maintain color levels above 50 PCU. Lake Henry discharges highly colored water into Lake 
Hamilton which could explain the elevated colored values recorded in the lake due to the 
reduced forested wetlands found adjacent to the Lake Hamilton. The hydrologic connection 
between the forested wetlands and Lake Henry should be preserved to maintain elevated color 
values. The 2000-2007 median color value (80 PCU) was above 40 PCU indicating the lake is a 
colored lake. Using the adopted EPA NNC for Florida lakes, characterization of alkalinity or 
acidity is not necessary based on the colored classification of Lake Hamilton. The lake area, 
perimeter, water depth, and volume statistics are based on a water level elevation of 121 feet in 
September 2005. Bathymetry data are available for Lake Hamilton for the September 2005 water 
level elevation (Figure 4-28). A water level of 119 feet was reported in July 2010, reflecting a 
2.0 feet decrease in water elevation when compared to 2005.  

 Water Quality Restoration Project Selection and Priorities 

Based on Lake Hamilton water quality and the surrounding watershed characteristics, no water 
quality restoration projects were identified using the WHCL WQMP decision key (Figure 4-29). 
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The decision key presents the factors on which yes/no decisions were based and used to identify 
and select water quality improvement projects. Continued water quality monitoring is 
recommended for the ongoing evaluation of water quality status and trends. 

Table 4-13. Physical, chemical, and regulatory characteristics of Lake Hamilton. 

Physical 

Location in chain Northern High infiltration soils (acres) 1,324 (50 percent) 

Relation to other lakes Terminal Developed land (acres) 909 (34 percent) 

Watershed area (acres) 2,651 Undeveloped land (acres) 1,742 (66 percent) 

Lake area (acres)* 2,248 Median water depth (feet)* 7.4 

Perimeter (feet)* 57,274 Maximum water depth (feet)* 23.4 

Surface area: lake volume ratio* 0.12 
Volume (acre-feet)* 17,846 

Watershed to surface area ratio* 1.18 

Water Chemistry 

Locally-derived: acidic or alkaline NA Clear or colored Colored 

Geometric mean chlorophyll a (µg/L) 9 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.18 NNC TN target (mg/L)  2.25 

Geometric mean TP (mg/L) 0.094 NNC TP target (mg/L)  0.157 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

NA 

*at a water level elevation of 121 feet  
**presented in section 5.0 
NA=Not applicable 
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Photo 4-7. View of Lake Hamilton. 

 

 

Table 4-14. Lake Hamilton water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 30 1 5 31 

Color (PCU) 22 30 80 150 

Conductivity (µmhos/cm) 27 133 204 341 

Dissolved oxygen (mg/L) 27 5.96 7.96 9.93 

pH 27 6.31 7.30 8.00 

Secchi depth (feet) 30 0.9 2.2 4.2 

Total nitrogen (mg/L) 30 0.29 1.09 1.54 

Total phosphorus (mg/L) 26 0.054 0.100 0.888 
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Figure 4-26. Lake Hamilton and associated watershed.  
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Figure 4-27. Lake Hamilton chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1985 to 2007. 
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Figure 4-28. Lake Hamilton bathymetry (September 2005) at water level elevation = 121 
feet (Polk County Water Atlas).  
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Figure 4-29. Lake Hamilton decision key: highlighted path shows decision process. 
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4.8. Lake Hartridge 

Background 

Physical and chemical characteristics specific to Lake Hartridge are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-15). Lake Hartridge (WBID 1521I), a 
lake in the WHCL Southern Chain, is hydrologically connected to Lake Idylwild via a 
constructed navigable canal (Photo 4-8, Figure 4-30. Initially, Lake Hartridge was declared 
verified impaired based on elevated TSI values (>40). Later in 2005, a paleolimnological review 
of Lake Hartridge resulted in the removal of the lake from the impaired list based on the 
evidence that the lake was historically eutrophic and assigned a revised TSI threshold of 60. No 
TMDL is required for Lake Hartridge because it is not identified as an impaired waterbody. 
However, the NNC are performance based, an exceedance more than once every three years 
results in non-compliance. The annual geometric chlorophyll a mean in 2006 (21µg/L) was 
above the NNC; however, TN and TP values are below the NNC. Therefore, no concentration 
reductions are required. The results of this comparison indicate that a slight degradation in water 
quality in Lake Hartridge could result in an impairment designation. Therefore, water quality 
restoration projects are recommended for Lake Hartridge as a preventative action. The TP, TN, 
and chlorophyll a geometric mean for Lake Hartridge for the period of 1997 to 2007 and 
corresponding EPA NNC water quality targets are listed in Table 4-15.  

A summary of water quality statistics for Lake Hartridge is presented in Table 4-16. The median 
recorded chlorophyll a, TN, and TP concentrations are below the NNC targets provided by EPA 
for Lake Hartridge. However, the TP NNC is within twice the standard error of the ten year 
median indicating that water quality restoration projects are necessary to maintain unimpaired 
water quality. Chlorophyll a concentrations in Lake Hartridge have fluctuated with values 
peaking in the mid-1990s. Values have remained below 20 µg/L sufficiently to avoid an 
impairment designation by FDEP (Figure 4-31). However, a statistically significant increase in 
chlorophyll a concentrations from 1983 to 2007 was observed (seasonal Kendall-Tau, p=0.006). 
In 2007, the City of Winter Haven and the District implemented a stormwater treatment project 
on the southern rim of Lake Hartridge  (Photo 4-9). The estimate TP load reduction from the 
stormwater treatment project is 39 kg/year. Hydrilla eradication projects have been completed on 
Lake Hartridge over at least the past 20 years. Most recently, 100 percent of the lake surface area 
was treated for Hydrilla. Lake Hartridge is a headwater lake and, as such, improvements in water 
quality of the lake could result in benefit farther downstream. 

The Lake Hartridge watershed is 508 acres in size and includes 404 acres (79 percent) of 
developed lands compared to 105 acres (21 percent) of undeveloped lands. The 2000-2007 
median color value (15 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 131 feet in October 2006. 
Bathymetry data are available for Lake Hartridge for the October 2006 water level elevation 
(Figure 4-32). A water level of 130 feet was reported in August 2010, reflecting a 1.0 foot 
decrease in water elevation when compared to 2006. The subsequent changes in overall surface 
area, water depth, and volume of the lake should be considered during the development and 
implementation of water quality restoration projects. 
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Water Quality Restoration Project Selection and Priorities 

Based on Lake Hartridge water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-33). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-15. Physical, chemical, and regulatory characteristics of Lake Hartridge. 

Physical 

Location in chain Southern High infiltration soils (acres) 391 (77 percent) 

Relation to other lakes Headwater Developed land (acres) 404 (79 percent) 

Watershed area (acres) 508 Undeveloped land (acres) 105 (21 percent) 

Lake area (acres)* 454 Median water depth (feet)* 2.5 

Perimeter (feet)* 23,542 Maximum water depth (feet)* 21.5 

Surface area: lake volume ratio* 0.11 
Volume (acre-feet)* 4,114 

Watershed to surface area ratio* 1.12 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 15 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 0.73 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.030 NNC TP target (mg/L)  0.3 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend Increasing** 
TP concentration reduction 
required 

NA 

*at a water level elevation of 131 feet  
**presented in section 5.0 
NA=not applicable 
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Photo 4-8. Lake Hartridge. 

 

Table 4-16. Lake Hartridge water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 81 4 16 54 

Color (PCU) 29 5 15 30 

Conductivity (µmhos/cm) 26 149 188 240 

Dissolved oxygen (mg/L) 26 6.51 8.27 9.74 

pH 26 6.8 7.61 8.74 

Secchi depth (feet) 82 1.8 3.3 9.4 

Total nitrogen (mg/L) 86 0.07 0.75 1.3 

Total phosphorus (mg/L) 83 0.009 0.027 0.073 
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Figure 4-30. Lake Hartridge and associated watershed. 
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Photo 4-9. Lake Hartridge Stormwater Treatment Project. 
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Figure 4-31. Lake Hartridge chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-32. Lake Hartridge bathymetry (October 2006) at water level elevation = 131 feet 
(Polk County Water Atlas). 

 

•  
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Figure 4-33. Lake Hartridge decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Hartridge watershed has approximately 391 acres (77 percent of the watershed) 
classified as high infiltration soils. A TMDL is not required for Lake Hartridge due to the 
unimpaired status; therefore; SIA acres estimates were calculated using data from the PLRG 
(USF 2005).  The SIA estimate for Lake Hartridge was 10 acres (approximately two percent of 
the watershed) to meet a 19 percent PLRG. The TP geometric mean for Lake Hartridge is below 
the NNC; therefore, acres of SIA estimated to meet the TP NNC were not calculated.   

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Hartridge may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 
SAV Planting 

Hydrilla infestations have been a chronic problem in Lake Hartridge. A survey of existing SAV 
cover in Lake Hartridge is recommended due to the lack of sufficient data to calculate percent 
lake cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. 

The 1997-2007 median secchi depth for Lake Hartridge was 3.3 feet indicating that SAV plants 
should not be planted in water depths greater than 4 feet. The maximum planting effort could 
result in vegetation cover of approximately 18 percent of the lake bottom (83 acres).  

Cost Estimate: $400,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Hartridge has SAV cover, 
FTW may be considered. The installation of floating mats with appropriate aquatic vegetation 
would be expected to assimilate nutrients from the water column.  
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Project 4: EAV Planting 

A survey of existing EAV surrounding Lake Hartridge is recommended due to the lack of 
sufficient data at this time. Based on the results of the survey, conclusions and recommendations 
regarding emergent aquatic or woody vegetation planting can be determined. If limited EAV is 
present, shoreline conditions should be evaluated to assess if vegetation planting is viable based 
on the soil conditions, slope, water level and inundation frequency and wave disturbance.  



Lake-Specific Restoration Projects 

 4-74 WHCL Water Quality Management Plan 
  Final December 2010 

4.9. Lake Henry 

Background 

Physical and chemical characteristics specific to Lake Henry are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-17). Lake Henry (WBID 1504A) is located 
in the Northern Chain of the WHCL and is hydrologically connected to Lake Hamilton via a 
constructed non-navigable canal and control structure along the southern shoreline, however 
water control structures regulate the passage of water through the canals and Lake Henry 
receives water from Lake Haines through a flow through wetland (Photo 4-10, Figure 4-34).  
Lake Henry has not been identified as impaired, therefore, no TMDL is required. The TP, TN, 
and chlorophyll a geometric mean for Lake Henry for the period of 1997 to 2007 and 
corresponding EPA NNC water quality targets are listed in Table 4-17. Reductions in 
concentrations for chlorophyll a, TN, or TP are not required to comply with the NNC. 

A summary of water quality statistics for Lake Henry is presented in Table 4-18. Median 
chlorophyll a, TN and TP concentrations do not exceed the NNC targets provided by EPA for 
Lake Henry. Chlorophyll a concentrations in Lake Henry have consistently remained below 20 
µg/L (Figure 4-35). However, a statistically significant increase in chlorophyll a concentrations 
from 1990 to 2007 was observed (seasonal Kendall-Tau, p=0.06). No water quality improvement 
projects have been implemented in Lake Henry to restore water quality and Hydrilla infestations 
have not been problematic. Lake Henry is adjacent to a terminal lake; therefore, improvements in 
water quality within the Lake could result in benefits to one downstream lake (Lake Hamilton). 

The Lake Henry watershed is 2,810 acres in size and includes 1,124 acres (40 percent) of 
developed lands compared to 1,686 acres (60 percent) of undeveloped lands. The 2000-2007 
median color value (200 PCU) was above 40 PCU indicating the lake is a colored lake. Using the 
adopted EPA NNC for Florida lakes, characterization of alkalinity or acidity is not necessary 
based on the colored classification of Lake Fannie. The lake area, perimeter, water depth, and 
volume statistics are based on a water level elevation of 125 feet in October 2006. Bathymetry 
data are available for Lake Fannie for the October 2006 water level elevation (Figure 4-36). A 
water level of 130 feet was reported in August 2010, reflecting a 5.0 foot increase in water 
elevation when compared to 2006. 

The water level elevations throughout the WHCL are monitored and managed by the Lake 
Region Lakes Management District (LRLMD). In October 2010, the SWFWMD requested that 
the LRLMD reduce water levels in Lake Henry to 125.5 feet, 6 inches below the 126 feet 
maximum desirable level established in 1981. The request was initiated by the Sweetwater 
community residents based on the flooding of an adjacent golf course. An extensive portion of 
Lake Henry’s shoreline is comprised of healthy forested wetlands. Approximately 42 percent of 
the land cover within the 500 foot buffer surrounding Lake Henry is classified as wetlands using 
the 2006 FLUCS data. Forested wetlands encompass 30 percent of the total wetland area which 
satisfies the recommended forested wetland cover required to maintain color levels above 50 
PCU. Due to the inundation of the adjacent forested wetlands, increased tannin levels are 
observed throughout the lake which inhibits phytoplankton production. Effort should be taken to 
maintain sufficient inundation frequency and duration within the Lake Henry forested wetlands 
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to maintain elevated color levels to avoid adverse impacts to water quality within the lake. 
Therefore, changes to the management in water levels in Lake Henry should be evaluated based 
on the impact to the forested wetlands. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Henry water quality and the surrounding watershed characteristics, no water 
quality restoration projects were identified using the WHCL WQMP decision key (Figure 4-37). 
The decision key presents the factors on which yes/no decisions were based and used to identify 
and select water quality improvement projects.  Because Lake Henry has displayed increasing 
trends in chlorophyll a concentrations and its water quality depends on high color resulting from 
the hydrologic connection with the forested wetland shoreline, continued monitoring of water 
quality, lake levels and wetland connections is recommended for the ongoing evaluation of water 
quality status and trends. It may be that future projects for wetland reconnections would be 
necessary if chlorophyll a trends continue to increase. 

Table 4-17. Physical, chemical, and regulatory characteristics of Lake Henry. 

Physical 

Location in chain Northern High infiltration soils (acres) 1,360 (48 percent) 

Relation to other lakes 
Adjacent to 

Terminal 
Developed land (acres) 1,124 (40 percent) 

Watershed area (acres) 2,810 Undeveloped land (acres) 1,686 (60 percent) 

Lake area (acres)* 861 Median water depth (feet)* 3.0 

Perimeter (feet)* 33,051 Maximum water depth (feet)* 78.4 

Surface area: lake volume ratio* 0.16 
Volume (acre-feet)* 5,546 

Watershed to surface area ratio* 3.26 

Water Chemistry 

Locally-derived: acidic or alkaline NA Clear or colored Colored 

Geometric mean chlorophyll a (µg/L) 5 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.06 NNC TN target (mg/L)  2.25 

Geometric mean TP (mg/L) 0.111 NNC TP target (mg/L)  0.157 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend Increasing** 
TP concentration reduction 
required 

NA 

*at a water level elevation of 125 feet  
**presented in section 5.0 
NA= not applicable 
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Photo 4-10. View of northwestern portion of Lake Henry. 

 

Table 4-18. Lake Henry water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 129 1 5 19.5 

Color (PCU) 19 20 200 350 

Conductivity (µmhos/cm) 21 128 162 262 

Dissolved oxygen (mg/L) 21 5.5 8.3 10.2 

pH 21 5.71 6.88 7.71 

Secchi depth (feet) 135 0.65 1.7 2.7 

Total nitrogen (mg/L) 135 0.70 1.00 1.65 

Total phosphorus (mg/L) 134 0.048 0.116 0.208 
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Figure 4-34. Lake Henry and associated watershed.  
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Figure 4-35. Lake Henry chlorophyll a concentrations with available data from 1990 to 
2007. 
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Figure 4-36. Lake Henry bathymetry (October 2006) at water level elevation = 125 feet 
(Polk County Water Atlas).  
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Figure 4-37. Lake Henry decision key: highlighted path shows decision process. 
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4.10. Lake Howard 

Background 

Physical and chemical characteristics specific to Lake Howard are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-19). Lake Howard (WBID 1521F) is 
located in the Southern Chain of the WHCL and is hydrologically connected to lakes Cannon 
and May via constructed navigable canals (Photo 4-11, Figure 4-38). In 2005, Lake Howard was 
declared verified impaired based on elevated TSI values (>60). A TMDL was adopted for the 
Southern Chain of the WHCL, including Lake Howard (FDEP 2007), and Lake Howard was 
subsequently delisted from impairment by FDEP in 2010. Based on the modeled external TP 
load to Lake Howard, a 62.5 percent reduction in TP load (193 kg TP/year) is required to comply 
with the TSI criteria of 60 (FDEP 2007). The TP, TN, and chlorophyll a geometric mean for 
Lake Howard for the period of 1997 to 2007 and corresponding EPA NNC water quality targets 
are listed in Table 4-19. To comply with the NNC, concentration reductions of 23 percent for TP, 
22 percent for TN, and 41 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Howard is presented in Table 4-20. In 1977, point 
source discharges to Lake Howard from the Jan-Phyl Village WWTF were eliminated followed 
by overflow discharge termination in 1980. These point source discharges resulted in the annual 
addition of approximately 689 kg TP to the lake as well as lake sediment accumulation. While 
the effluent discharges have been eliminated, the discharges resulted in nutrient and sediment 
accumulation in the lake bottom. An inverse relationship between lake levels and chlorophyll a 
concentrations may suggest sediment resuspension resulting in a decline in water quality.  
Recognizing water quality problems for the lake, the City of Winter Haven and the District 
implemented a habitat/stormwater retrofit project and alum injection (Photo 4-12). Projects and 
predicted load reductions are summarized in Table 4-21. Based on TP load reduction estimates 
for projects constructed on Lake Howard (263 kg/year), it appears that required TP load 
reductions (193 kg/year) have already been accomplished (Figure 4-40). Unfortunately, 
chlorophyll a levels in the lake following completion of stormwater retrofits in 2000 and 2001 
provided no clear evidence of improvement in water quality. Chlorophyll a levels in Lake 
Howard seem to reflect a delayed, but real, response to point source load eliminations in the 
1980s, but not after the 2000 and 2001 stormwater retrofits. The lowest chlorophyll a values 
exceed 20 µg/liter, indicating that TSICHLA values less than or equal to 60 (which would require 
chlorophyll a levels to be below 20 µg/L) were not reached. An increase in TP levels in Lake 
Howard after an initial decrease during the months after completion of the large regional 
stormwater treatment projects was also observed. This increase in TP coincided with herbicide 
applications for Hydrilla eradication over approximately half of Lake Howard (Polk County, 
personal communication). Hydrilla eradication efforts in Lake Howard appear to have 
compromised or offset some of the benefits, at least to chlorophyll a concentrations and TP 
levels, of the prior stormwater treatment projects.  

The median chlorophyll a, TN and TP concentrations continue to exceed the NNC targets 
provided by EPA for Lake Howard. Chlorophyll a concentrations in Lake Howard fluctuate but 
remain elevated above 20 µg/L (Figure 4-41).  A statistically significant decline in chlorophyll a 
concentrations from 1983 to 2007 was observed (seasonal Kendall-Tau, p=0.092). The 
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combination of the elimination of point source discharges and stormwater treatment projects has 
resulted in improved water quality when compared to the previous water quality conditions. 
Improvements in water quality within Lake Howard could result in benefit farther downstream. 

The Lake Howard watershed is 1,153 acres in size and includes 948 acres (82 percent) of 
developed lands compared to 205 acres (18 percent) of undeveloped lands. The 2000-2007 
median color value (15 PCU) was below 40 PCU indicating the lake is a clear (non colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 132 feet in August 2005. 
Bathymetry data are available for Lake Howard for the August 2005 water level elevation 
(Figure 4-39). A water level of 130.0 feet was reported in August 2010, reflecting a 2.0 feet 
decrease in water elevation when compared to 2005. The subsequent changes in overall surface 
area, water depth, and volume of the lake should be considered during the development and 
implementation of water quality restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Howard water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-42). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Sediment Removal/Inactivation 

• Project 2: Stormwater Infiltration Areas (SIAs)   

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 
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Table 4-19. Physical, chemical, and regulatory characteristics of Lake Haines. 

Physical 

Location in chain Southern High infiltration soils (acres) 655 (57 percent) 

Relation to other lakes Intermediate Developed land (acres) 948 (82 percent) 

Watershed area (acres) 1,153 Undeveloped land (acres) 205 (18 percent) 

Lake area (acres)* 641 Median water depth (feet)* 11.5 

Perimeter (feet)* 21,459 Maximum water depth (feet)* 18.7 

Surface area: lake volume ratio* 0.16 
Volume (acre-feet)* 6,968 

Watershed to surface area ratio* 1.80 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 34 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.27 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.039 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend Decreasing** 
TP concentration reduction 
required 

23 percent 

*at a water level elevation of 132 feet              † TMDL adopted 
**presented in section 5.0 
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Photo 4-11. View of Lake Howard from southwestern rim. 

 

Table 4-20. Lake Howard water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 44 1 32 78 

Color (PCU) 28 5 15 52 

Conductivity (µmhos/cm) 26 188 215 300 

Dissolved oxygen (mg/L) 26 6.97 8.85 11.6 

pH 26 6.87 8.18 9.07 

Secchi depth (feet) 47 1.0 2 2.7 

Total nitrogen (mg/L) 46 0.48 1.41 2.67 

Total phosphorus (mg/L) 42 0.002 0.041 0.109 
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Figure 4-38. Lake Howard and associated watershed. 
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Photo 4-12. South Lake Howard wet detention stormwater treatment project. 

 

Table 4-21. Estimated Lake Howard TP reductions due to projects and required under the 
TMDL. 

Project 
Year 

Completed 

Contributing 
Drainage Area 

(acres) 
Projects 

TP Reduction 
(kg/year) 

Lake Howard 
Habitat/Stormwater 
Retrofit Project 

2001 578 
Wetland 

treatment/wet 
detention 

181 

Lake Howard Alum 
Injection Project 

2000 175 Alum injection 82 

Total  753 NA 263 (estimated) 

TMDL TP Reduction Required (kg/year) 193 (required) 

NA=not applicable  
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Figure 4-39. Lake Howard bathymetry (August 2005) at water level elevation = 132 feet 
(Polk County Water Atlas). 
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Figure 4-40. Lake Howard chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-41. Lake Howard total phosphorus concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-42. Lake Howard decision key: highlighted path shows decision process. 
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Project 1: Sediment Removal/inactivation 

Historical point source discharges to Lake Howard from the Jan Phyl Village WWTF will 
require further evaluation of the potential internal phosphorus load from the lake bottom 
sediments. Presently, sufficient data are not available to evaluate the internal phosphorus load 
and calculate the phosphorus decay rate and the time at which the phosphorus will ultimately 
become biologically unavailable in the lake sediments. A feasibility study is required to 
determine whether sediment removal/inactivation is necessary to reduce internal phosphorus 
loads to the lake. 
 
Cost Estimate: $10,000. 
 
Project 2: Stormwater Infiltration Areas (SIAs) 

The Lake Howard watershed has approximately 655 acres (57 percent of the watershed) 
classified as high infiltration soils. A TMDL has been established for Lake Howard, and as such, 
the SIA design should be focused on satisfying the TMDL requirements. SIA projects would 
need to encompass approximately 8 percent (87 acres) of the watershed in order to accomplish 
an annual 193 kg reduction in TP loads to Lake Howard. Acres of SIA estimated to meet the TP 
NNC was 38 (3 percent of the watershed) for a 23 percent phosphorus reduction in Lake Howard 
to meet its NNC.  Fifty-seven percent of the watershed is characterized by high infiltration soils; 
therefore, it may be feasible to satisfy the TMDL load reductions through SIA implementation. 

Presently, the City of Winter Haven has preliminarily identified six rain garden projects within 
the contributing drainage basin for Lake Howard as part of SWFWMD funded agreement. The 
rain gardens’ sizes range from 200 to 2,500 feet2 providing treatment to 5,200 to 15,000 feet2. A 
brief description of each project is identified below as provided by the City of Winter Haven. 

Site 1: Southeast corner of 3rd Street NW and Ave. C NW: 

Type of Project: Storm Inlet and perforated pipe (French Drain) 
Objective: To capture and percolate the runoff coming down the south side of 

Ave. C NW before crossing 3rd Street. This would help to reduce the 
ponding that occurs along Ave. C NW west of 3rd Street NW. 

Drainage Area: 11,000 SF 
Perforated Pipe: 55 L.F. of 18 inch pipe surrounded by 1 foot thick stone layer. 
Treatment Volume: 530 CF (Provided) 
Cost Estimate: $ 7,600 
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Site 2: Southeast corner of 3rd Street NW and Ave. C NW: 

Type of Project: Storm Inlet and perforated pipe (French Drain) 
Objective: To capture and percolate the runoff coming down the south side of 

Ave. C NW before crossing 3rd Street. This will help to reduce the 
ponding that occurs along Ave. C NW west of 3rd Street NW. 

Drainage Area: 11,000 SF 
Perforated Pipe: 55 L.F. of 18 inch pipe surrounded by 1 foot thick stone layer. 
Treatment Volume: 530 CF (Provided) 
Cost Estimate: $ 7,600 
 

Site 3: West of 4th Street NW, southeast corner of Patterson Park: 

Type of Project: Rain Garden 
Objective: To capture and percolate the runoff coming down the west side of 4th 

Street NW. The runoff from the road can be easily diverted into the 
depressional area/rain garden at this location as the general area is 
lower than the edge of pavement elevation. 

Drainage Area: 5200 SF 
Rain Garden: 750 SF 
Treatment Volume: 540 CF (Provided) 
Cost Estimate: $ 4,175 
 

Site 4: West of 4th Street NW and Ave. C NW at Joyce Davis Park: 

Type of Project: Rain Garden 
Objective: To capture and percolate the runoff coming down Ave. C NW and the 

west side of 4th Street NW. The runoff from the adjacent roads can be 
easily diverted into the depressional area/rain garden at this location as 
the general area is lower than the edge of pavement elevation. 

Drainage Area: 9,600 SF 
Rain Garden: 1,200 SF 
Treatment Volume: 860 CF (Provided) 
Cost Estimate: $ 6,550 
 

Site 5: Winter Haven Public Library parking lot along Ave. B NW: 

Type of Project: Rain Garden 
Objective: To capture and percolate the runoff coming down the roof of the 

building and the adjacent parking area. The runoff can be easily 
diverted into the depressional area/rain garden at this location by 
providing curb cuts and concrete flumes at several locations along the 
existing Type “D” curb. 

Drainage Area: 15,000 SF 
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Rain Garden: 2,500 SF 
Treatment Volume: 625 CF (Provided) 
Cost Estimate: $ 5,800 
 
Site 17: Southeast corner of Lake Howard Dr. NW and Ave. B NW: 

Type of Project: Storm Inlet and perforated pipe (French Drain) 
Objective: To capture and percolate the runoff coming down the south side of 

Ave. B NW before flowing down the road to Lake Howard. In addition 
to increasing the percolation/infiltration into the ground, this would 
provide treatment of the runoff thus improving the water quality of the 
lake. 

Drainage Area: 6,000 SF 
Perforated Pipe: 100 L.F. of 18 inch pipe surrounded by 1 foot thick stone layer. 
Treatment Volume: 950 CF (Provided) 
Cost Estimate: $ 7,450 
 

Cost Estimate: The City of Winter Haven has preliminarily identified 45 locations throughout the 
City to implement rain garden or perforated pipe systems. The cost estimate for these projects 
ranged from $2,200 to $20,000. The treatment volume ranged from 150 to 3,200 feet3.  

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Howard, Hydrilla eradication occurs frequently attributing to the continued degradation 
in water quality. A survey of existing SAV cover in Lake Howard is recommended due to the 
lack of sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

The 1997-2007 median secchi depth in Lake Howard (2.0 feet) indicated that SAV planting 
should not occur in water depths greater than 2 feet. The maximum planting effort could result in 
vegetation cover of approximately 3 percent of the lake bottom (20 acres).  

The calculated area for planting is based upon current bathymetry data. Due to the extensive 
organic material located in Lake Howard, it is recommended that SAV planting be performed 
after sediment removal/inactivation, if completed. If sediment removal is completed, the planting 
area would need to be recalculated using updated bathymetry data. 

Cost Estimate: $105,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 
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FTWs 

If the feasibility study indicates that more than 30 percent of Lake Howard has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Howard is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions 
regarding emergent aquatic or woody vegetation planting can be determined. If limited shoreline 
vegetation is present, shoreline conditions should be evaluated to assess if vegetation planting is 
viable based on the soil conditions, slope, water level and inundation frequency and wave 
disturbance.  
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4.11. Lake Idylwild 

Background 

Physical and chemical characteristics specific to Lake Idylwild are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-22). Lake Idylwild (WBID 1521J) is 
located in the Southern Chain of the WHCL and is hydrologically connected to lakes Hartridge, 
Cannon, and Jessie via constructed navigable canals (Photo 4-13, Figure 4-43). In 2005, Lake 
Idylwild was declared verified impaired based on elevated TSI values (>60). A TMDL was 
adopted for the Southern Chain of the WHCL, including Lake Idylwild (FDEP 2007), and Lake 
Idylwild was subsequently delisted from impairment by FDEP in 2010. Based on the modeled 
external TP load to Lake Idylwild, a 43 percent reduction in TP load (39.5kg TP/year) is required 
to comply with the TSI criteria of 60 (FDEP 2007). The TP, TN, and chlorophyll a geometric 
mean for Lake Idylwild for the period of 1997 to 2007 and corresponding EPA NNC water 
quality targets are listed in Table 4-22. To comply with the NNC, concentration reductions of 33 
percent for TP and 22 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Idylwild is presented in Table 4-23. The 
chlorophyll a and TP concentrations exceed the NNC targets provided by EPA for Lake 
Idylwild. Chlorophyll a concentrations in Lake Idylwild fluctuate with values regularly elevated 
above 20 µg/L (Figure 4-44). A statistically significant trend in chlorophyll a concentrations 
from 1983 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). Hydrilla eradication 
projects have been implemented in Lake Idylwild consistently over the last 20 years with 
treatment over 40 percent of the lake surface areas on several occasions. No water quality 
improvement projects have been implemented in Lake Idylwild to restore water quality. Lake 
Idylwild is an intermediate lake; therefore, improvements in water quality of the lake could result 
in some benefit farther downstream. 

The Lake Idylwild watershed is 267 acres in size and includes 227 acres (85 percent) of 
developed lands compared to 40 acres (15 percent) of undeveloped lands. The 2000-2007 median 
color value (20 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake and 
specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and 
volume statistics are based on a water level elevation of 130 feet in October 2006. Bathymetry 
data are available for Lake Idylwild for the October 2006 water level elevation  (Figure 4-45). A 
water level of 130 feet was reported in August 2010, indicating similar water elevations 
compared to 2009. Changes in overall surface area, water depth, and volume of the lake due to 
water elevation fluctuations should be considered during the development and implementation of 
water quality restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Idylwild water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-46). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
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order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-22. Physical, chemical, and regulatory characteristics of Lake Idylwild. 

Physical 

Location in chain Southern High infiltration soils (acres) 106 (40 percent) 

Relation to other lakes Intermediate Developed land (acres) 227 (85 percent) 

Watershed area (acres) 267 Undeveloped land (acres) 40 (15 percent) 

Lake area (acres)* 102 Median water depth (feet)* 3.1 

Perimeter (feet)* 8,807 Maximum water depth (feet)* 17.7 

Surface area: lake volume ratio* 0.14 
Volume (acre-feet)* 747 

Watershed to surface area ratio* 2.62 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

26 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 0.90 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.045 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

33 percent 

*at a water level elevation of 130 feet              †TMDL adopted 
**presented in section 5.0 
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Photo 4-13. Lake Idylwild. 

 

 

Table 4-23. Lake Idylwild water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 90 11 28 76 

Color (PCU) 27 5 20 30 

Conductivity (µmhos/cm) 35 179 205 256 

Dissolved oxygen (mg/L) 35 5.06 8.47 11.35 

pH 35 7.05 7.94 9.3 

Secchi depth (feet) 115 1.5 2.3 3.9 

Total nitrogen (mg/L) 91 0.48 0.93 1.57 

Total phosphorus (mg/L) 87 0.01 0.041 0.09 
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Figure 4-43. Lake Idylwild and associated watershed.  
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Figure 4-44. Lake Idylwild chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-45. Lake Idylwild bathymetry (October 2006) at water level elevation = 130 feet 
(Polk County Water Atlas).  
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Figure 4-46. Lake Idylwild decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Idylwild watershed has approximately 106 acres (40 percent of the watershed) 
classified as high infiltration soils. A TMDL has been established for Lake Idylwild, and as such, 
the SIA design should be focused on satisfying the TMDL requirements. SIA projects would 
need to encompass approximately 9 percent (24 acres) of the watershed in order to accomplish 
an annual 39.5 kg in TP loads to Lake Idylwild. Acres of SIA estimated to meet the TP NNC was 
21 (8 percent of the watershed) for a 33 percent phosphorus reduction in Lake Idylwild to meet 
its NNC.  Forty percent of the watershed is characterized by high infiltration soils; therefore, it 
may be feasible to satisfy the TMDL load reductions through SIA implementation. 

Project 3: Sediment Removal/Inactivation 

Non-point source discharges to Lake Idylwild may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 2: SAV Planting or FTWs 

SAV Planting 

In Lake Idylwild, Hydrilla eradication occurs frequently attributing to the continued degradation 
in water quality. A survey of existing SAV cover in Lake Idylwild is recommended due to the 
lack of sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

The 1997-2007 median secchi depth in Lake Idylwild (2.3 feet) indicated that SAV planting 
should not occur in water depths greater than 2 feet. The maximum planting effort could result in 
vegetation cover of approximately 13 percent of the lake bottom (13 acres).  

Cost Estimate: $85,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Idylwild has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  
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Project 3: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Idylwild is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions 
regarding emergent aquatic or woody vegetation planting can be determined. If limited shoreline 
vegetation is present, shoreline conditions should be evaluated to assess if vegetation planting is 
viable based on the soil conditions, slope, water level and inundation frequency and wave 
disturbance. 
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4.12. Lake Jessie 

Background 

Physical and chemical characteristics specific to Lake Jessie are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-24). Lake Jessie (WBID 1521K), a lake in 
the WHCL Southern Chain, is hydrologically connected to lakes Mariana and Idylwild via 
constructed canals  (Photo 4-14, Figure 4-47). In 2005, Lake Jessie was declared verified 
impaired based on elevated TSI values (>60). A TMDL was adopted for the Southern Chain of 
the WHCL, including Lake Jessie (FDEP 2007), and Lake Jessie was subsequently delisted from 
impairment by FDEP in 2010. Based on the modeled external TP load to Lake Jessie, a 50 
percent reduction in TP load (114 kg TP/year)  is required to comply with the TSI criteria of 60 
(FDEP 2007). The TP, TN, and chlorophyll a geometric mean for Lake Cannon for the period of 
1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-24. To 
comply with the NNC, concentration reductions of 44 percent for TP and 29 percent for 
chlorophyll a are required. 

A summary of water quality statistics for Lake Jessie is presented in Table 4-25. Lake Jessie 
historically received point source discharges from a WWTF. While the effluent discharges have 
been eliminated, the discharges resulted in nutrient and sediment accumulation in the lake 
bottom. In response to the TMDL, Polk County District implemented a stormwater treatment 
area at Derby Avenue (Photo 4-14). The median chlorophyll a, TN and TP concentrations 
continue to exceed the NNC targets provided by EPA for Lake Jessie. Chlorophyll a 
concentrations in Lake Jessie fluctuate but are elevated above 20 µg/L the majority of the time 
(Figure 4-48). However, a statistically significant decline in chlorophyll a concentrations from 
1983 to 2007 was observed (seasonal Kendall-Tau, p<0.001). Since 1983, Hydrilla eradication 
projects have been completed treating over 40 percent of the lake surface area in some years. 
Improvements in water quality of the lake Jessie, which is located adjacent to a headwater lake, 
could result in benefit farther downstream. 

The Lake Jessie watershed is 783 acres in size and includes 617 acres (79 percent) of developed 
lands compared to 166 acres (21 percent) of undeveloped lands. The 2000-2007 median color 
value (20 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake and specific 
conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume 
statistics are based on a water level elevation of 130 feet in October 2006. Bathymetry data are 
available for Lake Jessie for the October 2006 water level elevation (Figure 4-49). A water level 
of 130 feet was reported in August 2010, indicating similar water level conditions when 
compared to 2006. Changes in overall surface area, water depth, and volume of the lake due to 
water elevation fluctuations should be considered during the development and implementation of 
water quality restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Jessie water quality and the surrounding watershed characteristics, four potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-50). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
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and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs)  

• Project 2: Sediment Removal/Inactivation  

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-24. Physical, chemical, and regulatory characteristics of Lake Jessie. 

Physical 

Location in chain Southern High infiltration soils (acres) 408 (52 percent) 

Relation to other lakes 
Adjacent to 
Headwater 

Developed land (acres) 617 (79 percent) 

Watershed area (acres) 783 Undeveloped land (acres) 166 (21 percent) 

Lake area (acres)* 194 Median water depth (feet)* 3.1 

Perimeter (feet)* 11,621 Maximum water depth (feet)* 12.2 

Surface area: lake volume ratio* 0.12 
Volume (acre-feet)* 1,546 

Watershed to surface area ratio* 4.04 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

28 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 0.94 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.54 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend Decreasing** TP concentration reduction required 44 percent 

*at a water level elevation of 130 feet                               †TMDL adopted 
**presented in section 5.0 
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Photo 4-14. Lake Jessie.  

 

Table 4-25. Lake Jessie water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 103 11 27 61 

Color (PCU) 27 10 20 64 

Conductivity (µmhos/cm) 25 187 207 238 

Dissolved oxygen (mg/L) 25 6.9 8.67 11.83 

pH 25 6.84 7.76 8.75 

Secchi depth (feet) 104 1.7 2.3 4.2 

Total nitrogen (mg/L) 105 0.53 1.02 1.88 

Total phosphorus (mg/L) 101 0.01 0.061 0.279 
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Figure 4-47. Lake Jessie and associated watershed.  
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Figure 4-48. Lake Jessie chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-49. Lake Jessie bathymetry (October 2006) at water level elevation = 130 feet 
(Polk County Water Atlas).  
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Photo 4-15. Lake Jessie stormwater treatment project at Derby Avenue. 
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Figure 4-50. Lake Jessie decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Jessie watershed has approximately 408 acres (52 percent of the watershed) classified 
as high infiltration soils. A TMDL has been established for Lake Jessie, and as such, the SIA 
design should be focused on satisfying the TMDL requirements. SIA projects would need to 
encompass approximately 12 percent (133 acres) of the watershed in order to accomplish an 
annual 114 kg reduction in TP loads to Lake Jessie. Acres of SIA estimated to meet the TP NNC 
was 139 (12 percent of the watershed) for a 44 percent phosphorus reduction in Lake Jessie to 
meet its NNC.  Fifty-two percent of the watershed is characterized by high infiltration soils,  
therefore, it may be feasible to satisfy the load reductions through SIA implementation. 

Project 2: Sediment Removal/Inactivation 

Historical point source discharges to Lake Jessie from the WWTF will require further evaluation 
of the potential internal phosphorus load from the lake bottom sediments. Presently, sufficient 
data are not available to evaluate the internal phosphorus load and calculate the phosphorus 
decay rate and the time at which the phosphorus will ultimately become biologically unavailable 
in the lake sediments. A feasibility study is required to determine whether sediment 
removal/inactivation is necessary to reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 
 
Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Jessie, Hydrilla eradication occurs frequently attributing to the continued degradation in 
water quality. A survey of existing SAV cover in Lake Jessie is recommended due to the lack of 
sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

The 1997-2007 median secchi depth in Lake Jessie (2.3 feet) indicated that SAV planting should 
not occur in water depths greater than 2 feet. The maximum planting effort could result in 
vegetation cover of approximately 9 percent of the lake bottom (17 acres). Due to the extensive 
organic material located in Lake Jessie, it is recommended that SAV planting be performed after 
sediment removal/inactivation, if completed. If sediment removal is completed, the planting area 
would need to be recalculated using updated bathymetry data. 

Cost Estimate: $100,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 
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FTWs 

If the feasibility study indicates that more than 30 percent of Lake Jessie has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Jessie is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.13. Little Lake Hamilton 

Background 

Physical and chemical characteristics specific to Little Lake Hamilton are presented here in the 
context of relevant regulatory criteria and requirements (Table 4-26). Little Lake Hamilton 
(WBID 15001) is located in the Northern Chain of the WHCL and is hydrologically connected to 
Lake Hamilton via a constructed navigable canal (Photo 4-16, Figure 4-51). In 2010, Little Lake 
Hamilton was declared verified impaired based on elevated TSI values (>40). A TMDL is 
required for Little Lake Hamilton to calculate load reductions necessary to satisfy the TSI 
criteria. The TP, TN, and chlorophyll a geometric mean for Little Lake Hamilton for the period 
of 1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-26. To 
comply with the NNC, concentration reductions a 15 percent for TP and 13 percent for TN are 
required.  

A summary of water quality statistics for Little Lake Hamilton is presented in Table 4-27. The 
median TN and TP concentrations exceed the NNC targets provided by EPA but not chlorophyll 
a. Chlorophyll a concentrations in Little Lake Hamilton have fluctuated and values exceeded 20 
µg/L intermittently (Figure 4-52). A statistically significant trend in chlorophyll a concentrations 
from 1991 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). No water quality 
improvement projects have been implemented in Little Lake Hamilton to restore water quality 
and Hydrilla infestations have not been problematic. Little Lake Hamilton is located adjacent to 
Lake Hamilton, which discharges water from the Northern Chain to the Peace Creek Drainage 
Canal and, as such,  improvements in water quality of the lake would result in little benefit 
farther downstream. 

The Little Lake Hamilton watershed is 1,148 acres in size and includes 199 acres (seven percent) 
of developed lands compared to 949 acres (83 percent) undeveloped lands  (Table 4-26). The 
2000-2007 median color value (38 PCU) was below 40 PCU indicating the lake is a clear (non-
colored) lake and specific conductivity data indicate the lake is alkaline. The lake area, 
perimeter, water depth, and volume statistics are based on a water level elevation of 118 feet in 
February 2010. Bathymetry data are available for Little Lake Hamilton for the February 2010 
water level elevation (Figure 4-53). Changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Little Lake Hamilton water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-54). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   
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• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-26. Physical, chemical, and regulatory characteristics of Little Lake Hamilton. 

Physical 

Location in chain Northern High infiltration soils (acres) 938 (82 percent) 

Relation to other lakes 
Adjacent 

to 
Terminal 

Developed land (acres) 199 (7 percent) 

Watershed area (acres) 1,148 Undeveloped land (acres) 949 (83 percent) 

Lake area (acres)* 351 Median water depth (feet)* 7.0 

Perimeter (feet)* 20,922 Maximum water depth (feet)* 22.1 

Surface area: lake volume ratio* 0.15 
Volume (acre-feet)* 2,336 

Watershed to surface area ratio* 3.27 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 18 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.15 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.035 NNC TP target (mg/L)  0.03 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend 
No 

trend** 
TP concentration reduction 
required 

15 percent 

*at a water level elevation of 118 feet  
**presented in section 5.0 
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Photo 4-16. View of Little Lake Hamilton. 

 

 

 

Table 4-27. Little Lake Hamilton water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 27 8 15 32 

Color (PCU) 19 15 38 80 

Conductivity (µmhos/cm) 20 222 241 280 

Dissolved oxygen (mg/L) 20 5.75 8.31 10.21 

pH 20 6.49 7.84 8.93 

Secchi depth (feet) 27 1.8 3.2 5.8 

Total nitrogen (mg/L) 27 0.86 1.11 1.74 

Total phosphorus (mg/L) 24 0.011 0.035 0.070 
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Figure 4-51. Little Lake Hamilton and associated watershed. 
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Figure 4-52. Little Lake Hamilton chlorophyll a concentrations using available data from 
1990 to 2007. 

 

  



Lake-Specific Restoration Projects 

 4-119 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-53. Little Lake Hamilton bathymetry (February 2010) at water level elevation = 
118 feet (Polk County Water Atlas). 
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Figure 4-54. Little Lake Hamilton decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Little Lake Hamilton watershed has approximately 938 acres (82 percent of the watershed) 
classified as high infiltration soils. The Northern Chain was not included in the PLRG study 
(USF 2005), therefore a TMDL has not been completed for Little Lake Hamilton and data to 
estimate SIA acres for TP load reduction are not available at this time. SIA implementation could 
have the additional benefit of increasing storage to supplement dry season lake levels and a 
reduction in stormwater loads that can be later applied to the required TMDL TP load reduction. 
As such, SIA design should be focused on recharging the surficial aquifer. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Little Lake Hamilton may have resulted in substantial internal 
nutrient loads due to phosphorus release from sediments. Presently, sufficient data are not 
available to evaluate the internal phosphorus load and calculate the phosphorus decay rate and 
the time at which the phosphorus will ultimately become biologically unavailable in the lake 
sediments. A feasibility study is required to determine whether sediment removal/inactivation is 
necessary to reduce internal phosphorus loads to the lake. 

Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

Hydrilla infestations have not been a chronic problem in Little Lake Hamilton. A survey of 
existing SAV cover in Little Lake Hamilton is recommended due to the lack of sufficient data to 
calculate percent lake cover. Based on the results of the SAV survey, conclusions regarding SAV 
planting can be determined. If SAV cover is less than 30 percent, lake conditions should be 
evaluated to assess if additional SAV is viable based on the soil condition, water clarity and 
water depth. 

Based on the median secchi depth (3.2 feet) from 1997-2007, plants would not be planted in 
water depths greater than 4 feet. The maximum planting effort for Little Lake Hamilton cannot 
be calculated until the electronic bathymetry data are acquired.  

Cost Estimate: A cost estimate will be generated upon receipt of the bathymetry data.  

FTWs 

If the feasibility study indicates that more than 30 percent of Little Lake Hamilton has SAV 
cover, FTW may be considered. The installation of floating mats with appropriate aquatic 
vegetation would be expected to assimilate nutrients from the water column.  

  



Lake-Specific Restoration Projects 

 4-122 WHCL Water Quality Management Plan 
  Final December 2010 

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Little Lake Hamilton is recommended due 
to the lack of sufficient data at this time. Based on the results of the shoreline survey, 
conclusions and recommendations regarding emergent aquatic or woody vegetation planting can 
be determined. If limited shoreline vegetation is present, shoreline conditions should be 
evaluated to assess if vegetation planting is viable based on the soil conditions, slope, water level 
and inundation frequency and wave disturbance.  
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4.14. Lake Lulu 

Background 

Physical and chemical characteristics specific to Lake Lulu are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-28). Lake Lulu (WBID 1521), the terminal 
lake in the WHCL Southern Chain, is hydrologically connected to lakes Shipp, Roy and Eloise 
via constructed navigable canals (Photo 4-17, Figure 4-55). In 2005, Lake Lulu was declared 
verified impaired based on elevated TSI values (>60). A TMDL was adopted for the Southern 
Chain of the WHCL, including Lake Lulu (FDEP 2007), and Lake Lulu was subsequently 
delisted from impairment by FDEP in 2010. Based on the modeled external TP load to Lake 
Lulu, a 55 percent reduction in TP load (84 kg TP/year) is required to comply with the TSI 
criteria of 60 (FDEP 2007). The TP, TN, and chlorophyll a geometric mean for Lake Lulu for the 
period of 1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-
28. To comply with the NNC, concentration reductions of 39 percent for TP, 19 percent for TN, 
and 48 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Lulu is presented in Table 4-29. Lake Lulu 
historically received point source discharges from four WWTF (City of Winter Haven, Bordo’s 
citrus processing plant, Snively, and Swift Fertilizer). While the effluent discharges have been 
eliminated, the discharges resulted in nutrient and sediment accumulation in the lake bottom. An 
inverse relationship between lake levels and TP concentrations may suggest sediment 
resuspension resulting in a decline in water quality.  In response to the TMDL, the City of 
Winter Haven and SWFWMD implemented a stormwater alum injection project (Figure 4-56). 
Based on TP load reduction estimates for projects constructed on Lake Lulu (193 kg/year), the 
TMDL required TP load reductions (84 kg/year) have been accomplished. After the 
implementation of the stormwater retrofit project in 2005, the chlorophyll a values continue to 
exceed 20 µg/liter, indicating that TSICHLA values less than or equal to 60 (which would require 
chlorophyll a levels to be below 20 µg/L) were not reached. Since 1996, Hydrilla eradication 
projects have been completed annually, treating over 40 percent of the lake surface area in some 
years. The median chlorophyll a, TN and TP concentrations continue to exceed the NNC targets 
provided by EPA for Lake Lulu. A statistically significant trend in chlorophyll a concentrations 
from 1983 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). Lake Lulu is a terminal 
lake, therefore, improvements in water quality of the lake would result in no benefit farther 
downstream. 

The Lake Lulu watershed is 547 acres in size and includes 303 acres (55 percent) of developed 
lands compared to 244 acres (45 percent) of undeveloped lands (Table 4-28). The 2000-2007 
median color value (20 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 129 feet in June 2007 (Table 4-28). 
Bathymetry data are available for Lake Lulu for the June 2007 water level elevation (Figure 4-
57). A water level of 130 feet was reported in August 2010, reflecting a 1.0 foot increase in 
water elevation when compared to 2007. The subsequent changes in overall surface area, water 
depth, and volume of the lake should be considered during the development and implementation 
of water quality restoration projects. 
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Water Quality Restoration Project Selection and Priorities 

Based on Lake Lulu water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-58). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Sediment Removal/Inactivation 

• Project 2: Stormwater Infiltration Areas (SIAs) 

• Project 3: Forested Wetland Rehydration 

• Project 4: SAV Planting/Management or FTWs 

• Project 5: EAV Planting/Management 

Table 4-28. Physical, chemical, and regulatory characteristics of Lake Lulu. 

Physical 

Location in chain Southern High infiltration soils (acres) 292 (53 percent) 

Relation to other lakes Terminal Developed land (acres) 303 (55 percent) 

Watershed area (acres) 547 Undeveloped land (acres) 244 (45 percent) 

Lake area (acres)* 318 Median water depth (feet)* 5.0 

Perimeter (feet)* 24,471 Maximum water depth (feet)* 13.7 

Surface area: lake volume ratio* 0.21 
Volume (acre-feet)* 1,514 

Watershed to surface area ratio* 1.72 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 39 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.24 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.049 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend 
No 

trend** 
TP concentration reduction 
required 

39 percent 

*at a water level elevation of 129 feet             †TMDL adopted 
**presented in section 5.0 
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Photo 4-17. Southern view of Lake Lulu. 

 

Table 4-29. Lake Lulu water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 223 1 42 66 

Color (PCU) 27 5 20 25 

Conductivity (µmhos/cm) 28 185 247 326 

Dissolved oxygen (mg/L) 28 7 8.72 10.26 

pH 28 6.83 8.04 9.07 

Secchi depth (feet) 226 1.2 1.8 3.7 

Total nitrogen (mg/L) 225 0.0 1.22 1.89 

Total phosphorus (mg/L) 218 0.00 0.050 0.080 
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Figure 4-55. Lake Lulu and associated watershed. 
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Figure 4-56. Lake Lulu chlorophyll a concentrations and Hydrilla treatment history using 
available data from 1983 to 2007. 
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Figure 4-57. Lake Lulu bathymetry (June 2007) at water level elevation = 129 feet (Polk 
County Water Atlas). 
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Figure 4-58. Lake Lulu decision key: highlighted path shows decision process. 
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Project 1: Sediment Removal/inactivation 

Historical point source discharges to Lake Lulu from WWTFs require further evaluation of the 
potential internal phosphorus load from the lake bottom sediments. The City of Winter Haven 
funded a Sediment Removal Feasibility Study performed by ERD to evaluate the sediment 
characteristics, phosphorus flux, and volume (ERD 2010). An estimate of the length of time until 
the pool of available phosphorus within the bottom sediments returns to background conditions 
was calculated using TP concentration in the sediments, the percent of available phosphorus and 
bulk density. Approximately 142 years are required for phosphorus concentrations to return to 
background conditions. Therefore, sediment removal/inactivation is recommended to address 
internal phosphorus loads. A cost estimate for sediment removal/inactivation has been completed 
by ERD (2010).  

Sediment Removal: Costs associated with hydraulic dredging can be highly variable depending 
upon a variety of factors such as dredge capacity, availability of disposal areas, and distance to 
disposal areas, sludge dewatering requirements, booster pump requirements, and final sediment 
disposal. Since none of these factors have been fully evaluated at this time, a general sediment 
dredging cost of approximately $10.00 per cubic yard is assumed for this analysis. This value 
assumes that a shoreline dewatering facility would be used. A summary of estimated costs for 
hydraulic dredging in Lake Lulu, based on the previously determined organic sediment volumes, 
is $13,665,000. An estimated 847 ac-ft (1,366,493 cubic yards) of organic material would be 
removed.  

Sediment Inactivation: A summary of estimated application costs for sediment inactivation in 
Lake Lulu is given based on an application of 10:1 Al:P ratio. This estimate assumes an alum 
volume of 728,023 gallons and a sodium aluminate volume of 128,006 gallons would be applied 
over two applications within a 6-12 month time period. It is assumed that the alum and sodium 
aluminate are purchased at a government contract price. Planning and mobilization costs are 
estimated to be approximately $5000 per application, which includes initial planning, 
mobilization of equipment to the site, demobilization at the completion of the application 
process, and clean-up. A labor rate of $125/hour is assumed which includes labor costs, water 
quality monitoring, expenses, equipment rental, insurance, mileage, and application equipment 
fees. The estimated cost for sediment inactivation in Lake Lulu is $1,412,239 or approximately 
$706,119 per application.  

Project 2: Stormwater Infiltration Areas (SIAs) 

The Lake Lulu watershed has approximately 292 acres (53 percent of the watershed) classified as 
high infiltration soils. A TMDL has been established for Lake Lulu, and as such, the SIA design 
should be focused on satisfying the TMDL requirements. SIA projects would need to encompass 
approximately 7 percent (38 acres) of the watershed in order to accomplish an annual 84 kg 
reduction in TP loads to Lake Lulu. Acres of SIA estimated to meet the TP NNC was 32 (6 
percent of the watershed) for a 39 percent phosphorus reduction in Lake Lulu to meet its NNC.  
Fifty-three percent of the watershed is characterized by high infiltration soils; therefore, it may 
be feasible to satisfy the TMDL load reductions through SIA implementation. 
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Presently, the City of Winter Haven has preliminarily identified one rain garden project within 
the contributing drainage basin for Lake Lulu as part of SWFWMD funded agreement (Figure 4-
59).  The rain garden is 500 feet2 providing treatment to 4,000 feet2. A brief description of the 
project is identified below as provided by the City of Winter Haven. 

Site 29: South side of Post Ave. SW east of Third Street SW at the WH Water Plant: 

Type of Project: Rain Garden along Post Ave. SW. 
Objective: To capture and percolate the runoff coming down the south side of 

Post Ave. SW. The runoff can be easily directed into the depressional 
area/rain garden at this location as the area is lower than the adjacent 
edge of pavement. 

Drainage Area: 4,000 SF 
Rain Garden: 500 SF 
Treatment Volume: 360 CF (provided) 
Cost Estimate: $ 2,850 
 

Project 3: Forested Wetland Rehydration 

Approximately 45 percent of the land cover within the 500 foot buffer surrounding Lake Haines 
is classified as wetlands using the 2006 FLUCS data. Forested wetlands encompass 30 percent of 
the total wetland area, which is within the 10 to 20 percent recommended forested wetland cover 
required to maintain color levels above 50 PCU. While FLUCS classifies the land cover as 
forested wetland, the hydrologic connection between the lake and adjacent land might not be 
present as is observed along the southern rim of the Lake.  

One proposed project area was identified adjacent to Lake Lulu along the southern rim and is 
expected to rehydrate approximately 167 acres (Figure 4-60). The feasibility study is 
recommended in order to evaluate the proposed project area for inundation. 

Feasibility study cost estimate: $75,000. 
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Figure 4-59 . Proposed forested wetland rehydration project areas for Lake Lulu. 
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Project 4: SAV Planting or FTWs 

SAV Planting 

In Lake Lulu, Hydrilla eradication has been completed over as much as 58 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake Lulu is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (1.8 feet). The maximum planting effort could result in vegetation cover of 
approximately 14 percent of the lake bottom (45 acres). Due to the extensive organic material 
located in Lake Lulu, it is recommended that SAV planting be performed after sediment 
removal/inactivation, if completed. If sediment removal is completed, the planting area would 
need to be recalculated using updated bathymetry data. 

Cost Estimate: $220,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Lulu has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 5: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Lulu is recommended due to the lack 
of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.15. Lake Mariana 

Background 

Physical and chemical characteristics specific to Lake Mariana are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-30). Lake Mariana (WBID 1521L) is 
hydrologically connected to the Southern Chain of the WHCL and discharges water to Lake 
Jessie via a structure and constructed outflow ditch (non-navigable) (Photo 4-18, Figure 4-60). In 
2010, Lake Mariana was declared verified impaired based on elevated TSI values (>60). A 
TMDL is required for Lake Mariana to calculate load reductions necessary to satisfy the TSI 
criteria. The TP, TN, and chlorophyll a geometric mean for Lake Mariana for the period of 1997 
to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-30. To comply 
with the NNC, concentration reductions of 3 percent for TP, 9 percent for TN and 12 percent for 
chlorophyll a are required. 

A summary of water quality statistics for Lake Mariana is presented in Table 4-31. The median 
chlorophyll a, TN and TP concentrations exceed the NNC targets provided by EPA for Lake 
Mariana. Chlorophyll a concentrations in Lake Mariana fluctuate with values regularly elevated 
above 20 µg/L (Figure 4-61). A statistically significant increase in chlorophyll a concentrations 
from 1992 to 2007 was observed (seasonal Kendall-Tau, p<0.02). Hydrilla has not been treated 
in Lake Mariana since there is no public access. A significant water quality improvement project 
has been implemented for Lake Mariana in an effort to restore water quality. In 2005, a wetland 
treatment project was constructed by Polk County in the southwest corner of the lake that treated 
546 acres of an urban watershed. Lake Mariana is a headwater lake; therefore, improvements in 
water quality of the lake could result in some benefit farther downstream. 

The Lake Mariana watershed is 1,445 acres in size and includes 896 acres (62 percent) of 
developed lands compared to 548 acres (38 percent) of undeveloped lands. The 2000-2007 
median color value (17 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 136 feet in October 2009. 
Bathymetry data are available for Lake Mariana for the October 2009 water level (Figure 4-62). 

A water level of 138 feet was reported in August 2010, reflecting a 2.0 foot increase in water 
elevation when compared to 2009. The subsequent changes in overall surface area, water depth, 
and volume of the lake should be considered during the development and implementation of 
water quality restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Mariana water quality and the surrounding watershed characteristics, four 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-63). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   
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• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-30. Physical, chemical, and regulatory characteristics of Lake Mariana. 

Physical 

Location in chain Southern High infiltration soils (acres) 765 (53 percent) 

Relation to other lakes Headwater Developed land (acres) 896 (62 percent) 

Watershed area (acres) 1,145 Undeveloped land (acres) 548 (38 percent) 

Lake area (acres)* 518 Median water depth (feet)* 8.0 

Perimeter (feet)* 29,366 Maximum water depth (feet)* 18.4 

Surface area: lake volume ratio* 0.11 
Volume (acre-feet)* 4,725 

Watershed to surface area ratio* 2.21 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

23 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.10 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.031 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend Increasing** 
TP concentration reduction 
required 

3 percent 

*at a water level elevation of 136 feet  
**presented in section 5.0 
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Photo 4-18. Lake Mariana. 

 
 

Table 4-31. Lake Mariana water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 46 10 23 57 

Color (PCU) 32 5 17 40 

Conductivity (µmhos/cm) 30 183 212 262 

Dissolved oxygen (mg/L) 30 5.36 8.43 11.17 

pH 30 6.25 7.62 9.3 

Secchi depth (feet) 47 1.2 2.4 3.9 

Total nitrogen (mg/L) 50 0.74 1.09 1.81 

Total phosphorus (mg/L) 45 0.006 0.034 0.093 
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Figure 4-60. Lake Mariana and associated watershed. 
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Figure 4-61. Lake Mariana chlorophyll a concentrations using available data from 1992 to 
2007. 
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Figure 4-62. Lake Mariana bathymetry (October 2009) at water level elevation = 136 feet 
(Polk County Water Atlas). 
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Figure 4-63. Lake Mariana decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Mariana watershed has approximately 765 acres (53 percent of the watershed) 
classified as high infiltration soils. Lake Mariana does not have a TMDL, therefore, SIA acres 
estimates were calculated using data from the PLRG (USF 2005).  The SIA estimate for Lake 
Mariana was 31 acres (approximately 3 percent of the watershed) to meet a 17 percent PLRG. 
Acres of SIA estimated to meet the TP NNC was 7 (one percent of the watershed) for an 3 
percent phosphorus reduction in Lake Mariana to meet its NNC.  Fifty-three percent of the 
watershed is characterized by high infiltration soils; therefore, it may not be feasible to satisfy 
the load reductions through SIA implementation. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Mariana may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 

Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

Hydrilla infestations have not been a chronic problem in Lake Mariana. However, Hydrilla 
eradication was necessary in 2008. A survey of existing SAV cover in Lake Mariana is 
recommended due to the lack of sufficient data to calculate percent lake cover. Based on the 
results of the SAV survey, conclusions regarding SAV planting can be determined. If SAV cover 
is less than 30 percent, lake conditions should be evaluated to assess if additional SAV is viable 
based on the soil condition, water clarity and water depth.  

Based on the median secchi depth (2.4 feet) from 1997-2007, plants would not be planted in 
water depths greater than 2 feet. The maximum planting effort could result in vegetation cover of 
approximately six percent of the lake bottom (32 acres).  

Cost Estimate: $165,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Mariana has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  
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Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Mariana is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.16. Lake May 

Background 

Physical and chemical characteristics specific to Lake May are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-32). Lake May (WBID 1521E), a lake in 
the WHCL Southern Chain, is hydrologically connected to Lake Howard to the north and to 
Lake ship to the south via navigable canals (Photo 4-19, Figure 4-64). In 2005, Lake May was 
declared verified impaired based on elevated TSI values (>60). A TMDL was adopted for the 
Southern Chain of the WHCL, including Lake May (FDEP 2007), and Lake May was 
subsequently delisted from impairment by FDEP in 2010. Based on the modeled external TP 
load to Lake May, a 57.5 percent reduction in TP load (97 kg TP/year) is required to comply 
with the TSI criteria of 60 (FDEP 2007). The TP, TN, and chlorophyll a geometric mean for 
Lake May for the period of 1997 to 2007 and corresponding EPA NNC water quality targets are 
listed in Table 4-32. To comply with the NNC, concentration reductions of 47 percent for TP, 26 
percent for TN, and 53 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake May is presented in Table 4-33 Lake May 
historically received point source discharges from three WWTF (Imhoff, Citrus, and Velda). 
While the effluent discharges have been eliminated, the discharges resulted in nutrient and 
sediment accumulation in the lake bottom.  An inverse relationship between lake levels and TP 
concentrations may suggest sediment resuspension resulting in a decline in water quality.  In 
response to the TMDL, the City of Winter Haven and the SWFWMD implemented a stormwater 
alum injection treatment project. Based on TP load reduction estimates for projects constructed 
on Lake May (357 kg/year), it appears that required TP load reductions (97 kg/year) have already 
been accomplished. There is no clear evidence of water quality improvement after the 
implementation of the stormwater retrofit project in 2005. The chlorophyll a values consistently 
exceed 20 µg/liter, indicating that TSICHLA values less than or equal to 60 (which would require 
chlorophyll a levels to be below 20 µg/L) were not reached (Figure 4-65). A statistically 
significant trend in chlorophyll a concentrations from 1983 to 2007 was not observed (seasonal 
Kendall-Tau, p > 0.10). The median chlorophyll a, TN and TP concentrations continue to exceed 
the NNC targets provided by EPA for Lake May. Hydrilla eradication projects have been 
completed annually since 2001 treating up to 20 percent of the lake surface area. Lake May is an 
intermediate lake so improvements in water quality could result in some benefit farther 
downstream. 

The Lake May watershed is 610 acres in size and includes 563 acres (92 percent) of developed 
lands compared to 47 acres (8 percent) of undeveloped lands (Table 4-32). The 2000-2007 
median color value (20 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 130 feet in September 2009 (Table 
4-32). Bathymetry data are available for Lake May for the September 2009 water level elevation 
(Figure 4-66). A water level of 130 feet was reported in August 2010, indicating similar water 
elevations when compared to 2009. Changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 
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Water Quality Restoration Project Selection and Priorities 

Based on Lake May water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-67). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Sediment Removal/Inactivation 

• Project 2: Stormwater Infiltration Areas (SIAs) 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

• Project 5: Artificial Circulation 

Table 4-32. Physical, chemical, and regulatory characteristics of Lake May. 

Physical 

Location in chain Southern High infiltration soils (acres) 279 (46 percent) 

Relation to other lakes Intermediate Developed land (acres) 563 (92 percent) 

Watershed area (acres) 610 Undeveloped land (acres) 47 (8 percent) 

Lake area (acres)* 52 Median water depth (feet)* 3.4 

Perimeter (feet)* 15,008 Maximum water depth (feet)* 8.4 

Surface area: lake volume ratio* 0.39 
Volume (acre-feet)* 132 

Watershed to surface area ratio* 11.73 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

42 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.35 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.057 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

47 percent 

*at a water level elevation of 130 feet                 †TMDL adopted 
**presented in section 5.0 
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Photo 4-19. View of Lake May during incubation study. 

 

Table 4-33. Lake May water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 101 22 46 92 

Color (PCU) 27 5 20 25 

Conductivity (µmhos/cm) 32 191 227 365 

Dissolved oxygen (mg/L) 32 5.85 8.59 10.27 

pH 32 6.8 7.79 8.71 

Secchi depth (feet) 102 0.8 1.4 3.2 

Total nitrogen (mg/L) 103 0.09 1.41 2.58 

Total phosphorus (mg/L) 98 0.01 0.058 0.139 
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Figure 4-64. Lake May and associated watershed. 

 

  



Lake-Specific Restoration Projects 

 4-147 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-65. Lake May chlorophyll a concentrations and Hydrilla treatment history using 
available data from 1983 to 2007. 
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Figure 4-66. Lake May bathymetry (September 2009) at water level elevation = 130 feet 
(Polk County Water Atlas). 
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Figure 4-67. Lake May decision key: highlighted path shows decision process. 
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Project 1: Sediment Removal/inactivation 

The City of Winter Haven and the SWFWMD recognized the potential issues associated with the 
organic sediments in Lake May and funded the Sediment Removal Feasibility Study performed 
by ERD to evaluate the sediment characteristics, phosphorus flux, and volume (ERD 2010). An 
estimate of the length of time until the pool of available phosphorus within the bottom sediments 
returns to background conditions was calculated using TP concentration in the sediments, the 
percent of available phosphorus and bulk density. Approximately 403 years are required for 
phosphorus concentrations to return to background conditions. Therefore, sediment 
removal/inactivation is recommended to address internal phosphorus loads. A cost estimate for 
sediment removal/inactivation has been completed by ERD (2010). The use of alum for sediment 
inactivation is not recommended for Lake May due to shallow water depths increasing the 
possibility of wind/wave action resuspension of the extensive organic sediment material in the 
lake. Resuspension of the organic material may allow of the incorporation of the alum material 
thereby reducing its efficiency to remove phosphorus.  

Sediment Removal: Costs associated with hydraulic dredging can be highly variable depending 
upon a variety of factors such as dredge capacity, availability of disposal areas, and distance to 
disposal areas, sludge dewatering requirements, booster pump requirements, and final sediment 
disposal. Since none of these factors have been fully evaluated at this time, a general sediment 
dredging cost of approximately $10.00 per cubic yard is assumed for this analysis. This value 
assumes that a shoreline dewatering facility would be used. A summary of estimated costs for 
hydraulic dredging in Lake May based on the previously determined organic sediment volumes, 
estimated dredging costs is $4,872,300. An estimated 302 ac-ft (487,227 cubic yards) of organic 
material would be removed.  

Project 2: Stormwater Infiltration Areas (SIAs) 

The Lake May watershed has approximately 279 acres (46 percent of the watershed) classified as 
high infiltration soils. A TMDL has been established for Lake May, and as such, the SIA design 
should be focused on satisfying the TMDL requirements. In order to calculate the percentage of 
the Lake May watershed for SIA construction, a modification to the PLRG runoff statistic was 
required. The University of South Florida will be contacted to verify the modification. SIA 
projects would need to encompass approximately six percent (34 acres) of the watershed in order 
to accomplish an annual 97 kg reduction in TP loads to Lake May. Acres of SIA estimated to 
meet the TP NNC was 33 (5 percent of the watershed) for a 47 percent phosphorus reduction in 
Lake May to meet its NNC.  Forty-six percent of the watershed is characterized by high 
infiltration soils; therefore, it may be feasible to satisfy the TMDL load reduction through SIA 
implementation. 

Presently, the City of Winter Haven has preliminarily identified seven rain garden projects 
within the contributing drainage basin for Lake May as part of SWFWMD funded agreement. 
The rain garden size ranges from 200 to 1,000 feet2 providing treatment to 3,000 to 12,500 feet2. 
A brief description of the project is identified below as provided by the City of Winter Haven.  
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Site 13: City of Winter Haven Utility Services parking lot along Ave. F SW: 

Type of Project: Rain Garden 
Objective: To capture and percolate the runoff coming from the roof of the 

building and parts of the adjacent parking lot. An area of the parking 
lot would be removed and a rain garden constructed in its place. The 
runoff would be directed into the rain garden at this location as the site 
generally slopes down to that area. 

Drainage Area: 10,000 SF 
Rain Garden: 1,000 SF 
Treatment Volume:  720 CF (provided). 
Cost Estimate: $ 9,200 
 

Site 14: The Federal Building at the northeast corner of Third Street SW and Ave. A SW: 

Type of Project: Rain Gardens (two), one along Third Street and one along Ave. A. 
Objective: To capture and percolate the runoff coming from the roof of the 

building and the adjacent area. The runoff can be easily directed into 
the depressional areas/rain gardens at these two locations as the 
existing down spouts discharge to those areas. 

Drainage Area: 5200 SF 
Rain Garden: 2 x 200 SF 
Treatment Volume: 290 CF (provided) 
Cost Estimate: $ 2,350 
 

Site 27: Southwest corner of Second Street SW and Ave. B SW: 

Type of Project: Rain Garden (open cut the curb and dig out to depression).  
Objective: To capture and percolate the runoff coming down the south side of 

Ave. B SW. The runoff would be directed into the depressional 
area/rain garden at this location by creating an opening in the existing 
curb and constructing a concrete flume. 

Drainage Area: 3,000 SF 
Rain Garden: 200 SF 
Treatment Volume: 150 CF (provided) 
Cost Estimate: $ 2,200 
 
Site 30: Northwest corner of Third Street SE and Post Ave. SE: 

Type of Project: Storm Inlet and perforated pipe (French Drain) 
Objective: To capture and percolate the runoff coming down the west side of 

Third Street SE. In addition to increasing the percolation/infiltration 
into the ground, this would help reduce the runoff coming down onto 
the adjacent roads. 
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Drainage Area: 5,400 SF 
Perforated Pipe: 60 L.F. of 18 inch pipe surrounded by 1 foot thick stone layer. 
Treatment Volume: 580 CF 
Cost Estimate: $ 5,350 
 
Site 42: Southwest corner of Second Street SE and Ave. G SE at Grace Baptist Church: 

Type of Project: Rain Garden (remove existing paved area to create a rain garden).  
Objective: To capture and percolate the runoff coming down the south side of 

Ave. G SE. The runoff can be easily directed into the depressional 
area/rain garden at this location as the area is the low point at that 
corner of the intersection. 

Drainage Area: 11,300 SF 
Rain Garden: 650 SF 
Treatment Volume: 470 CF (provided) 
Cost Estimate: $ 5,700 
 
Site 43: East side of Second Street SW at Ave. G SW: 

Type of Project: Rain Garden along Second Street SW.  
Objective: To capture and percolate the runoff coming down the east side of 

Second Street SW. The runoff can be easily directed into the 
depressional area/rain garden at this location as the area is lower than 
the adjacent edge of pavement. 

Drainage Area: 5,000 SF 
Rain Garden: 750 SF 
Treatment Volume: 540 CF (provided) 
Cost Estimate: $ 4,175 
 

Site 45: South side of Ave. M SW between Seventh St. SW and Eighth St. SW adjacent to 

Southside Baptist Church: 

Type of Project: Rain Garden along Ave. M SW.  
Objective: To capture and percolate the runoff coming down the south side of 

Ave. M SW. The runoff can be easily directed into the depressional 
area/rain garden at this location as the area is lower than the adjacent 
edge of pavement. 

Drainage Area: 12,500 SF 
Rain Garden: 750 SF 
Treatment Volume: 540 CF (provided) 
Cost Estimate: $ 4,175 
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Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake May, Hydrilla eradication has been completed over as much as 26 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake May is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (1.4 feet). The maximum planting effort could result in vegetation cover of 
approximately 30 percent of the lake bottom (15 acres). Due to the extensive organic material 
located in Lake May, it is recommended that SAV planting be performed after sediment 
removal/inactivation, if completed. If sediment removal is completed, the planting area would 
need to be recalculated using updated bathymetry data. 

Cost Estimate: $100,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake May has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake May is recommended due to the lack 
of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance.  

Project 5: Artificial Circulation 

Due to the shallow water depths recorded in Lake May (median of 3.4 feet), artificial circulation 
is not initially recommended as a restoration project for the Lake (ERD 2010). After sediment 
removal, conditions in Lake May could be conducive for artificial circulation. A reevaluation of 
water quality conditions should be performed prior to the project design for artificial circulation. 
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4.17. Middle Lake Hamilton 

Background 

Physical and chemical characteristics specific to Middle Lake Hamilton are presented here in the 
context of relevant regulatory criteria and requirements (Table 4-34). Middle Lake Hamilton 
(WBID 15002), located in the WHCL Northern Chain, is hydrologically connected to lakes 
Hamilton and Little Lake Hamilton via constructed navigable canals (Photo 4-20, Figure 4-68). 
Middle Lake Hamilton has not been declared verified impaired; therefore, a TMDL is not 
required. However, the NNC are performance based, and an exceedance more than once every 
three years results in non-compliance. The annual geometric chlorophyll a and TN mean in 2005 
through 2007 were above the NNC. Insufficient data were available to evaluate TP in 
comparison to the NNC target based on the EPA data requirements. The TN and chlorophyll a 
geometric mean for Middle Lake Hamilton for the period of 1997 to 2007 and corresponding 
EPA NNC water quality targets are listed in Table 4-34. To comply with the NNC, concentration 
reductions of 18 percent for TN and 33 percent for chlorophyll a are required. 

A summary of water quality statistics for Middle Lake Hamilton is presented in Table 4-35. 
Median chlorophyll a, TN and TP concentrations exceed the NNC targets provided by EPA for 
Middle Lake Hamilton. Chlorophyll a concentrations in Lake Haines have fluctuated but have 
remained consistently elevated above 20 µg/L (Figure 4-69). A statistically significant trend in 
chlorophyll a concentrations from 1994 to 2007 was not observed (seasonal Kendall-Tau, p > 
0.10). Lack of eradication projects in Middle Lake Hamilton suggest that Hydrilla infestations do 
not appear to be a problem.  Middle Lake Hamilton is adjacent to a terminal lake, therefore, 
improvements in water quality of the lake would result in little benefits farther downstream. 

The Middle Lake Hamilton watershed is 1,072 acres in size and includes 199 acres (19 percent) 
of developed lands compared to 873 acres (81 percent) of undeveloped lands. The 2000-2007 
median color value (115 PCU) was above 40 PCU indicating the lake is a colored lake. Using the 
adopted EPA NNC for Florida lakes, characterization of alkalinity or acidity is not necessary 
based on the colored classification of Middle Lake Hamilton. The lake area, perimeter, water 
depth, and volume statistics are based on a water level elevation of 118 feet in February of 2010. 
Bathymetry data are available for Middle Lake Hamilton for the February 2010 water level 
elevation  (Figure 4-70). Changes in overall surface area, water depth, and volume of the lake 
should be considered during the development and implementation of water quality restoration 
projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Middle Lake Hamilton water quality and the surrounding watershed characteristics, 
five potential water quality restoration projects were identified using the WHCL WQMP 
decision key (Figure 4-71). The decision key presents the factors on which yes/no decisions were 
based and used to identify and select water quality improvement projects. Projects to address 
water quality, nutrient and sediment loading, and reduced lake levels are proposed. The projects 
are listed in order of priority, based on expected water quality improvements. A detailed 
discussion of the potential water quality restoration implications for each project can be found in 
Section 3.0.   
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• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: Forested Wetland Rehydration 

• Project 4: SAV Planting/Management or FTWs 

• Project 5: EAV Planting/Management 

Table 4-34. Physical, chemical, and regulatory characteristics of Middle Lake Hamilton. 

Physical 

Location in chain Northern High infiltration soils (acres) 332 (31 percent) 

Relation to other lakes Adjacent to Terminal Developed land (acres) 199 (19 percent) 

Watershed area (acres) 1,072 Undeveloped land (acres) 873 (81 percent) 

Lake area (acres)* 101 Median water depth (feet)* 3.7 

Perimeter (feet)* 10,932 Maximum water depth (feet)* 5.7 

Surface area: lake volume ratio* 0.28 
Volume (acre-feet)* 359 

Watershed to surface area ratio* 10.61 

Water Chemistry 

Locally-derived: acidic or 
alkaline 

NA Clear or colored Colored 

Geometric mean chlorophyll a 
(µg/L) 

30 
NNC chlorophyll a target 
(µg/L)  

20 

Geometric mean TN (mg/L) 1.51 NNC TN target (mg/L)  1.23 

Geometric mean TP (mg/L) ID NNC TP target (mg/L)  0.050 

Regulatory Data 

Impaired Yes TMDL status NA 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

ID 

*at a water level elevation of 118 feet  
**presented in section 5.0 

NA- Not Applicable 
ID- Insufficient Data   
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Photo 4-20. Fisherman on Middle Lake Hamilton. 

 

 

 

Table 4-35. Middle Lake Hamilton water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 26 3 27 54 

Color (PCU) 19 50 115 200 

Conductivity (µmhos/cm) 19 169 204 271 

Dissolved oxygen (mg/L) 19 4.98 7.5 9.46 

pH 19 6.21 7.24 7.91 

Secchi depth (feet) 26 1.1 2.1 3.0 

Total nitrogen (mg/L) 26 1.05 1.56 2.46 

Total phosphorus (mg/L) 21 0.043 0.070 0.167 
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Figure 4-68. Middle Lake Hamilton and associated watershed. 
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Figure 4-69. Middle Lake Hamilton chlorophyll a concentrations using available data from 
1993 to 2007. 
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Figure 4-70. Middle Lake Hamilton bathymetry (February 2010) at water level elevation = 
118 feet (Polk County Water Atlas). 

 

•  
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Figure 4-71. Middle Lake Hamilton decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Middle Lake Hamilton watershed has approximately 332 acres (31 percent of the watershed) 
classified as high infiltration soils. A TMDL is not required for Middle Lake Hamilton and the 
Northern Chain was not included in the PLRG study (USF 2005), therefore data to estimate SIA 
acres for TP load reduction are not available at this time.  The SIA design should be focused on 
recharging the surficial aquifer. SIA implementation could have a double benefit of increasing 
storage to supplement dry season lake levels and a reduction in stormwater loads that can be later 
applied to the required TMDL TP load reduction. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Middle Lake Hamilton may have resulted in substantial internal 
nutrient loads due to phosphorus release from sediments. Presently, sufficient data are not 
available to evaluate the internal phosphorus load and calculate the phosphorus decay rate and 
the time at which the phosphorus will ultimately become biologically unavailable in the lake 
sediments. A feasibility study is required to determine whether sediment removal/inactivation is 
necessary to reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 
 
Project 3: Forested Wetland Rehydration (and Restoration) 

Approximately 19 percent of the land cover within the 500 foot buffer surrounding Middle Lake 
Hamilton is classified as wetlands using the 2006 FLUCS data. Forested wetlands encompass 
five percent of the total wetland area, which is not within the 10 to 20 percent recommended 
forested wetland cover required to maintain color levels above 50 PCU.  

Middle Lake Hamilton has a watershed area of 1,072 acres draining into the 101-acre lake 
(watershed to lake ratio of 10.61). Also, a relatively large portion of the watershed is 
undeveloped (81 percent) and has low percolation soils (84 percent).  

One proposed project is to rehydrate (restore) approximately 350 acres (Figure 4-72) of 
historically low lying lands that have been drained by the Haines City Drainage Canal. This 
project would treat stormwater runoff from a substantial portion of the watershed before it enters 
the lake and has been recommended by the Sustainable Water Resource Management Plan for re-
creating lost storage in the watershed. A feasibility study is recommended to evaluate the 
proposed project area for inundation.  

Feasibility study cost estimate: $100,000. 

Project 4: SAV Planting or FTWs 

SAV Planting 

Middle Lake Hamilton does not have a history of Hydrilla infestations. A survey of existing 
SAV cover in Middle Lake Hamilton is recommended due to the lack of sufficient data to 
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calculate percent lake cover. Based on the results of the SAV survey, conclusions regarding SAV 
planting can be determined. If SAV cover is less than 30 percent, lake conditions should be 
evaluated to assess if additional SAV is viable based on the soil condition, water clarity and 
water depth. 

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (2.1 feet). The maximum planting effort for Middle Lake Hamilton cannot be 
calculated until the electronic bathymetry data are acquired.  

Cost Estimate: A cost estimate will be generated upon receipt of the bathymetry data.  

FTWs 

If the feasibility study indicates that more than 30 percent of Middle Lake Hamilton has SAV 
cover, FTW may be considered. The installation of floating mats with appropriate aquatic 
vegetation would be expected to assimilate nutrients from the water column.  

 
Project 5: EAV Planting 

A survey of existing shoreline vegetation surrounding Middle Lake Hamilton is recommended 
due to the lack of sufficient data at this time. Based on the results of the shoreline survey, 
conclusions and recommendations regarding emergent aquatic or woody vegetation planting can 
be determined. If limited shoreline vegetation is present, shoreline conditions should be 
evaluated to assess if vegetation planting is viable based on the soil conditions, slope, water level 
and inundation frequency and wave disturbance. 
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Figure 4-72. Proposed forested wetland rehydration project area for Middle Lake 
Hamilton. 
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4.18. Lake Mirror 

Background 

Physical and chemical characteristics specific to Lake Mirror are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-36). Lake Mirror (WBID 1521G) is 
located in the Southern Chain of the WHCL and is hydrologically connected to lakes Cannon 
and Spring via constructed navigable canals (Photo 4-21, Figure 4-73). In 2005, Lake Mirror was 
declared verified impaired based on elevated TSI values (>60). A TMDL was adopted for the 
Southern Chain of the WHCL, including Lake Mirror (FDEP 2007), and Lake Mirror was 
subsequently delisted from impairment by FDEP in 2010. Based on the modeled external TP 
load to Lake Mirror, a 27.5 percent reduction in TP load (15.9 kg TP/year) is required to comply 
with the TSI criteria of 60 (FDEP 2007). The TP, TN, and chlorophyll a geometric mean for 
Lake Mirror for the period of 1997 to 2007 and corresponding EPA NNC water quality targets 
are listed in Table 4-36. To comply with the NNC, concentration reductions of 44 percent for TP, 
24 percent for TN, and 48 percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Mirror is presented in Table 4-37. The median 
recorded chlorophyll a, TN, and TP concentrations exceed the NNC targets provided by EPA for 
Lake Mirror. Chlorophyll a concentrations in Lake Mirror have fluctuated but have remained 
consistently elevated above 20 µg/L (Figure 4-74). A statistically significant trend in chlorophyll 
a concentrations from 1983 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). No 
water quality improvement projects have been implemented in Lake Mirror to restore water 
quality. Hydrilla eradication projects have been implemented in Lake Mirror treating greater 
than 40 percent of the lake surface area in some years. Lake Mirror is an intermediate lake so 
improvements in water quality of the lake could result in some benefit farther downstream. 

The Lake Mirror watershed is 163 acres in size and includes 144 acres (88 percent) of developed 
lands compared to 19 acres (12 percent) of undeveloped lands. The 2000-2007 median color 
value (17 PCU) was below 40 PCU indicating it is a clear (non-colored) lake and specific 
conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume 
statistics are based on a water level elevation of 129 feet in December 2009. Bathymetry data are 
available for Lake Mirror for the December 2009 water level elevation (Figure 4-75). A water 
level of 130 feet was reported in July 2010, reflecting a 1.0 foot increase in water elevation when 
compared to 2009. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects.  

Water Quality Restoration Project Selection and Priorities 

Based on Lake Mirror water quality and the surrounding watershed characteristics, four potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-76). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   
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• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-36. Physical, chemical, and regulatory characteristics of Lake Mirror. 

Physical 

Location in chain Southern High infiltration soils (acres) 138 (84 percent) 

Relation to other lakes Intermediate Developed land (acres) 144 (88 percent) 

Watershed area (acres) 163 Undeveloped land (acres) 19 (12 percent) 

Lake area (acres)* 127 Median water depth (feet)* 10.7 

Perimeter (feet)* 9,189 Maximum water depth (feet)* 13.6 

Surface area: lake volume ratio* 0.12 
Volume (acre-feet)* 1,045 

Watershed to surface area ratio* 1.28 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

38 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.32 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.054 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

44 percent 

*at a water level elevation of 129 feet                  † TMDL adopted 
**presented in section 5.0 
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Photo 4-21. View of north shoreline of Lake Mirror. 

 

Table 4-37. Lake Mirror water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 35 9 32 85 

Color (PCU) 27 10 17 80 

Conductivity (µmhos/cm) 25 190 209 240 

Dissolved oxygen (mg/L) 25 6.68 8.73 11.34 

pH 25 7.11 8.16 9.36 

Secchi depth (feet) 38 0.9 2.1 4.4 

Total nitrogen (mg/L) 38 0.86 1.41 2.24 

Total phosphorus (mg/L) 34 0.006 0.040 0.080 
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Figure 4-73. Lake Mirror and associated watershed.  
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Figure 4-74. Lake Mirror chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-75. Lake Mirror bathymetry (December 2009) at water level elevation = 129 feet 
(Polk County Water Atlas).  
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Figure 4-76.  Lake Mirror decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Mirror watershed has approximately 138 acres (84 percent of the watershed) classified 
as high infiltration soils. A TMDL has been established for Lake Mirror, and as such, the SIA 
design should be focused on satisfying the TMDL requirements. SIA projects would need to 
encompass approximately three percent (five acres) of the watershed in order to accomplish an 
annual 15.9 kg reduction in TP loads to Lake Mirror. Acres of SIA estimated to meet the TP 
NNC was ten (six percent of the watershed) for a 17 percent phosphorus reduction in Lake 
Mirror to meet its NNC. Eighty-four percent of the watershed is characterized by high infiltration 
soils; therefore, it may be feasible to satisfy the TMDL load reductions through SIA 
implementation. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Mirror may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 

Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Mirror, as much as 46 percent of the lake surface has been treated for Hydrilla 
eradication. A survey of existing SAV cover in Lake Mirror is recommended due to the lack of 
sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

The median secchi depth from 1997-2007 in Lake Mirror was 2.1 feet indicating that SAV 
should not be planted in water depths greater than 2 feet. The maximum planting effort should 
result in vegetation cover of approximately 12 percent of the lake bottom (15 acres).  

Cost Estimate: $100,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Mirror has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.   
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Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Mirror is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.19. Lake Rochelle 

Background 

Physical and chemical characteristics specific to Lake Rochelle are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-38). Lake Rochelle (WBID 1488B) is 
located in the WHCL Northern Chain and is hydrologically connected to lakes Conine and 
Haines via constructed navigable canals (Photo 4-22, Figure 4-77). In 2005, Lake Rochelle was 
declared verified impaired based on elevated TSI values (>60). A TMDL is required for Lake 
Rochelle to calculate load reductions necessary to satisfy the TSI criteria. The TP, TN, and 
chlorophyll a geometric means for Lake Rochelle for the period of 1997 to 2007 and 
corresponding EPA NNC water quality targets are listed in Table 4-39. To comply with the 
NNC, concentration reductions of 37 percent for TP, 7 percent for TN and 22 percent for 
chlorophyll a are required. 

A summary of water quality statistics for Lake Rochelle is presented in Table 4-39.  Median 
chlorophyll a, TN and TP concentrations exceed the NNC targets provided by EPA for Lake 
Rochelle. Chlorophyll a concentrations in Lake Rochelle have fluctuated but have remained 
consistently elevated above 20 µg/L (Figure 4-78). A statistically significant trend in chlorophyll 
a concentrations from 1986 to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). Multiple 
Hydrilla eradication projects have been completed in the past several years, with greater than 60 
percent of the lake being treated in 2002 and 2006. No water quality improvement projects have 
been implemented in Lake Rochelle to restore water quality. Lake Rochelle is adjacent to a 
headwater lake; therefore, improvements in water quality of the lake could result in benefits 
farther downstream. 

The Lake Rochelle watershed is 1,162 acres in size and includes 290 acres (25 percent) of 
developed lands compared to 872 acres (75 percent) of undeveloped lands. The 2000-2007 
median color value (25 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate that the lake is alkaline. The lake area, perimeter, water 
depth, and volume statistics are based on a water level elevation of 128 feet in October 2005. 
Bathymetry data are available for Lake Rochelle for the October 2005 water level elevation 
(Figure 4-79). A water level of 126 feet was reported in August 2010, reflecting a 2.0 foot 
decrease in water elevation when compared to 2005. The subsequent changes in overall surface 
area, water depth, and volume of the lake should be considered during the development and 
implementation of water quality restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Rochelle water quality and the surrounding watershed characteristics, five 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-80). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   
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• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: Forested Wetland Rehydration 

• Project 4: SAV Planting/Management or FTWs 

• Project 5: EAV Planting/Management 

Table 4-38. Physical, chemical, and regulatory characteristics of Lake Rochelle. 

Physical 

Location in chain Northern High infiltration soils (acres) 580 (50 percent) 

Relation to other lakes 
Adjacent to 
Headwater 

Developed land (acres) 290 (25 percent) 

Watershed area (acres) 1,162 Undeveloped land (acres) 872 (75 percent) 

Lake area (acres)* 583 Median water depth (feet)* 11 

Perimeter (feet)* 23,179 Maximum water depth (feet)* 22.5 

Surface area: lake volume ratio* 0.09 
Volume (acre-feet)* 6,758 

Watershed to surface area ratio* 1.99 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 26 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.07 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.047 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

37 percent 

*at a water level elevation of 128 feet  
**presented in section 5.0 
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Photo 4-22. Lake Rochelle. 

 

Table 4-39. Lake Rochelle water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 177 3 30 74 

Color (PCU) 51 10 25 135 

Conductivity (µmhos/cm) 49 182 229 274 

Dissolved oxygen (mg/L) 49 5.72 8.26 12.32 

pH 49 7.03 7.96 8.98 

Secchi depth (feet) 180 1.4 2.4 8.6 

Total nitrogen (mg/L) 182 0.371 1.07 1.71 

Total phosphorus (mg/L) 174 0.010 0.050 0.105 

 

 

  



Lake-Specific Restoration Projects 

 4-176 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-77. Lake Rochelle and associated watershed. 
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Figure 4-78. Lake Rochelle chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1986 to 2007. 

 

  



Lake-Specific Restoration Projects 

 4-178 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-79. Lake Rochelle bathymetry (October 2005) at water level elevation = 128 feet 
(Polk County Water Atlas). 

 

•  
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Figure 4-80. Lake Rochelle decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Rochelle watershed has approximately 580 acres (50 percent of the watershed) 
classified as high infiltration soils. The Northern Chain was not included in the PLRG study 
(USF 2005), therefore a TMDL has not been completed for Lake Rochelle and data to estimate 
SIA acres for TP load reduction are not available at this time. SIA implementation could have 
the additional benefit of increasing storage to supplement dry season lake levels and a reduction 
in stormwater loads that can be later applied to the required TMDL TP load reduction. As such, 
SIA design should be focused on recharging the surficial aquifer. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Rochelle may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 
 
Project 3: Forested Wetland Rehydration 

Approximately 35 percent of the land cover within the 500 foot buffer surrounding Lake 
Rochelle is classified as wetlands using the 2006 FLUCS data. Forested wetlands encompass 19 
percent of the total wetland area, which is within the 10 to 20 percent recommended forested 
wetland cover required to maintain color levels above 50 PCU. While FLUCS classifies the land 
cover as forested wetland, the hydrologic connection between the lake and adjacent land might 
not be present as is observed along the northern rim of the Lake.  

Two proposed project area were identified adjacent to Lake Rochelle are expected to rehydrate 
approximately 310 acres (Figure 4-81). The feasibility study is recommended in order to evaluate 
the proposed project area for inundation. 

Feasibility study cost estimate: $100,000. 
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Figure 4-81. Proposed forested wetland rehydration project areas for Lake Rochelle. 
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Project 4: SAV Planting or FTWs 

SAV Planting 

In Lake Rochelle, Hydrilla eradication occurs frequently attributing to the continued degradation 
in water quality. A survey of existing SAV cover in Lake Rochelle is recommended due to the 
lack of sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (2.4 feet). The maximum planting effort could result in vegetation cover of 
approximately 4 percent of the lake bottom (26 acres).  

Cost Estimate: $120,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance). 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Rochelle has SAV cover, 
FTW may be considered. The installation of floating mats with appropriate aquatic vegetation 
would be expected to assimilate nutrients from the water column.  

Project 5: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Rochelle is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.20. Lake Roy 

Background 

Physical and chemical characteristics specific to Lake Roy are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-40). Lake Roy (WBID 1521O), a lake in 
the WHCL Southern Chain, is hydrologically connected to Lake Lulu via a constructed 
navigable canal (Photo 4-23, Figure 4-82). Lake Roy has not been identified as impaired; 
therefore, no TMDL is required. The NNC are performance based, and an exceedance more than 
once every three years results in non-compliance. Insufficient data are available to compare the 
geometric means to the EPA NNC based on the EPA data requirements. However, the NNC 
targets for TN and TP are within two times the standard error of the ten year median TN and TP 
concentrations. The results of this comparison indicate that a slight degradation in water quality 
in Lake Roy could result in an impairment designation. Therefore, water quality restoration 
projects are recommended for Lake Roy as a preventative action. The TP, TN, and chlorophyll a 
geometric mean for Lake Roy for the period of 1997 to 2007 and corresponding EPA NNC water 
quality targets are listed in Table 4-41. Concentration reductions to comply with the NNC cannot 
be calculated due to the lack of sufficient data. A summary of water quality statistics for Lake 
Roy is presented in Table 4-41. The median chlorophyll a, TN and TP concentrations are below 
the NNC targets provided by EPA for Lake Roy. Chlorophyll a concentrations in Lake Roy are 
limited and fluctuate around 20 µg/L (Figure 4-83). A statistically significant trend in 
chlorophyll a concentrations from 1984 to 2007 was not observed (seasonal Kendall-Tau, p > 
0.10). No water quality improvement projects have been implemented in Lake Roy to restore 
water quality. Several Hydrilla eradication projects have been implemented in Lake Roy treating 
greater than 40 percent of lake surface area in some years. Lake Roy is adjacent to a terminal 
Lake; therefore, improvements in water quality of the lake would result in little benefit farther 
downstream. 

The Lake Roy watershed is 297 acres in size and includes 270 acres (91 percent) of developed 
lands compared to 26 acres (9 percent) of undeveloped lands. The 2000-2007 median color value 
(15 PCU) was below 40 PCU indicating it is a clear (non-colored) lake and specific conductivity 
data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume statistics are 
based on a water level elevation of 129 feet in August 2009. Bathymetry data are available for 
Lake Roy for the August 2009 water level elevation (Figure 4-84). A water level of 130 feet was 
reported in July 2010, reflecting a 1.0 foot increase in water elevation when compared to 2009. 
The subsequent changes in overall surface area, water depth, and volume of the lake should be 
considered during the development and implementation of water quality restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Roy water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-85). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   



Lake-Specific Restoration Projects 

 4-184 WHCL Water Quality Management Plan 
  Final December 2010 

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

• Project 5: Artificial Circulation 

Table 4-40. Physical, chemical, and regulatory characteristics of Lake Roy. 

Physical 

Location in chain Southern High infiltration soils (acres) 233 (78 percent) 

Relation to other lakes 
Adjacent 

to 
Terminal 

Developed land (acres) 270 (91 percent) 

Watershed area (acres) 297 Undeveloped land (acres) 26 (9 percent) 

Lake area (acres)* 74 Median water depth (feet)* 13.6 

Perimeter (feet)* 9,695 Maximum water depth (feet)* 23.1 

Surface area: lake volume ratio* 0.08 
Volume (acre-feet)* 896 

Watershed to surface area ratio* 4.01 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) ID NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) ID NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) ID NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend No trend** TP concentration reduction required ID 

*at a water level elevation of 129 feet       ID- Insufficient Data 
**presented in section 5.0                        NA- Not Applicable 
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Photo 4-23. Beach Motel adjacent to Lake Roy. 

 

Table 4-41. Lake Roy water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 6 7 15 31 

Color (PCU) 2 15 15 15 

Conductivity (µmhos/cm) 3 258 269 287 

Dissolved oxygen (mg/L) 3 9.55 10.21 10.25 

pH 3 8.58 8.77 9.37 

Secchi depth (feet) 7 2.7 3.6 5.5 

Total nitrogen (mg/L) 8 0.70 0.94 1.71 

Total phosphorus (mg/L) 8 0.021 0.028 0.040 
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Figure 4-82. Lake Roy and associated watershed. 
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Figure 4-83. Lake Roy chlorophyll a concentrations and Hydrilla treatment history using 
available data from 1984 to 2007. 

 

 
  



Lake-Specific Restoration Projects 

 4-188 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-84. Lake Roy bathymetry (August 2009) at water level elevation = 129 feet (Polk 
County Water Atlas). 
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Figure 4-85. Lake Roy decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Roy watershed has approximately 233 acres (78 percent of the watershed) classified as 
high infiltration soils. Lake Roy does not have a TMDL based on the unimpaired status, 
therefore, SIA acres estimates were calculated using data from the PLRG (USF 2005).  The SIA 
estimate for Lake Roy was 12 acres (approximately four percent of the watershed) to meet a 21 
percent PLRG. Insufficient data are available to calculate the TP geometric mean for Lake Roy, 
therefore, acres of SIA estimated to meet the TP NNC were not calculated. SIA design should be 
focused on recharging the surficial aquifer. SIA implementation should have a double benefit of 
increasing storage to supplement dry season lake levels and a reduction in stormwater loads 
which can be later applied toward TMDL TP load reduction (if necessary).  

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Roy may have resulted in substantial internal nutrient loads 
due to phosphorus release from sediments. Presently, sufficient data are not available to evaluate 
the internal phosphorus load and calculate the phosphorus decay rate and the time at which the 
phosphorus will ultimately become biologically unavailable in the lake sediments. A feasibility 
study is required to determine whether sediment removal/inactivation is necessary to reduce 
internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Roy, Hydrilla eradication has been completed over as much as 50 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake Roy is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 4 feet based on the median secchi 
depth values (3.6 feet). The maximum planting effort could result in vegetation cover of 
approximately 15 percent of the lake bottom (11 acres).  

Cost Estimate: $65,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Roy has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.   
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Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Roy is recommended due to the lack 
of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance.  

Project 5: Artificial Circulation 

The project design is based on the assumption that the system configuration developed by 
SolarBee® for Lake Blue is applicable for Lake Roy. Therefore, each circulation pump is 
assumed to effectively circulate 16 to 20 acres. The surface area of Lake is 74 acres requiring the 
purchase and installation of four SB10000 v 18 machines. 

Cost Estimate: $215,000 (estimate based on cost provided for Lake Blue by Solar Bee®). 
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4.21. Lake Shipp 

Background 

Physical and chemical characteristics specific to Lake Shipp are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-42). Lake Shipp (WBID 1521D), a lake in 
the WHCL Southern Chain, is hydrologically connected to lakes May and Lulu via constructed 
navigable canals (Photo 4-24, Figure 4-86). In 2005, Lake Shipp was declared verified impaired 
based on elevated TSI values (>60). A TMDL was adopted for the Southern Chain of the 
WHCL, including Lake Shipp (FDEP 2007), and Lake Shipp was subsequently delisted from 
impairment by FDEP in 2010. Based on the modeled external TP load to Lake Shipp, a 65 
percent reduction in TP load (145 kg TP/year) is required to comply with the TSI criteria of 60 
(FDEP 2007). The TP, TN, and chlorophyll a geometric mean for Lake Shipp for the period of 
1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-42. To 
comply with the NNC, concentration reductions of 42 percent for TP, 43 percent for TN, and 67 
percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Shipp is presented in Table 4-43. Lake Shipp 
historically received point source discharges from two WWTFs (Robert Brothers vegetable and 
Bordo’s citrus processing plant). While the effluent discharges have been eliminated, the 
discharges resulted in nutrient and sediment accumulation in the lake bottom. An inverse 
relationship between lake levels and both TP and chlorophyll a concentrations may suggest 
sediment resuspension resulting in a decline in water quality. Hydrilla eradication projects are 
performed regularly treating up to 19 percent of the lake surface area in some years. The median 
chlorophyll a, TN and TP concentrations continue to exceed the NNC targets provided by EPA 
for Lake Shipp. Chlorophyll a concentrations in Lake Shipp are elevated above 20 µg/L 
consistently (Figure 4-87). A statistically significant trend in chlorophyll a concentrations from 
1983 to 2007 was observed (seasonal Kendall-Tau, p=0.10). No water quality restoration 
projects have been implemented in Lake Shipp in order to improve water quality. Improvements 
in water quality of Lake Shipp, which is adjacent to a terminal lake, could result in little benefit 
farther downstream. 

The Lake Shipp watershed is 534 acres in size and includes 378 acres (71 percent) of developed 
lands compared to 156 acres (29 percent) of undeveloped land. The 2000-2007 median color 
value (20 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake and specific 
conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume 
statistics are based on a water level elevation of 129 feet in June 2007. Bathymetry data are 
available for Lake Shipp for the June 2007 water level elevation  (Figure 4-88). A water level of 
130 feet was reported in August 2010, reflecting a 1.0 foot increase in water elevation when 
compared to 2007. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Shipp water quality and the surrounding watershed characteristics, four potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 



Lake-Specific Restoration Projects 

 4-193 WHCL Water Quality Management Plan 
  Final December 2010 

4-89). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs)  

• Project 2: Sediment Removal/Inactivation  

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

Table 4-42. Physical, chemical, and regulatory characteristics of Lake Shipp. 

Physical 

Location in chain Southern High infiltration soils (acres) 364 (68 percent) 

Relation to other lakes 
Adjacent 

to 
Terminal 

Developed land (acres) 378 (71 percent) 

Watershed area (acres) 534 Undeveloped land (acres) 156 (29 percent) 

Lake area (acres)* 274 Median water depth (feet)* 4.5 

Perimeter (feet)* 15,064 Maximum water depth (feet)* 14.5 

Surface area: lake volume ratio* 0.18 
Volume (acre-feet)* 1,533 

Watershed to surface area ratio* 1.95 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a (µg/L) 60 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.76 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.052 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status Required† 

Chlorophyll a trend 
No 

trend** 
TP concentration reduction 
required 

42 percent 

*at a water level elevation of 129 feet                           †TMDL adopted 
**presented in section 5.0 
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Photo 4-24. Boat docks located on Lake Shipp. 

 

Table 4-43. Lake Shipp water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 101 22 46 92 

Color (PCU) 27 5 20 25 

Conductivity (µmhos/cm) 32 191 227 365 

Dissolved oxygen (mg/L) 32 5.85 8.59 10.27 

pH 32 6.8 7.79 8.71 

Secchi depth (feet) 102 0.8 1.4 3.2 

Total nitrogen (mg/L) 103 0.09 1.41 2.58 

Total phosphorus (mg/L) 98 0.01 0.058 0.139 
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Figure 4-86. Lake Shipp and associated watershed. 
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Figure 4-87. Lake Shipp chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-88. Lake Shipp bathymetry (June 2007) at water level elevation = 129 feet (Polk 
County Water Atlas). 
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Figure 4-89. Lake Shipp decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Shipp watershed has approximately 364 acres (68 percent of the watershed) classified 
as high infiltration soils. A TMDL has been established for Lake Shipp, and as such, the SIA 
design should be focused on satisfying the TMDL requirements. SIA projects would need to 
encompass approximately 11 percent (60 acres) of the watershed in order to accomplish an 
annual 145 kg reduction in TP loads to Lake Shipp. Acres of SIA estimated to meet the TP NNC 
was 47 (nine percent of the watershed) for a 42 percent phosphorus reduction in Lake Shipp to 
meet its NNC. Sixty-eight percent of the watershed is characterized by high infiltration soils; 
therefore, it may be feasible to satisfy the TMDL load reduction through SIA implementation.  

Project 2: Sediment Removal/Inactivation 

Historical point source discharges to Lake Shipp from WWTFs require further evaluation of the 
potential internal phosphorus load from the lake bottom sediments. The City of Winter Haven 
funded a Sediment Removal Feasibility Study performed by ERD to evaluate the sediment 
characteristics, phosphorus flux, and volume (ERD 2010). An estimate of the length of time until 
the pool of available phosphorus within the bottom sediments returns to background conditions 
was calculated using TP concentration in the sediments, the percent of available phosphorus and 
bulk density. Approximately 76 years are required for phosphorus concentrations to return to 
background conditions. Therefore, sediment removal/inactivation is recommended to address 
internal phosphorus loads. A cost estimate for sediment removal/inactivation has been completed 
by ERD (2010). 

Sediment Removal: Costs associated with hydraulic dredging can be highly variable depending 
upon a variety of factors such as dredge capacity, availability of disposal areas, and distance to 
disposal areas, sludge dewatering requirements, booster pump requirements, and final sediment 
disposal. Since none of these factors have been fully evaluated at this time, a general sediment 
dredging cost of approximately $10.00 per cubic yard is assumed for this analysis. This value 
assumes that a shoreline dewatering facility would be used. A summary of estimated costs for 
hydraulic dredging in Lake Shipp based on the previously determined organic sediment volumes, 
estimated dredging costs is $4,872,300. An estimated 302 ac-ft (487,227 cubic yards) of organic 
material would be removed.  

Sediment Inactivation: A summary of estimated application costs for sediment inactivation in 
Lake Shipp is given based on an application of 10:1 Al:P ratio. This estimate assumes an alum 
volume of 1,000,489 gallons and a sodium aluminate volume of 250,122 gallons would be 
applied over two applications within a 6-12 month time period. It is assumed that the alum and 
sodium aluminate are purchased at a government contract price. Planning and mobilization costs 
are estimated to be approximately $5000 per application, which includes initial planning, 
mobilization of equipment to the site, demobilization at the completion of the application 
process, and clean-up. A labor rate of $125/hour is assumed that includes labor costs, water 
quality monitoring, expenses, equipment rental, insurance, mileage, and application equipment 
fees. The estimated cost for sediment inactivation in Lake Shipp is $1,939,766 or approximately 
$969,903 per application.  
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A representative from Phoslock® has been contacted to provide a cost estimate for Phoslock® 
application to Lake Shipp to provide a cost comparison.  

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Shipp, Hydrilla eradication has been completed over as much as 49 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake Shipp is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (1.4 feet). The maximum planting effort could result in vegetation cover of 
approximately 12 percent of the lake bottom (34 acres). Due to the extensive organic material 
located in Lake Shipp, it is recommended that SAV planting be performed after sediment 
removal/inactivation, if completed. If sediment removal is completed, the planting area would 
need to be recalculated using updated bathymetry data. 

Cost Estimate: $170,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Shipp has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Shipp is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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4.22. Lake Smart 

Background 

Physical and chemical characteristics specific to Lake Smart are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-44). Lake Smart (WBID 1488A) is located 
in the WHCL Northern Chain and is hydrologically connected to lakes Conine and Fannie via 
constructed canals (Photo 4-25, Figure 4-90). The connection to Lake Conine is navigable, 
however, the connection with Lake Fannie is controlled using a gated structure and is not 
navigable. In 2005, Lake Smart was declared verified impaired based on elevated TSI values 
(>60). A TMDL is required for Lake Smart to calculate load reductions necessary to satisfy the 
TSI criteria. The TP, TN, and chlorophyll a geometric means for Lake Smart for the period of 
1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-44. To 
comply with the NNC, concentration reductions of 10 percent for TP, 13 percent for TN, and 30 
percent for chlorophyll a are required. 

A summary of water quality statistics for Lake Smart is presented in Table 4-45. Median 
chlorophyll a, TN and TP concentrations exceed the NNC targets provided by EPA for Lake 
Smart. Chlorophyll a concentrations in Lake Smart fluctuate and have remained consistently 
elevated above 20 µg/L, but appear to decrease over time (Figure 4-91). A statistically 
significant decline in chlorophyll a concentrations from 1986 to 2007 was observed (seasonal 
Kendall-Tau, p=0.0019), indicating an improvement in water quality. Multiple Hydrilla 
eradication projects have been completed in the past several years, with greater than 80 percent 
of the lake being treated in 2003. No water quality improvement projects have been implemented 
in Lake Smart to restore water quality. Lake Smart is adjacent to Lake Fannie, an isolated lake 
with a gated structure; therefore, improvements in water quality of the lake would result in little 
benefits farther downstream. 

The Lake Smart watershed is 352 acres in size and includes 67 acres (19 percent) of developed 
lands compared to 285 acres (81 percent) of undeveloped lands. The 2000-2007 median color 
value (46 PCU) was above 40 PCU indicating the lake is a colored lake. Using the adopted EPA 
NNC for Florida lakes, characterization of alkalinity or acidity is not necessary based on the 
colored classification of Lake Smart. The lake area, perimeter, water depth, and volume statistics 
are based on a water level elevation of 125 feet in June 2007. Bathymetry data are available for 
Lake Smart for the June 2007 water level elevation (Figure 4-91). A water level of 126 feet was 
reported in August 2010, reflecting a 1.0 foot increase in water elevation when compared to 
2007. The subsequent changes in overall surface area, water depth, and volume of the lake 
should be considered during the development and implementation of water quality restoration 
projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Smart water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-92). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 
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priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: Forested Wetland Rehydration 

• Project 4: SAV Planting/Management or FTWs 

• Project 5: EAV Planting/Management 

Table 4-44. Physical, chemical, and regulatory characteristics of Lake Smart. 

Physical 

Location in chain Northern High infiltration soils (acres) 291 (83 percent) 

Relation to other lakes 
Adjacent to 

Terminal 
Developed land (acres) 67 (19 percent) 

Watershed area (acres) 352 Undeveloped land (acres) 285 (81 percent) 

Lake area (acres)* 282 Median water depth (feet)* 7.2 

Perimeter (feet)* 18,678 Maximum water depth (feet)* 11.5 

Surface area: lake volume ratio* 0.13 
Volume (acre-feet)* 2,227 

Watershed to surface area ratio* 1.25 

Water Chemistry 

Locally-derived: acidic or alkaline NA Clear or colored Colored 

Geometric mean chlorophyll a 
(µg/L) 

29 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 1.42 NNC TN target (mg/L)  1.23 

Geometric mean TP (mg/L) 0.056 NNC TP target (mg/L)  0.050 

Regulatory Data 

Impaired Yes TMDL status Required 

Chlorophyll a trend Decreasing** 
TP concentration reduction 
required 

10 percent 

*at a water level elevation of 125 feet  
**presented in section 5.0 
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Photo 4-25. Lake Smart. 

 

Table 4-45. Lake Smart water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 56 2.1 26 51 

Color (PCU) 49 20 46 75 

Conductivity (µmhos/cm) 41 202 214 268 

Dissolved oxygen (mg/L) 41 6.72 10.48 12.72 

pH 41 7.51 8.38 9.38 

Secchi depth (feet) 57 0.9 2.1 4.6 

Total nitrogen (mg/L) 53 0.81 1.36 2.33 

Total phosphorus (mg/L) 56 0.012 0.055 0.131 
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Figure 4-90. Lake Smart and associated watershed. 
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Figure 4-91. Lake Smart bathymetry (June 2007) at water level elevation = 125 feet (Polk 
County Water Atlas). 

 

•  
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Figure 4-92. Lake Smart decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Smart watershed has approximately 291 acres (83 percent of the watershed) classified 
as high infiltration soils. The Northern Chain was not included in the PLRG study (USF 2005), 
therefore a TMDL has not been completed for Lake Smart and data to estimate SIA acres for TP 
load reduction are not available at this time. SIA implementation could have the additional 
benefit of increasing storage to supplement dry season lake levels and a reduction in stormwater 
loads that can be later applied to the required TMDL TP load reduction. As such, SIA design 
should be focused on recharging the surficial aquifer. 

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Smart may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 

Cost Estimate: $10,000. 

Project 3: Forested Wetland Rehydration 

Approximately 13 percent of the land cover within the 500 foot buffer surrounding Lake Smart is 
classified as wetlands using the 2006 FLUCS data. Forested wetlands encompass seven percent 
of the total wetland area, which does not satisfy the recommended forested wetland cover 
required to maintain color levels above 50 PCU.   

One proposed project area was identified adjacent to Lake Smart and is expected to rehydrate 
approximately 15 acres (Figure 4-93). The feasibility study is recommended in order to evaluate 
the proposed project area for inundation.  

Feasibility study cost estimate: $60,000. 

Project 4: SAV Planting or FTWs 

SAV Planting 

In Lake Smart, Hydrilla eradication occurs frequently attributing to the continued degradation in 
water quality. A survey of existing SAV cover in Lake Smart is recommended due to the lack of 
sufficient data to calculate percent lake cover. Based on the results of the SAV survey, 
conclusions regarding SAV planting can be determined. If SAV cover is less than 30 percent, 
lake conditions should be evaluated to assess if additional SAV is viable based on the soil 
condition, water clarity and water depth. Hydrilla harvesting may be required for successful 
establishment of selected SAV plants.  
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SAV plants should not be planted in water depths greater than 2 feet based on the median secchi 
depth values (2.1 feet). The maximum planting effort could result in vegetation cover of 
approximately 7 percent of the lake bottom (21 acres).  

Cost Estimate: $100,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Smart has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 5: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Smart is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance. 
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Figure 4-93. Proposed forested wetland rehydration project area for Lake Smart. 
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4.23. Lake Spring 

Background 

Physical and chemical characteristics specific to Lake Spring are presented here in the context of 
relevant regulatory criteria and requirements (Table 4-46). Lake Spring (WBID 1521G1) is a 
headwater lake located in the WHCL Southern Chain and is hydrologically connected to Lake 
Mirror via a constructed navigable canal (Photo 4-26, Figure 4-94). Lake Spring has not been 
declared verified impaired; therefore, a TMDL is not required. However, the NNC are 
performance based, and an exceedance more than once every three years results in non-
compliance. The annual geometric chlorophyll a and TN mean in 2005 and 2006 were above the 
NNC. Insufficient data were available to evaluate TP in comparison to the NNC target based on 
the EPA data requirements. The TN and chlorophyll a geometric mean for Lake Spring for the 
period of 1997 to 2007 and corresponding EPA NNC water quality targets are listed in Table 4-
46. To comply with the NNC, concentration reductions of 9 percent for chlorophyll a are 
required. 

A summary of water quality statistics for Lake Spring is presented in Table 4-47. The median 
recorded chlorophyll a and TP concentrations exceed the NNC targets provided by EPA for Lake 
Spring while the TN concentrations are below the target. Chlorophyll a concentrations in Lake 
Spring fluctuate but have remained consistently elevated above 20 µg/L (Figure 4-95). A 
statistically significant trend in chlorophyll a concentrations from 1983 to 2007 was not observed 
(seasonal Kendall-Tau, p > 0.10). Hydrilla eradication projects have been implemented regularly 
since 1990 treating greater than 40 percent of the lake surface area in some years. No water 
quality improvement projects have been implemented in Lake Spring to restore water quality. 
Lake Spring is an intermediate lake hydrologically connected to Lake Mirror, therefore, 
improvements in water quality of the lake could result in some benefit farther downstream. 

The Lake Spring watershed is 93 acres in size and includes 87 acres (93 percent) of developed 
lands compared to 6 acres (3 percent) of undeveloped lands. The 2000-2007 median color value 
(15 PCU) was below 40 PCU indicating it is a clear (non-colored) lake and specific conductivity 
data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume statistics are 
based on a water level elevation of 129 feet in June 2007. Bathymetry data are available for Lake 
Spring for the June 2007 water level elevation (Figure 4-96). A water level of 130 feet was 
reported in August 2010, reflecting a 1.0 foot increase in water elevation when compared to 
2007. The subsequent changes in overall surface area, water depth, and volume of the lake 
should be considered during the development and implementation of water quality restoration 
projects.  

Water Quality Restoration Project Selection and Priorities 

Based on Lake Spring water quality and the surrounding watershed characteristics, five potential 
water quality restoration projects were identified using the WHCL WQMP decision key (Figure 
4-97). The decision key presents the factors on which yes/no decisions were based and used to 
identify and select water quality improvement projects. Projects to address water quality, nutrient 
and sediment loading, and reduced lake levels are proposed. The projects are listed in order of 



Lake-Specific Restoration Projects 

 4-211 WHCL Water Quality Management Plan 
  Final December 2010 

priority, based on expected water quality improvements. A detailed discussion of the potential 
water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

• Project 5: Artificial Circulation 

Table 4-46. Physical, chemical, and regulatory characteristics of Lake Spring. 

Physical 

Location in chain Southern High infiltration soils (acres) 58 (62 percent) 

Relation to other lakes Headwater Developed land (acres) 87 (93 percent) 

Watershed area (acres) 93 Undeveloped land (acres) 6 (3 percent) 

Lake area (acres)* 25 Median water depth (feet)* 3.2 

Perimeter (feet)* 4,176 Maximum water depth (feet)* 18.7 

Surface area: lake volume ratio* 0.10 
Volume (acre-feet)* 240 

Watershed to surface area ratio* 3.72 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

22 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 0.93 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) ID NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired Yes TMDL status NA 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

ID 

*at a water level elevation of 129 feet  
**presented in section 5.0 

NA- Not applicable 
ID- Insufficient Data   
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Photo 4-26. North view of Lake Spring. 

 

Table 4-47. Lake Spring water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 32 8.81 21 64 

Color (PCU) 23 10 15 25 

Conductivity (µmhos/cm) 21 185 207 244 

Dissolved oxygen (mg/L) 21 4.72 8.66 10.88 

pH 21 6.87 7.76 9.23 

Secchi depth (feet) 34 1.1 2.7 5.3 

Total nitrogen (mg/L) 34 0.57 0.94 2.2 

Total phosphorus (mg/L) 30 0.014 0.039 0.094 
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Figure 4-94. Lake Spring and associated watershed. 
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Figure 4-95. Lake Spring chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-96. Lake Spring bathymetry (June 2007) at water level elevation = 129 feet (Polk 
County Water Atlas). 
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Figure 4-97. Lake Spring decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

The Lake Spring watershed has approximately 58 acres (62 percent of the watershed) classified 
as high infiltration soils. Lake Spring does not have a TMDL, therefore, SIA acres estimates 
were calculated using data from the PLRG (USF 2005).  Based on the water quality conditions 
modeled in the PLRG, a TP load reduction for Lake Spring is not required to achieve a TSI of 
60.  Additionally, insufficient data were available to estimate the required load reduction to mee 
the NNC. As such, SIA design should be focused on recharging the surficial aquifer. SIA 
implementation could have the additional benefit of increasing storage to supplement dry season 
lake levels and a reduction in stormwater loads that can be later applied to the required TMDL 
TP load reduction.  
 
Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Spring may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Spring, Hydrilla eradication has been completed over as much as 58 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake Spring is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 4 feet based on the median secchi 
depth values. The median secchi depth from 1997-2007 in Lake Spring was 2.7 feet. The 
maximum planting effort could result in vegetation cover of approximately 22 percent of the lake 
bottom (6 acres).  

Cost Estimate: $35,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 
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FTWs 

If the feasibility study indicates that more than 30 percent of Lake Spring has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.  

Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Spring is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance.  

Project 5: Artificial Circulation 

The project design is based on the assumption that the system configuration developed by 
SolarBee® for Lake Blue is applicable for Lake Spring. Each circulation pump is assumed to 
effectively circulate 16 to 20 acres. The surface area of Lake Spring is 25 acres requiring the 
purchase and installation of one SB10000 v 18 machines.  

Cost Estimate: $55,000 (estimate based on cost provided for Lake Blue by SolarBee®). 
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4.24. Lake Summit 

Background 

Physical and chemical characteristics specific to Lake Summit are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-48). Lake Summit (WBID 1521M), a 
lake in the WHCL Southern Chain, is hydrologically connected to Lake Eloise via a constructed 
navigable canal (Photo 4-27, Figure 4-98). Lake Summit has not been identified as impaired; 
therefore, no TMDL is required. The NNC are performance based, and an exceedance more than 
once every three years results in non-compliance. Limited data were available to compare the 
geometric means to the EPA NNC based on the EPA data requirements. However, the NNC 
targets for TN and TP are within two times the standard error of the ten year median TN and TP 
concentrations. The results of this comparison indicate that a slight degradation in water quality 
in Lake Summit could result in an impairment designation. Therefore, water quality restoration 
projects are recommended for Lake Summit as a preventative action. The TP, TN, and 
chlorophyll a geometric mean for Lake Summit for the period of 1997 to 2007 and 
corresponding EPA NNC water quality targets are listed in Table 4-48.   

A summary of water quality statistics for Lake Summit is presented in Table 4-49. The median 
chlorophyll a, TN and TP concentrations are below the NNC targets provided by EPA for Lake 
Summit. Chlorophyll a concentrations in Lake Summit are variable with values peaking above 
20 µg/L (Figure 4-99). A statistically significant trend in chlorophyll a concentrations from 1983 
to 2007 was not observed (seasonal Kendall-Tau, p > 0.10). No water quality improvement 
projects have been implemented in Lake Summit to restore water quality. Several Hydrilla 
eradication projects have been implemented in Lake Summit treating greater than 50 percent of 
lake surface area in some years. Lake Summit is an intermediate lake; therefore, improvements 
in water quality of the lake could result in some benefit farther downstream. 

The Lake Summit watershed is 123 acres in size and includes 120 acres (98 percent) of 
developed lands compared to 3 acres (2 percent) of undeveloped lands. The 2000-2007 median 
color value (15 PCU) was below 40 PCU indicating it is a clear (non-colored) lake and specific 
conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, and volume 
statistics are based on a water level elevation of 129 feet in August 2009. Bathymetry data are 
available for Lake Summit for the August 2009 water level elevation (Figure 4-100). A water 
level of 130 feet was reported in July 2010, reflecting a 1.0 foot increase in water elevation when 
compared to 2009. The subsequent changes in overall surface area, water depth, and volume of 
the lake should be considered during the development and implementation of water quality 
restoration projects. 

Water Quality Restoration Project Selection and Priorities 

Based on Lake Summit water quality and the surrounding watershed characteristics, five 
potential water quality restoration projects were identified using the WHCL WQMP decision key 
(Figure 4-101). The decision key presents the factors on which yes/no decisions were based and 
used to identify and select water quality improvement projects. Projects to address water quality, 
nutrient and sediment loading, and reduced lake levels are proposed. The projects are listed in 
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order of priority, based on expected water quality improvements. A detailed discussion of the 
potential water quality restoration implications for each project can be found in Section 3.0.   

• Project 1: Stormwater Infiltration Areas (SIAs) 

• Project 2: Sediment Removal/Inactivation 

• Project 3: SAV Planting/Management or FTWs 

• Project 4: EAV Planting/Management 

• Project 5: Artificial Circulation 

Table 4-48. Physical, chemical, and regulatory characteristics of Lake Summit. 

Physical 

Location in chain Southern High infiltration soils (acres) 122 (99 percent) 

Relation to other lakes Intermediate Developed land (acres) 120 (98 percent) 

Watershed area (acres) 123 Undeveloped land (acres) 3 (2 percent) 

Lake area (acres)* 67 Median water depth (feet)* 14.8 

Perimeter (feet)* 9,378 Maximum water depth (feet)* 26.1 

Surface area: lake volume ratio* 0.09 
Volume (acre-feet)* 758 

Watershed to surface area ratio* 1.84 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

15 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 0.89 NNC TN target (mg/L)  1.00 

Geometric mean TP (mg/L) 0.027 NNC TP target (mg/L)  0.030 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend No trend** 
TP concentration reduction 
required 

NA 

*at a water level elevation of 129 feet  
**presented in section 5.0 
NA- Not applicable 

 
  



Lake-Specific Restoration Projects 

 4-221 WHCL Water Quality Management Plan 
  Final December 2010 

Photo 4-27. Lake Summit. 

 

Table 4-49. Lake Summit water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 40 4 14 42 

Color (PCU) 25 10 15 20 

Conductivity (µmhos/cm) 24 234 265 312 

Dissolved oxygen (mg/L) 24 6.98 8.89 9.83 

pH 24 7.18 8.00 9.23 

Secchi depth (feet) 44 1.5 4.2 11.8 

Total nitrogen (mg/L) 44 0.63 0.84 1.64 

Total phosphorus (mg/L) 40 0.01 0.028 0.081 
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Figure 4-98. Lake Summit and associated watershed. 
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Figure 4-99. Lake Summit chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-100. Lake Summit bathymetry (August 2009) at water level elevation = 129 feet 
(Polk County Water Atlas).  

 

 



Lake-Specific Restoration Projects 

 4-225 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 4-101. Lake Summit decision key: highlighted path shows decision process. 
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Project 1: Stormwater Infiltration Areas (SIAs) 

Within the Lake Summit watershed has approximately 122 acres (99 percent of the watershed) 
classified as high infiltration soils. A TMDL is not required for Lake Summit due to the 
unimpaired status; therefore, SIA acres estimates were calculated using data from the PLRG 
(USF 2005).  The SIA estimate for Lake Summit was 2 acres (approximately one percent of the 
watershed) to meet an 11 percent PLRG. The TP geometric mean for Lake Summit is below the 
NNC; therefore, acres of SIA estimated to meet the TP NNC were not calculated.  SIA design 
should be focused on recharging the surficial aquifer. SIA implementation could have a double 
benefit of increasing storage to supplement dry season lake levels and a reduction in stormwater 
loads that can be later applied to the required TMDL TP load reduction (if necessary).   

Project 2: Sediment Removal/Inactivation 

Non-point source discharges to Lake Summit may have resulted in substantial internal nutrient 
loads due to phosphorus release from sediments. Presently, sufficient data are not available to 
evaluate the internal phosphorus load and calculate the phosphorus decay rate and the time at 
which the phosphorus will ultimately become biologically unavailable in the lake sediments. A 
feasibility study is required to determine whether sediment removal/inactivation is necessary to 
reduce internal phosphorus loads to the lake. 
 
Cost Estimate: $10,000. 

Project 3: SAV Planting or FTWs 

SAV Planting 

In Lake Summit, Hydrilla eradication has been completed over as much as 59 percent of the lake 
surface area attributing to the continued degradation in water quality. A survey of existing SAV 
cover in Lake Summit is recommended due to the lack of sufficient data to calculate percent lake 
cover. Based on the results of the SAV survey, conclusions regarding SAV planting can be 
determined. If SAV cover is less than 30 percent, lake conditions should be evaluated to assess if 
additional SAV is viable based on the soil condition, water clarity and water depth. Hydrilla 
harvesting may be required for successful establishment of selected SAV plants.  

SAV plants should not be planted in water depths greater than 4 feet based on the median secchi 
depth values (4.2 feet). The maximum planting effort should result in vegetation cover of 
approximately 18 percent of the lake bottom (12 acres).  

Cost Estimate: $70,000 (estimate based on previous purchase and installation cost of $0.90 per 
plant provided by EarthBalance®, additional funds included for maintenance) 

FTWs 

If the feasibility study indicates that more than 30 percent of Lake Summit has SAV cover, FTW 
may be considered. The installation of floating mats with appropriate aquatic vegetation would 
be expected to assimilate nutrients from the water column.   
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Project 4: EAV Planting 

A survey of existing shoreline vegetation surrounding Lake Summit is recommended due to the 
lack of sufficient data at this time. Based on the results of the shoreline survey, conclusions and 
recommendations regarding emergent aquatic or woody vegetation planting can be determined. 
If limited shoreline vegetation is present, shoreline conditions should be evaluated to assess if 
vegetation planting is viable based on the soil conditions, slope, water level and inundation 
frequency and wave disturbance.  

 
Project 5: Artificial Circulation 

The project design is based on the assumption that the system configuration developed by 
SolarBee® for Lake Blue is applicable for Lake Summit. Each circulation pump is assumed to 
effectively circulate 16 to 20 acres. The surface area of Lake Summit is 67 acres requiring the 
purchase and installation of four SB10000 v 18 machines. 

 
Cost Estimate: $215,000 (estimate based on cost provided for Lake Blue by Solar Bee®). 
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4.25. Lake Winterset 

Background 

Physical and chemical characteristics specific to Lake Winterset are presented here in the context 
of relevant regulatory criteria and requirements (Table 4-50). Lake Winterset (WBID 1521A) is 
located in the Southern Chain of the WHCL. It is hydrologically connected to lake Eloise via a 
constructed navigable canal, however the constructed canal to Little Lake Winterset is not 
navigable (Photo 4-28, Figure 4-102). In 2005, Lake Winterset was declared verified impaired 
based on elevated TSI values (>40). Later in 2005, a paleolimnological review of Lake Winterset 
supported the decision to remove the lake from the impaired list based on the evidence that the 
lake was historically eutrophic and assigned a revised TSI threshold of 60. No TMDL is required 
for Lake Winterset because it is not identified as an impaired waterbody. The TP, TN, and 
chlorophyll a geometric mean for Lake Winterset for the period of 1997 to 2007 and 
corresponding EPA NNC water quality targets are listed in Table 4-50. Concentrations 
reductions in chlorophyll a, TN, or TP are not required to comply with the NNC. 

A summary of water quality statistics for Lake Winterset is presented in Table 4-51. Median 
chlorophyll a, TN and TP concentrations do not exceed the NNC targets provided by EPA for 
Lake Fannie. Chlorophyll a concentrations in Lake Winterset fluctuate but values have remained 
below 20 µg/L sufficiently to maintain an unimpaired status  (Figure 4-103). A statistically 
significant decline in chlorophyll a concentrations from 1983 to 2007 was observed (seasonal 
Kendall-Tau, p=0.05). No water quality improvement projects have been implemented in Lake 
Winterset to restore water quality. However, several Hydrilla infestation eradication projects 
have been performed in the last ten years. Lake Winterset is an intermediate lake so 
improvements in water quality of the lake could result in some benefit farther downstream. 

The Lake Winterset watershed is 694 acres in size and includes 527 acres (76 percent) of 
developed lands compared to 167 acres (24 percent) of undeveloped lands. The 2000-2007 
median color value (10 PCU) was below 40 PCU indicating the lake is a clear (non-colored) lake 
and specific conductivity data indicate the lake is alkaline. The lake area, perimeter, water depth, 
and volume statistics are based on a water level elevation of 129 feet in July 2007. Bathymetry 
data are available for Lake Winterset for the June 2007 water level elevation  (Figure 4-104). A 
water level of 130 feet was reported in August 2010, reflecting a 1.0 foot increase in water 
elevation when compared to 2007.  

Water Quality Restoration Project Selection and Priorities 

The water quality of Lake Winterset is characterized here in the context of relevant regulatory 
criteria and requirements. No water quality restoration projects are proposed for Lake Winterset 
at this time (Figure 4-105). However, continued water quality monitoring efforts are 
recommended for ongoing evaluation. 
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Table 4-50. Physical, chemical, and regulatory characteristics of Lake Winterset. 

Physical 

Location in chain Southern High infiltration soils (acres) 542 (78 percent) 

Relation to other lakes Headwater Developed land (acres) 527 (76 percent) 

Watershed area (acres) 694 Undeveloped land (acres) 167 (24 percent) 

Lake area (acres)* 549 Median water depth (feet)* 12.7 

Perimeter (feet)* 28,242 Maximum water depth (feet)* 30.2 

Surface area: lake volume ratio* 0.06 
Volume (acre-feet)* 8,876 

Watershed to surface area ratio* 1.26 

Water Chemistry 

Locally-derived: acidic or alkaline Alkaline Clear or colored Clear 

Geometric mean chlorophyll a 
(µg/L) 

15 NNC chlorophyll a target (µg/L)  20 

Geometric mean TN (mg/L) 0.77 NNC TN target (mg/L)  1.81 

Geometric mean TP (mg/L) 0.019 NNC TP target (mg/L)  0.087 

Regulatory Data 

Impaired No TMDL status NA 

Chlorophyll a trend Decreasing** 
TP concentration reduction 
required 

NA 

*at a water level elevation of 129 feet  
**presented in section 5.0 
NA- Not applicable 
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Photo 4-28. Residential area along Lake Winterset shoreline. 

 

Table 4-51. Lake Winterset water quality summary for 1997 to 2007. 

Parameter N Minimum Median Maximum 

Chlorophyll a (µg/L) 51 4 15 26 

Color (PCU) 28 5 10 22 

Conductivity (µmhos/cm) 26 240 266 328 

Dissolved oxygen (mg/L) 26 7.29 8.96 10.6 

pH 26 7.23 7.875 9.02 

Secchi depth (feet) 55 1.5 3.6 11.8 

Total nitrogen (mg/L) 55 0.39 0.80 1.42 

Total phosphorus (mg/L) 51 0.005 0.021 0.06 
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Figure 4-102. Lake Winterset and associated watershed. 
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Figure 4-103. Lake Winterset chlorophyll a concentrations and Hydrilla treatment history 
using available data from 1983 to 2007. 
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Figure 4-104. Lake Winterset bathymetry (June 2007) at water level elevation = 129 feet 
(Polk County Water Atlas).  
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Figure 4-105. Lake Winterset decision key. 

 




