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1. INTRODUCTION 

1.1. Purpose 

As part of the City of Auburndale’s (the “City”) NPDES Municipal Separate Storm Sewer System 

(MS4) permit (FLS000015), Part VIII.B.3.b, the City is required to develop a Total Maximum Daily 

Load (TMDL) Implementation Plan for its priority waterbody.  The Implementation Plan should 

identify structural and non-structural management strategies necessary to reduce nutrient loads 

and help address the TMDL, to the maximum extent practicable.  It should be noted that the City 

is only responsible for reducing the anthropogenic loads associated with stormwater outfalls it 

owns or otherwise has responsible control over. It is not responsible for reducing other non-point 

source (NPS) loads in its jurisdiction.  

The City currently has jurisdiction over MS-4 outfalls directly discharging into two (2) 

waterbodies with established TMDLs, Lake Lena and Lake Ariana.  The City’s TMDL Waterbody 

Prioritization Report, April 2015, identified Lake Lena as the City’s top priority TMDL waterbody.  

1.2. Lake Lena TMDL 

The Florida Department of Environmental Protection (FDEP) most recently adopted a TMDL for 

Lake Lena in March 2015.  The Lake Lena TMDL evaluated in-lake WQ monitoring and rainfall 

data collected between 1999 and 2012, to determine the TMDL target TN concentration.  It 

defines an annual geometric mean in-lake TN Concentration of 1.14 mg/L to meet applicable 

water quality standards.  To determine the load reduction needed to meet the TMDL, an 

estimate of existing nutrient loading is needed.  The FDEP TMDL report utilized the maximum 

annual geometric mean TN concentration between 2002 and 2012 of 1.98 mg/L (2009) as existing 

conditions.  Based on the need to reduce in-lake concentrations from 1.98mg/L to 1.14 mg/L, a 

42% reduction in Lake Lena’s TN concentration was calculated.  The TMDL noted Polk County and 

the City of Auburndale may be responsible for a 42% TN reduction in current anthropogenic 

loads. 

However, the TMDL report also concludes that issues other than external anthropogenic nutrient 

loads may be influencing the lake’s water quality.  This would include such factors as lake 

hydraulic residence time and internal cycling of nutrients.  If in-lake sources are influencing the 

TN and TP concentrations in the lake, the City may not necessarily be responsible to achieve the 

entire 42% reduction by addressing external anthropogenic loads within its outfall drainage 

basins.   
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2. WATERSHED INFORMATION 

2.1. Project Location 

Lake Lena is located in western Polk County, along the north side of US-92, just east of the Polk 

Parkway.  The lake receives runoff from an 830 acre drainage area in addition to surface water 

flows from Lakes Ariana, Whistler, and Arietta, an additional 4,300 acres.  Figure 2-1 shows the 

individual drainage area of each lake.  For the purposes of this plan, analysis will focus on 

reducing external anthropogenic loads discharging directly to Lake Lena from its 830 acre 

drainage area.  

2.2. City’s MS-4 Outfalls and Drainage Areas 

Based on the City’s outfall inventory map and field site visits, the location, classification, type 

and size of each of the City’s ten (10) MS-4 outfalls have been identified and shown in Table 

2-1.  Of the City’s 10 MS-4 outfalls, only AUB-44B is considered “Major”.  Figure 2-2 and Figure 

2-3 show the location and drainage area of the City’s MS-4 outfalls which discharge into Lake 

Lena.  The City’s MS-4 outfalls drain approximately 138 acre or 17% of Lake Lena’s drainage 

area.  

Table 2-1 Lake Lena MS-4 Outfall Summary 

Outfall ID Type Classification Description 
Drainage 

Area (Acres) 

AUB-40 PIPE MINOR 18" RCP 4.1 

AUB-41 PIPE MINOR 18" RCP 2.5 

AUB-42 PIPE MINOR 15" RCP 6.5 

AUB-43 PIPE MINOR 15" RCP 1.5 

AUB-44 PIPE MINOR 18" RCP 7.93 

AUB-44B PIPE MAJOR 18" RCP w/Industrial 58.3 

AUB-45 PIPE MINOR 18" RCP 12.5 

AUB-46 PIPE MINOR 18" RCP 26.4 

AUB-47 PIPE MINOR 18" RCP 18.1 

AUB-47B PIPE MINOR 15" RCP 0.3 

TOTAL 138.1 
 

 

 



City of Auburndale FLS000015  TMDL Implementation Plan 

 

  4 

Figure 2-1 Lake Drainage Areas 
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Figure 2-2 Lake Lena MS-4 Outfalls and Drainage Areas 

 

Figure 2-3 Lake Lena Drainage Area 
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2.3. Land Use Coverage 

The land use coverage was obtained from SWFWMD.  As shown on Figure 2-4 land use within the 

drainage areas is highly developed, consisting mostly of residential with some commercial and 

industrial areas.  It should be noted that Lake Lena’s surface area itself accounts for 

approximately 210 acres (25%) of the watershed.  

Table 2-2 Lake Lena Land use Summary 

Land Use Area (Acres) 

Citrus 8.4 

General Agriculture 8.8 

High-Intensity Commercial 13.9 

Highway 28.9 

Light Industrial 60.0 

Low-Density Residential 21.3 

Low-Intensity Commercial 70.9 

Multi-Family 31.8 

Open Water / Lake 199.3 

Pasture 24.3 

Single-Family 328.6 

Undeveloped / Rangeland / Forest 18.3 

Wetland 12.8 

2.4. Hydrologic Soil Coverage 

The soil coverage was obtained from Polk County’s GIS data library and is based on the United 

States Department of Agriculture – Natural Resource Conservation Services (Formerly USDA/SCS) 

soil maps.  The hydrologic soil group (“HSG”) coverage, shown as Figure 2-5, shows the pervious 

areas of Lake Lena’s drainage areas are well drained and consist almost entirely of HSG A and 

A/D. 
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Figure 2-4  Lake Lena Land Use 

 

Figure 2-5 Lake Lena Soils 
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3. Baseline Watershed Pollutant Loading Estimates 

3.1. Pollutant Loading Parameterization 

An Event Mean Concentration (“EMC”) based method for estimating the quantity of pollutants 

carried downstream by stormwater runoff was utilized for these analyses.  The method is used to 

identify where pollutant loads are likely being produced.  Average yearly pollutant loads have 

been estimated for Total Nitrogen (“TN”), Total Phosphorous (“TP”). 

3.2. Rainfall/Runoff 

EMC based pollutant loading estimates are highly dependent on the amount of runoff produced 

over the drainage area.  Using the mean annual rainfall map provided as Figure 3-1, a 50-inch 

mean annual rainfall depth was selected based on the project location.  The 50-inch mean 

annual rainfall depth is then converted to a mean annual runoff depth.  Based on the land 

use/soil combination, a non-DCIA CN and DCIA percentage is selected using Table 3-1.  The 

CN/DCIA combination is converted to a runoff coefficient ("C") using Table 3-2.  Zone 2 runoff 

coefficients were selected based on data provided by Polk County. A 10% initial abstraction 

values was used based on standard literature.  

 

The following formula was applied to calculate the annual runoff depth: 

 

Annual Runoff (in) = 0.9 * Runoff Coefficient (C) * Annual Rainfall (in) 

3.3. Event Mean Concentrations 

The concentration of pollutant loads is specific to the type of land use, where the runoff is being 

produced.  Monitoring and field measurement of the pollutant concentrations from runoff 

produced by various Florida land use types has been compiled and converted to standardized 

EMC values, expressed in milligrams/liter (“mg/L”).  The EMC values are multiplied by the yearly 

runoff volume to calculate a mass of pollutants, expressed as pounds/year (“lb/yr”).  The land 

use specific EMC values utilized for this project are based on those provided by the Phase I MS-4 

Permit Resource Manual and included as Table 3-3. 
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Table 3-1  CN and DCIA Lookup Table  

FLUCC Code Land Use Description A A/D B/D DCIA 

1400 COMMERCIAL AND SERVICES 39 39 61 85 

2100 CROPLAND AND PASTURELAND 39 80 80 0 

6440 EMERGENT AQUATIC VEGETATION 98 98 98 100 

6410 FRESHWATER MARSHES 98 98 98 100 

1500 INDUSTRIAL 39 39 61 72 

1700 INSTITUTIONAL 39 39 61 65 

6530 INTERMITTENT PONDS 98 98 98 100 

5200 LAKES 98 98 98 100 

2400 NURSERIES AND VINEYARDS 67 89 89 5 

1900 OPEN LAND 39 80 80 0 

2600 OTHER OPEN LANDS <RURAL> 39 80 80 0 

1800 RECREATIONAL 39 80 80 10 

5300 RESERVOIRS 98 98 98 100 

1300 RESIDENTIAL HIGH DENSITY 39 39 61 50 

1100 RESIDENTIAL LOW DENSITY < 2 DWELLING UNITS 39 39 61 20 

1200 RESIDENTIAL MED DENSITY 2->5 DWELLING UNIT 39 39 61 25 

8100 TRANSPORTATION 83 83 89 25 

2200 TREE CROPS 39 79 79 10 

Table 3-2  Mean Annual Runoff Coefficients as a Function of CN and DCIA 
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Figure 3-1  Mean Annual Rainfall Map 

 

 

Table 3-3  Event Mean Concentration Input Values 

Land Use Description TN (mg/L) TP (mg/L) 

Low-Density Residential 1.5 0.18 

Single-Family 1.85 0.31 

Multi-Family 1.91 0.48 

Low-Intensity Commercial 0.93 0.16 

High-Intensity Commercial 2.48 0.23 

Light Industrial 1.14 0.23 

Highway 1.37 0.17 

Pasture 2.48 0.7 

Citrus 2.31 0.16 

Row Crops 2.47 0.51 

General Agriculture 2.42 0.46 

Undeveloped / Rangeland / Forest 1.15 0.055 

Mining / Extractive 1.18 0.15 

Wetland 1.01 0.09 

Open Water / Lake 0 0 
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3.4. Gross Pollutant Loading Calculation 

The annual pollutant load is calculated for each unique land use/soil area, using the above 

referenced mean annual rainfall, annual runoff and EMC values by spatially intersecting the land 

use and soil coverage.  The annual pollutant load produced by each unique area is accumulated, 

to express the gross average annual pollutant load, for the watershed areas.  

 

The following formula was applied to estimate the gross average annual pollutant load: 

 

Gross Average Annual Load (lbs) = 0.226 * Annual Runoff (in) * EMC (mg/L) * Area (Ac) 

3.5. Results of Pollutant Loading Estimates 

Based on the method described above, pollutant loading rates have been estimated for TN, TP 

on an annual (lb/yr) and event mean concentration (mg/L) basis.  Table 3-4 shows the annual 

quantity of pollutant loads produced within each MS-4 drainage area as well as Lake Lena’s 

drainage area.  Approximately, 22% of the estimated external anthropogenic loads discharged to 

Lake Lena are from City’s MS-4 outfalls. 

Table 3-4  Pollutant Loading Estimates 

MS-4 Outfall 
Drainage Area 

(Acres) 

Runoff 
Volume 
(Ac-ft) 

Total 
Nitrogen 
(lb/year) 

Total 
Phosphorous 

(lb/year) 

Total 
Nitrogen 

(mg/L) 

Total 
Phosphorous 

(mg/L) 

AUB-40 4.1 3.2 16.0 2.7 1.85 0.31 

AUB-41 2.5 1.9 9.7 1.6 1.85 0.31 

AUB-42 6.5 5.3 25.9 4.4 1.79 0.30 

AUB-43 1.5 1.1 5.7 1.0 1.85 0.31 

AUB-44 7.9 6.2 30.9 5.2 1.85 0.31 

AUB-44B 58.3 84.6 300.5 55.1 1.31 0.24 

AUB-45 12.5 9.8 49.0 8.2 1.85 0.31 

AUB-46 26.4 34.9 123.9 21.0 1.31 0.22 

AUB-47 18.1 14.2 70.6 11.8 1.84 0.31 

AUB-47B 0.2 0.2 1.0 0.2 1.85 0.31 

City MS-4 Total 138 161 633 111   

Lake Lena Total 
617 (Ex. Lake 
Surface Area) 

1,350 2,963 509   

City’s Percent of 
Total 

22% 12% 21% 22%   
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3.6. Storm Event Sampling Summary 

To test that the baseline pollutant loading estimates are not overstating the City’s discharge, 

the City selected outfall AUB-44B for storm event sampling.  AUB-44B was selected using FDEP 

monitoring plan guidance to select the outfall with the highest predicted nutrient loads.  The 

sampling effort obtained nutrient (TN and TP) concentrations from runoff discharged by seven 

(7) storm events between 9/25/2015 and 1/15/2016.  

 

Table 3-5 summarizes the results of the storm event sampling for AUB-44B.  The samples are 

flow weighted composites of each storm event.  For the purposes of this analysis data from the 

10/27/2015 will be considered an outlier and excluded since the event produced abnormally 

little rainfall over an extended period of time (0.138” over 19 hours).   

 

Table 3-5  AUB-44B Storm Event Sampling 

Event Date 
Rainfall 
(Inches) 

Rainfall 
Duration 
(hours) 

Runoff 
Volume 

(cf) 

Calculated 
Runoff 

Coefficient 

Total 
Nitrogen 

(mg/L) 

Total 
Phosphorous 

(mg/L) 

9/25/2015 0.371 2.5 3,801 0.043 0.99 0.155 

10/13/2015 0.136 0.5 551 0.017 2.56 0.431 

10/27/2015* 0.138 19 733 0.023 5.99 0.255 

11/7/2015 1.21 2.75 18,790 0.066 2.48 0.533 

11/21/2015 1.38 15.5 27,664 0.085 1.29 0.252 

12/18/2015 0.15 6.25 1,879 0.053 2.62 0.384 

1/15/2016 1 5.35 8,576 0.036 4.03 1.22 

Average 0.63 7.4 8,856 0.05 2.85 0.46 

Average (Ex. 
10/27/2015) 

0.71 5.48 10,210 0.05 2.33 0.5 

 

Based on the storm event sampling at AUB-44B, it appears a substantial amount of runoff is 

bypassing the inlet and sheet flowing downstream, rather than discharging directly to the lake, 

through AUB-44.  This is evident by the 0.05 average calculated runoff coefficient verses that 

which would be expected for a highly developed basin with sandy soils of 0.4 to 0.5.  To develop 

a more accurate baseline loading rate for AUB-44B, the average concentrations and the average 

calculated runoff coefficient from sampling data will be used to re-calculate the annual baseline 

load discharging from AUB-44B.  A 20% safety factor will be added to the final load to account 

for uncertainty associated with the conversion from water level readings to flow volumes.  Since 

no sampling data is available for the remaining outfalls, the original baseline loading estimates 

will be considered the best available data. 
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Table 3-6  Revised Annual Loading Summary 

 

MS-4 Outfall 
Drainage Area 

(Acres) 

Runoff 
Volume 
(Ac-ft) 

Total 
Nitrogen 

(mg/L) 

Total 
Phosphor

ous 
(mg/L) 

Total 
Nitrogen 
(lbs/year) 

Total 
Phosphorous 

(lbs/year) 

AUB-44B 
(Original) 

58.3 84.6 1.31 0.24 300.5 55.1 

AUB-44B 

(Revised) 
58.3 13.1* 2.33 0.5 82.9* 17.8* 

Original City 

MS-4 Total 
138 161   633 111 

 Revised City 

MS-4 Total 
138 89.5*   415.4* 73.7* 

* Includes 20% Safety Factor 

 

4. Implementation Strategies 

4.1. City’s Load Reduction 

Based on the 42% reduction needed to meet the TMDL, approximately 174 pounds of the 

estimated 415 pounds of TN discharging from the City’s MS-4 should be intercepted prior to 

discharging into Lake Lena.  To meet the target TN loadings, the City is proposing 

implementation of the following best management practices. 

4.2. Proposed Activities 

LID Stormwater Improvement Projects: The City is currently working to design a stormwater 

quality improvement project which focuses on treating runoff for approximately 70 acres of Lake 

Lena’s drainage basin.  The project consists of a series of Low Impact Development (LID) 

stormwater improvement features including a reduction in impervious area (PK Avenue road 

diet), rain gardens, bio-retention swales, stormwater retention pond, and a nutrient separating 

baffle box. Initial TN reduction estimates anticipate capture of 200 lbs of TN, annually.   

The project is currently in the design and permitting phases with construction anticipated to 

occur sometime during the next permit cycle.  It should be noted, this project is partially 

dependent on co-operative and/or grant funding support.  Currently, the project is funded with 

full anticipation of completion.  If cooperative funding sources become unavailable to the City 

and the anticipated load reductions are not fully achieved, the City will attempt to make up the 

difference through alternative strategies outlined below. 

 



City of Auburndale FLS000015  TMDL Implementation Plan 

 

  14 

GIS Mapping of the City’s Stormwater System (Alternative): Mapping of municipal stormwater 

systems using GIS is becoming a popular approach to facilitate system management 

(inspections/maintenance).  The City is currently developing a GIS database scheme to house the 

spatial locations, photographs, inspection reports and maintenance records for its stormwater 

system.  The database design is anticipated to be completed this year and the City’s goal will be 

to populate the database over the next permit cycle.   

Initial mapping effort will be focused within the Lake Lena drainage area.  The GIS system will 

allow field crews to monitor the performance of their stormwater system and resolve 

deficiencies more effectively.  Although quantifying the associated improvements in water 

quality through more effective system management is difficult, for the purposes of this analysis 

a 5% reduction in nutrient loads has been estimated.  Thus, this activity will be assumed to 

remove about 21 lbs of TN from the City’s outfall areas annually. 

Increased Inspection of Stormwater Facilities (Alternative): To further improve the quality of 

runoff discharging into Lake Lena, City staff can focus additional inspection and maintenance 

activities to stormwater structures (inlets, pipes and swales) within the lake’s drainage area. 

The purpose of the increased inspections will be to identify and eliminate potential sources of 

nutrient loads resulting from illicit discharges, excess sediment, improper use of fertilizer, and 

other activities known to produce excess nitrogen.  

The City will document maintenance activities and quantify the estimated annual TN removal of 

such activities as part of its annual report. Although quantifying the associated improvements in 

water quality through more focused maintenance activities is difficult, for the purposes of this 

analysis a 5% reduction in nutrient loads has been estimated. Thus, this activity will be assumed 

to remove about 20 lbs of TN from the City’s outfall areas annually. 

Concentrated Street Sweeping (Alternative): As an alternative or supplemental strategy to 

augment, as needed, the above referenced structural improvement project, the City can 

increase the frequency and expand the limits of its existing street sweeping program.  The City 

is committed to limiting sediment, trash and debris build-up along City roadways for a variety of 

reasons, including improvements to the quality of stormwater discharge.  Currently, the City’s 

goal is to sweep the majority of City streets on at least an annual basis.  As shown by Figure 4-1, 

approximately 15.2 miles of roadway exist within the Lake’s drainage basin, of which 7 miles are 

swept by the City and 2.2 miles are swept by the County on an annual basis.  Approximately, 6.2 

miles are not swept by either the City or the County. 

To further improve the quality of runoff discharging into Lake Lena the City proposes to increase 

street sweeping within the lakes drainage basin to a bi-annual frequency.  The City will consider 

further increased frequency for each roadway if results deem necessary.  Although quantifying 
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the associated improvements in water quality through more frequent street sweeping is difficult, 

for the purposes of this analysis a 2.5% reduction in nutrient loads has been estimated. Thus, this 

activity will be assumed to remove about 10 lbs of TN from the City’s outfall areas annually. 

 

Figure 4-1  Lake Lena Street Sweeping Inventory 

 

 

5. Conclusion 

 

Based on this analysis, the City is actively implementing strategies to improve the quality of 

stormwater discharging into Lake Lena from the City’s MS-4 system.  Furthermore, the City will 

continue to identify opportunities which further improve the quality runoff discharging into the 

Lake to the extent practicable.  The management strategies outlined in this report are expected 

go above and beyond the TMDL implementation requirement included as part of the City’s NPDES 

permit.  


