
Annual Report Form 
For Individual NPDES Permits For 

Municipal Separate Storm Sewer Systems 
(RULE 62-624.600(2), F.A.C.) 

• This Annual Report Form must be completed and submitted to the Department to satisfy 
the annual reporting requirements established in Rule 62-621.600, F.A.C. 

• Submit this fully completed and signed form and any REQUIRED attachments by email to 
the NPDES Stormwater Program Administrator or to the MS4 coordinator
(http://www.dep.state.fl.us/water/stormwater/npdes/contacts. htm}. Files larger than 10MB 
may be placed on the FTP site at: ftp://ftp.dep.state.fl.us/pub/NPDES Stormwater/. After
uploading files, email the MS4 coordinator or NPDES Program Administrator to notify
them the report Is ready for downloading; or by mail to the address in the box at right.

Submit the form and attachments to: 
Florida Department of Environmental 
Protection. 
Mail Station 3585 
2600 Blair Stone Road 
Tallahassee, Florida 32399-2400 

• Refer to the Form Instructions for guidance on completing each section.

• Please print or type information_in the appropriate areas below. 

Permit Name: Palm Beach County MS4 

Permit Number: FLS000018-004 

Annual Report Year: D Year 1 D Year 2 -� Year 3 D Year 4 D Year 5 D Other, specify Year: 

Reporting Time Period (month/year): 10 / 2018 through 09 / 2019 

Name of the Responsible Authority: John D'Agostino 

Title: Town Manager 

535 Park Avenue 

Town oflake Park 

Telephone Number: 561-881-3304

Zip Code: 33404 County: Palm Beach 

Fax Number: 561-881-3314

E-mail Address: Townmanager@lakeparkflorida.-. 50v 
Name of the Designated Stormwater Management Program Contact (if different from Section I.F above): 

Richard Scherle 

Public Works Director 

Public Works 

650 Old Dixie Highway 

City: 650 Old Dixie Highway 

, Telephone Number: 561-881-3345 

Zip Code: 33404 County: Palm Beach 

Fax Number: 561-881-3349 

E-mail Address: rscherle@lakeparkflorida ... ov

SECTION II. MS4 MAJOR OUTFALL INVENTORY (Not Applicable in Year 1) 

·A·. Number of outfalls ADDED to the outfall inventory in the current reporting year (insert "O" if none): 
(Does this number include non-major outfalls? □ Yes □ No [8J Not Applicable) 

B. 
Number of outfalls REMOVED from the outfall inventory in the current reporting year (insert "O" if none): 
(Does this number include non-major outfalls? □ Yes □ No � Not Applicable) 

C. Is the change in the total number of outfalls due to lands annexed or vacated? D Yes 0 No [8J Not Applicable 
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ATTACHMENT #1 

ESTIMATES OF POLLUTANT LOADINGS AND  

EVENT MEAN CONCENTRATIONS PER MS4 AREA 

December 18, 2019 

Note: The source of the information presented below is from the Municipal Separate Storm Sewer 

System National Pollutant Discharge Elimination System, Joint Annual Report, Cycle 4 -Year 3, 

October 1, 2017 Thru September 30, 2018. 

 

The Town of Lake Park has been assigned two MS4 areas by the Palm Beach County NPDES 

Group permit for monitoring purposes. The western areas discharging toward the C-17 Canal, and 

the eastern areas toward the Lake Worth Lagoon (LWL).  

 

LWL MS4 Area: 687.90 acres or 2.63 % of the total LWL MS4 area of 10,670.41 acres 

C-17 MS4 Area: 94.21 acres or 0.41% of the total C-17 Basin MS4 area of 14,45.84 acres 

 

 

                                             Town of Lake Park MS4 Areas 

 

 

The purpose of the Town of Lake Park Water Quality Assessment Program, as a participant within 

the Palm Beach County NPDES/MS4 Group Permit, is to provide information for the Town of 

Lake Park to determine the overall effectiveness of its Stormwater Management Program (SWMP) 

in reducing stormwater pollutant loadings from its Municipal Storm Sewer System (MS4) to 
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receiving water bodies. To this end, the assessment program includes water quality monitoring 

sampling at four (4) locations throughout the Town where the sampled water is representative of 

the water quality discharges from the assigned C-17 and LWL MS4 contributing areas. These 

sample locations are shown below. 

 

 

 
 

 

Utilizing DEP approved lab Pace Laboratories, sampling at four locations will take place 

four times per year for six test parameters:  

 

• Chlorophyll‐A,  

• Dissolved Oxygen (DO),  

• Total Phosphorus (TP),  

• Total Nitrogen (TN),  

• Total Suspended Solids (TSS) and Turbidity. 

 

 In‐situ grab samples are obtained following a rain event, of 0.75 inches or greater, at low tide if 

possible, to avoid tidal effects. The water quality sampling is intended to be ambient data on Lake 

Park freshwater discharges. Flow weighted sampling is not collected in that it is insufficient for 

estimating site specific Event Mean Concentrations (EMC’s) 
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Event Mean Concentration 

The Event Mean Concentration EMC values are defined as the total load of a given pollutant 

divided by the total runoff volume for a storm event. These values are derived from monitoring 

watersheds, and sampling stormwater during rain events. In order to estimate the loading from a 

storm, the flow-weighted average concentration (or EMC) is necessary. The data EMC values used 

in the SIMPLE non-point source water quality model for Cycle 4 is presented in Table 5 of the 

Joint Annual Report, Cycle 4 -Year 3. 

 

 

 
 

Regional Pollutant Loading Comparisons (Lake Worth Lagoon) 

Tables 12 and 13 of the Joint Annual Report, Cycle 4 -Year 3 present the loadings for each major 

MS4 area within the group permit. 

 

The Town of Lake Park is included in the C-17 and LWL MS4 areas and the effectiveness of the 

Town’s monitoring program is reflected in the total pollutant loadings calculated for these areas. 

A comparison of the loadings between the 2013 and 2018 reporting cycles is presented.  

 

A comparison of the loadings in Table 12 and 13 for the C-17 and LWL MS4 areas indicates a 

trend of lower pollutant loads from 2013 to 2018.  This is indicative that Best Management 

Practices being applied in the form of dry/wet detention and retention is having a positive effect. 
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Local Pollutant Loading Comparisons (Town of Lake Park MS4 Areas for C-17 and LWL 

Watersheds) 

Tables A and B include loading information extracted from the Joint Annual Report, Cycle 4 -

Year 3 Summary of Average Annual Pollutant Loading Model Activities, Tables 16 and 26 which 

is specific to the Town of Lake Park C-17 and LWL MS4 areas. 

 

Table B for the discharge to the C-17 and LWL watersheds within the Town’s MS4 areas has 

been adjusted for the Town’s Year 3 ARF street sweeping program (a reduction for TP = 28 lbs 

and TN= 44 lbs) and Public Education Activities (6% reduction for all six water quality 

parameters). 

 

MS4 Basin Table A -2013 Pollutant Loading (lbs/year) 

BOD5 TSS TP CU ZN TN 

LWL 22,478 124,813 1,004 66 283 6,802 

C-17  5,159 35,307 195 14 41 1,449 

Total 27,637 160,120 1,199 80 324 8,251 

 

MS4 Basin Table B - 2018 Pollutant Loading (lbs/year) 

BOD5 TSS TP CU ZN TN 

LWL 21,029 116,379 917 62 263 6,348 

C-17  4,412 29,131 150 12 54 1,283 

Total 25,441 145,510 1,067 74 317 7,631 

Total Net Percent Reduction in Year 4 

Net Total 7.95 9.12 11.01 7.50 2.16 7.51 
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Tables A and B Town of Lake Park MS4 areas net total discharges to the C-17 and LWL 

watersheds indicate a trend of lower pollutant loads from 2013 to 2018.  This is indicative that 

Best Management Practices being applied in the form of dry/wet detention and retention, and street 

sweeping are having a positive effect. 

 

Conclusion 

The Town of Lake Park’s Stormwater Management Programs are effective in reducing pollutant 

loading especially for nutrients. Additionally, the Town of Lake Park is currently in the process of 

updating the Stormwater Masterplan (SWMP) with the proposed implementation of Green 

Infrastructure Low Impact Development (GI/LID) Best Management Practices such as bioswales, 

raingardens, bioretention, pervious pavement, etc. It is expected that the implementation of GI 

facilities Town-wide will enhance the Plan’s effort to reduce pollutant loading from the C-127 and 

LWL MS4 areas. 

 



 

 

THE TOWN OF LAKE PARK 
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1. TOWN OF LAKE PARK ASSESSMENT PROGRAM 
 
1.1 ‐ Assessment Program Objective     
The purpose of this assessment program is to provide information for the Town of Lake Park to 
determine the overall effectiveness of its Stormwater Management Program (SWMP) in reducing 
stormwater pollutant loadings from its Municipal Storm Sewer System (MS4) to receiving water bodies. 
Phase 1 MS4 Monitoring Plans are required to meet the following goals: 
 

A. Identify areas that can be targeted for corrective action that have a potential for water quality 
problems related to stormwater runoff. The corrective actions include, but are not limited to, 
non-structural BMP’s (i.e. trash collection, street sweeping, public education), structural BMP’s 
and retrofits. 

B. Measure the effectiveness of stormwater pollution reduction measures, such as BMP’s that have 
or will be implemented. 

C. For specific outfalls or watersheds, document pollutant loadings and/or trends in pollutant 
loadings. 

 
1.2 ‐ Assessment Program Components     
As required by the MS4 Permit, the following components make up this Assessment Program:   
 

A. Water Quality Monitoring Plan – the plan identifies local sources where urban stormwater 
adversely affects surface water resources.  

B. Pollutant Loading Estimate Plan – the plan is intended to estimate the Pollutant Loading from the 
MS4 contributing area, based on BMP’s and land use. 

C. Evaluation and Response Plan – the plan is intended to propose a plan of action to be taken based 
on the results of the Water Quality Monitoring Plan and Pollutant Loading Estimate Plan. The 
plan will be used for the following: 
 

1. Analyze trends in Pollutant Loading from the MS4.  
2. Analyze trends in water quality that discharge from the MS4.  
3. Identify areas of the MS4 to be targeted for corrective measures and loading reduction.  

 
 
2. WATER QUALITY MONITORING PLAN 
 
2.1 Identification and Monitoring of Land-Based Pollutants in the Town of Lake Park 
The amount of polluted runoff from various land uses in the Town of Lake Park varies depending on the 
types of practices employed at each site. Sediment concentrations of heavy metals such as cadmium, 
copper, lead and zinc, tended to be highest in urbanized areas such as the Town of Lake Park.  Metals 
are released to the environment from brake pads, plumbing, industrial and commercial activities. 
Nutrient-rich wastewater is released from cesspits and septic tanks. Other sources of water pollution in 
the Lake Worth Lagoon (LWL) are stormwater runoff containing fertilizers, pesticides, herbicides, 
petroleum products, and heavy metals all of which may be affecting brackish water communities 
including seagrasses, and mangroves. 
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During rainfall fertilizer can quickly wash away from lawns, flow down streets, and dump into nearby 
streams and ditches until reaching the LWL. Chemical pollutants present in fertilizer attach to sediment 
loads that are transported by runoff a lawn and end up providing excess nutrients such as nitrogen and 
phosphorus to waterways such as the LWL.  Algal blooms are a serious threat to our economy, health, 
and environment. Algae can release toxins leading to skin and breathing problems for people. Blooms 
also lead to fish kills and deplete seagrass beds that are key food sources for many species in the LWL.  
 
Existing Land Use Map  
The total Town boundary encompasses 1383.7 acres or 2.16 SM. Of this total 1,116 total acres, or 1.74 
square miles of non-water areas contained within the corporate limits.  Figure 1 shows the existing land 
use map for the Town of Lake Park. Existing land use data is indicative of how the land and water areas 
in Lake Park have developed. Lake Park is an older mature urban area incorporated originally as Kelsey 
City in 1923. The Town is essentially a platted, residential community with linear commercial areas along 
U.S. Highway No. 1, Northlake Blvd, Tenth Street and Park Avenue. There is a large mixed commercial 
and light industrial area located to the west of the Florida East Coast Railroad, which divides the Town. 
 
Single family, low density residential development comprises the largest single land use category within 
the Town. Approximately 305 acres or 34.4% of the total area of the Town is used for single-family 
residential purposes, while 56.4 acres are used for medium density and 22.2 acres are used for high 
density development. Almost all of the low-density development is located west of the Florida East Coast 
Railroad and west of U.S. Highway No. 1. 
 

Figure 1.  Existing Land Use 
 
All commercial development in the Town is located along four corridors: (1) U.S. Highway No. 1; (2) 
Northlake Boulevard; (3) Prosperity Farms Road/Tenth Street; and (4) Park Avenue. There are two major 
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shopping centers, the Twin City Mall (i.e. shared with the Village of North Palm Beach) located in Lake 
Park, with the balance consisting of small, highway-oriented centers and free-standing businesses. 
Commercial uses in these facilities are primarily retail, service and professional businesses. Commercial 
uses utilize 135.9 acres, or 8.5% of the total area of the Town. 
 
Mixed commercial and light industrial land use account for 95.1 acres and constitutes 8.5% of the 
municipal land area. All of these uses are located along Congress Avenue and are buffered from the 
remainder of the Town by the Florida East Coast Railroad. Also, the greatest amount of vacant land is 
located in this area. Land use activities consist primarily of a variety of light industrial types mixed with 
various commercial support, warehouse, wholesale and service businesses 
 
Recreation/open space land use consists of 31.9 acres, or 2.9% of the corporate area and Public building 
and grounds land use currently utilizes 9.4 acres and constitutes approximately 0.8% of the corporate 
area. Existing rights-of-way for roads and streets and the Florida East Coast Railroad consume 
approximately 22.4% or 250 acres of the total area in Lake Park. Water areas constitute a minor portion 
(i.e. 0.8%) of the total area of the Town. 
 
Future Land Use Map 
Figure 2 shows the future land use map for the Town of Lake Park. Presently, the Town is built-out to 
approximately 84% of the corporate area. Only 16% or 158 acres of the total area is vacant and 
potentially available for future development. Of this total, 132 acres or 84% of the total vacant area is 
designated and zoned for future mixed commercial/industrial development.   
 

 
Figure 2.  Future Land Use 
 
Figure 2 includes some land for potential expansion along the western boundary of the Town’s current 
limits. However, there are no specific plans for implementing the future annexation at this time.  
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Comparisons of both Figure 1 and 2 land uses indicate that potential pollutants from water quality 
discharges from the Town of Lake Park jurisdiction to the C-17 Canal and LWL will not change in the near 
future. 
 
2.2 Lake Worth Lagoon Water Quality Issues  
 
All surface waters in Palm Beach County including the LWL, are classified as Class III waters with few 
exceptions.  Population increases in Palm Beach County have altered regional watershed hydrology and 
large-scale freshwater releases from regional canals such as the C-17 Canal,  along the west boundary of 
the Town of Lake Park,  are  the main stressors for potential habitat loss and degradation of water quality 
in the LWL.  
 
Water quality within the lagoon has been significantly degraded by various drainage, dredging, and 
costal development projects in the past. These projects have caused significant alterations in the timing, 
distribution, quality and quantity of fresh water that enters the coastal waterways including the C-17 
Canal.  Large volumes of pollutant-laden  freshwater discharges into the Lagoon, primarily through the 
C-17, C-51, and C-16 canals, can cause extreme salinity fluctuations which can be harmful to many 
aquatic organisms, such as oysters and seagrasses unable to tolerate excessive freshwater inflows.   
 
While salinity fluctuations are a problem with freshwater discharges, a major threat to the recovery of 
the LWL is excess suspended sediments.  Suspended sediments increase turbidity and thereby decrease 
the amount of sunlight that reaches the bottom; nutrients cause proliferation of phytoplankton in the 
water column further deteriorating water clarity. As sediments fall out of suspension, they accumulate 
on the bottom, sometimes forming a silty layer over previously natural sediments which affect the flora 
and fauna.   At present, water quality within the Lagoon is highly variable and it is best in the vicinity of 
the inlets, where the water bodies are subjected to tidal flushing and enhanced circulation.  
 
There are three major freshwater inflows from the watershed discharged to the LWL estuary via regional 
canals. One of these is the Earman River Canal (C-17 Canal) that discharges to the northern segment of 
the lagoon (LWL) where the Town of Lake Park is situated.  The Town of Lake Park stormwater discharges 
occur to both the C-17 (Earman River) Canal along the west and north and to the LWL directly along the 
east.   
 
2.3 LWL Water Quality Monitoring Network  
  
The LWL monitoring network implemented in October 2007 consist of twenty-two (22) sites. Figure 3 
shows the location of NPDES Site 13 and LWL Monitoring sites LWL2, 3 And 4. These are the sites that 
are used to correlate the upland water quality discharges to the receiving water body (LWL). LWL4 is the 
most applicable to the Town of Lake Park direct and C-17/Earman River pollutant load discharges.  
 
Several parameters have been analyzed on a monthly basis including dissolved oxygen (DO), pH, salinity; 
Kjeldahl Nitrogen (TKN), Ammonia Nitrogen (NH4), Nitrite-Nitrate Nitrogen (NOX), Total Phosphorus (TP) 
And Orthophosphorus (OPO4), Turbidity, And Chlorophyll-A. 
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Figure 3.  NPDES and LWL Water Quality Monitoring Sites 
 
2.4 Town of Lake Park Water Quality Monitoring Program 
As a co-permittee of the Palm Beach County NPDES /MS4 permit program, where the Northern Palm 
Beach County Improvement District is the Lead Permittee, the Town of Lake Park collects quarterly 
ambient water quality data throughout the Town at four (4) designated sampling sites. 
 
As required by the MS4 Permit, the Town utilizes a FDEP approved lab using NPDES-approved  
procedures to perform quarterly sampling at these locations for five test parameters, including 
Chlorophyll-A, Dissolved Oxygen (DO), Total Phosphorus (TP), Total Nitrogen (TN), and Total Suspended 
Solids (TSS). Figure 4 shows the location of the four sampling sites. The four sampling locations where 
selected based on the type of water quality pollutant that could be generated by the land uses in the 
surrounding areas. 
 

▪ Location 1  
148 Data Palm Drive – Basin 12, Structure #103. Google Earth: 26*47’41.25”N, 80*3”22.30W  
(Samples pulled from 60” RCP outflow that leads to Lake Worth Lagoon) 
This sampling location is supposed to be representative of the residential district  

 
▪ Location 2   

301 Federal Hwy – Basin 12, Structure #131A. Google Earth: 26*47’41.93”N, 80*3’13.85”W  
(Samples are pulled from 60” RCP outflow to Lake Worth Lagoon) 

 
This sampling location was selected to assess the impact of discharges from the US Highway 1 right-of-way 
and adjacent business District. Site 2 is located along the same 72” CMP pipe outfall that includes site 1 just 
west of the US 1 Highway ROW at 2nd Street. 
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Figure 4.  Town of Lake Park NPDES Sampling Location Sites 
 

▪ Location 3  
1406 Flagler Blvd – Basin 15, Structure #35A. Google Earth: 26*48’17.43”N, 80*4’5.63”W 
(Samples area pulled from 36” RCP outflow to South Lake) 

 

This sampling location was selected to assess the impact of discharges from the residential district area 
south of South Lake or representative of the outfalls to the Earman River.  
 

▪ Location 4  
Intersection of Congress Ave. and Watertower Road (Southeast Corner) – Basin 26, Structure 
unnamed. Google Earth: 26*48’1.67”N, 80*5’4.21W.  
(Samples are pulled from the downstream site of a control structure discharging a 96” RCP 
outflow to SFWMD C-17). 

 
This sampling location was selected to assess the impact of discharges representative of the Campus Light 
Industrial and Commercial area west of the Florida East Coast Railroad tracks.  
 
As part of the NPDES Permit program specific MS4 areas have been designated for the purpose of 
monitoring water quality discharges and the application effectiveness of Best Management Practices 
(BMP’s) for the reduction of pollutant loads to the LWL.  Figure 5 shows these areas as a function of the 
Town’s land uses and stormwater management system discharging to the C-17/Earman River and LWL. 
Figure 6 depicts the MS4 Basin areas as a function of the system of roads and the current drainage 
infrastructure composed mainly of roadside inlets and stormsewers discharging to the LWL (east), the 
C-17 Canal (West) and the Earman River (north).  
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Figure 5.  MS4 Basin Areas, Land Uses & Monitoring Locations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. MS4 Basin Areas, Monitoring Locations & Drainage System Infrastructure 
 
2.5 Monitoring Site Locations Adequacy  
Figures 5 and 6 indicate that the current MS4 Basin areas are representative of the residential, 
commercial and light industrial areas and the stormwater management system discharging runoff 
pollutant loads from these areas.  However, two observations can be made. 
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Sampling Location 1: The location of this site is 750 feet from Site 2 upstream along the same outfall.  
Site 1 was selected to measure the pollutant discharges from the US Highway 1 ROW and adjacent 
commercial district area with a  time of concentration  much shorter than that the runoff measured at 
Site 2 with a contributary area and time of concentration much larger than that of site 1. This means that 
the first flush of runoff which carries the bulk of the pollutant load would pass through and discharge 
much sooner than that of the pollutant load arriving at Site 2 much later.  It is very likely that the US 
Highway1 ROW drainage area pollutant-laden runoff peak discharges well before the three (3) hours 
after the storm sampling requirement. It is also very likely that the Site 1 pollutant baseline is reflective 
of the Site 2 baseflow after 3 hours.   
 
The results of the 2019 sampling plan will be reviewed to assess the validity of this observation. 
 
There is also the issue of the proximity of these sampling locations to tidewater.  Sampling locations 1, 
2, and 3 are manholes with inverts well below LWL tides and it is very important to perform the sampling 
during low tide.  This issue will become progressively more difficult as Sea Level Rise (SLR) will increase 
tide depths. Locations 1 and 2 will be impacted the most.  
 
Sampling Location 4: This sampling location was selected to assess the impact of stormsewer discharges 

representative of the Campus Light Industrial and Commercial area west of the Florida East Coast 
Railroad tracks. Figure 7 shows that Site 4 is located at the outfall pipe discharging from a detention lake 
south of Water Tower Road that collects runoff from the surrounding commercial sites. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Site 4 Sampling Location  
 
Figure 8 indicates that although originally the discharge from Site 4 flowed west to C-17 canal via an 
existing ditch to a culvert at C-17, this stormwater transport system was radically changed when 
privately-owned residential development took place west of Congress and eats of the C-17 ROW.   
 
Currently, the Site 4 outfall discharges under Congress Avenue into a system of wet detention lakes at 
the privately-owned residential development with a significant residence time of treatment prior to 
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discharge to the C-17 canal. This means that pollutant loadings from the Town’s MS4 Campus Light 
Industrial and Commercial areas get further treated or attenuated at the stormwater management 
system of these developments. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Original Site 4 West Discharge to C-17 Transport System 
 
2.6 Water Quality Monitoring Results – Tabular 
 
Results of the sampling period from March 2019 to September 2019 have been tabulated and are 
presented in X-Y scatter plots. The plots also include the State of Florida Standard Minimum Detection 
limits by which these pollutant values are compared to for program assessment.  
 
The following sampling guidelines were observed: 

▪ Sampling was performed for storms of 0.75 inches or greater. 
▪ Sampling was performed (when possible) within 3 hours after the storm event. 
▪ Sampling was performed at low tide to avoid brackish water influence on pollutant 

concentrations. 
 
Additionally, there was no sampling performed in the first quarter of 2019 and no Dissolve Oxygen (DO) 
% Saturation Data was obtained at any of the sites. 
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Location #1 Data and Plots 

 
LOCATION #1 
Single-Family 

Medium 

Chlorophyll‐A 
ug/l 

Total  
Nitrogen 

mg/l 

Total 
Phosphorus 

mg/l 

Total 
Suspended 
Solids mg/l 

Dissolved 
Oxygen 

% Saturation 

State Standard Criteria 20 1.54 0.120 N/A >38 

March 21, 2019 2.2 1.1 0.062 5.0 No Data 

July 1, 2019 2.2 0.91 0.064 5.0 No Data 

August 23, 2019 2.2 0.84 0.081 5.0 No Data 

September 20, 2019 2.4 0.68 0.093 5.0 No Data 
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Location #2 Data and Plots 
 

Location #2 
Business District 

US Highway1  

Chlorophyll‐A 
ug/l 

Total  
Nitrogen 

mg/l 

Total 
Phosphorus 

mg/l 

Total 
Suspended 
Solids mg/l 

Dissolved 
Oxygen 

% Saturation 

State Standard Criteria 20 1.54 0.120 N/A >38 

March 21, 2019 2.2 0.88 0.059 5.0 No Data 

July 1, 2019 2.2 0.74 0.081 5.0 No Data 

August 23, 2019 2.7 0.62 0.068 5.0 No Data 

September 20, 2019 2.2 0.51 0.086 5.0 No Data 
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Location #3 Data and Plots 

 
Location #3 

Residential district 
south of South Lake 

Chlorophyll‐A 
ug/l 

Total  
Nitrogen 

mg/l 

Total 
Phosphorus 

mg/l 

Total 
Suspended 
Solids mg/l 

Dissolved 
Oxygen 

% Saturation 

State Standard Criteria 20 1.54 0.120 N/A >38 

March 21, 2019 2.2 1.8 0.095 5.0 No Data 

July 1, 2019 2.5 3.9 0.12 5.0 No Data 

August 23, 2019 2.2 0.98 0.11 5.0 No Data 

September 20, 2019 2.2 0.98 0.11 5.0 No Data 
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Location #4 Data and Plots 
 

 

Location #4 
Residential district  

south of South Lake 

Chlorophyll‐A 
ug/l 

Total  
Nitrogen 

mg/l 

Total 
Phosphorus 

mg/l 

Total 
Suspended 
Solids mg/l 

Dissolved 
Oxygen 

% Saturation 

State Standard Criteria 20 1.54 0.120 N/A >38 

March 21, 2019 24.8 0.65 0.050 5.0 No Data 

July 1, 2019 15.0 5.1 0.050 5.0 No Data 

August 23, 2019 8.1 0.52 0.050 5.0 No Data 

September 20, 2019 10.3 0.48 0.050 5.0 No Data 
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2.7 Water Quality Monitoring Results – Trend Analysis 
 
Trend analysis involves the collection of information from varying time periods and plotting the 
information for detail analysis to spot patterns of change in the collected information. A primary 
objective of most long-term environmental water quality monitoring surveys is to detect and estimate 
trends in the parameters that are measured over a significant period of time.  
 
The data to be analyzed in the trend analysis is for the period from 3/2019 to 9/2019 and not long enough 
to detect sustained trends of significance. Instead, the short-term monitoring can be used to detect 
subtle changes in environmental parameters that can indicate an upcoming event such as Algal Bloom 
from spike in Nutrient Loads. 
 
There are specific water quality parameter characteristics that can be applied to assess trends in water 
quality discharges to the LWL.  
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Chlorophyll- a is a measure of the number of algae growing in a waterbody. It can be used to classify the 
trophic condition of a waterbody. Although algae are a natural part of freshwater ecosystems, too much 
algae can cause aesthetic problems such as green scums and bad odors and can result in decreased levels 
of dissolved oxygen.  One of the symptoms of degraded water quality condition is the increase of algae 
biomass as measured by the concentration of Chlorophyll-a. Waters with high levels of nutrients from 
fertilizers, septic systems, sewage treatment plants and urban runoff may have high concentrations of 
Chlorophyll-a and excess amounts of algae.  
 
Nitrogen is an essential nutrient for plants. Small amounts of Nitrogen are a natural component of 
ecosystems, but agricultural and urban land use can add more nitrogen to waterways such as the LWL. 
Trends in three indicators of Nitrogen are very important for maintaining a healthy LWL habitat: total 
nitrogen, nitrate-nitrogen and ammoniacal nitrogen. Too much total nitrogen and nitrate-nitrogen can 
lead to excessive growth of algae, which can deteriorate river habitats. Nitrate-nitrogen and ammoniacal 
nitrogen can be toxic to aquatic life.  
 
Agricultural activities, primarily row crop and livestock production, account for over 80 percent of all 
Nitrogen added to the environment. Non-agricultural sources of Nitrogen contribute less than 20 
percent of the Nitrogen released into the environment. Six percent is released from point sources (such 
as outfalls) into water bodies, while fourteen percent is deposited from atmospheric sources. The typical 
sources of Nitrogen pollution in urban areas such as the Town of Lake Park include fertilizer use on lawns, 
septic tank sewage disposal, and leaks from sewer lines.  
 
Phosphorus. Runoff from both urban and rural areas is loaded with nutrients such as phosphorus and 
nitrogen. Phosphorus is the nutrient of greatest concern because it promotes weed and algae growth in 
lakes and streams and waterways such as the LWL. Typically, phosphorus concentrations are lower in 
urban runoff than in rural runoff, but annual phosphorus loads. However, because phosphorus 
compounds attach to soil particles, urban areas with high sediment loads also produce high phosphorus 
load which mean that urban construction sites are significant sources of sediments and phosphorus 
loads.  Other sources of phosphorus include fertilizer spills, leaves and grass left on paved areas, and 
orthophosphate in vehicle exhaust 
 
Total Suspended Sediments (TSS). Total suspended solids (TSS) is the dry weight of suspended particles, 
that are not dissolved in water. TSS are particles that are larger than two (2) microns found in the water 
column. Anything smaller than 2 microns (average filter size) is considered a dissolved solid. Most 
suspended solids are made up of inorganic materials. These solids include debris drifting or floating in 
the water, sediment, silt, and sand to plankton and algae. Organic particles from decomposing materials 
can also contribute to the TSS concentration. As algae, plants and animals’ decay the decomposition 
process allows small organic particles to break away and enter the water column as suspended solids 
 
TSS is a water quality parameter used to assess the quality of a specimen of any type of water or 
waterbody such as the LWL. Is a significant factor in observing water clarity and the more solids present 
in the water, the less clear the water will be. Some sediment will settle to the bottom of a body of water, 
while others remain suspended. Some suspended solids can settle out into sediment at the bottom of a 
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body of water over a period of time. Although this settling improves water clarity, the increased silt can 
smother benthic organisms and eggs.  
 
The flow rate of the water body is a primary factor in TSS concentrations. Fast running water can carry 
more particles and larger-sized sediment. Heavy rains can pick up sand, silt, clay, and organic particles 
(such as leaves, soil, tire particles) from the land and carry it to surface water. A change in flow rate can 
also affect TSS. TSS is listed as a conventional pollutant in the U.S. Clean Water Act and a major source 
of water quality degradation as the sediment load becomes the transport mechanism for pollutants from 
upland urban /suburban watersheds such as the Town of Lake Park.  
 
Concentrations of TSS in urban stormwater runoff are highly variable. Concentrations are similar across 
different land uses. A Florida state standard has not been established in Florida. Figure 9 includes data 
from the International Stormwater Database, Version 3 (2008).  

Figure 9. Land Use TSS Concentrations - International Stormwater Database, Version 3 (2008). 
 
Lake Worth Lagoon water quality trends for the period from 2007-2012 for all three segments of the 
LWL are presented in Table 10 of the 2013 Lake Worth Lagoon Management Plan and shown here as 
Figure 10. The Town of Lake Worth is located in the Northern LWL segment. 
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Figure 10. Lake Worth Lagoon Management Plan Water Quality Values (mg/l)  
 
Dissolved Oxygen 
The dissolved oxygen (DO) is oxygen that is dissolved in water. The oxygen dissolves by diffusion from 
the surrounding air and as a waste product of photosynthesis. The concentration of dissolved oxygen in 
surface water is affected by temperature and has both a seasonal and a daily cycle. Cold water can hold 
more dissolved oxygen than warm water. In winter and early spring, when the water temperature is low, 
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the dissolved oxygen concentration is high. In summer and fall, when the water temperature is high, the 
dissolved-oxygen concentration is often lower. 
 
Dissolved oxygen in surface water is used by all forms of aquatic life; therefore, this constituent typically 
is measured to assess the "health" of waterbodies such as the LWL. Oxygen enters a stream from the 
atmosphere and from groundwater discharge. Photosynthesis is the primary process affecting the 
dissolved oxygen/temperature relation; water clarity and strength and duration of sunlight, in turn, 
affect the rate of photosynthesis. 
 
In a stable body of water with no stratification, dissolved oxygen will remain at 100% air saturation. 100% 
air saturation means that the water is holding as many dissolved gas molecules as it can in equilibrium 
 
2.8 Sampling Location Trend Analysis 
 
Chlorophyll- a  
Water sampling at Locations 1-3 is from the bottom of manholes  discharging directly the  outfalls.  
Typical low values ranged from 2.2 to 2.7 ug/l with the exception of Location 4.  Chlorophyll- a values at 
this location ranged from 8.1 to 24.8 exceeding the State Standard of 20 ug/l.  Chlorophyll- a 
concentration for the sampling for the preceding (10/2017 to 9/2018) period indicates values ranging 
from 6.4 to 18 ug/l almost reaching the 20 ug/l state standard. Both of these year’s readings are 
substantially higher than at the three other sampling location. 
 
Examination of the source and discharge point of the loadings provides a clue as to the higher 
Chlorophyll- a concentrations at Location 4. Figure 11 shows that the source of the water at the Location 
4 outfall is a system of lakes for stormwater management of the Light Industrial and Commercial area 
east of Congress Avenue and north and south of Water Tower Road. 
 
It is likely that nutrient-laden sediments are being discharged into these lakes from the adjacent parking 
lots and roadside landscape features that could results in the Chlorophyll- a spikes.  However, Nitrogen 
and Phosphorus concentrations at Location 4 are well below state standards (with one exception in July 
during summer months) which indicate that these lakes are not the main culprit for the higher 
Chlorophyll- a concentrations at Location 4.  
 
A more likely explanation is that the water at the stormwater management system in the receiving end 
has a much higher level of nutrients and therefore Chlorophyll- a concentrations are being reflected in 
the sampling. Examination of sampling procedures indicate that sampling has been historically 
performed in the discharge side of the weir control structure at Location 4 which is the side connecting 
to the residential stormwater management system of lakes on the west side of Congress. Figure 11 
shows large floating algae mats at these lakes. 
 
It is also likely that by switching the sampling to the incoming side of the outfall better (lower) 
Chlorophyll- a concentrations will be obtained that are more in line with values at the three other sites. 
This assumption will be tested during the remaining 2018/2019 sampling period. 
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Figure 11.  Source of water for Location #4 
 
Although the residential lakes west of Congress are under private ownership and maintenance, better 
Best Management Practices (BMP’s) to control nutrient/sediments loads need to be recommended for 
implementation to reduce future pollutant discharges to the C-17 Canal and the LWL. 
 
Total Nitrogen (TN) 
Review of the Total Nitrogen records at all Locations indicate that all values were below the 1.54 mg/l 
state standard with the exception of the July 1 readings at Locations 3 and 4. A value of 3.9 and 5.1 mg/l 
were measured at Locations 3 and 4, respectively.    
 
Examination of rainfall records at the nearby SFWMD S-44 meteorological station indicated that 1.57 
inches of rainfall was recorded for the period of June 27 to July 1. It is very likely that nutrients from 
fertilizers at the Location 3 residential areas and at the heavily landscaped areas of the Commercial 
District were responsible for the high TN at these sites after this relatively high rainfall storm event. 
Locations 1 and 2 also reflected high TN concentration values (but less than 1.54) during this storm event. 
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Total Phosphorus (TP) 
All location experienced TP concentrations lower than the state standard of 0.120 mg/l. However, 
Location 3 measurements reflected higher values of 0.11 and 0.12 mg/l for the 7/1, 8/23 and 9/20/2019 
sampling events.  Review of rainfall records at the SFWMD S-44 meteorological station for these 
sampling dates indicated higher than normal rainfall. It is likely that fertilizer spills, leaves and grass left 
on paved areas, and orthophosphate in vehicle exhaust were responsible for these higher TP 
concentrations. 
 
Total Suspended Sediments (TSS) 
TSS concentration values of 5.00 mg/l were recorded at all sampling locations. Examination of the 
previous (2017/2018) sampling year reflected high TSS values of 7.0, 16.0, 32,5 and 6.5 at each location.  
 
These values are all below the median TSS value of 58 for the International Stormwater database but 
higher than the LWL median trending value 0f 7.8 for the LWL North segment (Figures 9 and 10). 
 
The LWL Management Plan indicates that while salinity fluctuations are a problem with freshwater 
discharges, a major threat to the recovery of the LWL is excess suspended sediments. There is a need to 
reduce the TSS levels from the Town, and this goal in being addressed in the proposed Town of Lake Park 
Stormwater Management Plan Update via Green Infrastructure BMP implementation. 
 
Dissolved Oxygen 
Dissolved Oxygen values were not obtained during the 3/2019 to 9/2019 sampling period. However, an 
empirical analysis assessment of the DO value can be obtained by the use of EPA-approved charts using 
the temperature of the water and barometric pressure during the sampling event. For non-hurricane 
barometric pressure and temperatures in the 75 to 95-degree F0 values of DO saturation of nearly 100% 
are obtained. These are well above the >38 % saturation recommended which is indicative that the Town 
of Lake Park enjoys   stable surface water domains with no significant stratification and where dissolved 
oxygen will remain at 100% air saturation. 
 
3. POLLUTANT LOADING ESTIMATE PLAN 
 
Figure 12 shows that the Town of Lake Park MS4 areas as a function of the receiving water bodies for 
which pollutant discharges are being monitored as part of the Palm Beach County NPDES Group permit. 
The western MS4 areas discharge toward the C-17 Canal, and the eastern MS4 areas toward the Earman 
River/Lake Worth Lagoon (LWL). The total MS4 areas are: 
 
Area to Earman River/ LWL: 687.90 acres or 87.9 % of the total LWL MS4 area of 782.11 acres 
Area to C-17 Canal: 94.21 acres or 12.1% of the total C-17 Basin MS4 area of 782.11 acres 
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Figure 12. Town of Lake Park NPDES/ MS4 Areas 
 
The purpose of the Town of Lake Park Water Quality Assessment Program, as a participant within the 
Palm Beach County NPDES/MS4 Group Permit, is to provide information for the Town of Lake Park to 
determine the overall effectiveness of its Stormwater Management Program (SWMP) in reducing 
stormwater pollutant loadings from its Municipal Storm Sewer System (MS4) to the  C-17 and LWL 
receiving water bodies.  
 
The sampling data collected by the Town of Lake Park, as well as data collected by other municipalities 
has been applied by the Palm Beach County MS4 permittee group to develop 
pollutant loading estimates during the third year of this permit cycle. The Spatially Integrated Model for 
Pollutant Loading Estimates (SIMPLE) SIMPLE protocol has been applied to calculate pollutant loads.   
 
Pollutant loading estimates are calculated by the SIMPLE water quality model using flow-weighted 
average concentration or Event Mean Concentration (EMC) for each pollutant of interest. EMC values 
are defined as the total load of a given pollutant divided by the total runoff volume for a storm event. 
These values are derived from watershed monitoring, and sampling stormwater during rain events. 
Figure 13 shows the EMC values used in the SIMPLE water quality model for Cycle 4 (Table 5 of the Joint 
Annual Report, Cycle 4 -Year 3). 
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Figure 13. Event Man Concentrations 
 
The Palm Beach County MS4 permittee group provided in the Joint Annual Report, Cycle 4 Year 3 
pollutant estimates by MS4 areas in addition to by regional watershed that reflect the respective 
permittee’s MS4 area pollutant discharges.  Pollutant load estimates have been provided for the 
following parameters: Biochemical Oxygen Demand (BOD), Copper (Cu), Total Nitrogen (TN), 
Total Phosphorus (TP), Total Suspended Solids (TSS), Zinc (Zn).  
 
The Annual Report, Cycle 4-Year 3 also includes pollutant loading data for the Cycle 3 Year 3 for 
comparison between the 2013 And 2018 reporting cycles.  Figure 14 and 15 show pollutant loadings 
discharged to the C-17 and LWL regional watersheds provided in Tables 12 and 13 of the Annual report. 
A comparison of the loadings in Table 12 and 13 for the C-17 and LWL MS4 areas indicates a trend of 
lower pollutant loads from 2013 to 2018 (Approximately 2%).   
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Figure 14.  C-17 and LWL Pollutant Loadings for Cycle 4 Year 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15.  C-17 and LWL Pollutant Loadings for Cycle 4 Year 3 
 
The State of Florida allows for assumed pollutant loading reductions as a result of nonstructural BMPs 
such as public education and outreach (Up to 6%).  These reductions, not included in the SIMPLE model 
used to calculate the pollutant loadings, are presented in Table 1 below for the C-17 and LWL group 
pollutant load calculations comparison.  
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Table 1 – Regional Pollutant Load with Reductions for Non-Structural BMP Practices 

Watershed BOD5 TSS TP CU ZN TN 

Cycle 3, Year 3 

C-17 701,636 2,821,855 28,628 1,656 7,609 287,833 

LWL 683,998 3,270,301 31,647 1,484 6,565 272,326 

       

Cycle 4, Year 3 

C-17 703,661 2,757,695 29,087 1,600 7,203 292,414 

LWL 675,010 3,191,914 31,282 1,450 6,409 268,729 

       

Net Percent Reduction (increase) in Year 4 

C-17 +0.29 -2.27 +0.10 -3.38 -5.34 +1.59 

LWL -1.31 -2.40 -1.15 -2.29 -2.38 -1.33 

 
The Annual Report, Cycle 4-Year 3 also provides the local pollutant loading from each participating 
municipality MS4 area to C-17/LWL Watersheds. Tables 2 and 3 include loading information extracted 
from the   Annual Report, Cycle 4 -Year 3 Tables 16 and 26 that is specific to the Town of Lake Park C-17 
and LWL MS4 areas. 
 
Tables 2 and 3 pollutant discharge data to the C-17 and LWL from the Town’s MS4 areas has been 
adjusted for the non-structural BMP’s (6%) reduction as well as for the street sweeping program 
reduction of TP & TN in year 2 and 3 as follows:  
 
Cycle 3 Year 3 - TP = 25lbs, TN= 39 lbs 
Cycle 4 Year 3 - TP = 28 lbs, TN= 44 lbs 

 

MS4 Basin Table 2 -2013 Pollutant Loading (Lbs/year) 

BOD5 TSS TP CU ZN TN 

LWL 21,129 117,324 920 62 266 6,357 

C-17  4,849 33,188 160 13 53 1,325 

Total 25,978 150,512 1,080 75 319 7,682 

 

MS4 Basin Table 3 - 2018 Pollutant Loading (Lbs/year) 

BOD5 TSS TP CU ZN TN 

LWL 21,029 116,379 917 62 263 6,348 

C-17  4,412 29,131 150 12 54 1,283 

Total 25,441 145,510 1,067 74 317 7,631 

Total Net Percent Reduction (increase) in Year 4 

Net Total -2.07 -3.32 -1.20 -1.33 -0.63 -0 .66 
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4. EVALUATION AND RESPONSE PLAN 
 
The net total for Tables 2 and 3 for the Town of Lake Park MS4 areas discharges to the C-17 and LWL 
watersheds indicate a trend of lower pollutant loads from 2013 to 2018.  This means that current Best 
Management Practices being applied in the form of dry/wet detention and retention, and street 
sweeping  are having a positive effect. 
 
Figure 16 shows the location of the current dry/wet detention BMP’s that were used in the SIMPLE 
model for pollutant load estimation reduction. 

Figure 16. Current BMP’s in the Town of Lake Park 
 

Based on the results of the comparison for the 2013/2018 cycle reporting years, the Palm Beach County 
MS4 permittee group believes that implementation of additional programs is not warranted for PBC 
MS4s in the C-17 Watershed.  However, much more need to be done by permittees for discharges to the 
LWL watershed.  The Town of Lake Park is joining this effort. 
 
The Town of Lake Park is currently in the process of updating the Stormwater Masterplan (SWMP) with 
the proposed implementation of Green Infrastructure Low Impact Development (GI/LID) Best 
Management Practices such as bioswales, raingardens, bioretention, pervious pavement, etc. It is 
expected that the implementation of GI facilities Town-wide will significantly enhance the Town’s Plan 
effort to reduce pollutant loading to the LWL north watershed. 
 
To assess the potential impact of GI/LID BMP implementation at the Town of Lake Park MS4 areas, the 
Town’s SWMP consultant has obtained a copy of the recently applied SIMPLE model protocol and 
performed various model simulation scenarios for pollutant load reductions. 
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The SIMPLE protocol uses attributes for BMP effectiveness to assess the reduction in pollutant loading 
to systems that incorporate Best Managements Practices (BMPs) such as wet or dry retention/detention 
systems, exfiltration trenches, pollution control devices.    
 
Percent effectiveness for GI/LID-based BMP’s such as bioswales, bio-detention and pervious pavement 
vary in the literature and is an ongoing field of research.  Pollutant removal effectiveness for various 
GI/LID-based BMP’s proposed for the Town of Lake Park were obtained from various sources including 
from the University of Central Florida BMP Trains 2020 research for nutrients. 
 
Various scenarios were studied for GI BMP infrastructure implementation. These are mostly based on 
the physical availability of green areas and cost of implementation. One of these scenarios contemplates 
placing bioswales in approximately 5% of all road rights-of-way green areas in the Town.  Figure 17 shows 
the 5% extend of bioswale coverage per MS4 areas. 
 

Figure 17. Additional Green Infrastructure-Based BMP’s  
 
Figure 17 shows that the majority of the proposed bioswales are located in the eastern MS4 area with 
outfalls discharging to the Earman River/LWL. 
 
Table 4 indicates that if approximately 5% of the total Town of Lake Park road ROW green areas are 
converted to Bioswales pollutant loading percent reductions to the LWL in the range of 2.5 (N) to 22.2 
(TSS) can be achieved.   
 



P a g e  | 31 

 

Receiving 
Waterbody 

Table 4  
  Pollutant Loading Reductions (Lbs/year) for Additional Bioswale BMPs 

BOD5 TSS TP CU ZN N 

LWL (Current 
BMPs) 

22,418 98,253 883 53.7 261.5 10,630 

LWL 
(Proposed  
Bioswales) 

20,081 76,444 796 50.8 238.6 10,366 

Reduction 
% 

10.4 22.2 9.8 5.4 8.8 2.5 

 
The Town of Lake Park is still researching the cost of optimum BMP implementation throughout the 
Town jurisdiction and final plan alternative decisions will be made upon the completion of the SWMP in 
late 2020. In the meantime, the Town has applied for grants to design and implement a pilot BMP project 
along 0.45 miles of the 10 Street ROW in 2020/2021. This is an ideal location as the ROW is located near 
the Town west ridge with higher elevations and significant underlaying sand formations for optimum 
bioswale infiltration.  Figure 18 shows a typical ROW BMP layout for bioswales along the 10th Street Pilot 
project. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18.  10th Street Bioswales BMP Pilot Project layout                  




