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Section 1:  Context, purpose, and scope of the plan
Water Quality Standards and Total Maximum Daily Loads
Florida's water quality standards are designed to ensure that surface waters can be used for their designated purposes, such as drinking water, recreation, and agriculture (Table1.1). Currently, most surface waters in Florida are categorized as Class III waters, meaning that they must be suitable for recreation and must support the propagation and maintenance of a healthy, well-balanced population of fish and wildlife. Table 1.1 also shows other designated use categories.
Table 1.1: Designated Use Attainment Categories for Florida Surface Waters
	CATEGORY
	DESCRIPTION

	CLASS I*
	Potable water supplies

	CLASS II*
	Shellfish propagation or harvesting

	CLASS III
	Recreation, propagation and maintenance of a healthy, well-balanced population of fish and wildlife

	CLASS IV
	Agricultural water supplies

	CLASS V
	Navigation, utility, and industrial use (no current Class V designations)

	* Class I and II waters include the uses of the classifications below them.



Under Section 303(d) of the federal Clean Water Act, each state must identify its impaired waters, including estuaries, lakes, rivers, and streams, that do not meet their designated uses. The Florida Department of Environmental Protection (DEP) is responsible for developing this “303(d) list” of impaired waters.
Florida's 303(d) list identifies hundreds of waterbody segments that fall short of water quality standards. The three most common water quality concerns are fecal coliforms, nutrients, and oxygen-demanding substances. These listed waterbody segments are candidates for more detailed assessments of water quality to determine whether they are impaired according to state statutory and rule criteria. DEP develops and adopts total maximum daily loads (TMDLs) for the waterbody segments it identifies as impaired. A TMDL is the maximum amount of a specific pollutant that a waterbody can assimilate while maintaining its designated uses.
The water quality evaluation and decision-making processes for listing impaired waters and establishing TMDLs are authorized by Section 403.067, Florida Statutes (F.S.), known as the Florida Watershed Restoration Act (FWRA), and contained in Florida’s Identification of Impaired Surface Waters Rule (IWR), Rule 62-303, Florida Administrative Code (F.A.C.). The impaired waters in the Winter Haven Chain of Lakes Basin addressed in this plan are all Class III waters. TMDLs have been established for these waters, identifying the amount of total phosphorus (TP) and other pollutants they can receive and still maintain their Class III designated uses.
TMDLs are developed and implemented as part of a watershed management cycle, based on the state’s 52 river basins. This approach uses a schedule that rotates through these basins over a 5-year repeated cycle (see Appendix A) to evaluate surface waters, determine impairments, and develop and implement management strategies to restore impaired waters to their designated uses. Table 1.2 summarizes the 5 phases of the watershed management cycle.
Table 1.2. Phases of the Watershed Management Cycle
	PHASE 1
	Preliminary evaluation of water quality

	PHASE 2
	Strategic monitoring and assessment to verify water quality impairments

	PHASE 3
	Development and adoption of TMDLs for waters verified as impaired

	PHASE 4
	Development of management actions to achieve the TMDL(s)

	PHASE 5
	Implementation of TMDL(s), including monitoring and assessment



TMDL Implementation
Rule-adopted TMDLs may be implemented through basin management action plans (BMAPs), which contain actions to reduce and prevent pollutant discharges through various cost-effective means. During Phase 4 of the TMDL process, BMAPs or other implementation approaches are developed jointly by DEP and the affected stakeholders in the various basins. A basin may have more than one BMAP, based on practical considerations. The FWRA contains provisions that guide the development of BMAPs and other TMDL implementation approaches. Appendix B summarizes the statutory provisions related to BMAP development.
Stakeholder involvement is critical to the success of the TMDL Program and varies with each phase of implementation to achieve different purposes. The BMAP development process is structured to achieve cooperation and consensus among a broad range of interested parties. Under statute, DEP invites stakeholders to participate in the BMAP development process and encourages public participation to the greatest practicable extent. DEP must hold at least one noticed public meeting in each basin to discuss and receive comments during the planning process. Stakeholder involvement is essential to develop, gain support for, and secure commitments to implement the BMAP.
Winter Haven Chain of Lakes Basin Management Action Plan
Stakeholder Involvement
TBD
Plan Purpose
This BMAP identifies cost-effective actions that will be undertaken to achieve the TMDLs adopted by DEP for the Winter Haven Chain of Lakes Basin. The BMAP also documents the BWG’s endorsement of the management actions contained in the plan, and the BWG’s commitment to its implementation.
Geographic Scope
The Winter Haven Chain of Lakes watershed is located in north-central Polk County, within and around the City of Winter Haven. The area addressed by the Upper Ocklawaha River BMAP comprises the nutrient impaired lakes in the Southern Chain of Lakes in the Winter Haven Chain of Lakes: Lakes Cannon, Howard, Idylwild, Jessie, Lulu, May, Mirror, and Shipp (see Figure 1).

Figure 1.1.  The Winter Haven Chain of Lakes
Plan Scope
The Winter Haven Chain of Lakes BMAP addresses TMDLs adopted by DEP for Total Phosphorus (TP). Total Nitrogen is also discussed in the BMAP because research conducted subsequent to TMDL establishment indicated control of nitrogen may be required to ultimately achieve water quality goals (PBS&J 2008).
TMDLs in the Winter Haven Chain of Lakes
All surface waters (including wetlands) in the Group 3, Cycle 1 Winter Haven Chain of Lakes are designated as Class III waters, in accordance with Rule 62-302, F.A.C. (Table 1.1). Eight water bodies in the Southern Chain and four water bodies in the Northern Chain did not meet their designated uses. DEP verified these lakes as impaired. For the eight lakes in the Southern Chain, TP is the identified pollutant contributing to the impairment. In 2007 (February 28), DEP established TMDLs for the eight impaired waters. It assessed each impaired waterbody, the pollutant(s) contributing to the impairment, and the amount of pollutant(s) entering the waterbody during a specified period. DEP determined the level of pollutant(s) that each waterbody can receive and still maintain its Class III designated use (the TMDL) and identified the corresponding pollutant reduction needed to achieve the TMDL. Figure 1.2 shows the waters for which TMDLs have been adopted in the basin.
NEED FIGURE
Figure 1.2. Lakes in the Winter Haven Chain of Lakes
for which TMDLs have been Adopted.
Pollutant Reduction and Discharge Allocations
Categories for Rule Allocations—The rules adopting TMDLs must establish reasonable and equitable allocations that will alone, or in conjunction with other management and restoration activities, attain the TMDL. Allocations may be to individual sources, source categories, or basins that discharge to the impaired waterbody. The rule allocations identify either how much pollutant discharge in pounds per year (lbs/yr) each source designation may continue to contribute (discharge allocation), or percent of its loading the source designation must reduce (reduction allocation). Currently, the TMDL allocation categories are as follows:
· Wasteload Allocation—Allocation to point sources permitted under the National Pollutant Discharge Elimination System (NPDES) Program, which includes the following:
· Wastewater Allocation—Allocation to industrial and domestic wastewater facilities.
· NPDES Stormwater Allocation—Allocation to NPDES stormwater permittees that operate municipal separate storm sewer systems (MS4s) (see the discussion on MS4s in Section 3.4.2). These permittees are treated as point sources under the TMDL Program.
· Load Allocation—The allocation to nonpoint sources, which include agricultural runoff and stormwater from areas that are not covered by an MS4.
Table 1.3 lists the pollutant load allocations adopted by rule for each of the Winter Haven Chain water bodies with a TMDL. Note that there are no wastewater discharges to the Southern Chain.
Table 1.3. Total Phosphorus Load Reductions Adopted for Each
of the Winter Haven Chain Water Bodies with a TMDL
	 
	 
	Wasteload Allocation
	 
	 
	 
	 

	Lake 
	WBID
	Wastewater (lb/year)
	NPDES Stormwater
(% Reduction)
	Load Allocation (lb/year)
	Margin of Safety (lb/year)
	TMDL (lb/year)
	% Reduction

	
	
	
	
	
	
	
	

	Shipp
	1521D
	N/A
	65.0
	185
	29
	213
	65.0

	Howard
	1521F
	N/A
	62.5
	277
	37
	315
	62.5

	May
	1521E
	N/A
	57.5
	174
	20
	194
	57.5

	Lulu
	1521
	N/A
	55.0
	165
	20
	185
	55.0

	Cannon
	1521H
	N/A
	54.0
	284
	31
	315
	54.0

	Jessie
	1521K
	N/A
	50.0
	279
	29
	308
	50.0

	Idylwild
	1521J
	N/A
	43.0
	130
	11
	141
	43.0

	Mirror
	1521G
	N/A
	27.5
	112
	9
	121
	27.5



Considerations and Assumptions Regarding TMDL Implementation
Basin Setting
The watershed of the Winter Haven Chain of Lakes (WHCL) is approximately 32 square miles and includes portions of the cities of Winter Haven, Lake Alfred, and Auburndale.
WHCL is composed of 19 interconnected lakes located within and around the City of Winter Haven in north-central Polk County. The WHCL is made up of two major groups of lakes, the Northern Chain and the Southern Chain.
The southern Chain of Lakes comprises 14 interconnected lakes:  Jessie, Idylwild, Hartridge, Cannon, Mirror, Spring, Howard, May, Shipp, Lulu, Roy, Eloise, Summit, and Winterset.  A modeling evaluation by Dames and Moore, Inc. (1994) included Lakes Mariana and Blue in the southern Chain, as well.
Lakes of the Southern Chain lie on the Trail Ridge-Lakes Wales Ridge system which runs north-south through Polk County. This system is the oldest and highest of a series of sand ridges (relic beaches of ancient sea levels) which parallel the present coastlines. Ridge soils are primarily composed of sands and sandy clay and are typically well drained with a water table at least six feet below the surface.
These unconsolidated deposits (sand and sandy clay) are as much as 150 feet thick and overlie a mantle of limestone (Sinclair and Reichenbaugh 1981). "Solution cavities developed in the limestone are reflected at land surface because of subsidence and collapse of the unconsolidated deposits, forming the many sinkhole basins characteristic of the area" (Sinclair and Reichenbaugh 1981).  However, some lower lying areas consist of poorly drained top soils and muck.
The climate of the area is wet with humid summers and relatively dry, cool winters. Mean annual temperature is 73F, with an annual rainfall averaging 50.77 inches for the period 1941-2007. The rainy season is typically from May through September, with 64% of the yearly average falling in this time period.
The area has experienced a deficit of rainfall in the past several decades. Sinclair and Reichenbaugh (1981) noted that for the period 1960 to 1977 the deficit was 72.34 inches. Evaporation from the lakes averages approximately 49 inches per year.
Hydrology and Water Management
Significant changes in hydrology have occurred in the Southern due to construction of canals that interconnect the lakes. "Most of the lakes occupied individual basins before construction of the canals, and their hydrologic regimes were controlled by rainfall within their drainage areas, by rates of evaporation and transpiration, by subsurface inflow from the surficial aquifer, and by downward leakage to the underlying limestone, the Floridan aquifer" (Sinclair and Reichenbaugh 1981).
Surface outflows from the Southern Chain are controlled by structures on Lakes Hartridge and Lulu. 
Lake Hartridge can discharge to the Northern Chain via Lake Conine when water levels are high. The structure, in a small connecting canal that crosses under U.S. 17, consists of a fixed weir 10 feet wide with a crest elevation at 131.80 feet above NGVD.
The primary discharge from the Southern Chain is through a structure on Lake Lulu, which discharges to the Wahneta Farms Drainage Canal and eventually to the Peace River.  The Lake Lulu outlet structure consists of two fifteen-foot-weirs with a crest elevation at 131.30 feet above NGVD, and two four-foot diameter discharge pipes located at the southeast end of the weir.  The inlet of the pipes consists of a ten-foot long horizontal concrete platform with the top elevation about one-half-foot higher than the main weir. To increase storage in the upstream lakes, the main weir is equipped with a flash board one-foot high, which can be lowered to sit on the weir crest to raise its elevation one foot. The flashboard can also be raised to form a long rectangular orifice to control discharge into the Wahneta Farms Canal.
Both structures on the Southern Chain are operated and maintained by the Lake Region Lakes Management District (LRLMD).
Data regarding lake stages prior to canal construction does not exist; under present conditions lakes within each major chain segment are maintained at a common stage. “Even though lakes with large drainage areas contribute most of the lake water…local geologic conditions may result in greater loss of water by downward leakage from some basins than from others" (Sinclair and Reichenbaugh 1981).
Since all of the lakes in the Southern chain are hydraulically linked, their water level is regulated primarily by a single discharge from the control structure on Lake Lulu.
There are no flow records for the discharge out of the Lake Lulu structure.  However, the general philosophy of operation is that water can always be discharged, but it can’t return after release.  Thus the structure on Lake Lulu is operated to keep as much water as possible safely in the lakes.
Water is not released until the lakes have reached the "Minimum Flood Level" (132.0 ft.) as established by the SWFWMD.  If this level is reached near the end of the rainy season or after several years of low rainfall, water would probably not be released.  Since the "10-Year Flood" is that level which one would expect to be reached every ten years (132.6 ft.), there is a 10% chance that this level could be reached every year. No flooding occurs if the lakes are allowed to reach that level.
For the most part, the lakes do not get up to the Minimum Flood Level due to a lack of rainfall, and for this reason, many years may pass without discharging any water at all. Lake levels from 1961 until 1991 exceeded the 132’ level only five times. 
Lake Characteristics
The Winter Haven Chain lakes with TMDLs are all connected to each other, but each has unique characteristics.  This section covers the water quality characteristics of all the impaired lakes.
Figure 1.3 presents the range, 90th percentile, median, and 10th percentile of TSI values from upstream (Jessie) to downstream (Lulu).  Note that Mirror is a lake that discharges only to Cannon and receives no discharges from upstream lakes.
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Note:  Data from Polk County Water Atlas, 1998 to 2007, inclusive.  Values represent statistics on mean seasonal data of lake-wide means on each sample date for each lake for which there are Chla, TN, and TP data.
Figure 1.3.  Maximum, 90th Percentile, Median, 10th Percentile, 
and Minimum TSI Values from Upstream to Downstream.
There is a general increasing trend in TSI from upstream to downstream until Lake Lulu, which also receives discharge from Lake Eloise, and is possibly diluted by this non-impaired lake.  Lake medians exceed target TSI values of 60 in all but two lakes.  Chlorophyll a (Chla) medians, Figure 1.4, show this trend more clearly.

Figure 1.4  Maximum, 90th Percentile, Median, 10th Percentile, 
and Minimum Chlorophyll a (g/L) Values from Upstream to Downstream.
From these data, it appears that lakes Howard, May, and Shipp are apparently different from the others, but there are distinct differences even among these lakes.  For example, TP shows a somewhat different pattern (Figure 1.5).

Figure 1.5.  Maximum, 90th Percentile, Median, 10th Percentile, 
and Minimum TP (mg/L) Values from Upstream to Downstream.
In this plot, May clearly has the highest TP values, while lakes Shipp and Lulu are somewhat higher in concentration than the other lakes.  All lakes have reasonably low TP, however, with the maximum median value around 0.07 mg/L.  The maximum median value, and the median values of other lakes) is lower than TMDL target concentrations set for some other Florida lakes (Lake Jesup, for example).  Thus, phosphorus concentrations may not be the sole factor influencing high TSIs and Chla, even though the TMDLs set discharge reductions for TP alone.  TN (Figure 1.6) follows the trend of TSI and Chla more closely.

Figure 1.6.  Maximum, 90th Percentile, Median, 10th Percentile, 
and Minimum TN (mg/L) Values from Upstream to Downstream.
In other work (in the Hancock Basin), investigators have been careful to distinguish between the TN caused by nitrogen fixation and that caused by other inputs.  With the low TP concentrations, however, it is not likely that nitrogen fixation is occurring in these lakes at significant rates[footnoteRef:1], so other processes may be causing the high concentrations.  The median TN values, for example, are not that different form expected stormwater inputs, although four lakes, Mirror, Howard, May, and Shipp have TN values that are somewhat elevated above expected stormwater concentrations. [1:  Analysis of new data for lakes Jesup and Monroe may change this assumption.] 

The TN/TP ratio indicates the most marked differences among the lakes (Figure 1.7).
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Note:  The maximum TN/TP value for Howard is over 700 and has been truncated for this graph to show other detail.
Figure 1.7.  Maximum, 90th Percentile, Median, 10th Percentile, 
and Minimum TN/TP Values from Upstream to Downstream.
Using the IWR TN/TP ratio of 40 for lakes that are phosphorus limited, all of the lakes are strongly limited by TP occasionally, and the Howard median indicates TP limitation at least half of the time.  None of the lakes are ever nitrogen limited (TSI < 10) except for an apparently single value for Howard.  The lakes can thus be categorized as jointly limited by TP and TN, with TP being the stronger of the two limiting factors.
Water Quality Trends
Water quality trends also differ by lakes.  They are presented below for two series of lakes:  1) Howard, May, and Shipp, and 2) Jessie, Idylwild, Mirror, Cannon, and Lulu.  This is because the trends in Howard, May, and Shipp are substantially different that those in the other lakes.
Note that these data are incomplete because I decided to include only those annual data for which there were values for each season to ensure as valid a comparison among lakes as possible.  The values presented in the following graphs are the means (and standard errors) of seasonal means of lake-wide means for each parameter for each sampling date.
TSI (Figure 1.8 a and b) does not show the differences clearly, but suggests there may be differences between the two groups of lakes.  Lakes Howard, May, and Shipp have increasing trends in TSI over the last three years, and the TSI between 2002 and 2005 was possibly lower.  In contrast, the other lakes appear to have remained relatively constant over the ten-year period, although Lulu may have increased slightly.
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Figure 1.8.  Annual Means and Standard Errors of TSI for (a) Howard, May, and Shipp and (b) Jessie, Idlywild, Cannon, Mirror, and Lulu.
Chla shows this pattern more strikingly (Figure 1.9).  The differences between the two groups of lakes are much more obvious with Chla.  Thus, for the remainder of this document, TSI is not considered as a water quality indicator because it does not show the large changes that are apparent in other parameters.  Chla is the most obvious to the public as a water quality issue because of its color.
There is a substantial increase in Chla in lakes Howard, May, and Shipp in the last three years, while the other lakes have remained relatively constant.  Also, the concentrations of Chla in the three lakes are at least 30% higher in 2007 than the concentrations in the other lakes.  This indicates that changes are more pronounced in lakes Howard, May, and Shipp than the others.
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Figure 1.9.  Annual Means and Standard Errors of Chlorophyll a (g/L) for (a) Howard, May, and Shipp and (b) Jessie, Idlywild, Cannon, Mirror, and Lulu.
TP, on the other hand, has been declining over the last three years in all lakes except May (Figure 1.10), and May concentrations are higher by about 25% in 2007 than at the beginning of the ten-year period.  But there is no consistent trend over the ten-year period.  Jessie, Cannon, and possibly May (missing data before 2003) have decreased in concentration, but Shipp, Mirror, and Lulu have similar concentrations at the beginning and the end of the ten-year period.
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Figure 1.10.  Annual Means and Standard Errors of TP (mg/L) for (a) Howard, May, and Shipp and (b) Jessie, Idlywild, Cannon, Mirror, and Lulu.
TN substantially mirrors the ten-year trend in Chla (Figure 1.11) with the exception that the concentration in Lulu appears to be increasing slowly.  For those lakes with sharply increasing Chla, there is a corresponding sharp increase in TN, but with the exception of May, a constant or decreasing concentration of TP.  These data suggest that TN is more important in determining trophic state than TP, particularly since it may be unlikely that significant nitrogen fixation is occurring.  This interpretation is mitigated, however, by the sharp differences in the TN/TP ratio that suggest that TP is more limiting than TN.  It is thus not clear whether TN is a causative agent or the result of some other in-lake processes.
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Figure 1.11.  Annual Means and Standard Errors of TN (mg/L) for (a) Howard, May, and Shipp and (b) Jessie, Idlywild, Cannon, Mirror, and Lulu.
In the last three years, the TN/TP ratio increased in all lakes (Figure 1.12) because TP is trending downward and TN is trending upward.  The biggest change is in Shipp, where the change is primarily due to an increase in nitrogen, without a significant decrease in phosphorus.  The next highest is for Howard, also with a sharp increase in nitrogen coincident with a decline in phosphorus.  For May, the lower change in TN/TP is due to an increase in both nitrogen and phosphorus.  TN/TP increase for the other lakes is primarily due to a reduction in phosphorus.  Note:  The extremely high value for Cannon in 2002 may be an artifact of the data.
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Figure 1.12.  Annual Means and Standard Errors of TN/TP for (a) Howard, May, and Shipp and (b) Jessie, Idlywild, Cannon, Mirror, and Lulu.
The trends in water quality thus appear contradictory.  Neither phosphorus nor nitrogen appears to control Chla concentrations by themselves, and management strategies may need to consider both.  It is appropriate to look at other water quality indicators to see whether these factors might be having an impact.
This was done by comparing the means and standard errors of the lake-wide mean data for the latest three years for each lake for each sample date.  The graphs are presented based on the relative magnitude of the parameters so they can fit on the same graph and show reasonable detail.  The graphs are presented first (Figure 1.13), and then are discussed.  “Low” lakes are Jessie, Idlywild, Cannon, Mirror, and Lulu; “High” lakes are Howard, May, and Shipp.  This division is based primarily on Chla.



Figure 1.13.  Means and Standard Errors of Parameters for Low Chlorophyll and High Chlorophyll Lakes.
Chla, and parameters that are primarily a function of Chla, turbidity and TSS, are higher in the high lakes by a factor of 1.9.  TN (and TKN) is higher in the high lakes by a factor of 1.6, while TP is higher in the high lakes by a factor of 1.2.  Calcium is higher in the high lakes by 10%; pH, NOx and inorganic P are essentially the same (and close to the limits of detection); and chloride and color are 10% lower in the high lakes.  None of the differences in the last sentence are statistically significant.  Secchi depth and ammonia are lower in the high lakes by 40% and 70%, respectively, consistent with the higher Chla concentration and higher productivity.
Thus of these water quality parameters, none suggest a causative mechanism other than TN and TP.
Upstream-Downstream Comparison
An upstream-downstream comparison of pairs of lakes clarifies the role that hydraulic connections may play in determining the characteristics of individual lakes.  The comparison is based on the most recent three complete years of data, averaged by season and year.  The comparison is thus based on 12 data points for each parameter.
Using the t-test (null hypothesis = no difference in means, unequal variance,  = 0.05), data for each pair of adjacent lakes were compared (Table 1.4).  The  row is the difference between the upstream and downstream parameter values, divided by the upstream parameter value.  The p row is the probability that the means are the same.  “ns” indicates that the probability that the means are the same is greater than 0.05.
Table 1.4. Percent Change of Parameters between an Upstream and the Nearest Downstream Lake
	 
	 
	Chla
	TN
	TP
	TN/TP
	Color

	Jessie -> Idylwild
	
	-15.9%
	-1.1%
	-9.9%
	9.4%
	-8.5%

	
	p
	0.0500
	ns
	ns
	ns
	ns

	Idlywild -> Cannon
	
	10.0%
	10.2%
	-8.0%
	21.6%
	-9.9%

	
	p
	ns
	ns
	ns
	ns
	ns

	Mirror -> Cannon
	
	-4.3%
	-12.8%
	4.1%
	-12.8%
	-9.9%

	
	p
	ns
	ns
	ns
	ns
	ns

	Cannon -> Howard
	
	66.5%
	64.5%
	10.2%
	56.2%
	-2.4%

	
	p
	0.0047
	0.0003
	ns
	0.0147
	ns

	Howard -> May
	
	19.1%
	3.6%
	79.4%
	-46.4%
	40.6%

	
	p
	ns
	ns
	0.0000
	0.0031
	0.0007

	May -> Shipp
	
	31.2%
	20.1%
	-25.1%
	65.8%
	-4.9%

	
	p
	0.0132
	ns
	0.0001
	0.0020
	ns

	Shipp -> Lulu
	
	-47.8%
	-33.3%
	2.6%
	-34.1%
	25.2%

	
	p
	0.0000
	0.0005
	ns
	0.0064
	ns



Lakes Jessie, Idylwild, Mirror, and Cannon are similar in most regards, although there are non-significant differences between adjacent pairs (exception:  Jessie Chla is 16% higher than Idylwild, and the difference is significant).  Below Cannon, however, the significant changes between lakes are much higher.  Chla and TN increase by about 65% between Cannon and Howard; TP and color increase by about 80 and 40%, respectively, between Howard and May; Chla increases by 31% but TP decreases by 25% between May and Shipp; and Chla and TN decrease by about 48 and 33 %, respectively, between Shipp and Lulu.
Given these large changes between lakes, it is apparent that any hydraulic connections that exist between them are not significant (although hydraulic connections may be significant for the upstream-most lakes).  With strong mixing between the lakes, concentrations in adjacent lakes would be similar; but there are large changes in one parameter and little change in another, independent parameter between adjacent lakes.  This is demonstrated most clearly in the following graph (Figure 1.14).

Figure 1.14.  Percent Change of Parameters between an Upstream and the Nearest Downstream Lake.

Howard has much higher concentrations of Chla and TN than Cannon, but only slightly higher TP.  May has much higher TP concentrations than Howard, but only slightly higher Chla, and essentially the same TN.  Shipp has higher Chla and TN concentrations than May, but lower TP concentrations.  Lulu has much lower Chla and TN concentrations than Shipp, but about the same TP.
Interestingly, however, with the exception of May, higher nitrogen concentrations in a downstream lake are also associated with higher Chla in that lake. 
2007 and 2008
Time series of plots of water quality parameters in 2007 and 2008 are confusing (Figure 1.15).  Howard, May, and Shipp are again different from the other lakes.  In the following graphs, Howard, May, and Shipp have red lines, Lulu has an orange line, and the other lakes have a lilac line.
Prior to April, Howard, May, and Shipp had Chla concentrations between 60 and 90 g/L.  After April, concentrations in the lakes ranged from 38 to 48 g/L.  After June, Chla concentrations rose sharply.
Chla in the other lakes, excluding Mirror and Lulu, declined from around 30 g/L to about 20 g/L after April, but the concentrations increased sharply after June.  Mirror, a lake that has no upstream input other than stormwater, did not show a similar pattern, and Lulu declined, then increased, then declined again.



Figure 1.15.  Changes in Water Quality Parameters following a Large Storm in April 2008.
As in the annual trends, TN follows the time series of Chla in most of the lakes.  The Mirror TN trend, however, does not follow the Chla trend as well as the others.
TP has a different pattern and is less variable than either TN or Chla.  There is an apparent spike of TP concentration in April (best exemplified by Shipp and Lulu), followed by a gradual decline.  After June, all lakes except Lulu slowly increased in concentration.
Of greatest significance is the fact that lakes Howard, May, and Shipp Chla and TN concentrations declined sharply after April, but after June, Chla concentrations increased sharply, while TN concentrations remained about the same.  While this could be explained if there were significant flushing of the lakes in this time period, significant flushing apparently did not occur.
Increasing nitrogen concentration by itself is not as important as the dominance of species (Cyanobacteria) that fix nitrogen.  Dominance by Cyanobacteria is disruptive of the entire food chain, lowering species diversity throughout the lakes.  Of course, increasing nitrogen concentrations also have an impact on the TSI metric used to determine impairment, at least to the point (TN/TP > 40) where the TSI metric assumes TP limitation.
Results Summary
1. The impaired lakes in the Winter Haven Chain are poorly linked hydraulically, and flow through the lakes is minimal except during very high water.
2. Phosphorus concentrations in the lakes is generally low (0.052 mg/L mean over the last three years).  This level is almost an order of magnitude lower than the concentrations expected in untreated stormwater runoff (0.3 to 0.5 mg/L).
3. Nitrogen concentrations in the lakes is also generally lower (1.24 mg/L mean over the last three years) than the concentrations expected in untreated stormwater runoff (1.8 to 2.4 mg/L).
4. There has been a 30% increase in Chla concentrations per year in lakes Howard, May, and Shipp over the last three years, and a 9% increase per year in Lake Lulu.  There has been a 7% decrease in Chla concentrations per year in lakes Jessie and Mirror over the same period.
5. There has been a 12% decrease in TP concentrations per year in all lakes except May over the last three years.  Lake May has increased over this period by 8% per year.
6. There has been a 29% increase in TN concentrations per year in lakes Howard, May, and Shipp, and an 11% increase per year in Lake Lulu over the last three years.
7. In all of the lakes with significant increases in Chla in the last three years, there has also been a significant increase in TN.
8. After April, Chla and TN concentrations decreased dramatically in lakes Howard, May, and Shipp.  After June, Chla concentrations increased rapidly, but TN concentrations remained about the same.
9. After April, concentrations of all parameters across the lakes are more similar than prior to April.
10. The upstream lakes, Jessie, Idylwild, Mirror, and Cannon, are generally similar to each other.
Discussion
1. The lakes in the Winter Haven Chain generally operate in isolation from each other except when the lakes are flushed by major storms.
2. Nutrient inputs to each lake are primarily locally derived—higher inputs in the downstream lakes are the cause of higher nutrient concentrations in those lakes.
3. High nitrogen and chlorophyll concentrations in the downstream lakes are related, but nitrogen is not the causative agent--it is the result of nitrogen fixation.  Nitrogen fixation occurs in these low phosphorus waters because of extremely long residence times, allowing slower-growing nitrogen fixers to achieve dominance.  The dominance is lost when the lakes are flushed.
One of the most significant factors that affects the Winter Haven Chain of Lakes is the high residence time (low flushing rate).  If lakes are not flushed, then any added input is kept within each lake.  Reducing inputs will increase the time needed for nutrient (TP) concentrations to have strongly adverse effects, but at a cost:  Increasing concentrations in sediments.
At present, it is apparent that the settling of TP is occurring at a faster rate than stormwater inputs.  Expected stormwater TP concentrations are almost an order of magnitude higher than in-lake concentrations (this is similar to other “ridge” lakes in the Hancock Basin).  Even in the absence of significant flushing (like in the period 2005 to 2007), TP concentrations declined in all lakes but May.  Nevertheless, increased TP in the sediments MAY be contributing to the generally higher TP concentrations in May and Shipp.  Thus, removal of sediments may have a desirable impact.
For lakes Howard, May, Shipp, and probably Lulu, control of nitrogen inputs will apparently have no impact because of nitrogen fixation.  All other lakes also appear to be predominantly phosphorus limited, so nitrogen controls might not be necessary in these lakes either.
This does not mean that control of TP inputs (which has already occurred with three projects in lakes Howard and May) is not desirable, although the impacts of these controls might be lessened by mineralization of phosphorus in sediments, especially for lakes Howard, May, Shipp, and probably Lulu.
The most efficacious, but costly, management strategy for these lakes thus appears to be the following:
1. Maintain greater flushing in all lakes by allowing water to leave the system.  This would have the greatest effects on lakes Howard, May, and Shipp.
2. Dredge May followed by Howard then Shipp.  It is not clear at this point whether dredging Lulu would have a desirable effect, but this should be considered.
3. Add stormwater controls and treat all lakes with persistent TP concentrations above 0.05 mg/L with alum.  Note that in the long run, this may mean these lakes also have to be dredged periodically.


[bookmark: _Toc40235390][bookmark: _Toc65660157][bookmark: _Toc48984327][bookmark: _Toc65660155][bookmark: _Toc407438934][bookmark: _Toc31372061][bookmark: _Toc48984330]Section 2:  Winterhaven Chain of Lakes 
[bookmark: _Toc48984344]Land Use Coverage
Land use coverage within the basin has changed considerably over the last few decades (see PBS&J 2008).
The land uses used for TMDL development are as follows.
Table XX.  Land Uses and Acreages in the Winter Haven Chain of Lakes
	Code
	Land Use
	Acreage
	%
of Total

	5000
	Water
	7,459
	37

	1200
	Residential Med Density 2 – 5 Dwelling Units/Acre
	3,489
	17

	1000
	Urban Open
	3,003
	15

	2000
	Agriculture
	2,382
	12

	6000
	Wetlands
	1,556
	8

	1300
	Residential High Density 6 or more Dwelling Units/Acre
	794
	4

	4000
	Upland Forests
	509
	3

	8000
	Transportation, Communication, and Utilities
	473
	2

	1100
	Residential Low Density < 2 Dwelling Units/Acre
	412
	2

	3000
	Rangeland
	180
	1

	Total
	
	20,257
	100




Figure X.X.  Land Use Distribution in the Winter Haven Chain of Lakes
Section 3. Basinwide Water Quality Issues, Pollutant Sources, and Management Actions
Water Quality Issues
Pollutant Sources

	Lake
	Total P (kg/year)

	
	Surface Runoff
	Ground Water Inflow
	Total Existing Load

	Marianna
	440.4
	17.0
	457.4

	Howard
	322.1
	14.3
	336.4

	Cannon
	272.2
	8.0
	280.2

	Jessie
	239.5
	14.6
	254.1

	Shipp
	228.5
	12.9
	241.4

	Hartridge
	214.7
	9.2
	223.9

	Eloise
	181.6
	10.1
	191.7

	May
	180.3
	4.5
	184.8

	Lulu
	158.3
	9.0
	167.3

	Blue
	152.0
	3.4
	155.4

	Idylwild
	100.1
	3.8
	103.9

	Winterset
	87.0
	7.8
	94.8

	Roy
	69.6
	3.1
	72.7

	Mirror
	68.4
	2.2
	70.6

	Summit
	40.3
	1.9
	42.2

	Spring
	36.8
	1.4
	38.2

	Total
	2,792
	123
	2,915


[bookmark: _Toc65660161]Section 3:  Assessing progress and 
making Changes
[bookmark: _Toc65660162]Monitoring, Evaluation, and Reporting Strategy
· A statement of interim and final targets for evaluating water quality improvements (this may be stated differently than the TMDL, but must be related to achievement of the TMDL);
· Procedures for monitoring and reporting on progress towards achieving TMDL(s).  Monitoring may include biological, hydrological, and other measurements.
· Data management and quality control procedures consistent with DEP requirements, including a coordination process for getting appropriate data into STORET.  
· A description of and schedule for agricultural BMP monitoring procedures, if available.
· The responsible monitoring, evaluation, and reporting entities.
· The frequency and format for reporting on monitoring results and reporting on the implementation and results of all proposed management activities, including BMPs.
· A schedule for reviewing monitoring results and evaluating management actions. 
· Methods used for evaluating progress towards goals.
· A strategy and schedule for periodically reporting results to the public.
[bookmark: _Toc65660163]Adaptive Management Measures
· Procedures to determine whether additional corrective actions are needed.
· Criteria for determining whether and when plan components need to be revised due to changes in costs, environmental impacts, social effects, watershed conditions, or other factors.
· A description of the procedure to be followed, including notifying the Department, and management actions to be taken if water quality does not improve after load reduction activities are implemented, if activities are not completed on schedule, or if activities need to be revised for other reasons.
· [bookmark: Chapter4][bookmark: Table4_2][bookmark: Table4_3][bookmark: Table4_4]Description of what the role of the BMAP development group and/or individuals will be subsequent to BMAP completion
[bookmark: _Toc65660165]commitment to plan implementation
Statement of Agreement
Signature Block
Appendices
Appendices to be inserted—these might include the following:
· Maps
· Copies of written agreements, such as load limitation agreements, interlocal agreements, or memorandums of understanding, committing partners to implementing management actions
· Brief description of each stakeholder or stakeholder group participating in the B-MAP development
· Method for calculating the estimated load reductions.
· Method used to determine the priority of management actions
· Other supporting documentation
· References to documents, such as
· Status Report
· Assessment Report
· Excerpts from F.A.C. 62-302 defining surface water classifications
· Methodology for calculating estimated load reductions
· Technical reports
· Modeling studies
· Etc.
[bookmark: _Toc65660166]Appendix A:  (insert title)
[bookmark: _Toc65660167]Appendix B:  (insert title)
 (
Florida Department of Environmental Protection 
Division of Water Resource Management
Bureau of Watershed Management
2600 Blair Stone Road
, Mail Station 3565
Tallahassee
, 
Florida
 
32399-2400
(850) 921-9926
www.dep.state.fl.us/water/
)
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