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3.0 Restoration Projects to Address Water Quality Issues 

Restoration project concepts were developed to address water quality issues specific to the 
WHCL as part of this WQMP. Some projects are proposed to address issues that have persisted 
despite previously implemented stormwater quality improvement projects. The projects and the 
science on which they are based are described in this section and rely heavily on the water 
quality characterization presented previously in Section 2. Where possible, the water quality in 
lakes with these types of management actions were compared to reference lakes, i.e. similar 
lakes in the same general region without the management action. Finally, a decision key used to 
identify projects appropriate for each lake is presented.  

Lakes in the WHCL are typically shallow (mean depth less than three meters) and restoration 
projects proposed as part of the WQMP are consistent with general characteristics of these 
shallow lakes, as opposed to deeper, stratified lakes and reservoirs outside the southeastern 
United States. For example, shallow lakes are less sensitive to significant reductions in external 
nutrient loading because interactions at the sediment-water interface tend to maintain high 
nutrient levels (Cooke et al. 2005). Therefore, diverting external nutrient loads, although 
necessary, may not be sufficient to reduce nutrient loads to the lake and sediment treatment may 
be necessary. Cooke et al. (2005) describe two alternative and often stable states of shallow 
lakes: algae-dominated turbid state at high nutrient concentrations or clear water with 
macrophytes (aquatic submergent, emergent, or floating plants). Therefore, projects that increase 
the cover of macrophytes are proposed for most lakes in the WHCL.  

3.1. Previously Implemented Restoration Projects  

The conventional approach to lake management in the WHCL system is based on the premise 
that treating stormwater will reduce nutrient loads to the level necessary to meet or exceed state 
and federal water quality regulations. Consistent with this approach, the City of Winter Haven, 
Polk County, and funding partners have completed a series of regional stormwater treatment 
projects for lakes Howard, May, Lulu, and Hartridge, as well as county projects on Lakes Jessie, 
Cannon, and Mariana, to reduce external phosphorus loads to the lakes. Construction of a 
stormwater project for the south side of Lake Conine to reduce external nutrient loading to the 
lake is also planned. Lake Hartridge is the only one of the lakes not verified impaired due to high 
nutrient levels. While stormwater projects successfully reduce external nutrient loads to lakes, 
internal nutrient loads may be large enough to delay the water quality effects of reduced external 
loads.  

WHCL treatment projects were designed to meet or exceed the TP load reduction called for by 
the TMDL for eight lakes in the WHCL (FDEP 2007). Project expectations are that water quality 
in the lakes would improve with the implemented load reductions and the lakes would no longer 
be impaired. Water clarity, chlorophyll a, and TP data from lakes Howard, May and Lulu 
(“clear” lakes) were examined for trends over time in response to load reductions. Data were not 
normally distributed and comparisons were made using the non-parametric Kruskal-Wallis test 
(p < 0.05) for the three lakes. 
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There were no significant improvements in water clarity, chlorophyll a, or TP during the post- 
stormwater project implementation period when compared with the pre- project period. Data 
graphed over time, in relation to pre-and post-project implementation are presented for water 
clarity (Figures 3-1, 3-2, 3-3), chlorophyll a (Figures 3-4, 3-5, 3-6) and TP (Figures 3-7, 3-8, 3-
9) for lakes Howard, May, and Lulu. There was, however, evidence of increased levels of 
chlorophyll a in both Lake May and Lake Lulu during the post-project period and an initial 
reduction in TP in Lake Howard (detailed later in text).  

These results suggest that regional stormwater retrofit projects, while able to exceed required TP 
load reductions, may not be adequate for managing water quality in the WHCL system. As 
described previously (section 2.5), internal phosphorus loads from sediments may be responsible 
for excessive phosphorus loads even when external phosphorus sources have been reduced and 
water quality recovery can be delayed many years if internal phosphorus flux is not addressed as 
part of a watershed management strategy. In this context, additional water quality improvement 
projects, including sediment removal or inactivation and/or submersed aquatic plant restoration, 
are proposed as part of this WQMP. 

 

Figure 3-1. Water clarity in Lake Howard, pre- and post project construction (line is three-
point moving average, orange and purple shading denote approximate times of the 

stormwater project and Hydrilla treatment, respectively). 
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Figure 3-2. Water clarity in Lake May, pre- and post project construction (line is three-
point moving average and shaded area denotes approximate time of stormwater project). 

 

 

Figure 3-3. Water clarity in Lake Lulu, pre- and post project construction (line is three-
point moving average and shaded area denotes approximate time of stormwater project). 
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Figure 3-4. Chlorophyll a levels in Lake Howard, pre
moving average, orange and purple shading denote approximate times of the 

project and 

 

Figure 3-5. Chlorophyll a levels for Lake May, pre
moving average and shading denotes approximate 
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levels in Lake Howard, pre- and post- project (line is three
moving average, orange and purple shading denote approximate times of the 

project and Hydrilla treatment, respectively). 
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Figure 3-6. Chlorophyll a levels in 
point moving average and shaded area denotes approximate 

Figure 3-7. TP in Lake Howard, pre
orange and purple shading denote approximate times of the 

Hydrilla
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levels in Lulu, pre- and post project construction
point moving average and shaded area denotes approximate time of stormwater project

TP in Lake Howard, pre- and post- project (line is three-point moving average, 
orange and purple shading denote approximate times of the stormwater 

Hydrilla treatment, respectively). 

Jan-92 Jan-96 Jan-00 Jan-04

Restoration Projects to Address Water Quality Issues 

WHCL Water Quality Management Plan 
Final December 2010 

post project construction (line is three-
time of stormwater project). 

 

point moving average, 
stormwater project and 

 

Jan-08



Restoration Projects to Address Water Quality Issues 

 3-6 WHCL Water Quality Management Plan 
  Final December 2010 

Figure 3-8. TP in Lake May, pre- and post- project (line is three-point moving average and 
shading denotes approximate time of stormwater project). 

 

Figure 3-9. TP in Lake Lulu, pre- and post- project (line is three-point moving average and 
shading denotes approximate time of stormwater project). 

 

These results also indicate that “traditional” large regional stormwater retrofit projects have not 
proven successful at improving water quality in the WHCL system, even though these projects 
were sufficient to exceed required TP load reductions called for in the WHCL TMDL report 
(FDEP 2007) and reduce phosphorus loading to the lake. In contrast, whole-lake alum 
application clearly improved water quality in Lake Conine (Figures 3-11, 3-12, and 3-13), as 
well as having downstream benefits to Lake Smart (PBS&J 2008). Sediment removal appears to 
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have benefited water quality in Lake Hollingsworth, as well as in Collier County’s Lake 
Trafford. However, while TP levels decreased in response to sediment removal in Banana Lake, 
there was no concurrent improvement in either chlorophyll a or water clarity. Based on results in 
Lake Persimmon, whole-lake aeration appears to be capable of improving water quality, 
although lake aeration is appropriate only for smaller lakes (refer to section 3.9, below) in the 
WHCL. 

3.2. Project Selection and Decision Key 

A decision key was developed specifically for the WHCL WQMP to select restoration projects 
(Figure 3-10). To apply the key, series of yes/no decisions were made for each lake, first 
pertaining to water quality regulations to decide whether a project is “required”. For example, if 
a TMDL has been established for a lake and the lake is no longer designated as impaired, the 
decision key leads to “no projects proposed” and the decision process terminates. However, if a 
lake is verified impaired and a TMDL is required for the waterbody, but the TMDL load 
reduction has not been accomplished, the decision key leads to “projects required” within the 
context of this WQMP.  
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Figure 3-10. WHCL WQMP decision key. 
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If a project is required, water quality issues such as those described in Section 2, e.g. stormwater 
inputs, lake color (ridge and valley), and sediment phosphorus, become part of the decision 
making process. The next level of the decision key addresses the presence of SAV and EAV, 
forested wetlands, and soil infiltration. Ultimately, a specific project(s) is selected, or, if data are 
insufficient, a feasibility study to gather the data necessary to select a project is recommended. In 
response to these findings, alternative lake water quality restoration approaches were examined. 
The decision key leads to seven potential projects, listed below, and described in this section.  

• Sediment removal/inactivation  

• Stormwater infiltration areas (SIAs) 

• Forested wetland rehydration 

• SAV planting 

• Floating treatment wetland 

• EAV planting  

• Artificial circulation (aeration) 

3.3. Sediment Removal/Inactivation  

Internal phosphorus loading originates from phosphorus accumulated in sediment under high 
external loading. Removing or inactivating the phosphorus-laden sediments reduces or 
eliminates the phosphorus that can be released into the water column of the lake and result in 
increased nutrient availability to algae and subsequently, increased chlorophyll a in the lake. The 
time for the lake to recover to a steady state between sediment and water column phosphorus can 
be calculated using phosphorus flux rates from sediments, sediment depth, sediment organic 
matter, and sediment bulk density (Reddy et al. 2011). The internal loading can be reduced 
significantly by various restoration methods, such as removal of phosphorus-rich surface layers 
or by the addition of iron or alum to increase the sediment's sorption capacity.  

Sediment removal and inactivation are a means of reducing available nutrients in a lake and have 
been successful in Florida and the WHCL, as documented in this section of the WQMP. 
Sediment removal physically removes the source of internal nutrient cycling, while phosphorus 
inactivation lowers lake phosphorus by inhibiting the release of mobile phosphorus from lake 
sediments.  

Significant amounts of phosphorus in lake sediments may be bound to redox-sensitive iron 
compounds or fixed in labile organic forms and may eventually be released to the lake water. 
Many factors influence the release of phosphorus. Redox sensitive mobilization from the anoxic 
zone just below the sediment surface and microbial processes are considered important, but the 
phosphorus release mechanisms are to a certain extent lake specific (Sondergaard et al. 2002). 
Phosphorus inactivation is an in-lake technique designed to lower phosphorus content in a lake 
by removal of phosphorus from the water column (phosphorus precipitation) and retarding the 
release of mobile phosphorus from lake sediments (phosphorus inactivation). Phosphorus 
inactivation is generally accomplished via addition of an aluminum salt to the lake that forms 
aluminum phosphate and an aluminum floc to which certain phosphorus fractions are bound. The 
floc settles to the lake bottom and continues to adsorb and retain phosphorus. Phosphorus 



Restoration Projects to Address Water Quality Issues 

 3-10 WHCL Water Quality Management Plan 
  Final December 2010 

inactivation is considered more economical and effective, while sediment removal has the long 
term benefit of nutrient source removal (Cooke et al. 2005). In contrast to iron, low or zero 
dissolved oxygen (DO) concentrations in lake sediments do not solubilize the floc and allow 
phosphorus release, although phosphorus may be released if the pH is high (Cooke et al. 2005). 
Sediment phosphorus inactivation treatments must reduce sediment phosphorus release for at 
least several years, lower the phosphorus concentration in the lake photic zone, and be non-toxic.  

Phosphorus inactivation provides long-term control of algal biomass by reducing the availability 
of nutrients (phosphorus), in contrast with algaecides that are directly toxic to algae and are 
effective for only brief periods. The primary objective of in-lake alum treatment is to cover the 
sediment with aluminum hydroxide. Mobile phosphorus is sorbed and internal loading is 
reduced. The formation of aluminum hydroxide may also remove particulate organic and 
inorganic matter with phosphorus from the water column. Phosphorus inactivation is an attempt 
to permanently and extensively bind phosphorus in lake sediments and essentially eliminate 
sediments as a phosphorus source to the water column. The potential use of sediment removal 
and inactivation for reducing TP in the WHCL was examined by evaluating other Florida lakes 
where removal or inactivation projects have been implemented. For sediment removal, water 
quality in Banana Lake and Lake Hollingsworth were compared to Lake Parker. Lake Parker was 
selected as the “reference” site for comparison because it is a similarly eutrophic lake that has 
not had a removal project. In-lake water quality responses to sediment removal were also 
examined for Lake Trafford in Collier County.  

Sediment removal has become an established fisheries management technique for lakes 
throughout Florida (Aresco and Gunzburger 2004) based on studies in which immediate positive 
fisheries response followed a water level drawdown and sediment removal in Lake 
Tohopekaliga, Florida (e.g. Moyer et al. 1995). However, sediment removal may negatively 
impact herpetofauna (Aresco and Gunzburger 2004). Sediment inactivation via alum treatment 
requires periodic maintenance and treatment if hydrologically connected, may affect downstream 
waters.  

Sediment Inactivation  

Water quality data for Lake Conine demonstrate that a properly designed and implemented 
whole-lake alum treatment can improve water quality in lakes in the WHCL. Water clarity, 
chlorophyll a, and TP data were graphed for Lakes Parker and Conine relative to the occurrence 
of whole-lake alum treatment in Lake Conine in the mid-1990s (Figures 3-11, 3-12, 3-13) and 
compared between the lakes (Kruskal-Wallis test, p < 0.05). Water clarity increased, TP 
decreased, and chlorophyll a subsequently decreased in Lake Conine following treatment. In 
contrast, there was no change in water clarity and chlorophyll a and TP increased in Lake Parker 
during the same time. The graph for Lake Conine also illustrates a TP reduction in the lake 
associated with a 1980s diversion of a domestic waste water treatment facility (WWTF) point 
source diversion.  
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Figure 3-11. Water clarity in lakes Conine and Parker (line is three
and shading denotes time of whole

Figure 3-12. Chlorophyll a in lakes Conine and Parker (line is three
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Water clarity in lakes Conine and Parker (line is three-point moving average 
and shading denotes time of whole-lake alum treatment in Lake Conine).

in lakes Conine and Parker (line is three-point moving average 
and shading denotes approximate time of whole-lake alum treatment in Lake Conine).
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Figure 3-13. TP in lakes Conine and Parker (line is three
shading denotes approximate time of whole
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TP in lakes Conine and Parker (line is three-point moving average and 
shading denotes approximate time of whole-lake alum treatment in Lake Conine).
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The relationship between sediment removal projects and water quality was less consistent in 
Banana Lake. TP decreased in Banana Lake following sediment removal but increased during 
the same time period in Lake Parker. There was no evidence of improved water clarity or 
chlorophyll a in Banana Lake following sediment removal. Sediment removal may have reduced 
TP in Banana Lake, but the reduction may have been inadequate to reduce phytoplankton 
biomass, and thus not enough to improve water clarity. For example, results of one sediment 
removal project (Pitt et al. 1997) indicated that most of the soft sediment was removed, but that 
rapid decomposition of remaining sediment increased internal loading immediately after 
dredging.  

Water quality in Lake Trafford (Collier County) was also examined to evaluate the effects of 
large scale sediment removal on lakes. Similar to Lake Hollingsworth, but in contrast to Banana 
Lake, Lake Trafford exhibited evidence of reduced chlorophyll a levels following sediment 
removal (Figure 3-20). However, the POR following sediment removal in Lake Trafford is 
relatively short and there is no similar, but untreated, lake in the vicinity to provide a reference 
lake. Therefore, the conclusion that sediment removal improved water quality in Lake Trafford is 
a tentative one. In their assessment of the water quality responses of Lake Tohopekaliga to 
sediment removal efforts, Hoyer et al. (2008) similarly concluded that sediment removal 
improved water quality, at least in the short term.  

 

Figure 3-14. Water clarity in Banana Lake and Lake Parker (shading denotes approximate 
time of sediment removal project). 
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Figure 3-15. Water clarity in lakes Hollingsworth and Parker (green and orange shading 
denote approximate time of sediment removal alum projects, respectively, in Lake 

Hollingsworth). 

 

 

Figure 3-16. Chlorophyll a in Banana Lake and Lake Parker (shading denotes 
approximate time of sediment removal project in Banana Lake). 
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Figure 3-17. Chlorophyll a in lakes Hollingsworth and Parker (line is three-point moving 
average and green and orange shading denote approximate time of sediment removal 

and alum projects, respectively, in Lake Hollingsworth). 

 

 

Figure 3-18. TP in Banana Lake and Lake Parker (line is three-point moving average and 
shading denotes approximate time of sediment removal project in Banana Lake). 
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Figure 3-19. TP in lake Hollingsworth and Parker (line is three-point moving average and 
green and orange shading denote approximate time of sediment removal and alum 

projects, respectively, in Lake Hollingsworth). 

 

 

Figure 3-20. Chlorophyll a in Lake Trafford (shading denotes approximate time of 
sediment removal project). 
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Sediment removal entails either the partial or full removal of organic sediments. Sediments are 
removed using a hydraulic dredge and transported to a shoreline dewatering facility (if possible). 
Dredged material can then be used as an agricultural soil amendment if recipient sites can be 
identified. The location of an appropriate dewatering area within close proximity to the dredge 
location can assist in reducing project costs. In contrast, chemical inactivation relies on the 
properties of the water and sediment. Two potential methods are available for chemical 
inactivation: Alum or Phoslock®. 

• Alum Treatment. Alum (aluminum sulphate) is typically applied to lake water with a pH of 6 
to 8. Due to the alkalinity of the water, hydrolysis of the alum ion occurs resulting in the 
formation of aluminum hydroxide which binds to the available phosphorus creating 
aluminum phosphate. Aluminum phosphate is an insoluble compound which settles to the 
lake bottom creating a barrier restricting phosphorus release from the sediments. Due to the 
initial hydrolysis of alum, fluctuations in the pH concentration of the lake can result in 
acidification of the waterbody depending on the initial alkalinity and alum dose applied. 
When required, a buffering agent is applied in concert with alum or the required dosage is 
spread over several applications to minimize the fluctuations in pH. Lake acidification can 
result in aluminum toxicity within the waterbody. Alum has been shown to be effective in 
binding phosphorus for 2 to 20 years. The resuspension or accumulation of organic material 
can shorten the longevity of alum treatment. Alum has been used to bind phosphorus in both 
lakes and stormwater management facilities in Florida since at least the 1980’s.  

• Phoslock® Treatment. Phoslock® (lanthanum modified bentonite clay) binds with phosphate 
most successfully when pH conditions are within the range of 6 to 9. However, the 
application of Phoslock® does not rely on the pH nor does it alter the pH of the waterbody. 
Rhabdophane, a stable mineral, is formed from the adsorption of phosphate to the lanthanum 
portion of Phoslock®. Rhabdophane is an insoluble clay structure which settles to the lake 
bottom creating a barrier restricting phosphorus release from the sediments. Ambient 
concentrations of lanthanum in the waterbody remain low due to structure of the bentonite 
clay. Presently, the longevity of Phoslock® to bind phosphorus is unknown. The first 
application of Phoslock® in the U.S. should be completed in California in the near future.  

Legacy Sediment Phosphorus 

The estimated time required for legacy phosphorus in sediments to become biologically 
unavailable is especially important for those lakes that received historic point source discharges 
or still receive nonpoint source inputs and can be estimated using sediment phosphorus flux data. 
If sufficient data are unavailable for phosphorus flux or sediment volume, a feasibility study is 
necessary and should include the components listed below. 

• Quantification of the sediment nutrient release to the overlying water column  

• Quantification of the depth and volume of organic (labile) material  

• Sediment characteristic profiles  

• Assessment of available sites for dredging operation facility once extent of internal 
phosphorus load is evaluated  
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Once external nutrient loads to lakes are eliminated or reduced to the extent possible, a 
reasonable time frame could be selected that balances the expense of a project with the long-term 
benefit of the project. For example, if it takes less than 20 years for the phosphorus enriched 
sediment in a particular lake to become biologically unavailable, alternative water quality 
restoration projects should be considered. However, if the time frame for phosphorus to become 
unavailable is greater than 20 years, sediment removal or inactivation could be recommended 
may be more cost effective. 

3.4. Stormwater Infiltration Areas (SIAs) 

SIAs are dry retention basins intended, in this case, to reduce direct stormwater runoff (and 
associated nutrients) to lakes by increasing surface water infiltration into ground water via 
permeable soils. SIAs are also referred to as rain gardens, dry retention ponds, French drains, 
infiltration pipes, and bio-infiltration basins (Photo 3-1). SIAs differ from traditional stormwater 
treatment projects in that they direct surface water to ground water and have the benefit of 
increasing aquifer recharge due to greater surface water infiltration. In addition, SIAs require can 
be constructed with minimal to no infrastructure and can be very small and located throughout 
urban settings.  

Photo 3-1.  Example of implemented SIAs. 
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Historic surface water runoff in the WHCL may have been negligible due to high infiltration 
rates of the natural landscape. The pollutant loading model for the WHCL (USF 2005) is the 
basis of the TMDL for the WHCL (FDEP 2007) and in it, the authors reported that “In general, 
pervious runoff was negligible due to … the sands that are predominant in the Winter Haven 
area”. Under present developed conditions, however, surface water runoff in the WHCL 
watershed is substantial.  

Therefore, the volume of “lost” storage in the surficial aquifer, i.e. the volume of rainfall that no 
longer percolates into the surficial aquifer, can be estimated by comparing nearly 100 percent 
infiltration under pre-development conditions (USF 2005) with the volume of stormwater that 
now enters the lakes in the WHCL. The water budget developed for the WHCL (USF 2005) 
included estimates of rainfall, seepage into the aquifer, lake-to-lake water transfers (via canals), 
evaporation, and direct stormwater runoff. These results indicate that the average lake in the 
WHCL receives approximately 329 million gallons of direct stormwater runoff per year, ranging 
from 61 million gallons per year into Lake Summit to 895 million gallons per year into Lake 
Mariana. Lake Howard receives approximately 548 million gallons of direct stormwater runoff 
per year. The high runoff volumes into Lakes May, Blue, and Spring reflect the “export” of 
surface water flows to adjacent lakes via canals.  

Water budget estimates for the WHCL (USF 2005) indicate that approximately five times more 
water enters the lakes via ground water when compared to surface water. Although the Northern 
Chain of the WHCL (Haines, Rochelle, Conine, Smart, and Fannie) may receive substantial 
ground water inflows, data are insufficient to develop an estimate of ground water inputs (USF 
2005) and FDEP did not develop TMDLs for the Northern Chain (FDEP 2007). Consequently, a 
conservative approach was applied here and only the southern lakes were included in an estimate 
of “lost infiltration” volumes in the WHCL.  

Total surface water runoff entering the Southern Chain is an estimated 4.3 billion gallons per 
year (Table 3-1). Therefore, an estimated 4.3 billion gallons per year (11.8 million gallons per 
day) no longer percolates into the surficial aquifer, but is instead diverted to the lakes via direct 
stormwater runoff. If the water was re-directed into ground water infiltration, stormwater runoff 
and associated nutrient into the lakes would be reduced. Increased ground water recharge could 
contribute to ground water levels in the surficial aquifer and possibly increase recharge to 
adjacent lakes via seepage and/or contribute to deeper aquifer recharge. Re-establishing soil 
infiltration and surficial aquifer recharge as a water source in the WHCL could decrease the 
variability, or “flashiness”, in water levels, while dry season lake levels could be held higher due 
to increased ground water seepage during periods of reduced rainfall. 
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Table 3-1. Water budget summary for the lakes in the Southern Chain of the WHCL (from 
USF 2005). 

Lake 
Lake Surface 
Area (acres) 

Contributing 
Watershed (acres) 

Runoff Volume from 
Watershed (acre-feet) 

Runoff Volume 
from Watershed 

(MG) 

Cannon 328 746 1,455 474 

Blue* 54 116 939 306 

May* 52 610 7,233 2,357 

Spring* 23 93 515 168 

Eloise 1,163 843 386 126 

Hartridge 415 508 652 212 

Howard 625 1,153 1,681 548 

Idylwild 93 267 665 217 

Jessie 186 783 2,192 714 

Lulu 307 547 834 272 

Mariana 511 1,445 2,745 895 

Mirror 126 163 227 74 

Roy 74 297 697 227 

Shipp 277 534 1,126 367 

Summit 64 122 188 61 

Winterset 548 694 260 85 

Average 363 623 1,008 329 

Total 4,717 8,102 13,109 4,272 

*Lakes with enough runoff that they “export” surface flows to adjacent lakes via interconnected canals 

 
Data from the PLRG study (USF 2005) for the Southern Chain and TMDLs (if adopted) were 
used to estimate SIA treatment areas. The SIA treatment areas for lakes with adopted TMDLs 
represent the phosphorus load reduction required to meet the TMDL.  While half of the lakes in 
the Southern Chain do not have adopted TMDLs, phosphorus reduction estimates can provide 
“ballpark” figures of reductions needed to meet the PLRGs and/or NNC. Therefore, estimates of 
SIA acres necessary for lakes without adopted TMDLs were made to provide management 
guidelines for the WHCL based on the PLRG and NNC (if applicable). The acres (and percent of 
total acres in watershed) of SIAs needed to meet the PLRG/TMDL requirements and NNC (if 
applicable) were therefore calculated for each lake (Table 3-2). The USF report (2005) calculated 
PLRGs based on the phosphorus reduction needed for a TSI value of 60. For the concentration 
reduction needed to meet the NNC, the reduction was simply the difference between the NNC 
for a lake and its geometric mean for phosphorus divided by the geometric mean.  

Acres of SIA necessary to address TMDLs in the WHCL watershed range from 5.2 acres to meet 
a 28 percent phosphorus reduction in Mirror Lake to approximately 133.3 acres to meet 50 
percent reduction for Lake Jessie. Acres of SIA estimated to meet NNC were 5.2 acres for a 44 
percent phosphorus reduction in Lake Mirror to meet its NNC and 133.3 acres for the same 44 
percent reduction in Lake Jessie to meet its NNC.  
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Table 3-2. Acres of SIAs needed to treat stormwater volumes that meet phosphorus 
reduction goals for TMDLs/PLRGs and/or NNC in the Southern Chain of the WHCL  
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Blue 97.4 155 90 70.0 (60 ) 85 77.7 (67 ) 

Cannon* 23.4 280 54 64.9 (9 ) 17 24.0 (3 ) 

Eloise 5.5 192 31 9.9 (1 ) 17 6.4 (1 ) 

Hartridge 15.4 224 19 10.2 (2 ) NA NA 

Howard* 17.5 336 63 86.8 (8 ) 23 37.5 (3 ) 

Idylwild* 29.9 104 43 23.6 (9 ) 33 21.4 (8 ) 

Jessie* 33.6 254 50 133.3 (12 ) 44 138.6 (12 ) 

Lulu* 18.3 167 55 37.9 (7 ) 39 31.7 (6 ) 

Mariana 22.8 457 17 30.5 (3 ) 3 7.2 (1 ) 

May* 142.3 185 58 34.3 (6 ) 47 33.4 (5 ) 

Mirror* 16.7 71 28 5.2 (3 ) 44 9.7 (6 ) 

Roy 28.2 73 21 11.8 (4 ) ID ID 

Shipp* 25.3 241 65 60.4 (11 ) 42 46.5 (9 ) 

Spring 66.6 38 NA NA ID ID 

Summit 18.4 42 11 1.7 (1 ) NA NA 

Winterset 4.5 95 NA NA NA NA 

* TMDL adopted; ID= Insufficient data; NA= Not Applicable 
 

 

Among lakes without TMDLs, estimates of acres of SIAs that may be necessary to address 
estimated PLRGs ranged from 1.7 acres (approximately one percent of the watershed) in Lake 
Summit to meet an 11 percent PLRG to 70 acres (60 percent of watershed) in Lake Blue to meet 
a 90 percent PLRG. Numbers were similar for reductions required and SIA acres necessary to 
meet NNC. For example, Lake Blue requires an 85 percent reduction in phosphorus to meet its 
NNC target, which translates to 77.7 acres (67 percent of the watershed) in SIAs. 

The average percent reduction required for lakes with an adopted TMDL was 52 percent and the 
corresponding average number of SIA acres was 56. Percent phosphorus reductions required to 
meet NNC for lakes with TMDLS averaged 66 percent, and acres of corresponding SIAs 
averaged 71. In contrast with the lakes with TMDLs, the average percent reduction required for 
lakes without an adopted TMDL was 23 percent and the average number of acres in SIA required 
to meet that reduction was 17. Percent phosphorus reductions required to meet NNC averaged 33 
percent, and acres of corresponding SIAs averaged 30, for lakes without TMDLs. 
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The methods used to calculate SIA for phosphorus load reductions are presented here. The 
watershed boundaries for each lake were identified using 2008 digital orthophoto quarter 
quadrangle (DOQQ) aerials, known hydraulic structure connectivity (e.g. pipes, channels, and 
structural weirs) as well as topographic slope from the Peace Creek Digital Terrain Model. Those 
sub-basins contributing to each lake were grouped to delineate the contributing drainage area. An 
effort was made to identify hydraulically closed sub-basins, however, due to ground water 
connectivity any questionable areas were determined to contribute to the lake. This is a 
conservative approach for the purpose of this delineation.  

SIAs have a documented phosphorus removal efficiency of 85 percent (Harper 2008), i.e. 85 
percent of phosphorus in the stormwater runoff captured by the SIAs will be removed. The 
location and sizing of SIAs vary, but the SIAs are designed to capture the total treatment volume 
(from the contributing watershed) and be conducive to infiltration of the treatment volume within 
two hours. The areas calculated were generated for each lake watershed, not for specific projects. 
Assumptions applied toward the calculation of the area of SIAs necessary to treat the stormwater 
runoff volumes to meet a lake’s TMDL are list below. 

• Significant rain events are defined as those with more than 1.0 inch or more of rain, plus half 
of the rain events with 0.1 to 1.0 inches of rain. 

• Rainfall analyses for stormwater frequency completed for Orange County Stormwater 
Management Annual Report are appropriate for the WHCL watershed 
(http://www.orangecountyfl.net/Portals/0/Resources/Internet/DEPARTMENTS/Public_Work
s/ Docs_2010/2009RainfallReport.pdf). 

• The phosphorus treatment efficiency of the SIAs is 85 percent removal rate. 

• The treatment capacity of the SIAs is based on an average depth of 3.0 inches and a soil 
infiltration rate of 6.0 inches/hour and a depth of at least 6.0 feet to the aquifer. 

• SIAs do not include landscape buffers or access easements. 

• SIA size is designed to capture the treatment volume of the watershed during any significant 
rainfall event. 

• A design safety factor of 2.0 was used provide an additional conservative estimate of area 
needed to treat the necessary stormwater volume.  

Prior work has indicated that ridge lakes in the WHCL would benefit from higher water levels 
during the dry season (PBS&J 2008). Increased surface water infiltration would provide 
additional stormwater treatment via particle filtration, phosphorus absorption to carbonate 
sediments, and (potentially) nitrogen reduction via dentrification. In addition, recent studies have 
demonstrated that in-situ practices such as bio-swales, bio-infiltration, engineered soil media 
systems or engineered permeable pavement that receive runoff from impervious urban areas can 
greatly reduce runoff and help restore the pre-development hydrology (University of Florida 
2009). A recent study showed that water level fluctuations in Lake Haines were correlated with 
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the level of the surficial aquifer, but only when the surficial aquifer was at a higher elevation 
than the lake itself (PBS&J 2009).  

Together, these findings indicate that maintaining higher water table levels in the WHCL 
watershed may be a useful lake management strategy for improving water quality. An estimated 
two billion gallons a year of stormwater runoff could be diverted from lakes, helping to improve 
water quality and restore hydrology. 

3.5. Aquatic and Wetland Vegetation 

Aquatic and wetland vegetation, including forested wetlands, submerged aquatic vegetation 
(SAV), emergent aquatic vegetation (EAV), and floating treatment wetlands (FTWs) have been 
proven effective for improving water quality. Rehydrating forested wetlands along a lake can 
increase the color of a lake and reduce the light available to algae, while EAV and SAV 
communities provide sustainable means of removing phosphorus from the water column and 
making it permanently unavailable. FTWs are an alternative form of water quality treatment 
wetland that floats, rather than being rooted, in a lake or water body.  

The removal or diversion of phosphorus from lakes via more traditional sediment 
removal/inactivation and stormwater treatment wetlands and SIAs can be quantified, as 
described in previous sections, because a known quantity of sediment or water is captured, 
diverted, detained, removed, or inactivated. However, while it can be “treated”, stormwater 
runoff that is not captured or diverted before it flows into a lake directly or through a wetland 
cannot be quantified. Phosphorus removal by EAV and SAV systems have been quantified using 
measured inflow and outflow concentrations and flow (e.g. the Orlando Easterly Wetlands at 
Iron Bridge and the SFWMD stormwater treatment systems). In the absence of these data, 
phosphorus removal via aquatic and wetland vegetation in the WHCL cannot be estimated.  

Wetland and aquatic vegetation projects for water quality improvement are described, and the 
mechanisms by which the projects improve water quality are documented, in the following 
sections.  

3.5.1. Forested Wetland Rehydration 

Restoring forested wetlands to hydrologically reconnect a lake with the adjacent floodplain can 
improve water quality by reducing nutrients and sediment delivery to the lake (Richardson and 
Pahl 2005) and restoring former color levels to the lake. Both herbaceous (marshes) and forested 
(swamps) wetlands have been used extensively for water quality improvement (Mitsch and 
Gosselink 2000). Flooded forests receive a large sediment load during the wet season from 
surface runoff, providing the substrate for phosphorus adsorption and subsequent burial when 
waters subside during the dry season. Nitrogen and phosphorus reductions in the soils of a 
restored floodplain will occur via nitrification/denitrification and sedimentation and soil sorption. 
During wet periods, the ground water hydraulic gradient is from land to lake.  

Depth and duration of water are important to the maintenance of forested wetlands by excluding 
upland species. Based on physiological tolerances of wetland vegetation, two-year with 14- and 
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21- day inundation periods and five-year with 14- and 21- day inundation periods are important 
in that these periods of inundation limit the invasion of wetlands by upland species (Demaree 
1932, Hosner 1960, Harms 1973, Brown 1984, Fowells 1965, Conner and Askew 1993, after 
Light et al. 2002). At a depth of approximately one meter, previously established seedlings of 
upland species will die and faster growing wetlands species will remain. 

The purpose of reconnecting or re-establishing forested wetlands associated with the valley lakes 
is to improve lake water quality (i.e. reduce chlorophyll a). In addition to nitrogen and 
phosphorus reductions, tannic and humic acids from the forested wetlands can reduce 
chlorophyll a concentrations in waterbodies (Terrell et al. 2000). The color in valley lakes 
appears to moderate the transformation of nutrients in the water column, thereby allowing a 
colored lake to tolerate more nutrients than a clear ridge lake before exhibiting an increase in 
chlorophyll a. While the benefit of improved water quality due to color increases has not been 
quantified, significant improvements to water quality due to restored forested wetlands is well 
documented.  

The effect of color on water quality is explained by the organic matter exported from forested 
wetlands into the valley lakes and the subsequent reductions in available sunlight in the water 
column. Leaves decay on forest floor and may form peat soils or partially decay into loose 
organic matter. These humic and tannic substances leach from decaying leaves and are 
transported by stormwater runoff into the lake and can color the water. Color can reduce the 
amount of sunlight available in the water column and decrease algal and plant growth. In some 
waterbodies, color is the limiting environmental factor. For example, high color concentrations 
(> 50 PCU) may limit both the quantity and types of algae in a waterbody (IFAS 2003). Even 
most blue-green algae are obligate phototrophs and those that grow heterotrophically in the dark 
have extremely low growth rates (VanBaalen et al. 1971). Consequently, the location of a 
waterbody in relation to associated forested wetlands has a strong influence on its color 
(Richardson and Pahl 2005). 

Valley lakes typically have greater color than ridge lakes, due at least in part to forested wetland 
inputs. Valley lakes with less than 20 percent of the shoreline characterized by functional 
forested wetlands were evaluated to determine if historical forested wetlands are available for 
rehydration. Historical forested wetlands that are hydrologically disconnected from an adjacent 
lake were proposed as areas for wetland rehydration. In some instances, the former wetlands may 
now be cropland/pastureland. A feasibility study is required to evaluate current soils conditions, 
develop design plans, and identify constraints to inundation. The feasibility study should include 
the components listed below. 

• Review of existing aerials, elevation, vegetation, and soils GIS data 

• Ecological and engineering site evaluation.  

• Detail analysis of existing hydraulic system 

• Identification/Analysis of necessary hydraulic modifications to existing system 

• Soil boring and biochemical and geotechnical evaluation of site conditions 

• Supplemental topographic survey of project area 

• Proposed project area property ownership evaluation  

• Review of required utility service to pumping station  
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• Monthly surficial aquifer water level monitoring for one year 

• Evaluation of environmental permitting issues  

• Preliminary project design and construction cost estimate  

Based on the results of the feasibility study, a cost:benefit analysis could be completed to 
ascertain if rehydration is possible and cost-effective. One conceptual design for each proposed 
project area would require the construction of one pump station to convey water from the lake 
into the constructed containment area as well as a water level/discharge structure. The pumping 
schedule would be developed based on the soils/surficial aquifer data acquired during the 
feasibility study. The identified project areas would be kept saturated throughout the year and 
flooded during the wet season if possible. For approximately one month in the wet season, at 
least six inches of water would be sustained above the surface in order to reduce encroachment 
of upland vegetation species.  

There are other means of restoring forested wetland hydrology that do not include pumping 
structures. One includes raising lake levels via the use of control structures and purchase of 
adjacent lands that may be part of the forested wetland. Another method includes the use of 
control structures to detain water in the wetland for a long period of time before releasing the 
water back into the lake. In addition, restoring hydrology in a former forested wetland will result 
in a pulse of phosphorus to the receiving lake and should be considered as part of a feasibility 
study.  

3.5.2. SAV Planting 

Planting and restoring native SAV where appropriate in the WHCL is expected to improve water 
quality via assimilation of nutrients from the water column and the soil-pore water. SAV can 
reduce nutrient and chlorophyll a concentrations in a lake and subsequently increase 
transparency in the water column (Blindow et al. 2002, Canfield et al. 1984, Havens 2003, 
Shireman et al. 1985) and provide fish and wildlife habitat (Canfield et al. 1996). Water quality 
improvements due to SAV can be attributed to direct uptake and nutrient assimilation, sediment 
stabilization that reduces sediment resuspension (Vermaat et al. 2000), as well as associated 
nutrient sequestration by epiphytes. Canfield et al. (1984) reported that SAV abundance is 
inversely related to phytoplankton levels for Florida lakes. In Lake Okeechobee, chlorophyll a 

concentrations were two to three times lower at locations with high submerged aquatic vegetaion 
biomass compared with locations without aquatic vegetation (Havens 2003). Increased levels of 
TP and chlorophyll a, and decreased water clarity, occurred in Lake Baldwin (near Orlando) in 
response to Hydrilla eradication efforts (Shireman et al. 1985).  

At a minimum, Hydrilla control efforts should be coordinated with other lake management 
efforts such that the benefits of one project (i.e. Hydrilla control) do not offset the benefits of 
other projects (i.e. water quality improvement projects). An optimal course of action would be to 
focus Hydrilla control physical removal and replanting efforts as a means of substituting the 
water quality benefits of “non-native” SAV with the water quality benefits of “native” SAV. A 
reasonable lake restoration goal for the WHCL system is the threshold value of 30 to 50 percent 
recommended by Canfield and Hoyer (1992). In lakes with native SAV, invasive species 
management is recommended to eliminate competition and allow the expansion of existing SAV, 
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thereby reducing the costs associated with planting. However, if SAV is absent from a lake but 
conditions in the lake are conducive to SAV, planting is recommended. 

Aquatic vegetation distribution is affected by multiple factors: sediment type, water depth and 
clarity, bottom slope, wave disturbance, and benthic algae (as cited in Havens 2003). An SAV 
survey is recommended for each lake to calculate the percent of the lake surface area covered by 
SAV. The SAV cover data would be assessed to determine if present SAV cover exceeds the 
targeted 30 to 50 percent proposed by the Florida Fish and Wildlife Conservation Commission 
(FFWCC) (Canfield and Hoyer 1992) and represents desirable aquatic plants. SAV planting is 
not recommended for those lakes with greater than 30 percent cover. For those lakes with 
insufficient SAV cover, an evaluation of the sediment type, water depth, water column 
transparency, bottom slope, wave disturbance, and benthic algae is recommended to determine if 
conditions are favorable for aquatic vegetation planting. If conditions are favorable, desirable 
plants would be planted to the maximum allowable water depth.  

Twenty-one of the lakes in the WHCL have SAV projects proposed as part of their restoration 
strategy. In the absence of light measurements, secchi depth is used as an indicator of available 
light for photosynthesis. Plants would not be planted in water depths greater than the median 
secchi depth to ensure light penetration. The maximum possible area for planting is calculated 
for each lake based upon current two foot contour bathymetry data. If additional water quality 
improvement projects are performed, which may alter the bottom geometry of the lake (e.g. 
sediment removal), updated bathymetry information would be required to quantify the maximum 
allowable area for planting based on water depth. Nursery grown Vallisneria, a desirable 
freshwater SAV species, could be planted using a three foot center grid pattern. Planting would 
occur in early spring to allow sufficient time for the plants to establish during the growing 
season.  

Maintenance is required for SAV plantings in the first year to reduce herbivory and remove 
encroaching plants. As part of a feasibility study, a Lake Vegetation Index – water quality 
relationship may be established if data are available. In addition, for individual lakes, an SAV 
survey and an evaluation of the anticipated water quality improvement if less than 30 percent of 
the lake is planted should be completed. 

3.5.3. Emergent Aquatic Vegetation (EAV) Planting 

Both EAV and SAV are critical to the removal and permanent burial of available phosphorus 
from the water column. Treatment wetlands are constructed based on the phosphorus removal 
facilitated by emergent and aquatic vegetation. While the plants themselves may assimilate less 
than 10 percent of the phosphorus from the water column into plant biomass, the plants facilitate 
the microbial activity and chemical sorption processes (Richardson and Marshall 1986) that 
account for most of the phosphorus removal (Pietro et al. 2006a, Noe et al. 2003). Importantly, 
phosphorus is released back into the water column following plant senescence and decay and 
herbaceous vegetation provides only a temporary nutrient sink to ameliorate eutrophic 
conditions. Freeze events (e.g. winter 2010) may increase the amount of dead EAV and therefore 
result in a temporary increase in phosphorus release following the freeze. It is the nutrient 
transformations among the plants, soils, and water that can make the phosphorus permanently 
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unavailable. Phosphorus removal is a function of inflow phosphorus loadings (Kadlec and 
Wallace 2009), water levels, microorganism populations, seasonal phosphorus adsorption, and 
phosphorus soil adsorption capacity (Richardson and Marshall 1986).  

The accretion and permanent burial of phosphorus into the sediments via EAV and SAV is the 
only sustainable removal mechanism for phosphorus in these lake systems. Organic, adsorbed, 
and mineral phosphorus are unavailable to plants and adsorption and precipitation are major 
mechanisms of phosphorus retention. Sediment characteristics affecting phosphorus availability 
are briefly outlined below. 

• Adsorption/desorption. Adsorption is the chemical binding of plant available phosphorus to 
soil particles, making the phosphorus unavailable to plants. Desorption is the release of 
adsorbed phosphorus from its bound state into the soil solution. Higher iron and/or aluminum 
content of the sediment increases adsorption. 

• Precipitation/dissolution. Phosphorus can become unavailable via precipitation of plant 
available inorganic phosphorus with dissolved iron, aluminum, manganese (in acid soils), or 
calcium (in alkaline soils) to form phosphate minerals. Precipitation is more permanent when 
compared with adsorption (see previous discussion of sediment inactivation). High 
concentrations of calcium, aluminum, or iron can also precipitate phosphorus into water 
column. The presence of redox-insensitive phosphorus binding systems such as Al(OH)3 and 
unreducible Fe(III) minerals can enhance the phosphorus retention and completely prevent 
phosphorus release even in case of anoxic conditions (Hupfer and Lewandowski 2008). 

• Immobilization/mineralization. Mineralization is the microbial conversion of organic 
phosphorus to plant available orthophosphates. Immobilization occurs when the plant 
available phosphorus is consumed by microbes and thereby converted unavailable organic 
phosphorus.  

The littoral zones of lakes are typically less than three meters in depth, thereby allowing sunlight 
penetration adequate for plant growth. The littoral zone includes EAV and SAV at different 
depths, but typically overlapping (Figure 3-23). The width of the littoral zone will vary in a lake 
and among lakes and where the slope of the lake bottom is steep, the littoral area may be narrow, 
extending several feet from the shoreline. In contrast, if the lake is shallow and has a gradual 
slope, the littoral area may extend hundreds of feet into the lake or may even cover it entirely. 
EAV includes aquatic plants that are rooted in the lake bottom but protrude above the water 
surface, e.g. floating water lilies (Nuphar spp. and Nymphaea spp.), bulrushes (Scirpus validus), 
wild rice (Zizaniopsis miliaceae), duck potato (Sagittaria spp.), and cattails (Typha latifolia).  
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Figure 3-21. EAV and SAV distribution in the lake littoral zone (after MDNR 2010). 

 

A vegetated wetland buffer between land development and the water intercepts nutrients and 
sediments and can improve or restore biodiversity (Wall et al. 2001, Dosskey 2001, Brinson et 

al. 2002, Fiener and Auerswald 2003). Vegetated buffer zones decrease nutrient and sediment 
transport by detaining water, allowing particle sedimentation, and increasing soil infiltration 
capacity (Cooke et al. 2005, Lee et al. 2003). Wetzel (1992, 2001) refers to this EAV dominated 
portion of the littoral zone as the riparian zone and describes it as a gradient community between 
the lake and the upland. The riparian zone reduces nonpoint nutrient loading (Cooke et al. 2005, 
Dosskey 2001) and restoration of this zone is an important part of lake rehabilitation (Cooke et 

al. 2005). VanNess (2002) also reports that the re-establishment and conservation of aquatic 
plants within shallow lakes is a vital component for successful restoration of shallow lakes (van 
Ness et al. 2002). 

Consequently, re-establishing native EAV vegetation, where appropriate, is expected to improve 
water quality in the WHCL. The WHCL Education/Action Drive (Lakes LE/ADer) recommends 
shoreline aquascaping for lake residents and includes a short description of the benefits of the 
practice and a list of several desirable EAV species (e.g. duck potato, bulrush, maidencane, and 
pickerel weed) that can be planted along shorelines for aquascaping (Selser 2010). Lakescaping 
is another common term used to describe the establishment of EAV along lake edges and is 
typically designed to return 50 to 75 percent of the shoreline to a vegetated condition, without 
obscuring views (Cooke et al. 2005). Costs range from $46,200 to $6,200 per hectare 
(Henderson et al. 1999). This proposed project differs from forested wetland rehydration in that 
it includes planting vegetation only along the shoreline and does not rely on restored hydrologic 
connects. SAV planting projects are limited to deeper portions of the littoral zone. Examples of 
marsh, shrub, and forested shorelines are illustrated in Figure 3-24. 
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A good example of the effectiveness of vegetated wetland buffers (compared with no EAV or 
SAV) is illustrated in a comparison of a control site with a seven meter wide switchgrass 
(Panicum virgatum) wetland buffer, and the same buffer with an additional 13 meter wide 
forested buffer (Zaimes et al. 2004). The switchgrass buffer alone removed more than 90 percent 
of sediments and 80 percent of TP over the 18 month study period. The combined buffer zone 
reduced TP from 200 g/hectare to 19 g/hectare and sediments from 587 g/kg to 16 kg/hectare 
(Lee et al. 2003). Wider vegetated zones promote more water infiltration and nutrient retention 
(Schmitt et al. 1999). Wetland species other than switchgrass would also be effective buffers.  

In addition to EAV and SAV, forested lake edges (wetlands) also remove nutrients from the 
water column. Effective nutrient reduction of secondarily treated effluent in forested wetlands in 
Louisiana has been successfully demonstrated (Hunter et al. 2009). Removal efficiencies for 
total nitrogen and phosphorus are typical of other forested wetlands receiving treated effluent in 
Louisiana, ranging between 65 and 90 percent (Hunter et al. 2009a). Wetland trees cannot 
germinate under water and EAV has a limited tolerance to inundation, consequently, the most 
important component of shoreline vegetation is water level (elevation). Vegetation must be 
planted at appropriate inundation intervals. If water levels are too high, the vegetation will shift 
landward if space is available, while water levels that are too low will result in invasion by 
upland species and loss of wetland species and commensurate water quality functions. Success of 
a shoreline planting is also strongly affected by other plant species as well and invasion by 
upland or non-native invasive species can eliminate the desirable wetland plant species. 

An evaluation of shoreline and littoral vegetation data should be completed for each lake. For 
those lakes without shoreline vegetation, an evaluation of the sediment type, water level and 
inundation frequency, slope, wave disturbance, is recommended to determine if conditions are 
favorable for shoreline planting. Plants appropriate for typical water levels and water level 
variation should be selected and planted. Non-native and invasive plants should be removed prior 
to planting and controlled post-planning for a minimum of one year. If conditions are favorable, 
desirable plants should be identified for shoreline vegetation planting (Table 3-3, Figure 3-25). 
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Figure 3-22. Conceptual diagram of EAV and SAV (top) and forested (bottom) wetlands 
lake restoration projects. 

 

 

 

Table 3-3. List of potential plant species for EAV planting project. 

Common Name Scientific Name 
Elevation based on Mean High Water Level 

(feet) 

Softstem bulrush Scirpus validus -2.0 to -3.0 

Pickerel weed Pontedaria cordata -1.0 to -2.0 

Maidencane Panicum hemitomon -1.0 to -1.5 

Arrowhead Sagittaria lancifolia -1.0 to -1.5 

Spikerush Eleocharis interstincta -0.5 to -1.0 

Sand Cord Grass Spartina bakeri 0 to +2.0 

Muhly grass Muhlenbergia capillaris 0 to +2.0 

 

The first step in planting a shoreline is site preparation to remove undesirable species that may be 
non-native, invasive, or both. Sod can be removed in a number of ways: through herbicide 
application, removal with a sod cutter, or by smothering sod with black plastic or other materials. 

SAV EAV 
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An advantage of herbicides or smothering techniques is erosion prevention. Appropriate permits 
should be obtained. Bare-root or larger transplants should be planted rather than seeding so that 
no additional soil preparation, fertilizer, or soil supplements will be needed. Plants should be 
selected to be compatible with existing elevation and soils.  

One planting technique on shallow slopes is to cover existing vegetation with a four-inch thick 
layer of mulch. However, mulch must be retained in the planting area. Biodegradable erosion 
control blankets can be used to retain the exposed disturbed soil. In areas subject to wave action, 
temporary wave breaks may need to be installed to prevent erosion. Protective fencing might 
need to be installed to protect the sapling plants from birds. Install the container plants using a 
three foot on center pattern and water thoroughly. Plants should be installed in the late fall/early 
winter to encourage below ground biomass and successful plant establishment. 

3.5.4. Floating Treatment Wetlands 

Floating treatment wetlands (FTWs) can provide an alternate means of reducing nutrients in the 
water column and improving water quality in the WHCL. Water quality improvements in water 
that flows through wetlands have been documented extensively (Kadlec and Wallace 2009, 
DeBusk et al. 2005, Kadlec and Knight 1996) and the South Florida Water Management District 
has constructed over 40,000 acres of stormwater treatment wetlands to treat surface water runoff 
in the Everglades. Water leaving a wetland has lower dissolved and organic nutrient loads (via 
multiple pathways, e.g. plant assimilation, denitrification, immobilization, physical settling) 
when compared with the water flowing into the wetland. Even though FTWs are not specific to 
stormwater treatment or flow-through systems, they are anticipated to provide this same 
function. 

A FTW is composed of emergent wetland vegetation suspended on the water surface by a 
buoyant raft. In contrast to wetland systems, research on FTWs is limited and they rely primarily 
on plant assimilation of nutrients (Hubbard 2010, Hubbard et al. 2004), and therefore must be 
harvested or nutrients will be returned to the water column following plant senescence. The 
nutrient removal efficiency is related to the amount of biomass produced by the selected 
vegetation (Hubbard 2010) and can therefore be maintenance intensive. Biomass harvesting can 
also be required of naturally floating vegetation (water hyacinths and duckweed). It is anticipated 
that the aesthetic vegetation islands also provide food and habitat for wildlife, including 
waterfowl, songbirds, frogs, and turtles (Floating Island International 2010). FTWs would only 
be used in situations where other options are not available and can be located so as not to impede 
navigation or shade SAV. 

The raft systems and plant species are the most important considerations for a FTW (Headley 
and Tanner 2006). Design criteria to establish the size and distribution of FTWs required to treat 
a waterbody is presently unavailable (Headley and Tanner 2006). Three scenarios for FTW 
deployment in a stormwater pond are illustrated in Figure 3-22. Reduced dissolved oxygen levels 
in the water column below FTWs have been reported (Headley and Tanner 2006) and FTWs 
should not, therefore, extend across an entire lake. Several small FTWs throughout a lake are 
recommended for water quality restoration. Annual maintenance including plant harvesting is 
required. Plant biomass is a short term sink and annual harvesting of the plant biomass is 
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required to permanently sequester the nutrient uptake and should occur in late fall/ early winter 
before the plants senesce and decay. Both cattails (Typha latifolia) and maidencane (Panicum 

hemitomon) were successfully documented to perform well in a FTW constructed in Georgia 
(Hubbard et al. 2004). 

Figure 3-23. Cross-section of a typical FTW and pond showing main structural elements 
(from Headley and Tanner 2006). 

 

Figure 3-24. Plan view of three design approaches for FTW in a stormwater detention 
basin (cross-hatching represents FTWs) (after Headley and Tanner 2006). 
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Figure 3-25. Potential plant species for shoreline vegetation planting project Top: soft 
stem bulrush. Middle: pickerel weed. Bottom: water lily and spikerush. 

 

 

 

3.6. Artificial Circulation 

Whole lake aeration via artificial circulation is another lake management activity examined as a 
potential water quality improvement project for the WHCL. Artificial circulation is designed to 
pump deeper water to the lake surface where the water becomes aerated (Pastorak et al. 1981, 
1982). The technique was originally developed to prevent winter fish kills but its primary 
application is now treating eutrophication. Artificial circulation also transports phytoplankton 
biomass to the deeper, light limited portion of the water column, thereby reducing the light 
available for photosynthesis and phytoplankton productivity (Cooke et al. 1993). Associated 
changes in CO2 and pH, buoyant cell (blue-green algae) distribution, and zooplankton grazing 
have also been reported to alter phytoplankton composition. Finally, reduced internal phosphorus 
loading is possible if iron is the factor controlling sediment phosphorus release. The aeration of 
the sediment-water interface can result in phosphorus adsorption to ferric-hydroxy complexes 
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resulting in a decrease in phosphorus release to the overlying water column (Stumm and Leckie 
1971). However, colloidal organic matter can retard the formation of the nonreactive iron (Fe+3) 
and allow phosphorus to remain free in solution and therefore biologically available (Koenings 
and Hooper 1976).  

There are examples in the literature of improved water quality following lake aeration, but many 
appear to be insufficient in terms of experimental design. However, results of a whole-lake 
aeration system installed in the Lake Persimmon, a hypereutrophic lake in Highlands County, 
were documented by SWFWMD scientists. Kolasa and Kang (2005) concluded that “…several 
parameters have shown improvements including the reduction of ammonia and also chlorophyll” 
in Lake Persimmon. While nitrate loads to the lake did not decline, local homeowners have noted 
the improvements. The aeration system was taken offline due to maintenance problems. 
Grochowska and Gawronska (2004) also documented water quality improvements as a result of 
lake aeration in a eutrophic lake in Poland. Lake water quality improved substantially but was 
not sufficient to reduce phytoplankton production or improve the trophic state.  

Artificial circulation is accomplished using electric powered pumps to pull water from the lower 
water depths to the water surface (Figure 3-26). The water intake system can be positioned in the 
water column based upon the unique water depth and sediment quality characteristics of the lake. 
Solar powered pumps (e.g. SolarBee®) have been developed to reduce operation costs. The 
number and size of the pumps for an individual lake depend on water quality and depth, lake 
size, and non-point source inputs. Artificial circulation is only recommended for small lakes ( < 
75 acres) with poor water quality, and costs for WHCL ranged from $55,000 (Lake Spring) to 
$215,000 for Lake Summit. 

Operations and maintenance costs were difficult to examine. However, estimates for the 
Township of Wiconisco in Dauphin County, PA, indicated savings of approximately $251,000 in 
operations costs over 20 years by replacing seven mechanical aerators with SolarBee solar 
aerators. Total installation and operation of mechanical aerators totaled approximately $404,000, 
compared with $182,000 for the solar powered aerators (SolarBee.com). 

3.7. Summary 

There are several lake management approaches and techniques that can be used to address water 
quality issues and concerns in the WHCL. Even if external loads to lakes are reduced or 
eliminated, internal nutrient loads should be managed. In addition to documented successes of 
sediment removal and inactivation and wetlands treatment, water quality improvements may also 
be accomplished using less traditional methods, including artificial circulation, SAV planting, 
forested wetland rehydration, stormwater infiltration areas, and shoreline vegetation 
establishment. Water quality improvements expected as a result of projects such as forested 
wetland rehydration and SIAs will occur as a result of the water quality/hydrologic restoration 
benefits. Applications of these methods to individual lakes in the WHCL are presented in Section 
4: Lake-Specific Restoration Projects. 
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Figure 3-26. Schematic of proposed artificial circulation system using SolarBee system. 

 




