
 

 
 
City of Naples 

2019 Update to the City of Naples 

Stormwater Lakes Management Plan 

 

 
 
 

Prepared for: 

City of Naples 

Streets & Stormwater Department 

295 Riverside Circle 

Naples, FL 34102 

 

 

 

Prepared by: 

Wood Environment & Infrastructure Solutions, Inc. 

281 Airport Road South  

Naples, Florida 34104 

 

 

 

 

Wood Project No.: 6783193180 

September 30, 2019 



  Stormwater Lakes Management Plan Update 

  City of Naples 

Project # 6783193180  |  City of Naples  |  9/30/2019 Page ii  

  

Table of contents 

Executive Summary 

 Background .........................................................................................................................................1-1 

1.1 Summary of Previous Lakes Management Documents ................................................................... 1-1 

1.1.1 2012 Stormwater Lakes Management Plan ......................................................................... 1-1 

1.1.2 2018 Stormwater Master Plan Update ................................................................................... 1-6 

1.2 Recent Projects................................................................................................................................................. 1-6 

 Assessment of Current Conditions and Data Gaps ..........................................................................2-1 

2.1 Water Quality .................................................................................................................................................... 2-1 

2.2 Sediment Quality ............................................................................................................................................. 2-2 

2.3 Data Gaps ........................................................................................................................................................... 2-3 

 Citizen Survey .....................................................................................................................................3-1 

3.1.1 Previous Survey (2018 SMPU) ................................................................................................... 3-1 

3.1.2 Lake Survey ....................................................................................................................................... 3-1 

3.1.3 Results of Lake Survey .................................................................................................................. 3-1 

 Stormwater Lake Rankings ................................................................................................................4-1 

4.1 Rankings from Previous Reports ............................................................................................................... 4-1 

4.2 Updated Rankings Methods ....................................................................................................................... 4-2 

4.2.1 Data processing .............................................................................................................................. 4-3 

4.2.2 Ranking methodology .................................................................................................................. 4-4 

4.2.3 Geometric means ........................................................................................................................... 4-6 

4.3 Updated Rankings Results ........................................................................................................................... 4-6 

 Updated Recommendations and Funding Strategies......................................................................5-1 

 References ...........................................................................................................................................6-1 

 

Appendices 

Appendix A. 2012 Proposed Stormwater Lakes Management Plan  

Appendix B. Water Quality Trend Plots 

Appendix C-1. Stakeholder Lake Status Survey Instrument  

Appendix C-2. Completed Stakeholder Lake Status Surveys  

Appendix D. Updated Stormwater Lakes Management Plan PowerPoint Presentation 

 

  



  Stormwater Lakes Management Plan Update 

  City of Naples 

Project # 6783193180  |  City of Naples  |  9/30/2019 Page iii  

  

List of figures 

Figure 1. Stormwater Lakes on the City of Naples Inventory ............................................................................... 1-5 

Figure 2. 2012 Stormwater Lake Condition Rankings (Amec, 2012) .................................................................. 4-1 

Figure 3. Revised Stormwater Lake Condition Rankings (Amec, 2013) ............................................................ 4-2 

Figure 4. 2019 Stormwater Lake Rankings ................................................................................................................... 4-9 

Figure 5. Annual Geometric Mean (AGM) Concentrations of Total Nitrogen (TN) 

 at Public Lakes,  Plotted on a Logarithmic Scale................................................................................... 4-10 

Figure 6. Annual Geometric Mean (AGM) Concentrations of Total Phosphorus (TP) 

 at Public Lakes, Plotted on a Logarithmic Scale .................................................................................... 4-10 

Figure 7. Annual Geometric Mean (AGM) Concentrations of Chlorophyll-a at Public 

 Lakes, Plotted on a Logarithmic Scale ....................................................................................................... 4-11 

Figure 8. Annual Geometric Mean (AGM) Concentrations of Copper (Cu) at Public 

 Lakes, Plotted on a Logarithmic Scale ....................................................................................................... 4-11 

Figure 9.  Annual Geometric Mean (AGM) Concentrations of Fecal Coliform 

 Colony-Forming Units (CFUs) at Public Lakes, Plotted on a Logarithmic Scale ....................... 4-12 

Figure 10.  Annual Geometric Mean (AGM) Concentrations of Total Suspended 

 Solids (TSS) at Public Lakes, Plotted on a Logarithmic Scale ........................................................... 4-12 

Figure 11. Annual Geometric Mean (AGM) Concentrations of Total Nitrogen (TN) at 

 Priority Lakes, Plotted on a Logarithmic Scale ....................................................................................... 4-13 

Figure 12. Annual Geometric Mean (AGM) Concentrations of Total Phosphorus (TP) 

 at Priority Lakes, Plotted on a Logarithmic Scale. ................................................................................. 4-13 

Figure 13. Annual Geometric Mean (AGM) Concentrations of Chlorophyll-a at 

 Priority Lakes, Plotted on a Logarithmic Scale ....................................................................................... 4-14 

Figure 14. Annual Geometric Mean (AGM) Concentrations of Copper (Cu) at Priority 

 Lakes, Plotted on a Logarithmic Scale ....................................................................................................... 4-14 

Figure 15. Annual Geometric Mean (AGM) Concentrations of Fecal Coliform 

 Colony-Forming Units (CFUs) at Priority Lakes, Plotted on a Logarithmic Scale ..................... 4-15 

Figure 16. Annual Geometric Mean (AGM) Concentrations of Total Suspended Solids 

 (TSS) at Priority Lakes, Plotted on a Logarithmic Scale ...................................................................... 4-15 

 

List of tables 

Table 1. Summary of Stormwater Lakes on the City of Naples Inventory ..................................................... 1-3 

Table 2. Stormwater Lake Pollutant Removal Efficiencies for the Five Most 

 Underperforming Lakes (Amec, 2012) ........................................................................................................ 1-4 

Table 3. Summary of Stakeholders Contacted and Responses Received for Lake Survey ...................... 3-2 

Table 4. Select Survey Responses from Lake Stakeholder Surveys (page 1 of 2) ....................................... 3-1 

Table 5. Lakeshed Annual Average Runoff Volumes (Amec, 2012) and Runoff Volume Factors ......... 4-5 

Table 6. Average Lake Sediment Thickness (in) (Amec, 2012) ............................................................................ 4-5 

Table 7. Stormwater Lake Receiving Watershed Setting, Ownership, Access, 

 and Rankings Summary (page 1 of 2) ......................................................................................................... 4-1 

Table 8. Updated Lake Restoration Recommendation (page 1 of 2) .............. Error! Bookmark not defined. 

 

  



  Stormwater Lakes Management Plan Update 

  City of Naples 

Project # 6783193180  |  City of Naples  |  9/30/2019 Page iv  

  

List of acronyms 

AGM annual geometric mean 

Amec Amec Environment & Infrastructure, Inc. 

BMP Best Management Practices 

CFU colony-forming unit 

City  City of Naples 

Cu copper 

DO dissolved oxygen 

FDEP Florida Department of Environmental Protection  

FGCU Florida Gulf Coast University 

GIS Geographic Information System  

IFAS Institute of Food and Agricultural Sciences 

µg/L  micrograms per liter 

mg/m3 milligrams per cubic meter 

ml milliliter 

NOx  nitrates + nitrites 

NSBB nutrient separating baffle box 

PAH polynuclear aromatic hydrocarbons 

POR periods of record 

SCTL soil clean-up target levels  

SFWMD South Florida Water Management District  

TKN total Kjeldahl Nitrogen 

TMDL total maximum daily load 

TN total nitrogen 

TP total phosphorous 

TRPH total recoverable petroleum hydrocarbons  

TSS total suspended solids 

USEPA  US Environmental Protection Agency 

USGS US Geographical Service 

Wood Wood Environment & Infrastructure Solutions, Inc. 

 



  Stormwater Lakes Management Plan Update 

  City of Naples 

Project # 6783193180  |  City of Naples  |  9/30/2019 Page 1-1 

  

 Background 

Wood Environment & Infrastructure Solutions, Inc. (Wood) was contracted to update the 2012 Stormwater 

Lakes Management Plan (2012 Lakes Plan) for the City of Naples (City).  This update includes a review of 

previous relevant management plans; an assessment of available stormwater, lake water, and sediment 

quality data and identification of data gaps based on data needs outlined in the 2012 Lakes Plan; and 

updated rankings and recommendations for maintaining and restoring stormwater lakes that are owned 

by the City or used for public stormwater collection and treatment either by plat dedication, dedicated 

easement, or historical prescriptive use (hereafter referred to as “public” lakes).  

 

1.1 Summary of Previous Lakes Management Documents 

The City has two primary management documents related to stormwater lakes.  The 2012 Lakes Plan and 

the 2018 Stormwater Master Plan Update (2018 SMPU).  These documents are summarized below. 

 

1.1.1 2012 Stormwater Lakes Management Plan 

In 2012, City staff prepared a Proposed Stormwater Lakes Management Plan PowerPoint and an 

accompanying memorandum (dated 3/12/2012) providing supporting information.  The memorandum 

includes broad water quality improvement strategies and introduces the importance of stormwater lake 

pollutant removal efficiencies. Collectively, these documents represent the City’s 2012 Lakes Plan and are 

included in Appendix A.  Overall water quality pollutant reduction strategies suggested in the 2012 Lakes 

Plan were: continued water quality sampling to monitor progress towards meeting nutrient criteria and 

total maximum daily loads (TMDL), source identification and reduction of pollutants, public outreach and 

partnerships, continued implementation of best management practices, and improving stormwater lake 

pollutant removal efficiency. 

 

As described in the 2012 Lakes Plan, implementation of these strategies is dependent on several factors, 

including the specific pollutant issues at a lake, whether a lake receives public drainage, and ownership of 

the lake.   Identifying target pollutants helps determine the appropriate BMPs while knowing lake 

ownership allows the City to invest public funds on public properties providing public service.  In 

consideration of these factors, and specifically the complex ownership of the stormwater lakes within the 

City, the 2012 Lakes Plan included four specific stormwater lake improvement strategies: 

1. Lead by example and restore and maintain the five public stormwater lakes; 

2. Conduct public outreach and enter into partnerships with owners of private lakes that receive 

public drainage to establish practices and policies to improve stormwater lake water quality (e.g. 

agreeing to switch from chemical algal treatment such as copper sulphate to aeration and 

floating islands); 

3. Increased regulation and enforcement, including establishment of ordinances for lake 

maintenance and discharge water quality, could also improve water quality regardless of 

ownership; and, lastly, 

4. Establishment of taxing or special assessment districts.  
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In order to determine which strategies would be appropriate for the numerous lakes within the City, the 

2012 Lakes Plan identified 28 stormwater lakes on the City’s inventory and categorized the lakes as 

follows: 

• Tier 1 (public lakes: City- lakes in fee simple ownership or Plat dedication and historical use): These 

five stormwater lakes are Mandarin Lake (#6), 15th Ave North Lake (#19), Lake Manor (#22), 

Lowdermilk Lake (#23), and East Lake (#31). These five lakes are on property that is, and has 

historically been, under City control.  The lakes receive drainage from public and private lands. 

• Tier II (high priority pollutant loading lakes): Tier II lakes include seven lakes with the highest pollutant 

loading potential that are privately owned by active or defunct companies, corporations or 

individuals.  These lakes also receive stormwater drainage from both public and private lands. 

• Tier III (the remaining inventoried lakes). There were 16 Tier III lakes listed in the 2012 Lakes Plan, all 

are privately owned with the exception of Lake #17.  Ten receive public drainage via inflow pipes 

within easements and six receive no public drainage input. 

• Tier IV for non-inventoried private lakes/systems: Tier IV lakes are privately owned.  Although the 

number of Tier IV lakes is unclear, the city estimated that there are approximately 276 acres of Tier IV 

lakes within the City of Naples. Ultimately, these lakes treat stormwater and discharge to receiving 

water bodies or by way of their connection to the City’s stormwater system.  Many of these lakes and 

lake systems are within developments that have been permitted by the South Florida Water 

Management District (SFWMD) and therefore regulated under State rules and regulations enforced by 

the SFWMD.  

The Tiers are summarized below in Table 1, with supplementary information from the 2012 Lakes Plan and 

information from a study of stormwater lakes efficacy and function [Amec Environment & Infrastructure, 

Inc. (Amec), 2012]. The 2012 stormwater lake ranking indicates on a scale of 1 to 100, where 1 is the best 

and 100 is the poorest, the functionality of the stormwater lake. The 2012 ranking was on a relative scale 

based on the range of treatment performance of 28 City lakes considering the residence time, pollutant 

removal efficiency estimated by multiple methods, potential for stratification, sediment accumulation, 

mass loading of pollutants per lake volume, and finally the absolute mass of pollutants discharged.  Lake 

locations are shown in Figure 1. 
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Table 1. Summary of Stormwater Lakes on the City of Naples Inventory 

Lake Name and No. Ownership [a] 

Receives 

Public 

Drainage? 

[a] 

Receiving 

Waterbody 

[b] 

2012 

Stormwater 

Lake Score 

[b] 

Tier I Lakes 

#6 Mandarin Lake Public Yes Gordon River 49 

#19 15th Ave North Lake [c] Public Yes Gordon River 17 

#22 Lake Manor [c] Public Yes Gordon River 45 

#23 Lowdermilk Lake Public Yes Moorings Bay -- 

#31 East Lake [c] Public Yes Naples Bay 89 

Tier II Lakes (High Priority Pollutant Loading) 

#2 Swan Lake Private Yes Moorings Bay 84 

#11 Spring Lake [c] Undetermined Yes Naples Bay 48 

#8 North Lake [c] Undetermined Yes Gulf of Mexico 39 

#9 South Lake [c] Undetermined Yes Gulf of Mexico 100 

#10 Alligator Lake [c] Undetermined Yes Gulf of Mexico 87 

#14 Lantern Lake Private  Yes Naples Bay 48 

#24 Half Moon Lake Private Yes Naples Bay 80 

Tier III Lakes (Remaining Inventoried Lakes) 

#1 Devils Lake Private Yes Moorings Bay 31 

#3 Colonnade Private Yes Moorings Bay 36 

#4 No Name Private Yes Moorings Bay 22 

#5 Lake Suzanne Private Yes Moorings Bay 46 

#7 No Name Private No Gulf of Mexico 26 

#12 No Name Private No Naples Bay 22 

#13 No Name Private No Naples Bay 29 

#15 Sun Terrace Lake [c] Private Yes Gordon River 24 

#16 Thurner Lake [c] Private Yes Gordon River 12 

#17 No Name [c] Undetermined Yes Gordon River 17 

#20 Forest Lake [c] Private Yes Gordon River 47 

#21 Willow Lake [c] Private Yes Gordon River 6 

#25 No Name Private No Naples Bay 26 

#26 NCH Lake  Private No Naples Bay 26 

#27 No Name Private No  Moorings Bay -- 

#28 No Name Private No Naples Bay 55 

Tier IV Lakes (Non-Inventoried Private Lakes and Lake Systems) 

Note: [a] City of Naples 2012 Lakes Management Plan 

  [b] City of Naples Stormwater Quality Analysis, Pollutant Loading and Removal Efficiencies, Amec, 2012 

  [c] Lakes included in SFWMD permits obtained by the City 

 

The 2012 Lakes Plan also identified five lakes with the least effective pollutant removal efficiencies 

(Table 2, Amec, 2012).  A properly designed stormwater retention lake has the capability of removing 

pollutants to the following efficiencies: 

• Total Nitrogen (TN):  70% 

• Total Phosphorus (TP):  95% 

• Total Suspended Solids (TSS):  95% 
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Table 2. Stormwater Lake Pollutant Removal Efficiencies for the Five Most Underperforming 

Lakes (Amec, 2012) 

Lake Name  

(Lake #) 

2012 

Lakes Plan 

Tier 

2012 

Stormwater 

Lake Score 

Pollutants of 

Concern [a] 

Pollutant Removal 

Efficiencies 

(%) [b] Lake 

Ownership TN TP TSS 

South Lake (#9) II  100 TN, TP -123 -192 27 Undetermined 

East Lake (#31)  I 89 TN, TP, fecal 

coliform 

-3 27 -- Public 

Alligator Lake 

(#10) 

II 87 TN, TP, TSS -18 13 -200 Undetermined 

Swan Lake (#2) II 84 Copper, fecal 

coliform 

47 69 -292 Private 

Half Moon Lake 

(#24) 

II 80 TN, TP -139 -363 -- Private 

Note: [a] TN=total nitrogen, TP=total phosphorus, TSS=total suspended solids 

  [b] Negative pollutant removal efficiencies are bolded and indicate lakes that are increasing the concentration of the select 

parameter in stormwater discharge 

 

The 2012 Lakes Plan highlighted recent (at the time) accomplishments at the five Tier I lakes, including 

dredging at East Lake (#31); vegetative maintenance at East Lake (#31), at 15th Ave North Lake (#19), 

Lowdermilk Lake (#23), Lake Manor (#22), and Mandarin Lake (#6); and an improved weir at 15th Ave 

North Lake (#19).  Littoral plantings/vegetative islands had been completed at Lake Manor (#22) and East 

Lake (#31). A fountain was installed at Mandarin Lake (#6) and aeration was in place at Lake Manor (#22). 

The City also identified specific in-lake improvement technologies for future projects. These specific 

technologies, which included use of chemical amendments, floating islands, and dredging, were selected 

by the City because they are common and unlikely to seriously impact plants and wildlife.  Included in the 

2012 Lakes Plan were estimated removal efficiencies and estimated costs for each technology.   
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Figure 1. Stormwater Lakes on the City of Naples Inventory 
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1.1.2 2018 Stormwater Master Plan Update 

The City updated its Stormwater Master Plan in 2018.  The 2018 SMPU included a summary of previous 

stormwater lakes reports (City of Naples Stormwater Quality Analysis, Pollutant Loading and Removal 

Efficiencies by Amec Foster Wheeler from 2012, the 2012 Lakes Plan, the Bathymetry and Sediment 

Characterization of Lake Manor from 2013, and the City of Naples Semi-annual and Quarterly Stormwater 

Infrastructure Monitoring from 2013 and 2014).  Based on information from these reports and other data 

reviewed, the 2018 SMPU made the following recommendations for lakes:  

• Update the 2012 Lakes Plan with lake restoration and maintenance priorities, as related to pollutant 

issues at each lake, and develop funding alternatives, including partnership opportunities, that will 

assist with implementing projects at lakes.   

• Develop watershed sub-basin plans that seek to maximize treatment of stormwater for improved 

water quality while providing a higher level of service as it relates to flood protection.   

• Develop public education programs to reduce copper loadings at Devil’s Lake and Naples Community 

Hospital Lake. 

• Maintenance of shoreline vegetation and/or construction of littoral shelves (15th Ave North Lake, 

Mandarin Lake). 

• Improve stormwater quality at lake discharge points by implementing nutrient removal stormwater 

manholes, boxes and control structures where the cost of installation and maintenance achieves a 

minimum pollutant removal effectiveness.  

• In partnership with lakefront property owners, seek to maximize the use of lake aeration systems 

where the benefits of increased dissolved oxygen (for habitat survival) and lower lake temperatures 

(to reduce algae blooms) justifies the cost of installation and ongoing maintenance. 

• In partnership with lakefront property owners, seek to implement floating islands where the benefits 

of nutrient removal justifies the cost of installation and ongoing maintenance. 

 

1.2 Recent Projects 

The above referenced documents were completed in 2012 and 2018; however, the 2018 SMPU did not 

include review of all reports generated after 2016.  Since 2016, several stormwater lake studies and 

projects have been, or are being, completed: 

• In 2019, Wood completed an engineering report that provides restoration and maintenance 

alternatives for Spring Lake (#11) and East Lake (#31), along with logistical approaches to executing a 

project such as dredging. This is considered particularly challenging considering the limited open 

areas available to dewater dredged material and the very restricted accessibility to and from the lakes.  

The report also provides strategies for generating revenue for restoration and maintenance projects 

and these strategies may have application to other City lakes beyond Spring and East lakes.  The 

report is scheduled to be presented concurrently with the 2019 Updated Lake Management Plan. 

• Water quality data and analysis for Lake Manor comparing pre versus post 2015 restoration. 

• During the stakeholder surveys (Section 3.0), homeowners mentioned the following projects that have 

been implemented (although no dates were given): 

- Aeration fountains at Swan Lake (#2), Lake #3, Lake #4, Lake Suzanne (#5), Spring Lake (#11), 

Lake #7, and Forest Lake (#20); and 
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- The school district dredging Lake #27. 

- Biological treatment applications at Spring Lake and Swan Lake. 

- Lake fill permits issued that recontour lake banks to create living shorelines that reduce 

pollutants in stormwater. 
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 Assessment of Current Conditions and Data Gaps 

Wood prepared an updated stormwater lakes water and sediment quality database and incorporated 

previous stormwater lake assessment information into the review, as described below.  

 

2.1 Water Quality 

Each lake considered in this study discharges to one of four receiving waterbodies: Moorings Bay, Gordon 

River, Naples Bay, or the Gulf of Mexico (Figure 1).  Several water quality issues have been recognized 

among these waterbodies: 

• Moorings Bay may potentially contain high levels of total phosphorus, bacteria, and copper (Cardno, 

2015; AMEC, 2014).  These issues may trigger an impairment listing during FDEP’s next assessment 

cycle (anticipated in 2019). 

• Gordon River and Naples Bay are impaired for copper (FDEP, 2019). 

• The Gulf of Mexico (Collier County) is impaired for fecal coliform (FDEP, 2019). 

 

Wood compiled the available data to produce a comprehensive water quality database spanning 2010 to 

2019.  Data spanning multiple years for contaminants of interest (nutrients, TSS, select metals, bacteria, 

chlorophyll, dissolved oxygen) were available for Devils Lake (#1), Swan Lake (#2), Colonnade (#3), Lake 

Suzanne (#5), Mandarin Lake (#6), North Lake (#8), South Lake (#9), Alligator Lake (#10), Lantern Lake 

(#14), Sun Terrace Lake (#15), 15th Ave North Lake (#19), Forest Lake (#20), Lake Manor (#22), Half Moon 

Lake (#24), NCH Lake (#26), and East Lake (#31). Limited data were available for Lake 4, Thurner Lake 

(#16), Willow Lake (#21), and Lowdermilk Lake (#23). Data gaps are summarized in Section 2.3 below. 

 

The available water quality data for each lake are visualized in Appendix B. The highest mean contaminant 

concentrations were observed at the following lakes: 

• Chlorophyll-a concentrations were highest at Lakes 24, 8, and 14. 

• Copper concentrations were highest at Lakes 26 and 1. 

• Fecal coliform concentrations were highest at Lakes 31 and 6. 

• Total nitrogen concentrations were highest at Lakes 24 and 8. 

• Total phosphorus concentrations were highest at Lakes 24 and 14. 

• Total suspended solids concentrations were highest at Lakes 8 and 24. 

 

The following statistically significant (p<0.05) temporal trends were found in the observed dissolved 

oxygen saturations and concentrations of chlorophyll-a, copper, total nitrogen (TN), total phosphorus (TP), 

total suspended solids (TSS), and fecal coliform, beginning 2010 and 2012 and ending in early 2019: 

• At Devils Lake (#1), TSS concentrations have trended downward (slope=–0.003 mg l-1 d-1; p=0.002). 

• At Swan Lake (#2), TN concentrations have trended upward (slope<0.001 mg l-1 d-1; p=0.015) and TSS 

concentrations have trended downward (slope=–0.002 mg l-1 d-1; p=0.009). 

• At Lake Suzanne (#5), copper concentrations have trended downward (slope=–0.003 µg l-1 d-1; 

p=0.019) and DO saturations have trended upward (slope=0.009% d-1; p=0.029). 
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• At South Lake (#9), copper concentrations have trended downward (slope=–0.016 µg l-1 d-1; p=0.011). 

• At Alligator Lake (#10), TP concentrations have trended upward (slope<0.001 mg l-1 d-1; p=0.009). 

• At Lantern Lake (#14), TN concentrations have trended upward (slope<0.001 mg l-1 d-1; p=0.018). 

• At 15th Ave North Lake (#19), TSS concentrations have trended upward (slope=0.003 mg l-1 d-1; 

p=0.016), fecal coliform concentrations have trended downward (slope=–0.95 (100 ml)-1 d-1; p=0.025), 

and DO saturations have trended upward (slope=0.011% d-1; p=0.040). 

• At Forest Lake (#20), chlorophyll-a concentrations have trended downward (slope=–0.079 mg m-3 d-1; 

p=0.009). 

• At Lake Manor (#22), DO saturations have trended downward (slope=–.031% d-1; p=0.025) since 

January 1, 2016 (post-restoration). 

• At Half Moon Lake (#24), copper concentrations have trended downward (slope=–0.003 µg l-1 d-1; 

p=0.034), DO concentrations have trended downward (slope=–0.025% d-1; p=0.031). 

• At NCH Lake (#26), TP has trended downward (slope< –0.001 mg l-1 d-1; p=0.032). 

• At East Lake (#31), TN concentrations have trended downward (slope< –0.001 mg l-1 d-1; p=0.011). 

 

Water quality trends are considered in the updated rankings (Section 4.0). 

 

2.2 Sediment Quality 

In addition to the water quality date summarized above, Wood reviewed the following sediment data and 

reports: 

• AECOM, 2018, City of Naples Stormwater Master Plan Update (2018 SMPU). 

• MACTEC, 2008, Water Quality and Sediment Sampling at Spring Lake. 

• MACTEC, 2010, Stormwater Lake Maintenance and Improvement Program Report. 

• Southwest Florida Aquatic Ecology Group at Florida Gulf Coast University (FGCU), 2013, Bathymetry 

and sediment characterization of Spring Lake City of Naples, FL. 

• Thomas, Serge, 2013, Bathymetry and sediment characterization of Lake Manor, City of Naples, FL. 

Southwest Florida Aquatic Ecology Group. 

 

The SW Florida Aquatic Ecology Group characterized the sediment of Lake Manor prior to the 2016 

dredging of the lake (Thomas, 2013). Sediment was analyzed for chlorides, total Kjeldahl Nitrogen (TKN), 

TN, Nitrates + nitrites (NOx), ammonia nitrogen, orthophosphate, TP, total organic carbon, and heavy 

metals (Al, As, Cd, Cu, Pb, Hg and Zn). Post dredge bathymetric surveys were conducted in April 2019 

(Amec Foster Wheeler, 2016). 

 

MACTEC (2008) performed sediment sampling at Spring Lake (Lake 11) with a Ponar dredge at three 

locations in the lake. The sediment was analyzed for metals (As, Cd, Cr, Cu, Pb, Hg), polynuclear aromatic 

hydrocarbons (PAHs), and total recoverable petroleum hydrocarbons (TRPH). 

 

MACTEC (2010) measured muck thickness at 28 stormwater lakes in the City of Naples. Based upon the 

results of the soft sediment thickness measurements, thicker soft sediment was often associated with 
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inflow structures. Soft sediment thickness of 19 inches or greater was observed at Lake #1NW, Lake #2, 

Lake #9, Lake #20, Lake #22, and Lake #25. 

 

Florida Gulf Coast University (2013) conducted a bathymetric survey of Lake #11, providing valuable 

information about the physical characteristics of the lake; the report also includes data on sediment and 

water quality.  The lake was eutrophic (for nitrogen) and sediment samples from 2008 contained 

concentrations of arsenic, copper, lead, total residual petroleum hydrocarbons, and benzo-a-pyrene that 

exceeded default soil clean-up target levels (SCTL).   

 

2.3 Data Gaps 

As reported in the 2018 SMPU, 15 of the 28 stormwater lakes within the City and all three pump stations 

were included in the water quality monitoring program; water quality data are not available for all lakes. 

Of the five public lakes and/or the lakes performing the poorest in pollutant removal, several data gaps 

were identified: 

• Water quality data for Spring Lake (#11) are limited.  However, Spring Lake is physically and 

hydraulically connected to East Lake (#31), which is directly downstream.  Spring Lake’s water quality 

is expected to be similar to that of East Lake, which is sampled regularly.  

• Water quality data for Lowdermilk Park Lake (#23) are extremely limited, with only one observation of 

each constituent available (sampled in November 2013). This lake had no reports of algal blooms, fish 

kills or associated visual or aromatic deficiencies. 

• Water quality data for 2014 were extremely limited at many lakes, including Lakes 1, 2, 5, 6, 9, 10, 19, 

22, 24, and 31: For most constituents of interest, a single observation of the concentration was 

available at each lake. 

Of the remaining lakes, Lakes 4, 7, Thurner Lake (#16), and Willow Lake (#21)  data are limited to samples 

from 2012 or 2013. The North Lake (#8) data are limited to 2012 and 2017 through 2019. 

 

The dataset contains no water quality data for Lakes 12, 13, 17, 25, 27, and 28.   

 

City staff has indicated that changes in data collection efforts for these private or undetermined lakes 

were refocused to lakes that the City has clear control over or for which has clear drainage easement 

rights.  Also, water quality sampling periodically continued at lakes that received public stormwater and 

have or have had notable issues of concern, such as algae, fish kills, etc. 

 

Water quality and sediment/muck data are important to understand pollutants of concern in each lake.  

These data help scientists and engineers develop programs and projects aimed specifically at reducing 

pollutants of concern in the lake and upstream.  The projects recommended in the previous planning and 

management documents were based on water quality and sediment/muck data collected.  Some of the 

project recommendations for lakes in the 2018 SMPU should be re-evaluated after data gaps for lakes are 

filled if policy direction for each lake leads the City to become actively involved with lake management 

and restoration.   

 

An additional data gap is the lack of recent influent data, which is a key component of the calculation of 

the 2012 rankings.  The 2012 rankings incorporated the following factors: residence time, pollutant 

removal efficiency, potential for stratification, sediment accumulation, mass loading of pollutants per lake 

volume, and absolute mass of pollutants discharged. Several of these factors depend on influent 

concentrations, which have not been monitored since February 2014. Other factors (e.g. residence time) 
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are determined from the lake volume and flow through. These data have not been updated since 2014 

and although the lake depths and volumes may not have changed significantly in some lakes, dredging 

and construction projects and potential sediment accumulation would affect these values.  Recent muck 

thickness data are also not available. 

 

It is commonly understood that major lake restoration efforts are designed on a case-by-case basis by 

scientists and engineers.  The precursor to design is data collection.  While the City has been collecting 

data for a specific purpose (monitoring), additional data collection would be a critical precursor to 

engineering and design.  The collected data would enable engineers to quantify necessary work and 

establish a baseline for existing conditions.  This baseline data is integral in gauging a project’s success (or 

failure) and cost/benefit.  
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 Citizen Survey 

A citizen survey was administered to gather information about the health and status of specific 

stormwater lakes from adjacent property owners. The intent of the survey was to gather information on 

lakes from the people who see them every day. The survey instrument used in the 2018 SMPU (described 

below) was reviewed prior to design of the current survey instrument. 

 

3.1.1 Previous Survey (2018 SMPU) 

Stakeholder involvement was incorporated into the 2018 Stormwater Master Plan Update and included 

two public meetings, a survey that was available on the City’s website to provide input, and two City 

council workshops that consisted of a 60% meeting of the document and 100% meeting of the document.   

The survey was available on the City’s website through the Survey Monkey service from 2/22/2017 

through 7/11/2017. The survey was emailed to homeowner’s associations and City Council on March 15, 

2017.  The survey included questions about the entire City of Naples and city-wide issues, including a 

focus on the health of Naples Bay, Gordon River, Gulf of Mexico/Naples Beaches, and Moorings Bay.  

 

3.1.2 Lake Survey 

The survey instrument used in this Lake Management Plan update is included in Appendix C-1. Definitions 

of water quality and water quantity and some elements of the questions in this document are from the 

survey instrument used in the 2018 SMPU. During design of the survey, the instrument used by Gholson 

et al. (2017 dissertation and 2019 peer-reviewed publication) regarding “Public Perception and Attitudes 

About Water Resources in Texas” were reviewed. 

 

3.1.3 Results of Lake Survey 

The survey instrument was emailed to stakeholders identified by the City. Surveys were sent to 

30 stakeholders distributed across 20 lakes (Table 3).  Stakeholders are defined as managers of lakes, 

lakefront property owners, and property owner association managers.  Recipients were given the option to 

complete and return the survey via email or complete the survey with a Wood staff member.  As of 

September 6, 2019, surveys had been completed for 15 lakes.  Select survey responses are included in 

Table 4 and completed surveys are included in Appendix C-2. 

 

Stakeholders ranked Devil’s Lake (#1), Swan Lake (#2), Lake Suzanne (#5), Lake 7, and North Lake (#8) water 

quality as good or good to excellent. Conversely, Alligator Lake (#10), Spring Lake (#11), Forest Lake (#2), 

and East Lake (#31) were rated as having poor water quality; Lake #12 was rated as having poor but 

improving water quality. Swan Lake (#2), Colonnade (#3), Lake #4, Lake Suzanne (#5) Mandarin Lake (#6) 

and Lake #27 were ranked as having good to excellent water quantity. North Lake (#8) water quantity was 

rated as good but deteriorating.  Lake #12 was rated as having poor but improving water quantity. 

 

The majority of stakeholders indicated that they would be interested in supporting or participating in 

activities that will improve the water quality in the Lake. 

 

In January of 2019, City staff identified an algae bloom in Swan Lake; however, the Swan Lake respondent 

did not specifically mention algae blooms and ranked the lake as having good or excellent water quality.  

Wood is awaiting responses from three other stakeholders at the lake.   
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Table 3. Summary of Stakeholders Contacted and Responses Received for Lake Survey 

Lake Number/Name 

Number of Stakeholders 

Contacted 

Response Received? 

[a] 

#1 Devils Lake 1 Yes 

#2 Swan Lake 4 Yes 

#3 Colonnade 2 Yes 

#4 1 Yes 

#5 Lake Suzanne 1 Yes 

#6 Mandarin Lake 1 Yes 

#7 No Name 1 Yes 

#8 North Lake 1 Yes 

#9 South Lake No contact identified NA 

#10 Alligator Lake 1 Yes 

#11 Spring Lake 3 Yes 

#12 2 Yes 

#13 No contact identified NA 

#14 Lantern Lake 2 Awaiting response 

#15 Sun Terrace Lake No contact identified NA 

#16 Thurner Lake 1 Awaiting response 

#17  1 Awaiting response 

#19 15th Ave North Lake 1 Awaiting response 

#20 Forest Lake 1 Awaiting response 

#21 Willow Lake  2 Awaiting response 

#22 Lake Manor Not contacted NA 

#23 Lowdermilk Lake Not contacted NA 

#24 Half Moon Lake No contact identified NA 

#25 No contact identified NA 

#26 NCH Lake 2 Awaiting response 

#27  1 Yes 

#28 No contact identified NA 

#31 East Lake 1 Yes 
Note: [a] For Lakes with more than one stakeholder contacted, "Yes" means that at least one survey  

response was received. 
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Table 4. Select Survey Responses from Lake Stakeholder Surveys (page 1 of 2) 

Lake 

Stakeholder Responses 

Notes 

Water Quality 

Rating [a] 

Water Quantity 

Rating [a] Flooding? 

Who is responsible for 

maintaining the lake? 

Interested in supporting 

or participating in water 

quality improvement? 

#1 Devils Lake Good or 

Excellent 

No opinion or 

don't know 

No not answered Yes Stakeholder believes that City of 

Naples lowers lake levels prior to 

storm events 

#2 Swan Lake Good or 

Excellent 

Good or 

Excellent 

Yes Ann Dietz, lakefront 

property owner 

champions efforts 

Yes   

#3 Colonnade Fair Good or 

Excellent 

Yes Property Owners 

Association 

Yes   

#4 (Hidden Lake) Fair Good or 

Excellent 

Yes Condo association - 

company maintains - Lake 

Doctors come out 

monthly 

Maybe   

#5 Lake Suzanne Good or 

Excellent 

Good or 

Excellent 

Yes Committee - condo on 

other lake 

Definitely Stakeholder also mentioned Lake 

Doctors working at the Lake 

#6 Mandarin Lake Fair Good or 

Excellent 

Yes The City Yes Stakeholder mentioned concern 

for algae blooms 

#7  Good or 

Excellent 

Fair No Steven Duckworth - 

director and volunteer, 

Lake Doctors for monthly 

maintenance 

Yes   

#8 North Lake Good and 

improving 

Good but 

deteriorating 

Yes City owns and maintains 

aerators and floating 

islands 

Sure   

#9 South Lake No contact identified 

#10 Alligator Lake Poor Fair Yes City of Naples Yes   

#11 Spring Lake Poor Fair No City Yes   

#12 Poor but 

improving 

Poor but 

improving 

Yes Surrounding homeowners, 

hired Lake Doctors 

--   

#12 Fair Fair No Adjacent property owners 

pay Lake Doctors 

Yes Stakeholder mentioned concern 

for algae blooms 
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Table 4. Select Survey Responses from Lake Stakeholder Surveys (page 2 of 2) 

Lake 

Stakeholder Responses 

Notes 

Water Quality 

Rating [a] 

Water Quantity 

Rating [a] Flooding? 

Who is responsible for 

maintaining the lake? 

Interested in supporting 

or participating in water 

quality improvement? 

#13 No contact identified 

#14 Lantern Lake Awaiting response 

#15 Sun Terrace Lake No contact identified 

#16 Thurner Lake Awaiting response 

#17  Awaiting response 

#19 15th Ave North Lake Awaiting response 

#20 Forest Lake Poor Fair No Homeowners Yes   

#21 Willow Lake  Fair Fair No City of Naples Yes Stakeholder 

mentioned concern 

for frequent growth 

of green material 

floating on surface 

#22 Lake Manor Not contacted 

#23 Lowdermilk Lake Not contacted 

#24 Half Moon Lake No contact identified 

#25 No contact identified 

#26 NCH Lake Awaiting response 

#27  Fair Good or 

Excellent 

Neighbors have 

experienced 

flooding 

School District Yes   

#28 No contact identified 

#31 East Lake Poor No opinion or 

don't know 

No Previously assumed it was 

City, but was told it was 

surrounding property 

owners 

Yes Stakeholder 

mentioned concern 

for algae blooms 

Note:  [a] Possible ratings were: no opinion or don't know, poor, poor but improving, fair, good but deteriorating, good and improving, good or excellent 
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 Stormwater Lake Rankings 

The City’s stormwater lakes were ranked in 2012, as described in the 2012 Lakes Plan and Amec (2012), 

then re-ranked in 2013 to incorporate new information.  Wood re-ranked the lakes in 2019 using different 

data inputs because of the data limitations discussed in Section 2.3. 

4.1 Rankings from Previous Reports 

The stormwater lakes on the City’s inventory were ranked in 2012 and presented in the 2012 Lakes Plan  

using condition assessment calculation.  The data incorporated in the 2012 ranking were: 

• Residence time 

• Predicted and observed removal rates 

• Potential for stratification 

• Sediment thickness 

• Total mass loadings to volumetric capacity 

• Concentration comparison 

• Total pollutant loading discharged from each stormwater lake 

 

Individual lake indices were calculated for each factor listed above and the lakes were scored against each 

other by normalizing the indices on a scale of 1 to 100; the scores were averaged to produce a final score.  

Lower scores indicated lakes in relatively good condition and higher scores indicated lakes in relatively 

poor condition.  Lakes were ranked based on their final score, reproduced below in Figure 2 (Amec 2012).  

During the 2012 ranking, the worst performing lakes were: South Lake (#9), East Lake (#31), Alligator Lake 

(#10), Swan Lake (#2), and Halfmoon Lake (#24). Only East Lake (#31) is controlled exclusively by the City.  

 
Figure 2. 2012 Stormwater Lake Condition Rankings (Amec, 2012) 
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In 2013, the rankings were revised to include new information affecting the loading calculations and 

removal of TSS from the index.  Otherwise, the calculations and data inputs were largely the same as in 

the 2012 ranking. The revised 2013 scores are reproduced below in Figure 3. 

 
Figure 3. Revised Stormwater Lake Condition Rankings (Amec, 2013) 

 
 

4.2 Updated Rankings Methods 

Wood re-ranked the lakes on the City’s inventory using a new ranking methodology that emphasizes 

water-quality impacts to the lakes’ receiving waterbodies (Gordon River, Moorings Bay, Naples Bay, and 

the Gulf of Mexico) over each lake’s own internal water quality.  The new ranking methodology reflects 

changes to the City’s water quality monitoring program since 2013 (see Section 2.3):  The previous 

monitoring program collected data at many of the lakes’ inlets and outlets, enabling estimation of 

quantities considered in the 2012 and 2013 rankings (e.g., residence times and removal efficiencies).  

More recently, the monitoring program has emphasized more frequent sampling of water quality at lake 

outlets. As such, the updated ranking methodology emphasizes water quality leaving the lakes, in terms of 

observed levels of nutrients, metals, pathogens, sediments, and dissolved oxygen. 

 

The lake ranking methodology considers seven water quality constituents observed at 22 lakes for which 

water-quality data are available (Lakes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15, 16, 19, 20, 21, 22, 23, 24, 26, 

and 31): 

• Chlorophyll-a (mg/m3): Chlorophyll-a is an indicator of the amount of algae in surface water—high 

concentrations of chlorophyll-a can indicate increased algae and degraded water conditions [US 

Environmental Protection Agency (USEPA) 2016]. The chlorophyll-a numeric nutrient criteria for 

Moorings Bay, Naples Bay, and the Gulf of Mexico (inshore, near Collier County) are 8.1 µg/L, 4.3 µg/L, 

and 1.6 µg/L, respectively, expressed as annual geometric means (AGMs), per Florida Statute 62-

302.532. The units µg/L and mg/m3 are equivalent. 

• Copper (Cu; µg/L): Copper is used in herbicides and algicides to control nuisance algae and aquatic 

plants. High concentrations indicate degraded water quality. Copper does not degrade and can 
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accumulate in lake sediment. At Naples Bay, the Gordon River, and Moorings Bay, the surface water 

quality standard for copper is ≤ 3.7 µg/L, per Florida Statute 62-302.530. 

• Dissolved oxygen saturation (DO; %): Low DO indicates degraded water quality and is unhealthy for 

fish and other aquatic animals. Low DO can be caused by several factors, including the die-off of 

aquatic plants and algae [Institute of Food and Agricultural Sciences (IFAS, 2019)]. 

• Fecal coliform [colony forming units (CFU) per 100 ml]: Fecal coliform is associated with sewage or 

animal waste [Florida Department of Environmental Protection (FDEP), 2019]; high concentrations 

indicate degraded water quality. In Naples Bay, the Gordon River, and Moorings Bay, the CFU is not to 

exceed a median value of 14 with not more than 10% of the samples exceeding or 31, and the CFU 

should not exceed 800 on any one day (Surface Water Quality Standards Chapter 62-302). 

• TN (mg/L):  Nitrogen can be introduced to surface water via fertilizer.  High concentrations degrade 

water quality, contribute to algal growth, and lower dissolved oxygen (USEPA, 2013). The TN numeric 

nutrient criteria for Moorings Bay, Naples Bay, and the Gulf of Mexico (inshore, near Collier County) 

are 0.85 mg/L, 0.57 mg/L, and 0.29 mg/L, respectively, expressed as annual geometric means (AGMs), 

per Florida Statute 62-302.532.  

• TP (mg/L): Phosphorus can also be introduced to surface water via fertilizer, where high 

concentrations contribute to algal blooms and degraded water quality [US Geographical Service 

(USGS)]. The TP numeric nutrient criteria for Moorings Bay, Naples Bay, and the Gulf of Mexico 

(inshore, near Collier County) are 0.040 mg/L, 0.045 mg/L, and 0.018 mg/L, respectively, expressed as 

annual geometric means (AGMs), per Florida Statute 62-302.532. 

• TSS (mg/L): Total suspended solids are organic and inorganic particles found in the water column.  

High concentrations of TSS can harm aquatic organisms and indicate degraded water quality 

(USEPA, 2003). 

 

4.2.1 Data processing 

The water quality data were collected by the City between 2010 and 2019, although the periods of record 

(PORs) vary by constituent and by lake. The ranking also considers lake sediment depth data collected in 

2012. 

 

Prior to analysis, the water quality data were cleaned to correct mislabelled units; standardize constituent 

names, constituent units, and sampling site names across the dataset; and remove misreported values. In 

addition, we replaced each set of replicate observations (observations made on the same day) with the 

daily arithmetic mean. 

 

When an analyte was not detected in a sample, the method detection limit—the minimum concentration 

that can be detected by the analytical method—was recorded as the observed concentration.  

 

DO saturation is a measure of the concentration of oxygen dissolved in water, relative to the maximum 

concentration that can be dissolved in water at a given temperature, pressure, and salinity (USGS, 2011). 

The dataset included 194 cases in which temperature and DO concentrations were reported without the 

corresponding DO saturation values. We imputed these missing DO saturation values using 

contemporaneous temperature and DO concentration observations and assuming an elevation of 1 m 

(Moulton, 2018). This method yielded a high Nash-Sutcliffe efficiency (NSE=0.872) when applied to the 

724 cases for which contemporaneous temperature, DO concentration, and DO saturation observations 
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were available (Nash-Sutcliffe, 1970), indicating the calculations used to estimate missing saturation data 

are approximately correct. The available salinity data were not included in the calculation, because their 

inclusion yielded a poorer fit to the reported DO saturation values (NSE=0.802). 

 

4.2.2 Ranking methodology 

The ranking methodology follows a multi-criteria decision framework, in which weighted factors (e.g., 

water quality parameters) are used to calculate a score for each lake (USEPA, 2017).  The factors include 

the seven water quality constituents (see Section 4.2, above) and sediment depth, and each lake’s factor 

values are adjusted to reflect estimated runoff volume from the lake’s watershed (as described in the 

following section). The weights assigned to each factor reflect the factors’ importance in determining a 

lake’s priority relative to the other lakes. Each lake’s score is computed as  

 

������ � 		
���
�� ∗ �������
�

���
 (Equation 1) 

 

for N factors at the jth lake. We present normalized scores (values between 0 and 100), with 100 

representing the relatively highest-priority lake and zero representing the lowest-priority lake, given the 

specified weighted scheme (described below). Rankings reflect the lakes’ relative overall water quality as 

well as their relative discharge contribution to receiving waterbodies. 

 

A lack of water quality data precluded inclusion of Lakes 12, 13, 17, 25, 27, and 28 in the ranking.  Despite 

data limitations, Lakes 4 and 11 were included in the ranking: These lakes were assigned the scores 

computed for directly connected lakes (Lakes 3 and 31, respectively). 

 

4.2.2.1 Factors 

For each constituent at each lake, we computed the arithmetic mean of observations over the full POR 

and the arithmetic mean of observations from the past three years (after September 6, 2016).  We refer to 

these values as ‘all-time means’ and ‘3-year means,’ respectively.  The means were normalized on a scale 

of 0.0 to 1.0, where a value of zero corresponds to the lowest mean concentration across the 22 lakes, and 

a value of 1.0 corresponds to the highest mean concentration.  For each constituent, the normalization 

effectively transforms means expressed in absolute units (e.g., µg/L) into relative values, in order to 

eliminate bias introduced by the varying magnitude scales and measurement units across constituents. 

For consistency, we subtracted the normalized DO saturation values from 1.0, so that a value of 1.0 

corresponds to the lowest DO saturation (lowest quality). 

 

In order to account for variability in the lakes’ discharge volumes to receiving waterbodies, we adjusted 

the mean constituent values (concentration or saturation) for each lake by a runoff volume factor, which 

represents a lakeshed’s annual runoff volume as a fraction of the basin’s total annual runoff volume.  The 

runoff volume factor was calculated using the Amec (2012) lakeshed annual average runoff volumes 

(Table 5).  Each adjusted mean concentration (or saturation) value was computed as the product of the 

mean (concentration or saturation) and the runoff volume factor.  The intuition is that lakes with larger-

volume lakesheds (and therefore greater discharge to a receiving waterbody) should rank more highly 

than lakes with smaller-volume lakesheds, all else being equal. 

 

Next, we applied linear regression (i.e., ordinary least-squares regression) to determine whether each 

constituent at each lake showed a statistically significant (α=0.05) linear trend (increasing or decreasing) 
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over its POR, as given by the regression’s estimate of the slope (see also Appendix B and Section 2.1).  For 

each constituent at each lake (except Lake Manor, described below), we used either the runoff-adjusted 

3-year mean (if the slope was significant) or the runoff-adjusted all-time mean (if the slope was not 

significant) as a factor in computing the lake’s score. Thus, the selected mean encodes information about 

the trend, since the difference between the all-time and 3-year means corresponds to the direction and 

magnitude of the slope.  For instance, for a constituent with a significantly increasing trend, the 3-year 

mean is greater than the all-time mean, and the magnitude of the difference is directly related to the 

magnitude of the slope.  A constituent with a significantly increasing (or decreasing) trend therefore 

increases (or decreases) the corresponding lake’s score, all else being equal.  See Appendix B for full 

results of the trend analysis. 

 

Because Lake Manor (#22) underwent restoration in 2015, we excluded data prior to January 1, 2016 for 

the purposes of ranking.  Thus, the ‘all-time’ means for Lake Manor represent the means of data collected 

after restoration (i.e., 2016 or later). 

 

In addition to the means and slopes for each constituent at each lake, we considered the 2012 sediment 

depth as a factor (Table 6) (Amec, 2012).  Lake Manor (#22) sediment depth was not included because this 

lake was dredged after 2012, and an updated sediment depth measurement was not available.  

 

Table 5. Lakeshed Annual Average Runoff Volumes (Amec, 2012) and Runoff Volume Factors 

Sample Location 

Runoff 

Volume 

(acre-feet) 

Runoff 

Volume 

Factor  Sample Location 

Runoff 

Volume 

(acre-feet) 

Runoff 

Volume 

Factor 

1NW 53.52 0.04   15 47.37 0.04 

1SE 34.35 0.03   16 9.26 0.01 

2 171.23 0.14   17 22.90 0.02 

3 25.51 0.02   19 19.65 0.02 

4 27.36 0.02   20 32.93 0.03 

5 84.47 0.07   21 4.51 <0.01 

6 20.71 0.02   22 78.94 0.06 

7 19.05 0.02   23 5.60 <0.01 

8 38.38 0.03   24 2.23 <0.01 

9 19.47 0.02   25 1.28 <0.01 

10 16.04 0.01   26 12.45 0.01 

11 91.05 0.07   28 2.97 <0.01 

12 1.21 <0.01   31 3.75 <0.01 

13 8.54 0.01   PW 348.01 0.28 

14 12.50 0.01   LL 26.28 0.02 

  Total 1241.52 1.00 

 

Table 6. Average Lake Sediment Thickness (in) (Amec, 2012) 

Lake 

Average Sediment 

Thickness (in) [a] 

 

Lake 

Average Sediment 

Thickness (in) [a] 

#1 Devils Lake 6.07  #15 Sun Terrace Lake 5.29  

#2 Swan Lake 9.31  #16 Thurner Lake 1.57  

#3 Colonnade 0.60  #17 ND    

#4 4.38  #19 15th Ave North Lake 7.50  

#5 Lake Suzanne 7.00  #20 Forest Lake 7.40  

#6 Mandarin Lake 11.50  #21 Willow Lake  1.67  

#7  0.33  #22 Lake Manor 0 [b] 
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#8 North Lake 2.38  #23 Lowdermilk Lake 0.17  

#9 South Lake 8.00  #24 Half Moon Lake 5.00  

#10 Alligator Lake 5.00  #25 9.60  

#11 Spring Lake 3.50  #26 NCH Lake 0.60  

#12 4.00   #27   ND  

#13 3.50  #28 12.67  

#14 Lantern Lake 6.00  #31 East Lake ND  

Note:  [a] ND=no data;  

  [b] Lake Manor dredged in 2015 

 

4.2.2.2 Weights 

For each lake with recent data available (Lakes 1, 2, 3, 5, 6, 8, 9, 10, 14, 15, 19, 20, 22, 24, 26, and 31), the 

raw score was computed using eight weights corresponding to the eight factors (seven mean constituent 

values and one sediment depth value for each lake).  We applied a weighting scheme that assigned equal 

weight to each of the seven means (0.135) and a lower weight to sediment depth (0.055).  The weights 

sum to unity (0.135*7 + 0.055 = 1). 

 

Water quality data for several lakes were limited to one or two samples taken in 2012 or 2013 (Lakes 7, 16, 

21, and 23).  Because these data did not include chlorophyll-a concentrations, we applied a modified 

weighting scheme to compute the raw scores for these lakes. The modified weighting scheme assigned a 

weight of 0.160 to each of the six remaining mean constituent values (Cu, coliform, DO, TN, TP, and TSS) 

and a weight of 0.040 to the sediment depth value for each of these lakes. Again, the weights sum to 

unity (0.160*6 + 0.040 = 1). 

 

The final scores presented in the ranking (Figure 4) were computed by normalizing the raw scores to a 

scale of 0 to 100.  

 

4.2.3 Geometric means 

We computed annual geometric means (AGMs) for a subset of constituents (chlorophyll-a, Cu, fecal 

coliform, TN, TP, and TSS) at public lakes (Lakes 6, 19, 22) and at the highest-priority lakes identified in the 

2012/2013 reports and in the current ranking.  The AGM is computed by raising the product of n 

observations from a given year to the power 1/n.  AGMs are plotted on a logarithmic scale. 

 

AGM concentrations are not volume-adjusted.  Therefore, the lake with the highest AGM concentration 

value is not necessarily the lake with the greatest water-quality impact on the receiving waterbody. 

 

4.3 Updated Rankings Results 

The lakes with the highest-priority rankings—indicating the strongest overall impact on water quality of 

the receiving waterbody—were Swan Lake (#2), East Lake (#31), Spring Lake (#11), North Lake (#8), and 

Lake Suzanne (#5). The score for Lake 11 was developed using the best available information (including 

water quality data collected at Lake 31), since a lack of recent water-quality data precluded calculation of 

its score using Equation 1.  The public lakes ranked 2nd (East Lake #31), 11th (Mandarin Lake #6), 12th (15th 

Avenue North Lake #19), and 17th (Lowdermilk Lake #23).  

 

In addition to the lake rankings, Wood calculated annual geometric means for TN, TP, chlorophyll-a, Cu, 

fecal coliform, and TSS at the three public lakes with available data (Figures 5 through 10) and at the 
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highest-priority lakes: Lakes 2, 31, 8, and 5 (Figures 11 through 16).  The AGM concentrations are 

presented on a logarithmic scale.  

 

Whereas the ranking was structured to prioritize lakes in terms of their overall impact on water quality in 

receiving waterbodies (i.e., lakes with larger-volume watersheds have a larger impact, all else being equal), 

the AGM concentrations provide insight into annual water quality dynamics near the outlets of selected 

lakes.  That is, the lake with the highest AGM concentration for a given constituent is not necessarily the 

lake contributing the greatest constituent load to the receiving waterbody, since the AGMs are not 

volume-adjusted (for a ranking that emphasizes in-lake water quality, see Figure 17 in Section 5).  Below, 

we discuss several of the AGM concentrations with respect to numerical criteria for Naples Bay, Moorings 

Bay, and Class II waters. While these criteria provide a relevant basis for comparison, they do not govern 

water quality at the stormwater lakes. 

 

Water quality data from four of the public lakes—Lakes 6, 19, 22, and 31—were adequate to provide 

meaningful comparisons to numerical criteria governing these lakes’ receiving waterbodies (Figures 5 

through 10). Lakes 6, 19, and 22 discharge into Gordon River, which flows directly into Naples Bay; Lake 31 

discharges to Naples Bay. Among these four public lakes, AGM concentrations of TN and chlorophyll-a 

consistently remained above the numerical criteria for Naples Bay (0.57 mg/L and 4.3 µg/L, respectively) 

during their PORs.  AGM concentrations for TP at each of the four lakes often exceeded the Naples Bay 

criterion (0.045 mg/L) during the POR, although the AGMs at Lakes 6, 19, and 22 have decreased in recent 

years.  In 2018, AGM TP concentration at Lake 22 decreased to 0.033 mg/L, below the Naples Bay 

criterion.  In contrast, the AGM TP concentration at Lake 31 has consistently remained relatively high 

throughout the POR.  Regarding copper, AGM concentrations have consistently remained below the 

numerical criterion (3.7 µg/L), with the exception of Lake 31 at which the concentrations have consistently 

remained relatively high.  In 2014, copper was not detected at Lakes 6, 19, and 22, and the reported 

concentration (4.0 µg/L) reflects the method detection limit.  We present these data with an important 

caveat: Data for Lakes 6, 19, and 22 in 2014 are limited to one observation date (December 15). Therefore, 

the 2014 values for these lakes, as shown in Figures 5 through 10, are not likely to be representative of 

real-world conditions throughout 2014. 

 

Annual geometric mean concentrations for TN, TP, and chlorophyll-a at the three non-public high-priority 

lakes—Lakes 2, 5, and 8—generally exceeded the numerical criteria corresponding to their respective 

waterbodies (see above for a description of water quality issues at Lake 31).  Lakes 2 and 5 discharge to 

Moorings Bay, and Lake 8 discharges to the Gulf of Mexico.  At Lake 2, AGM concentrations of TN 

exceeded the criterion for Moorings Bay (0.85 mg/L) in 2012, 2013, and 2015 through 2018; AGM 

concentrations of TP exceeded the criterion (0.040 mg/L) in 2011 through 2018; AGM concentrations of 

chlorophyll-a consistently exceeded the criterion (8.1 µg/L) during the POR; and AGM concentrations of 

copper exceeded the criterion (3.7 µg/L) in 2010 through 2015 and 2017 and 2018. At Lake 5, AGM 

concentrations of TN, TP, and chlorophyll-a consistently exceeded the Moorings Bay criteria (0.85 mg/L, 

0.040 mg/L, and 8.1 µg/L, respectively) during the PORs; and, after substantially exceeding the criterion 

(3.7 µg/L) for several years, the AGM concentration of copper fell below the criterion in 2016 and 

exceeded the criterion in 2017 and 2018.  At Lake 8, AGM concentrations of TN, TP, and chlorophyll-a 

substantially exceeded the numerical criteria for the Gulf of Mexico (0.29 mg/L, 0.018 mg/L, and 1.6 µg/L, 

respectively) during the PORs; and the AGM concentration of copper was below the criterion (3.7 µg/L) in 

2017 and above the criterion in 2018.  (The data for Lake 8 were limited to 2012, 2017, and 2018.)  Again, 

we present these data with an important caveat: At Lakes 2 and 5, the data for 2014 are limited to one 

observation date (December 15); at Lake 31, the data for 2014 are limited to one observation date 

(chlorophyll-a, TN; December 15) or two observation dates (copper, fecal coliform, TP, TSS; February 5 and 
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December 15).  Therefore, the 2014 values for these lakes, as shown in Figures 11 through 16, are not 

likely to be representative of real-world conditions in 2014.  

 

Because the rankings were influenced by the runoff volume factor (Table 5), the highest-ranking lakes are 

not necessarily the ones with the poorest overall water quality.  That is, the area of each lake’s basin was 

an important factor in determining the rankings. See Figure 17 in Section 5.0 for a ranking based on in-

lake water quality without regard to downstream impacts. 
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Figure 4. 2019 Stormwater Lake Rankings 

The rankings emphasize water quality impacts on receiving waterbodies, with scores ranging from zero 

(lowest priority) to 100 (highest priority).  Lakes 4 and 11, for which limited or no water quality data were 

available, were assigned the scores computed for directly connected lakes (Lakes 3 and 31, respectively).  

Scores for Lakes 16, 21, and 23 were computed using a modified weighting scheme, due to data limitations 

(see Section 4.2.2.2 for details).  Lakes 12, 13, 17, 25, 27, and 28 were not ranked due to a lack of water quality 

data.  Lake 22 was not ranked, since restoration was completed in 2015. 

 
 

We also summarized the following data for each lake (Table 7): 

• Receiving waterbody 

• Details about the lake’s connection to receiving waterbody; for example, if it discharges directly to the 

receiving waterbody and if there are any stormwater lakes upstream 

• Whether or not the lake receives public drainage 

• Whether or not there is easement access to the lake 

• Lake ownership 

 

This qualitative data, in combination with the water quality analyses, will be used in the recommendations 

and can help with the decision-making process by allowing for the consideration of downstream impacts 

of projects as well as ease of project implementation and access. 
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Figure 5. Annual Geometric Mean (AGM) Concentrations of Total Nitrogen (TN) at Public Lakes,  

Plotted on a Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. AGM 

concentrations for TN at Lake Manor (#22, blue points) decreased following the 2015 restoration project. Data 

for Lake 23 are limited to one sample in 2013. 

 
 

Figure 6. Annual Geometric Mean (AGM) Concentrations of Total Phosphorus (TP) at Public Lakes, Plotted 

on a Logarithmic Scale  

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. Data for 

2014 are limited to one sample per lake; therefore, the reported mean (and apparent concentration spikes) 

may not represent actual conditions. Data for Lake 23 are limited to one sample in 2013. 
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Figure 7. Annual Geometric Mean (AGM) Concentrations of Chlorophyll-a at Public Lakes, Plotted on a 

Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. No data 

were available for Lake 23. 

 
 

Figure 8. Annual Geometric Mean (AGM) Concentrations of Copper (Cu) at Public Lakes, Plotted on a 

Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. Data for 

2014 are limited to one sample per lake; therefore, the reported mean (and apparent concentration spikes) 

may not represent actual conditions. Data for Lake 23 are limited to one sample in 2013. 
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Figure 9.  Annual Geometric Mean (AGM) Concentrations of Fecal Coliform Colony-Forming Units (CFUs) at 

Public Lakes, Plotted on a Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. Data for 

Lake 23 are limited to one sample in 2013. 

 
 

Figure 10.  Annual Geometric Mean (AGM) Concentrations of Total Suspended Solids (TSS) at Public Lakes, 

Plotted on a Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. Data for 

Lake 23 are limited to one sample in 2013. 
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Figure 11. Annual Geometric Mean (AGM) Concentrations of Total Nitrogen (TN) at Priority Lakes, Plotted 

on a Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. 

 
 

Figure 12. Annual Geometric Mean (AGM) Concentrations of Total Phosphorus (TP) at Priority Lakes, 

Plotted on a Logarithmic Scale.  

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. 
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Figure 13. Annual Geometric Mean (AGM) Concentrations of Chlorophyll-a at Priority Lakes, Plotted on a 

Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. 

 
 

Figure 14. Annual Geometric Mean (AGM) Concentrations of Copper (Cu) at Priority Lakes, Plotted on a 

Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. 
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Figure 15. Annual Geometric Mean (AGM) Concentrations of Fecal Coliform Colony-Forming Units (CFUs) at 

Priority Lakes, Plotted on a Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. 

 
 
Figure 16. Annual Geometric Mean (AGM) Concentrations of Total Suspended Solids (TSS) at Priority Lakes, 

Plotted on a Logarithmic Scale 

Dotted segments (between the 2018 and 2019 means) indicate that the 2019 means are tentative. 
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Table 7. Stormwater Lake Receiving Watershed Setting, Ownership, Access, and Rankings Summary (page 1 of 2) 

Lake 

Receiving 

Waterbody [a] 

Connection to Receiving 

Waterbody [b] 

Upstream 

Stormwater 

Lakes [b] 

Receives 

Public 

Drainage? 

[c] 

Easement 

Access? [d] Ownership [c] 2019 Score 

#1 Devils Lake Moorings Bay Primary No Yes Yes Private 25 

#2 Swan Lake Moorings Bay Primary No Yes Yes Private 100 

#3 Colonnade Moorings Bay Primary Yes (Lake #4) Yes Yes Private 0 

#4 Moorings Bay Secondary (via Lake 3) No Yes Yes Private 0 [e; Lake 3] 

#5 Lake Suzanne Moorings Bay Primary No Yes Yes Private 44 

#6 Mandarin Lake 

(public) 

Gordon River Secondary (via Lake 22) No Yes Yes Public 7 

#7  Gulf of Mexico Quaternary (across golf 

course and to Gulf of 

Mexico via Lakes 8, 9, 10) 

No No Yes Undetermined 62 [e; 2013 

ranking] 

#8 North Lake Gulf of Mexico Tertiary (via lakes 9 and 10) Yes (Lake #7) Yes Yes Undetermined 57 

#9 South Lake Gulf of Mexico Secondary (via Lake 10) Yes (Lake #8 and 

Lake #7) 

Yes Yes Undetermined 13 

#10 Alligator Lake Gulf of Mexico Primary Yes (Lakes #9, 8, 

and 7) 

Yes Yes Undetermined 1 

#11 Spring Lake Naples Bay Secondary (via Lake 31) No Yes Yes Undetermined 58 [e; Lake 31] 

#12 Naples Bay Primary No No No Private 24 [e; 2013 

ranking] 

#13 Naples Bay Primary No No Yes Private 28 [e; 2013 

ranking] 

#14 Lantern Lake Naples Bay Primary No Yes Yes Private 13 

#15 Sun Terrace Lake Gordon River Primary No Yes Yes Private 11 

#16 Thurner Lake Gordon River Primary No Yes Yes Private 3 [e; 2013 

ranking] 

#17 Gordon River Primary No Yes Yes Private 23 [e; 2013 

ranking] 

#19 15th Ave North 

Lake (public) 

Gordon River Primary No Yes Yes Public 7 

#20 Forest Lake Gordon River Primary No Yes Yes Private 16 
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Table 7. Stormwater Lake Receiving Watershed Setting, Ownership, Access, and Rankings Summary (page 2 of 2) 

Lake 

Receiving 

Waterbody [a] 

Connection to Receiving 

Waterbody [b] 

Upstream 

Stormwater 

Lakes [b] 

Receives 

Public 

Drainage? 

[c] 

Easement 

Access? [d] Ownership [c] 2019 Score 

#21 Willow Lake  Gordon River Primary No Yes Yes Private 2 [e; 2013 

ranking] 

#22 Lake Manor 

(public) 

Gordon River Primary Yes (Lake #6 and 

Lake #26) 

Yes Yes Public 9 

#23 Lowdermilk 

Lake (public) 

Moorings Bay Primary? Geographic 

Information System (GIS) 

data incomplete 

No Yes N/A Public 0 [e; 2013 

ranking] 

#24 Half Moon Lake Naples Bay Primary No No Yes Private 2 

#25 Naples Bay Primary No No No Private 29 [e; 2013 

ranking] 

#26 NCH Lake Naples Bay Secondary (via Lake 22) No No No Private 7 

#27  Moorings Bay Secondary (via Lake 1) No No Not in 

easement 

research 

report 

Private not ranked [f] 

#28 Naples Bay Primary No No No Private 55 [e; 2013 

ranking] 

#31 East Lake 

(public) 

Naples Bay Primary Yes (Lake #11) Yes Not in 

easement 

research 

report 

Public 58 

Note:  [a] Amec, 2012. Varying data on receiving waterbody for Lake 26. 

  [b] Stormwater lake connected directly (primary) or passing through other stormwater lakes prior to reaching receiving waterbody; GIS analysis using Stormwater Pipes and 

Discharge Direction shapefiles. 

  [c]  City of Naples, 2012. 

  [d]  2010 Drainage Easement Research by City. 

  [e]  Lakes with data from only 2013 and earlier; score imported from directly connected lake with 2019 score or, if no directly connecting lake, the 2013 score was imported. 

  [f]  Lake #27 was not ranked in either 2012, 2013, or 2019 because of a lack of data. 
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 Updated Recommendations and Funding Strategies 

Water quality improvement can be achieved through a variety of methods.  Implementing various Best 

Management Practices (BMP) is a common way that the water quality within lakes are improved.  There 

are a variety of BMPs that can be implemented, depending on site specific considerations at each lake, 

including but not limited to type of impairment, available land / access, long term maintenance 

requirements, and implementation cost.  

 

City Lake Control and Maintenance Responsibilities 

The City’s lake inventory includes a total of 28 lakes.  Of these 28 lakes, five lakes are under direct control 

of the City.  In addition, 20 of these 28 lakes accept discharge from public rights-of-way within the City, 

and the remaining seven of these 28 lakes do not receive drainage from public rights-of-way, however 

they do discharge into the City’s stormwater collection system.  Through the years, there has been some 

uncertainty regarding the City’s ownership, drainage easement access/rights, and lake maintenance 

responsibilities at various lakes due to a lack of understanding of lake ownership.  Due to the nature of 

the ownership of the lakes, a conversation was held on August 26, 2019 between the City Streets and 

Stormwater Department, Wood, and the City attorney to discuss the City’s ability to act at various lakes.  

The uncertainty of lake ownership in specific instances can create confusion and challenges when 

developing recommendations for long term maintenance and/or capital projects.  

 

Each lake is unique when it comes to lake ownership and ongoing maintenance:  some lakes are 

permitted by the SFWMD under a City application for regional SW management; some lakes have been 

receiving stormwater from the City’s stormwater collection and conveyance system for decades and 

pollutants have been deposited within the lakes.  There may be some prescriptive rights related to 

maintaining certain lakes so they continue to operate for public purpose.  In addition, certain lakes may 

have no one who objects or disputes to City-applied dominion and control over a lake, and if so, the City 

has more capability to provide maintenance on those lakes for the future. 

 

2012 Plan Implementation Strategy Updates 

The following four strategies were outlined in the 2012 Plan, and below are updates and progress made 

on the strategy implementations that have occurred since 2012.   

 

Strategy #1 Lead By Example: 

The City has implemented various capital improvement projects (CIPs) over the last seven years, 

specifically designed to improve lake water quality.  For example, the City completed the Lake Manor 

Restoration Project which included lake dredging, invasive species removal, structure modifications (curb 

inlet baskets, trash guard, and mitered end sections), educational signage, pervious asphalt trail and 

littoral shelf modifications to improve water quality within the lake.  The City also presented an agreement 

with a consultant to the City Council for designing a restoration project for Lake #19 (City controlled lake) 

to improve Lake #19’s water quality.  The City Council declined to enter into the Agreement as a result of 

Council interest to consider reprioritizing lake restoration based on lakes with most significant pollutant 

levels and health impairments.  The City has also been able to implement maintenance programs at Swan 

and Spring Lakes, through partnerships with property owners of the private lakes, that use biological 

additives to reduce nutrients and muck.   
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Strategy #2 Public Outreach and Partnerships 

It is recommended that the City continue to implement the robust community outreach program that is 

currently in place.  This is especially important on lakes that are privately owned and maintained, as well 

as on lakes that receive private drainage and discharge into the City’s stormwater conveyance system.  

This 2019 update to the 2012 Plan included homeowner surveys from adjacent parcels for numerous lakes 

(see Table 4).  Therefore, it is recommended to continue that communication with the point of contacts 

that have been identified on each lake to further future communication and outreach.  Some simple ideas 

for how to foster those relationships include: 

• Quarterly email update on the overall status of the City’s stormwater management program, including 

recommendations for simple implementations at each lake. 

• Quarterly 1 page pdf newsletter that can be printed and posted in common areas within each lake 

community. 

• Quarterly 1-page pdf newsletter that can be emailed to the lake contacts for their posting to local 

community/private social media groups that the community is part of. 

• Annual survey to each point of contact with questions regarding the current lake status, programs 

that need modifications or implementations, questions the community has in regards to maintenance, 

and suggestions for future water quality improvements. 

 

Strategy #3 Regulation and Enforcement 

The City recently funded a Stormwater Master Plan Update (2018), which provided numerous 

recommendations for stormwater regulation and enforcement (see Section 5.3.6).  Please refer to the 

SMPU for details of progress over the past 7 years, as well as recommendations for future regulation and 

enforcement.   

 

Strategy #4 Assessment Districts for Stormwater Lake Improvements 

Special Assessment Districts were recommended in the 2012 Plan in order to spread project costs over 

vested parties, where consensus agreements with private lake owners could not be reached.  As 

mentioned above, a meeting was held with the City Attorney to discuss lake control, ownership, and 

maintenance responsibility and how to proceed with lakes of undetermined control.  

 

The City recently funded an Engineering Study for Spring Lake (2019), which provided funding 

recommendations on equitable distributions for funding Lake Restoration projects (see Section 6.0). 

 

Recommended BMPs 

The following sections include various BMPs typically used within the stormwater community.  These 

methods are accepted in the community without significant health concerns for the public or the lake 

health. 

 

Community Outreach 

As detailed above, all lakes should have a community outreach program in place to encourage 

responsibility of the lake owners and adjacent landowners to take action where applicable and contribute 

to enhanced lake quality.   
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In-Catchment BMPs 

Monitoring studies and water quality analysis within the stormwater management industry have proven 

that upstream catchments draining into the lake can have a large effect on overall lake quality.  Therefore, 

as the upstream runoff water quality improves from the upstream catchment entering the lake, the overall 

lake health can improve.  The following are some in-catchment BMPs that could be implemented in most 

lakesheds to improve water quality entering the lakes.  

• Exfiltration Trenches,  

• Curb Inlet Baskets,  

• Rain Gardens,  

• Vegetated Swales. 

 

Vegetative Maintenance 

Removal of invasive species and exotics is key to maintaining healthy vegetation within a lake. Many lakes 

are currently using the Lake Doctors to manage vegetation within the lakes.   

 

Aerators and Fountains 

Lakes that are susceptible to algae blooms and fish kills can benefit from the installation of aeration 

systems and fountains.  These systems oxygenize the water, which reduces the potential for anaerobic 

conditions.  In addition, these systems have the capability to reduce the overall lake temperatures, which 

can also contribute to a reduction of algae blooms and fish kills.   

 

Littoral Shelf Modifications and/or Plantings 

Littoral shelf plantings and modifications would act as a first line of defence to reduce nutrients and runoff 

from the adjacent lawns from entering the lakes, as well as providing additional nutrient uptake within the 

lake from the additional littoral shelf plants that are dependent on the available nutrients within the lake. 

In addition to water quality benefits, littoral shelf modifications of the overly steep areas within the banks 

would also provide a safety upgrade for the lakes to incorporate a more gradual bank slope (Engineering 

Study Spring Lake, 2019). 

 

Chemical and/or Mineral Treatment (Aluminum Sulfate, Floc Logs, True Blue, etc.) 

Aluminum Sulfate (Alum), Floc Logs and dyes such as True Blue are common chemical/mineral treatments 

that are applied to lakes to improve the overall lake water quality.  The City does not have any current 

lakes where it has implemented these chemical / mineral treatments though it is a common application, 

especially in lakes with high phosphorus loads and/or TSS counts.   

 

Reuse for Landscaping Irrigation 

Currently, the City has lakes where irrigation systems have been connected into the lake to draw water out 

of the lake and use as landscape irrigation for adjacent properties.  This program creates additional 

treatment of the lake water quality, as it encourages additional infiltration and treatment of the water 

through percolation.  As long as the fertilizers are being managed in accordance with City 

recommendations and regulations, this program can be expanded on non-tidal and lakes with low to no 

salinity to encourage additional nutrient uptake of the lake prior to discharge.   
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Floating Vegetated Islands 

Floating islands provide nutrient uptake from the permanent pool of the wet detention pond.  Floating 

islands generally consist of components of a typical wetland, but instead of a soil medium, the roots are 

anchored in an inert, floating medium and suspended within the water column.  This provides the plants 

direct access to the soluble, bioavailable nutrients that are within the water column and targeted for 

removal.  The floating root mass also provides an ideal substrate for periphyton growth, which works 

synergistically with the emergent vegetation to enhance nutrient uptake and sequestration.  If designed 

correctly, this direct interaction between wetland root mass and water column nutrients can provide for 

very efficient nutrient flux and uptake and represents one of the strengths of these hydroponic systems.  

 

Floating island nutrient removal efficiency can be variable and is highly dependent upon proper 

installation and maintenance. Researchers at University of Central Florida (Chang, et al., 2012) reported 

removal of up to 54% of TP, 32% of TN, and 48% of nitrate where the rooting media included Bold & 

Gold™. Researchers from New Zealand have reported about 40% removal of TSS and suspended Cu 

(Borne, et al. 2013), and more than 50% removal of TN and TP (White and Cousins, 2013). 

 

Several researchers recommend covering 5% or less of the stormwater pond by floating islands. Coverage 

of less than 5% would result in lesser pollutant removal effectiveness but could still be effective as a 

secondary treatment alternative when used in conjunction with other BMPs, Engineering Study Spring 

Lake (2019). 

 

Structural Modifications and Repairs (Shoreline Stabilization, Baffle Boxes, Pipe Upgrades, etc.) 

A nutrient separating baffle box (NSBB) is a structural BMP used for water quality treatment at the outfall 

of storm pipes. The box primarily removes sediment and suspended solids from stormwater. The Type II 

boxes widely used in South Florida consist of an aluminium screen basket with a horizontal bottom at an 

elevation below the invert of the influent pipe but above the top of baffles. Incoming flow passes through 

the screen basket, which captures leaves, trash, and other large materials. In addition to capturing the 

large sized materials and preventing their passage into the baffle box effluent, the material captured in 

the screen basket is held above and out of the water column. The purported effect is to reduce or 

eliminate the leaching that would occur if the captured material were submerged. Since leaching of leaves 

would release biochemical oxygen demand, nitrogen and phosphorus, removing leaves from the 

stormwater and holding the captured leaves out of the water column results in a reduction of nutrient 

loading to the receiving water body. 

 

An evaluation of NSBB based on Suntree technology generally removes 90% TSS, 20% TN and 19% TP 

from the water being directed to the system (Engineering Study Spring Lake, 2019). 

 

Biological Treatment and/or Bio Augmented Aeration (Organic Muck) 

Stagnant water leads to accumulation of harmful and dangerous bacteria, low dissolved oxygen prohibits 

more beneficial aerobic bacteria from living, muck accumulates faster than the anaerobic bacteria can 

process it and excess nutrients from fertilizer and run-off add to the cloudiness of the water.  Aeration can 

correct and reverse these problems. When a bio-augmented aeration system is installed and turned on in 

a water body, a rotation of water begins that forms a doughnut pattern around the diffuser.   Water is 

taken into the bubble stream at the diffuser and moved toward the surface by the rising bubbles.  

 

Introduction of aerobic bacteria will expedite this process and will cause compression of the muck as the 

bacteria breaks down the organic material. When the Lake bottom is anaerobic, roots and other organic 

material pile up without being decomposed. This leads to a large collection of organic material that 
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remains in an undecomposed state until it is slowly broken down by anaerobic bacteria. Anaerobic 

decomposition is 30 to 40 times slower than aerobic decomposition, and many lakes accumulate organic 

material due to fertilizer runoff and other contaminates faster than this process occurs. With the 

introduction of oxygen at the lake bed, aerobic bacteria can take over and decompose muck more 

quickly. The bacteria that will be introduced to accomplish this are broad spectrum strains of naturally 

occurring bacteria with the ability to degrade most organic compounds.  

 

Bio-augmented aeration consists of small solar powered aeration systems coupled with biological 

enhancements such as macro-algae.  Bio-augmented aeration is completed in a modular approach, with a 

typical spacing of approximately 100 feet between aeration systems (Engineering Study Spring Lake, 

2019). 

 

There are also products available that are specifically formulated to solely introduce microorganisms and 

micronutrients into the lakes, which act to reduce the muck build-up on the bottom of the lakes.  These 

products work to digest excess organic matter and consume excess nutrients, in order to improve the 

overall water quality of the lake and do not need the aeration piece to function, though it does encourage 

decomposition of the muck quicker.   

 

Dredging (Muck and Sediment) 

There are two traditional methodologies for removal of muck sediments, mechanical and hydraulic 

dredging. Based on the thickness and consistency of the muck, either option can be successful. A 

hydraulic dredging system for the lake systems are more often recommended though, as a mechanical 

dredging requires heavy equipment and would not be efficient in removing fine organic sediment.  

Mechanical dredging also requires a large footprint for dewatering since the material needs ample time to 

dry for hauling to a disposal area. Hydraulic dredging is a relatively low impact method of sediment 

removal with few effects on the surrounding environmental system. Hydraulic dredging includes a floating 

dredge, which essentially acts as a floating vacuum cleaner, and a temporary pipeline to transport the 

dredged material as a slurry to the dewatering site. The volume of the sediment slurry is greater than the 

in-situ volume of the sediment. The volume of dredge material can be better controlled with a hydraulic 

dredge than with mechanical dredging techniques. There are various types of hydraulic dredges available 

for sediment removal, such as the swing ladder, cutterhead, horizontal auger, plain suction, pneumatic, 

specialty dredge heads and diver-assisted dredge heads.  

 

Based on past project experience, dredging has shown positive results in the improvement of water 

quality with Lakes, including City of Naples Lake Manor. That being said, the technology is expensive and 

requires a large vacant footprint to dewater and dispose of the dredged material (Engineering Study 

Spring Lake 2019). 

 

Lake Recommendations 

There have been numerous previous studies performed for the City over the years that have included 

recommendations for BMPs for lake water quality improvement.  Table 8 below, was prepared to compile 

previous recommendations indicate which lakes may benefit from specific BMPs, and / or to show which 

lakes have already implemented site specific BMPs. The following studies were reviewed in preparation of 

Table 5-1: 

• 2012 Lakes plan 

• 2018 SMPU 
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• 2019 Spring Lake Report (Wood)   

• 2019 Homeowner Surveys (Wood) 

 

As shown on the below table, many lakes are already implementing a robust maintenance program, 

however, there are opportunities to expand the programs and/or perform capital improvement projects.  

The lakes have been sorted based on publicly controlled versus privately controlled, as well as based on 

lakes that receive public drainage. In addition, the recommended projects have been categorized into in-

lake projects such as vegetation maintenance and floating islands, versus primary projects such as lake 

dredging.   

 

The lake ranking shown on the table is consistent with the lake ranking provided in Section 4 of this 

report.  As a supplement to the lake ranking performed in Section 4, a secondary ranking was performed 

specifically related to the project recommendations presented in Table 8.  This analysis considered each 

lake’s in-lake water quality only, by computing rankings without adjusting mean concentration (or 

saturation) values with the runoff volume factor described in Section 4.2.2.1 (the weighting scheme 

remained the same as described in Section 4.2.2.2).  This ranking was primarily performed in order to 

ensure that any lakes with poor in-lake water quality, regardless of the effects that they may have on 

receiving waterbodies, would be reviewed for potential project recommendations.  The ranking in Figure 

17 reflects each lakes’ in-lake water quality only and does not account for downstream impacts, with 100 

being the worst quality and 0 being the best quality. 

 
Figure 17. Rankings Based on In-Lake Water Quality 

This ranking reflects in-lake water quality, without regard for downstream impacts, with scores ranging from 

zero (best quality) to 100 (worst quality). Lakes 4 and 11 were assigned the scores computed for directly 

connected lakes (Lakes 3 and 31, respectively). Hatched bars indicate lakes whose scores were computed using 

a modified weighting scheme, due to data limitations (Lakes 7, 16, 21, and 23). Lakes 12, 13, 17, 25, 27, and 28 

were not ranked due to a lack of water quality data. 
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In addition to the recommendations shown in the table below, all lakes would benefit from continued 

public education and outreach as well as in-catchment BMPs as described earlier in this section.  

 

 

Table 8. Updated Lake Restoration Recommendation (page 1 of 1) 

©:  Recommended Capital Project From homeowner survey Indicates Lake Receives Public Watershed 

X:  Routine Recommendation for Proper Lake Function From permits Indicates Public Lake 

√:  Program or Project in place or completed. From 2018 SMPU  

D:  Additional Data and/or Community Involvement Needed From 2012 Plan 

 2019 Recommendation 
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#2 Swan Lake √ √   X   © ©     ©   

#31 East Park Lake √   √   √ √ / ©       √ √ 

#11 Spring Lake √ √ X X X © √ © D   © 

#8 North Lake X √ X X √ √ / ©   √ / © D   © 

#5 Lake Suzanne √ √   X X ©   © D   © 

#1 Devils Lake X X   X   ©         © 

#20 Forest Lake X √ / X √ X   √ / © © √ √ / © © © 

#14 Lantern Lake X X √ X √ © ©       © 

#9 South Lake X √   X   √     D   © 

#15 Sun Terrace Lake X     X √       D     

#6 Mandarin Lake √ / X √ / X X   X © © © D   © 

#19 15th Ave North Lake √       X √ / ©   © D © © 

#10 Alligator Lake X √ √     ©   √       

#4 Hidden Lake √ √             D     

#3 Colonnade Lake √ √ √     ©     √     

#16 Thurner Lake X               D     

#23 Lowdermilk Lake √         ©           

#21 Willow Lake √ √   X   © ©   D     

#22 Lake Manor √ √ √ X √ ©   √   √   

#17 X               D     
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NAPLES CITY COUNCIL AGENDA MEMORANDUM 
 
 Workshop Meeting Date:     March 19, 2012   
 
 
 
 
 

Agenda Item:     Prepared By:  Gregg R. Strakaluse, P.E. 
      Department:  Streets and Stormwater 
SUBJECT: 
Stormwater Lakes Management Plan 
 
BACKGROUND: 
On January 17, 2012, staff presented rationale for continuing stormwater quality monitoring 
throughout the City.  The effort to collect stormwater quality samples in 2011 provided very useful 
information that enables the City to create pollutant reduction strategies and set specific goals aimed 
at improving the quality of stormwater that’s generated from within City limits.  Pollutant reduction 
strategies presented at the January Workshop include: 
 

1. Continued Water Quality Sampling to Monitor Progress Towards Meeting Nutrient 
Criteria & TMDL’s 

 
2. Source Identification & Reduction of Pollutants:  Through continued stormwater quality 

sampling, staff will be able to further isolate pollutant sources, identify causes, and work with 
generators to implement solutions to reduce pollutant loading at the source.   

  
3. Public Outreach & Partnerships:  Reaching out to neighborhood residents and businesses 

to share specific information about localized stormwater quality issues empowers individuals 
to effect change.  By developing partnerships, the community has a greater ability to 
understand specific causes of pollution, create a positive change, and minimize costly 
downstream pollutant removal technologies that require significant maintenance.    

 
4. Continued Implementation of Best Management Practices:  This strategy supports City 

efforts to manage and treat stormwater prior to discharge, including:  public education, 
building codes, swales, detention systems, filter marshes, fertilizer ordinance, stormwater inlet 
and pipe maintenance, rain gardens, etc. 

 
5. Improving Stormwater Lake Pollutant Removal Efficiency:  Lakes are one of the most 

important means by which pollutants are removed from stormwater prior to discharge.  Based 
on the City’s 2011 study, stormwater lakes could improve pollutant removal efficiency if they 
were reconditioned or improved to more closely meet today’s design standards for stormwater 
lakes.  The study concluded that lake maintenance and reconditioning, on the average, could 
increase pollutant removal efficiency by 12% for total nitrogen, 14% for total phosphorus and 
16% in total suspended solids.   

 
The goal of this presentation is to expand upon details proposed under Strategy #5:  Improving 
Stormwater Lake Pollutant Removal Efficiency.  The attached memorandum dated March 12, 2012 
provides a history of the subject, strategies, issues, and solutions. 
 
Reviewed by Department Director  Reviewed by Finance  Reviewed by City Manager 
Gregg R. Strakaluse, P.E.    N/A   A. William Moss    
City Council Action: 
 

 



Memo   Streets & Stormwater Department 
                                                        Streets ● Traffic ● Stormwater 

 

TO:   A. William Moss, City Manager 
FROM:  Gregg R. Strakaluse, Director 
DATE:  March 12, 2012 
SUBJECT:  Stormwater Lake Management Plan 
              
 
The purpose of this memorandum is to provide supplemental information on a proposed 
Stormwater Lake Management Plan that is scheduled for presentation to City Council on 
March 19, 2012. 
 
History:  In January 1981, a consulting firm working for the City developed an inventory of 
23 stormwater lakes throughout the City.  These lakes were identified because they are 
directly connected to the City’s drainage system.  Other lakes not identified on the 
inventory also existed at the time of the study but were not included because there was no 
direct connection to the City’s stormwater collection system.  
 
Although the exact history and origin of each stormwater lake is not fully known, all were 
constructed or expanded in conjunction with residential development.  The more recently 
constructed lakes were developed not only to obtain earthen fill for home foundations, but 
also as retention for stormwater storage and treatment.  Since 1981, significant 
development has occurred within the City and unincorporated portions of the County have 
been annexed into the City, thereby adding to the number of lakes within the City. 
 
This year, staff has used the City’s Geographic Information System (GIS) mapping data to 
better quantify lakes within the City limits.  While this effort has not yet been finalized, staff 
has identified over 360 acres of lake surface within the City limits belonging to 70+ 
different property owners.  Most of these stormwater lakes are private and do not connect 
directly to the City’s stormwater system; however, when a large storm brings significant 
rainfall, all lakes eventually discharge to a receiving water body.   
 
CITY STORMWATER LAKE INVENTORY (2012) 
There are 28 lakes identified on the City’s inventory.  Of the 28 inventoried lakes, 21 
receive drainage from public rights-of-way (streets) within the City.  Although the 
remaining seven lakes do not receive public drainage, they do discharge into the City’s 
stormwater collection system.  Five of the 28 lakes are owned by the City, 19 are privately 
owned, and four have “undetermined ownership”.  All of the privately-owned lakes that 
receive stormwater from City streets have a drainage easement over them.  Properties 
without clear chain of title have been categorized as “undetermined ownership”.  In these 
cases, plat dedications and/or City acceptances were never completed, and ownership 
typically resorts back to the original owner(s).  
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Complexity of ownership can create various challenges when developing solutions to 
improve or restore a lake’s ability to remove pollutants from stormwater.  In moving 
forward, staff proposes the following strategies: 
 
Strategy #1 Lead By Example:  For the five City-owned stormwater lakes, projects and 
programs should continue to be funded and implemented by the City to restore and 
improve each lake’s ability to remove pollutants and maintain aesthetic value within its 
surrounding neighborhood.  Within the last five years, the City has spent over $17 million 
improving its stormwater management system.  A portion of this has been spent on 
projects that have improved conditions at both private and City-owned lakes through:  
minor dredging, aeration, floating vegetative islands, vegetation harvesting, and increasing 
water quality volume.   
 
Strategy #2 Public Outreach & Partnerships:  For stormwater lakes that receive 
stormwater from City streets but are owned privately (or ownership is undetermined), staff 
recommends implementing a comprehensive outreach effort to establish formal 
partnerships with property owners that establish programs and projects aimed at 
improving lake performance and appearance.  Partnership agreements would identify 
parties, allocate resources, and establish policies and practices focused on lake 
maintenance and improved stormwater quality.  
 
For some privately-owned lakes, staff has already established relationships and 
agreements.  For example, Spring Lake (#11) property owners have agreed not to use 
copper-sulfate to treat algae in exchange for aerators and a fountain installed and 
operated by the City.  At Lantern Lake (#14), property owners have agreed not to use 
copper-sulfate to treat algae in exchange for aerators and floating vegetative islands.  The 
same is true for Lake #25.  These are relatively straight-forward programs.  As more 
significant projects are proposed (such as dredging), partnerships will become more 
challenging.   
 
Strategy #3 Regulation & Enforcement:  At this time, there are no local ordinances that 
specifically address stormwater lake maintenance.  While homeowner associations 
manage the maintenance of common grounds including lakes, most (if not all) bylaws do 
not regulate the quality of lake discharges.  For those stormwater lakes that are permitted 
by the South Florida Water Management District, permit conditions for lake maintenance 
are limited to best management practices and are only checked for compliance as 
complaints arise.  The City of Naples was one of the first to implement a fertilizer 
ordinance in 2008.  Similarly, other ordinances addressing lake maintenance or allowable 
quality of stormwater discharge could be considered as an option for Citywide compliance 
with Federal and State pollutant criteria. 
 
Strategy #4 Assessment Districts for Stormwater Lake Improvements:  Where 
consensus and agreement cannot be reached, and where more comprehensive projects 
are required to restore a lake’s ability to remove pollutants, special assessment districts 
may be considered in order to spread project costs over vested parties. 
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STORMWATER LAKES:  Issues & Solutions 
 
All stormwater lakes on the City’s inventory (and most others not inventoried) are 
classified as wet detention basins.  A wet detention basin is a stormwater management 
facility that includes a permanent pool of water for removing pollutants and additional 
capacity above the permanent pool for detaining stormwater runoff.  Pollutant removal 
efficiencies for a well-maintained wet detention system are: 
 

• Total Suspended Solids (TSS) = 75 to 85% 
• Total Nitrogen (TN) = 37 to 60% 
• Total Phosphorus (TP) = 59 to 85% 
• Metals = 40 to 80% 

 
In 2011, the City’s consultant (AMEC) ranked each City lake against all others within the 
City’s inventory.  In addition, some data has been collected for a handful of lakes 
regarding the water depths and organic muck and sediment thicknesses.  The top five 
poorest performing lakes (in terms of pollutant removal efficiency) are:   
 
  POLLUTANTS POLLUTANT 
 LAKE OF CONCERN REMOVAL EFFICIENCIES 
1. South Lake (#9) TN, TP TN = -123%, TP = -192%, TSS = 27% 
2. Lois Selfon (#31) TN, TP, Fecal Coliform TN = -3%, TP = 27% 
3. Alligator Lake (#10) TN, TP, TSS TN = -18%, TP = 13%, TSS = -200% 
4. Swan Lake (#2) Copper, Fecal Coliform TN = 47%, TP = 69%, Copper = -292% 
5. Half Moon Lake (#24) TN, TP TN = -139%, TP = -363% 
 
*Negative percentages (in red) indicate lakes that are adding pollutants to 
stormwater discharge. 
 
In moving forward, staff has researched various methods for improving a lake’s 
performance in removing pollutants.  The following options are more commonly used 
throughout the country without serious impacts to flora and fauna: 
 
Chemical & Mineral Treatment:  There are several chemical and mineral products that 
have been successfully tested in removing pollutants from stormwater that is eventually 
discharged from a lake.  Such products include aluminum sulfate (alum), floc logs, and 
dyes.  The first two are proven to remove phosphorus from the water column through 
precipitation, forming a heavier than water particulate known as floc.  This floc settles to 
the lake bottom to create a barrier that retards phosphorus release.   Eventually floc must 
be removed through biological treatment or dredging.  Dyes such as True-Blue are 
nontoxic and water-soluble.  They are formulated to reduce sunlight penetration, thereby 
reducing algae growth and total suspended solids.  Caution must be used in the use of 
dye products because diminished light penetration also limits desired bottom vegetation 
that helps remove nutrients. 
 

Estimated Cost:  Aluminum Sulfate = $275 /ac-ft./month; Flog Logs = $325 /ac-
ft./month; True Blue (dye) = $75 /ac-ft./month 
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Removal Efficiency:  85-95% for TP; >95% for TSS, 35-75% for TN; 60-90% for 
metals, 90-99% for Fecal Coliform 

 
Biological Applications:  Muck at the bottom of a lake is primarily the build-up of organic 
debris.  Fallen leaves, grass clippings, berries, seeds and other organic matter are primary 
components of muck.  Products such as NT-MAX contain a specially formulated range of 
microorganisms and micronutrients developed for use in biological treatment of ponds and 
lakes.  These microorganisms are specifically designed to reduce organic muck build-up 
at the bottom of lakes.   
 

Estimated Cost:  NewTechBio = $250 /ac-ft./month 
Removal Efficiency:  38%+ 

Aeration:  Lakes with deficient dissolved oxygen are prone to algae blooms and fish kills.  
Aerators are used to add oxygen to the water by forcing air through diffusers anchored at 
the bottom of a lake.  In the summer months, water temperatures rise to very high levels, 
which promotes algae blooms and fish kills.  Aerators are effective at lowering water 
temperatures by increasing circulation.  The use of aerators in lakes reduces the potential 
for anaerobic conditions.   
 

Estimated Cost:  $179 /ac-ft./month (solar);  $135 /ac-ft./month (electric) 
{Aquagenics, Inc.} 
Increase in Oxygen Levels:  depends on temperature and existing DO levels 

 
Floating Vegetative Islands:  Plants are inserted into precut holes of a floating mat that 
is anchored to the lake bottom so that it stays stationary as it floats on the lake surface.  
As plants grow, the excess nutrients in the water get stored in plant tissue.  Once grown, 
plants must be removed and new plants inserted into the floating mat.   
 

Estimated Cost:  $146 /ac-ft./month (Beemats, Inc.) 
Removal Efficiency:  2 - 7% for nutrients (for one 200-sf island per 1.5 acre of lake 
surface) 

 
Spot Dredge:  As inorganic sand and sediment is carried by stormwater to a lake, it 
typically settles at the bottom of the lake close to the inflow pipe that conveyed it.  In 
several lakes studies, data confirms that sediment build-up has occurred in localized 
areas of select lakes.  In other cases, more data is needed.  The cost estimate for spot 
dredging is based on the localized removal of sediment by mechanical excavation (long-
reach excavator) and water-tight trucks which transport material to a disposal facility. 
 

Estimated Cost:  Mobilization $110 /cubic yard removed (Kyle Construction, Inc.) 
Removal Efficiency:  up to 85% for TP; 75-85% for TSS, 37-44% for TN; 40-80% 
for metals, 90-99% for Fecal Coliform 

 
Full Dredge:  Lakes with depths shallower than seven feet are more susceptible to algae 
blooms and fish kills.  Shallow lakes are an indication of accumulated pollutants and do 
not remove additional pollutant loading nearly as effectively as deeper lakes.  In some 
cases these lakes add pollutants to discharges.  The full dredge cost estimate is based on 
hydraulic pumping of material into a geotube, then transport to a disposal facility. 
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Estimated Cost:  Mobilization = $39,780 + $53.70 /cubic yard removed (Energy 
Resources, Inc.) 
Removal Efficiency:  up to 85% for TP; 75-85% for TSS, 37-44% for TN; 40-80% 
for metals, 90-99% for Fecal Coliform 

 
RECOMMENDATIONS 
Table #1 (attached) categorizes stormwater lakes within the City into four tiers.  Tier I 
lakes include the five City-owned lakes that the City has full control over.  Tier II lakes 
include seven of the highest pollutant loading lakes that are either privately-owned or 
ownership is undetermined.  All Tier I and Tier II lakes receive stormwater from both public 
and private properties.  Tier III lakes include the remaining 16 inventoried lakes that are 
privately-owned; however only ten of the 16 Tier III lakes receive stormwater drainage 
from City rights-of-way.  
 
Table #1 also includes ten best management practices (BMP’s) for maintaining and 
improving the pollutant removal efficiency of a stormwater lake.  Each lake is marked for 
existing programs (√), needed capital projects (X©) or programs (X), or BMP’s requiring 
additional lake data before a recommendation can be made (DATA).   Lastly, annual 
operations and maintenance cost estimates are provided along with cost estimates for 
one-time capital improvements.  
 
TIER I LAKES 
Staff has identified $69,500 in annual operational and maintenance cost items for Tier I 
lakes.  43% of this cost (or $29,885) is proposed for new programs and 57% is currently 
spent on existing programs currently budgeted.  Additionally, $236,000 in new capital 
project costs have been identified for projects associated with spot dredging, major 
vegetative maintenance, and minor structural repairs at inflow and outfalls.  Please note 
that in 2007, the City spent $66,000 dredging Lake #31 (Lois Selfon Lake).  This cost is 
not accounted for on Table #1. There remain four categories for Lake #23 (Lowdermilk) 
where additional data is required in order to determine project or program need.  Staff 
recommends proceeding with the lake management strategies for Tier I lakes as 
outlined in Table #1. 
 
TIER II LAKES 
Staff has identified $94,300 in annual operational and maintenance cost items.  78% of 
this cost (or $73,800) is proposed for new programs and 22% is currently spent on 
existing programs currently budgeted.  Additionally, $2,271,500 in new capital project 
costs have been identified for projects associated with aeration, structural repairs, spot 
dredging, and full dredging.  There remain five categories associated with four lakes 
where additional data is required in order to determine project or program need.  
 
Since Tier II lakes represent multiple owners, implementation of the recommended 
projects and programs present significant challenges.  The two most daunting are 
consensus among property owners for implementation of a specific project or program 
and funding.  As previously discussed, the City has already established partnerships with 
property owners for installing vegetative islands and aerators within private lakes.  Still 
Tier II lakes require additional attention in order to improve each lake’s pollutant removal 
efficiency in perpetuity.  Each lake is unique and significant staff time is anticipated for 
identifying vested interests and developing consensus along with cost sharing options.  
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Furthermore, significant staff time is anticipated for design and construction management.  
Existing staffing levels within the Streets & Stormwater Department cannot fully meet the 
needs that have been outlined for Tier II lakes.  If it is City Council’s desire to proceed 
with the lake management strategies outlined for Tier II lakes, staff would evaluate 
additional staff versus contracting with a private management firm in preparation of 
FY 12-13 Budget.  
 
TIER III LAKES 
Staff has identified $95,500 in annual operational and maintenance cost items.  96% of 
this cost (or $91,680) is allocated to new programs and 4% is allocated to existing 
programs currently budgeted by the City.  The cost for programs that are currently being 
implemented by private property owners is not included in this summary.  For example, 
Lake #3 at the Colonnade has a fountain that is currently funded by the property owner’s 
association.   
 
Additionally, $27,500 in new capital project costs have been identified for projects 
associated with aeration and structural repairs to erosion and pipe.  There remain five 
categories within nine lakes for which additional data is required in order to determine 
project or program need.  
 
A significant portion of the annual operational and maintenance cost is associated with 
public outreach at privately-owned and maintained lakes.  Therefore, staff recommends 
implementing the public outreach portion of the operations and maintenance 
program ($16,000 per year) in order to impact source reduction efforts and develop 
consensus and agreements for other recommended capital projects that the City 
could manage over time.  
 
TIER I - IV LAKES 
Staff does not know the exact number of privately-owned and maintained stormwater 
lakes outside of the City’s inventory list.  However, staff has determined that there are 
approximately 276 acres of additional lakes throughout the City.  These stormwater lakes 
eventually discharge either directly to a receiving water body or to the City’s stormwater 
collection system.  Therefore, all contribute to pollutant loading to some degree.  All of 
these lakes are privately-owned.  Maintenance varies dramatically among property 
owners.  Staff has identified $73,000 in annual operations and maintenance cost for Tier 
IV lakes.  This cost is associated with public outreach, stormwater quality data collection, 
and educational materials.  Staff recommends a strong public outreach effort aimed 
at informing private lake owners about water quality impacts to downstream water 
bodies and best management practices for long-term lake maintenance.  
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Public Outreach & 
Coordination

Vegetative 
Maintenance

Litoral 
Plantings & 
Vegetative 

Islands Aeration Fountain
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Repairs to 

Erosion, Pipe, 
etc.
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Mineral Treatment 

(Water Quality)

Biological 
Treatment 

(Organic Muck)

Spot Dredge 
(Muck & 

Sediment)

Full Dredge 
(Muck & 

Sediment)

Annual Ops & 
Maintenance 

Cost
One-Time Capital 

Cost

#6 Mandarin Lake X √ X √ X 24,500$       -$                 
#19 15th Ave North Lake X √ X X© 4,000$         82,500$           
#22 Lake Manor X X© √ √ X X© 27,500$       146,000$         
#23 Lowdermilk Lake X √ DATA DATA X© DATA DATA 1,000$         7,500$             
#31 Lois Selfon Park Lake X √ √ √ 12,500$       -$                 
Tier II Lakes (High Priority Pollutant Loading) Subtotal: 69,500$    236,000$      
#2 Swan Lake X X X© X X X© 18,700$       90,000$           
#11 Spring Lake X √ DATA √ √ X X© 16,200$       1,527,000$      
#8 North Lake X X X √ X© X X© 16,700$       587,500$         
#9 South Lake X X X© X© X DATA 11,200$       25,000$           
#10 Alligator Lake X X X© DATA 5,000$         15,000$           
#14 Lantern Lake X X √ X© X© X X 21,000$       27,000$           
#24 Half Moon Lake X √ X DATA DATA 5,500$         -$                 
Tier III Lakes (Remaining Inventoried Lakes) Subtotal: 94,300$    2,271,500$   
#1 Devils Lake X X DATA X© X DATA DATA DATA 11,200$       15,000$           
#3 Colonnade Lake X √ √ DATA DATA DATA DATA 1,000$         -$                 
#4 X √ √ DATA DATA DATA 1,000$         -$                 
#5 Lake Suzanne X X DATA X DATA DATA DATA 1,000$         -$                 
#7 Naples Golf & Beach Club Lake X X DATA X DATA DATA DATA 8,200$         -$                 
#12 X X DATA DATA DATA DATA 1,000$         -$                 
#13 X X DATA DATA DATA DATA 1,000$         -$                 
#15 Sun Terrace Lake X X X DATA DATA DATA 17,000$       -$                 
#16 Thurner Lake X X DATA DATA DATA DATA DATA 2,000$         -$                 
#17 County Lake X X DATA DATA DATA 2,000$         -$                 
#20 Forest Lake X X √ X X 18,300$       -$                 
#21 Willow Lake X √ √ X© X X 18,300$       7,500$             
#25 X X √ X© X X 11,500$       5,000$             
#26 NCH Lake X √ √ X DATA DATA DATA 1,000$         -$                 
#27 X √ DATA DATA DATA DATA DATA -$             -$                 
#28 X X √ DATA DATA DATA DATA 1,000$         -$                 
Tier IV Lakes (Non-Inventoried Private Lakes and Lake Systems) Subtotal: 95,500$    27,500$        
Citywide Public Outreach X DATA DATA DATA DATA DATA DATA DATA DATA DATA 73,000$       -$                 

STORMWATER LAKES MANAGEMENT PLAN TABLE #1

X©:  Needed Capital Project
X:  Needed Annually for Operations

Tier I Lakes (City Owned)

√:  Program or Project in place or completed.
DATA:  Additional Data and/or Community Involvement Needed



Proposed Stormwater Lakes 
Management Plan 

March 19, 2012 
 

Presented by: 
Gregg Strakaluse, P.E., Streets & Stormwater Director 
In Collaboration With: Dr. Mike Bauer, Natural Resources Manager 



OVERVIEW 

• Background 
• Lakes & Lake Groupings  
• Lake Improvement Strategy 

– Short-Term Focus 
– Long-Term Focus 

• Recommendations 
• Questions/Comments 

 



January 2012 Workshop 
GOAL:  Improving Lake Pollutant 

Removal Efficiency 

• Recommendation:  In March 2012 
present short and long-term strategies 
that improve pollutant removal efficiencies 
and estimate cost versus benefit.  
Continue to monitor water quality within 
City lakes. 



Goodlette 
Commons 

BACKGROUND 
• Stormwater Lakes within the City 

of Naples:  350 acres+ 
– 70+ different property owners 

• Golf Course Lakes (162 acres.) 
– Royal Poinciana 
– Hole in the Wall 
– Naples Beach Hotel 
– Moorings 

• Hospital Lakes (2 acres.) 
• Airport Lakes (18 acres.) 
• Private Property Owners (206+acres.) 
• City (9.07 acres.)(3%) 
• Undetermined Owners (17.67 acres.) 

The Estuary &    
Bear’s Paw 



Existing Lake Inventory 

Receives Public Drainage No Public Drainage 
28 





Lakes Receiving Public Drainage 
(Drainage Easements Exist) 

Lake Ownership Summary Receiving Public Drainage 
1 PRIVATE 15 PRIVATE 
2 PRIVATE 16 PRIVATE 
3 PRIVATE 17 PRIVATE 
4 PRIVATE 19* PUBLIC 
5 PRIVATE 20 PRIVATE 
6* PUBLIC 21 PRIVATE 
8 UNDETERMINED 22* PUBLIC 
9 UNDETERMINED 23* PUBLIC 

10 UNDETERMINED 24 PRIVATE 
11 UNDETERMINED 31* PUBLIC 
14 PRIVATE     21 



Lakes Receiving Public Drainage 

5 

City Owned Lakes 

6* Mandarin Lake 

19* 15th Ave N Lake 

22* Lake Manor 

23* Lowdermilk Lake 

31* Lois Selfon Park Lake 



City Owned Lakes 
6 

19 

22 

Lake 6:  Mandarin Lake 

Lake 19:  15th Ave N Lake 

Lake 22:  Lake Manor 



City Owned Lakes 

23 
Lake 23:  Lowdermilk Lake 
Lake 31:  Lois Selfon Park (East Lake) 

31 

11 
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Lois Selfon (East Lake) 
• Recent Accomplishments: 

– 2007 Dredge 
– Control Structure Installation 
– Vegetative Maintenance & Island 

• Needs: 
– Coordination with Spring Lake Actions 



Lois Selfon (East Lake) 
2007 Dredge Project 



Dredging With A Geotube 



Lake Manor #22 

• Recent Accomplishments: 
– Control Structure Improvement 
– Aerators 
– Vegetative Islands 



Lake Manor #22 
• Needs: 

– Perimeter Vegetative 
Maintenance 

– Harvest hyacinth and 
cattails 

– Spot Dredging 
– Mineral Treatment (Alum) 



LAKE MANOR (Lake #22) 

Aluminum Phosphate 
Application:  Year-1 

Est. Cost = $12,950/yr 

3-Existing Aerators 
Cost:  $975/yr 

Spot Dredge 
EST. 1100 CY @ 

$110/cy = $121,000 

Vegetative Maint. = $7,500/yr 





LAKE MANOR (Lake #22) 

POLLUTANT REDUCTION GOALS 

TN Loading = 61.2 kg / year (134.6 lbs/yr)  

70% Removal Efficiency TN 

TP Loading = 1.25 kg / year (2.8 lbs/yr) 

95% Removal Efficiency TP 

TSS Loading = 5.63 kg/acre-ft/year 

>95% Removal Efficiency TSS 

Cu Loading = 0.11 kg / year (0.25 lbs/yr) 

Cu Removal Efficiency = 90% 

Fecal Removal Efficiency = 99% 

2011 POLLUTANT LOADING ESTIMATES 

TN Loading = 90 kg / year (198 lbs/yr)  

56% Removal Efficiency TN 

TP Loading =  9.5 kg / year (20.9 lbs/yr) 

62% Removal Efficiency TP 

TSS Loading = 9 kg/acre-ft/year 

92% Removal Efficiency TSS 

Cu Loading = 0.27 kg / year (0.59 lbs/yr) 

Cu Removal Efficiency = 76%  

Fecal Removal Efficiency = 62% 

Estimated O & M Cost:  $27,500 / year 

Estimated Capital Cost:  $124,500 

*Harvey H. Harper, Ph.D, P.E. 



– Accomplishments: 
• Improved Weir (Control Structure) 
• Upsized Inflows & Outfall 

– Needs: 
• Spot Dredge along 15th Ave N 
• Improved Vegetative Maintenance by 

Private Property Owners 
• Littoral Plantings Along 15th Ave N 

 

15th Ave North Lake #22 





Lowdermilk Lake #23 

– Accomplishments: 
• Excellent Vegetative Maintenance 

– Needs: 
• Water Quality Data 
• Bathymetric Data 
• Minor Erosion Repair at Inflow Pipes 

 



Mandarin Lake (#6) 

– Accomplishments: 
• Vegetative Maintenance 

– Needs: 
• Private Property Owner Vegetative 

Maintenance 
• Littoral Plantings &/or Vegetative 

Islands 
• Biological Treatment for Organic Muck 

 

 





Criteria To Gauge Improvement 
• Aesthetics 

– Reduced Algae 
– Vegetative Overgrowth 
– Water Clarity 

• Muck/Sediment Thickness Vs. Lake Depth 
• Nutrient Levels & Loading 
• Copper Levels & Loading 
• Fecal Coliform & Enterococcus Levels 
• Dissolved Oxygen 
• Temperature 
• Flora & Fauna 



Recommendations 
Lakes Management Plan 

• Tier I – IV Lakes:   
– Data Collection, Source Reduction, Public Outreach, Partnerships 

& Education 
– Consider Ordinances & Enforcement 
+ $73,000 / year {O & M Budget} 

• Tier I Lakes:  City Owned Lakes 
– Additional Data Collection (Lowdermilk Lake) 
– Improve Vegetative Maintenance 
– Expand aeration and floating islands  
– Biological, Chemical, Mineral Applications 
– Spot Dredging 
– Structure repairs at inflow & outfalls 
+ $69,500 /yr. {O & M Budget}; + $187,000 Capital 



Recommendations 
Lakes Management Plan 

• Tier II Lakes (Priority Lakes):   
– Public Outreach, Partnerships, Agreements, Assessment Districts 
– Vegetative maintenance, aeration, structural repairs, chemical & 

biological applications 
– Dredging 
+ $94,300 / year {O & M Budget} 
+ $1,497,000 {Capital} 

• Tier III Lakes: 
– Public Outreach, Partnerships, Agreements, Assessment Districts 
– Vegetative maintenance, aeration, structural repairs, chemical & 

biological applications 
– More data is needed to determine dredging needs. 
+ $95,500 /yr. {O & M Budget}; + $25,000+ {Capital} 



Questions / Comments 



 

 

 

 

 

 

 

 

 

 

Appendix B 

Water Quality Trend Plots 
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Stakeholder Lake Status Survey Instrument  
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City of Naples Lakes Management Plan Update –Survey Instrument 
 
The intent of this survey instrument is to collect information from City of Naples residents about the 
stormwater lakes bordering/adjacent to their homes. The data collected will be used in the Lakes 
Management Plan Update. 

Lake Name: ______________________________________________________________________ 

Resident Name: __________________________________________________________________ 

Resident Address:_________________________________________________________________ 

 

1. Who is responsible for maintaining the Lake?  

 
Specific Water Quality Questions 
 
Water Quality refers to the nutrients or pollutants that are found in the stormwater runoff and stormwater ponds. 
As stormwater flows across the land it picks up pollutants such as bacteria, fertilizers oil and soil; this can affect the 
ecology of receiving water bodies (canals, lakes, rivers, and the gulf). 
 

2.  Do you think the overall water quality in the Lake is good/healthy or bad/unhealthy?  

No Opinion/ 
Don’t Know 

Poor Poor, but 
improving 

Fair Good, but 
deteriorating 

Good, and 
improving 

Good or 
excellent 

1 2 3 4 5 6 7 

 

 

3. Why do you think the water quality is good/bad?  

 

 

4. When it comes to Water Quality, which items concern you most about the Lake: wildlife, plant life, 

aesthetics (how water bodies look and smell),  recreation (fishing, swimming, boating, etc)? (Please select 

two) 

 

 

 

5. Have you or your neighbors done anything to improve the water quality in the Lake? If yes, please describe.  

 

 

6. What do you think should be done to improve the water quality in the Lake? 

 

 

7. Are you interested in supporting or participating in activities that will improve the water quality in the Lake? 

E.g. by reducing use of fertilizers or volunteering for things like littoral plant maintenance efforts.  
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Specific Water Quantity Questions 
 
Water Quantity refers to the amount of stormwater runoff that is produced from a rainfall event. Water quantity 
impacts the public through flooding conditions and recovery time. It is often managed by creating storage and 
conveyance systems such as local lakes, ponds, ditches, canals and pipes/inlets, prior to discharge into receiving 
water bodies such as the Gulf of Mexico and Naples Bay. Stormwater runoff also infiltrates the groundwater 
system.  
 

8. Do you think the overall quantity of water in the Lake is functioning as it should?  

No Opinion/ 
Don’t Know 

Poor Poor, but 
improving 

Fair Good, but 
deteriorating 

Good, and 
improving 

Good or 
excellent 

1 2 3 4 5 6 7 

 

9. Why do you think the lake is/is not functioning as it should?  

 

 

10. Have you experienced flooding of the Lake? Has the water approached your house? If yes to either 

question, when did this happen? 

 

 

11. For private lakes only: Do you have someone designated to lower lake levels prior to storm events to 

increase water capacity of the lake?  

 

 

12. Which items concern you most about the Lake? Overflow of the lake, ponding in nearby roadside swales, 

flooding depth, flooding recovery time, building flooding & property damage. (Please select two) 

 

 

13. Have you or your neighbors done anything to improve the water quantity in the Lake? If yes, please 

describe. 

 

 

14. What do you think should be done to improve the water quantity in the Lake?  

 
Additional Comments 
 
Please provide any additional comments here:  
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Completed Stakeholder Lake Status Surveys  
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Updated Stormwater Lakes Management 

Plan PowerPoint Presentation 
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