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In compliance with the provisions of the Federal Clean Water Act, 33 U.S.C §1251 et. 
seq., as amended by the Water Quality Act of 1987, P.L. 400-4, the U.S. Environmental 
Protection Agency is hereby establishing the Total Maximum Daily Load (TMDL) for 
nutrients in Clark Lake (WBID 1971).  Subsequent actions must be consistent with this 
TMDL.  
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     James D. Giattina, Director            Date 

    Water Protection Division 
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SUMMARY SHEET 
Total Maximum Daily Load (TMDL) 

1998 303(d) Listed Waterbodies for TMDLs addressed in this report: 

WBID Segment 
Name 

Class and 
Waterbody 

Type 

Major 
River 
Basin  

HUC County State 

1971 Clark Lake Class III 
Freshwater 

Sarasota 
Bay 3100201 Sarasota Florida 

TMDL Endpoints/Targets:  Nutrients 

TMDL Technical Approach: Calibration of a water quality model to current conditions 
and load reduction scenarios to meet water quality standards. 

TMDL Allocation: The TMDL is only WLA (no LA). WBID is entirely covered by an 
MS4.  

  Current Condition TMDL Condition WLA (MS4) 
Constituent WLA (lb/yr) WLA (lb/yr) % Reduction 
Total Nitrogen 12,581  9881  21  

Total Phosphorus 1630  319  80  

Endangered Species Present (Yes or Blank): No 

USEPA Lead TMDL (USEPA or Blank): USEPA 

TMDL Considers Point Source, Non-point Source, or Both: Point Sources 

Major NPDES Discharges to surface waters addressed in USEPA TMDL: none 
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1. Introduction 

Section 303(d) of the Clean Water Act requires each state to list those waters within its 
boundaries for which technology based effluent limitations are not stringent enough to 
protect any water quality standard applicable to such waters.  Listed waters are prioritized 
with respect to designated use classifications and the severity of pollution.  In accordance 
with this prioritization, states are required to develop Total Maximum Daily Loads 
(TMDLs) for those waterbodies that are not meeting water quality standards.  The TMDL 
process establishes the allowable loadings of pollutants or other quantifiable parameters 
for a waterbody based on the relationship between pollution sources and in-stream water 
quality conditions, so that states can establish water quality based controls to reduce 
pollution from both point and nonpoint sources and restore and maintain the quality of 
their water resources (USEPA, 1991). 

The Florida Department of Environmental Protection (FDEP) developed a statewide, 
watershed-based approach to water resource management.  Under the watershed 
management approach, water resources are managed on the basis of natural boundaries, 
such as river basins, rather than political boundaries.  The watershed management 
approach is the framework FDEP uses for implementing TMDLs.  The state’s 52 basins 
are divided into five groups and water quality is assessed in each group on a rotating five-
year cycle.  FDEP also established five water management districts (WMD) responsible 
for managing ground and surface water supplies in the counties encompassing the 
districts.  Clark Lake is a Group 3 waterbody managed by the South West Florida Water 
Management District (SWFWMD). 

For the purpose of planning and management, the WMDs divided the districts into 
planning units defined as either an individual primary tributary basin or a group of 
adjacent primary tributary basins with similar characteristics. This report presents the 
TMDL for Nutrients/TSI for Clark Lake, located in Sarasota County, within the Sarasota 
Bay Basin, and the Sarasota Bay Planning Unit.  Clark Lake was verified as impaired for 
excessive nutrients using the methodology in the Identification of Impaired Surface 
Waters Rule (IWR, Rule 62-303, Florida Administrative Code), and was included on the 
Verified List of impaired waters for the Sarasota Bay Basin that was adopted by 
Secretarial Order on June 24, 2005.  This TMDL establishes the allowable loadings to the 
lake that would restore the waterbody so that it meets its applicable narrative water 
quality criteria for nutrients.  

2. Problem Definition 

To determine the status of surface water quality in Florida, three categories of data – 
chemistry data, biological data, and fish consumption advisories – were evaluated to 
determine potential impairments.  The level of impairment is defined in the Identification 
of Impaired Surface Waters Rule (IWR), Section 62-303 of the Florida Administrative 
Code (FAC).  The IWR is FDEP’s methodology for determining whether waters should 
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be included on the state’s planning list and verified list.  Potential impairments are 
determined by assessing whether a waterbody meets the criteria for inclusion on the 
planning list.  Once a waterbody is on the planning list, additional data and information 
will be collected and examined to determine if the water should be included on the 
verified list.  

The TMDL addressed in this document is being proposed pursuant to commitments made 
by the United States Environmental Protection Agency (USEPA) in the 1998 Consent 
Decree in the Florida TMDL lawsuit (Florida Wildlife Federation, et al. v. Carol 
Browner, et al., Civil Action No. 4: 98CV356-WS, 1998).  That Consent Decree 
established a schedule for TMDL development for waters listed on Florida’s USEPA 
approved 1998 section 303(d) list.  The 1998 section 303(d) list identified Clark Lake as 
not meeting WQS.  After assessing all readily available water quality data, USEPA is 
responsible for developing a TMDL to address the nutrient impairments in WBID 1971 
(Clark Lake).  The geographic location of the WBID is shown in Figure 1. 
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Figure 1. Location of Clark Lake WBID and Surrounding Flow Gages,  
Water Quality Monitoring Stations, and Individual NPDES Permitted Facilities. 
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3. Watershed Description 

Clark Lake (Latitude 27o 16’ 28”N, Longitude 82o 29’ 53”W) is located in northwest 
Sarasota County, within the City of Sarasota, Florida.  The lake consists of two separate 
unequal basins: West Clark Lake and East Clark Lake, oriented in a northwest (smaller 
basin) to southeast arrangement (Figure 1).  The impaired WBID of 1971 consists of four 
small lakes, Mirror Lake, Red Bug Slough, and the two Clark Lake waterbodies, 
interconnected by a canal and culverts.  Flow is in a northerly direction with Mirror Lake 
being the southernmost lake and furthest upstream, followed by East Clark Lake, West 
Clark Lake, and finally Red Bug Slough.  Information gathered from the Florida 
Department of Environmental Protection (FDEP, Nov. 2005) indicates that Mirror Lake, 
which overflows to East Clark Lake at high water stage, has a surface area of 16.9 acres 
and receives runoff from 107 acres of urban landuse. The surface area of East Clark 
Lake is approximately 11 acres and it receives drainage from 440 acres of urban and 
residential land as well as the discharge from Mirror Lake which comes in through two 
3.65 foot diameter concrete culverts running under Clark Road.  West Clark Lake 
receives discharge from East Clark Lake through two permanently submerged concrete 
culverts measuring 3.65 feet in diameter.  The flow rate between East Clark Lake and 
West Clark Lake is regulated by a water level gradient.  Additionally, a small, unnamed 
stream drains into East Clark Lake from the southeastern portion of the impaired WBID 
area.  The 8.2 acre surface area of West Clark Lake drains about 152 acres of residential 
land and then discharges to Red Bug Slough, a Sarasota County Aquatic Preserve.  The 
discharge runs through a short canal consisting of two triangular pipes (bases of 6.7 feet) 
at the outlet.  Red Bug Slough has a small surface area of 9.3 acres which receives 
drainage from 633 acres of nearby land.  This waterbody consists of a small lake and two 
narrow straightened canals which are parallel to each other and merge further 
downstream.  After this, the flow merges and leads to Phillippi Creek located a few 
miles north.  For assessment purposes FLDEP has divided the Sarasota Bay Basin into 
water assessment polygons with a unique waterbody identification (WBID) number for 
each water segment or stream reach.  Clark Lake has been given the WBID number of 
1971. 

4. Water Quality Standards/TMDL Targets 

Clark Lake is classified as a Class III freshwater waterbody, with a designated use of 
recreation, propagation and maintenance of a healthy, well-balanced population of fish 
and wildlife.  The Class III water quality criteria applicable to the observed impairments 
[nutrients and dissolved oxygen] for Clark Lake is the state of Florida’s narrative nutrient 
criterion [Rule 62-302.530(48) (b), F.A.C.] and the dissolved oxygen criterion [Rule 62-
302.530(30), F.A.C.]. 

 



TMDL for WBID 1971 (Clark Lake)  January 2012   

5 

 

4.1. Nutrients Criteria:  

The designated use of Class III waters is recreation, propagation and maintenance of a 
healthy, well-balanced population of fish and wildlife.  The narrative nutrient criterion for 
Class III waters is as follows: 

The discharge of nutrients shall continue to be limited as needed to prevent 
violations of other standards contained in this chapter.  Man induced nutrient 
enrichment (total nitrogen and total phosphorus) shall be considered degradation 
in relation to the provisions of Section 62-302.300, 62-302.700, and 62-4.242, 
FAC.  [FAC 62-302.530(47)(a)] 

In no case shall nutrient concentrations of a body of water be altered so as to 
cause an imbalance in natural populations of aquatic flora or fauna.  [FAC 62-
302.530(47)(b)] 

Because the State of Florida does not have numeric criteria for nutrients, chlorophyll and 
dissolved oxygen (DO) levels are used to indicate whether nutrients are present in 
excessive amounts.   

4.2. Dissolved Oxygen Criteria:  

Numeric criteria for DO are expressed in terms of minimum and daily average 
concentrations. The water quality criterion for the protection of Class III freshwater is as 
follows:  

Shall not be less than 5.0 mg/l. Normal daily and seasonal fluctuations above 
these levels shall be maintained. [FAC 62-302.530 (30)] 

4.3. Biochemical Oxygen Demand Criteria:   

Biochemical Oxygen Demand (BOD) shall not be increased to exceed values 
which would cause dissolved oxygen to be depressed below the limit established 
for each class and, in no case, shall it be great enough to produce nuisance 
conditions.  [FAC 62-302.530 (11)] 

4.4.  Natural Conditions 

In addition to the standards for nutrients, DO, and BOD described above, Florida’s 
standards include provisions that address waterbodies which do not meet the standards 
due to natural background conditions.   

Florida’s water quality standards provide a definition of natural background: 
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“Natural Background” shall mean the condition of waters in the absence of man-
induced alterations based on the best scientific information available to the 
Department.  The establishment of natural background for an altered waterbody 
may be based upon a similar unaltered waterbody or on historical pre-alteration 
data.   [FAC 62-302.200(16)] 

Florida’s water quality standards also provide that: 

Pollution which causes or contributes to new violations of water quality standards 
or to continuation of existing violations is harmful to the waters of this State and 
shall not be allowed.  Waters having water quality below the criteria established 
for them shall be protected and enhanced.  However, the Department shall not 
strive to abate natural conditions.  [FAC 62-302.300(15)] 

5. Water Quality Assessment 

WBID 1971 is listed as not attaining its designated uses on Florida’s 1998 303(d).  To 
determine impairment an assessment of available data was conducted.  The source for 
current ambient monitoring data was the Impaired Waters Rule (IWR) data Run 31.  The 
IWR database contains data from various sources within the state of Florida, including 
the WMDs and counties.   

5.1. Water Quality Data 

Figure 2 shows the water quality sampling site in the Clark Lake impaired area (WBID 
1971) located between East Clark Lake and West Clark Lake. The water quality data 
from this site for 1998, 2003, and 2004, obtained from the IWR database, and the 
calculated TSI values for Clark Lake are presented in Figure 2 through Figure 5.  The 
IWR lists one water quality sampling station for Clark Lake and regular measurements 
for TN, TP, Chla, color, and DO were only made in 2003.  There were three additional 
measurements in January 2004 for TP and DO and one measurement each in September 
1998 for color and CBOD5.  

Overall, the TN, TP, and Chla observations, as shown in Figure 2 through Figure 4, 
indicate seasonal movement of in-lake concentrations.  TN, TP, and Chla1 levels were 
lowest in late spring and then increased through the summer and fall.  Inorganic nitrogen 
(NH3-N and NO3-N) are present only in low concentrations.  In fact, on average, 98 
percent of the nitrogen in the Clark Lake system is in organic forms (Figure 2).  
Inorganic phosphorus (PO4-P) and organic phosphorus showed a similar fraction in the 
Clark Lake system (Figure 3). 
                                                 

1 The chla observations are referred as the “corrected Chla”. Accurate lab analysis accounts for 
phaeophyton by subtracting it from the chlorophyll concentration. Phaeophyton is a degradation product of 
chlorophyll that also absorbs light at the same wavelength, impeding the measurement of chlorophyll.   
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Figure 4 shows a slight increase in color (PCU, platinum cobalt units) from the first 
measurement in 1998 through December 2003.  DO concentrations for WBID 1971, 
depicted in Figure 3, indicate DO decreased slightly from March 2003 to October 2003 
then increased from December 2003 to January 2004, the same pattern is shown by the 
TN, TP, and Chla concentrations.  CBOD, a measure of the change in dissolved oxygen 
while nitrification is inhibited, ranges from 3 to 5.9 mg/L with an average of 4.08 mg/L.  
The IWR database refers to this parameter as Biological Oxygen Demand 5-day. 

Figure 4 also shows the TN to TP ratios.  The mean TN/TP ratio for 2003 is 9.4.  These 
average ratios as well as the individual measurements indicate that the lake was nitrogen 
limited during the period of data collection.  Figure 4 also shows the relationship 
between Chla and the TN/TP ratio and indicates that the higher Chla concentrations are 
associated with periods when the TN/TP ratio is lower.  The IWR methodology for 
calculating Trophic State Index (TSI) requires at least one set of data for TN, TP, and 
Chla in each season of a year.  The methodology and basis for calculating TSI is 
provided in Chapter 2 and 3.  Sufficient data exist to calculate TSIs for only 2003 (69.3) 
with eight months represented.  Although no historical trends can be determined, the TSI 
data, seen in Figure 5 and Table 1, reflect the same seasonal variability as the TN, TP, 
Chla, and DO data with the lowest values occurring in late spring or early summer. 
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Figure 5. Monthly TSI Values Calculated for 2003 

 

 

 

 

 

 

 

Table 2 shows the summary statistics of water quality variables regularly measured in 
2003 as well as one color measurement in 1998 and three TP and DO measurements in 
2004.  During this period, the concentrations of Chla averaged 42.9 ± 29.6 μg/L (n=8), 
TN averaged about 1.73 ± 0.36 mg/L (n = 9), while concentrations of TP averaged 0.22 ± 
0.09 mg/L (n = 12).  This report will evaluate the relationship between the current 
nutrient loading from the watershed and the observed concentrations in the lake and 
propose the load reductions required for Clark Lake to meet water quality standard.  
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Table 1. Monthly TSI Values Calculated for 2003. 
Seasons TSI 

January 1 to March 31 74.1 
April 1 to June 30 62.0 
July 1 to September 30 72.1 
October 1 to December 31 69.1 
Annual Average 69.3 
TSI=Trophic State Index 
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The IWR was used to assess for water quality impairments in Clark Lake.  The lake was 
verified as impaired for nutrients based on an elevated annual average TSI value over the 
verification period (the Planning Period for the Group 3 basins is from January 1, 1992 – 
December 31, 2001 and the Verified Period is from January 1, 1997 – June 30, 2004).   

 

The IWR methodology uses the water quality variables; total nitrogen (TN), total 
phosphorus (TP), and chlorophyll a (Chl a) (a measure of algal mass, corrected and 
uncorrected) in calculating annual TSI values and in interpreting Florida’s narrative 
nutrient threshold.  According to the IWR 62-303.352, F.A.C., exceeding a TSI of 60 in 
any one year of the verified period is sufficient in determining nutrient impairment for a 
lake with color greater than 40.  For a lake with color less than or equal to 40, exceeding 
an annual average TSI of 40 in any one year of the verified period is sufficient in 
determining nutrient impairment.  For Clark Lake, water quality data obtained by the 
IWR Run31_1 and summarized in Table 2 indicated that the mean color for the verified 
period was 89 PCU (n = 12), resulting in a TSI of 60 for the threshold of lake nutrient 
impairment.  

 

Table 2. Summary Statistics of Water Quality Variables in Clark Lake (WBID 1971) over 
the Period of 1988 to 2004. 

Water Quality 
Variable Unit Number of 

Observations Range Mean Standard 
Deviation Minimum 

M  
Maximum 
aximum 

Coefficient of 
Variation 

Chla μg/L 8 Mar – Oct. 
2003 42.9 29.6 4.3 88 69.1 

TN mg/L 9 Mar – Dec. 
2003 1.726 0.357 1.024 2.204 20.7 

NH3-N mg/L 9 Mar – Dec. 
2003 0.019 0.011 0.010 0.039 55.04 

NO3-N mg/L 10 Mar – Dec. 
2003 0.014 0.017 0.004 0.058 126.474 

TP mg/L 12 Mar 2003 – 
Jan. 2004 0.22 0.09 0.11 0.4 42.37 

PO4-P mg/L 6 Mar – Dec. 
2003 0.12 0.14 0.02 0.4 114.52 

CBOD5 mg/L 11 
Sept. 1998 
and Mar. -  
Dec. 2003 

4.08 1.02 3 5.9 24.98 

Color PCU 12 
Sept. 1998 
and Mar. -  
Dec. 2003 

89 24.6 60 150 27.6 

DO mg/L 13 Mar 2003 – 
Jan. 2004 8.7 2.6 5.27 14.2 30.2 

TN/TP Ratio - 9 Mar – Dec. 
2003 9.4 4.9 2.6 17.3 52.4 
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To calculate the TSI for a given year under the IWR, there must be at least one sample of 
TN, TP, and Chla taken within the same season of the year.  The seasons are January 1 to 
March 31, April 1 to June 30, July 1 to September 30, and October 1 to December 31.  
The absence of data for at least one of the four seasons for a year will cause the 
elimination of the year from the analysis of TSI.  As can be seen in Figure 5, the TSI in 
Clark Lake exceeded the threshold of 60 in six months of 2003, the one year of the 
verified period for which a TSI could be calculated [March (74.1), June (65.1), August 
(70.5), September (72.1), October (70.7), and December (71.4)].  There was insufficient 
data available to calculate a TSI for January, February, July, and November.  There was 
insufficient data or no data for 1997, 1998, 1999, 2000, 2001, 2002, and 2004.  Overall 
Clark Lake exceeded the threshold of 60 for 2003.  Exceeding the threshold of 60 in any 
year of the verified period would result in listing the lake on the verified list of impaired 
waters. 

The TSI is calculated based on concentrations of TP, TN, and Chla as follows: 

CHLATSI = 16.8 + 14.4 * LN(Chl a)                                      Chl a  in μg/L 
TNTSI      = 56 + 19.8 * LN(TN)                                             TN in mg/L 
TN2TSI    = 10 * [5.96 + 2.15 * LN(TN + 0.0001)] 
TPTSI      = 18.6 * LN(TP * 1000) – 18.4                                TP in mg/L 
TP2TSI    = 10 * [2.36 * LN(TP * 1000) – 2.38] 
 

If  TN/TP > 30, then NUTRTSI = TP2TSI 
If  TN/TP < 10, then NUTRTSI = TN2TSI 
If 10< TN/TP < 30, then NUTRTSI = (TPTSI + TNTSI)/2 

TSI  =  (CHLATSI + NUTRTSI)/2                                                  (TSI has no units
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6. Source and Load Assessment 

An important part of the TMDL analysis is the identification of source categories, source 
subcategories, or individual sources of pollutants in the watershed and the amount of 
loading contributed by each of these sources.  Sources are broadly classified as either 
point or nonpoint sources.  Nutrients can enter surface waters from both point and 
nonpoint sources.   

6.1. Point Sources 

A point source is defined as a discernable, confined, and discrete conveyance from which 
pollutants are or may be discharged to surface waters.  Point source discharges of 
industrial wastewater and treated sanitary wastewater must be authorized by National 
Pollutant Discharge Elimination System (NPDES) permits.  NPDES permitted discharges 
include continuous discharges such as wastewater treatment facilities as well as some 
stormwater driven sources such as municipal separate storm sewer systems (MS4s), 
certain industrial facilities, and construction sites over one acre.  

6.1.1. Wastewater/Industrial Permitted Facilities 

A TMDL wasteload allocation (WLA) is given to wastewater and industrial NPDES 
permitted facilities discharging to surface waters within an impaired watershed.  There 
are no NPDES permitted wastewater treatment facilities or industrial wastewater facilities 
that discharge directly to Clark Lake.  However, the entire watershed of Clark Lake is 
located within the Municipal Separate Storm Sewer System (MS4) area for the Sarasota 
County. 

6.1.2. Stormwater Permitted Facilities/MS4s 

MS4s are point sources also regulated by the NPDES program.  According to 40 CFR 
122.26(b)(8), an MS4 is “a conveyance or system of conveyances (including roads with 
drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made 
channels, or storm drains): 

(i) Owned or operated by a State, city, town, borough, county, parish, district, 
association, or other public body (created by or pursuant to State law)...including 
special districts under State law such as a sewer district, flood control district or 
drainage district, or similar entity, or an Indian tribe or an authorized Indian tribal 
organization, or a designated and approved management agency under section 
208 of the Clean Water Act that discharges into waters of the United States. 

(ii) Designed or used for collecting or conveying storm water; 

(iii) Which is not a combined sewer; and 
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(iv) Which is not part of a Publicly Owned Treatment Works.” 

MS4s may discharge nutrients and other pollutants to waterbodies in response to storm 
events.  In 1990, USEPA developed rules establishing Phase I of the NPDES stormwater 
program, designed to prevent harmful pollutants from being washed by stormwater runoff 
into MS4s (or from being dumped directly into the MS4) and then discharged from the 
MS4 into local waterbodies.  Phase I of the program required operators of “medium” and 
“large” MS4s (those generally serving populations of 100,000 or greater) to implement a 
stormwater management program as a means to control polluted discharges from MS4s.  
Approved stormwater management programs for medium and large MS4s are required to 
address a variety of water quality related issues including roadway runoff management, 
municipal owned operations, hazardous waste treatment, etc.    

Phase II of the rule extends coverage of the NPDES stormwater program to certain 
“small” MS4s.  Small MS4s are defined as any MS4 that is not a medium or large MS4 
covered by Phase I of the NPDES stormwater program.  Only a select subset of small 
MS4s, referred to as “regulated small MS4s”, requires an NPDES stormwater permit.  
Regulated small MS4s are defined as all small MS4s located in "urbanized areas" as 
defined by the Bureau of the Census, and those small MS4s located outside of “urbanized 
areas” that are designated by NPDES permitting authorities.   

In October 2000, USEPA authorized FDEP to implement the NPDES stormwater 
program in all areas of Florida except Indian tribal lands.  FDEP’s authority to administer 
the NPDES program is set forth in Section 403.0885, Florida Statutes (FS).  The three 
major components of NPDES stormwater regulations are: 

• MS4 permits that are issued to entities that own and operate master 
stormwater systems, primarily local governments.  Permittees are required 
to implement comprehensive stormwater management programs designed 
to reduce the discharge of pollutants from the MS4 to the maximum extent 
practicable. 

• Stormwater associated with industrial activities, which is regulated 
primarily by a multisector general permit that covers various types of 
industrial facilities.  Regulated industrial facilities must obtain NPDES 
stormwater permit coverage and implement appropriate pollution 
prevention techniques to reduce contamination of stormwater. 

• Construction activity general permits for projects that ultimately disturb 
one or more acres of land and which require the implementation of 
stormwater pollution prevention plans to provide for erosion and sediment 
control during construction. 

The entire watershed of Clark Lake is located within the Municipal Separate Storm 
Sewer System (MS4) area for the Sarasota County. 
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6.2. Nonpoint Sources 

Nonpoint sources of pollution are diffuse sources that cannot be identified as entering a 
waterbody through a discrete conveyance at a single location.  For nutrients, these 
sources include runoff of agricultural fields, golf courses, and lawns, septic tanks, and 
residential developments outside of MS4 areas.  Nonpoint source pollution generally 
involves a buildup of pollutants on the land surface that wash off during rain events and 
as such, represent contributions from diffuse sources, rather than from a defined outlet.  
Potential nonpoint sources are commonly identified, and their loads estimated, based on 
land cover data.  Most methods calculate nonpoint source loadings as the product of the 
water quality concentration and runoff water volume associated with certain land use 
practices.  The mean concentration of pollutants in the runoff from a storm event is 
known as the event mean concentration. 

Figure 6 shows the drainage area for the Clark Lake impaired area (WBID 1971) and the 
spatial distribution of the land uses.  Table 1 presents land areas and percentages of these 
land use distributions.  

Table 3.  Land Use Categories in WBID 1971 

Attribute Area (acres) Percent of Total 
Land Use (%) 

Low Density Residential 10.2 0.5 
Medium Density Residential 1,103.6 58.6 
High Density Residential 189.0 10.0 
Commercial and Services 281.7 15.0 
Cropland and Pastureland 9.7 0.5 
Tree Crops/Citrus 0.0 0.0 
Upland Forests/Rural Open 60.9 3.2 
Rangeland 0.0 0.0 
Water 91.9 4.9 
Wetlands 101.2 5.4 
Transportation/Communication/Utilities 34.2 1.8 
TOTAL 1,882.4 100.0 

 

Figure 7 depicts the land use distribution within the Clark Lake impaired watershed 
(WBID 1971).  As shown in Table 3, the predominant land coverages for WBID 1971 
include MDR (58.6%), commercial/industrial/services (15.0%), and HDR (10.0%).  
Other uses include:  wetland (5.4%), water (4.9%), upland forest/rural open (3.2%), 
transportation/communications/utilities (1.8%), cropland/pastureland (0.5%), and LDR 
(0.5%).  Tree crops (0.0%) and rangeland (0.0%) are not found within WBID 1971. 
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Figure 6. Land Use/Land Cover in WBID 1971. 
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Figure 7. Percentage of Land Use Acreage in WBID 1971. 

Onsite Sewage Treatment and Disposal Systems (Septic Tanks) 

When feasibility or cost prohibits the use of a central sewer system, a viable alternative is 
a septic tank or other type of onsite sewage treatment and disposal system (OSTDS).  A 
well sited, designed, constructed, maintained, and operated OSTDS, when functioning 
properly, provides safe disposal of domestic waste comparable in the level of 
contaminant removal to secondarily treated waste from a sewage treatment plant.  An 
inefficient or malfunctioning OSTDS, on the other hand, may contribute to ground water 
and surface water pollution through the introduction of nitrogen, phosphorus, pathogens, 
and other pollutants into the hydrologic system. 

Septic tank effluent (STE) includes varied levels of nitrogen, phosphorus, chloride, 
sulfate, sodium, detergent surfactants, and pathogenic bacteria and viruses.  The exact 
attributes and loading rates of STE have been discussed in numerous studies (CHEC, 
2003; CDM, 1991b; IFAS, 1984).  While OSTDSs remove various nutrients, bacteria, 
and viruses from effluent, the rates of removal and the means by which this is 
accomplished vary according to the pollutant.  Before nitrogen gets to the water table, TN 
removal from the soil ranges from 40 to 60 percent (CHEC, 2003; IFAS, 1984) although 
when the nitrogen finally converts to nitrate (NO3) in the water table it becomes stable for 
transport.  The processes of sorption and precipitation allow for a higher phosphorus 
removal rate of 50 to 98 percent from ground water (CHEC, 2003; CDM, 1991b; IFAS, 
1984).  Siting an OSDTS within 150 feet of a waterbody may lead to phosphorus 
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contamination if the OSTDS malfunctions (CHEC, 2003; IFAS, 1984).  A properly 
functioning septic tank can remove over 90 percent of BOD5, over 95 percent of TSS, 
and over 99 percent of fecal coliform (CDM, 2008a) when at least two feet of unsaturated 
soil is present between the OSDTS and the water table.  Bacteria and virus removal by 
adsorption and sorption in groundwater helps reduce transport of these pollutants from 
the STE source. 

Estimates of TN loading factors to the water table vary from 9.2 lb/yr/capita (Anderson et 
al., 1994 as reported by CHEC, 2003 and EPA, 2002b) to 11 to 18 lb/yr/capita (IFAS, 
1984).  Estimates for TP loading factors vary from 1.2 lb/yr/capita to 0.4 to 1.6 
lb/yr/capita.  The temporal differences in loading rates are due to the reduction of various 
nutrients in detergents in recent times. 

Sarasota County comprises 571.55 square miles in area and the population estimated in 
2000 was 325,957.  According to the 2000 Census, the average household size in 
Sarasota County was 2.12 people.  Using Sarasota County information, Mirror Lake 
subbasin has 51 septic tanks, East Clark Lake subbasin has 149 septic tanks, and West 
Clark Lake subbasin has 52 septic tanks. 

7. Analytical Approach 

Nutrient enrichment and the resulting problems related to eutrophication tend to be 
widespread and are frequently manifested far (in both time and space) from their source.  
Addressing eutrophication involves relating water quality and biological effects (such as 
photosynthesis, decomposition, and nutrient recycling), as acted upon by hydrodynamic 
factors (including flow and wind) to the timing and magnitude of constituent loads 
supplied from various categories of pollution sources.  The assimilative capacity should 
be related to some specific hydro-meteorological condition such as an ‘average’ during a 
selected time span or to cover some range of expected variation in these conditions.   

The goal of this TMDL development is to identify the maximum allowable TN and TP 
loadings from the watershed, so that Clark Lake will meet the narrative nutrient water 
quality criteria and thereby maintain its function and designated use as Class III water.   

The assimilative capacity of the lake was estimated using a hydrodynamic Water Quality 
Simulation Program (WASP 7.31) model that simulated daily phytoplankton responses in 
the lake as a function of total nitrogen and total phosphorus concentrations received from 
nonpoint sources in the watershed. 

7.1. Overview of Modeling Process 

The overall strategy in support of the TMDL development for Clark Lake consists of 
linking estimated nonpoint source nutrients loads from the Clark Lake watershed to the 
EPA Water Quality Simulation Program (WASP7.31).  The WASP model was applied to 
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West Clark Lake which is the third lake in a chain of lakes in the Clark Lake watershed. 
West Clark Lake has the only existing water quality station in the Clark Lake watershed 
(Figure 1).  The nonpoint source nutrients were estimated by the Florida Department of 
Environmental Protection using several spreadsheet models (FDEP, 2005).  This included 
spreadsheet models which generated nutrient loads from several sources such as septic 
tanks, groundwater, surface runoff, and waterfowl for each sub-watershed in the Clark 
Lake watershed based on loading functions.  The generated nonpoint source nutrient 
loads of each watershed was linked to a mass balance spread sheet model that estimated 
the nutrient load delivered to the next lake.    

7.2. Determination of Loading Capacity 

7.2.1. WASP7.3 Model Implementation 

The eutrophication module of WASP7.31 was used for the development of the Clark 
Lake nutrient TMDL.  The eutrophication module includes phosphorus and nitrogen 
cycling, dissolved oxygen-organic matter interactions, phytoplankton kinetics, and areal 
fluxes from the sediment to the water column.  More detailed information on WASP can 
be found in the WASP User’s manuals (Wool et al., 2006). 

The WASP model simulation period spans the period of January 1st to December 31st for 
2003.  The year 2003 provided the most complete water quality data set to calibrate the 
model for existing water quality conditions for West Clark Lake. The segmentation for 
the West Clark Lake model consists of three segments.  The first segment is an inflow 
segment, which delivers loads from East Clark Lake.  The second segment is the lake 
segment for West Clark Lake and the third segment the outflow segment for West Clark 
Lake.  

The Clark Lake WASP model used the Kinematic Wave Equation option to compute 
flow wave propagation resulting in variable flows, volumes, and velocities throughout the 
modeled network.  The resulting kinematic wave is based on the defined channel 
geometry of each model segment (length, width, initial depth, bottom slope) and the 
Manning’s roughness coefficient (Table 4) and the input of time-variable continuity flow 
paths of the main stem.  The length and width were measured using aerial photographs.  
The slopes were calculated in GIS based on information from the digital elevation model.  
The depth is a weighted average of bathymetry measurements in West Clark Lake 
provided by FDEP (2005).  The bottom roughness was estimated using information from 
aerial photographs. 
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Table 4. WASP7.31 Model Segments and Characteristics for the West Clark Lake 

Segment Description Volume 
(ft3) 

Length 
(ft) 

Width 
(ft) 

Min. Depth 
(ft) Slope Bottom 

Roughness 

1 Canal_East to West Clark 4,195 289 30 0.49 0.00022 0.03 
2 Lake Segment 1,381,054 1,168 361 3.28 0.00036 0.01 

3 Canal_West Clark to Red Bug 
Slough 5,838 312 19 0.98 0.00029 0.035 

 

The time-variable flow for segment 1 (inflow from East Clark to West Clark) and 
segment 2 (inflow within the sub-watershed of West Clark Lake) are based on estimates 
provided by FDEP (2005).  Table 5 presents the WASP model flow input for West Clark 
Lake.  FDEP calibrated the total estimated flow to only four months of reliable flow data 
in 2003 that was measured at the outlet of the Clark Lake basin.   

Table 5. Flow Input for West Clark Lake WASP Model 

Month 

Segment 1 

Upstream Flow - East Clark 
to West Clark Lake 

Segment 2 

Flow from West Clark 
Lake Sub-watershed 

 cfs cfs 
Jan 1.071 0.560 
Feb 0.580 0.315 
Mar 1.018 0.499 
Apr 1.272 0.628 
May 2.595 1.171 
Jun 12.606 4.159 
Jul 2.085 0.876 

Aug 3.580 1.326 
Sep 3.741 1.509 
Oct 0.949 0.462 
Nov 1.210 0.594 
Dec 2.513 1.052 

 

WASP 7.3 Model Input for Boundary Stations and Time Functions 

The WASP7.31 model requires instream water quality input variables (such as ammonia, 
nitrate, organic nitrogen, ortho-phosphorus, organic phosphorus, phytoplankton, 
dissolved oxygen) at the boundary stations (segment 1 and segment 2) and time functions 
such as water temperature, air temperature, wind velocity, and solar radiation.   
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The model input for nutrients were based on estimates generated by FDEP (2005) for the 
West Clark Lake sub-watershed and the inflow from East Clark Lake.  However, FDEP 
estimates provided input data for total nitrogen and total phosphorus only.  The required 
WASP input data for different forms of nitrogen (for ammonia, nitrate, organic nitrogen) 
and phosphorus (ortho-phosphorus and organic phosphorus) were determined using 
computed ratios based on instream measurements conducted in 2003 at FDEP’s 
monitoring station 21FLTPA24010072. Table 6 shows the FDEP estimated nutrient 
concentrations that were used in the WASP model for West Clark Lake. 

Table 6. TN and TP NPS Estimated Concentrations by FDEP  (Used in the  
WASP Model for West Clark Lake) 

 

Segment 1 

Upstream Conc. (East Clark Lake 
to West Clark Lake) 

Segment 2 

Conc. from West Clark Lake Sub-
watershed 

Month 
TN TP TN TP 

mg/L mg/L mg/L mg/L 
Jan 1.74 0.20 1.03 0.14 
Feb 1.74 0.22 0.97 0.19 
Mar 1.74 0.21 1.02 0.16 
Apr 2.30 0.27 1.67 0.23 
May 2.11 0.15 1.30 0.09 
Jun 1.89 0.16 1.63 0.17 
Jul 1.80 0.29 1.11 0.28 

Aug 1.58 0.21 1.08 0.18 
Sep 1.61 0.28 1.14 0.26 
Oct 1.48 0.49 0.72 0.48 
Nov 1.42 0.37 0.74 0.26 
Dec 1.75 0.29 1.20 0.22 

The estimated concentrations shown above were converted into unit loads per area and 
were compared to published values. As a guideline, literature values of expected nutrient 
unit loads for urban areas by Reckhow et al (1980) published in Lin (2004) were used as 
a guide for the overall verification of the NPS loads. Table 7 shows the results of the 
estimated nutrient unit loads in the Clark Lake watershed as they compared to the 
published values.   
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Table 7. Comparison between Simulated and Published Nutrient Unit Loads 

 
Published Export Coefficients for 

Urban Areas 
Predicted Nonpoint Source Values 

by FDEP 

 

Mean Range 

Segment 1 

Nutrient Unit Load 
(Upstream load 
from East Clark 

Lake to West Clark 
Lake) 

Segment 2 

Nutrient Unit 
Load (West 

Clark Lake Sub-
watershed) 

 TN TP TN TP TN TP TN TP 

Unit load (kg/ha/yr)* 9.97 1.91 1.48 - 38.47 0.19 - 6.23 18.50 2.26 20.53 3.22 

Unit load (lb/acre/yr) 8.90 1.70 1.32 - 34.32 0.17 - 5.56 16.50 4.97 18.32 2.87 
Reckhow et al. (1980) in Review of Published Export Coefficient and Event Mean Concentration (EMC) Data 
by Lin (2004) 

As for the input of dissolved oxygen, no continuous dissolved oxygen levels were 
available for this watershed.  Therefore, continuous dissolved oxygen levels were 
computed based on daily instream water temperature measurements for 2003 retrieved 
from the USGS gage station (02297100) on Joshua Creek at Nocatee, Florida.  The 
USGS gage station is located in the vicinity of Sarasota County (approximately 40 miles 
away). 

Depending on available data, environmental time functions can be defined in the WASP 
model to define spatial and temporal variation for segment parameters. Time functions 
for water temperature, wind speed, and solar radiation were used in the WASP model for 
West Clark Lake.  The time function for water temperature was based on daily water 
temperature values for 2003 measured at USGS gage station (02297100) on Joshua Creek 
at Nocatee, Florida.  The time function for hourly wind speed and air temperature values 
for 2003 was obtained from measured data at a weather station located in Bradenton.  The 
time function for hourly solar radiation values for 2003 was based on computed values 
using SolarCalc (version 1.0) developed by the United States Department of Agriculture 
(USDA).  The input parameters for SolarCalc included latitude, longitude, and elevation 
data.   

7.2.2. Model Calibration and Existing Nutrient Loads 

This section presents the simulation output for existing conditions (2003) resulting from 
the implementation of the calibrated WASP model for West Clark Lake. It also includes a 
description of the selected kinetic parameter values that were used to generate existing 
water quality data for the Clark Lake nutrient TMDL.  
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Stream Flow  

Flows (watershed and lake discharges) used for this WASP model were based on 
estimates by FDEP (2005);  FDEP simulated flows using a cascade model of nonlinear 
reservoirs and was calibrated to measured flow at the outlet of the Clark Lake basin.  
Figure 8 shows the comparison between the daily predicted WASP flows and the 
calibrated FDEP (2005) flows.  

Water Quality 

This section describes the parameterization of the West Clark Lake water quality model 
and presents the results of the water quality modeling under existing conditions (2003).  
The simulated water quality were compared to the observed water quality data collected 
in 2003 by FDEP at one monitoring station in West Clark Lake (21FLTPA24010072).  

The model’s parameterization is an important component of the water quality model 
development.  The purpose of the parameterization is to assign values to water quality 
model coefficients based on literature ranges and model calibration.  The model 
coefficients used in the model were derived from literature (e.g. Bowie et al., 1985, 
Thomann and Mueller, 1987, Brown and Barnwell, 1987, Chapra, 2006) or estimated 
through calibration.  The following gives a short description of the coefficients used in 
the WASP7.31 model for West Clark Lake.  Appendix A provides a complete summary 
of the global parameters and segment specific parameters.   
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Figure 8. Comparison between Daily Predicted WASP Model Flow and  
Calibrated Flow by FDEP 
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Nitrogen Cycle Model Coefficients 

The model parameter ammonia was adjusted using a global nitrification rate of 0.15 per 
day with a temperature coefficient of 1.049.  The minimum temperature for nitrification 
reaction was set to 5 ºC. The denitrification rate constant was set to 0.2 per day with a 
temperature coefficient of 1.08.  Benthic ammonia flux was assigned segment-specific 
values ranging between 5 and 10 g/m2-day. Organic nitrogen was adjusted using a global 
mineralization rate of 0.001 per day with a temperature coefficient of 1.07.  The fraction 
of phytoplankton death recycled to organic nitrogen was set to 0.5. 

Phosphorus Cycle Model Coefficients: 

The mineralization rate constant for dissolved organic phosphorus at 20 °C (per day) was 
set at 0.01 with a temperature coefficient of 1.08.  Benthic phosphate flux was assigned a 
value of 0.1 g/m2-day.  

Phytoplankton Growth Model Coefficients: 

The selected values of the phytoplankton global coefficients are summarized in 
Appendix A. Carbonaceous biochemical oxygen demand (CBOD) was modeled using a 
global decay rate of 0.15 per day with a temperature coefficient of 1.06. Reaeration was 
simulated within WASP using the O’Connor method.  The method computes reaeration 
based on wind speed, air temperature, water temperature, and water depths.  Sediment 
oxygen demand (SOD) was simulated in WASP through segment-specific SOD rates at 
0.5g/m2 day with a temperature coefficient of 1.06.   

Surface solar radiation was calculated using SolarCalc model (version 1.0, USDA).  
However, the computed surface solar radiation does not account for interference of the 
solar radiation by dissolved and suspended organic and inorganic particles in the aquatic 
medium.  The WASP model computes segment-specific total light extinction coefficients 
for the water column depending on the concentration of dissolved and suspended organic 
and inorganic particles within the water column and depth of flow.  Main sources for 
these particles in the Clark Creek watershed are surface runoff and decay of algae 
biomass.  The extinction coefficient was adjusted during the process of the calibration. 

Figure 9 through Figure 12 shows the comparison between the daily predicted results 
and observed data collected by FDEP in 2003. The figures present the comparison for 
NH4-N, NO3-N, TN, PO4-P, TP, phytoplankton chlorophyll a, and DO.  The predicted 
concentrations shown in the plots are direct response of input from nonpoint sources and 
segment-specific chemical and biological kinetics defined in the WASP model.   

In addition to the graphical comparison of the results, the WASP7.31 model performance 
was also evaluated on comparing observed and simulated values using cumulative 
distribution functions (CDFs).  The CDF allows capturing the magnitude and frequency 
of concentrations.  The CDFs were computed using paired observed and simulated 
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values. Paired values consist of simulated and observed values generated by the model or 
collected at the same time. For instance, when there are 10 observed values for the period 
of interest (January through December 2003) the corresponding 10 simulated values will 
be used to generate the median relative error (consisting of 10 paired values). 

Overall, the calibration results are able to reasonably reproduce the observed data. Figure 
9 through Figure 12 show the simulated and observed time series and cumulative 
frequency distributions. 
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7.3. Existing Nutrient Loads Delivered to West Clark Lake 

The existing nutrient loads were computed based on estimates for flow and 
concentrations shown in Table 6 and Table 7.  Table 8 shows the existing nutrient loads 
delivered to West Clark Lake.   

Table 8. Existing Nutrient Loads Delivered to West Clark Lake 

Boundary 
TN TP 

lbs/year lbs/year 
Upstream (East Clark Lake to West Clark Lake) 9,817 1,197 
West Clark Lake Sub-watershed 2,764 433 

Total 12,581 1,630 

 

7.4. Selection of TMDL Target  

FDEP uses trophic state indices (TSIs) and the annual mean chlorophyll a values as a 
primary mean to evaluate whether a lake should be assessed further for nutrient 
impairment (IWR, Rule 62-303, Florida Administrative Code). As discussed in Chapter 
2, Clark Lake exceeds the annual mean threshold value of 60 for TSI.  The specific TSI 
value for Clark Lake is calculated based on observed total nitrogen, total phosphorus, 
phytoplankton chlorophyll a concentrations, and the N/P ratio.  In order to achieve a TSI 
value that does not exceed 60, the following steps were used to determine the TMDL 
targets for Clark Lake: 

1. Estimate the phytoplankton chlorophyll a concentrations for West Clark Lake using 
the calibrated WASP model output and the nutrient levels found in freshwater lakes 
under natural conditions: 

The WASP model for West Clark Lake has two nutrient inputs. The first input 
consists of nutrient concentrations originating from East Clark Lake (WASP 
segment: Channel East to West Clark) and are based on the assumption that the 
natural trophic condition of the lakes in the Clark Lake watershed was 
mesotrophic.  The second input consists of nutrient concentrations from 
groundwater originating within the sub-watershed of West Clark Lake (WASP 
segment: Lake Segment) and are based on the assumption that the Clark Lake 
watershed used to be more than 90 percent forested.  Table 9 shows the 
published nutrient concentrations and the concentration used in the WASP model 
for simulating phytoplankton concentration for West Clark Lake. 
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2. Compute an annual average phytoplankton chlorophyll a concentration based on the 
WASP simulation results. 
 

3. Determine the TMDL lake targets for total nitrogen and total phosphorus: Using the 
annual phytoplankton chlorophyll a concentration (step 2), select annual averages 
for total nitrogen and total phosphorus values using trial and error until the TSI value 
is not exceeded and the system is phosphorus limiting (N/P ratio greater than 30).  
Clark Lake needs to be phosphorus limiting, since most natural freshwater lakes 
show a phosphorus limiting system. 

 

Table 10 shows the estimated TMDL lake targets for total nitrogen and total phosphorus 
and the corresponding values for phytoplankton chlorophyll a (annual average 
concentration based on the WASP simulation described above), N/P ratio, and the TSI 
(for phosphorus limiting lakes).   

 

 

 

 

 

 

 

 

Table 9. Nutrient Concentrations for Freshwater Lakes under Natural Conditions 
 Published Concentrations WASP Input West Clark Lake 

 Mesotrophic Lake In groundwater with 
> 90% forest*** 

Segment 1 

Upstream Conc. (East 
Clark Lake to West 

Clark Lake) 

Segment 2 

Conc. from West Clark 
Lake Sub-watershed 

TP (mg/L) 0.010 - 0.020* 0.006 0.015 0.006 
TN (mg/L) 0.520** 0.190 0.520 0.190 

* based on Chapra (1997), Thomann and Mueller (1987) 
** based on EPA-generated nutrient criteria recommendations for nutrient ecoregion XII (FDEP, Jan. 2009) 
*** based on a national eutrophication survey compiled by Omernik (1977) published in Dai et al. (2000) 

Table 10. TMDL Targets and their Corresponding Values 
TMDL Lake Target for TN (mg/L) 1.300 
TMDL Lake Target for TP (mg/L) 0.042 
Chla (ug/L)* 7.1 
N/P ratio 31 
TSI (N/P>30)** 55 
* Annual average phytoplankton concentration based on WASP model output 
** TSI value for phosphorus limiting lakes 
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The determined lake targets for total nitrogen and total phosphorus are applied as an 
annual average concentration.  It is expected that applying these targets to West Clark 
Lake will restore and maintain the aquatic life use in the nutrient impaired Clark Lake 
watershed. 

8. TMDL Determination 

A TMDL is the total amount of a pollutant that can be assimilated by a waterbody and 
still achieve the applicable water quality standard. TMDL allocations identify the 
pollutant load reductions required from each source to achieve the instream water quality 
target.  Excessive total nitrogen and total phosphorus were identified as the critical 
pollutants causing the impairment in Clark Lake.  As discussed in the previous section, a 
total nitrogen lake target concentration of 1.3 mg/L and a total phosphorus lake target 
concentration of 0.042 mg/L were determined and used to make reductions of total 
nitrogen and total phosphorus loads from nonpoint sources in the MS4 area.  The 
nonpoint nutrients loads were iteratively reduced and used in the calibrated WASP model 
for West Clark Lake until the simulated results in the lake met the annual targets for total 
nitrogen and total phosphorus.  The results of the final allocation run for total nitrogen, 
total phosphorus, phytoplankton chlorophyll a, and dissolved oxygen are presented in 
Appendix B. 

It is expected that the reduction of total nitrogen and total phosphorus loads from 
nonpoint sources will meet the TMDL targets and restore the nutrient impaired Clark 
Lake watershed. 

8.1. Expression and Allocation of the TMDL  

A TMDL is expressed as the sum of all point source loads (wasteload allocations or 
WLAs), nonpoint source loads (load allocations or LAs), and an appropriate margin of 
safety (MOS) that takes into account any uncertainty about the relationship between 
effluent limitations and water quality.  The nutrient TMDL allocations for Clark Lake 
were based on the following equation: 

TMDL = WLA +LA + MOS 

WLAs for stormwater discharges are typically expressed as “percent reduction” because 
it is difficult to quantify the loads from MS4s (given the numerous discharge points) and 
to distinguish loads from MS4s from other nonpoint sources (given the nature of 
stormwater transport).  The permitting of stormwater discharges also differs from the 
permitting of most wastewater point sources.  Because stormwater discharges cannot be 
centrally collected, monitored, and treated, they are not subject to the same types of 
effluent limitations as wastewater facilities, and instead are required to meet a 



TMDL for WBID 1971 (Clark Lake)  January 2012   

34 

 

performance standard of providing treatment to the “maximum extent practical” through 
the implementation of Best Management Practices. 

This approach is consistent with federal regulations [40 CFR § 130.2(I)], which state that 
TMDLs can be expressed in terms of mass per time (e.g. pounds per day), toxicity, or 
other appropriate measure.  The TMDL for Clark Lake is expressed in terms of pounds 
per year and percent reductions, and represent the long-term annual average load of TN 
and TP the waterbody can assimilate and maintain the Class III narrative nutrient 
criterion. 

The entire Clark Lake watershed is an MS4 area within Sarasota County and the required 
loads and reductions are included in the wasteload allocations.  Table 11 indicates that a 
21 percent reduction in total nitrogen and an 80 percent reduction in total phosphorus are 
required to achieve the TMDL target loads. 

 

Table 11. Wasteload Allocation and Reduction for Clark Lake 

Nutrient WLA  Existing 
Load (lb/yr) 

Allocated Load 
(lb/yr) 

Percent 
Reduction 

Total Nitrogen 12,581 9,881 21 
Total Phosphorus 1630 319 80 

 

The total TMDL load, wasteload allocations and margin of safety for Clark Lake are 
summarized in Table 12 for total nitrogen and in Table 13 for total phosphorus.  No load 
was allocated to LA, since the entire watershed is covered by MS4. 

 

Table 12. Total Nitrogen TMDL for Clark Lake (lb/year) 

TMDL Wasteload Allocation 
(WLA)(MS4s) 

Load 
Allocation 

(LA) 
Margin of Safety 

9,881 9,881 NA implicit 

 

Table 13. Total Phosphorus TMDL for Clark Lake (lb/year) 

TMDL Wasteload Allocation 
(WLA) (MS4s) 

Load 
Allocation 

(LA) 
Margin of Safety 

319 319 NA implicit 
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The TN and TP load reductions will correct the impairments for nutrients.  Achieving a 
long-term TSI of 55 will result in an average concentration of 7.1 ug/L for Chla, 1.3 
mg/L for TN and 0.042 mg/L for TP with a corresponding TN/TP ratio of 31. 

8.2. Margin of Safety (MOS)  

TMDLs must address uncertainty issues by incorporating a MOS into the analysis.  The 
MOS is a required component of a TMDL and accounts for the uncertainty about the 
relationship between pollutant loads and the quality of the receiving waterbody [Clean 
Water Act, Section 303(d)(1)(c)].  Considerable uncertainty is usually inherent in 
estimating nutrient loading from nonpoint sources, as well as predicting water quality 
response.  The effectiveness of management activities (e.g., stormwater management 
plans) in reducing loading is also subject to uncertainty. 

The MOS can either be implicitly accounted for by choosing conservative assumptions 
about loading or water quality response, or explicitly accounted for during the allocation 
of loadings.   Consistent with the recommendations of the Allocation Technical Advisory 
Committee (Florida Department of Environmental Protection, February 2001), an 
implicit margin of safety (MOS) was used in the development of the Clark Lake TMDL.  
An implicit MOS was used, because the TMDL was based on conservative decisions 
associated with a number of the modeling assumptions, such as the use of conservative 
event mean concentrations for estimating runoff water quality in the FDEP (2005) model.  

8.3. Critical Conditions and Seasonal Variation 

EPA regulations at 40 CFR 130.7(c)(1) require TMDLs to take into account critical 
conditions for stream flow, loading, and water quality parameters.  The critical condition 
is the combination of environmental factors creating the "worst case" scenario of water 
quality conditions in the waterbody.  By achieving the water quality standards at critical 
conditions, it is expected that water quality standards should be achieved during all other 
times.  Seasonal variation must also be considered to ensure that water quality standards 
will be met during all seasons of the year, and that the TMDLs account for any seasonal 
change in flow or pollutant discharges, and any applicable water quality criteria or 
designated uses (such as swimming) that are expressed on a seasonal basis.   

The critical condition for nonpoint source loadings and wet weather point source loadings 
is typically an extended dry period followed by a rainfall runoff event.  During the dry 
weather period, nutrients build up on the land surface, and are washed off by rainfall.  
The critical condition for continuous point source loading typically occurs during periods 
of low stream flow when dilution is minimized.  Although loading of nonpoint source 
pollutants contributing to a nutrient impairment may occur during a runoff event, the 
expression of that nutrient impairment is more likely to occur during warmer months, and 
at times when the waterbody is poorly flushed.   
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9. Recommendations/Implementation 

The next step of the TMDL process is to develop an implementation plan for the TMDL, 
which will be a component of the Basin Management Action Plan for the Clark Lake 
watershed.  This document will be developed in cooperation with local stakeholders and 
will attempt to reach consensus on more detailed allocations and on how load reductions 
will be accomplished.   

The Basin Management Action Plan (BMAP) will include: 

 Appropriate allocations among the affected parties. 
 A description of the load reduction activities to be undertaken. 
 Timetables for project implementation and completion. 
 Funding mechanisms that may be utilized. 
 Any applicable signed agreements. 
 Local ordinances defining actions to be taken or prohibited. 
 Local water quality standards, permits, or load limitation agreements.   
 Monitoring and follow-up measures. 

It should be noted that TMDL development and implementation is an iterative process, 
and this TMDL will be re-evaluated during FL BMAP development process and 
subsequent Watershed Management cycles.   
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Appendix A: West Clark Lake WASP Model 
Parameterization 

Table A-1 provides a table with global rates used in the WASP7.31 model for West 
Clark Lake. Table A-2 provides a table with segment specific rates used in the 
WASP7.31 model for West Clark Lake  

 

Table A- 1:Global Rates for the East Clark Lake WASP7.31 Model 
Constant Value 
Ammonia  

Nitrification Rate Constant @20 øC (per day) 0.15 
Nitrification Temperature Coefficient 1.049 
Minimum Temperature for Nitrification Reaction, deg C 5 

Ammonia  
Denitrification Rate Constant @20 °C (per day) 0.2 
Denitrification Temperature Coefficient 1.08 
Half Saturation Constant for Denitrification Oxygen Limit (mg O/L) 0.01 

Organic Nitrogen  
Dissolved Organic Nitrogen Mineralization Rate Constant @20 øC (per day) 0.001 
Dissolved Organic Nitrogen Mineralization Temperature Coefficient 1.07 
Fraction of Phytoplankton Death Recycled to Organic Nitrogen 0.5 

Organic Phosphorus  
Mineralization Rate Constant for Dissolved Organic P @20 øC (per day) 0.01 
Dissolved Organic Phosphorus Mineralization Temperature Coefficient 1.08 
Fraction of Phytoplankton Death Recycled to Organic Phosphorus 1 

Phytoplankton  
Phytoplankton Maximum Growth Rate Constant @20 øC (per day) 2.5 
Phytoplankton Growth Temperature Coefficient 1.08 
Include Algal Self Shading Light Extinction in Steele (0=Yes, 1=No) 1 
Phytoplankton Carbon to Chlorophyll Ratio 40 
Phytoplankton Half-Saturation Constant for Nitrogen Uptake (mg N/L) 0.05 
Phytoplankton Half-Saturation Constant for Phosphorus Uptake (mg P/L) 0.005 
Phytoplankton Endogenous Respiration Rate Constant @20 øC (per day) 0.05 
Phytoplankton Respiration Temperature Coefficient 1.1 
Phytoplankton Death Rate Constant (Non-Zooplankton Predation) (per day) 0.05 
Phytoplankton Zooplankton Grazing Rate Constant (per day) 0.02 
Phytoplankton Phosphorus to Carbon Ratio 0.024 
Phytoplankton Nitrogen to Carbon Ratio 0.06 
Phytoplankton Half-Sat. for Recycle of Nitrogen and Phosphorus (mg Phyt C/L) 0.1 

Light  
Light Option (1 uses input light;  2 uses calculated diel light) 1 
Background Light Extinction Multiplier 0.2 
Detritus & Solids Light Extinction Multiplier 0.2 
DOC Light Extinction Multiplier 0.2 
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Table A- 1:Global Rates for the East Clark Lake WASP7.31 Model 
Dissolved Oxygen  

Calc Reaeration Option (0=Covar, 1=O'Connor, 2=Owens, 3=Churchill, 
4=Tsivoglou) 

1 

Elevation above Sea Level (meters) used for DO Saturation 5 
Minimum Reaeration Rate, per day 2 
Reaeration Option (Sums Wind and Hydraulic Ka) 1 
Theta -- Reaeration Temperature Correction 1.016 
Oxygen to Carbon Stoichiometric Ratio 2.67 

CBOD 1(Ultimate)  
BOD (1) Decay Rate Constant @20 øC (per day) 0.15 
BOD (1) Decay Rate Temperature Correction Coefficient 1.06 
BOD (1) Half Saturation Oxygen Limit (mg O/L) 0.2 
Fraction of Detritus Dissolution to BOD (1) 0.7 

Detritus  
Detritus Dissolution Rate (1/day) 0.03 
Temperature Correction for detritus dissolution 1.04 

 

Table A- 2: West Clark Lake WASP7.31 Model 
Segment-specific Rates and Constants  

Model 
Segment 

Benthic 
Ammonia 

Flux 

Benthic 
Phosphate Flux 

Sediment Oxygen 
Demand 

mg/m2 day mg/m2 day g/m2 day 
1 5 1.0 0.5 
2 10 1.0 0.5 
3 5 1.0 0.5 
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