Winter Haven Chain of Lakes and Peace Creek Watershed

Geographic Locations and General Information

The Winter Haven Chain of Lakes system is located in Polk County, and is typically divided into the Northern Chain (5 lakes) and the Southern Chain (14 lakes).  Northern Chain Lakes include Conine, Rochelle, Haines, Smart and Fannie.  Southern Chain Lakes consists of Winterset, Eloise, Summit, Lulu, Roy, Shipp, May, Howard, Cannon, Mirror, Spring, Idylwild, Jessie, and Hartridge.  A more recent effort (McCary and Ross, 2005) also includes Blue and Mariana in the Southern Chain, though these two lakes are only connected to the others when seasonal high waters exceed various threshold levels.

In the Northern Chain, water levels in lakes Haines, Rochelle, Conine and Smart are similar due to their being interconnected via man-made canals.  The Structure P-6, between Lakes Smart and Fannie, controls these lake levels.  Structure P-7 controls water levels in Lake Fannie.  When water passes through Structure P-7, it eventually flows into the Peace Creek Drainage Canal.  At high water levels, water from the Southern Chain can enter the Northern Chain via a weir structure that allows flow from the east side of Lake Hartridge to the west side of Lake Conine.

In the Southern Chain, water levels are related via a series of interconnecting canals.  As mentioned above, Lakes Blue and Mariana are connected to the other lakes only during wet periods. The Southern Chain discharges from an alterable structure on Lake Lulu, which controls water levels of all the lakes in the Southern Chain (except Blue and Mariana).  Discharge from this structure can be controlled to raise or lower the lake levels in the Southern Chain.  Flows out of Lake Lulu enter the Wahneta Farms Canal that eventually flows into the Peace Creek Canal at an area just north of Lake Garfield.

Generalized Water Quality

McCary and Ross (2005) is the latest summary of water quality in the Winter Haven Chain of Lakes.  Four of the 21 lakes - Lakes Howard, Jessie, Mariana, and Conine appear to be nitrogen-limited.  Of these lakes, only one (Conine) is in the Northern Chain.  Three lakes  - Lakes Mirror, Winterset and Eloise, in the Southern Chain, all appear to be strongly phosphorus limited.  The remaining 14 lakes appear to be co-limited by both phosphorus and nitrogen.  

Phytoplankton abundances summarized in McCary and Ross (2005) suggest a wide range in trophic status for these lakes.  Five lakes, all in the Southern Chain, have annual average Chlorophyll a concentrations of less than 20 μg / liter: Lakes Hartridge, Roy, Summit and Winterset.  Two lakes: both in the Southern Chain, have Chlorophyll a concentrations greater than 50 μg / liter.  All the other lakes, including all the lakes in the Northern Chain, have annual average Chlorophyll a concentrations between 20 and 50 μg / liter.  Water quality in the drainage canals (both Peace Creek and Wahneta Farms) that join with South Saddle Creek to form the Peace River strongly reflects the water quality of the lake systems that provide much of their wet weather flow.  

Water quality data for the Winter Haven Chain of Lakes (as listed in McCary and Ross, 2005) are summarized in Table 1.

Table 1 – Characteristics of Winter Haven Chain of Lakes (* denotes lakes connected via high water conditions only). Data from last column (nutrient-limitation) from Polk County, 2002).

	System
	Lake Name
	Chlorophyll a Average
	Limiting Nutrient(s)-1
	Limiting Nutrient(s)-2

	Northern Chain
	Haines
	20 – 50
	N & P
	P

	Northern Chain
	Rochelle
	20 – 50
	N & P
	N & P

	Northern Chain
	Conine
	20 – 50
	N
	N & P

	Northern Chain
	Smart
	20 – 50
	N & P
	P

	Northern Chain
	Fannie
	20 – 50
	N & P
	N & P

	Southern Chain
	Mariana*
	< 20
	N
	P

	Southern Chain
	Jessie
	20 – 50
	N
	P

	Southern Chain
	Idylwild
	20 – 50
	N & P
	P

	Southern Chain
	Hartridge
	 < 20
	N & P
	P

	Southern Chain
	Blue*
	> 50
	N & P
	P

	Southern Chain
	Cannon
	20 – 50
	N & P
	P

	Southern Chain
	Mirror
	20 – 50
	P
	P

	Southern Chain
	Spring
	20 – 50
	N & P
	P

	Southern Chain
	Howard
	20 – 50
	N
	P

	Southern Chain
	May
	20 – 50
	N & P
	N & P

	Southern Chain
	Shipp
	> 50
	N & P
	P

	Southern Chain
	Winterset
	< 20
	P
	P

	Southern Chain
	Summit
	< 20
	N & P
	P

	Southern Chain
	Eloise
	20 – 50
	P
	P

	Southern Chain
	Roy
	< 20
	N & P
	P

	Southern Chain
	Lulu
	20 – 50
	N & P
	P


Conclusions as to the importance of phosphorus on the control of overall trophic status of these lakes differ between the report by McCary and Ross (2005) versus Polk County (2002).  According to McCary and Ross (2005) control of both nitrogen and phosphorus is needed to maintain water quality in the Winter Haven Chain of Lakes, regardless of their trophic status.  For the five “cleanest” lakes (e.g., Chlorophyll a levels < 20 μg / liter), one was strongly N-limited (Mariana), one was strongly P-limited (Winterset), and the other three were apparently co-limited by N and P (Hartridge, Summit, and Roy).  For the two lakes with Chlorophyll a levels > 50 μg / liter (Blue and Shipp), both were co-limited by both N and P.  Nutrient reduction strategies that focus on phosphorus control alone would apparently have limited geographic relevance.

In contrast, Polk County (2002) did not find evidence of nitrogen limitation in any of the lakes within the Winter Haven Chain of lakes, and they concluded that only four lakes were co-limited by nitrogen and phosphorus.  The remaining 17 lakes were phosphorus-limited.

The basis for this discrepancy is unclear, but it appears that as a whole, the weight of evidence suggests that the Winter Haven Chain of Lakes are mostly phosphorus-limited systems.

Waterbodies on FDEP’s Group 3 Basins Verified List (April 5, 2005)

The following table summarizes the water bodies in the Winter Haven Chain of Lakes that have made it to FDEP’s Verified Impaired List, and the water quality parameter(s) that is/are viewed as impaired.

Table 2 – Water body, WBID (water body ID) and parameter(s) of concern from FDEP’s Group 3 TMDL Waters Verified List (April 5, 2005).

	Water Body
	WBID
	Parameter(s) of Concern

	Lake Haines
	1488C
	TSI > 60

	Lake Smart
	1488A
	TSI > 60

	Lake Jessie
	1521K
	TSI > 60

	Lake Cannon
	1521H
	TSI > 60

	Lake Mirror
	1521G
	TSI > 60

	Lake Howard
	1521F
	TSI > 60

	Lake May
	1521E
	TSI > 60

	Lake Shipp
	1521D
	TSI > 60

	Lake Eloise
	1521B
	TSI > 60

	Lake Lulu
	1521
	TSI > 60

	Peace Creek Drainage Canal
	1539
	Fecal Coliform Bacteria

	Wahneta Farms Drainage Canal
	1580
	Fecal Coliform Bacteria


Pollutant Loading Models and Pollutant Reduction Efforts

Previous efforts (SWFWMD, 1998) indicated that an appropriate historic TSI value for the Winter Haven Chain of Lakes would be approximately 50.  Given that the lakes have experienced both artificial hydraulic connections (via canal digging) and significant increases in population in their watersheds, a more achievable TSI goal of 60 was proposed in the 1998 Winter Haven Chain of Lakes SWIM Plan.  For the Northern Chain, a TSI goal of 60 would have required a TSI reduction of approximately 9 points.  For the Southern Chain, a TSI goal of 60 would have required a TSI reduction of approximately 6 points (SWFWMD, 1998).  To achieve these goals, stormwater phosphorus loads would have to be reduced approximately 50 percent for the Winter Haven Chain of Lakes, an amount equivalent to 1,000 pounds of phosphorus per year in the Northern Chain, and 4,000 pounds of phosphorus per year in the Southern Chain, which was the proposed Pollutant Load Reduction Goal listed in the 1998 Winter Haven Chain of Lakes SWIM Plan.

Recently completed work by McCary and Ross (2005) suggests that a 4,000 pound per year phosphorus removal goal for stormwater inflows into the Southern Chain is not unrealistic, and improvements in TSI goals below that of a value of 60 could be possible.  However, it was concluded that a TSI goal of 60 might be difficult to achieve in the Northern Chain, as groundwater inflow is more important in the Northern Chain of Lakes, perhaps due to their overall closer proximity to the higher elevations of the Lake Wales Ridge.  With groundwater inflow rates being of greater importance, stormwater loads become of lesser significance – thus the reduced ability to control nutrient loading via stormwater alone.

Projects to reduce TSI values need to proceed with the knowledge gained from previous efforts.  Such efforts include the following projects on Lakes Howard, Conine and Smart:

Jan-Phyl Wastewater Treatment Plant Upgrade/Retrofit.  

In the 1980’s the Jan-Phyll Wastewater Treatment Plan was taken off-line and a portion of the site was converted into a regional stormwater treatment facility.  Both actions have resulted in considerable reductions in nutrient loads to Lake Howard.

Lake Howard Stormwater Retrofit

In 1993, the City of Winter Haven and the Peace River Basin Board funded a project to treat stormwater from a 576-acre sub-basin to Lake Howard.

Lake Howard Alum Injection Project

In 1997, the Peace River Basin Board and the City of Winter Haven agreed to fund a project that would treat stormwater runoff from an approximate 170-acre sub-basin that drains to Lake Howard.

These combined efforts may be responsible for the apparent recent improvement in TSI values for Lake Howard (Figure 1).  Using data from Polk County’s Annual Lake and Stream Report (2002), it can be seen that Lake Howard seems to have shifted from a hypereutrophic lake system in the late 1970’s to it’s current status as a meso to eutrophic lake.

   Figure 1 – Lake Howard TSI Values (graph from Polk County, 2002).
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Lake Conine – Whole Lake Alum Application
For Lake Conine, Polk County and the Peace River Basin Board funded a whole-lake alum treatment project in 1995.  This project followed the removal (in the early 1990’s) of wastewater treatment plant discharges into Lake Conine from the City of Winter Haven.  Approximately 130,000 gallons of alum was added to the lake.  The purpose of the project was to immobilize nutrients in the bottom sediments, but application of the alum was to the water surface, reducing water column nutrients as well.

Prior to the effluent removal and whole-lake alum treatment projects, Lake Conine was consistently classified as hypereutrophic (TSI > 70).  Following these efforts, TSI values fell between 60 and 70, with the lake classified as eutrophic (Figure 2).  Discharges from Lake Conine enter Lake Smart, which seems to have experienced a similar improvement in water quality, as was the case with Lake Conine (Figure 2).  Results in Lakes Conine and Smart suggest that whole-lake alum treatment can result in benefits to water quality, although a TSI goal of 60 may need to be reevaluated for its attainability.

Figure 2 – Lake Conine and Lake Smart TSI Values (graphs from Polk County, 2002).
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While recent and ongoing efforts seem to be targeting nutrient reduction to reach a TSI goal of 60 for the Winter Haven Chain of Lakes, nutrient reduction projects may or may not be required to “de-list” the Peace Creek Drainage Canal and Wahneta Drainage Canal from FDEP’s verified impaired waterbodies list.

Both drainage canal systems are listed as impaired for fecal coliform bacteria.  The water quality standard for Class III waters for fecal coliform bacteria are a geometric mean of 200 CFU/100 ml, a maximum single-sample level of 800 CFU/100 ml, and a level of <400 CFU/100 ml for 90% of samples.  While these levels are apparently exceeded in the Peace Creek and Wahneta Farms Drainage Canals, source-identification studies would be needed to determine the basis for exceedance of standards.  According to Griffin et al. (1999), “…total and fecal coliforms can readily be isolated in tropical waters from areas far removed from human activity and thus are not adequate indicators of fecal contamination and human health risks.”  Prior to the development of projects designed to reduce fecal coliform levels below “impairment” it is necessary to understand the sources and implications to public health of these bacterial abundance indicators.
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