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Figure 6.1-2. Typical STA with Emergent and Submerged Vegetation 

There are both regional-scale and local-scale water quality treatment areas included in the 
management measures.  The regional-scale water quality treatment areas within the 
Caloosahatchee Watershed include the Clewiston STA and C-43 Water Quality 
Treatment and Demonstration Project (BOMA Property).  Many of the local-scale water 
quality treatment areas are smaller wet detention projects associated with older residential 
developments that lack storm water treatment systems.  Collectively, these local-scale 
water quality treatment areas have the potential to make a significant difference in water 
quality within the Caloosahatchee Estuary. 

6.1.5.2.3 Managed Aquatic Plant Systems 

Managed aquatic plant systems are aquatic plant-based water treatment units.  The 
technology involves routing nutrient-loaded stormwater into ponds that are vegetated 
with plants that have enhanced ability to absorb and assimilate nutrients.  A variant of 
managed aquatic plant systems, which is currently proposed as a management measure to 
be included in the CRWPP, is known as the Algal Turf ScrubberTM (ATS).  This 
technology developed by HydroMentia, Inc., involves the cultivation of a mixed 
community of periphytic algae that are cultured on an engineered geomembrane.  The 
geomembrane sits on a grid across which nutrient-rich waters are discharged.  Algae that 
then grow on the geomembrane are periodically scraped and collected with an automatic 
rake at a harvesting station.  The harvested biomass is then conveyed to a bunker for 
storage and further processing.  

The two primary advantages of managed aquatic plant systems are that the plant biomass 
is routinely harvested and potentially recycled into marketable products and they require 
relatively little land.  These advantages make them a cost-effective option for locations 
that are limited, either due to land availability or cost.  The effectiveness of the managed 
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aquatic plant systems in treating nutrient rich stormwater on a large scale has not yet been 
demonstrated. 

6.1.5.2.4 Stormwater Management 

The installation or upgrade of an urban stormwater management system can improve 
surface water quality in the watershed.  A variety of structures (e.g. wet detention ponds, 
vegetated swales, diversion weirs, etc.) within the system can attenuate surface water 
flow to increase percolation for groundwater storage, facilitate settling, and promote 
nutrient uptake prior to receiving water discharge.  Local scale STAs, such as smaller wet 
detention projects associated with older residential developments that lack stormwater 
treatment systems, have the potential to make a big difference in water quality within the 
Caloosahatchee Estuary.   
 
System retrofit projects and local government Stormwater Master Plan implementation 
projects are management measures that will improve the conveyance of stormwater 
during storm events and reduce pollutant loadings from urban runoff.  

6.1.5.2.5 Chemical Treatment 

Chemical treatment involves application of chemicals into stormwater runoff to aid in 
reduction of contaminant loads and concentrations, and of turbidity (suspended solids) in 
the water.  It has also been successfully used to reduce turbidity and nutrient 
concentrations in drinking water and wastewater.  Application of chemicals to stormwater 
to reduce nutrient loads is relatively new and has been tested in some locations such as 
Lake Apopka and the Everglades with varying levels of success (SFWMD et al., 2007).  
Chemical treatment can be used in combination with wet detention of stormwater, 
treatment of runoff prior to storage, or with supplemental treatment associated with 
reservoirs or STAs.  The specific technology that will work best at any given location 
will primarily depend upon inflow water quality and the quantity of water to be treated.  
Management measures that include chemical treatment may be included in future plan 
updates. 

Review of available literature indicates that calcium, iron, and aluminum salts are 
effective at reducing TP loads in stormwater runoff (SFWMD et al., 2007).  These 
technologies can be applied both in-stream and in off-line treatment systems.  Aluminum 
sulfate (alum) treatment has been used as a stormwater retrofit option for the past 20 
years.  This technology is a viable retrofit option for urban areas.  Alum treatment of 
stormwater consistently provides removal efficiencies of 85 to 95 percent for total TP, 
greater than 95 percent for total suspended solids (TSS), 35 to 70 percent for total TN, 60 
to 90 percent for metals, and 90 to greater than 99 percent for total and fecal coliform 
bacteria (Harper 2007).   

6.1.5.2.6 Hybrid Wetland Treatment Technology 

Hybrid Wetland Treatment Technology combines the strengths of the two top-ranked 
nutrient removal technologies, namely treatment wetlands and chemical injection system.  
This synergy results in nutrient removal efficiencies beyond those attainable by either 
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separate technology with lower capital and operating costs.  Optimization of system 
performance is achieved by adjusting hydraulic retention time (area of facility) and/or 
chemical dosing rates.  Hybrid Wetland Treatment Technology has been previously 
demonstrated to reduce P concentrations from over 1,000 parts per billion (ppb) to less 
than 100 ppb (Watershed Technologies, Inc. 2007).  Preliminary data from the existing 
full-scale Hybrid Wetland Treatment Technology facilities in Lake Okeechobee and St. 
Lucie watersheds show P concentration reductions in the range of 84 to 94 percent.  A 
typical schematic of the treatment system is shown in Figure 6.1-3. 

 

Figure 6.1-3.  Typical Hybrid Wetland Treatment Technology  

Four pilot Hybrid Wetland Treatment Technology systems are currently being field-
tested.  Three systems are located in the Lake Okeechobee Watershed and one system is 
located in the St. Lucie River Watershed.  If successful, other locations will be evaluated 
for application of this technology.  Depending on the success of the pilot projects, 
additional Hybrid Wetland Treatment Technology management measures may be 
included in future plan updates.  

6.1.5.2.7 Waste Management 

Effluent discharges from existing domestic wastewater treatment facilities are required to 
meet minimum secondary treatment standards in accordance with Rule 62-600.420(1), 
F.A.C.  New facility permits and modification/renewal permits are frequently requiring 
alternative effluent discharge methods, such as reuse and ground water injection, which 
reduce the P and N load entering the estuary through direct discharge.  In addition, other 
management measures will result in the diversion of wastewater effluent discharges from 
treatment plants where there is insufficient demand for reclaimed water to facilities that 
have reclaimed water storage and distribution infrastructure in place, such as the 
Wastewater Treatment Plant Upgrade and Reclaimed Water Project (CRE 129).   

6.1.5.3 Land Management and Restoration 

Land management, conservation, and restoration of natural areas within the 
Caloosahatchee River Watershed are also incorporated into the CRWPP.  Many land 
management and restoration management measures may effectively provide water 
quantity and/or quality benefits to the surrounding watershed and downstream 
waterbodies.  Management measures include creation and restoration of wetlands and 
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incorporation of growth management techniques and initiatives that integrate 
environmental objectives into urban growth planning.   

6.1.5.3.1 Wetland Restoration 

Natural wetlands sequester surface water flows and provide water quality treatment 
through assimilation and sedimentation.  Wetland restoration includes enhancing 
degraded wetlands or restoring areas that were historically wetlands.  Wetland restoration 
may be stand-alone projects, or they may be integral components of other management 
measures, such as Florida Ranchlands Environmental Services Project (CRE-LO 87c).   

6.1.5.3.2 Land Conservation 

Conservation of natural areas in urban settings provides both natural and social benefits.  
One example is the Coastal and Estuarine Land Conservation Program (CRE-LO 09), 
which was established in 2002 to protect coastal and estuarine lands considered important 
for their ecological, conservation, recreational, historical or aesthetic values.  The 
program provides state and local governments with matching funds to purchase 
significant coastal and estuarine lands, or conservation easements on such lands, from 
willing sellers.  Lands or conservation easements acquired with Coastal and Estuarine 
Land Conservation Program funds are protected in perpetuity so that they may be 
enjoyed by future generations. 

Another example is the Farm and Ranchland Partnerships (CRE-LO 91), which seeks to 
acquire easements on private lands to remain in agriculture and to provide water quality 
and storage benefits in support of the Northern Everglades initiative. 

6.1.5.3.3 Integrated Growth Management and Restoration 

This category includes programs and projects that integrate environmental restoration 
objectives with urban growth initiatives.  Planning and economic incentives are typically 
provided to encourage the use of innovative and flexible planning and development 
strategies creating land use planning techniques that minimize the footprint of 
developments while conserving natural lands and open spaces.  Comprehensive Planning-
Land Development Regulations (CRE-LO 68) is an initiative to work with those entities 
(e.g. cities and counties) in the Caloosahatchee River Watershed responsible for 
comprehensive planning and land development proposals.  The initiative involves 
reviewing current comprehensive plans and associated land development regulations to 
assure that they promote low-impact design and proper stormwater treatment. 

In 2001, the Florida Legislature established Section 163.3177(11)(d), Florida Statutes, the 
Rural Land Stewardship Area Program.  This program allows counties to designate Rural 
Land Stewardship Areas, to include all or portions of lands classified in the future land 
use element as predominantly agricultural, rural, open, open-rural, or a substantively 
equivalent land use.  
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Table 6.1-1.  Management Measure Summary Table 
Management 
Measure # 

Project Feature/Activity Category Sub-watershed/ 
Basin1 

Project Scale 

CRE-LO 
01,02,49 

Agricultural BMPs- Owner Implemented, Funded Cost Share, and Cost 
Share Future Funding Water Quality All Source 

Control 

CRE-LO 03 Urban Turf Fertilizer Rule [Lake Okeechobee Estuary and Recovery 
(LOER)] Water Quality All Source 

Control 

CRE-LO 04 Land Applications of Residuals Water Quality All Source 
Control 

CRE-LO 05 Florida Yards and Neighborhoods Water Quality All Source 
Control 

CRE-LO 07 Environmental Resource Permit (ERP) Regulatory Program Water Quality All Source 
Control 

CRE-LO 08 National Pollutant Discharge Elimination System (NPDES)  Stormwater 
Program Water Quality All Source 

Control 

CRE-LO 09 Coastal & Estuarine Land Conservation Program Land Management and 
Restoration 

TN, TS, EST, NC, 
NS Regional 

CRE-LO 12g Alternative Water Storage (LOER) - Barron Water Control District 
(BWCD) Water Quantity/Storage FSW Local 

CRE-LO 15 Proposed Caloosahatchee River Watershed Regulatory Nutrient Source 
Control Program Water Quality All Source 

Control 

CRE-LO 21 Lake Okeechobee and Estuary Watershed Basin Rule (LOER) Water Quality All Source 
Control 

CRE-LO 40 West Lake Hicpochee Project Water Quantity/Storage FNE Regional 

CRE-LO 41 C-43 Distributed Reservoirs Water Quantity/Storage FSE,FNE Regional 

CRE-LO 63 Wastewater & Stormwater Master Plans Water Quantity/Storage and 
Water Quality All Source 

Control 

CRE-LO 64 Proposed Unified Statewide Stormwater Rule Water Quality All Source 
Control 

CRE-LO 68 Comprehensive Planning - Land Development Regulations (LDR) Land Management and 
Restoration All Source 

Control 

CRE-LO 87c Florida Ranchlands Environmental Services Project  Land Management and 
Restoration All Local 

CRE-LO 91 Farm and Ranchland Partnerships Land Management and 
Restoration All Source 

Control 
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Management 
Measure # 

Project Feature/Activity Category Sub-watershed/ 
Basin1 

Project Scale 

CRE-LO 92 Clewiston STA Water Quality S-4 Local 

CRE 01 Recyclable Water Containment Areas (RWCA) Water Quantity/Storage All Local 

CRE 02 Recycled Water Containment Area in the S-4 Basin Water Quantity/Storage S-4 Local 

CRE 04 Caloosahatchee Area Lakes Restoration (Lake Hicpochee) Water Quality and Water 
Quantity/Storage  FNE, FSE Regional 

CRE 05 East Caloosahatchee Water Quality Treatment Area Water Quality FNE Regional 

CRE 10 C-43 Water Quality Treatment and Demonstration Project (BOMA 
Property) Water Quality FSE Regional 

CRE 11 Caloosahatchee Ecoscape Water Quality Treatment Area  Water Quality and Water 
Quantity/Storage FSE Regional 

CRE 13 West Caloosahatchee Water Quality Treatment Area  Water Quality FSE Regional 

CRE 18 Harns Marsh Improvements, Phase I & II Water Quantity/Storage TS Regional 

CRE 19 Harns Marsh Improvements, Phase II Final Design - ECWCD Water Quantity/Storage TS Regional 

CRE 20 Yellowtail Structure Construction - ECWCD Water Quantity/Storage TS Local 

CRE 21 Hendry County Storage Water Quantity/Storage FSW Regional 

CRE 22 Hendry Extension Canal Widening (Construction) - ECWCD Water Quantity/Storage FSW Local 

CRE 29 Lehigh Acres Wastewater Treatment & Stormwater Retrofit Water Quality FSW Regional 

CRE 30 Aquifer Benefit and Storage for Orange River Basin (ABSORB) - ECWCD Water Quality and Water 
Quantity/Storage  TS Regional 

CRE 44 Spanish Creek / Four Corners Environmental Restoration Water Quality and Water 
Quantity/Storage FNW Regional 

CRE 45 Billy Creek Filter Marsh, Phase I & II Water Quality TS Local 

CRE 48 Manuel's Branch Silt Reduction Structure Water Quality TS Local 

CRE 49 Manuel's Branch East & West Weirs Water Quality TS Local 
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Management 
Measure # 

Project Feature/Activity Category Sub-watershed/ 
Basin1 

Project Scale 

CRE 53 Caloosahatchee Creeks Preserve Hydrological Restoration Water Quality and Water 
Quantity/Storage TN Local 

CRE 57 Powell Creek Algal Turf Scrubber Water Quality TN Local 

CRE 59 North Fort Myers Surface Water Restoration Water Quality TN Local 

CRE 64 Yellow Fever Creek/Gator Slough Transfer Facility Water Quality TN Local 

CRE 69 Cape Coral Wastewater Treatment & Stormwater Retrofit Water Quality TN Regional 

CRE 77 Cape Coral - Canal Stormwater Recovery by ASR Water Quantity/Storage TN, NC Regional 

CRE 121 City of LaBelle Stormwater Master Plan Implementation Water Quality FSW Local 

CRE 122 Rehydrate Lee County Well Fields (south of Hwy 82) Water Quantity/Storage FSW Regional 

CRE 123 North Ten Mile Canal Stormwater Treatment System Water Quality TS Local 

CRE 124 Carrell Canal (FMCC) Water Quality Improvements Water Quality TS Local 

CRE 125 Shoemaker-Zapato Canal Stormwater Treatment Water Quality TS Local 

CRE 126 Fort Myers-Cape Coral Reclaimed Water Interconnect Water Quality TN, TS Regional 

CRE 128 East Caloosahatchee Storage Water Quantity/Storage FNE, FSE Regional 

CRE 128a Caloosahatchee Storage - Additional Water Quantity/Storage FNE, FSE Regional 

CRE 129 Wastewater Treatment Plant Upgrade and Reclaimed Water Water Quality and Water 
Quantity/Storage All Regional 

CRE 130 Animal Manure Application Rule Water Quality All Source 
Control 

CRE 131 Application of Septage Rule Water Quality All Source 
Control 

1 Descriptions of the following basins can be found in Chapter 2: 
FNE = Freshwater Northeast Basin  FSW = Freshwater Southwest Basin  NC = North Coastal Basin 
FSE = Freshwater Southeast Basin   TN = Tidal North Basin   NS = South Coastal Basin  
FNW = Freshwater Northwest Basin  TS = Tidal South Basin   EST = Caloosahatchee Estuary 
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6.2 WATER QUANTITY ANALYSIS METHOD  

This section describes the method used to analyze water quantity for the Caloosahatchee River 
Watershed, while water quantity results are presented in Section 6.5.  To establish a baseline 
condition to which all alternatives will be compared, the River Watershed Protection Plan Base 
(RWPPB) Condition is characterized and described.  Finally, water quantity performance 
measures and targets used to evaluate how well each alternative achieves the project goals are 
described. 

The Caloosahatchee River Watershed Protection Plan (CRWPP) builds upon the Northern 
Everglades Lake Okeechobee Watershed Construction Project, Phase II Technical Plan 
(LOP2TP). Thus, the analysis method, modeling tools, and overall evaluation methodologies 
employed in the current planning efforts are similar to the previous plan.  These same methods 
and tools are utilized for the St. Lucie River Watershed Protection Plan (SLRWPP), as well.  
This approach ensures consistency in water quantity analysis conducted for three Northern 
Everglades watersheds. 

6.2.1 Modeling Tools  

The water quantity analysis method used in the CRWPP involves the generation of water budgets 
for each alternative plan.  The water budget information provided by the model feeds into a set of 
performance measures which, in turn, are used to differentiate and compare alternative plans.  

A water budget reflects the relationship among all the components of hydrologic input and 
output for a given area.  Water generally enters a system through precipitation, as well as surface 
and groundwater flows.  Water generally exits the system through human consumption 
(domestic, municipal, industrial, and agricultural), surface and groundwater flows, evaporation 
from water surfaces, and transpiration from vegetation.  The RWPPB Condition is a scenario that 
reflects conditions with the LOP2TP in place.  Alternatives were developed from a series of 
management measures that are intended to improve water quantity and quality, consistent with 
the planning objectives.  Each alternative plan represents a unique combination of management 
measures simulated in the Northern Everglades Regional Simulation Model (NERSM), and 
whose relative effectiveness is evaluated through a standard set of hydrologic performance 
measures.   
 
The CRWPP water quantity analysis was performed at each increment of alternative plan 
development.  Lessons learned from the existing alternatives were used to formulate the next 
alternative.  The NERSM was selected as the modeling tool to carry out the water quantity 
analysis. 

6.2.1.1 Northern Everglades Regional Simulation Model (NERSM) 

The NERSM is a link-node based model designed to simulate the water budget of a regional 
scale drainage basin.  The model assumes that water in each waterbody is distributed in level 
pools.  Therefore, local-scale features within a watershed, e.g. stages at specific gauging stations 
and flows across specific transects, are not simulated.  The model domain covers Lake 
Okeechobee and four major watersheds: Kissimmee, Lake Okeechobee, St. Lucie River, and 
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Caloosahatchee River.  The watersheds are further divided into sub-watersheds, as described 
below.  Several management measures were combined to produce a number of alternatives 
whose individual impacts on pre-established performance measures have been evaluated.  The 
model is an effective tool in comparing the relative performance of the proposed alternatives for 
the CRWPP. 

The computational engine for the NERSM was constructed using an object-oriented approach, 
which allows new objects to be added without the need to significantly alter the previously coded 
modules and objects in the computer program.  For example, adding the operation of a new 
reservoir would be simulated as adding a discrete “object” that is automatically assigned with the 
features and functions commonly defined for a reservoir in the water management system.  Input 
data for the model includes daily records of hydrologic and meteorological data (rainfall and 
potential evapotranspiration), as well as discharges at the boundaries for the period between 1970 
and 2005.  Other model input data includes the physical description of management features 
(e.g., reservoir stage-storage relationship and structure capacities) and corresponding operating 
rules (e.g., maximum operating levels and reservoir outflow priorities). 

6.2.1.1.1 Model Setup  

The NERSM boundary includes the Lake Okeechobee, St. Lucie, and Caloosahatchee River 
watersheds (Figure 6.2-1).  In the LOP2TP, the East Okeechobee (St. Lucie River), West 
Okeechobee (Caloosahatchee River), and the Everglades Agricultural Area (EAA) watersheds 
were not explicitly modeled in the NERSM.  However, in the planning efforts of the River 
Watershed Protection Plans, the NERSM domain was expanded to include direct simulations of 
the St. Lucie and Caloosahatchee River watersheds.  Since the EAA is not explicitly modeled, 
impacts of the EAA reservoir on the other portions of the study area were considered as 
boundary conditions.  This section focuses on the model set-up common to both the LOP2TP and 
the RWPPB Condition.  The succeeding section will provide additional details on how the two 
river watersheds were incorporated into the model. 

Lakes in the Upper Kissimmee Watershed and pools in the Lower Kissimmee Watershed are 
simulated as level pools.  Watershed inflows, such as local runoff, are treated as boundary 
conditions and were generated from other hydrologic models or from historical data.  A flow 
pass-through approach is used for the other watersheds where historical runoff into Lake 
Okeechobee is modified, based on proposed management measures specific to these watersheds.  

Lake Okeechobee was also simulated using a lumped hydrologic approach.  Certain inflows and 
outflows from Lake Okeechobee are not simulated, and are incorporated into a modified delta 
storage term or imposed as boundary conditions.  The South Florida Water Management Model 
(SFWMM) is the main source of boundary conditions for the NERSM.  Boundary conditions 
include water supply deliveries to the Lower East Coast urban areas and environmental releases 
to the Everglades.  Regulatory releases from Lake Okeechobee to the Caloosahatchee and St. 
Lucie estuaries and to the Water Conservation Areas (WCAs) are simulated based on the Water 
Supply/Environmental (WSE) Regulation Schedule.  The Hybrid Lake Okeechobee Water 
Shortage Management (LOWSM) water supply management scheme is simulated in conjunction 
with fixed demand boundary conditions to approximate the water supply drought management 
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cutbacks for Lake Okeechobee Service Area (LOSA) basins.  Lake Okeechobee is a primary or 
secondary source of water supply to the LOSA basins. 

 
Figure 6.2-1.  Watersheds Simulated in the Northern Everglades Regional Simulation Model  
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The selected period of record, 1970 to 2005, is slightly different from the 36-year period of 
record (1965 to 2000) typically used by the SFWMM.  The inclusion of the latter five years 
(2001 to 2005) in the NERSM period of record was driven by the desire to use the most current 
climatic information available, which includes extreme events, such as Hurricanes Charlie, 
Frances, and Jeanne in 2004 and Hurricane Wilma in 2005.   

No detailed verification was done during initial model set-up; however, the NERSM was 
validated by making comparative runs with established models currently in use within the model 
domain: the UKISS for the Upper Kissimmee Watershed (Fan, 1986) and the SFWMM for Lake 
Okeechobee and areas further south. 

A series of assumptions were developed to facilitate model set-up; these assumptions are 
documented in Appendix C.  Additional information on how each individual watershed was 
modeled is also included in this appendix. 

6.2.1.1.2 Conceptualization in River Watershed Protection Plans 

As mentioned in the previous section, additional conceptualization beyond what was done in the 
LOP2TP was necessary for the two river watersheds in order to simulate specific management 
measures outside the original NERSM domain.  For a more detailed description of the model 
setup and conceptualization for Caloosahatchee River and St. Lucie River watersheds, see 
Appendix C. 

Caloosahatchee River Watershed 

The Caloosahatchee River Watershed is conceptualized as a series of interconnected nodes (e.g., 
single or multiple basins/storage) and links (e.g., single-purpose or multi-purpose structure).  A 
simple example of the node-link diagrams used for the model is shown in Figure 6.2-2.  Demand 
and runoff in the East Caloosahatchee Basin (ECAL) and West Caloosahatchee Basin (WCAL) 
are very different in magnitude.  Therefore, in order to better account for available water for 
capture by individual water management measures proposed in the CRWPP, the two basins were 
modeled as two separate nodes.  The Caloosahatchee Estuary and the S-4 Basin were also 
simulated as individual nodes.  Specific management measures, such as reservoirs and water 
quality treatment features proposed in the CRWPP, were modeled as storage nodes.  The link 
node diagrams for all the model runs are included in Appendix C. 

Storage nodes are linked by single-purpose or multi-purpose water control structures.  Inflow 
into the ECAL includes the S-77 structure, which is used for water supply, environmental, and 
regulatory purposes; and the S-235 structure, which discharges excess runoff from the S-4 basin.  
S-77 will also allow natural backflow into Lake Okeechobee when the lake stage is less than 
11.5 feet (ft) National Geodetic Vertical Datum (NGVD).  This backflow component was 
identified as a separate outflow time series from ECAL (S-77BK). The ECAL and WCAL basins 
are connected through the S-78 structure, which controls discharge for water supply, 
environmental and flood control purposes.  The WCAL discharges into the Caloosahatchee 
Estuary through S-79, which handles both deliveries to meet estuary needs and upstream excess. 
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Figure 6.2-2.  Sample Node-Link Representation for CRWPP Model 

Runoff generated from the ECAL and WCAL basins was applied directly to each corresponding 
model node as a boundary condition.  These runoff time series were adjusted (reduced) for each 
alternative, in order to account for the footprint of proposed management measures (reservoirs 
and stormwater treatment areas) to be simulated within the alternative.  Agricultural and public 
water supply demands in ECAL and WCAL basins and environmental needs in the estuary drive 
water supply and environmental deliveries in the model.  Surface water demand from the Olga 
public water supply plant in Lee County was accounted for in the WCAL demand time series.  
Excesses in upstream nodes were first used to meet water supply and environmental demands in 
downstream nodes.  The remaining water supply need was met from Lake Okeechobee, subject 
to the Hybrid LOWSM cutback scheme.   

In the RWPPB and alternative scenario simulations, the proposed Comprehensive Everglades 
Restoration Plan (CERP) Caloosahatchee River (C-43) West Basin Storage Reservoir was 
included.  The purpose of this reservoir is to store basin excess and Lake Okeechobee regulatory 
releases that exceed estuary demands.  During times of low upstream excess and absence of lake 
regulatory releases, the reservoir is used to meet estuary demands before any additional water is 
brought in from Lake Okeechobee for environmental purposes.  The remaining environmental 
need may be met from Lake Okeechobee, as long as the lake stage is greater than 11.5 ft NGVD. 

St. Lucie River Watershed 

The St. Lucie River Watershed is conceptualized using the same node-link approach as 
Caloosahatchee River Watershed.  The St. Lucie River Watershed was subdivided into four non-
tidal nodes (C-44, C-23, C-24, and Ten Mile Creek), and one tidal node (comprised of Basins 
4,5, and 6, and South Fork, plus the tidal portion of North Fork that is outside the Ten Mile 
Creek Basin).  The non-tidal nodes are linked to the St. Lucie Estuary via structures, S-80, S-48, 
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and S-49, respectively.  The tidal node discharges freely into the estuary without an intervening 
control structure. 

NERSM, as used in the LOP2TP, conceptualized the St. Lucie River Watershed as two nodes: C-
44 and non-C-44. The model showed that more detail was needed in the non-C-44 model node, 
in order to simulate the proposed storage facilities in the different sub-basins that comprise this 
node.  Therefore, a total of five basins were simulated in the RWPP model runs, including C-44, 
C-23, C-24, Ten Mile Creek, and one tidal basin [comprised of the North Fork (excluding Ten 
Mile Creek), South Fork and Basins 4, 5, and 6].   

Three important time series drive this model: basin irrigation demands, basin runoff, and the St. 
Lucie Estuary target flows.  Pre-processed supplemental irrigation demands and basin runoff 
were associated with each basin represented in the model.  Except for the C-44 basin, all runoff 
and demand time series were obtained from Watershed Hydrology and Water Quality Model 
(WaSh) modeling (Wan and Roaza, 2003).  The runoff and demand time series for C-44 Basin (a 
part of LOSA), were derived from the Agricultural Field Scale Irrigation Requirements 
Simulation Water Budget (AFSIRS/WATBAL) model, instead of the WaSh modeling, to be 
consistent with the rest of LOSA.  Non-C-44 basins in the St. Lucie River Watershed are not 
connected directly to Lake Okeechobee and, thus, do not receive lake supplemental irrigation 
deliveries from it.  Backflow from the C-44 basin into Lake Okeechobee is initiated when the 
simulated stages at Lake Okeechobee drop to less than 14.5 ft NGVD.  

For the RWPPB, the C-44 and Ten Mile Creek reservoirs and stormwater treatment areas (STAs) 
were added as additional nodes that represent storage facilities expected to be in place by 2015.  
Both the reservoir and STA facilities in each of these basins were simulated as a combined unit, 
such that only two additional model nodes are used.   

A third important time series that drives the St. Lucie River Watershed simulation is the St. 
Lucie Estuary target time series.  This time series represents the anticipated discharges into the 
St. Lucie River after features of the Indian River Lagoon-South preferred alternative are put in 
place.  Output from the Reservoir Optimization Model (OPTI-5 that was subsequently upgraded 
to OPTI-6) used in Indian River Lagoon-South Final Integrated Project Implementation Report 
and Environmental Statement (IRL-S PIR) was the source for the St. Lucie Estuary target time 
series and is referred to as NERSM operational targets for the estuary.  In order to take advantage 
of the increased resolution in modeling the area, the time series was parsed into each individual 
contributing (non-tidal) basin.  To be consistent with the objectives of the SLRWPP, no Lake 
Okeechobee releases were made in the model to meet the low-flow operational targets for the 
estuary.  

For SLRWPP alternative formulation, a combined C-23/C-24 Reservoir and C-23/C-24 STA 
model nodes were created with associated operating rules.  These features are consistent with the 
IRL-S PIR Recommended Plan.  The multiple model node representation of non-C-44 basins 
facilitates various scenarios for water transfer to occur between C-23 and C-44 Reservoir/STA, 
C-23/C-24 STA and Ten Mile Creek Basin, C-23 Basin and C-23/C-24 Reservoir, C-24 Basin 
and C-23/C-24 Reservoir, and C-23/C-24 Reservoir and C-23/C-24 STA, as specified in the IRL-
S PIR Recommended Plan (see Appendix C Section 2.2.6.1 for more details). 
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6.2.1.1.3 Boundary Conditions 

Caloosahatchee River Watershed 

The NERSM runoff/demand time series for ECAL, WCAL, and S-4 basins were obtained from 
the AFSIRS/WATBAL model, as used in the SFWMM modeling in support of the 
Caloosahatchee River (C-43) West Basin Storage Reservoir Project.  The AFSIRS/WATBAL 
hydrologic model is a simplified basin-scale water budget model and is based on the Agricultural 
Field Scale Irrigation Requirements Simulation (AFSIRS) model (Smajstrla, 1990).  The 
AFSIRS/WATBAL model calculates the supplemental (beyond local net rainfall and storage) 
demands for irrigated and non-irrigated lands and provides basin scale estimates of runoff.  
Output from AFSIRS/WATBAL model was used as input to SFWMM and, more recently, to the 
NERSM. 

A 36-year (1970 to 2005) period of record was used for this project. Even though the ECAL and 
WCAL were represented in the AFSIRS/WATBAL model, the calibration was performed for the 
entire Caloosahatchee River basin as a whole (Wilcox and Konyha, 2003).  

As a part of data pre-processing, an adjustment was done to both the ECAL and WCAL 
demand/runoff time series, using an assumed seepage value of 40 cubic feet per second (cfs)/day 
from east to west across S-78 structure.  Another adjustment was made to ensure that runoff and 
demand did not occur on the same day, which is a requirement in the NERSM.  The model did 
not allow for WCAL runoff to meet ECAL demands (unlike AFSIRS/WATBAL), which is better 
representation of reality compared to a single Caloosahatchee River basin representation.  

The Caloosahatchee River (C-43) West Basin Storage Reservoir specifications were taken from 
the Caloosahatchee River (C-43) West Basin Storage Reservoir Project Implementation Report.  
Due to the reservoir footprint, the runoff time series was adjusted internally in the NERSM by 
applying a factor that is defined as the ratio of the remaining contributing watershed area (total 
watershed area less the C-43 West Basin Storage Reservoir footprint) to the total watershed area. 

S-4 Basin runoff/demands were aggregated based on estimates for Disston Water Control 
District and non-Disston Water Control District portions of S-4 Basin.  Other input parameters, 
like rainfall and potential evapotranspiration for ECAL, WCAL and S-4 Basin, were the same as 
used in the AFSIRS/WATBAL modeling for Acceler8. 

St. Lucie River Watershed 

Except for the C-44 Basin, all runoff and demand time series were obtained from WaSh 
modeling.  Because the C-44 Basin is a part of LOSA, the runoff and demand input time series 
were derived from the AFSIRS/WATBAL model instead of the WaSh modeling.  WaSh is a 
time-dependent, coupled hydrologic and hydraulic simulation model.  It includes many features 
specifically required to simulate conditions in the St. Lucie River Watershed basins, such as 
irrigation demand and supply, high water table conditions, fully coupled groundwater and 
surface interactions, reservoirs and STAs, and flow structures. 

Operational flow targets in the NERSM were assigned downstream of each contributing basin 
(represented as model nodes) and were established using OPTI-6.  The optimization model 
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OPTI-6 determines the optimal sizing and operating rules for reservoirs in the watershed, such 
that the long term natural flow distribution of stormwater discharges to the estuary is matched.  It 
also minimizes the required capacities of the detention reservoirs, while providing reliable 
supplemental irrigation at the required pumping levels (Wan et al., 2006).   

The St. Lucie River Watershed basins demand/runoff flow time series, as produced by WaSh, 
was used as an input to OPTI-6.  The purpose of this effort was to create operational flow targets 
for all basins, so that the NERSM could know whether to hold or release the water to the estuary.  
By meeting these operational flow targets, the NERSM can essentially mimic OPTI-6 
performance in terms of meeting its ecological/environmental goals. 

6.2.1.2 Model Scenarios 

Modeling tools were used to evaluate project alternatives by comparing the modeling results to 
the performance measure targets.  Base conditions were established to provide a starting point by 
which relative comparisons will be made between the project alternatives.  The following is a 
summary of the various scenarios that were modeled to determine system-wide impacts likely to 
be associated with implementation of each alternative: 

• Current Base (CBASE) – This scenario includes the following assumptions: 
− The conditions are represented as they existed in the Northern Everglades Watershed in 

2005; 
− There are no CERP projects or LOP2TP projects in place; and  
− Lake Okeechobee releases to the estuary and WCAs are based on the existing WSE 

regulation schedule. 
 
• River Watershed Protection Plan Base (RWPPB) – This scenario assumes the base 

condition of 2015, with the following projects in place: 
- LOP2TP Recommended Projects: Combined Reservoir storage, STA storage and aquifer 

storage and recovery (ASR) capacity equal to 914,000 acre-feet, 54,000 acre-feet and 66 
million gallons per day, respectively.  Additional details can be found in the LOP2TP; 

- Acceler8 Projects: C-43 (Caloosahatchee River) Reservoir, C-44 (St. Lucie Canal) 
Reservoir and STA, and A-1 (Everglades Agricultural Area Reservoir A-1); 

- Kissimmee Projects: Kissimmee River Restoration Project and the Kissimmee River 
Headwaters Revitalization; 

- Ten Mile Creek Reservoir in St. Lucie River Watershed; and 
- Authorized MODWATERs and C-111 projects. 

 
• Alternative Plans – Management measures were combined to develop alternative plans to 

meet the performance measure targets (water quantity and quality goals). 
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6.2.2 Water Quantity Performance Measures and Targets  

Performance measures and performance indicators provide a means to evaluate how well each 
alternative achieves the project goals.  Alternative plans are specifically formulated to achieve 
the targets set for each of the performance measures (e.g., flow ranges, limits, and distribution), 
as described in Section 6.4.  Each alternative is then evaluated on how efficiently and effectively 
it meets such performance measure targets, as discussed in Section 6.5.  The performance 
measures and indicators utilized in the comparison include the high discharge criteria, the 
salinity envelope criteria, the proposed Lake Okeechobee minimum water level criteria, and the 
supplemental irrigation requirements. 

6.2.2.1 High Discharge Criteria 

As discussed in Section 3.5, favorable maximum monthly flow (from surface water sources) for 
the Caloosahatchee Estuary (2,800 cfs) will provide suitable salinity conditions to promote the 
development of identified valued ecosystem components (e.g., oysters and seagrass).  Mean 
monthly flows greater than 4,500 cfs result in freshwater conditions throughout the estuary, 
causing severe impacts to estuarine biota [Restoration Coordination and Verification 
(RECOVER), 2007]. 

The restoration target for the high discharge criteria in the Caloosahatchee Estuary are as 
follows: 

• Limit mean monthly flows greater than 2,800 cfs to three months or less over a 432-
month period; and 

• Eliminate mean monthly flows greater than 4,500 cfs over a 432-month period. 

6.2.2.2 Salinity Envelope 

Discharges from the watershed should be managed to maintain a salinity range conducive to the 
ecological health of the Caloosahatchee Estuary.  The relationship between high flows and low 
salinity conditions are briefly described in Section 6.2.2.1.  As discussed in Section 3.5, average 
monthly flows less than 450 cfs from October to July will produce high salinity conditions that 
are unfavorable to estuarine biota.  The restoration target for the salinity envelope performance 
indicator in the Caloosahatchee Estuary is as follows: 

• Eliminate mean monthly flows less than 450 cfs from October to July; and  
• Limit the number of times monthly flows exceed 2,800 cfs for three occurrences. 

6.2.2.3 Target Flow Index 

The Target Flow Index (TFI) reflects the ideal flow distribution to the estuary, which would 
result in a healthy and productive estuary.  The TFI compares the modeled flow distributions 
against a target or desired flow distribution at S-79.  The green line depicted in Figure 6.2-3 
represents the desired flow distribution at S-79 that was derived from the EST05 time series of 
flows.  The TFI evaluation method calculates a composite score for a given alternative scenario 
by adding up weighted deviations from a desired flow distribution – more specifically, a set of 
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-1.121 

-4.601

0.000 

TFI

flow categories that characterizes EST05 (Chamberlain, 2008). Deviation from the desired flow 
distribution will result in a negative TFI.  The TFI progressively becomes negative as the flow 
deviates from the target.  A value of zero signifies a perfect match to EST05.  

Figure 6.2-3.  Target Flow Index Criteria Graph 

6.2.2.4 Lake Okeechobee Proposed Minimum Water Level Criterion 

This criterion is being used as a performance indicator to ensure that alternatives do not cause 
any adverse impacts on Lake Okeechobee minimum water levels.  The target of the Lake 
Okeechobee proposed minimum water level performance indicator allows for only one 
occurrence over a six-year period, when water levels drop below 11 ft NGVD for more than 80 
days. 

6.2.2.5 Supplemental Irrigation Requirements 

Supplemental irrigation requirements are being evaluated to ensure that the plan does not 
adversely affect LOSA water supply demands.  This was done utilizing two water supply 
performance indicators.  The first indicator evaluates water supply cutback volumes during the 
seven worst drought years. The second indicator evaluates demands not met based on the entire 
period of record.  The goal of both indicators is to ensure that “LOSA demands not met” and 
“cutback volumes” are equal to or better than existing conditions. 
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6.3 Water Quality Analysis Method and Base Condition Characterization 

This section provides an overview of the water quality analysis method and, based on the results 
of the analysis, a description of the water quality conditions and conclusions for the 
Caloosahatchee River Watershed and each individual sub-watershed.  

6.3.1 Water Quality Spreadsheet  

Water quality modeling was accomplished using algorithms in a Microsoft Excel® spreadsheet 
to estimate nutrient loads and the load reductions that would result from the implementation of 
various management alternatives.  This simplified approach was selected because of time 
constraints and, more importantly, limitations in the data needed to populate a more complex, 
process-based model.  

Watershed loading simulations were based on land-use specific total nitrogen (TN) and total 
phosphorus (TP) loading rates that were compiled from various sources by Soil and Water 
Engineering Technology, Inc. (SWET, 2008) (Appendix D).  As described below, calibration of 
the model was done using flow and nutrient concentrations measured at various structures in the 
river.  The water quality spreadsheet is categorized by sub-watershed and the three basic water 
quality conditions: the Current Base (CBASE) Condition, the River Watershed Protection Plan 
Base (RWPPB) Condition, and the Alternative Conditions.  Table 6.3-1 shows an example of the 
water quality spreadsheet for TN, using Alternative 1 as a representative Alternative Condition.  
Similar calculations were made for TP, although for simplicity, these results are not shown in the 
table.  The following sections describe the components of the water quality spreadsheet and 
define the columns, the origin of the data, and how the values were calculated.     

6.3.1.1 Current Base Condition 

The CBASE Condition section of the water quality spreadsheet (Table 6.3-1) is the first building 
block of the spreadsheet and represents the 2005 condition of the Caloosahatchee River 
Watershed.  It summarizes the average annual discharge (column 3a), the average annual TP or 
TN load (column 3b), and the resulting average annual TP or TN concentration (column 3c), 
based on the 1995 to 2005 period of record. 

In determining average annual discharge and average annual TP or TN loads, measured data for 
the Caloosahatchee River (C-43 Canal) at structures S-77, S-78, and S-79 on the C-43 Canal 
were used.  Daily values were available for discharge.  Monthly loads were estimated by 
combining data from monthly water quality samples with the discharge record (i.e., daily flows 
were summed for the month and multiplied by the grab sample concentration).   

There are insufficient data available downstream from S-79 for direct estimation of discharge or 
loads.  Accordingly, simulations for the Tidal Caloosahatchee Sub-watershed and the North 
Coastal Basin were calibrated to flows and loads estimated in 2008 by the Florida Department of 
Environmental Protection (FDEP) as part of the Total Maximum Daily Load (TMDL) 
development process, using the Watershed Management Model (WMM).  Sub-basins, land uses, 
and loading factors in the WMM were identical to those used in the spreadsheet loading model.    
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Table 6.3-1.  Water Quality Spreadsheet Example 

3 - Current Base (CBASE) Condition 4 - River Watershed Protection Plan Base (RWPPB) Condition 

1 - Sub-watershed 2 - Area 
(acres) 3a - Annual 

Discharge(1) 
(ac-ft/yr) 

3b - Annual 
Total 

Nitrogen 
Load(1) 
(mt/yr) 

3c - Total 
Nitrogen 
Conc.(1) 
(ppm) 

4a - Load 
Reduction 

(mt/yr) 

4b - 
Remaining 
Discharge 
(ac-ft/yr) 

4c - 
Remaining 

Conc.(2) 
(ppm) 

4d - 
Adjusted 

Remaining 
Load(2) 
(mt/yr) 

4e - Load 
Reduction 

from 
CBASE 

(percent) 
S-4(5) 42,504 45,698 93.0 1.65 0.0 45,698 1.65 93.0 0.0% 
East Caloosahatchee 198,299 232,874 460.4 1.60 0.0 232,874 1.60 460.4 0.0% 
West Caloosahatchee 349,734 646,089 1,121.9 1.41 93.2 646,089 1.29 1,028.7 8.3% 
Tidal Caloosahatchee 262,023 456,580 863.6 1.53 0.0 456,580 1.53 863.6 0.0% 
Coastal 227,236 224,952 360.8 1.30 0.0 224,952 1.30 360.8 0.0% 
Lake Okeechobee input(6) n.a. 975,042 1,950.9 1.62 735.9 674,700 1.46 1,215.0 37.7% 
Total for CRWPP 1,079,796 1,606,192 2,899.7 1.46 93.2 1,606,192 1.42 2,806.5 3.2% 
Total for CRWPP, with Lake Okee. n.a. 2,581,234 4,850.6 1.52 829.2 2,280,892 1.43 4,021.4 17.1% 

 

5 - Alternative 1  (Common Elements) 

5a - Owner-Implemented 
BMPs(3) 

5b - Cost-Share  
BMPs(4) 5c - Local Projects 5d - Regional Projects 5e - Summary of Alternative 1 

Load 
Reduction 

(mt/yr) 

Remaining 
Load 

(mt/yr) 

Load 
Reduction 

(mt/yr) 

Remaining 
Load 

(mt/yr) 

Load 
Reduction 

(mt/yr) 

Remaining 
Load 

(mt/yr) 

Load 
Reduction 

(mt/yr) 

Remaining 
Load 

(mt/yr) 

Load 
Reduction 

(mt/yr) 

Remaining 
Concen- 
tration(2) 
(ppm) 

Adjusted 
Remaining 

Load(2) 
(mt/yr) 

Load 
Reduction 

from 
RWPPB 
(percent) 

6.9 86.1 13.0 73.1 0.0 73.1 0.0 73.1 19.9 1.30 73.1 21.4% 
41.2 419.3 41.8 377.5 0.0 377.5 87.2 290.2 170.2 1.01 290.2 37.0% 
96.7 932.0 76.0 856.0 37.5 818.5 42.9 775.6 253.1 0.97 775.6 24.6% 
89.4 774.2 79.9 694.2 30.0 664.2 0.0 664.2 199.3 1.18 664.2 23.1% 
26.0 334.8 14.7 320.0 1.3 318.8 0.0 318.8 42.0 1.15 318.8 11.6% 
n.a. 735.9 n.a. 735.9 0.0 735.9 0.0 735.9 0.0 1.46 1,215.0 0.0% 

260.1 2,546.3 225.5 2,320.8 68.8 2,252.0 130.1 2,121.9 684.5 1.07 2,121.9 24.4% 
260.1 3,761.3 225.5 3,535.8 68.8 3,467.0 130.1 3,336.9 684.5 1.19 3,336.9 17.0% 
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 Notes for Table 6.3-1: 
(1)  CBASE conditions are average annual values and are based on measured data for the period 1995 to 2005. Units for all 
columns:  Flow = acre-feet per year (ac-ft/yr); Load = metric tons per year (mt/yr); Concentration = parts per million (ppm). 
(2)  Where load reductions were projected to result in concentrations less than 0.80 ppm, the remaining load was estimated by 
multiplying the basin flow by 0.80 ppm. 
(3)  Owner-implemented best management practices (BMPs) are adjusted for urban pervious areas and the percentages of the 
BMPs that already have been implemented (30 percent for row crops, 50 percent for ornamentals/nurseries, and percent that 
became citrus after 1988). 
(4)  Cost-share BMPs are adjusted for the percentages of the BMPs that already have been implemented (percent that became 
urban after 1988, 30 percent for row crops, 50 percent for ornamentals/nurseries, and percent that became citrus after 1988). 
(5)  Approximately 50 percent of the flow from S-4 basin discharges directly into Lake Okeechobee.  Flows and loads shown 
here represent the estimated inputs to the Caloosahatchee Watershed at S-235. 
(6)  Lake Okeechobee discharges into the Caloosahatchee Watershed at S-77; thus the full reach of the Caloosahatchee River and 
Estuary are affected by inputs from Lake Okeechobee. 

 
For the Nearshore Basin, neither sampled nor modeled data were available for estimation of 
source loads or discharge.  For that area, the estimates of discharge and load were based solely 
on land use acreages, as described below. 

Approximately half of the flow from the S-4 Sub-watershed discharges directly into Lake 
Okeechobee and half discharges to the Caloosahatchee Watershed.  Flows and loads used in this 
report represent the estimated inputs from the S-4 Sub-watershed to the C-43 Canal at structure 
S-235.  They were estimated from a water-balance analysis for flow and TP for the S-4 area for 
the period 1993 to 2004 (Burns & McDonnell, 2008).  For this report, the flow and TP 
discharged to the Caloosahatchee River Watershed were estimated as 48 percent of the totals 
given in the Interim Draft Report on the S-4 Basin Feasibility Study.  That study did not collect 
TN data; so for this report, the TN load from the S-4 Sub-watershed was estimated as having an 
average concentration of 1.65 milligrams per liter (mg/L). 

The water quality analysis method simulates the sources of flow and loads for the geographic 
areas of the basins and sub-watersheds that were described in Section 2.4.  It also tracks the 
sources of TP and TN loads for different land-use types and estimates some of the source-load 
reductions on the basis of land-use types.  Because the available data does not contain the 
necessary level of detail, a procedure was developed to estimate flows and loads for the basins 
and land-use types.  These estimated flows and loads were then adjusted proportionally to fit the 
available data.  This procedure is described in the following paragraphs.  Though computed for 
each basin in the Caloosahatchee River Watershed Protection Plan (CRWPP) study area, most of 
the tabular data has been compiled by sub-watershed for ease of presentation in this report. 

The Florida Land Use, Covers, and Forms System (FLUCCS) land-use categories, described in 
Section 2.4, were grouped into twenty land-use types for further analysis, and acreages were 
summed for each basin.  Table 6.3-2 shows the acreages for the land-use types for each sub-
watershed. 

Runoff coefficients and loading-rate coefficients for TP and TN were developed for the different 
land-use types in the CRWPP by SWET.  The SWET Report can be found in Appendix D.  The 
loading-rate coefficients for TP and TN are shown in Table 6.3-3.  When the coefficients are 
multiplied by the acreages for each land-use type within each basin, source discharge and 
loadings were estimated.  These coefficients were calibrated for the reach between structure S-78 
and S-79, which includes the East Caloosahatchee and West Caloosahatchee sub-watersheds. 
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Table 6.3-2.  Distribution of Land-Use Types by Sub-watershed 
S-4 East Caloosahatchee West Caloosahatchee Tidal Caloosahatchee Coastal 

Land-Use Type Area 
(acres) 

Percent of 
Total Area 

Area 
(acres) 

Percent of 
Total Area 

Area 
(acres) 

Percent of 
Total Area 

Area 
(acres) 

Percent of 
Total Area 

Area 
(acres) 

Percent 
of Total 

Area 
Residential Low Density 548 1.3% 3,015 1.5% 14,869 4.3% 30,111 11.5% 28,321 12.5% 
Residential Medium Density 1,506 3.5% 383 0.2% 1,758 0.5% 26,183 10.0% 3,567 1.6% 
Residential High Density 77 0.2% 59 0.0% 398 0.1% 8,501 3.2% 2,418 1.1% 
Other Urban 2,231 5.2% 1,162 0.6% 1,873 0.5% 14,329 5.5% 3,974 1.7% 
Improved Pasture 797 1.9% 36,795 18.6% 55,555 15.9% 21,392 8.2% 2,613 1.1% 
Unimproved Pasture 0 0.0% 5,752 2.9% 12,736 3.6% 4,873 1.9% 466 0.2% 
Rangeland, Woodland Pasture 278 0.7% 10,890 5.5% 31,543 9.0% 23,255 8.9% 12,165 5.4% 
Row Crops 0 0.0% 1,080 0.5% 6,354 1.8% 1,632 0.6% 591 0.3% 
Sugar Cane 32,932 77.5% 52,751 26.6% 2,058 0.6% 0 0.0% 0 0.0% 
Citrus 66 0.2% 26,593 13.4% 69,008 19.7% 824 0.3% 193 0.1% 
Sod 0 0.0% 289 0.1% 2,947 0.8% 1,833 0.7% 0 0.0% 
Ornamentals 0 0.0% 16 0.0% 369 0.1% 300 0.1% 175 0.1% 
Horse Farms 0 0.0% 140 0.1% 38 0.0% 24 0.0% 0 0.0% 
Dairies 0 0.0% 18 0.0% 0 0.0% 38 0.0% 0 0.0% 
Other Agriculture 325 0.8% 755 0.4% 2,746 0.8% 4,886 1.9% 2,197 1.0% 
Tree Plantations 0 0.0% 12,923 6.5% 28,403 8.1% 1,103 0.4% 69 0.0% 
Water 717 1.7% 2,061 1.0% 3,639 1.0% 22,896 8.7% 101,055 44.5% 
Natural Areas 2,431 5.7% 42,467 21.4% 114,598 32.8% 96,350 36.8% 68,443 30.1% 
Transportation 330 0.8% 741 0.4% 645 0.2% 2,674 1.0% 524 0.2% 
Communication, Utilities 268 0.6% 408 0.2% 195 0.1% 820 0.3% 467 0.2% 
Total 42,504 100.0% 198,299 100.0% 349,734 100.0% 262,023 100.0% 227,236 100.0% 
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Table 6.3-3.  Summary of Land-Use Loading Rates and Acreages 
Loading Rate Area in Watershed 

Land-Use Type Total 
Phosphorus 
(lb/ac/yr) 

Total 
Nitrogen 
(lb/ac/yr) 

Area 
(acres) 

Percent of 
Total Area 

Residential Low Density 0.68 7.26 76,863 7.1% 
Residential Medium Density 1.93 10.56 33,396 3.1% 
Residential High Density 4.14 15.84 11,453 1.1% 
Other Urban 2.05 11.68 23,568 2.2% 
Improved Pasture 1.93 14.65 117,152 10.8% 
Unimproved Pasture 0.99 7.26 23,827 2.2% 
Rangeland, Woodland Pasture 0.40 5.41 78,130 7.2% 
Row Crops 3.45 19.80 9,656 0.9% 
Sugar Cane 0.55 10.56 87,741 8.1% 
Citrus 0.90 11.22 96,684 9.0% 
Sod 2.79 11.88 5,070 0.5% 
Ornamentals 4.00 15.84 861 0.1% 
Horse Farms 2.51 21.12 202 0.0% 
Dairies 12.94 26.40 56 0.0% 
Other Agriculture 3.20 10.18 10,909 1.0% 
Tree Plantations 0.21 4.09 42,498 3.9% 
Water 0.07 1.19 130,368 12.1% 
Natural Areas 0.11 2.96 324,289 30.0% 
Transportation 2.28 12.14 4,915 0.5% 
Communication, Utilities 0.66 7.92 2,159 0.2% 

Total     1,079,796 100.0% 

 
For East Caloosahatchee Sub-watershed, the values were adjusted to match the difference in flow 
and load between structures S-77 and S-78.  For the S-4 Sub-watershed, flows and loads were 
adjusted to match the values derived from the Draft S-4 Feasibility Study.  For the West 
Caloosahatchee Sub-watershed, the values were adjusted to match the difference in flow and 
load between structures S-78 and S-79.  For the Tidal Caloosahatchee Sub-watershed and the 
North Coast Basin, the values were adjusted to match the values derived from FDEP’s WMM 
model.  For the Nearshore Basin, which consists of tidal water bodies and several offshore 
islands, in-basin assimilation was assumed to reduce the source flows and loads by 10 percent in 
lieu of more site-specific data. 

Input flows and loads to the Caloosahatchee River Watershed from Lake Okeechobee at 
structure S-77 contribute to the total flow and loads within the Caloosahatchee River and to the 
flows and loads that discharge from the Caloosahatchee River into the Caloosahatchee Estuary at 
structure S-79.  The measured data for net inflow at S-77 for the 1995-2005 period of record 
were used to represent the CBASE Condition input from Lake Okeechobee. 

The values in columns 3a, 3b, and 3c of Table 6.3-1 contain the adjusted values for annual flow, 
load, and concentration that are contributed from each sub-watershed to the riverine and 
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estuarine systems.  They represent the best-available estimates of flows and loads from the sub-
watersheds, and generally the annual averages for the years 1995 to 2005 are used to define the 
CBASE.  Concentration is a flow-weighted average and is computed by dividing total load by 
total flow.  TP concentration is reported as parts per billion (ppb) or micrograms per liter (µg/L), 
and TN as parts per million (ppm) or milligrams per liter (mg/L). 

6.3.1.2 River Watershed Protection Plan Base (RWPPB) Condition  

The water quality RWPPB Condition is the second building block of the water quality 
spreadsheet, and represents the anticipated loading to the estuarine system after the 
implementation of several base projects.  These base projects are presumed to be in place in the 
near future and include full restoration of the Kissimmee River, including the Kissimmee River 
Headwaters Revitalization project, the Northern Everglades Lake Okeechobee Watershed 
Construction Project, Phase 2 Technical Plan (LOP2TP), the Caloosahatchee River (C-43) West 
Basin Storage Reservoir Project, and other Acceler8 projects. 

The base projects include the LOP2TP projects which will affect the inflow from Lake 
Okeechobee to the Caloosahatchee River Watershed at S-77.  More specifically, implementation 
of the projects in the LOP2TP is expected to reduce the amount of water that discharges from the 
Lake to the estuary and it is also expected to affect the quality of the water that is discharged 
from the Lake.  In regards to discharge volumes, the post-project average annual inflow was 
estimated at 675,000 acre-ft (ac-ft), as compared to 975,000 ac-ft in the pre-project condition.  
These estimates reflect the post-project flows at S-77 based on Northern Everglades Regional 
Simulation Model output.  In regards to water quality, it was assumed that discharges into Lake 
Okeechobee were consistent with the Lake Okeechobee phosphorus (P) TMDL of 105 metric 
tons (mt) (from surface inflows). 

To compare discharge loads to the Caloosahatchee River, with and without water quality 
enhancements in place, two model scenarios were developed: 1) the base scenario, without 
features that improve water quality; and 2) the LOP2TP scenario, which includes the features 
that improve water quality and meets the Lake Okeechobee P TMDL of 105 mt.  The Lake 
Okeechobee Water Quality Model (LOWQM) was used to simulate these two scenarios.  The 
model estimated an average lake-wide TP concentration of 80 ppb for the LOP2TP scenario and 
88 ppb for the base scenario.  Total nitrogen concentrations were estimated at 1.46 ppm for the 
LOP2TP scenario, and 1.62 ppm for the base scenario (James et al., 2005).  Because this model 
simulates the lake as one completely mixed compartment, specific estimates of nutrient 
concentrations at the S-77 discharge point were not available, instead discharge loads at S-77 
were calculated with the LOWQM estimated TP and TN multiplied by the discharge flow.  The 
combination of reduced volume and reduced concentration resulted in an estimated 36 percent 
reduction of TP load and an estimated 38 percent reduction of TN load for discharges from Lake 
Okeechobee. 

The only base project within the Caloosahatchee River Watershed is the Caloosahatchee River 
(C-43) West Basin Storage Reservoir, which is an Acceler8 project to build a 10,000 acre 
reservoir in the West Caloosahatchee Sub-watershed on the old Berry Groves site west of 
LaBelle.  In written communication from Knight in 2008, removal of nutrients by mechanical 
and biological processes within the reservoir was estimated to be 7.3 metric tons per year (mt/yr) 
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for TP and 93 mt/yr for TN.  The effects of evaporation on outflow volume and concentration 
were not considered. 

In Table 6.3-1, column 4a represents the sum of the load reductions from the base projects.  
Column 4b represents the remaining discharge after implementation of the base projects, and 
column 4c represents the resulting concentrations, calculated by dividing total load by total flow.   

The resulting concentration was then checked against the minimum value that would be expected 
for a freshwater riverine system under natural conditions for southern Florida.  To be 
conservative, where simulated load reductions resulted in a concentration less than the natural 
condition, the “natural-condition” concentration value was used to calculate the remaining load 
(column 4d).  For this study, the “natural-condition” concentration for TP was estimated as 80 
ppb (0.080 mg/L) and TN as 0.80 ppm (0.80 mg/L).  Decisions regarding the concentrations 
were established in writing between Robert Chamberlin and the South Florida Water 
Management District (SFWMD) in April 2008.  This adjustment of concentration and load for 
the “natural-condition” concentration is repeated in the water quality spreadsheet for all of the 
alternative conditions. 

The adjusted remaining load (Column 4d) shows the estimated loads from the sub-watersheds 
under the RWPPB Condition.  Column 4e shows the percent reduction in loads that result from 
the base projects, as compared to the CBASE Condition.  

6.3.1.3  Alternative Condition 

The Alternative Condition is the third building block of the water quality spreadsheet and 
represents the anticipated TP and TN load reductions upon implementation of the alternatives.  
For the purposes of this discussion, Alternative 1 was used as the example for the water quality 
spreadsheet.  Management measures that contribute to load reductions for Alternative 1 include 
BMPs, as well as local and regional management measures. 

As described more fully in Section 6.4, Alternative 1 consists of all the ongoing or imminent 
projects in these watersheds (aka “common elements”).  These projects will be included in all 
subsequent alternatives.  Alternative 2 contains management measures that are optimized for 
water quantity requirements, in addition to the Alternative 1 projects.  Alternative 3 is 
independent from Alternative 2 and contains management measures that are optimized for 
improvement of water quality, in addition to the Alternative 1 projects.  Alternative 4 represents 
the alternative that optimizes both quality and quantity.  It contains the Alternative 1, 2, and 3 
projects, plus a few additional management measures. 

The Alternative Condition columns in the water quality spreadsheet are identical for each of the 
alternatives, except that the BMPs (columns 5a and 5b) are only included in Alternative 1.  The 
BMPs are tabulated for Alternative 1 and thus are implicitly included as “common elements” in 
all of the subsequent alternatives.  Columns 5c, 5d, and 5e are included for all of the alternatives. 

BMPs are described more fully in Chapter 7.  Owner-implemented BMPs generally include 
practices that can be implemented by individual landowners without the need for explicit funding 
by the state.  Cost-share BMPs generally consist of programs that require additional funding.  
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Estimates of removal efficiencies for various BMPs are presented in Appendix D (SWET, 
2008).  These estimates represent the best available information based on available literature and 
expert opinion.  For each land-use type, a percentage of load reduction was estimated for owner-
implemented BMPs and cost-share BMPs.  Estimates were developed for TP and TN.  For 
certain land-use types, it was presumed that some level of BMP implementation was already in 
place, and the load reduction was adjusted accordingly.  For example, cost-share BMPs for row 
crops were estimated to reduce TN load by 30 percent for the estimated 70 percent of the row-
crop lands that do not yet have cost-share BMPs in place.  Load reductions, in mt/yr, thus were 
calculated as the product of existing load, percent reduction, and percent of area available for 
reduction.  The calculations were made for each land-use type and for the acreages in each basin, 
and the load reductions were totaled by sub-watershed.  Column 5a in the water quality 
spreadsheet shows the load reduction and remaining load for the application of owner-
implemented BMPs, and column 5b shows the load reduction and remaining load for the 
subsequent application of cost-share BMPs. 

The values in columns 5c and 5d contain the load reductions and remaining loads for the local 
project management measures and the regional project management measures, respectively.  In 
the water quality spreadsheet, the potential load reductions for the individual local and regional 
management measures were totaled for each sub-watershed.  Local and regional management 
measures are described in Section 6.1, and a complete list of management measures is given in 
Table 6.1-1.  The values used for removal efficiency and percent participation, which varied by 
management measure, are provided in the water quality and water quantity summary at the 
bottom of each management measure sheet (Appendix B).  Load reductions for some 
management measures, such as the Urban Turf Fertilizer Rule, were presumed to be accounted 
for in the calculations for BMP removals.  Some management measures were developed 
primarily for water quantity benefits and are expected to have little or no direct effect on water 
quality.   

The values in the remaining load columns (under 5e) were calculated by combining the potential 
load reductions from columns 5a, 5b, and 5c and subtracting them from the remaining load in the 
RWPPB Condition (column 4d).  The resulting concentration was calculated from total load and 
discharge, as described previously, and compared to the “natural-condition” concentration.  The 
final column under 5e shows the percent reduction in loads that result from the alternative 
condition.  For each alternative in the water quality spreadsheet, the percentage represents the 
cumulative reduction in load as compared to the RWPPB Condition. 

6.3.2 Watershed Water Quality Characterization 

The data and results contained in the water quality spreadsheet allow for the evaluation of the 
relative contribution of TP and TN loadings by sub-watershed, their magnitudes, and the 
potential for the combinations of management measures to reduce the nutrient loadings 
contributed from the watershed to the estuarine system. 

The CBASE Condition is intended to represent the water quality conditions in the CRWPP study 
area, as they existed in 2005.  Specifically, the CBASE Condition is based on the 1995-2005 
monitoring records, supplemented by estimations of runoff and source loadings that are based on 
the 2004 to 2005 land-use types for the basins and sub-watersheds in the study area.  The 
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RWPPB Condition represents the anticipated flows and loadings after implementation of the 
base projects.  For the CRWPP study area, the RWPPB Condition presumes that the LOP2TP 
and the Caloosahatchee River (C-43) West Basin Storage Reservoir will be in place. 

6.3.2.1  Caloosahatchee River Watershed Water Quality Profile 

The Caloosahatchee River Watershed has a total drainage area of approximately 1,080,000 acres.  
Large volumes of inflow from Lake Okeechobee to the watershed, by way of structure S-77 into 
the C-43 Canal, have a significant impact on the concentrations and loads of TP and TN 
downstream and in the estuarine system.  The watershed has been described more fully in 
Section 2.4 and the land-use types have been summarized in Tables 6.3-2 and 6.3-3. 

Estimated annual flows of 1,606,000 acre-feet and loads of 2,900 mt of TN, and 326 mt of TP 
are contributed by the CRWPP study area for the CBASE Condition (Table 6.3-4).  In 
comparison, annual inflows from Lake Okeechobee have averaged 975,000 acre-feet and annual 
loads of 1,951 mt of TN, and 104 mt of TP.  In terms of relative contribution, as indicated by 
concentration, the runoff from the CRWPP study area has a higher concentration of TP than the 
inflow from Lake Okeechobee (165 ppb versus 87 ppb) and a lower concentration of TN (1.46 
ppm versus 1.62 ppm).   

At the S-79 structure, where the freshwater discharges into the Caloosahatchee Estuary, the 
average proportions contributed from Lake Okeechobee inflows are 51 percent of the flow 
volume, 38 percent of the TP load, and 54 percent of the TN load.   

If measured at Shell Point, which is at the downstream mouth of the Tidal Caloosahatchee, the 
average proportions contributed from Lake Okeechobee inflows would be 41 percent of the flow 
volume, 26 percent of the TP load, and 43 percent of the TN load.   

6.3.2.2 Sub-watershed Water Quality Profiles  

The sub-watersheds in the CRWPP study area have been described more fully in Section 2.4 and 
the land-use types have been summarized in Table 6.3-2.  Table 6.3-4 summarizes the flows, 
loads, and concentrations contributed by the various sub-watersheds. 

S-4 Sub-watershed - The S-4 Sub-watershed has a total drainage area of 42,500 acres, but it is 
estimated that only about 22,100 acres contribute discharge to the Caloosahatchee River 
Watershed.  The S-4 Sub-watershed is the farthest upstream of all the sub-watersheds and 
contributes the least discharge and loads.  Average annual discharge to the C-43 Canal is 45,700 
acre-feet, with 14 mt of TP annual load and 93 mt of TN.  The average concentrations from the 
S-4 Sub-watershed, however, are the highest of all the sub-watersheds, at 241 ppb for TP and 
1.65 ppm for TN. 

East Caloosahatchee Sub-watershed - The East Caloosahatchee Sub-watershed lies between 
structures S-77 and S-78 and has a drainage area of 198,000 acres, or 19 percent of the CRWPP 
study area.  Annually, it contributes about 233,000 acre-feet of discharge, 41 mt of TP, and 460 
mt of TN.  The average concentration is 144 ppb for TP and 1.60 ppm for TN.  The average TP 
concentration is relatively low and the TN concentration is relatively high, compared to the 
overall average for the CRWPP study area. 
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West Caloosahatchee Sub-watershed - The West Caloosahatchee Sub-watershed lies between 
structures S-78 and S-79 and has a drainage area of 350,000 acres, or 33 percent of the CRWPP 
study area.  Annually, it contributes about 646,000 acre-feet of discharge, 118 mt of TP, and 
1,122 mt of TN.  The average concentration is 148 ppb for TP and 1.41 ppm for TN.  The 
average TP and TN concentrations are both relatively low, compared to the overall averages for 
the CRWPP study area. 

Tidal Caloosahatchee Sub-watershed - The Tidal Caloosahatchee Sub-watershed lies between 
structure S-79 and the mouth of the Caloosahatchee River at Shell Point.  It has a drainage area 
of 262,000 acres, or 25 percent of the CRWPP study area.  Annually, it contributes about 
456,000 acre-feet of discharge, 118 mt of TP, and 864 mt of TN.  The average concentration is 
210 ppb for TP and 1.53 ppm for TN.  The average TP and TN concentrations are both relatively 
high, compared to the overall averages for the CRWPP study area. 
 
Coastal Sub-watershed - The Coastal Sub-watershed consists of the tidal and offshore areas 
that do not contribute to the discharge at Shell Point.  It has a drainage area of 227,000 acres, or 
21 percent of the CRWPP study area.  Estimates suggest that the sub-watershed annually 
contributes about 225,000 acre-feet of discharge, 35 mt of TP, and 361 mt of TN.  The average 
concentration is estimated at 125 ppb for TP and 1.30 ppm for TN.  The average TP and TN 
concentrations are both relatively low, compared to the overall averages for the CRWPP study 
area. 
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Table 6.3-4.  Summary of Average Annual Flows, TP and TN Loads and Concentrations for Current Base 
 Total Phosphorus Total Nitrogen 

Sub-watershed Contributing 
Area  

(acres) 

Percent 
of Area 

for 
CRWPP 

Annual 
Discharge 
(ac-ft/yr) 

Percent 
of Total 

Discharge 
for 

CRWPP 

Annual  
Total 
Load 

(mt/yr) 

Percent 
of Total 

Load  
for 

CRWPP 
Conc. 
(ppb) 

Annual 
Total 
Load 

(mt/yr) 

Percent 
of Total 

Load  
for 

CRWPP 
Conc. 
(ppm) 

S-4 22,102 2.1% 45,698 2.8% 13.58 4.2% 241 93.0 3.2% 1.65
East Caloosahatchee 198,299 18.7% 232,874 14.5% 41.26 12.7% 144 460.4 15.9% 1.60
West Caloosahatchee 349,734 33.0% 646,089 40.2% 118.29 36.3% 148 1,121.9 38.7% 1.41
Tidal Caloosahatchee 262,023 24.7% 456,580 28.4% 118.22 36.3% 210 863.6 29.8% 1.53
Coastal 227,236 21.4% 224,952 14.0% 34.77 10.7% 125 360.8 12.4% 1.30
Lake Okeechobee Inflow n.a. n.a. 975,042 n.a 104.46 n.a 87 1,950.9 n.a 1.62

Total for CRWPP 1,059,394 100.0% 1,606,192 100.0% 326.12 100.0% 165 2,899.7 100.0% 1.46
Total for CRWPP above S-79 570,135 53.8% 924,660 57.6% 173.13 53.1% 152 1,675.4 57.8% 1.47
Total above S-79, with Lake 
Okeechobee n.a. n.a. 1,899,702 n.a. 277.59 n.a. 118 3,626.3 n.a. 1.55

Total for CRWPP, above 
Shell Point 832,158 78.6% 1,381,240 86.0% 291.35 89.3% 171 2,538.9 87.6% 1.49

Total above Shell Point, with 
Lake Okeechobee n.a. n.a. 2,356,282 n.a. 395.81 n.a. 136 4,489.9 n.a. 1.54

Total for CRWPP, with Lake 
Okeechobee n.a. n.a. 2,581,234 n.a. 430.58 n.a. 135 4,850.6 n.a. 1.52
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6.3.2.3 Benefits from Base Projects in the RWPPB Condition 

As mentioned above and in Section 6.3.1.2, the RWPPB Condition presumes that the LOP2TP 
and the Caloosahatchee River (C-43) West Basin Storage Reservoir are in place.   

With implementation of the LOP2TP, the annual inflows from Lake Okeechobee are expected to 
decrease from 975,000 to 675,000 acre-feet, annual loads of TP are expected to decrease from 
104.5 to 66.6 mt, and annual loads of TN are expected to decrease from 1,951 to 1,215 mt.  This 
represents a net decrease of 31 percent in flow, 36 percent in TP, and 38 percent in TN loads. 

The Caloosahatchee River (C-43) West Basin Storage Reservoir is estimated to reduce the 
annual load of TP by 7.3 mt and TN by 93 mt.  The reservoir will be constructed for purposes of 
storing water during periods of excess stream flow and releasing water throughout the dry season 
to provide adequate inflow to the estuary at S-79.  Water quality benefits from the reservoir are 
expected to be minor, representing a reduction of only 2.2 percent of the TP load and 3.2 percent 
of the TN load from the study area. 

The estimated flows and loads for the RWPPB Condition, for the watershed and by sub-
watersheds, are shown in Table 6.3-5.  For the CRWPP study area, the annual averages are 
estimated to be 1,600,000 acre-feet of flow, 319 mt of TP, and 2,806 mt of TN, corresponding to 
flow-weighted concentrations of 161 ppb and 1.42 ppm, respectively. 

The RWPPB Condition loads are used as the basis for computing the relative load reductions 
among the various alternative conditions, and are discussed further in Section 6.5. 

6.3.2.4 Comparison of Flows and Loads from Sub-watersheds 

The estimated flows and loads, by sub-watershed, for the CBASE and RWPPB Conditions are 
shown in Table 6.3-4 and 6.3-5.  The relative contributions from each sub-watershed are shown 
in Figure 6.3-1.  In the figure, the bars for S-4 are higher for TP and TN than for discharge, 
indicating that the concentrations in S-4 are higher than the average for the other sub-watersheds.  
Compared to other sub-watersheds, however, the magnitude of loads from S-4 is small.  
Similarly, the contributions from the East Caloosahatchee and Coastal sub-watersheds are 
relatively modest.  The greatest discharge is contributed by the West Caloosahatchee Sub-
watershed, along with the greatest nitrogen load, but the largest P load is contributed by the Tidal 
Caloosahatchee Sub-watershed, which has more urbanized areas.  
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Table 6.3-5.  Summary of Average Annual Flows, TP and TN Loads and Concentrations for RWPPB 
  Total Phosphorus Total Nitrogen 

Sub-watershed Contributing 
Area  

(acres) 

Percent 
of Area 

for 
CRWPP 

Annual 
Discharge 
(ac-ft/yr) 

Percent 
of Total 

Discharge 
for 

CRWPP 

Annual  
Total 
Load 

(mt/yr) 

Percent 
of Total 

Load  
for 

CRWPP 
Conc. 
(ppb) 

Annual 
Total 
Load 

(mt/yr) 

Percent 
of Total 

Load  
for 

CRWPP 
Conc. 
(ppm) 

S-4 22,102 2.1% 45,698 2.8% 13.58 4.3% 241 93.0 3.3% 1.65
East Caloosahatchee 198,299 18.7% 232,874 14.5% 41.26 12.9% 144 460.4 16.4% 1.60
West Caloosahatchee 349,734 33.0% 646,089 40.2% 111.03 34.8% 139 1,028.7 36.7% 1.29
Tidal Caloosahatchee 262,023 24.7% 456,580 28.4% 118.22 37.1% 210 863.6 30.8% 1.53
Coastal 227,236 21.4% 224,952 14.0% 34.77 10.9% 125 360.8 12.9% 1.30
Lake Okeechobee inflow n.a. n.a. 674,700 n.a. 66.58 n.a. 80 1,215.0 n.a. 1.46

Total for CRWPP 1,059,394 100.0% 1,606,192 100.0% 318.86 100.0% 161 2,806.5 100.0% 1.42
Total for CRWPP above S-79 570,135 53.8% 924,660 57.6% 165.87 52.0% 145 1,582.1 56.4% 1.39
Total above S-79, with Lake 
Okeechobee n.a. n.a. 1,599,360 n.a. 232.45 n.a. 118 2,797.1 n.a. 1.42

Total for CRWPP, above 
Shell Point 832,158 78.6% 1,381,240 86.0% 284.09 89.1% 167 2,445.7 87.1% 1.44

Total above Shell Point, with 
Lake Okeechobee n.a. n.a. 2,055,940 n.a. 350.67 n.a. 138 3,660.7 n.a. 1.44

Total for CRWPP, with Lake 
Okeechobee n.a. n.a. 2,280,892 n.a. 385.44 n.a. 137 4,021.4 n.a. 1.43
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Figure 6.3-1.  Comparison of Percent Average Annual Discharge and Average Annual TP and 
TN Loads from each Sub-watershed for RWPPB Condition 

6.3.3 Water Quality Conclusions 

The water quality Microsoft Excel® spreadsheet was used to demonstrate and compare load 
reductions of TP and TN with two base conditions and the alternative conditions.  The CBASE 
Condition represents the 2005 flows and loads for the watershed and its sub-watershed 
components.  The RWPPB Condition represents the anticipated loading after several projects are 
implemented (see Section 6.3.1.2) and is expected to reduce the input of loads from Lake 
Okeechobee by 36 percent for TP and 38 percent for TN, largely due to the reduced flow 
volumes into the C-43 Canal.  Base projects within the CRWPP study area are not designed for 
water quality improvements, and are expected to reduce loads to the estuary only by two percent 
for TP and three percent for TN.  The average annual loads contributed within the CRWPP study 
area under the RWPPB Condition are expected to be 319 mt for TN and 2,806 mt for TP. 

The highest concentration of nutrients is estimated to derive from the S-4 Sub-watershed, but 
because the discharge volume is small, the overall impact of S-4 is relatively small.  The West 
and Tidal Caloosahatchee sub-watersheds contribute most of the flow and loads within the study 
area.  The West Caloosahatchee Sub-watershed contributes the largest flow volume and the 
largest load of TN.  The Tidal Caloosahatchee Sub-watershed contributes the largest load of TP.  

For the RWPPB Condition, the overall concentration of TP for the CRWPP study area is 161 
ppb, which is twice the expected “natural-condition” concentration value of 80 ppb.  The 
concentration of TN is estimated to be 1.42 ppm, compared to the “natural-condition” 
concentration value of 0.80 ppm, which likewise leaves plenty of opportunity for the 
management measures to play an important role in restoring a healthy watershed and estuary. 
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6.4 FORMULATION OF ALTERNATIVE PLANS 

This section describes the four alternative plans formulated and evaluated by the working team.  
Water quality and storage planning targets are identified, followed by a description of the 
management measures that were used as building blocks for each of the plans.  Information on 
key components and projected performance of individual alternative plans is also presented.    

6.4.1 Planning Goals 

The sections below reiterate the water quantity and water quality goals of the Caloosahatchee 
River Water Protection Plan (CRWPP).  The alternative plans were formulated to achieve these 
goals.  

6.4.1.1 Water Quantity Storage Goal  

The legislative intent of Northern Everglades and Estuaries Protection Program (NEEPP) finds 
that the expeditious implementation of the Lake Okeechobee Protection Plan and the River 
Watershed Protection Plans is needed to improve the quality, quantity, timing and distribution of 
water in the northern Everglades ecosystem, Section 373.4595(1)(h), F.S. (2007).  The water 
quantity storage goal for the Caloosahatchee River Watershed is to manage flows to meet the 
high discharge criteria, salinity envelope, and Target Flow Index (TFI) in the Caloosahatchee 
Estuary, as detailed below. 

• The restoration target high discharge criteria for the Caloosahatchee Estuary are as 
follows: 
− Limit mean monthly flows greater than 2,800 cubic feet per second (cfs) to three 

months or less over a 432-month period, and 
− Eliminate mean monthly flows greater than 4,500 cfs over a 432-month period.  

• The restoration salinity envelope target for the Caloosahatchee Estuary is as follows: 
− Eliminate mean monthly flows below 450 cfs from October to July, and  
− Limit the number of times flows exceed 2,800 cfs for 14 days or more to three, based 

on a 14-day moving average. 

• The target for the TFI is to achieve a flow distribution at S-79 identical to the EST05.  
EST05 represents the preferred flow distribution at S-79.  A flow distribution identical to 
EST05 is given a TFI score of zero.  Improving scores are represented by values 
approaching zero. 

 
The basis for these goals is discussed in detail in Sections 3.5 and 6.2.  This section identifies the 
storage gained with each alternative in acre-feet, while Section 6.5 discusses the modeling results 
as they specifically relate to the water quantity storage goals. 

6.4.1.2 Water Quality Goal 

The NEEPP legislation requires pollutant load reductions consistent with any adopted nutrient 
Total Maximum Daily Loads (TMDLs) for the Caloosahatchee River Watershed as the water 
quality objective for the CRWPP planning process.  However, during the formulation of the 
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CRWPP, the TMDLs were under development and had not yet been established for any impaired 
waterbody segments in the Caloosahatchee River Watershed. TMDLs for nutrients and dissolved 
oxygen (DO) were originally scheduled for development by September 2010.  However; NEEPP 
directed the Florida Department of Environmental Protection (FDEP) to expedite development of 
TMDLs for the Caloosahatchee River and Estuary.  Specifically, NEEPP directed FDEP to 
propose TMDLs for nutrients in the tidal portions of the Caloosahatchee River and Estuary by 
December 31, 2008.  TMDLs for the riverine portion of the watershed will be established 
subsequent to the estuarine TMDLs.   
 
Since nutrient TMDLs did not exist during this planning process, a water quality goal of 
maximizing nutrient load reductions was utilized.  Progress in meeting the total phosphorus (TP) 
and total nitrogen (TN) water quality goals is measured in the planning process via the water 
quality spreadsheet, which is discussed in detail in Section 6.3.1.  This tool compiles the benefits 
of the various management measures and performance measures for the existing conditions, the 
River Watershed Protection Plan Base Condition, and four alternatives.  Once TMDLs are 
established for the watershed, they will be used in future plan updates to assess water quality 
performance of the plan.  Specifically, the TMDLs will be used to determine whether sufficient 
pollutant load reductions have been implemented in the watershed to achieve the waterbody’s 
designated use and whether any plan refinements are necessary. 

6.4.2 Formulation Challenges  

During the plan formulation process, numerous challenges needed to be resolved, including the 
challenges listed below. 

• Alternative plans were developed that concurrently addressed two discrete and sometimes 
competing project objectives, namely TP and TN load reductions and water storage. 

• Multiple management measures were considered for each project objective. 
• TMDLs have not yet been established in the Caloosahatchee River Watershed, so an 

interim goal of maximizing load reductions was used for this planning process.  Once 
TMDLs are established in the Caloosahatchee River Watershed they will be applied in 
future CRWPP updates to assess water quality performance of the plan. 

• Water quantity or water quality benefits for some management measures could not be 
quantified due to the nature or development stage of the projects, although water quantity 
or water quality benefits are anticipated. These projects were included in the alternatives, 
but did not contribute to the overall TP and TN load reductions or the water storage 
capacity for the alternatives. 

• The numerous challenges previously discussed in Section 3.4. 

To address these challenges, a structured, systematic, and reproducible process was identified 
and adopted for formulation of alternative plans.   

6.4.3 Formulation of Alternatives  

The alternatives were formulated by combining management measures from the management 
measures toolbox, previously discussed in Section 6.1.1, to meet pre-established planning 



Section 6.4 

Caloosahatchee River Watershed Protection Plan  January 2009
6.4-3 

objectives.  Both the CRWPP and the St. Lucie River Watershed Protection Plan (SLRWPP) 
have four alternatives, with the main objectives as listed below: 

Alternative 1:  Common elements for incorporation into all subsequent alternatives 
Alternative 2:  Maximize water storage 
Alternative 3:  Maximize nutrient load reductions 
Alternative 4: A combination of management measures from Alternatives 1-3 intended to 

maximize both water storage and nutrient load reductions 

Table 6.4-6 at the end of this section identifies the quantified water quality and storage benefits 
associated with each management measure.  The management measure sheets in Appendix B 
provide the methods used for determining the water quality and storage benefits associated with 
each management measure, as determined by the working team.  The following sections provide 
details of the four alternatives discussed above and the associated anticipated water quantity and 
water quality benefits.  

6.4.3.1 Alternative 1 – Common Elements 

Alternative 1 is defined as the “common elements” and is included in all subsequent alternatives.  
It includes management measures either already constructed/implemented or with 
construction/implementation imminent, or management measures for which 
construction/implementation was imminent pending resolution of certain issues.  The 
management measures in Alternative 1 range from Level 1 to Level 5 (Refer to Section 6.1.1 for 
a description of the management measure levels).  

The key management measures of Alternative 1 are listed below and categorized by the scale of 
the project: local, regional, and source control.  Regional projects are designed to reduce nutrient 
loads from regional scale sources.  Local projects are designed to reduce nutrient loads from 
local sources.  Source control projects are activities and measures that focus on capturing 
pollutants at the source, preventing the pollutants from leaving the site and entering other surface 
waters.  The water storage capacity and TP and TN reductions for Alternative 1 management 
measures are also provided and summarized in Table 6.4-1.   

• Regional Projects - Alternative 1 regional projects provide annual average TP and TN 
reductions of approximately 18.7 and 130.1 metric tons per year (mt/yr), respectively. 
Alternative 1 regional projects include: 
− Coastal & Estuarine Land Conservation Program 
− Harns Marsh Improvements – Phase I & II (East County Water Control District 

(ECWCD))  
− Harns Marsh Improvements – Phase II Final Design (ECWCD) 
− Aquifer Benefit and Storage for Orange River Basin (ABSORB) – ECWCD  
− Spanish Creek/ Four Corners Environmental Restoration 
− West Lake Hicpochee Project  
− C-43 Distributed Reservoirs  
− C-43 Water Quality Treatment and Demonstration Project (BOMA property) 
− Hendry County Storage  
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• Local Projects - Alternative 1 local projects provide annual average TP and TN reductions 

of approximately 13.5 and 68.8 mt/yr, respectively. Alternative 1 local projects include: 

− Billy Creek Filter Marsh Phase I &II 
− North Fort Myers Surface Water Restoration Project 
− Yellow Fever Creek/ Gator Slough Transfer Facility (#208509) 
− Yellowtail Structure Construction (ECWCD) 
− Hendry Extension Canal Widening – Construction (ECWCD) 
− Manuel’s Branch Silt Reduction Structure 
− Manuel’s Branch East and West Weirs 
− Caloosahatchee Creeks Preserve Hydrological Restoration 
− Powell Creek Algal Turf Scrubber 
− City of LaBelle Stormwater Master Plan Implementation 
− Clewiston STA  
− Alternative Water Storage (LOER) – Barron Water Control District  
− Florida Ranchlands Environmental Services Project  

 
• Source Control Projects - Alternative 1 source control projects are anticipated to provide 

annual average TP and TN reductions of approximately 54.9 and 485.2 mt/yr, respectively. 
Alternative 1 source control projects include: 
− Agricultural Best Management Practices (BMPs) – Owner Implemented, Funded Cost 

Share, and Cost Share Future Funding 
− Urban Turf Fertilizer Rule [Lake Okeechobee Estuary and Recovery (LOER)] 
− Land Application of Residuals 
− Florida Yards and Neighbors 
− Environmental Resource Permit (ERP)  Regulatory Program 
− National Pollutant Discharge Elimination System (NPDES) Stormwater Program 
− Proposed Caloosahatchee River Watershed Regulatory Nutrient Source Control Program  
− Proposed Unified Statewide Stormwater Rule  
− Animal Manure Application Rule 
− Application of Septage Rule 
− Lake Okeechobee and Estuary Watershed Basin Rule (LOER) 
− Wastewater & Stormwater Master Plans  
− Farm & Ranchland Partnerships  
− Comprehensive Planning – Land Development Regulations (LDR) 

 
The water quality and storage benefits previously described are summarized by project scale in 
Table 6.4-1. 
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Table 6.4-1.  Alternative 1 Benefits by Project Scale 

Project Scale TP Load 
Reduction1 

TN Load 
Reduction1 Storage2 

Regional Projects 18.7 mt/yr 130.1 mt/yr 46,900 ac-ft 
Local Projects 13.5 mt/yr 68.8 mt/yr 1,013 ac-ft 
Source Control Projects 54.9 mt/yr 485.2 mt/yr NA 

1 Values are from the water quality spreadsheet described in Section 6.3.1 
2 Values are a sum of the storage for each management measure provided in the management measure summary 
sheets as calculated by the coordinating agencies. 

6.4.3.1.1 Alternative 1 Water Storage Benefits  

Increased storage from Alternative 1 is a sum of the storage benefits from Alternative 1 
management measures (CRE10: C-43 Water Quality Treatment and Demonstration Project, 
BOMA property) and Alternative 1 management measures adopted from the Lake Okeechobee 
Watershed Construction Project, Phase II Technical Plan (LOP2TP) (CRE-LO41: C-43 
Distributed Reservoirs and CRE-LO92: Clewiston STA).  Alternative 1 includes storage features 
that would provide an annual average surface storage capacity of approximately 47,900 acre-feet.  
Of the Alternative 1 storage components, the C-43 Distributed Reservoir, a reservoir/ hydraulic 
restoration management measure, provided the majority of the surface water storage. 

6.4.3.1.2 Alternative 1 Nutrient Load Reductions 

Table 6.4-2 below summarizes the water quality benefits from Alternative 1, as captured in the 
water quality spreadsheet.  Alternative 1 would provide a total TP load reduction of 84.8 mt/yr 
and a total TN load reduction of 684.0 mt/yr.  This would leave a Caloosahatchee River 
Watershed loading of 234.1 mt/yr and a concentration of 118 parts per billion (ppb) for TP and 
2,122 mt/yr and a concentration of 1.07 parts per million (ppm) for TN.     

Table 6.4-2.  Alternative 1 TP and TN Summary 

 TP1  TN1 
Current Load from Watershed (Current Base) 326.1 mt/yr 2,900 mt/yr 
Remaining Load from Watershed (River 
Watershed Base Condition) 318.9 mt/yr 2,806 mt/yr 
Total Load Reduction for Alternative 12 84.8 mt/yr 684 mt/yr 
Remaining Load from Watershed 234.1 mt/yr 2,122 mt/yr 
Remaining Concentration 118 ppb 1.07 ppm 

 1 Values are from the water quality spreadsheet described in Section 6.3.1. 
 2 Total reduction may be less than the sum by project scale in Table 6.4-1 due to the load reduction adjustment. 

6.4.3.2 Alternative 2 – Maximizing Water Storage 

This alternative is intended to maximize storage capacity in the Caloosahatchee River 
Watershed.  Using Alternative 1 as a base, new management measures were added that would 
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provide increased storage capacity.  Accordingly, Alternative 2 consisted of all management 
measures that were included in Alternative 1, plus the following six new features: 

• Cape Coral Canal Stormwater Recovery by ASR (Level 1) – This feature overcomes 
water shortfalls during the dry season and provides flood attenuation during the wet season 
through the use of aquifer storage and recovery (ASR) wells in the Cape Coral Canal System.  
The project is designed for six wells, one million gallons per day (MGD) each, to be 
constructed from 2007–2009.  Water quality benefits from the well construction are 
estimated at a net reduction of 4.13 mt/yr for TN and 14.3 mt/yr for TP. 

• Rehydrate Lee County Well Fields (south of Hwy 82) (Level 3) – This facility would 
redirect water from Lehigh Acres to rehydrate Lee County well fields to the south of SR 82.  
A total of approximately 4,000 acre-feet of storage capacity will be provided through this 
project.  In addition, it would provide an estimated annual average reduction of 1.27 mt/yr for 
TN and an assumed 0.23 mt/yr for TP as reasonable in comparison to TN.   

• West Lake Hicpochee Project (Level 4) – This project comprises a reservoir and 
stormwater treatment area along the C-19 and C-43 canals, degradation of berms, exotic 
plant removal and control.  This facility could potentially provide 43,010 acre-feet of 
aboveground storage capacity.  It consists of two cells totaling 5,700 acres that would 
primarily receive flows from Fisheating Creek (via C-19).  Because of its proximity to Lake 
Okeechobee, it could also be used to store lake waters, if necessary.  In addition, this project 
is estimated to provide an annual average TN load reduction of approximately 27.6 mt/yr and 
a load reduction of 1.95 mt/yr for TP. 

• Recyclable Water Containment Areas (RWCAs) (Level 4) – RWCAs act as a distributed 
reservoir within the agricultural lands.  This project utilizes agricultural areas for temporary 
water storage and water quality benefits.  A total of approximately 5,000 acres of storage 
area would be distributed equally among five sub-regions, with 4-foot berms able to hold 
water up to a 2-foot depth.  Water quality benefits from the project are estimated at a net 
reduction of 67.5 mt/yr for TN and 14.3 mt/yr for TP. 

• East Caloosahatchee Storage (Level 4) – This project comprises a series of distributed 
reservoirs located in the East Caloosahatchee Basin, which could potentially create 100,000 
acre-feet of aboveground storage.  The current configuration is one large reservoir with an 
effective area of 8,000 acres and a capacity of 70,000 acre-feet.  The total water quality 
benefit from this project is estimated to reduce TN loading by 69.1 mt/yr and TP loading by 
5.16 mt/yr.   

• Recycled Water Containment Area in the S-4 Basin (Level 5) – This project would use 
agricultural or other lands on a rotating basis through the S-4 Basin as temporary water 
storage for water quality and storage benefits.  Benefits from this concept include recycling 
nutrients, water storage, aquifer recharge and decreasing excessive flows to the estuaries.  
Estimated water quality benefits from this project are a total load reduction of 11.8 mt/yr for 
TN and 2.41 mt/yr for TP.   



Section 6.4 

Caloosahatchee River Watershed Protection Plan  January 2009
6.4-7 

6.4.3.2.1 Alternative 2 Water Storage Benefits 

Increased storage from Alternative 2 is a sum of the storage benefits from the Alternative 2 
management measure, CRE128: East Caloosahatchee Storage, and the Alternative 2 management 
measure adopted from LOP2TP, CRE-LO40: West Lake Hicpochee Project.  Alternative 2 
includes storage features that would provide an annual average surface storage capacity of 
approximately 143,000 acre-feet.  The additional projects in Alternative 2 are 
reservoir/hydrologic restoration features.  Of the Alternative 2 storage components, the East 
Caloosahatchee Storage project provided the majority of the surface water storage. 

6.4.3.2.2 Alternative 2 Nutrient Load Reductions  

Table 6.4-3 below summarizes the water quality benefits from Alternative 2, as captured in the 
water quality spreadsheet.  The additional six new project features would collectively reduce TP 
loading by 12.1 mt/yr and TN loading by 118 mt/yr.  Thus, Alternative 2 would provide a total 
TP load reduction of 96.9 mt/yr and a total TN load reduction of 802 mt/yr.  This would leave a 
Caloosahatchee River Watershed loading of 222.0 mt/yr TP and 2,004 mt/yr TN, and 
concentration of 113 ppb and 1.02 ppm, for TP and TN respectively.   

Table 6.4-3.  Alternative 2 TP and TN Summary 

  TP1 TN1 
Current Load from Watershed (Current Base) 326.1 mt/yr 2,900 mt/yr 
Remaining Load from Watershed (River 
Watershed Base Condition) 318.9 mt/yr 2,806 mt/yr 

Load Reduction for Alternative 1 Common 
Elements 84.8 mt/yr 684 mt/yr 

Load Reduction for Additional Alternative 2 
Projects 12.1 mt/yr 118 mt/yr 

Total Load Reduction for Alternative 2 96.9 mt/yr 802 mt/yr 
Remaining Load from Watershed 222.0 mt/yr 2,004 mt/yr 
Remaining Concentration 113 ppb 1.02 ppm 
1 Values are from the water quality spreadsheet described in Section 6.3.1 

6.4.3.3 Alternative 3 – Maximizing Water Quality Improvements 

This alternative plan is intended to maximize nutrient load reductions in the Caloosahatchee 
River Watershed.  Using Alternative 1 as the basis, new management measures are added for 
further nutrient load reduction.  This plan consists of all features from Alternative 1, plus the 
following eight new management measures ranging from Levels 2 through 5: 

• Cape Coral Wastewater Treatment and Stormwater Retrofit (Level 2) – This project is 
comprised of the implementation of the City of Cape Coral’s utility expansion program to 
changeover from septic systems to gravity sewers for wastewater treatment.  In addition, the 
project contains funding to replace older stormwater inlets with newer inlets designed to 
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assist with stormwater management.  Estimated water quality benefits are a total load 
reduction of 27.0 mt/yr for TN and 5.40 mt/yr for TP. 

• North Ten Mile Canal Stormwater Treatment System (Level 2) – This project proposes 
to create a large-scale detention storage/treatment area in the City of Fort Myers for the 
Fowler commercial corridor and easterly industrial areas.  Upon construction, the stormwater 
runoff can better mimic a pre-developed hydrologic response condition.  The projected water 
quality load reductions from project implementation would be 0.82 mt/yr for TN and 0.33 
mt/yr for TP for a three-year event.    

• Carrell Canal (FMCC) Water Quality Improvements (Level 2) – This project proposes to 
create a stormwater treatment area (STA) via diversion structures, quiescent settling ponds, 
and constructed marshes within the “non-play” areas of the existing golf course facility.  It 
will work in conjunction with other stormwater treatment projects in the watershed to 
improve the overall water quality of Carrell Canal and stormwater discharges to the 
Caloosahatchee River.  Annual estimated water quality load reductions are 0.42 mt/yr for TN 
and 0.13 mt/yr for TP. 

• Shoemaker-Zapato Canal Stormwater Treatment (Level 2) – This project proposes to 
install weir/control structures for peak flow attenuation through increased channel storage 
and the “balancing” of outfalling stormwater volumes between the Shoemaker and Zapato 
canal systems.  The project should improve water quality and reduce erosion and siltation 
into Billy Creek and improve stormwater discharges to the Caloosahatchee River.  Annual 
water quality load reductions from the project are estimated at 0.54 mt/yr for TN and 0.14 
mt/yr for TP. 

• West Caloosahatchee Water Quality Treatment Area (Level 3) – This project consists of 
a constructed wetland designed to treat water from the reservoir to reduce nutrient 
concentrations from the Caloosahatchee River and nutrient loading to the downstream 
estuary.  Total load reduction is estimated to be 58.5 /yr for TN and 13.9 mt/yr for TP. 

• Lehigh Acres Wastewater Treatment and Stormwater Retrofit (Level 3) – The purpose 
of this project is to install structural components to slow and hold stormwater on the land, in 
order to facilitate settling and nutrient uptake prior to discharge into canals and ditches that 
discharge to the Caloosahatchee River.  In addition, it should eliminate high-density septic 
systems, as well as the use of private wells for irrigation, which will significantly reduce 
potential pollutant loading.  Annual estimated water quality load reductions are estimated at 
68.5 mt/yr for TN and 13.7 mt/yr for TP. 

• Caloosahatchee Ecoscape Water Quality Treatment Area (Level 4) – This project 
consists of a constructed wetland designed for optimal removal of nitrogen (N) from the 
Caloosahatchee River.  The purpose of the project is to reduce nutrient concentrations within 
the Caloosahatchee River and nutrient pollutant loading to the downstream estuary.  Total 
load reduction is estimated as 50.0 mt/yr for TN and 12.0 mt/yr for TP. 

• Caloosahatchee Area Lakes Restoration (Lake Hicpochee) (Level 3) – The proposed 
project comprises restoring the historic lake bed of Lake Hicpochee.  The restored areas 
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would treat runoff from agricultural canals that currently flow into Lake Hicpochee and the 
Caloosahatchee River.  Annual water quality load reductions from the project are estimated 
as 100 mt/yr for TN and 24.7 mt/yr for TP. 

6.4.3.3.1 Alternative 3 Water Storage Benefits  

Increased storage from Alternative 3 is a sum of the storage benefits from the following 
Alternative 3 management measures – CRE04: Caloosahatchee Area Lakes Restoration (Lake 
Hicpochee), CRE11: Caloosahatchee Ecoscape Water Quality Treatment Area, and CRE13: 
West Caloosahatchee Water Quality Treatment Area.  Alternative 3 includes additional water 
quality treatment facilities that would provide an annual average surface storage capacity of 
approximately 19,000 acre-feet.  Of the Alternative 3 storage components, the Caloosahatchee 
Area Lakes Restoration (Lake Hicpochee) provided the majority of the surface water storage. 

6.4.3.3.2 Alternative 3 Nutrient Load Reductions 

Table 6.4-4 below summarizes the water quality benefits from Alternative 3, as captured in the 
water quality spreadsheet.  The additional eight new project features would collectively reduce 
TP loading by 29.8 mt/yr and TN loading by 266 mt/yr.  Thus, Alternative 3 would provide a 
total TP load reduction of 114.6 mt/yr and a total TN load reduction of 950 mt/yr.  This would 
leave a Caloosahatchee River Watershed loading of 204.2 mt/yr TP and 1,856 mt/yr TN, and 
concentration of 103 ppb and 0.94 ppm, for TP and TN respectively.   

Table 6.4-4.  Alternative 3 TP and TN Summary 

  TP1 TN1 
Current Load from Watershed (Current Base) 326.1 mt/yr 2,900 mt/yr 
Remaining Load from Watershed (River 
Watershed Base Condition) 318.9 mt/yr 2,806 mt/yr 

Load Reduction for Alternative 1 Common 
Elements 84.8 mt/yr 684 mt/yr 

Load Reduction for Additional Alternative 3 
Projects 29.8 mt/yr 266 mt/yr 

Total Load Reduction for Alternative 3 114.6 mt/yr 950 mt/yr 
Remaining Load from Watershed 204.2 mt/yr 1,856 mt/yr 
Remaining Concentration 103 ppb 0.94 ppm 

1 Values are from the water quality spreadsheet described in Section 6.3.1 

6.4.3.4 Alternative 4 – Optimize Water Storage and Water Quality Improvements 

This alternative plan was intended to optimize storage capacity and reduce nutrient loads in the 
study area.  It was conceived as a hybrid between Alternative 2 and 3 and essentially increases 
storage capacity, as well as furthers nutrient load reduction.  Accordingly, it consists of all 
previous components from Alternatives 1 through 3, while adding the following four new 
management measures: 
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• East Caloosahatchee Water Quality Treatment Area (Level 3) – This project consists of a 
constructed wetland designed for optimal N removal from water that currently flows into 
Lake Hicpochee.  Upon construction, the water will be diverted to the wetland treatment 
facility and then back to the Caloosahatchee River, bypassing Lake Hicpochee.  The total 
estimated water quality benefit from the proposed project would be 80.1 mt/yr load reduction 
for TN and 19.2 mt/yr load reduction for TP. 

• Caloosahatchee Storage – Additional (Level 4) - The proposed project is located in the 
Freshwater Basins of the Caloosahatchee River and could potentially create 50,000 acre-feet 
of aboveground storage to meet additional demands.  Estimated water quality benefits 
calculated for the project are a reduction of 58.0 mt/yr TN and 4.30 mt/yr TP. 

• Wastewater Treatment Plant Upgrade and Reclaimed Water (Level 4) – This project 
will address the treatment of effluent entering the Caloosahatchee Estuary through upgrading 
existing wastewater treatment plants, constructing future planned plants with higher 
treatment levels, and beneficially distributing reclaimed water.  Water quality benefits are 
anticipated to occur as a result of this project; however, the magnitude of these benefits is 
undetermined. 

• Fort Myers-Cape Coral Reclaimed Water Interconnect (Level 5) – This proposed project 
would construct a transmission line between the Fort Myers South Wastewater Treatment 
Plant and the Cape Coral Everest Parkway Water Reclamation Facility.  This would remove 
the City of Fort Myers’ wastewater discharge from the Caloosahatchee Estuary, eliminate the 
need for the city to construct an injection well for reclaimed water disposal, and will provide 
reclaimed water to the City of Cape Coral, which has the necessary infrastructure for water 
distribution.  Fort Myers would have an estimated 9 MGD reduction in flow. 

6.4.3.4.1 Alternative 4 Water Storage Benefits 

Increased storage from Alternative 4 is derived from the storage benefit of CRE 128a: 
Caloosahatchee Storage – Additional. This reservoir/ hydraulic restoration feature would provide 
an annual average surface storage capacity of approximately 50,000 acre-feet. 

6.4.3.4.2 Alternative 4 Nutrient Load Reductions 

Table 6.4-5 summarizes the water quality benefits from Alternative 4, as captured in the water 
quality spreadsheet.  The additional four new project features would collectively reduce TP 
loading by 23.5 mt/yr and TN loading by 138.1 mt/yr.  The projects for Alternatives 2 and 3, and 
the extras for Alternative 4 collectively could reduce TP loading by 36.1 mt/yr for TP and 326.5 
mt/yr for TN.  Thus, Alternative 4 would provide a total TP load reduction of 120.9 mt/yr and a 
total TN load reduction of 1,010.5 mt/yr.  This would leave a Caloosahatchee River Watershed 
loading of 197.9 mt/yr TP and 1,760 mt/yr TN, and concentration of 101 ppb and 0.91 ppm, for 
TP and TN respectively.   
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Table 6.4-5.  Alternative 4 TP and TN Summary 

  TP1 TN1 
Current Load from Watershed (Current Base) 326.1 mt/yr 2,900 mt/yr 
Remaining Load from Watershed (River 
Watershed Base Condition) 318.9 mt/yr 2,806 mt/yr 

Load Reduction for Alternative 1 Common 
Elements 84.8 mt/yr 684 mt/yr 

Load Reduction for Additional Alternative 4 
Projects 36.1 mt/yr 326 mt/yr 

Total Load Reduction for Alternative 4 120.9 mt/yr 1,010 mt/yr 
Remaining Load from Watershed 197.9 mt/yr 1,760 mt/yr 
Remaining Concentration 101 ppb 0.91 ppm 

1 Values are from the water quality spreadsheet described in Section 6.3.1 
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Table 6.4-6.  Summary of Management Measures Associated with the CRWPP Alternatives 
 

Alternative Plans ID Management Measure Management Measure Description Level 
Alt 1 Alt 2 Alt 3 Alt 4 

CRE-LO 
01,02,49 

Agricultural BMPs- Owner 
Implemented, Funded Cost Share, 
and Cost Share Future Funding 

Implementation of agricultural BMPs and water quality improvement projects 
to reduce the discharge of nutrients from the watershed. 

1 √ √ √ √ 

CRE-LO 03 

Urban Turf Fertilizer Rule [Lake 
Okeechobee Estuary and 
Recovery (LOER)] 

Florida Department of Agriculture and Consumer Services (FDACS)  rule 
which regulates the content of P and N in urban turf fertilizers to improve water 
quality. 

1 √ √ √ √ 

CRE-LO 04 Land Application of Residuals 

Subsection 373.4595(4)(b)2.of the NEEPP requires that after December 31, 
2007, the FDEP may not authorize the disposal of domestic wastewater 
residuals within the Caloosahatchee River Watershed unless the applicant can 
affirmatively demonstrate that the nutrients in the residuals will not add to 
nutrient loadings in the watershed. 

1 √ √ √ √ 

CRE-LO 05 Florida Yards and Neighborhoods 

Provides education about the land-use design to the citizens by promoting the 
Florida Yards & Neighborhood programs to minimize the pesticides, fertilizers 
and irrigation water. 

1 √ √ √ √ 

CRE-LO 07 
Environmental Resource Permit 
(ERP)  Regulatory Program 

The ERP program regulates activities in, on, or over wetlands or other surface 
waters and the management and storage of all surface waters.  This includes 
activities in uplands that alter stormwater runoff as well as dredging and filling 
in wetlands and other surface waters.  Generally, the program's purpose is to 
ensure that activities do not degrade water quality, compromise flood 
protection, or adversely affect the function of wetland systems.  The program 
applies to new activities only, or to modifications of existing activities, and 
requires an applicant to provide reasonable assurances that an activity will not 
cause adverse impacts to existing surface water storage and conveyance 
capabilities, and will not adversely affect the quality of receiving waters such 
that any applicable water quality standards will be violated. 

1 √ √ √ √ 

CRE-LO 08 

National Pollutant Discharge 
Elimination System (NPDES)  
Stormwater Program 

To reduce stormwater pollutant loads discharged to surface waters, especially 
from existing land uses and drainage systems.  This is especially true for the 
master drainage systems owned and operated by cities, counties, FDOT, and 
Chapter 298 water control districts.  This also can help to reduce stormwater 
pollutant loads from existing industrial sites and from new construction sites. 

1 √ √ √ √ 

CRE-LO 09 
Coastal & Estuarine Land 
Conservation Program 

To protect important coastal and estuarine areas that have significant 
conservation, recreation, ecological, historical, or aesthetic values, or that are 
threatened by conversion from their natural or recreational state to other uses 
(CELCP Final Guidelines, 2003)..  

1 √ √ √ √ 
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CRE-LO 12g 

Alternative Water Storage 
(LOER) - Barron Water Control 
District 

This project will provide 5,000 acre-feet of water storage on 6,129 acres. 
Includes weir construction and ditch retention to enable water quality 
improvements and reuse by growers.  Water quality benefits are anticipated to 
occur as a result of this project; however, the magnitude of these benefits is 
undetermined. 

1 √ √ √ √ 

CRE-LO 15 

Proposed Caloosahatchee River 
Watershed Regulatory Nutrient 
Source Control Program 

To implement a nutrient source control program utilizing BMPs for the 
Caloosahatchee River Watershed.  Ongoing activities include revising 40E-61 
Rule to reflect the requirements of the Northern Everglades Protection Act and 
to expand the rule boundary to include the Caloosahatchee River Watershed as 
defined by the act. 

2 √ √ √ √ 

CRE-LO 21 
Lake Okeechobee and Estuary 
Watershed Basin Rule (LOER) 

In February 2008, SFWMD initiated rule development for an ERP basin rule. 
The intent is to develop specific supplemental permit criteria for new permitted 
projects to demonstrate that no increase in total runoff volume will occur from 
new development that ultimately discharges to Lake Okeechobee or the 
Caloosahatchee or St. Lucie estuaries.   

3 √ √ √ √ 

CRE-LO 40 West Lake Hicpochee Project 

Project comprises a reservoir and stormwater treatment area along the C-19 and 
C-43 canals, degradation of berms and exotic removal and control. This project 
could potentially create 55,090 acre-feet of above ground storage and will result 
in 27.6 and 1.95 mt/yr of TN and TP, respectively. 

4 -- √ -- √ 

CRE-LO 41 C-43 Distributed Reservoirs 
The project involves storage reservoirs to capture the excess run-off.  This 
project will result in 39.4 and 2.65 mt/yr of TN and TP, respectively. 4 √ √ √ √ 

CRE-LO 63 
Wastewater & Stormwater Master 
Plans 

Implement urban stormwater retrofitting projects or wastewater projects to 
achieve additional nutrient reductions and water storage basin wide by working 
with entities responsible for wastewater and stormwater programs in the service 
area. 

4 √ √ √ √ 

CRE-LO 64 
Proposed Unified Statewide 
Stormwater Rule 

Intended to increase the level of nutrient treatment of stormwater from new 
development and thereby reduce the discharge of nutrients and excess 
stormwater volume.  Treatment rule will be based on a performance standard of 
post-development nutrient loading that does not exceed pre-development 
nutrient loading. 

4 √ √ √ √ 

CRE-LO 68 
Comprehensive Planning - Land 
Development Regulations (LDR) 

Basin-wide work with state agencies, cities and counties to review current plans 
and ensure promotion of low impact design through coordinated comprehensive 
planning and growth management initiatives. 

3 √ √ √ √ 

CRE-LO 87c 

Florida Ranchlands 
Environmental Services Project 
(FRESP) 

The Florida Ranchlands Environmental Services Project will design a program 
in which ranchers in the Northern Everglades sell environmental services of 
water retention, nutrient load reduction, and wetland habitat expansion to 
agencies of the state and other willing buyers.  Pilot project program is 

1 √ √ √ √ 
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currently underway. 

CRE-LO 91 Farm and Ranchland Partnerships 

There are two USDA Natural Resources Conservation Service (NRCS) 
programs that help farmers and ranchers keep their land in agriculture, the Farm 
and Ranchlands Protection Program and the Wetlands Reserve Program.  Both 
programs provide funds to purchase conservation easements. 

4 √ √ √ √ 

CRE-LO 92 Clewiston STA 

The State of Florida currently owns 766 acres of land along the southwestern 
boundary of Lake Okeechobee in Clewiston that can be used as a stormwater 
treatment area to treat stormwater that is currently discharging to Lake 
Okeechobee.  Water quality benefits are anticipated to occur as a result of this 
project; however, the magnitude of these benefits is undetermined. 

4 √ √ √ √ 

CRE 01 
Recyclable Water Containment 
Areas (RWCA) 

Utilizes the agricultural lands for reduction of nutrient loads into the 
Caloosahatchee River. This project will result in 67.5 and 14.3 mt/yr of TN and 
TP, respectively. 

4 -- √ -- √ 

CRE 02 

Centralized Recycled Water 
Containment Area in the S-4 
Basin 

Utilizes the agricultural or other lands for temporary storage to remove nutrients 
and treat agricultural stormwater runoff from the S-4 Basin to help reduce 
nutrient loading to the Caloosahatchee River, aquifer recharge and add a 
temporary back up water supply for irrigation.  This project will result in 11.9 
and 2.41 mt/yr of TN and TP, respectively. 

5 -- √ -- √ 

CRE 04 
Caloosahatchee Area Lakes 
Restoration (Lake Hicpochee) 

Restore historical lake bed of Lake Hicpochee using 5,300 acres within 
footprint of state-owned lands, which will treat runoff from agricultural canals 
that currently flow into Lake Hicpochee and the Caloosahatchee River. Total 
load reduction is estimated as 100.4 mt/yr for TN and 24.7 mt/yr for TP.  

3 -- -- √ √ 

CRE 05 
East Caloosahatchee Water 
Quality Treatment Area 

The project consists of a constructed wetland designed for optimal removal of 
N within Lake Hicpochee and the Caloosahatchee River, and to reduce the 
nutrient pollutants loading to the downstream estuary.  This project will result 
in 80.1 and 19.2 mt/yr of TN and TP, respectively. 

3 -- -- -- √ 

CRE 10 

C-43 Water Quality Treatment 
and Demonstration Project 
(BOMA property) 

The project consists of a constructed wetland designed for optimal removal of 
N from the Caloosahatchee River and to reduce the nutrient pollutants loading 
to the downstream estuary. Total load reduction is estimated as 47.8 mt/yr for 
TN and 9.21 mt/yr for TP. 

3 √ √ √ √ 

CRE 11 
Caloosahatchee Ecoscape Water 
Quality Treatment Area 

The project consists of a constructed wetland designed for optimal removal of 
N from the Caloosahatchee River and to reduce the nutrient pollutants loading 
to the downstream estuary.  Total load reduction is estimated as 50.0 mt/yr for 
TN and 12.0 mt/yr for TP. 

4 -- -- √ √ 
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CRE 13 
West Caloosahatchee Water 
Quality Treatment Area 

The project consists of a constructed wetland designed to treat water from the 
reservoir to reduce nutrient concentrations from the Caloosahatchee River and 
nutrient pollutants loading to the downstream estuary. Total load reduction is 
estimated as 58.5 mt/yr for TN and 13.9 mt/yr for TP. 

3 -- -- √ √ 

CRE 18 
Harns Marsh Improvements, 
Phase I & II 

Construction of a control weir at the outlet of Harns Marsh into the Orange 
River, which will raise water levels in Harns Marsh and create 1,450 acre-feet 
of storage capacity in the canal. This project also includes replacement of other 
outlet structures (S-HM-2) and (S-HM-3); along with the addition of a 
controllable gate structure next to the existing inlet to the South Marsh structure 
(S-HM-1).  This project will result in 1.52 and 0.24 mt/yr of TN and TP, 
respectively. 

1 √ √ √ √ 

CRE 19 
Harns Marsh Improvements, 
Phase II Final Design - ECWCD 

Repair the Able Canal weirs, replacement of structure (S-OR-1) and (S-OR-
1SE), and install pump station to lift water during dry period. This project could 
help to reduce discharge into the Orange River at least 20 percent for the 25-
year design storm.  This project will result in 0.61 and 0.09 mt/yr of TN and TP, 
respectively. 

2 √ √ √ √ 

CRE 20 
Yellowtail Structure Construction 
- ECWCD 

The Yellowtail Structure will replace an old, failing broad crest weir with a new 
sheet pile weir with operable gates that will allow a better control of canal water 
quantity and quality, and will help on water recharge purposes.  This project 
will result in 0.32  and 0.03 mt/yr of TN and TP, respectively. 

2 √ √ √ √ 

CRE 21 Hendry County Storage 

Buy land for additional storm water storage and treatment during the rainy 
season and to provide base flows for the ECWCD’s outfalls along with 
additional groundwater recharge in the dry season.  This project will result in 
2.72 and 0.68 mt/yr of TN and TP, respectively. 

3 √ √ √ √ 

CRE 22 

Hendry Extension Canal 
Widening (Construction) - 
ECWCD 

This proposed canal widening project will help to address additional stormwater 
storage in the 5.5 mile section of Hendry Extension Canal.  Water quality 
benefits are anticipated to occur as a result of this project; however, the 
magnitude of these benefits is undetermined. 

2 √ √ √ √ 

CRE 29 

Lehigh Acres Wastewater 
Treatment and Stormwater 
Retrofit 

This project consists of the installation of stormwater treatment features in 
Lehigh Acres and updates the current stormwater management system. This 
project also consists of the conversion of high-density septic tanks to 
centralized wastewater treatment including installation of the infrastructure for 
a treated wastewater reuse system. This project will result in 68.4 and 13.7 
mt/yr of TN and TP, respectively. 

3 -- -- √ √ 

CRE 30 

Aquifer Benefit and Storage for 
Orange River Basin (ABSORB) - 
ECWCD 

Project primarily oriented to increase stormwater storage capacity and SW 
Lehigh Acres groundwater recharge. This project will result in 3.72 and 0.37 
mt/yr of TN and TP, respectively. 

2 √ √ √ √ 
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CRE 44 
Spanish Creek/ Four Corners 
Environmental Restoration 

Restore flow ways, build 400-acre deep reservoir and remove citrus grove.  
This project will result in 42.8 and 6.79 mt/yr of TN and TP, respectively. 

2 √ √ √ √ 

CRE 45 
Billy Creek Filter Marsh Phase I 
& II 

This project includes construction of a filter marsh facility and a water control 
structure. The water control structure diverts flows into the filter marsh facility, 
providing additional attenuation of stormwater flows within the channel itself. 
The filter marsh facility will consists of an 8-acre open water lake, 13-acre 
wetland marsh and incorporate/restore an existing 12-acre cypress hammock. 
This project will result in 2.05 and 0.51 mt/yr of TN and TP, respectively. 

1 √ √ √ √ 

CRE 48 
Manuel's Branch Silt Reduction 
Structure 

Install a silt reduction structure near the mouth of the creek to reduce the silt 
associated with the stream bank scour, erosion and degradation.  This project 
will result in 0.14 and 0.11 mt/yr of TN and TP, respectively. 

2 √ √ √ √ 

CRE 49 
Manuel's Branch East and West 
Weirs 

The project involves the installation of two weir water control structures within 
the existing canal.  This project will result in 0.42 and 0.16 mt/yr of TN and TP, 
respectively. 

2 √ √ √ √ 

CRE 53 
Caloosahatchee Creeks Preserve 
Hydrological Restoration 

This project will consist of culvert construction and plugging existing ditches to 
increase the retention time on the Caloosahatchee Creeks Preserve to help in the 
rehydration of the wetland and in the quality of water that later discharges into 
the Caloosahatchee River.  It is estimated that this will contribute 1,200 acres of 
storage capacity and will result in 21.8 and 5.44 mt/yr of TN and TP, 
respectively. 

2 √ √ √ √ 

CRE 57 Powell Creek Algal Turf Scrubber 

This project proposes to install a mobile unit of Algal Turf Scrubber system to 
remove nutrients, based on the results of a pilot project.  This project will result 
in 0.06 and 0.02 mt/yr of TN and TP, respectively. 

2 √ √ √ √ 

CRE 59 
North Fort Myers Surface Water 
Restoration Project 

The proposed management measure includes channel improvements, 
construction of weirs to control runoff form Palermo and to incorporate filter 
marsh to reduce contaminants.  This project will result in 0.68 and 0.06 mt/yr of 
TN and TP, respectively. 

1 √ √ √ √ 

CRE 64 
Yellow Fever Creek/Gator Slough 
Transfer Facility (#208509) 

Construct an interconnection facility between the Gator Slough Canal and 
Yellow Fever Creek to transfer the surface waters during the high flow periods.  
This project will result in 1.26 and 0.15 mt/yr of TN and TP, respectively. 

1 √ √ √ √ 

CRE 69 
Cape Coral Wastewater Treatment 
and Stormwater Retrofit 

The City of Cape Coral is implementing a program that involves conversion of 
septic systems to gravity sewers. This project also includes replacement of older 
stormwater inlets with the newer inlets designed to assist stormwater.  This 
project will result in 27.0 and 5.40 mt/yr of TN and TP, respectively. 

2 -- -- √ √ 

CRE 77 
Cape Coral Canal Stormwater 
Recovery by ASR 

Using aquifer storage and recovery wells in Cape Coral to overcome water 
shortfall during dry season and to provide flood attenuation during wet season. 
This project will result in 4.13 and 0.82 mt/yr of TN and TP, respectively. 

1 -- √ -- √ 
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CRE 121 
City of LaBelle Stormwater 
Master Plan Implementation 

This project will include stormwater conveyance and water quality storage 
improvements within the City of La Belle consisting in approximately 149 acres 
resulting in 34.8 and 5.80 mt/yr of TN and TP, respectively. 

2 √ √ √ √ 

CRE 122 
Rehydrate Lee County Well Fields 
(south of Hwy 82) 

Redirecting water from Lehigh Acres to rehydrate Lee County well fields to the 
south of SR 82. This project will result in 1.27 and 0.23 mt/yr of TN and TP, 
respectively. 

3 -- √ -- √ 

CRE 123 
North Ten Mile Canal Stormwater 
Treatment System 

Stormwater storage/detention 12 acre-feet area for urban and commercial area. 
Estimated at 0.82 mt/yr for TN and 0.33 mt/yr for TP for 3-year event. 

2 -- -- √ √ 

CRE 124 
Carrell Canal (FMCC) Water 
Quality Improvements 

Stormwater treatment area to contribute with 0.13 mt/yr for TN and 0.14 mt/yr 
for TP reduction coming to Carrel Canal.   

2 -- -- √ √ 

CRE 125 
Shoemaker-Zapato Canal 
Stormwater Treatment 

Installation of weir/control structures to increase channel storage providing 
peak flow attenuation, reducing erosion and siltation into Billy Creek. This 
project will result in 0.54 and 0.14 mt/yr of TN and TP, respectively. 

2 -- -- √ √ 

CRE 126 
Fort Myers-Cape Coral Reclaimed 
Water Interconnect 

Installation of a 20-inch diameter transmission line from Fort Myers Treatment 
Plant to Cape Coral Reclamation Treatment Plant. This will help prevent 
discharging 9 MGD treated water into Caloosahatchee River.  Water quality 
benefits are anticipated to occur as a result of this project; however, the 
magnitude of these benefits is undetermined. 

5 -- -- -- √ 

CRE 128 East Caloosahatchee Storage 

Construction of distributed reservoirs on 7500 acres of private properties. The 
project could potentially create 100,000 acre-feet of above ground storage and 
will result in 69.1 and 5.16 mt/yr of TN and TP, respectively. 

4 -- √ -- √ 

CRE 128a 
Caloosahatchee Storage -
Additional 

Creation of 50,000 acre-feet of above ground storage in the Caloosahatchee 
Watershed.  This project will result in 58.0 and 4.30 mt/yr of TN and TP, 
respectively. 

4 -- -- -- √ 

CRE 129 
Wastewater Treatment Plant 
Upgrade and Reclaimed Water 

Upgrade existing wastewater treatment plants to reduce the effluent loadings. 
Includes the potential for distribution as reclaimed water. Also construct future 
plants to higher treatment levels.  Water quality benefits are anticipated to occur 
as a result of this project; however, the magnitude of these benefits is 
undetermined. 

5 -- -- -- √ 

CRE 130 Animal Manure Application Rule 

Landowners who apply more than one ton per acre of manure must develop 
conservation plans, approved by the US Department of Agriculture/National 
Resource Conservation Service (USDA/NRC), that specifically address the 
application of animal wastes and include soil testing to demonstrate the need for 
manure application. 

1 √ √ √ √ 
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CRE 131 Application of Septage Rule 

FDOH rule which regulates the regarding application of septage in the 
Caloosahatchee and St. Lucie rivers. Entities disposing of septage within the 
watersheds must develop and submit to FDOH an agricultural use plan that 
limits applications, based upon nutrient loading. 

1 √ √ √ √ 
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6.5 ALTERNATIVE PLAN EVALUATION AND COMPARISON 

Section 6.5 evaluates and compares the water quantity and water quality results for Alternatives 
1 through 4 of the Caloosahatchee River Watershed Protection Plan (CRWPP).  The four 
alternatives are a combination of various management measures more fully described in Sections 
6.1, 6.4, and Appendix B.  

Alternative 1:  Alternative 1 is defined as the “common elements” and is included in all 
subsequent alternatives.  Alternative 1 includes the Level 1 through 4 management measures 
for which construction or implementation were determined to be imminent by the working 
team.  All source control management measures are included in Alternative 1.   

Alternative 2:  Alternative 2 maximizes the surface water storage in the freshwater 
watershed.  Six management measures were added to the common elements.  Among the 
management measure included is the East Caloosahatchee Storage Project, potentially 
creating 100,000 acre-feet of aboveground storage in the watershed. 

Alternative 3:  Alternative 3 maximizes the total phosphorus (TP) and total nitrogen (TN) 
load reductions in water from the Caloosahatchee River Watershed, again including the 
common elements of Alternative 1.  Eight water quality management measures were 
incorporated in Alternative 3, including five regional projects and three additional local 
projects.     

Alternative 4:  Alternative 4 is a compilation of Alternative 2 and Alternative 3 with three 
management measures added to increase storage capacity and improve water quality in the 
watershed.  Alternative 4 is intended to optimize watershed storage and maximize TP and TN 
load reductions in the watershed. The three additional regional management measures are the 
Fort Myers-Cape Coral Reclaimed Water Interconnect, the Caloosahatchee Storage - 
Additional (50,000 acre-feet), and the East Caloosahatchee Water Quality Treatment Area. 

In an effort to determine the appropriate level of storage to implement within the watershed, the 
working team evaluated varying levels of watershed storage beyond what was prescribed in 
Alternative 2.  Based on the insight gained from this effort, the working team determined that the 
four additional management measures in Alternative 4 provided the most practicable water 
storage in the watershed needed to minimize damaging flows to the Caloosahatchee Estuary. 

6.5.1 Water Quantity 

One objective of the CRWPP is to improve water quantity and delivery to the Caloosahatchee 
Estuary by reducing the frequency and duration of harmful freshwater releases.  There are three 
performance measures for evaluating the plan alternatives with respect to water quantity: the 
High Discharge Criteria, the Salinity Envelope Criteria and the Target Flow Index (TFI).  The 
criteria are based on maintaining the ecological health of the system and measure total flows to 
the Caloosahatchee Estuary at the Franklin Lock and Dam structure (S-79).  The CRWPP only 
addresses the watershed contribution to the estuary.  Lake Okeechobee discharges were 
addressed in the Lake Okeechobee Watershed Construction Project, Phase II Technical Plan 
(LOP2TP).    
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6.5.1.1 High Discharge Criteria 

The target for the ecology-based high discharge criteria is three or fewer occurrences of mean 
monthly flows greater than 2,800 cubic feet per second (cfs) and no occurrences of mean 
monthly flows over 4,500 cfs for the model simulated 36-year period of record (1970 to 2005).  
The basis for the High Discharge Criteria is discussed in detail in Section 6.2.  The following 
sections present the Northern Everglades Regional Simulation Model (NERSM) results for the 
high discharge criteria and evaluate and compare the performance of the four alternatives relative 
to the criteria. 

6.5.1.1.1 High Discharge Criteria Results  

The performance of the base conditions and the four alternatives compared to the high discharge 
criteria target are provided in Figure 6.5-1.  The left bars represent a tally of the mean monthly 
flows greater than 2,800 cfs and the right bars represent a tally of the mean monthly flows 
greater than 4,500 cfs.   

Under the RWPPB condition, discharges exceeding 2,800 cfs decreased by 31 percent and 
discharges exceeding 4,500 cfs decreased by 43 percent compared to the CBASE Condition.  
These improvements are from the base projects included in the RWPPB Condition, including the 
LOP2TP Preferred Alternative and the C-43 Reservoir.  

All of the alternatives showed improvement in reducing the number of exceedances compared to 
the RWPPB Condition.  As expected, Alternative 4 showed the greatest improvement for both 
flow threshold values, reducing the number of watershed discharges greater than 2,800 cfs to 41 
and reducing the number of discharges greater than 4,500 cfs to 16. 

The implementation of the alternatives reduced the occurrences of total basin and Lake 
Okeechobee flows greater than 2,800 cfs by 7 percent to 20 percent, from the RWPPB shown in 
Figure 6.5-1.  The number of occurrences of total discharges greater than 4,500 cfs also 
decreased from the RWPPB condition to all four alternatives by about 5 percent to 24 percent.   
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 Figure 6.5-1.  High Discharge Criteria Performance 

Tables 6.5-1a and 6.5-1b further divide each of the exceedances depicted in Figure 6.5-1 by its 
source.  This is important, since this plan’s objective is to address the watershed contribution to 
the estuary.  Lake Okeechobee discharges were addressed in the LOP2TP. Identifying the source 
of water that contributes to the exceedances of the High Discharge Criteria helps to focus the 
management measures on this objective.  When considering the Caloosahatchee River Watershed 
contribution only, the four alternatives reduced the number of discharges greater than 2,800 cfs 
by 21 percent to 39 percent and the occurrences of discharges greater than 4,500 cfs by 14 
percent to 43 percent.  

Table 6.5-1a.  Breakdown of Flows Greater than 2,800 cfs to Estuary by Source 
(Number of Months out of 432 Total Months of Simulation (1970-2005 period of record)) 

Discharges greater than 2,800 cfs CBASE RWPPB ALT1 ALT2 ALT3 ALT4 

Caloosahatchee River Watershed 48 33 26 22 26 20 

Lake Okeechobee 21 5 7 7 7 8 

Caloosahatchee River Watershed and Lake 
Okeechobee Combined 11 17 16 18 18 16 

TOTAL 80 55 49 47 51 44 
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Table 6.5-1b.  Breakdown of Flows Greater than 4,500 cfs to Estuary by Source   
(Number of Months out of 432 Total Months of Simulation (1970 to 2005 period of record)) 

Discharges greater than 4,500 cfs CBASE RWPPB ALT1 ALT2 ALT3 ALT4 

Caloosahatchee River Watershed 10 7 6 5 5 4 

Lake Okeechobee 5 1 2 1 2 1 

Caloosahatchee River Watershed and Lake 
Okeechobee Combined 22 13 12 11 13 11 

TOTAL 37 21 20 17 20 16 

6.5.1.2 Salinity Envelope 

The salinity envelope target is the second CRWPP water quantity performance measure.  The 
restoration salinity envelope targets for the Caloosahatchee Estuary eliminate the occurrence of 
mean monthly flows less than 450 cfs from October to July, and limit the number of times 
monthly flows exceed 2,800 cfs to three occurrences.  Meeting the mean monthly flow targets 
will ensure that the salinity envelope targets are met. 

Meeting the salinity envelope target will maintain desirable salinity levels in the Caloosahatchee 
Estuary conducive to the estuary’s ecologic health.  Like the High Discharge Criteria, this 
performance measure considers both the quantity and duration of discharges to the 
Caloosahatchee Estuary from the Caloosahatchee River Watershed.  

6.5.1.2.1 Salinity Envelope Results 

Figure 6.5-2 illustrates the number of times the salinity envelope criteria are not met for the 
Caloosahatchee Estuary based on modeled mean monthly flows for the period of record (top 
chart), and the number of consecutive months when exceedances occurred (bottom chart).  On 
the top chart, the bars on the left indicate the number of months the average surface water flows 
were less than 450 cfs, and the bars on the right indicate the number of months the average flow 
from the Caloosahatchee River Watershed exceeded 2,800 cfs.  On the bottom chart, the 
numbers on the left of each column represent the number of times the salinity envelope low flow 
criterion was not met for consecutive months, and the numbers on the right of each column 
represent the same for the salinity envelope high flow criterion.  

As can be seen in Figure 6.5-2, Alternative 4 resulted in a 98% improvement over current 
conditions in regards to the salinity envelope low flow criterion, reducing the number of 
exceedances from 189 to 4.  In addition, Alternative 4 resulted in a 66 percent reduction (from 55 
to 44) in the number of exceedances of the salinity envelope high flow criterion, whereas 
Alternative 1 resulted in a reduction of only 33 percent (from 55 to 49).   
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Figure 6.5-2.  Salinity Envelope Criteria Performance 

6.5.1.3 Target Flow Index 

TFI was the third CRWPP water quantity performance measure.  TFI compares the modeled 
flow distributions to a desired flow distribution.  Deviation from the desired flow distribution 
will result in a negative TFI.  The TFI becomes progressively negative as the flow distribution 
deviates further from the targeted distribution. The goal is to have a TFI value of zero, which 
would indicate a perfect match of the flow distribution corresponding to the ecologically-based 
target flow time series, EST05.   

6.5.1.3.1 Target Flow Index Results 

Figure 6.5-3 displays the flow distribution graph of the base conditions and the alternatives, as 
well as the TFI score for EST05.  The EST05, which is depicted by the green line, is the desired 
condition or target flow distribution and therefore has a TFI of zero.   

As expected, the TFI for the RWPPB Condition is closer to the desired value of zero at –0.121, 
an improvement from the CBASE Condition by 76 percent.  All of the alternatives showed 
improvement in reaching the desired flow distribution when compared to the RWPPB Condition.  
The flow distribution for the alternatives matched the EST05 flow distribution better than the 
distribution for the RWPPB Condition.  The corresponding TFI scores for the alternatives were 
closer to the EST05 by 35 percent to 15 percent compared to the RWPPB Condition, with 
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Alternative 4 being the closest to EST05 with a score of -0.733.  Alternative 4 results in an 84 
percent improvement over current conditions. 

Figure 6.5-3.  Target Flow Index Performance 

6.5.1.4 Lake Okeechobee Proposed Minimum Water Level Criteria 

Performance indicators were used to measure how an alternative may impact, either directly or 
indirectly, other water related needs of the region.  One performance indictor in the 
Caloosahatchee River Watershed is the Lake Okeechobee minimum water levels.  The target 
minimum water level condition for Lake Okeechobee allows for only one occurrence over a six-
year period when water levels drop below 11 feet National Geodetic Vertical Datum (NGVD) for 
more than 80 days.  The model results are provided in Figure 6.5-4.  The RWPPB and all of the 
CRWPP alternatives met the Lake Okeechobee minimum water level criteria, with only one 
occurrence when the lake’s water levels were less than 11 feet NGVD for greater than 80 days.  

TFI 
0000 

-4.601 
-1.121 
-0.948 
-0.804 
-0.954 
-0.733
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Figure 6.5-4.  Lake Okeechobee Minimum Water Level Performance  

6.5.1.5 Lake Okeechobee Service Area Irrigation Demand 

Another CRWPP performance indicator is to ensure that the plan does not adversely affect the 
Lake Okeechobee Service Area (LOSA) water supply demands.  The water supply impact of the 
RWPPB and each of the alternatives are shown in Figure 6.5-5.  All alternatives were evaluated 
to determine their impact on Lake Okeechobee’s capacity to meet Lake Okeechobee Service 
Area (LOSA) water supply demands by using the most severe seven water years within the 
period of record.  Alternative 4 provided the greatest reduction in demand cutback volumes.  The 
additional reductions in Water Year 2001 cutbacks with Alternative 4 compared to Alternatives 
1, 2, and 3 are a likely result of additional storage in the Caloosahatchee River Watershed 
reducing demands on Lake Okeechobee.  
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Figure 6.5-5.  Lake Okeechobee Service Area Performance 

Figure 6.5-6 shows the sources and volumes of water supplies (top two bar charts) and the mean 
annual percentage of water supply demands not met for the Everglades Agricultural Area and 
other LOSA area (bottom two bar charts), for the same seven water years with the most severe 
LOSA water supply cutbacks.  All alternatives showed reduction in cutbacks relative to RWPPB, 
with Alternative 4 providing the lowest cutback volume and/or percentage. 
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Figure 6.5-6.  Lake Okeechobee Supplemental Irrigation Performance 

6.5.2 Water Quality 

The Northern Everglades and Estuaries Protection Program (NEEPP) in Section 373.4595, 
Florida Statutes (F.S.) requires the CRWPP to contain an implementation schedule for pollutant 
load reductions consistent with any adopted nutrient Total Maximum Daily Loads (TMDLs) and 
in compliance with applicable state water quality standards.  The Florida Department of 
Environmental Protection (FDEP) was developing TMDLs for the Caloosahatchee River 
Watershed during the formulation of the CRWPP and as a result, an interim water quality goal 
was used by the coordinating agencies to maximum nutrient load reductions. NEEPP requires the 
CRWPP to be updated every three years.  Therefore, the water quality goals will be updated in 
the three-year update of the CRWPP to include any established TMDLs in the Caloosahatchee 
River Watershed. 

The working team also considered estimated natural background concentrations of TP and TN 
against which all alternative condition concentrations were then checked.  The “natural 
condition” was based on the minimum value that would be expected for a freshwater riverine 
system under “natural conditions” for southern Florida.  For this study, the natural background  
concentration for TP was estimated as 80 parts per billion (ppb) (0.080 mg/L) and TN as 0.80 
parts per million (ppm) (0.80 mg/L).  Decisions regarding the concentrations were established in 
writing between Robert Chamberlin and the South Florida Water Management District 
(SFWMD) in April 2008.   
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The water quality evaluation method was described in Section 6.3.  The base projects that 
influence anticipated TP and TN loading to the Caloosahatchee Estuary are: the C-43 West Basin 
Storage Reservoir and implementation of the LOP2TP.    

6.5.2.1 Water Quality Results 

The summaries of TP and TN load reductions are provided in Tables 6.5-2 and 6.5-3, 
respectively.  The range of total average annual load reductions from the alternatives compared 
to the RWPPB Condition is 27 to 38 percent (84.8 and 121.0 mt/yr) TP and 24 to 36 percent (684 
and 1,011 mt/yr) TN. 

Each of the four alternatives provides a reduction in annual TP and TN loads compared to the 
CBASE and RWPPB conditions, with Alternative 4 achieving the maximum load reductions.  
The load reductions from the Caloosahatchee River Watershed represent water quality benefits 
from the CRWPP projects only.  Alternative 4 resulted in a 39 percent reduction in TP loading 
and a 38 percent reduction in TN loading from the Caloosahatchee River Watershed.  With 
Alternative 4, the combined average annual TP and TN loading was reduced 39 percent for TP 
and 38 percent for TN compared to the CBASE Condition, and 31 percent for TP and 25 percent 
for TN compared to the RWPPB Condition. 

For the load contributed from Lake Okeechobee and the Caloosahatchee River Watershed, the 
total load reduction of 38 percent for TN has resulted in a remaining load and concentration of 
3,011 mt and 1.08 ppm, respectively.  Similarly, the total load reduction of 39 percent for TP has 
resulted in a remaining load and concentration of 265 mt and 94 ppb, respectively.  Remaining 
TP and TN concentrations are higher than the natural background concentrations, although to a 
much lesser extent than under the CBASE and RWPPB conditions.  The major focus of 
management measures implemented for nutrient reductions in the watershed is TN treatment, 
especially in the West, East, and Tidal Caloosahatchee sub-watersheds.  These sub-watersheds 
are major contributors of high TN levels, as discussed below and also in Section 6.3.2.4.  

Table 6.5-2.  Total Phosphorus Load Reductions 

Load Reduction (%) 
Total Phosphorus  Annual Load 

(mt/yr) 
Concentration 

(ppb) 
RWPPB 

Condition1 
 CBASE 

Condition2 
Lake Okeechobee 66.6 80 n.a. 36% 
Caloosahatchee River 
Watershed 318.9 161 n.a. 2% 

RWPPB 
Condition 

Combined  385.4 137 n.a. 10% 
Lake Okeechobee 66.6 80 0% 36% 
Caloosahatchee River 
Watershed 234.1 118 27% 28% 

Alt 1 

Combined  300.6 107 22% 30% 
Lake Okeechobee 66.6 80 0% 36% 
Caloosahatchee River 
Watershed 222.0 113 30% 32% 

Alt 2 

Combined  288.6 103 25% 33% 
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Load Reduction (%) 
Total Phosphorus  Annual Load 

(mt/yr) 
Concentration 

(ppb) 
RWPPB 

Condition1 
 CBASE 

Condition2 
Lake Okeechobee 66.6 80 0% 36% 
Caloosahatchee River 
Watershed 204.2 103 36% 37% 

Alt 3 

Combined  270.8 96 30% 37% 
Lake Okeechobee 66.6 80 0% 36% 
Caloosahatchee River 
Watershed 197.9 101 38% 39% 

Alt 4- 
Preferred 

Plan  
Combined  264.5 94 31% 39% 

1 Percent load reduction compared to RWPPB Condition – only applies to Alternatives 1 through 4. 
2 Percent load reduction compared to CBASE Condition – only applies to Alternatives 1 through 4. 

Table 6.5-3.  TN Load Reductions 

1 Percent load reduction compared to RWPPB Condition – only applies to Alternatives 1 through 4. 
2 Percent load reduction compared to CBASE Condition – only applies to Alternatives 1 through 4. 

 
As discussed in Section 6.3.2.4, the West and Tidal Caloosahatchee sub-watersheds were 
identified “hot spots” (sub-watersheds with disproportionately high annual TN loads and 
concentration); therefore, they were targeted for water quality management measures.  The 
focused water quality efforts applied to these sub-watersheds are highlighted in Figures 6.5-7 
and 6.5-8 (the reduction of height in the bars for West and Tidal Caloosahatchee sub-

Load Reduction (%) 
Total Nitrogen 

Annual 
Load 

(mt/yr) 
Concentration 

(ppm) 
RWPPB 

Condition1 
 CBASE 

Condition2 
Lake Okeechobee 1,215 1.46 n.a. 38% 
Caloosahatchee River 
Watershed 2,806 1.42 n.a. 3% 

RWPPB 
Condition 

Combined  4,021 1.43 n.a. 17% 
Lake Okeechobee 1,215 1.46 0% 38% 
Caloosahatchee River 
Watershed 2,122 1.07 24% 27% 

Alt 1 

Combined  3,337 1.19 17% 31% 
Lake Okeechobee 1,215 1.46 0% 38% 
Caloosahatchee River 
Watershed 2,004 1.02 29% 31% 

Alt 2 

Combined  3,219 1.15 20% 34% 
Lake Okeechobee 1,215 1.46 0% 38% 
Caloosahatchee River 
Watershed 1,856 0.94 34% 36% 

Alt 3 

Combined  3,071 1.09 24% 37% 
Lake Okeechobee 1,215 1.46 0% 38% 
Caloosahatchee River 
Watershed 1,796 0.91 36% 38% 

Alt 4 - 
Preferred 

Plan  
Combined  3,011 1.08 25% 38% 
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watersheds).  Remaining loads to the estuary from the West Caloosahatchee Sub-watershed were 
reduced by 38 percent for TN and 43 percent for TP.  Similarly, from the Tidal Caloosahatchee 
Sub-watershed remaining loads were reduced 34 percent for TN and 36 percent for TP.  
Although not as large in magnitude, loads from the East Caloosahatchee Sub-watershed were 
significant; water-quality efforts were estimated to reduce the annual loads by 50 percent for TN 
and 44 percent for TP. 
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 Figure 6.5-7.   Remaining Total Phosphorus Loads by Sub-watershed  
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Total Nitrogen (TN) 
Load Results
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 Figure 6.5-8.  Remaining Total Nitrogen Loads by Sub-watershed 

6.5.3 Identification of the Preferred CRWPP Construction Project 

NEEPP requires the CRWPP to contain an implementation schedule for pollutant load reductions 
consistent with any adopted nutrient TMDLs and applicable state water quality standards, and to 
consider and balance water supply, flood control, estuarine salinity, aquatic habitat, and water 
quality considerations when assessing current water management practices within the 
Caloosahatchee River Watershed.  Both TP and TN load reduction from watershed flows to the 
Caloosahatchee Estuary and additional storage capacity in the Caloosahatchee River Watershed 
is required to achieve the restoration goals for the Caloosahatchee Estuary. 

Each alternative was evaluated for its performance at reducing damaging discharges to the 
Caloosahatchee Estuary and TP and TN loads while maintaining existing levels of water supply.  
Alternative 4 was selected as the plan that best met the legislative intent of NEEPP.  Alternative 
4 is referred to as the preferred CRWPP or the preferred Plan from this point forward.  

The preferred Plan achieved a total load reduction of 38 percent for TN and 39 percent for TP, as 
shown in Table 6.5-4.  These results reflect the “big picture” benefits provided by 
implementation of the LOP2TP and the CRWPP.  The load reductions to the estuary achieved by 
each plan are also included in Table 6.5-4.  It should be noted that the total load reduction of 39 
percent for P has resulted in a remaining load and concentration of 265 metric tons (mt) and 94 
ppb, respectively.  On the other hand, the total load reduction of 38 percent for N has resulted in 
remaining load and concentration of 3,011 mt and 1.08 ppm, respectively.  However, based on 
the current assessment, it appears that excessively high N levels throughout the watershed pose 
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the greatest water quality challenge.  Therefore, the major focus of management measures 
implemented for nutrient reductions in the watershed is N treatment, especially in the West 
Caloosahatchee Sub-watershed, which is a major contributor of high N levels. Total phosphorus 
and total nitrogen load reduction performance will be revisited once the TMDLs are formally 
adopted by FDEP, which will provide specific loading rates, compliance locations, and 
compliance methodology.   

Table 6.5-4.  Load Reductions Achieved by the Preferred Plan for Total Phosphorus and Total 
Nitrogen 

 Total Phosphorus Total Nitrogen 

Total  Load Reduction1 39% 38% 

Watershed Load Reduction2 38% 36% 

Lake Okeechobee Load Reduction3 36% 38% 

Resulting Load 265 mt 3,011 mt 

Resulting Concentration 94 ppb 1.08 ppm 
1 Total load reduction from Lake Okeechobee and Caloosahatchee River Watershed compared to the CBASE Condition  
2 Load reductions only from the Caloosahatchee River Watershed compared to the RWPPB Condition 
3 Load reductions only from the Lake Okeechobee compared to the CBASE condition 

In addition to the water quality benefits mentioned above, implementation of the preferred Plan 
is anticipated to result in the following water quality and water quantity benefits: 

Water Quantity 

• Construction of approximately 36,000acres of reservoirs and over 15,000  acres of 
Stormwater Treatment Areas and and Water Quality Treatment Areas; 

• Providing approximately 400,000 acre-feet of water storage within the 
Caloosahatchee River Watershed; 

• Over 50 percent reduction of the occurrences of flows between 2,800 and 4,500 cfs 
from current conditions;  

• Over 60 percent reduction in flows greater than 4,500 cfs from current conditions; 
• A 98 percent improvement over current conditions for flows less than 450 cfs;  
• An 84 percent improvement over current conditions towards the achievement of the 

Target Flow Index; and  
• Reduction in the percentage of months with detrimental high or low flows from 62 

percent to 11 percent.   

Water Quality 

• Implementation of BMPs on more than 430,000 acres of agricultural lands and 
145,000 acres of urban lands;  

• Completing regulatory rule revisions (ERP and Regulatory Nutrient Source Control 
Rule revisions); 
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• Construction of approximately 15,000 acres of Stormwater Treatment Areas and 
Water Quality Treatment Areas; and 

• Restoring more than 2,000 acres of wetlands and natural areas within the 
Caloosahatchee River Watershed. 
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7.0 CALOOSAHATCHEE RIVER WATERSHED POLLUTANT CONTROL 
PROGRAM 

Pollutant source control is integral to the success of any water resource protection or restoration 
program.  Source control programs in the Caloosahatchee River Watershed are evolving and 
expanding through cooperative and complementary efforts by the Florida Department of 
Environmental Protection (FDEP), the Florida Department of Agriculture and Consumer 
Services (FDACS), and the South Florida Water Management District (SFWMD).  The 
Caloosahatchee River Watershed Pollutant Control Program is designed to be a multi-faceted 
approach to reducing pollutant loads.  The program includes improving the management of 
pollutant sources within the watershed through implementation of regulations and best 
management practices (BMPs) and development and implementation of improved BMPs 
focusing on nitrogen (N) and phosphorus (P).  The Northern Everglades and Estuaries Protection 
Program (NEEPP) legislation [Section 373.4595, Florida Statutes (F.S.) (2007)] further refines 
the responsibilities of the coordinating agencies to achieve the objectives of the Caloosahatchee 
River Watershed Protection Program (CRWPP) on an expedited basis, including: 
 

• Implementation of non-point source BMPs on agricultural and non-agricultural lands to 
ensure that the amount of nutrients discharged offsite are minimized to the greatest 
possible extent; 

• Coordination with local governments to implement the nonagricultural, nonpoint-source 
BMPs within their respective geographic boundaries; 

• Assessment of current water management practices within the watershed and 
development of recommendations for structural, nonstructural, and operational 
improvements that consider and balance water quality and supply, flood control, 
estuarine salinity, and aquatic habitat considerations; 

• Ensuring that domestic wastewater residuals within the Caloosahatchee River Watershed 
do not contribute to nutrient loadings in the watershed; 

• Coordination with the Florida Department of Health (FDOH) to ensure that septage 
disposal within the watershed is under an approved agricultural use plan, limiting 
applications based on nutrient loading limits established in the proposed revisions 
SFWMD’s 40E-61 Regulatory Nutrient Source Control Program; 

• Ensuring that entities utilizing land-application of animal manure develop a resource 
management system level conservation plan; 

• Utilization of alternative and innovative nutrient control technologies; 
• Utilization of federal programs that offer opportunities for water quality treatment, 

including preservation, restoration, or creation of wetlands on agricultural land; and 
• Implementation of a source control monitoring program to measure the collective 

performance and progress of the coordinating agencies’ programs, to support adaptive 
management within the programs, to identify priority areas of water quality concern and 
BMP optimization, and to provide data to evaluate and enhance performance of 
downstream treatment facilities. 

 
Source control programs are anticipated to be implemented through a phased approach based on 
identified priority areas of water quality concern. 
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7.1 Non-Point Source Best Management Practices 

Nutrient source controls refer to activities and measures (many are referred to as BMPs) that can 
be utilized on agricultural and non-agricultural lands to ensure that the amount of nutrients, 
specifically P and N, in offsite discharge is minimized, thereby preventing excessive nutrients 
from entering the waterways.  Implementation of BMPs is a relatively cost-effective pollutant 
reduction and prevention measure.  BMPs include structural and non-structural measures.  
Structural measures include creating physical changes in the landscape to reroute discharges, 
installing water control structures, and erecting barriers.  Non-structural source control measures 
include education, operational or behavioral changes, and establishing regulations. 
 
The major categories of commonly used BMPs are nutrient management, water management, 
and erosion control.  Nutrient management considers the amount, timing, and placement of 
nutrients, such as fertilizer.  Water management considers the timing, volume, maintenance, and 
overall efficiency of the stormwater and irrigation systems.  Erosion control practices prevent the 
off-site transport of nutrients in particulate matter and sediment. 
 
One key component of an effective BMP program is education to make participants aware of 
practices and activities that may contribute to pollutants in discharges.  The education component 
of source control also includes providing the latest technical information, through demonstration 
and research projects, to continually optimize the effectiveness of BMPs and to introduce 
alternative nutrient source control technologies.  Much of the region-specific BMP research to 
date has been conducted in partnership with the University of Florida Institute of Food and 
Agricultural Sciences (UF/IFAS).  Another key factor for an effective source control program is 
the proper implementation of the BMPs.  The coordinating agencies are making a 
complementary effort to verify that participants are trained and implementing BMPs properly. 
 
There are existing and proposed nutrient source control programs within the Caloosahatchee 
River Watershed.  These programs are developed and implemented cooperatively by SFWMD, 
FDEP, and FDACS, in collaboration with local governments and private landowners.  Examples 
include development and implementation of agricultural and non-agricultural BMPs, 
development of agricultural use plans that limit nutrient loading, restrictions on the application of 
domestic wastewater residuals and septage, implementation of the Florida Yards and 
Neighborhoods Program, and several urban stormwater management programs. 
 
These nutrient source control programs will continue, regardless of the number, size, and 
configuration of the capital water quality improvement projects described and prioritized 
elsewhere in this plan.  Nutrient source control is a critical component of watershed restoration; 
it is typically less expensive to prevent pollution than to remediate its impacts.  Further, these 
programs operate under authorities and requirements independent of the NEEPP. 

7.1.1 South Florida Water Management District Nutrient Source Control Programs 

7.1.1.1 Environmental Resource Permit Program 

One of the earlier pollutant source control programs began in the 1980s in Chapters 17 to 25, 
Florida Administrative Code (F.A.C.) and focused on the regulation of stormwater.  Since the 
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1990s, stormwater quality has been regulated under the Environmental Resource Permit (ERP) 
program, which is found in Part IV of Chapter 373, F.S.  The ERP program regulates activities 
involving the alteration of surface-water flows, and it includes activities in uplands that alter 
stormwater runoff, as well as dredging and filling in wetlands and other surface waters.  
Generally, the program’s purpose is to ensure that alterations do not degrade water quality, 
compromise flood protection, or adversely affect the function of wetland systems.   
 
In May 2007, FDEP initiated the development of the Unified Statewide Stormwater rule. In June 
2007, SFWMD also initiated rule development to incorporate the Unified Statewide Stormwater 
rule.  The rule will be based on a performance standard of post-development total nitrogen (TN) 
and total phosphorus (TP) loading not exceeding pre-development natural conditions.  The pre-
development natural condition is proposed to be defined as the condition of the site as if it were 
naturally vegetated, not necessarily the conditions existing at the site today.  The intended effect 
of the rule is to increase the level of treatment required for TN and TP in stormwater from new 
development, which is anticipated to adequately address the discharge of nutrients in general.  
Methods for estimating treatment efficiency in typical water management BMPs and in low 
impact design type water management BMPs are proposed to be included in the rule, as well as 
retrofit projects, redevelopment and compensating treatment.  The rule is also anticipated to have 
an incidental effect of reducing the volume of stormwater.  The proposed date for rule adoption 
is mid to late 2010. 
 
In March 2008, SFWMD initiated rule development for an ERP Basin Rule with supplemental 
criteria designed to result in no increase in total runoff volume from new development that 
ultimately discharges to Lake Okeechobee or the Caloosahatchee or St. Lucie estuaries.  This 
rule will be supplemental to existing criteria and the proposed USS rule.  Average annual 
discharge volumes are proposed to be addressed.  Methods for estimating storage capacities in 
typical water management BMPs and in low-impact design type water management BMPs are 
also proposed to be included in this rule.  The target effective date of the rule is mid to late 2010. 

7.1.1.2 Proposed Caloosahatchee River Watershed Regulatory Nutrient Source Control 
Program 

The existing SFWMD 40E-61 Regulatory Nutrient Source Control Program was adopted in 1989 
[Chapter 40E-61, Florida Administrative Code (F.A.C.)], as a result of the Lake Okeechobee 
Surface Water Improvement and Management (SWIM) Plan, to provide a regulatory source 
control program specifically for P.  The NEEPP legislation expanded the program boundary to 
the Caloosahatchee River Watershed and included N, in addition to P, as the focus of nutrient 
source controls.  The program applies to new and existing activities with the goal of reducing 
nutrients in offsite discharges. 
 
SFWMD is proposing to modify Chapter 40-61, F.A.C. to be compatible with recent 
amendments to the NEEPP to include the following: 
 

• Implement a nutrient source control program utilizing BMPs for agricultural and non-
agricultural lands within the Northern Everglades, including the Caloosahatchee River 
Watershed;  
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• Recognize agricultural lands that are greater than 100 acres and are participating in the 
FDACS BMP program as meeting the intent of the proposed rule, to prevent duplication 
of effort;  

• Define the monitoring network necessary to gauge the collective effectiveness of the 
source control programs implemented by the coordinating agencies, to make water 
quality compliance determinations as necessary, to identify priority areas of water quality 
concern, and to provide data to evaluate and enhance performance of downstream 
treatment facilities;  

• Establish water quality performance criteria specific to the collective source control 
programs and develop a plan for optimizing the collective BMP programs, should the 
expected water quality performance criteria not be met;  

• Establish nutrient concentration limits for sites utilized for septage application or 
disposal; 

• Ensure that the rule is consistent with data presented in the CRWPP; and 
• Include incentives to participate in nutrient reduction demonstration and research projects 

that will provide valuable data for expanding, accelerating, and optimizing the 
implemented BMPs to meet water quality objectives and for further refinement of the 
programs, as necessary. 

 
To ensure consistency with the CRWPP, rule development is expected to begin in 2009. 

7.1.2 Florida Department of Agriculture and Consumer Services Nutrient Source 
Control Programs 

7.1.2.1 Agricultural Best Management Practices Program 

The Florida Watershed Restoration Act (Section 403.067, F.S.), enacted in 1999, authorizes 
FDACS to develop, adopt by administrative rule, and implement agricultural BMPs statewide.  
Through the Office of Agricultural Water Policy, FDACS develops, adopts and implements 
agricultural BMPs to reduce water quality impacts from agricultural discharges and enhance 
water conservation.  Where agricultural nonpoint source BMPs or interim measures have been 
adopted by FDACS, the owner or operator of an agricultural nonpoint source addressed by such 
rule shall either implement interim measures or BMPs or demonstrate compliance with the 
SFWMD’s 40E-61 Regulatory Nutrient Source Control Program, by conducting monitoring 
prescribed by FDEP or SFWMD. 
 
The Office of Agricultural Water Policy’s role involves assisting agricultural producers in 
selecting, funding, properly implementing, and maintaining BMPs.  The Office of Agricultural 
Water Policy employs field staff and contracts with service providers to work with producers to 
identify and to implement BMPs appropriate for their operations.  A detailed explanation of 
adopted agricultural BMPs can be found at www.floridaagwaterpolicy.com.  Printed BMP 
manuals can be obtained in local extension offices at county agricultural centers or by contacting 
Office of Agricultural Water Policy field staff. 
 
The Office of Agricultural Water Policy has adopted, by rule, BMPs that address the following 
operations in the Caloosahatchee River Watershed:   
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• Container Nurseries (Chapter 5M-6, F.A.C.); 
• Vegetable and Agronomic Crops (Chapter 5M-8, F.A.C.); and 
• Citrus (Chapter 5M-2, F.A.C.). 

 
The Office of Agricultural Water Policy is currently developing and will be adopting BMP 
manuals of statewide application for cow/calf, equine, container nursery, and sod operations.  
BMPs for all agricultural land uses in the Caloosahatchee River Watershed are expected to be 
adopted and available for implementation (enrollment) by early 2009. 
 
When the 2007 Florida legislature enacted the NEEPP legislation, significant portions of 
agricultural acreage within the Caloosahatchee River Watershed were already implementing 
(enrolling) water resource protection BMPs previously adopted by FDACS.  As of the approval 
date of the CRWPP, agricultural acreage within Glades, Hendry, and Charlotte counties enrolled 
in the FDACS BMP Program totaled 242,000 acres.  Enrolled acreage is expected to increase 
dramatically when the beef cattle BMP manual is adopted in early 2009. 

 
To meet the intent of the NEEPP legislation with regard to agriculture in the Caloosahatchee 
Basin, the Office of Agricultural Water Policy will conduct the following activities during 2008 
to 2012, as necessary and feasible: 

 
• Adopt BMP manuals for cow/calf, equine, container nursery, and sod operations; 
• Intensify its efforts to sign up cow/calf and equine producers for BMP implementation in 

the Caloosahatchee Basin; 
• Work with FDEP to identify priority cow/calf and equine BMPs and verify their 

effectiveness; 
• Develop a BMP implementation assurance program to follow up with selected cow/calf 

and equine operations on whether they are implementing BMPs and keeping appropriate 
records; 

• Provide or participate in training and educational opportunities for producers regarding 
BMP implementation and its importance to water quality; 

• Evaluate the need for BMP enrollment and implementation for other commodities in the 
basin and conduct these on a priority basis; and 

• Continue on-farm BMP demonstration projects at representative sites to provide BMP 
effectiveness data and insight into what new or modified BMPs may be necessary to 
reach nutrient reduction goals. 

7.1.2.2 Animal Manure Application Rule 

In February 2008, FDACS initiated rule development to control the land application of animal 
wastes in the Caloosahatchee River Watershed.  The proposed rule includes minimum 
application setbacks from wetlands and all surface waters.  Landowners who apply more than 
one ton per acre of manure must develop conservation plans, approved by the US Department of 
Agriculture/National Resource Conservation Service (USDA/NRC), that specifically address the 
application of animal wastes and include soil testing to demonstrate the need for manure 
application.  All use of animal manure must be recorded and included in the operation’s overall 
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nutrient management plan.  FDACS expects to complete rule making for this effort by the fall of 
2008. 

7.1.2.3 Urban Turf Fertilizer Rule 

In August 2007, FDACS adopted a statewide Urban Turf Fertilizer Rule 5E-1.003(2) F.A.C.  
The rule limits the P and N content in fertilizers for urban turf and lawns, thereby reducing the 
amount of P and N applied in urban areas and limiting the amount of those compounds reaching 
Florida’s water resources.  It requires that, by July 1, 2009, all fertilizer products labeled for use 
on urban turf, sports turf, and lawns be limited to the amount of P and N needed to support 
healthy turf maintenance.  FDACS expects a 20 to 25 percent reduction in N and a 15 percent 
reduction in P in every bag of fertilizer sold to the public. 
 
The rule was developed by FDACS, with input from UF/IFAS, FDEP, the state’s five water 
management districts, the League of Cities, the Association of Counties, fertilizer manufacturers, 
and concerned citizens.  The rule enhances efforts currently underway to address excess nutrients 
in the northern and southern Everglades.  As a component of the Lake Okeechobee and Estuary 
Recovery (LOER) Plan established in October 2005, the new rule is an essential component to 
improve water quality through nutrient source control.   
 
In addition, the Southwest Florida Regional Planning Council (SWFRPC) has approved a 
resolution (SWFRPC Resolution #07-01) addressing urban fertilizer use that adds additional 
limitations to urban fertilizer use.  Lee County and the City of Sanibel have adopted ordinances 
(Lee County Ordinance No. 08-08 and City of Sanibel Ordinance No. 07-003), which further 
limit the use of fertilizers in their urban areas. 

7.1.3 Florida Department of Environmental Protection Pollutant Source Control 
Programs 

FDEP is responsible for several existing and planned source control programs primarily targeting 
urban and non-agricultural issues.  Programs include: 

• Initiatives to improve existing stormwater and wastewater infrastructure; 
• Implementation of pollutant reduction plans for municipal stormwater management 

systems; 
• Land development regulations to promote proper stormwater treatment; 
• Enhancement to existing regulations for the management of domestic wastewater 

residuals within the watershed; 
• Coordination with applicable authorities on septage disposal to ensure that nutrient 

loadings are considered; and  
• Administering the National Pollution Discharge Elimination System (NPDES) permit 

program. 

7.1.3.1 Stormwater and Wastewater Infrastructure Updates and Master Planning 

Stormwater and wastewater infrastructure updates and master planning are the responsibility of, 
and implemented by, the local governments.  Portions of the Caloosahatchee River Watershed 
urbanized area were developed prior to the implementation of ERP.  In these areas, stormwater 
retention and treatment levels are often inadequate to protect surface water quality.  Local 
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governments in the Caloosahatchee River Watershed have been conducting stormwater 
management projects for more than ten years, well before the initiation of municipal stormwater 
permits in the watershed.  Additionally, the SWFRPC has approved a Stormwater Resolution 
(SWRRPC Resolution #2008-11) providing specific recommendations and guidelines to be 
considered by local government jurisdictions in Southwest Florida for the regulation, control, 
use, and treatment of stormwater containing N and /or P. 

7.1.3.1.1 National Pollution Discharge Elimination System Wastewater Facilities 

There are five domestic wastewater treatment facilities that are permitted to discharge treated 
wastewater to the Caloosahatchee River (Table 7-1).  All meet Advanced Wastewater Treatment 
Standards (F.S. 403.086) for N and are more stringent for P.  All offer secondary treatment with 
additional nutrient removal; some have high-level disinfection and/or dechlorination for public 
access reuse, which is used for urban irrigation.   
 
All capacities listed in this section are in “annual average daily flow,” except for Waterway 
Estates, which uses both annual average and “maximum monthly daily flow.” 
 
Fort Myers Central Wastewater Treatment Plant (WWTP) (FL0021261) has a permitted 
treatment capacity of 11 million gallons per day (MGD).  This facility has two disposal methods 
for the treated effluent:  
 

• An 11 MGD permitted surface water discharge (Caloosahatchee River); and 
• A 1.5 MGD public access re-use system that has a planned expansion up to 6 MGD in 

this permit cycle (by 2011). 
  
Fort Myers South WWTP (FL0021270) has a permitted treatment capacity of 12 MGD.  This 
facility has one disposal method for the treated effluent, a 12 MGD permitted surface water 
discharge (Caloosahatchee River). 
 
Fiesta Village WWTP (FL0039829) has a permitted treatment capacity of 5 MGD.  This 
facility has two disposal methods for the treated effluent: 
 

• 5 MGD permitted surface water discharge (Caloosahatchee River); and 
• 2.01 MGD public access reuse system.   

 
This facility is also permitted for intermittent discharges from reuse storage/stormwater ponds.  
These indirect discharges occur only during high water events.   

 
Waterway Estates Wastewater Treatment Facility (WWTF) in North Fort Myers 
(FL0030325) has a permitted treatment capacity of 1.25 MGD.  This facility has two disposal 
methods for the treated effluent: 
 

•  1 MGD surface water discharge (Caloosahatchee River); and 
•  0.95 MGD public access re-use system.  
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It should also be noted that unlike other facilities, this facility has a maximum of 1.5 MGD for 
both capacity and reuse disposal, if measured by “maximum monthly daily flow” as opposed to 
“annual average daily flow.” 
 
The City of Cape Coral (FL0030007) operates two water reclamation facilities under one 
collective permit. Everest Parkway Water Reclamation Facility (WRF) has a permitted 
treatment capacity of 8.5 MGD and is currently expanding to a capacity of 13.4 MGD. 
Southwest WRF has a permitted treatment capacity of 6.6 MGD and is currently expanding to 
15.0 MGD.  The facilities utilize three methods for disposal of treated effluent:   
 

• 15.1 MGD capacity surface water discharge (shared – Caloosahatchee River); 
• 29.4 MGD public access reuse system (shared); and  
• Independent underground injection wells: 

− Everest Parkway WRF uses a 3.35 MGD underground injection well; and  
− Southwest WRF uses a 3.75 MGD underground injection well currently under 

expansion to 9.6 MGD.  When Southwest WRF completes the expansion to its injection 
well, it will disconnect from the river outfall and function under an independent permit.    

Table 7-1.  Point Sources in Tidal Caloosahatchee River 
 Domestic Wastewater Treatment Facility Effluents 

1 The Average Daily Flow is the average daily flow, averaged on an annual basis, being treated and discharged from the facility 
(including all disposal types). 
2 The Surface Water Discharge column describes the average daily flow being discharged to the tidal Caloosahatchee River.     
3 The Reuse Systems Disposal column describes the average daily flow being sent to a reuse system. 

7.1.3.1.2 Stormwater Infrastructure and Master Planning 

Local governments have constructed and continue to build stormwater retrofits, such as 
detention/retention facilities and swales, to improve the quality of urban stormwater runoff.  Lee, 
Hendry, and Glades counties do not have stormwater utilities in place, but do have dedicated 
mechanisms used to fund stormwater improvements through Capitol Improvement Plans.   
 

   
Facility 
Name 

 
NPDES 

Permit No. 

 
Permitted 

Flow 
(MGD) 

 
Year 

Average 
Daily 
Flow1 

(MGD) 

Surface 
Water 

Discharge2  
(MGD) 

Reuse 
Systems 
Disposal3 

(MGD) 
Fort Myers 
Central FL0021261 11 2005-

2007 6.809 5.899 0.91 

Fort Myers 
South FL0021270 12 2005-

2007 8.866 8.866 0 

City of 
Cape Coral FL0030007 15.1 2005-

2007 

9.405 + 
deep well 
injection 

3.899 5.506 

Waterway 
Estates FL0030325 1.25 2005-

2007 1.07 0.987 0.086 

Fiesta 
Village FL0039829 5 2005-

2007 2.89 1.885 1.005 
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Charlotte County and the Southwest Florida Water Management District jointly fund the 
Charlotte County Master Stormwater Management Plan which was completed in 1998.  The 
Master Plan targeted ten major stormwater basins for drainage analysis and planning.  The 
Master Plan identified 40 major water control structures which need to be replaced due to 
deterioration or to meet current design and Comprehensive Plan Level of Service conveyance 
standards.  The highest priority projects are contained within Charlotte County's adopted, multi-
year Capital Improvements Program. 
 
Lee and Hendry counties also have adopted Stormwater Master Plans in order to address 
flooding and property damage concerns, address water quality issues, and preserve the 
environment and enhance wildlife habitat.  Objectives of the Lee County Plan are to identify 
existing flowways, streams, and runoff rates for each basin and recommend actions for 
protection and improvement of each flowway and stream.  Hendry County’s Surface Water 
Master Plan includes the development of watershed boundaries, wetland maps, a conveyance 
element database, and detailed hydrologic-hydraulic studies for the northwest portion of the 
County. 
 
Local utilities are also aggressively pursuing upgrades to their wastewater management systems 
to protect water quality.  Improvements to lift stations, inspection frequency and replacement of 
leaking sewer lines, and related activities help limit the introduction of nutrients into surface 
waters.  Additionally, the SWFRPC has approved a Wastewater Resolution (SWFRPC 
Resolution #2007-02) providing specific recommendations and guidelines to be considered by 
local government jurisdictions in Southwest Florida for the regulation and control of treated 
wastewater discharges containing N and/or P.  The SWFRPC has also approved a Wastewater 
Package Plant Resolution (SWFRPC Resolution #2007-05) providing specific recommendations 
and guidelines to be considered by local government jurisdictions in Southwest Florida for the 
regulation and control of treated wastewater discharges from small wastewater treatment 
facilities (Package Plants) containing N and/or P. 

7.1.3.2 Municipal Separate Storm Sewer System Permit Program 

Local governments (Lee County, Glades County, Hendry County, and Charlotte County) and the 
Florida Department of Transportation (FDOT) operate permitted Municipal Separate Storm 
Sewer Systems (MS4s) in the Caloosahatchee River Watershed.  An MS4 is a publicly-owned 
conveyance or system of conveyances designed or used for discharging stormwater, which can 
include streets, curbs, gutters, ditches and storm drains.  These water conveyance systems are 
permitted through the statewide MS4 permitting program and receive a NPDES permit 
administered by FDEP (see Chapter 62-624, F.A.C.).  The purpose of the MS4 permitting 
program is to develop, implement, and enforce a stormwater management plan to reduce the 
discharge of pollutants to the maximum extent practicable, to protect water quality and to 
comply with the water quality requirements of the Clean Water Act (CWA). 

The stormwater collection systems are owned and operated by Lee County and co-permittees, 
including the City of Cape Coral, City of Fort Myers, Town of Fort Myers Beach, and the City of 
Sanibel.  All are on MS4 Phase I Permit Number FLS000035.  As shown in Table 7.2, Charlotte 
County, which has population areas in northern portions of some Tidal Caloosahatchee 
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waterbody identifications (WBIDs), is covered by a separate MS4 Phase II permit (Permit 
Number FLR04E043).  

Table 7-2.  Municipal Separate Storm Sewer System Permittees in the Tidal Caloosahatchee 
Watershed 

County Name Permit ID Number MS4 Type 

Lee Lee County Board of County 
Commissioners FLS000035 Phase I 

Lee City of Fort Myers FLS000035 Phase I 
Lee City of Sanibel FLS000035 Phase I 
Lee City of Cape Coral FLS000035 Phase I 
Lee Town of Fort Myers Beach FLS000035 Phase I 
Charlotte Charlotte County FLR04E043 Phase II 

Permit duration is five years.  Most of the MS4 permits in the Caloosahatchee Basin are Phase I 
permittees, up for renewal in 2008.  However, there are a few Phase II permittees.  Each phase is 
summarized in the following subsections. 

7.1.3.2.1 Phase 1 Municipal Separate Storm Sewer Systems 

Phase 1 MS4s consist of jurisdictions with a population of 100,000 individuals or more that were 
designated by the U.S. Environmental Protection Agency in 1990.  Issuance of Phase I MS4 
permits is complete; therefore, any new MS4 facilities will be permitted as a Phase II facility.  
Phase I MS4s are regulated through an individual NPDES permit that addresses: 

• Implementation of stormwater master plan to reduce pollutants to the maximum extent 
practicable; 

• Development of storm sewer system map; 
• Implementation of a monitoring plan; 
• Calculation of Event Mean Concentrations and Seasonal Pollutant Loadings, at least once 

per permit term (usually in year three or five years); 
• Post-construction runoff control (met through state stormwater permitting requirements 

[ERP] under Part IV, Chapter 373, F.S., as a qualifying alternative program); and 
• Pollution prevention/good housekeeping. 

7.1.3.2.2 Phase II Municipal Separate Storm Sewer Systems 

Phase II MS4s are regulated under an NPDES generic permit that requires implementation of 
BMPs to meet the following six minimum control measures: 

• Education and outreach (e.g. Florida Yards and Neighborhoods Program); 
• Public participation; 
• Illicit discharge detection and elimination; 
• Construction site runoff control; 
• Post-construction runoff control (met through state stormwater permitting requirements 

[ERP] under Part IV, Chapter 373, F.S., as a qualifying alternative program); and 
• Pollution prevention/good housekeeping. 
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7.1.3.3 Comprehensive Planning – Land Development Regulations 

The Office of Intergovernmental Programs coordinates FDEP’s involvement in statewide 
planning efforts conducted under various authorities, including Chapter 187, F.S. (the State 
Comprehensive Plan), which sets forth goals that articulate Florida’s desired future.  The State 
Comprehensive Plan is reviewed annually, and local plans are updated every five-to-seven years 
through the Evaluation and Appraisal Report process.  Throughout this process, FDEP has the 
formal opportunity to evaluate proposed amendments to the Comprehensive Plan, which are 
based upon the evaluation and appraisal report, to ensure that they are consistent with FDEP 
rules and policies. 

Local governments in the Caloosahatchee Basin are taking steps to implement low impact design 
principles to minimize nutrient sources and loss and enhance water storage. 

7.1.3.3.1 Domestic Wastewater Residuals – Senate Bill 392/2007 changes to Section 
373.4595, Florida Statues 

In response to the 2007 residuals-related changes to Section 373.4595, F.S., FDEP’s Division of 
Water Resource Management promulgated a program guidance memo.  The memo provides 
general procedures for FDEP district offices to implement the requirements within the current 
regulatory framework of Chapter 62-640, F.A.C.  This guidance is consistent with the NEEPP 
legislation stating that “After December 31, 2007, the Department may not authorize the disposal 
of domestic wastewater residuals within the Caloosahatchee Watershed unless the applicant can 
affirmatively demonstrate that the nutrients in the residuals will not add to nutrient loadings in 
the watershed.” Section 373.4595(4)(a)2.e., F.S. (2007). 

Effectively, the provisions will be phased in as wastewater treatment facility permits expire.  
Permit renewals must include the appropriate nutrient balance demonstration, required by the 
statute in the site agricultural use plan and submitted with the facility permit renewal application.   

Additionally, Chapter 62-640, F.A.C., is undergoing rule making.  Under the proposed revisions, 
the nutrient balance demonstration must be submitted with the Nutrient Management Plan when 
a land application site is permitted. 

7.1.4 Other Pollutant Source Control Programs 

7.1.4.1 Application of Septage – Senate Bill 392/2007 changes to Section 373.4593, 
Florida Statues 

Sections 373.4595(4)(a)2.f. and (4)(b)2.f., F.S. (2007), require all entities disposing of septage 
within the Caloosahatchee and St. Lucie River watersheds to develop and submit to the FDOH, 
an agricultural use plan that limits applications based upon nutrient loading.  In response to these 
NEEPP requirements, FDOH has notified all county permitting authorities in the watersheds of 
the requirement that entities disposing of septage within the watersheds develop and submit to 
FDOH an agricultural use plan that limits applications based upon nutrient loading.  At this time, 
there are no known septage application sites in these watersheds.  Once SFWMD or FDEP has 
promulgated nutrient concentration limits for runoff from sites in these watersheds, through the 
SFWMD’s 40E-61 Regulatory Nutrient Source Program or another validly adopted rule, FDOH 



Chapter 7 

Caloosahatchee River Watershed Protection Plan   January 2009 
7-12 

will notify all county permitting authorities in the watersheds that nutrient concentrations 
originating from these application sites may not exceed the established limits. 

7.1.4.2 Florida Ranchlands Environmental Services Project 

Launched in October 2005, the Florida Ranchlands Environmental Services Project will design a 
program under which ranchers in the northern Everglades watersheds can sell environmental 
services of water retention, P load reduction, and wetland habitat expansion to agencies of the 
state and other willing buyers.  To document the level of environmental services provided by 
ranch water-management projects, the Florida Ranchlands Environmental Services Project will 
field test different methods of monitoring and modeling of hydrology, water and soil chemistry 
and vegetation change. 

These ranchers will bring such services on line quickly, in comparison to other options, because 
land purchase is not required.  The program will complement public investment in regional water 
storage and water treatment facilities.  The sale of the water retention services will add income 
for ranchers and will provide an incentive to combat converting land uses for more intensive 
agriculture and urban development land uses that can increase stormwater flow, pollution, and 
habitat impacts.  

The Florida Ranchlands Environmental Services Project is being implemented through a 
collaboration of the World Wildlife Fund, eight participating ranchers, the USDA/NRCS, 
FDACS, SFWMD, and FDEP.  Technical support is being provided by scientists from the 
MacArthur Agro-Ecology Research Center and the University of Florida.  Funding from federal, 
state, and private sources exceeds five million dollars for Phase One, which includes pilot project 
implementation and program design.   

7.1.4.3 Florida Yards and Neighborhoods Program 

The Florida Yards and Neighborhoods Program is an excellent example of a nonstructural 
program.  It is a partnership of UF/IFAS, Florida’s water management districts, FDEP, the 
National Estuary Program, the Florida Sea Grant College Program, concerned citizens, members 
of private industry and numerous other nongovernmental agencies.  It is implemented through 
the counties’ UF/IFAS Cooperative Extension Service.  The program addresses the serious 
problems of pollution in stormwater runoff, water shortages and disappearing habitats by 
enlisting Floridians to preserve and to protect our natural resources.  By educating citizens and 
builders about proper landscape design (e.g., “right plant-right place” practices), this program is 
helping minimize the use of pesticides, fertilizers, and irrigation water. FDEP has an ongoing 
monitoring program to determine the effectiveness of this program in reducing nutrient loads.  
More information on this program, as well as other FDEP BMPs, can be found at 
www.dep.state.fl.us/water/nonpoint/pubs.htm. 

7.2 Summary 

Source control is integral to the success of any water resource protection or restoration program; 
it is typically less expensive to prevent pollution than remediate its impacts.  Source control 
programs in the Caloosahatchee River Watershed are evolving and expanding through 
cooperative and complementary efforts by FDEP, FDACS, and SFWMD.  Activities underway, 
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which will significantly improve the source control program’s contribution to the achievement of 
NEEPP legislation objectives, include:   

• Adoption of BMP manuals for cow/calf, equine, container nursery, and sod operations 
(all agricultural land uses in the Caloosahatchee River Watershed expected to have 
FDACS-adopted BMP manuals by early 2009); 

• Proposed revisions will be implemented to supplement the ERP program, including the 
proposed statewide stormwater treatment rule that is intended to increase the level of 
treatment required for nutrients (N and P) in stormwater from new development, and the 
proposed basin rule for the Lake Okeechobee and estuary watershed basins with specific 
supplemental criteria designed to result in no increase in total runoff volume from new 
development;  

• Expansion of the SFWMD’s 40E-61 Regulatory Nutrient Source Control Program to 
include the Caloosahatchee River Watershed is planned for both P and N; 

• Restrictions to the P and N content in fertilizers for urban turf and lawns; and 
• Restrictions on the disposal of domestic wastewater residuals, septage, and animal 

manure within the watershed are proposed. 

Collectively, these source control programs will require all agricultural and non-agricultural land 
uses to implement and be accountable for BMPs through the FDACS BMP program or the 
SFWMD’s Regulatory Nutrient Source Control Program, or by demonstrating compliance with 
water quality standards, as applicable. 
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8.0 CALOOSAHATCHEE RIVER WATERSHED RESEARCH AND WATER 
QUALITY MONITORING PROGRAM SUMMARY  

The Northern Everglades and Estuaries Protection Program (NEEPP) requires the establishment 
of a Caloosahatchee River Watershed Research and Water Quality Monitoring Program 
(RWQMP).  According to the NEEPP, this program shall build upon the South Florida Water 
Management District’s (SFWMD) existing research program and be sufficient to carry out, 
comply with, or assess the plans, programs, and other responsibilities created by the 
Caloosahatchee River Watershed Protection Plan (CRWPP).  The RWQMP shall also conduct an 
assessment of the water volumes and timing from the Lake Okeechobee and Caloosahatchee 
River Watershed and their relative contributions to the timing and volume of water delivered to 
the Caloosahatchee Estuary.  This section provides the summary of the RWQMP, whereas the 
full version of the program is included as Appendix E.  

The objective of the RWQMP is to identify scientifically based solutions to improve the water 
quality and quantity in the Caloosahatchee River Watershed and to provide more accurate 
predictions of ecological responses to changes in the Caloosahatchee River Watershed to these 
solutions.  Information generated through the monitoring, modeling and research efforts will help 
support potential changes in the design and operation of the NEEPP. 

8.1 Research and Water Quality Monitoring Program Document Structure 

The RWQMP includes five chapters, which are described in the following paragraphs. 

Chapter 1 provides an introduction to the RWQMP, a brief summary of the ecological history of 
the Caloosahatchee River Watershed, and the rationale for the program.  

Chapter 2 identifies the specific goals and objectives of the RWQMP based on the legislation.  
This chapter specifies how research, modeling, and monitoring contribute to the adaptive 
management of nutrient load reduction goals and the implementation and operation of projects 
designed to achieve them.    

Chapter 3 presents the current state of knowledge regarding hydrology, water quality and aquatic 
habitat in the Caloosahatchee River Watershed. It also identifies the effects of discharges from 
Lake Okeechobee on the Caloosahatchee Estuary, along with salinity and freshwater inflow 
goals.  Also included in this chapter is a detailed chemical and physical analysis of the water 
quality, along with the ecological importance and distribution of submerged aquatic vegetation 
and oysters. 
 
Chapter 4 is a summary of existing monitoring programs for hydrology, water quality, and 
aquatic habitat.  The programs are evaluated based on their ability to meet program goals and 
potential improvements are identified.  Finally, a recommended monitoring plan is described.   

Chapter 5 describes ongoing research and modeling applicable to the RWQMP goals and 
objectives.  Plans for future research and modeling are also described and prioritized.  Integration 
of research, modeling, and monitoring will establish scientifically sound performance measures 
and support improvements to the Caloosahatchee Estuary through the adaptive management 
process. 
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8.2 Goals and Objectives 

Research, modeling, and monitoring are essential for the design and operation of programs to 
restore and protect the Caloosahatchee River Watershed.   

The following objectives are keys to the success of the RWQMP: 

• Build upon SFWMD’s existing monitoring, research, and modeling programs; 
• Implement, comply with, or assess the plans, programs, and other responsibilities of 

NEEPP; 
• Assess the water volumes and timing from Lake Okeechobee and the St. Lucie River and 

Caloosahatchee River watersheds and their relative contributions to the timing and 
volume of water delivered to each estuary; 

• Provide technical information regarding inflow targets and salinity envelopes for the 
estuaries; 

• Provide for the scientific studies that are necessary to support the design and operation of 
the Caloosahatchee River Watershed Construction Project facilities; 

• Facilitate creation of predictive and/or numeric modeling tools for quantitative 
assessment and prediction of the overall program progress; 

• Provide the empirical data and conceptual understanding of the Caloosahatchee River 
Watershed and Estuary for support and improvement of the predictive models and to 
identify new water quality management measures; 

• Collect data as necessary to quantify load reductions in order to meet any applicable 
Total Maximum Daily Loads (TMDLs) in the Caloosahatchee River Watershed; 

• Implement salinity monitoring sufficient to measure the frequency and duration of 
undesirable salinities for those biotic resources upon which salinity envelopes are based; 

• Monitor oysters and seagrasses to determine if reductions in undesirable salinities and/or 
nutrient loads have the desired ecological result; and 

• Support annual reporting of the conditions of hydrology, water quality, and aquatic 
habitat required by the NEEPP in Section 373.4595(6), F.S. 

8.3 Status, Trends and Targets 

Chapter 3 of the RWQMP addresses the status, trends, and targets in hydrology, salinity, and 
aquatic habitats.  The CRWPP will use this information to establish a goal for salinity and 
freshwater inflow targets for the estuary based upon existing research and documentation.  

Trends identified in Chapter 3 of the RWQMP include: 

• Change in the delivery of freshwater to the estuary at S-79 has grown more variable with 
higher wet season discharges and lower dry-season discharges;  

• Freshwater inflows are such that in general about half the discharge at S-79 is attributed 
to runoff from the eastern and western basins and half to Lake Okeechobee;   
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• Compared to watershed runoff alone, additional flows from Lake Okeechobee effectively 
increase the frequency and duration of high flows which, damage the marine portion of 
the estuary, but decrease the frequency and duration of the damaging low flows that 
impact upstream, low salinity regions; 

• At 27 stations, mainly in tidal creeks of the Caloosahatchee Estuary, 74 percent showed 
slight increases in the concentration of ammonia and 44 percent showed slight increases 
in TN and dissolved inorganic TP; and 

• Comparisons to TN (1.0 milligrams per liter (mg/L)), TP (0.15 mg/L) and chlorophyll-a 
(20 micrograms per liter (µg/L)) standards established for the upper estuary by FDEP 
Regulation (DeGrove, 1981) revealed: 

- Most exceedances occurred in the estuary upstream of Fort Myers;  
- DO concentrations less than the state standard (4.0 mg/L), or the generally 

accepted threshold for hypoxia (2.0 mg/L), were relatively rare and confined to 
the upper reaches of the Caloosahatchee Estuary;  

- Low DO concentrations tended to occur during the warmer months of May 
through October; 

- In the upper and mid-estuarine regions, chlorophyll-a concentrations exceeded the 
nutrient standard in 40 percent of the samples; and 

- In the lower estuary and San Carlos Bay, the vast majority of measured 
concentrations were below the standard.  

An optimal flow envelope for the estuary (Shell Point to Km 30) would be 600 cfs to 1,000 cfs.  
Flow less than 1,500 cfs and 3,000 cfs would preserve optimal salinities for San Carlos Bay and 
Pine Island Sound, respectively.  In general, the desired salinity envelope consists of: 

• < 10 parts per thousand (ppt) upstream of the Fort Myers Bridges (measured at the Fort 
Myers Yacht Basin); 

• > 15 ppt at the Cape Coral Bridge and ~ 20 ppt in Iona Cove; 
• 14 to 28 ppt just upstream of Shell Point; and 
• ~ 25 ppt (range 22 ppt to 36 ppt) in San Carlos Bay. 

The general monthly average flow range objectives to support the optimal flow envelope are: 

• Maintain mean monthly flows greater than 450 cfs, with the majority of flows in the 
range 450 to 800 cfs, which supports the widest range of species; 

• Limit the flows greater than about 2,800 cfs and avoid flows that exceed 4,000 to 4,500 
cfs, which harm seagrass beds as far as lower Pine Island Sound; and 

• End destructive flows that exceed 6,500 cfs, which destroy marine life far from the 
estuary mouth and sends poor water quality up Pine Island Sound and into the Gulf of 
Mexico. 

The combination of enhanced drainage in the Caloosahatchee River watershed, flood control 
releases from Lake Okeechobee, population growth, and urban and agricultural development 
have created problems for the Caloosahatchee Estuary.  Seasonal and short term fluctuations in 
stormwater runoff drive changes in salinity that are beyond the tolerance limits of most marine 
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and estuarine organisms.  The Caloosahatchee Estuary shows typical signs of eutrophication 
(extreme nutrient levels) including intense algal blooms and periods of hypoxia (low DO levels) 
and anoxia (absence of DO).  Other environmental problems identified include degraded benthic 
communities, decreases in the extent of seagrasses, and the loss of functioning oyster reefs. 

8.4 Monitoring, Research, and Modeling Assessment  

Assessments of monitoring, research, and modeling will be used to track progress and to identify 
if the plan objectives and targets are being met.  They will also aid in identifying potential 
shortfalls or accomplishments.  For example, information gained from monitoring, modeling, 
and research can be used to identify any necessary refinements to flow and salinity envelopes, 
pollutant load reduction goals, and changes to facility operations and implementation priorities.   

Research and monitoring in the Caloosahatchee and St. Lucie River Watersheds have been 
ongoing for more than 40 years (Phillips, 1960).  Continued monitoring with the integration of 
research and modeling will establish scientifically sound performance measures and support 
improvements to the Caloosahatchee River Estuary through the adaptive management process.   

8.4.1 Monitoring Assessment  

The environmental monitoring in the Caloosahatchee River Watershed RWQMP has two major 
purposes: (1) to quantify long-term change and (2) to support adaptive management.  
Quantification of long-term change measures progress towards program goals such as meeting 
any adopted nutrient TMDLs.  The monitoring program includes establishing a goal/target, the 
systematic collection of data, using that data to measures change or progress towards the 
goal/target, and determining when modifications to the project are required.    

The objectives of the RWQMP were already identified in Section 8.2 above.  One of the 
objectives is to build upon existing monitoring programs.  A brief summary of the existing 
programs is provided below and detailed discussion of the programs can be found in Chapter 4 of 
the RWQMP in Appendix E.   

8.4.1.1 Existing Watershed Monitoring Programs 

Existing watershed monitoring programs include flow monitoring and water quality monitoring:   

• Flow Monitoring Program: The existing flow monitoring is conducted daily at the 
major water control structures along the Caloosahatchee River (S-77, S-78, and S-79).  
Currently, nine hydrologic data flow sites collect data and provide information for 
calibration of watershed loading models and estuarine hydrodynamic models.  Three of 
those stations are located in the Caloosahatchee Estuary, while the remaining six sites are 
in tidal tributaries and are maintained by the U.S. Geological Survey (USGS) 
Department, FDEP, and Lee County. 
 

• Water Quality Monitoring Programs: Water quality monitoring efforts are being 
conducted at freshwater sites in the watersheds that eventually drain into the 
Caloosahatchee Estuary, including the Caloosahatchee River and its watershed and the 
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Tidal Basins located to the west of S-79.  Watershed monitoring efforts are being carried 
out by several state and local governmental agencies and a non-profit organization 
including SFWMD, Lee County, East County Water Control District, City of Cape Coral, 
City of Fort Myers, and Sanibel Captiva Conservation Foundation (SCCF).  Monitoring 
east of S-79 is currently sparse and is only sufficient for determining long-term trends 
and characterizing the quality of water entering the Caloosahatchee Estuary at S-79, 
exiting the East Caloosahatchee Basin at S-78 and exiting Lake Okeechobee at S-77.  The 
frequency of water quality sampling at S-79 and S-78 may not be sufficient for accurate 
calculation of load, which requires further investigation.  Since individual tributaries to 
the Caloosahatchee River are not routinely sampled, tracking progress towards the 
TMDL at spatial scales smaller than the East and West Caloosahatchee Basins is not 
possible. 

8.4.1.2 Existing Estuarine Monitoring Programs 

Existing estuarine monitoring includes salinity monitoring and water quality monitoring:   

• Salinity Monitoring: There are currently two salinity monitoring programs in the 
Caloosahatchee River and Estuary: a SFWMD program and a program recently 
established by SCCF.  The salinity information currently being collected is adequate to 
determine the frequency and duration of undesirable salinity ranges resulting from 
Caloosahatchee River discharges at S-79.  The FDEP Aquatic Preserves Program has 
recently established two stations in Matlacha Pass that will further enhance salinity 
monitoring capability.  

• Water Quality Monitoring: The existing water quality monitoring effort established for 
the estuarine portion of the Caloosahatchee River is being carried out by numerous 
governmental entities.  Organizations at state, regional, and local levels, as well as 
universities and private organizations including SFWMD, Charlotte Harbor National 
Estuary Program, Lee County, cities of Sanibel and Cape Coral, FDEP, SCCF, Florida 
Fish and Wildlife Research Institute, and Charlotte Harbor Estuaries Volunteer Water 
Quality Monitoring Network are involved.  Sampling in most of the estuarine portion of 
the study area is sufficient to assess status and trends in water quality.  However, the 
lower Caloosahatchee Estuary between Marker 66 and Shell Point is not sampled 
adequately at this time.  Sampling at the head of the estuary, just downstream of S-79, 
also is not covered adequately. 

8.4.1.3 Aquatic Habitat (Oyster and Seagrass) Monitoring 

Existing aquatic habitat monitoring includes seagrass monitoring and oyster monitoring.   

• Seagrass Monitoring: There are currently six SAV monitoring efforts in the tidal waters 
within the CRWPP boundaries, with the sampling conducted by SFWMD’s Restoration 
Coordination and Verification (RECOVER), FDEP South District, FDEP Charlotte 
Harbor Aquatic Preserve, and FDEP Estero Bay Aquatic Preserve.  Five aerial 
photography surveys, conducted since 1999, have been used to evaluate incremental and 
long-term changes throughout the entire region and within major sections of the system.  
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The existing SAV monitoring programs are sufficient for detecting trends and assessing 
the status of seagrasses in the CRWPP study area on multiple spatial and temporal scales.  
The two-to-three year frequency of aerial photography surveys is sufficient to detect 
long-term large-scale changes, but not frequent enough to account for the impact of 
extreme drought or storm events.  
 

• Oyster Monitoring: RECOVER currently conducts monitoring of oysters in the 
Caloosahatchee Estuary at six stations.  The program measures various aspects of oyster 
condition, life history, and distribution.  Most parameters are measured monthly or 
seasonally; the regional distribution of oysters will be mapped every five years 
(RECOVER, 2007).  The present oyster monitoring program is sufficient to detect long 
term change in population size and physiological condition and to support adaptive 
management.  The working team has recommended that measurements (e.g. percent 
coverage) be standardized when possible. 

8.4.2 Research Projects Assessment  

Research projects are intended to reduce or eliminate key uncertainties in nutrient load 
reductions, flow and salinity envelopes, and to optimize the operation protocols.  The four 
research projects in the Caloosahatchee River Watershed RWQMP are summarized below.  
Chapter 5 of the RWQMP provides a detailed description of these projects, and assesses their 
adequacy in achieving the CRWPP goals/targets. 
 

• Estuarine Nutrient Budget: Over-enrichment with nutrients from urban and agricultural 
sources is a problem for the Caloosahatchee Estuary.  A well-constrained nutrient budget 
is critical to understanding the origin, magnitude, and management of problematic 
nutrient loads and guide prioritization for load reductions.  The project will construct 
nutrient budgets for nitrogen (N) and phosphorus (P) for the Caloosahatchee Estuary.  
Terms in the nutrient budget will be determined by a variety of methods. Some of the 
terms in the budget can be derived from existing information (i.e. nutrient load at S-79).  
Others, such as storm water runoff from the Tidal Caloosahatchee Basin, may require a 
modeling effort.  Still others, such as the flux of nutrients out of the bottom sediments, 
may require direct measurement.  Results of this project can be used to support water 
quality modeling efforts that will reduce the uncertainties related to nutrient TMDLs and 
increase the capability to predict effects of various management measures, including best 
management practices.  

• DO Dynamics: Low oxygen concentrations are often associated with excess nutrient 
loading and have been a recognized problem in the Caloosahatchee Estuary since the 
1980s (DeGrove, 1981).  The DO dynamics research project will identify the factors 
causing the DO impairment in the Caloosahatchee Estuary.  Once causes are known, 
appropriate management solutions can be implemented.  The results of this study will 
provide critical information that will guide the selection of management solutions.  This 
research project supports the CRWPP goal of achieving the TMDL for the 
Caloosahatchee Estuary and improving DO conditions in the Caloosahatchee Estuary.  
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• Low Salinity Zone: Much of the work that supports estimates of minimum and 
maximum freshwater inflow requirements to the Caloosahatchee Estuary is based on the 
salinity tolerances of freshwater and marine organisms that inhabit the system.  The low 
salinity zone research project examines elements of the estuarine food web.  The ultimate 
goal is to understand the role of freshwater discharge and production of fish larvae in the 
estuary.  Results can be applied to establishing water reservations, to refining flow and 
salinity envelopes, and to providing guidelines for delivery of freshwater to the 
Caloosahatchee Estuary. 

• Light Attenuation in San Carlos Bay: A resource-based method (Corbett & Hale, 2006) 
is being considered to establish nutrient TMDLs in the Caloosahatchee Estuary.  Nutrient 
load reductions would be based on achieving water clarity in San Carlos Bay that allows 
enough light for seagrasses to grow to a depth of 2.2 meters.  Three major water quality 
constituents have been identified that attenuate light in the Southern Charlotte Harbor: 
turbidity, colored dissolved organic matter, and chlorophyll-a (McPherson & Miller, 
1994).  This light attenuation research study will determine how relative contributions to 
total light attenuation of chlorophyll-a, colored dissolved organic matter, and turbidity 
vary with season and freshwater inflow in San Carlos Bay.  Information from this study 
will better define controls on light attenuation in San Carlos Bay and the relationship 
between the TMDL and its resource goal.  Results can be used to determine when, and in 
what conditions, resource light attenuation goals may be met.  

8.4.3 Modeling Assessment 

An integrated modeling framework combining the resource-based Valued Ecosystem 
Component (VEC) approach and linked watershed and estuarine models has been used for years 
in the Minimum Flows and Levels Program and for CERP-related projects.  Integrated or linked 
models have been used to simulate the effects of changes in population, land use, or management 
practices in the watershed on estuarine physics, chemistry, and ecology (Wan et. al., 2006).  
Three existing modeling efforts include the Watershed Hydrology and Water Quality Models, 
the Estuary Hydrodynamic and Water Quality Models, and the Ecological Response Models. 

8.4.3.1 Caloosahatchee River Watershed Hydrology and Water Quality Models 

Effective management that aims to protect water quality requires a big picture view of water 
resources at the watershed-scale.  Watershed models provide the necessary links for this purpose, 
particularly when it comes to understanding how non-point sources of pollution interact with 
point sources, and how these jointly affect the downstream water quality.  The Watershed 
Hydrology and Water Quality Models include the Agricultural Filed Scale Irrigation 
Requirements Simulation/Water Balance (AFSIRS/WATBAL), the Northern Everglades 
Regional Simulation Model (NERSM), MIKESHE and the Hydrologic Simulation Program 
Fortran (HSPF) Model for the Caloosahatchee River Basins TMDLs.  The capability of these 
models is provided in Table 8-1. 
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Table 8-1.  Capabilities of the Watershed Hydrology and Water Quality Models 

8.4.3.2 Estuary Hydrodynamic and Water Quality Models 

For the Caloosahatchee Estuary hydrodynamic and water quality simulation, modeling tools are 
needed that are capable of:  (1) simulating the impacts induced by the watershed loading; (2) 
assessing estuary hydrodynamics; and (3) assessing estuary water quality processes.  The Estuary 
Hydrodynamic and Water Quality Models include the Curvilinear Hydrodynamic Three 
Dimensional (CH3D), Hydrodynamic Salinity Model, and the Environmental Fluid Dynamic 
Code and Water Quality Analysis Simulation Program (EFDC/WASP) Model for 
Caloosahatchee River Basin TMDLs.  The capability and water management practice 
applications of these models are provided in Table 8-2.  

Table 8-2.  Capability of the Estuarine Hydrodynamic and Water Quality Models 

Hydrologic Models 
AFSIRS/WATBAL 

1. Determines demands from groundwater and surface waters 
2. Determines demands for the major irrigated and non-irrigated land uses 
3. Determines runoff from land irrigated with ground water 
4. From land irrigated with surface water and non-irrigated lands 
5. Four basin model covering  lands b/t S-77/S-235 and S-79 influencing regional system 

NERSM 
1. Basin budget/link node implementation of the Regional Simulation Model Subdivided into East and 

West Caloosahatchee Basins 
2. Simulates 1970-2005 using a 1-day time step 

MIKESHE  
1. Integrates surface water and groundwater simulating hydrologic processes in the watershed 
2. Includes evaporation, runoff, stormwater detention, river hydraulics, stream management, 

groundwater withdrawals and recharge provides total daily flow from tidal basin watershed. 
HSPF Model for Caloosahatchee River Basin TMDLs 

1. Simulates flow and water quality in the freshwater and tidal watersheds 
2. Simulates flow and water quality constituents such as temperature, BOD5, N, P, Chlorophyll-a and 

DO 
3. Provides pollutant load input to the estuarine hydrodynamic and water quality models 

Estuarine Hydrodynamic and Water Quality Model 
CH3D Hydrodynamic Salinity Model 

1. Predicts circulation and distribution of salinity as influenced by tide, wind, and freshwater flows 
2. Predicts spatial and temporal distribution of salinity in estuary 
3. Provides salinity  and velocity outputs for input to ecological and habitat suitability models 
4. Solves three dimensional equations of motion with given computational variables 

EFDC/WASP Model for Caloosahatchee River Basin TMDLs 
Hydrodynamic/Salinity Component 

1. Simulates 1D, 2D, 3D flow transport, and 
biogeochemical process in surface water 
systems 

2. HSPF provided flow input to the EFDC 
model 

Water Quality Component 
1. Simulates eutrophication process involving  

phytoplankton growth, nutrient cycling and 
DO dynamics 

 



Chapter 8 

Caloosahatchee River Watershed Protection Plan  January 2009 
8-9 

8.4.3.3 Ecological Response Model 
The Estuarine Ecological Response Model was developed based on available literature data to 
evaluate the influence of watershed hydrology on stream ecosystem health.  Currently, it 
includes the Tape Grass Model and the Habitat Suitability Index (HSI) Models developed for 
multiple species (three submerged aquatic vegetation species and eastern oyster) in the 
Caloosahatchee Estuary.  The capability and water management practice applications of these 
models are provided in Table 8-3. 
 

 Table 8-3.  Capability of the Estuarine Ecological Response Models 

8.5 Research and Water Quality Monitoring Program Recommendations 

The recommended RWQMP has been formulated to fulfill the objectives and reporting 
requirements of the CRWPP and to support adaptive management.  It builds upon the existing 
monitoring, research, and modeling components discussed above, and makes 
recommendations/modifications to these efforts to better achieve and assess the 
objectives/targets of the CRWPP. 

8.5.1 Monitoring Needs 

The recommended monitoring program has been formulated to fulfill the objectives and 
reporting requirements of the CRWPP, as well as to support adaptive management.   

8.5.1.1 Watershed Quality and Flow Monitoring in the Watershed 

The RWQMP recommends that the current long-term flow monitoring and water quality 
monitoring conducted in the tidal basin west of S-79 by Lee County, USGS, and FDEP should 
continue as it is now planned.  BOD5 and dissolved TKN (DTKN) should be added to the water 
quality parameters measured in the monthly grab samples.  Measurement of BOD5 is used to 
quantify the DO demand in oxidation of organic carbon and provide a measure of labile organic 
loads to the receiving waters.  The most recent water quality modeling effort in the 
Caloosahatchee Watershed was undertaken by FDEP for TMDL development and includes 
BOD5 as one of the water quality constituents.  DTKN allows the calculation of dissolved 
organic nitrogen, which constitutes most of the TN load.  The following parameters should be 
considered for inclusion in the monitoring program at specific locations, based on the potential 
for possible impairments now or in the future: sediment oxygen demand, fecal coliform, total 
dissolved solids, total hardness, iron, copper, lead, arsenic, and zinc. 

Estuarine Ecological Response Models 
Tape Grass Model 

1. Integrates both field and lab data to predict effect of environmental variables 
2. Calibrated based on measured data variables 

HSI Models 
1. Provides output based on salinity, temperature, dept, substrate and high flow frequency for each 

species 
2. Calculates habitat suitability monthly 
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Eight long-term water quality and flow monitoring sites are proposed along the Caloosahatchee 
River to provide spatial coverage necessary for tracking progress towards the TMDL and for 
supporting adaptive management and development of a Basin Management Action Plan.  
Monthly water quality and continuous flow will be measured at each station allowing calculation 
of loading to each section of the river.  Once problem sections of the river are identified, a 
secondary level of local monitoring will be conducted by SFWMD for a limited time period to 
ascertain the most appropriate BMPs associated with the water quality concern identified. 

Four short-term water quality and flow monitoring sites in canal tributaries flowing into the 
Caloosahatchee River are also recommended.  These stations will help determine if loads 
calculated from grab samples accurately reflect the sum of tributary loads.  A three-year study is 
contemplated to help identify hot spots and support calibration of watershed models.  

8.5.1.2 Water Quality and Salinity Monitoring in the Caloosahatchee Estuary 

Salinity monitoring stations maintained by SFWMD and SCCF should be continued.  In general, 
the water quality monitoring conducted by all agencies in estuarine and marine waters of the 
study area is adequate to meet program goals and should continue.  Some redundancies have 
been identified; the removal of one existing Lee County station and five SFWMD/Florida 
International University stations is recommended.  Because the Caloosahatchee Estuary is 
currently under-sampled spatially, four historical stations from the Caloosahatchee Estuary 
Water Quality Program should be re-instated (CES02, CES05, CES07, and CES08).  BOD5 and 
DTKN should be added to the water quality parameters measured in the monthly grab samples in 
estuarine and marine waters in order to monitor progress towards meeting any adopted nutrient 
TMDLs. 

8.5.1.3 Aquatic Habitat Monitoring 

The present oyster monitoring program, conducted by RECOVER, is sufficient to meet the goals 
of CRWPP and is recommended to continue, along with mapping of oyster beds at a frequency 
of at least every five years.  The current multi-agency approach to seagrass monitoring in the 
study area should also continue.  SAV aerial photography surveys should continue at the 
historical sampling frequency of every two-to-three years.  It is also recommended that 
measurements (e.g. percent coverage) be standardized where possible. 

8.5.2 Prioritization of Research 

Each major project (e.g. Nutrient Budget) can be broken down into several components. 
Examination of each project shows that several projects may have common components.  The 
commonalities between components of the various projects are summarized in Table 8-4 of the 
RWQMP.  The source of data for each component is given (existing data, new measurements, 
model, etc).  Components funded in any given year may be prioritized according to the number 
of projects to which they belong. 
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Table 8-4.  Commonalities between Components of the Various Projects 
Research Projects Research Component 

Nutrient  
Budget 

DO  
Dynamics 

Low 
Salinity 
Zone 

Light 
Attenuation 

Source 

INPUTS 
  Franklin Lock Loads 
(S-79) √ √ √ √ Monitoring 

  Tidal Basin Loads 
        Surface Flows 
        Groundwater 
        Wastewater 
Treatment Facilities 

 
√ 
√ 
√ 

 
√ 
√ 
√ 

 
√ 
√ 
√ 

 
√ 
√ 
√ 

 
Model/Measurements 
Model/Measurements 
New Measurements 

  Gulf of Mexico √    Model for Flow 
Literature Concentration 

  Atmospheric 
Deposition √    Literature/ Data Analysis 

INTERNAL CYCLING 
  Primary Productivity/ 
  Water Column 
Respiration 

√ √ √ √ New Measurements 

  Organic Matter 
  Decomposition (incl 
DON) 

√ √   New Measurements 

  Benthic Nutrient Flux √ √   New Measurements 
  DO Time Series  √ √  New Measurements 
INTERNAL CYCLING 
San Carlos Bay Times 
Series 
         Color 
         Turbidity 
         Chlorophyll-a 
         TSS 
         PAR (Kd) 

   
 
√ 
√ 
√ 
√ 
√ 

 
New Measurements 
New Measurements 
New Measurements 
New Measurements 
New Measurements 

OUTPUTS 
 Export to Gulf √    Model 
  Denitrification √    Benthic Flux Project 
BIOMASS 
  Larval/ Juvenile Fish 
  Zooplankton 
  Benthic microalgae 
  Phytoplankton 
(species/groups) 

   √ 
√ 
√ 
√ 
 

New Measurements 

8.5.3 Model Refinements 

The following refinements to the existing models are included in the recommended RWQMP: 
 

• Further evaluate and refine the watershed hydrology/water quality models with longer 
period of calibration and validation to better simulate nutrient cycling and DO dynamics 
in major canals.  
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• Integrate a user-friendly graphic user interface for management of the geo-spatial data, 
such as land use change and irrigation demands. 

• Refine Caloosahatchee Estuary CH3D model with groundwater seepage data and 
sediment transport scheme including integration with a water quality component. 

• Update estuary water quality models with newly collected data including the benthic 
fluxes, diurnal DO concentrations, and sediment and turbidity in order to simulate the 
impact in the estuary from watershed loading for adaptive management.  Also, the 
simulation period also needs to be extended to cover a longer time period.  

• Expand the Estuarine Ecological Response Model to include other VECs such as seagrass 
and fish larvae. 

• Incorporate the HSI models into ArcGIS to portray responses spatially and temporally to 
facilitate policy decisions.  The models need to be further validated with comprehensive 
monitoring data.  A comprehensive assessment is also necessary to evaluate the model for 
both long-term and short-term applications.  

• Convert the SAV model to a common platform, such as a FORTRAN program with 
linkages to spreadsheets or another user-friendly interface, to increase computation 
efficiency.  Also, expand the SAV model for broader applications to include other SAV 
species, such as Halodule wrightii and Thalassia testudinum.   
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9.0 PREFERRED PLAN PROJECTS AND ACTIONS 

The Caloosahatchee River Watershed Protection Plan (CRWPP) was developed in response to 
the Northern Everglades and Estuaries Protection Plan (NEEPP) legislation, Section 373.4595, 
Florida Statutes (F.S.) (2007).  This legislation requires the CRWPP to include a Construction 
Project, a Watershed Pollutant Control Program, and a Research and Water Quality Monitoring 
Program (RWQMP).  This chapter provides an overview of all three components, which 
collectively comprise the preferred Plan and describes the plan implementation strategy, initial 
costs and funding estimates, cost share opportunities, and the process for plan refinements and 
revisions. 

9.1 Watershed Construction Project  

The Caloosahatchee River Watershed Construction Project is detailed in Chapter 6.  The 
following sections highlight the Caloosahatchee River Watershed Construction Project 
(Construction Project) features.  The features are broadly grouped into the following three 
general categories: (1) Water Quantity/Storage, (2) Water Quality, and (3) Land Management 
and Restoration.  Individual projects are categorized based on their primary objective and 
discussed in the following sections (See Table 6.4-6). 

9.1.1 Water Quantity/Storage 

The Construction Project water quantity/storage projects are designed to capture and store 
stormwater runoff in the Caloosahatchee River Watershed and include aboveground reservoirs, 
alternative water storage/disposal projects, and aquifer storage and recovery (ASR) wells.  These 
projects include both local and regional projects. 

9.1.1.1 Reservoirs 

Aboveground reservoirs are the most common type of surface water storage features.  
Aboveground reservoirs typically comprise large areas of land surrounded by levees that are 
used to store water.  This water is typically withdrawn from the Caloosahatchee River Watershed 
and stored during the wet season to provide attenuation and reduce the discharge of freshwater in 
the estuary.  In the dry season, this water can then be released to reduce the demand on the 
Caloosahatchee River for freshwater to be used for irrigation, or may provide flows needed for 
environmental purposes.  These types of reservoirs also provide ancillary quality benefits; 
nutrients and other contaminants tend to settle out within the reservoir.  Several large reservoirs 
are currently being designed and constructed in the greater Everglades ecosystem.   

Reservoir storage sites are planned at various sites throughout the Caloosahatchee River 
Watershed, including: 

• C-43 Distributed Reservoir (CRE-LO 41); 
• Harns Marsh Improvements – Phase I  & II (CRE 18); 
• Harns Marsh Improvements – Phase II Final Design ECWCD (CRE 19); 
• Yellowtail Structure Construction – ECWCD (CRE 20);  
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• Hendry County Storage (CRE 21);  
• Hendry Extension Canal Widening (Construction) – ECWCD (CRE 22); 
• East Caloosahatchee Storage (CRE 128); and  
• Caloosahatchee Storage – Additional (CRE 128a). 

9.1.1.2 Aquifer Storage and Recovery 

Aquifer Storage Recovery (ASR) involves injecting water into an aquifer through wells and then 
pumping it out from the same aquifer when needed.  The aquifer essentially functions as a water 
bank.  Deposits are made in times of surplus, typically during the rainy season, and withdrawals 
occur when available water is needed, typically during a dry period. 

Interest and activity in ASR in southern Florida have greatly increased over the past 10 to 15 
years.  In south Florida, ASR wells have typically been used to store excess freshwater during 
the wet season and subsequently recover it during the dry season for use as an alternative 
drinking water supply source.  Many utility-operated ASR facilities now have wells completed in 
deep confined aquifers and available for this purpose.  Large-scale application of the ASR 
technology is under evaluation as a storage option in the Comprehensive Everglades Restoration 
Plan (CERP).  The Construction Project includes the Cape Coral Canal Stormwater Recovery by 
ASR (CRE 77) and the Rehydrate Lee County Well Fields – south of Hwy 82 (CRE 122) 
projects. 

9.1.1.3 Alternative Water Storage/Disposal 

Alternative water storage/disposal projects essentially prevent runoff from reaching the regional 
drainage system or improve the timing of its delivery, and can be developed on available private, 
public, and tribal lands.  They are used to store and/or dispose of excess water by capturing it 
prior to runoff or pumping it from areas or canals with excess water, and holding it on-site.  
Alternative water storage/disposal projects typically require minimal design, engineering, and 
construction effort, as compared to constructed reservoirs, because of the use of low technology 
approaches.  Approaches include the use of existing infrastructure, such as pumps to move water 
to the desired area, and weirs, berms, and small impoundments needed to detain the water in the 
facility.  If they are established on existing wetlands, they are designed and operated to improve 
the existing wetland functions.    

The Construction Project includes the following alternate water storage/disposal projects:  
Alternate Water Storage (LOER) – Barron Water Control District (CRE-LO12g), Recyclable 
Water Containment Areas (RWCA) (CRE 01), and Recycled Water Containment Area (RWCA) 
in the S-4 Basin (CRE 02). 

9.1.2 Watershed Water Quality Projects 

Caloosahatchee River Watershed water quality projects focus on reducing total nitrogen (TN) 
and total phosphorus (TP) loading within and from the watershed.  The projects are a 
combination of the source control efforts described in Section 9.2 and projects including water 
quality treatment areas/stormwater treatment areas (STAs), stormwater management, 



Chapter  9 

Caloosahatchee River Watershed Protection Plan  January 2009 
9-3 

waste/wastewater management, and innovative nutrient control technologies (e.g., managed 
aquatic plant systems, Hybrid Wetland Treatment Technology). 

9.1.2.1 Water Quality Treatment Areas and Stormwater Treatment Areas 

Water quality treatment areas are constructed wetlands designed for optimal nutrient removal.  
When water flows through flooded wetland cells, plants and algae remove nutrients from the 
water.  Constructed wetlands have been shown to be very efficient in reducing nutrient loads and 
concentrations.   

STAs, a type of water quality treatment area,  are constructed wetlands that have been used very 
successfully in South Florida to treat nutrient-rich stormwater runoff.  Typically, wetland cells in 
STAs include emergent vegetation or a combination of emergent and submerged vegetation.   

There are both regional scale and local scale water quality treatment areas and STAs included in 
the Construction Project.  The regional scale water quality treatment areas within the 
Caloosahatchee River Watershed include the C-43 Water Quality Treatment Demonstration 
Project (BOMA Property) (CRE 10), the Caloosahatchee Ecoscape Water Quality Treatment 
Area (CRE 11), East Caloosahatchee Water Quality Treatment Area (CRE 05), and the West 
Caloosahatchee Water Quality Treatment Area (CRE 13).  The Construction Project also 
includes the Clewiston STA (CRE-LO 92), Caloosahatchee Area Lakes Restoration (Lake 
Hicpochee) (CRE 04), and the West Lake Hicpochee Project (CRE-LO 40). 

9.1.2.2 Stormwater Management 

The installation or upgrade of an urban stormwater management system can improve surface 
water quality in the Caloosahatchee River Watershed.  A variety of structures (e.g. wet detention 
ponds, vegetated swales, diversion weirs, baffle boxes, etc.) within a surface water management 
system can attenuate surface water flow to increase percolation for groundwater storage, 
facilitate settling, and promote nutrient uptake prior to receiving water discharge.  System retrofit 
projects and local government Stormwater Master Plan implementation projects are management 
measures that will improve the conveyance of stormwater during storm events and reduce 
pollutant loadings from urban runoff. 
 
The Construction Project includes a variety of stormwater projects.  These projects generally 
consist of the construction of filter marshes, construction of facilities to transfer water between 
basins, installation of water control structures, repair or improvement of existing water control 
structures, and widening of canals to provide additional storage and attenuation.  These projects 
are constructed on both a local and regional scale.  The projects consist of the following:  
  

• Lehigh Areas Wastewater Treatment and Stormwater Retrofit (CRE 29); 
• Billy Creek Filter Marsh Phase I and II (CRE 45);  
• Manuel’s Branch Silt Reduction Structure (CRE 48);  
• Manuel’s Branch East & West Weirs (CRE 49); 
• North Fort Myers Surface Water Restoration (CRE 59); 
• Yellow Fever Creek/ Gator Slough Transfer Facility (CRE 64);  
• Cape Coral Wastewater Treatment and Stormwater Retrofit (CRE69);  
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• City of LaBelle Stormwater Master Plan Implementation (CRE 121); 
• North Ten Mile Canal Stormwater Treatment System (CRE 123); 
• Carrell Canal (FMCC) Water Quality Improvements (CRE 124); and  
• Shoemaker-Zapato Canal Stormwater Treatment (CRE 125).  

9.1.2.3 Waste/Wastewater Management 

The Construction Project includes several waste or wastewater management projects.  These 
include projects to eliminate septic systems and install central sewer systems, the interconnection 
of wastewater facilities to provide an additional source of reclaimed water, and the upgrading of 
existing wastewater treatment plants.  The Construction Project includes the following projects:  
Leigh Acres Waste Water Treatment & Stormwater Retrofit (CRE 29), Cape Coral Reclaimed 
Water Interconnect (CRE 126), and Wastewater Treatment Plant Upgrade and Reclaimed Water 
(CRE 129). 

9.1.2.4 Innovative Nutrient Control Technologies 

9.1.2.4.1 Managed Aquatic Plant Systems 

Managed aquatic plant systems are aquatic plant-based water treatment units.  The technology 
involves routing nutrient loaded stormwater into ponds that are vegetated with plants that have 
enhanced ability to absorb and assimilate nutrients.  A variant of managed aquatic plant systems, 
which is currently proposed as a management measure to be included in the CRWPP, is known 
as the Algal Turf ScrubberTM.  This technology, developed by HydroMentia, Inc., involves the 
cultivation of a mixed community of periphytic algae that are cultured on an engineered 
geomembrane.  The membrane sits on a grid upon which nutrient-rich waters are discharged.  
The Construction Project includes the Powell Creek Algal Turf Scrubber (CRE 57).  The Powell 
Creek project will include a pilot project with the potential for a large scale project, depending 
on the outcome of the pilot project. 

9.1.2.4.2 Hybrid Wetland and Chemical Treatment 

Hybrid Wetland Treatment Technology combines the strengths of the two top ranked nutrient 
removal technologies, namely treatment wetlands and chemical injection systems.  This 
technology forms a synergistic relationship that results in nutrient removal efficiencies beyond 
those attainable by either technology separately, but with lower capital and operating costs.  
Optimization of system performance is achieved by adjusting hydraulic retention time (area of 
facility) and/or chemical dosing rates.  Hybrid Wetland and Treatment Technology has been 
previously demonstrated to reduce P concentrations from over 1,000 parts per billion (ppb) to 
less than 100 ppb (Watershed Technologies, Inc. 2007). 

Chemical treatment involves application of chemicals into stormwater runoff to aid in reduction 
of contaminant loads and concentrations, and of turbidity (suspended solids) in the water by 
promoting the coagulation and flocculation of suspended solids.  Chemical treatment can be used 
in combination with wet detention of stormwater, treatment of runoff prior to storage, or with 
supplemental treatment associated with reservoirs or STAs.  Currently, there are no chemical 
treatment or Hybrid Wetland and Treatment Technology management measures in the 
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Construction Project.  However, these technologies will be further evaluated during the plan 
refinement process and may be incorporated in future plan updates. 

9.1.3 Land Management and Restoration Projects 

The Construction Project management measures related to land management and restoration 
include creation and restoration of wetlands, land conservation, and incorporation of growth 
management techniques and initiatives that integrate environmental objectives into urban growth 
planning.   

9.1.3.1 Wetland Restoration 

Natural wetlands sequester surface water flows, recharge the aquifer, and provide water quality 
treatment through assimilation and sedimentation.  Wetland restoration includes enhancing 
degraded wetlands and restoring areas that were historically wetlands.     

The Construction Project includes a variety of wetlands projects, both at the local and regional 
scale: Spanish Creek/Four Corners Environmental Restoration (CRE 44), Caloosahatchee Creeks 
Preserve Hydrological Restoration (CRE 53), and Rehydrate Lee County Well Fields – south of 
Highway 82 (CRE 122). 

9.1.3.2 Land Conservation  

Conservation of natural areas in urban settings provides both natural and social benefits.  The 
goal of land conservation programs is to protect coastal and estuarine lands considered important 
for their ecological, conservational, recreational, historical, or aesthetic values.  There are 
programs that provide state and local governments with matching funds to purchase significant 
coastal and estuarine lands, or conservation easements on such lands, from willing sellers.  The 
Construction Project includes the Coastal and Estuarine Land Conservation Program (CRE-LO 
09), Florida Ranchlands Enviromental Services Project (CRE-LO 87c), and the Farm and 
Ranchland Partnerships (CRE-LO 91). 

9.1.3.3 Integrated Growth Management and Restoration 

This category includes programs and projects that integrate environmental restoration objectives 
with urban growth initiatives.  Planning and economic incentives are typically provided to 
encourage the use of innovative and flexible planning, development strategies, and creative land 
use planning techniques that minimize the footprint of developments while conserving natural 
lands and open spaces.  The Construction Project includes both the Rural Land Stewardship Area 
Program and the Comprehensive Planning & Growth Management (CRE-LO 68). 

9.2 Watershed Pollutant Control Program 

Pollutant source control is integral to the success of any water resource protection or restoration 
program.  Nutrient source controls refer to activities and measures, also referred to as Best 
Management Practices (BMPs), that can be utilized on agricultural and non-agricultural lands to 
ensure that the amount of phosphorus (P) and nitrogen (N) in off-site discharge is minimized, 
thereby preventing nutrients from entering the Caloosahatchee River Watershed.  
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Implementation of source controls is a relatively cost-effective pollutant reduction and 
prevention measure, as it is typically less expensive to prevent pollution than to remediate its 
impacts.  There are presently several existing and proposed nutrient source control programs 
within the Caloosahatchee River Watershed.  These programs are developed and implemented 
cooperatively by the South Florida Water Management District (SFWMD), Florida Department 
of Environmental Protection (FDEP), and Florida Department of Agricultural and Consumer 
Services (FDACS) in collaboration with local governments and private landowners.   
 
The Caloosahatchee River Watershed Pollutant Control Program is designed to be a multi-
faceted approach to reducing pollutant loads.  The program includes improving the management 
of pollutant sources within the Caloosahatchee River Watershed through implementation of 
regulations and BMPs and development and implementation of improved BMPs focusing on N 
and P.  This section provides an overview of the program.  Please refer to Chapter 7 for the 
complete Caloosahatchee Lucie River Watershed Pollutant Control Program. 

9.2.1 SFWMD Nutrient Source Control Programs 

The Environmental Resource Permit (ERP) Program regulates activities involving the alteration 
of surface-water flows, and includes activities in uplands that alter stormwater runoff, as well as 
dredging and filling in wetlands and other surface waters.  Generally, the program’s purpose is to 
ensure that alterations do not degrade water quality, compromise flood protection, or adversely 
affect the function of wetland systems.   

The ERP Program only applies to new or modified development.  It operates on the assumption 
that permit requirements will result in adequate water-storage capacity and no increase in P 
loading.  SFWMD has initiated development of an ERP basin rule with specific supplemental 
criteria designed to result in no increase in total runoff volume from new development that 
discharges ultimately to Lake Okeechobee and/or the Caloosahatchee or St. Lucie estuaries.  The 
tentative date for rule adoption is mid to late 2010. 

The Regulatory Nutrient Source Control Program, (Chapter 40E-61, F.A.C.), adopted in 1989, 
was a result of the Lake Okeechobee Surface Water Improvement and Management (SWIM) 
Plan to provide a regulatory source control program specifically for P.  The NEEPP legislation 
expanded the program boundary to the Caloosahatchee River Watershed and included N, in 
addition to P, as the focus of nutrient source controls.  The program applies to new and existing 
agricultural and non-agricultural activities with the goal of reducing nutrients in off-site 
discharges. 

SFWMD plans to propose modifications to Chapter 40E-61, F.A.C. for consistency with the 
goals and objectives of NEEPP.  To ensure consistency with the CRWPP, rule development is 
expected to begin in 2009. 

9.2.2 FDACS Nutrient Source Control Programs 

FDACS has adopted, by administrative rule, agricultural BMPs addressing containerized 
nursery, vegetable and agronomic crop and citrus land uses in the Caloosahatchee River 
Watershed.  FDACS is currently developing and will be adopting BMP programs for cow/calf, 
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sod and equine operations.  BMPs for all agricultural land uses are expected to be adopted by 
early 2009. 

In February 2008, FDACS initiated rule development to control the land application of animal 
wastes in the Caloosahatchee River Watershed.  The proposed rule includes minimum 
application setbacks from wetlands and all surface waters.  Landowners who apply more than 
one ton per acre of manure must develop conservation plans approved by the  U.S. Department 
of Agriculture/National Resource Conservation Service (USDA/NRCS).  The conservation plan 
must specifically address the application of animal wastes, and the landowner must conduct soil 
testing to demonstrate the need for manure application.  All use of animal manure must be 
recorded and included in the operation’s overall nutrient management plan.  FDACS expects to 
complete rule making for this effort by the end of 2008. 

In August 2007, FDACS adopted a statewide Urban Turf Fertilizer Rule.  The rule limits the P 
and N content in fertilizers being applied to urban turf and lawns, thereby limiting the amount of 
those compounds reaching Florida’s water resources.  It requires that, by July 1, 2009, all 
fertilizer products labeled for use on urban turf, sports turf, and lawns be limited to the amount of 
P and N needed to support healthy turf maintenance.  As a component of the Lake Okeechobee 
and Estuary Recovery (LOER) Plan established in October 2005, the new rule is an essential 
component to improve water quality through nutrient source control.  See Sections 7.1.2 for a 
more in-depth description of FDACS nutrient source control programs. 

9.2.3 FDEP Pollutant Source Control Programs 

FDEP is responsible for several existing and planned source control programs primarily targeting 
urban and non-agricultural issues.  These programs include: 
 

• Initiatives to improve existing stormwater and wastewater infrastructure; 
• Implementation of pollutant reduction plans for municipal stormwater management 

systems;  
• Land development regulations to promote proper stormwater treatment; 
• Enhancement to existing regulations from the management of domestic wastewater 

residuals within the Caloosahatchee River Watershed; 
• Coordination with applicable authorities on septage disposal to ensure that nutrient 

loadings are considered; and  
• Administering the National Pollution Discharge Elimination System (NPDES) permit 

program. 

As a result of these programs, local governments have constructed numerous stormwater retrofit 
projects and are continuing to pursue additional projects to improve the quality of water in urban 
runoff.  Local utilities have also aggressively pursued upgrades to wastewater management 
systems to improve water quality. FDEP also administers the statewide Municipal Separate 
Storm Sewer Systems (MS4) Program.  The MS4 Program requires that a stormwater 
management plan be developed to reduce the discharge of pollutants to the maximum extent 
practicable to protect water quality and comply with the water quality requirements of the Clean 
Water Act (CWA).  Please refer to Chapter 7 for a complete description of all FDEP programs. 
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9.2.4 Other Pollutant Source Control Programs 

Launched in October 2005, the Florida Ranchlands Environmental Services Project established a 
program under which ranchers in the northern Everglades watersheds can sell environmental 
services of water retention, P load reduction, and wetland habitat expansion to agencies of the 
state and other willing buyers.  To document the level of environmental services provided by 
ranch water-management projects, the Florida Ranchlands Environmental Services Project will 
field test different methods of using monitoring and modeling of hydrology, water and soil 
chemistry, and vegetation change.  The Florida Ranchlands Environmental Services Project is 
being implemented through a collaboration of the World Wildlife Fund, eight participating 
ranchers, USDA/NRCS, FDACS, SFWMD, and FDEP.   

The Florida Yards and Neighborhoods Program is an excellent example of a nonstructural 
program.  It is a partnership of the University of Florida, Institute for Food and Agricultural 
Sciences (UF/IFAS), Florida’s water management districts, FDEP, the National Estuary 
Program, the Florida Sea Grant College Program, concerned citizens, members of private 
industry and numerous other nongovernmental agencies.  It is implemented through the counties’ 
UF/IFAS Cooperative Extension Service.  The program addresses the serious problems of 
pollution in stormwater runoff, water shortages, and disappearing habitats by enlisting Floridians 
to preserve and to protect our natural resources.   

9.2.5 Local Programs 

The Southwest Florida Regional Planning Council approved a Stormwater Resolution (SWFRPC 
Resolution #2008-11) providing specific recommendations and guidelines to be considered by 
local government jurisdictions in Southwest Florida for the regulation, control, use, and 
treatment of stormwater containing N and/or P.  Additionally, the Southwest Florida Regional 
Planning Council has approved a Wastewater Resolution (SWFRPC Resolution # 2007-02) 
providing specific recommendations and guidelines to be considered by local government 
jurisdictions in Southwest Florida for the regulation and control of treated wastewater discharges 
containing N and/or P.  The Southwest Florida Regional Planning Council has also approved a 
Wastewater Package Plant Resolution (SWFRPC Resolution # 2007-05) providing specific 
recommendations and guidelines to be considered by local government jurisdictions in 
Southwest Florida for the regulation and control of treated wastewater discharges from small 
wastewater treatment facilities (Package Plants) containing N and/or P. 

Lee County and the City of Sanibel have enacted fertilizer ordinances that provide more 
restrictive residential and commercial application schedules.  Additionally, education, 
certification, and enforcement capability have been included to assure compliance.   

9.3 Watershed Research and Water Quality Monitoring Program 

The recommended RWQMP has been formulated to fulfill the goals and reporting requirements 
of the CRWPP and support adaptive management.  It builds upon the existing monitoring, 
research, and modeling components discussed above, and makes recommendations/modifications 
to these efforts to better achieve and assess the goals/targets of the CRWPP. 
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9.3.1 Monitoring Program 

The monitoring program consists of a watershed monitoring component and an estuarine 
monitoring component.   

9.3.1.1 Watershed Monitoring – Water Quality  

As stated previously under Section 8.4.1, monitoring east of S-79 is currently sparse.  The 
frequency of water quality sampling at S-79 and S-78 may not be sufficient for accurate 
calculation of load and this issue requires investigation.  Identification of problem areas and 
tracking progress toward the Total Maximum Daily Load (TMDL) at spatial scales smaller than 
the East and West Caloosahatchee basins are not possible with existing monitoring activities.  
Recommendations include the addition of eight long-term water quality and flow monitoring 
sites along the reach of the Caloosahatchee River, east of S-79.  These additional sites will 
provide the spatial coverage necessary for tracking progress towards the TMDL, and will support 
adaptive management and development of a Basin Management Action Plan.  Monthly water 
quality and continuous flow will be measured at each station, allowing calculation of loading to 
each reach of the Caloosahatchee River.  Four short-term water quality and flow monitoring sites 
in canal tributaries flowing into the river are also recommended.  These stations will help 
determine if loads calculated from reach samples accurately reflect the sum of tributary loads.  
Additionally, two new water quality parameters are recommended to be added to the monthly 
suite of water quality grab sample analytes in order to support progress towards meeting any 
adopted nutrient TMDLs.  These parameters are: dissolved total Kjeldahl nitrogen (DTKN) and  
5-day biological oxygen demand (BOD5).  Measurement of BOD5 will support modeling efforts 
and provide a measure of the labile organic loads to the receiving waters.  DTKN allows the 
calculation of dissolved organic nitrogen, which often constitutes most of the TN load.  The 
following parameters should be considered for inclusion in the monitoring program, based on the 
potential for possible impairments now or in the future: sediment oxygen demand, fecal 
coliform, total dissolved solids, total hardness, iron, copper, lead, arsenic, and zinc.  The 
sampling suite will be re-evaluated at the three-year CRWPP re-evaluation period.  

In addition, the RWQMP recognizes that a SFWMD-sponsored source control monitoring 
program, to measure the success of the collective Source Control Programs (SFWMD, FDEP and 
FDACS) at the sub-watershed level, is under development and may refine the proposed 
Caloosahatchee Tributary Monitoring Program.  At the sub-watershed level, monitoring 
activities associated with the program will assess the collective success of pollutant source 
control BMPs, compliance with pollution reduction targets, and the need for additional BMPs or 
optimization of existing BMPs.  At the local level, this monitoring will identify priority areas of 
water quality concern and provide data to enhance performance of downstream treatment 
facilities.  This program also will provide data that can be used in adaptive management, as well 
as modeling and tracking of progress towards achieving TMDLs. 

9.3.1.2 Estuary Monitoring – Water Quality, Flow, Salinity, and Aquatic Habitat 

Existing estuarine monitoring includes water quality, flow, salinity, submerged aquatic 
vegetation, and oyster habitats. 

Water Quality Monitoring: The existing water quality monitoring effort established for the 
estuarine portion of the Caloosahatchee River is being carried out by SFWMD, FDEP, Lee 
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County, City of Cape Coral, City of Sanibel, Charlotte Harbor National Estuary Program, Florida 
International University (FIU), Sanibel-Captiva Conservation Foundation (SCCF), Florida Fish 
and Wildlife Research Institute, and the Charlotte Harbor Estuaries Volunteer Water Quality 
Monitoring Network.  In general, the water quality monitoring conducted by all agencies in 
estuarine and marine waters of the study area are adequate to meet program goals and should 
continue.  Some redundancies have been identified; the removal of one existing Lee County 
station and five SFWMD/FIU stations are recommended.  Because the Caloosahatchee Estuary is 
currently under-sampled spatially, four historical stations from the Caloosahatchee Estuary 
Water Quality Monitoring Program should be re-instated (CES02, CES05, CES07 and CES08).  

As recommended for watershed monitoring, BOD5 and DTKN should also be added to the water 
quality parameters measured in the estuary monthly grab samples.  The following parameters 
should be considered for inclusion in the monitoring program, based on the potential for possible 
impairments now or in the future: sediment oxygen demand, fecal coliform, total dissolved 
solids, total hardness, iron, copper, lead, arsenic, and zinc. 

Flow Monitoring: Historically, there have been few measurements of freshwater inflows to the 
Caloosahatchee Estuary from the Tidal Basin west of S-79.  To quantify these flows, eight 
additional flow sites and one cooperative site with Lee County were added by the USGS, in 
cooperation with Florida Department of Environmental Protection (FDEP).  The current long-
term flow monitoring conducted in the tidal basin west of S-79 by Lee County, United States 
Geological Survey and FDEP should continue as it is now planned.   

Salinity Monitoring: Salinity monitoring is essential to supporting water quality modeling, 
refining salinity envelopes, and quantifying the goal of reducing undesirable salinity ranges.  
Salinity monitoring stations maintained by SFWMD and SCCF are sufficient and should also be 
continued. 

Submerged Aquatic Vegetation (SAV) Monitoring: There are currently six SAV monitoring 
efforts in the tidal waters within the CRWPP boundaries.  There have been five aerial 
photography surveys conducted since 1999.  Aerial survey information has been used by various 
organizations to evaluate incremental and long-term changes throughout the entire region and 
within major sections of the system.  The existing programs are sufficient for detecting trends 
and assessing the status of seagrasses in the CRWPP study area on multiple spatial and temporal 
scales.  The current multi-agency approach to seagrass monitoring in the study area should also 
continue.  SAV aerial photography surveys should continue at the historical sampling frequency 
of every two-to-three years. 

Oyster Monitoring: Monitoring of oysters in the Caloosahatchee Estuary is currently conducted 
by the Restoration Coordination and Verification Program (RECOVER) at six stations.  Various 
aspects of oyster condition, life history and distribution are measured.  While most parameters 
are measured monthly or seasonally, the regional distribution of oysters is mapped every five 
years (RECOVER, 2007).  The current oyster monitoring program conducted by RECOVER 
should continue, along with mapping of oyster beds, at a planned frequency. 
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9.3.2 Research Program 

Research projects are intended to reduce or eliminate key uncertainties in the proposed TMDL 
and in flow and salinity envelopes, and to optimize the operation protocols.  The four research 
projects in the RWQMP are summarized below.  Chapter 5 of the RWQMP provides a detailed 
description of these programs, and assesses their adequacy in achieving the CRWPP 
goals/targets. 

• Estuarine Nutrient Budget: Over-enrichment with nutrients from urban and agricultural 
sources is a problem for the Caloosahatchee Estuary.  This project will construct nutrient 
budgets of TN and TP.  Results of this project can be used to support water quality 
modeling efforts that will reduce the uncertainties related to nutrient  TMDLs and 
increase the capability to predict effects of various management measures, including 
BMPs. 

• Dissolved Oxygen (DO) Dynamics: This research project will identify the factors 
causing the DO impairment in the Caloosahatchee Estuary.  Understanding of DO 
dynamics will also help to identify impacts from the pollutant loads to estuarine 
ecosytems.  Once causes are known, appropriate management solutions can be 
implemented.  The results of this study will provide critical information that will guide 
the selection of these management solutions. 

• Low Salinity Zone: Much of the work that supports estimates of minimum and 
maximum freshwater inflow requirements to the Caloosahatchee Estuary is based on the 
salinity tolerances of freshwater and marine organisms that inhabit the system.  The low 
salinity zone research project examines elements of the estuarine food web.  The ultimate 
goal is to understand the role of freshwater discharge and production of fish larvae in the 
estuary.  Results can be applied to establishing water reservations, to refining flow and 
salinity envelopes, and to providing guidelines for delivery of freshwater to the 
Caloosahatchee Estuary. 

• Light Attenuation in San Carlos Bay: This study will determine how relative 
contributions to total light attenuation of chlorophyll-a, colored dissolved organic matter, 
and turbidity vary with season and freshwater inflow in San Carlos Bay.  Information 
from this study will better define controls on light attenuation in San Carlos Bay and the 
relationship between the TMDL and its resource goal.  Results can be used to determine 
when, and under what conditions, resource light attenuation goals may be met.  

9.3.2.1 Research Project Priorities 

Each major research project (e.g., Nutrient Budget) can be broken down into several 
components.  Examination of the components of each project shows that several projects may 
have common components.  The major research projects and commonalities between 
components of these projects are summarized in Table 9-1.  The source of data for each 
component is given (existing data, new measurements, model etc).  Items funded in any given 
year may be prioritized according to the number of projects to which they belong. 
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Table 9-1. Components and Commonalities of Major Research Projects in the Caloosahatchee 
River Watershed and Estuary 

Research Projects Research 
Component Nutrient  

Budget 
DO  
Dynamics 

Low 
Salinity 
Zone 

Light 
Attenuation 

Source 

INPUTS 
  Franklin Lock Loads 
(S-79) √ √ √ √ Monitoring 

  Tidal Basin Loads 
        Surface Flows 
        Groundwater 
        Wastewater 
Treatment Facilities 

 
√ 
√ 
√ 

 
√ 
√ 
√ 

 
√ 
√ 
√ 

 
√ 
√ 
√ 

 
Model/Measurements 
Model/Measurements 
New Measurements 

  Gulf of Mexico √ 
   Model for Flow 

Literature 
Concentration 

  Atmospheric 
Deposition √    Literature/ Data 

Analysis 
INTERNAL CYCLING 
  Primary Productivity/ 
  Water Column 
Respiration 

√ √ √ √ New Measurements 

  Organic Matter 
  Decomposition (incl 
DON) 

√ √   New Measurements 

  Benthic Nutrient Flux √ √   New Measurements 
  DO Time Series  √ √  New Measurements 
INTERNAL CYCLING 
San Carlos Bay Times 
Series 
         Color 
         Turbidity 
         Chlorophyll-a 
         TSS 
         PAR (Kd) 

   
 
√ 
√ 
√ 
√ 
√ 

 
New Measurements 
New Measurements 
New Measurements 
New Measurements 
New Measurements 

OUTPUTS 
  Export to Gulf √    Model 
  Denitrification √    Benthic Flux Project 
BIOMASS 
  Larval/ Juvenile Fish 
  Zooplankton 
  Benthic microalgae 
  Phytoplankton 
(species/groups) 

   √ 
√ 
√ 
√ 
 

New Measurements 
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9.3.3 Modeling Needs and Recommendations 

Numerous models have been developed or are currently under development for use in the 
Caloosahatchee River Watershed, as summarized in Table 9-2.  An assessment of existing 
models and their ability to meet future modeling needs was conducted and a set of modeling 
recommendations was developed.  

Table 9-2.  Existing Caloosahatchee River Watershed Models 
Watershed Water Quality and 

Hydrology 
Estuary Water Quality 

and Hydrology 
Estuarine Ecology 

ASFIRS/WATBAL Hydrologic 
Model CH3D Hydrodynamic Model Tapegrass Model 

Northern Everglades Regional 
Simulation Model (NERSM) EFDC/WASP Model Habitat Suitability Index 

MIKESHE Hydrologic Model   
HSPF Model   

  
An integrated modeling framework, combining the resource-based Valued Ecosystem 
Component (VEC) approach and linked watershed and estuarine models, is proposed to meet 
water management objectives for coastal ecosystems protection and restoration (SFWMD, 2008).  
Specifically, the watershed model estimates the quantity, timing, and quality of freshwater 
inflow to the estuary.  The estuarine hydrodynamic, sediment transport, and water quality 
models, in turn, simulate the estuarine conditions in terms of salinity, water quality, and sediment 
transport.  Finally, the ecological models simulate the responses of estuarine resources and 
processes to the estuarine conditions.  

9.3.3.1 Watershed Hydrology and Water Quality Modeling 

Effective management that aims to protect water quality requires a “big picture” view of water 
resources at a watershed-scale.  Watershed models provide the necessary links for this purpose, 
particularly when it comes to understanding how non-point sources of pollution interact with 
point sources, and how these jointly affect the downstream water quality.  
 
Watershed hydrology and water quality simulation modeling tools are needed that are capable of 
(1) simulating the hydrologic interaction of the Caloosahatchee River Watershed with other 
components of the Northern Everglades Program (Lake Okeechobee and St Lucie River 
watersheds); (2) watershed loading simulation; (3) optimizing operations/sizing of features; and 
(4) a user-friendly graphic user interface.  Additionally, watershed models are in need of 
refinement with longer period of calibration and validation to enhance the simulations of nutrient 
cycling and DO dynamics. An integration of watershed models with estuarine models is also 
needed.  

9.3.3.2 Estuary Hydrodynamic and Water Quality Modeling 

Estuary hydrodynamic and water quality simulation modeling tools are needed that are capable 
of (1) simulating the impacts induced by the watershed loading, (2) estuary hydrodynamics, and 
(3) estuary water quality processes.  Estuarine models also need refinements in integration with 
watershed loadings and with longer periods of calibration and validation to enhance the nutrient 
and DO simulations.   
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9.3.3.3 Estuarine Ecologic Response Modeling  

Future efforts in the estuarine ecologic response modeling should simulate the habitats for 
seagrass, oyster, and fish larvae to represent the entire spectrum of the valued ecosystems in the 
estuary.  A set of ecological performance measures representing different habitats for fish larvae, 
oysters, and seagrass will be needed to direct operation for both the dry season and the wet 
season.  Eventually, a community-level ecological response model should be developed to 
predict the ecosystem change with the anticipated improvement in the habitats.  A graphic user 
interface will also need to be developed to provide explicit linkage between management 
objectives and predicted improvements with restoration actions.  

The Habitat Suitability Index (HSI) models should be incorporated into ArcGIS to portray 
responses spatially and temporally to facilitate policy decisions.  The models need to be further 
validated with comprehensive monitoring data.  A comprehensive assessment is also necessary 
to evaluate the model for both long-term and short-term applications.  

The SAV model should be converted to a common platform, such as a FORTRAN program with 
linkages to Microsoft Excel® or other userfriendly interface to increase computation efficiency.  
For broader applications, the SAV model needs to be expanded to include other SAV species, 
such as Halodule wrightii and Thalassia testudinum.  A numeric ecological model will need to 
be set up for each species and calibrated with field monitoring data.  A broad range of tests will 
also need to be conducted under different salinity, light and water temperature conditions.  
Additionally, current water quality linkage applications need to be established.  

9.4 Preferred Plan Implementation 

The Watershed Construction Project, Watershed Pollutant Control Program, and Watershed 
Research and Water Quality Monitoring Program collectively comprise the preferred 
Caloosahatchee River Watershed Protection Plan.  The following sections provide information 
on various aspects of program implementation including real estate requirements, phasing 
approach, costs, and plan refinements. 

9.4.1 Real Estate Requirements 

Specific locations for some preferred Plan features have already been determined, while for other 
project features, locations have been identified only to the sub-watershed level.  Land acquisition 
needs will be developed over time through the Process Development and Engineering (PD&E) 
process.  During PD&E, conceptual planning will be conducted to further evaluate project siting 
and real estate acquisition requirements.  The results of feasibility studies will help define the 
real estate requirements which will be reflected in future Plan updates.  

To the extent possible, opportunities for less than fee acquisition, such as the Wetland Reserve 
Program, will be evaluated.  It is expected that real estate acquisition for individual features will 
occur over a period of time.  State- and SFWMD-owned lands would be preferentially evaluated 
for siting preferred Plan project features.  However, many of the existing state- and SFWMD-
owned acreages have already been targeted for specific features. 
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9.4.2 Operations, Maintenance, Permitting, and Monitoring 

The following sections describe the operations, maintenance, permitting, and monitoring needed 
for the preferred Plan, to the greatest extent possible.  This section will be revised in future 
CRWPP updates, as more information becomes available.  Appendix F provides greater detail 
on these items. 

9.4.2.1 Operations & Maintenance 

With very few exceptions, the majority of project features included in the preferred Plan are 
likely to require some level of operation and maintenance (O&M).  Consideration of O&M needs 
from the outset of planning is important to insure that the project goals and objectives are 
achieved in the most efficient, effective, and safe manner.  O&M collectively refers to the 
following five major elements: 

• Operations – ongoing activities required to operate the management measure to achieve 
the project objectives, including water control, fuels and materials, monitoring, etc.; 

• Maintenance – ongoing activities required to maintain system in an operable condition, 
including machinery maintenance, mowing, inspections, etc.; 

• Repair – periodic repair of machinery or other structural elements as needed to restore 
complete operability of the management measure, including machinery repair, filling 
scour holes, repairing erosion, etc.; 

• Replacement – periodic replacement of project elements that have reached or exceeded 
their functional life  including pump replacement, stop-log riser replacement, etc.; and 

• Rehabilitation – major rehabilitation of a project component may be required under the 
following circumstances: 

- when the component has exceeded its functional life and continued repair and 
replacement activities are no longer cost effective; 

- when there are substantive changes in conditions at the facility or associated 
components of the water management system that preclude meeting the project 
objectives or result in other undesirable impacts; or 

- changes in design or safety standards. 

9.4.2.2 Permitting 

Construction and implementation of the preferred Plan features will require a variety of permits 
and regulatory approvals.  Types of permits and approvals needed are likely to vary with feature 
type and location.   

Obtaining all required federal and state permits for implementation and operation of a project 
feature often requires an intensive level of effort.  Permitting can result in significant project 
delays if it is not adequately considered early in project development.  However, specific permit 
requirements and/or issues may not be evident until a substantial level of detail has been 
developed during planning and design.    
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The types of permits and level of effort required during the permitting process may vary greatly 
for similar or identical measures, depending on the physical conditions that exist at the project 
site and surrounding area.  During the PD&E process, continuing consideration will be given to 
the types of permits required and the potential permitting issues that must be addressed.  In this 
way, the level of effort and time requirements can be factored into the planning and design 
process to minimize the potential for significant permit-related project delays. 

Federal and state permits are likely to be required for the types of project features contained in 
the preferred Plan, are described in Appendix F.  Local permit requirements will vary from site 
to site and will have to be addressed on a site-specific basis. 

9.4.2.3 Monitoring 

A comprehensive monitoring and information system will be utilized to provide the data 
necessary to measure the performance and effectiveness of the preferred Plan in satisfying the 
restoration goals of the CRWPP.  The SFWMD will utilize the current monitoring base and 
monitoring proposed in the Caloosahatchee River Watershed RWQMP to provide any project-
specific resources needed to document the effectiveness of nutrient control efforts in meeting 
Caloosahatchee River Watershed TMDLs, when established, and to assure compliance with all 
future permit requirements. 

Monitoring is generally required to determine if individual project features and the plan, as a 
whole, are performing as intended.  Typically, monitoring requirements for individual projects 
are established during the permitting and design process.  Since the two primary objectives of the 
CRWPP are storage and water quality improvements, it can be expected that performance of all 
structural and non-structural project features included in the plan will have to be monitored for 
flow and P and N load reduction.   

Project-level assessments may also be needed that will focus on estimating the performances of 
both regional projects (i.e. water quality treatment areas, STAs) and local projects (i.e 
stormwater retrofits) located throughout the Caloosahatchee River Watershed.  Results of the 
project-level assessment will provide important water quality reduction information, including 
the assessment of the size of the sub-watershed verses the size of the treatment facility and 
residence time/pollution removal efficiencies.  The results also will assist in evaluating specific 
nutrient reductions from different types of treatment systems.  The overall temporal performance 
(life cycle) of these facilities over time will also be estimated through this effort.  This 
information will ultimately be used in the adaptive management process to improve the overall 
performance of treatment facilities of various sizes (i.e. regional and local scale).  In addition, 
safety monitoring will be required for features, such as reservoirs and water quality treatment 
features.  BMPs will also need to be inspected periodically to ensure structural efficacy and that 
expected performance is achieved.  

SFWMD has established an Environmental Monitoring Coordination Team to critically review 
and evaluate all new monitoring requests to ensure permit compliance, scientific validity, and 
efficiency.  Any future monitoring requirements associated with the CRWPP will be subject to 
review and approval by the Environmental Monitoring Coordination Team.  All current and 
future water quality data collection, analysis, validation, management, and storage will be 
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conducted in accordance with the FDEP Quality Assurance Rule, 62-160, Florida Administrative 
Code (F.A.C.), the District Field Sampling Quality Manual and/or the CERP Quality Assurance 
Systems Requirements Manual.  

9.4.3 Phased Implementation 

The NEEPP legislation states that the River Watershed Protection Plans shall be achieved 
through a phased program of implementation.  Therefore, implementation of the preferred Plan 
described in this chapter will occur through an iterative, adaptive, and phased implementation 
process.  The preferred Plan will be implemented in at least the following three phases. 

Phase I - Projects that will be initiated or completed between 2009 and 2012 (Table 9-3).  This 
phase will primarily focus on continued implementation of ongoing measures and initiatives.  
Projects were included in Phase I if current project schedules indicate the project will be initiated 
or completed by 2012.  It is recognized that implementation of these projects is contingent upon 
funding from many different sources and that actual implementation timeframes may vary.  
Changes in project schedules will be reflected in annual reports and three-year updates, as 
appropriate (see Section 9.4.6 for more information regarding plan updates).  Phase I includes 
the projects listed below: 

• Regional Projects:   

- CERP C-43 West Reservoir  
- Caloosahatchee Area Lakes Restoration (Lake Hicpochee) (CRE 04)  
- C-43 Water Quality Treatment Demonstration Project (CRE 10) 
- Spanish Creek/Four Corners Environmental Restoration Phase I (CRE 44)  

• All Source Control Projects (Note: The Pollutant Control Project features are accounted 
for in these source control projects.):  

- Agricultural BMPs- Owner Implemented, Funded Cost Share, and Cost Share Future 
Funding (CRE-LO 1, 2 and 49)  

- Land Application of Residuals (CRE-LO4) 
- Additional Agricultural BMPs (CRE-LO 50)  
- Urban Turf Fertilizer Rule (LOER) (CRE-LO 3)  
- Florida Yards and Neighborhoods (CRE-LO 5) 
- National Pollutant Discharge Elimination Sysetm (NPDES) Stormwater Program 

(CRE-LO 8) 
- Environmental Resource Permit Program (CRE-LO 7) 
- Proposed Caloosahatchee River Watershed 40E-61 Regulatory Nutrient Source 

Control Program (CRE-LO 15) 
- Wastewater and Stormwater Master Plans (CRE-LO 63) 
- Proposed Unified Statewide Stormwater Rule (CRE-LO 64) 
- Comprehensive Planning-Land Development (CRE-LO 68) 
- Lake Okeechobee and Estuary Watershed Basin Rule (LOER) (CRE-LO 21)  

• Local Stormwater, Wastewater, and Habitat Restoration Projects:  

- Alternative Water Storage - Barron Water Control District (CRE-LO 12g) 
- Harns Marsh Improvements, Phase I and II (CRE 18) 
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- Billy Creek Filter Marsh, Phase I and II (CRE 45) 
- Hendry Extension Canal Widening (CRE 22) 
- North Fort Myers Surface Water Restoration (CRE 59) 
- Yellow Fever Creek/Gator Slough Transfer Facility (CRE 64) 
- Cape Coral Canal Stormwater Recovery by ASR (CRE 77) 

• Land Management Projects:  
- Florida Ranchlands and Environmental Services Program (CRE-LO 87c) 
- Farm and Ranchland Partnerships (CRE-LO 91) 
- Coastal and Estuarine Land Conservation Program (CRE-LO 9)  

• Research & Water Quality Monitoring Plan: Monitoring, Research, and Modeling  

Table 9-3.  Phase 1 (2009-2012) Projects and Implementation Status 
 

 Initiated Completed 

Powell Creek Algal Turf Scrubber   

Alternative Water Storage - Barron Water Control 
District   

Caloosahatchee Area Lakes Restoration (Lake 
Hicpochee)   

C-43 Water Quality Treatment Demonstration 
Project (BOMA)   

Spanish Creek/Four Corners Environmental 
Restoration Phase I   

C-43 West Reservoir   

Local-Stormwater Projects (e.g., treatment wetlands, 
conveyance and structural improvements, and 
stormwater recovery projects) 

  

Florida Ranchlands and Environmental Services 
Projects   

Construction 
Project 

Farm and Ranchland Partnerships    

Agricultural and Urban BMPs   

Proposed Revisions to Regulatory Programs (40E-
61 Regulatory Nutrient Source Control Program, 
ERP Basin Rule, Statewide Stormwater Rule) 

  
Pollutant 
Control 
Program 

Comprehensive Planning and Growth Management   

Research 
and Water 
Quality 
Monitoring 

Monitoring, Research, and Modeling   
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Phase II - Projects that will be initiated or completed between 2013 and 2018.  Phase II projects 
will be identified in the 2012 CRWPP three-year update.  The 2012 CRWPP three-year update 
will also provide a status update on Phase I projects.  The 2015 and subsequent CRWPP three-
year updates will provide status reports and any proposed refinements and revisions regarding 
Phase I and Phase II. 

Long-Term Implementation Phase - Projects that will be initiated subsequent to 2018.  The 
Long-Term Implementation Phase will be further defined during the 2015 and 2018 CRWPP 
three-year updates. 

9.4.3.1 Phase I Implementation Benefits 

The following benefits are anticipated from implementation of the Phase I projects: 

• Ongoing implementation of BMPs on more than 430,000 acres of agricultural lands and 
over 145,000 acres of urban lands; 

• Completing regulatory rule revisions (ERP and Regulatory Nutrient Source Control Rule 
revisions); 

• Completing design and initiating construction of approximately 9,380 acres of reservoirs 
and over 6,700 acres of STAs and water quality treatment areas; 

• Restoring  2,000 acres of wetlands within the Caloosahatchee River Watershed; and 
• Providing approximately 178,600 acre-feet of water storage within the Caloosahatchee 

River Watershed. 

9.4.4 Cost Estimates and Funding Sources 

9.4.4.1 Phase I Implementation Cost Estimate 

The preferred Plan captures a wide array of projects and programs; therefore, there will be a 
variety of implementation and funding strategies utilized to move the preferred Plan projects 
forward.  Many of these projects are already included in other planning or restoration efforts 
(e.g., CERP).  This plan assumes that those projects will continue to be implemented through the 
existing mechanisms or programs as originally intended.   

To provide a source of state funding for the continued restoration of the South Florida 
ecosystem, the 2007 Florida Legislature expanded the use of the Save Our Everglades Trust 
Fund to include Northern Everglades restoration and extended the State of Florida’s commitment 
to Everglades restoration through the year 2020.  Save Our Everglades Trust Fund appropriations 
are determined on an annual basis through the state’s budget process.  Opportunities for cost 
sharing, partnering, and grant funding will be utilized to optimize use of resources, as required 
by section 373.4595(4), F.S. 

For purposes of this planning effort, costs have been broken into three categories.  It is 
recognized that there may be other alternative funding strategies for these projects in addition to 
those found below. 
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• CERP - Costs for CERP projects are eligible for a 50 percent cost share with the federal 
government.  The non-federal contribution may be provided by the state, SFWMD, or 
local sources. 

• Non-CERP - Costs for non-CERP features will primarily be borne by SFWMD and the 
state, with potential for local cost sharing. 

• Local - Costs for local projects will be covered entirely by the local government or may 
be cost shared by the local government and state or SFWMD sources. 

Cost estimates, potential funding sources, and cost assumptions are provided for each Plan 
component included in Phase I (with the exception of Urban BMPs where the cost reflects full 
implementation with no phasing).   Costs for each progressive phase of implementation will be 
developed as more detailed project designs and information from various projects and studies 
become available. 
 

• Watershed Construction Project 
Regional Projects  
CERP: For CERP projects included in Phase I, capital costs are estimated to be $524-
$781 million.  State CERP costs are eligible for a 50 percent cost-share with the federal 
government and may also include a local cost share. 
 
Non-CERP: For non-CERP projects (e.g., C-43 Water Quality Treatment and Testing 
Facility), capital costs are estimated to be $117-$175 million from state, SFWMD and/or 
local funds. 
 
Local Projects 
$15 million from state funds.  Note:  Based on $5 million per year from 2010 to 2012 and 
does not reflect matching funds from SFWMD or local sources.   
 

• Pollutant Control Program   
Agricultural BMPs: $3.3-$4.0 million from state, SFWMD and/or local funds.  Note: 
Assumes that 100% of owner-implemented and 35% of cost-share agricultural BMPs 
within the watershed can be implemented during Phase I, the state contributes 50% for 
capital costs, and that remaining costs are paid by landowners and federal grants. 
 
Urban BMPs: $663-$809 million from state and local funds. Note: Reflects total capital 
costs for full implementation of urban BMPs with no phasing and no cost share 
assumptions.  Additional details regarding funding scenarios and schedules for urban bmp 
implementation will be established during the Basin Management Action Plan 
development process and will be incorporated into future Protection Plan updates.   
 

• Research and Water Quality Monitoring Program  
$5.2 million in state and local funds.  Note:  This estimate includes costs for research and 
additional monitoring.  Ongoing monitoring costs are not included, as those programs are 
already in existence and funded through other mechanisms.   
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Cost estimates are based on the following assumptions: 
 

• Costs do not include dollars that have already been expended to date; 
• Costs include the full cost to build a project completely, even if construction period goes 

beyond Phase I; 
• High cost estimates are based upon 10 percent annual real estate inflation and nine 

percent annual construction inflation; and 
• Low cost estimates are based upon 6 percent annual real estate inflation and two percent 

annual construction inflation.  

9.4.4.2 Future Implementation Cost Estimate 

Costs for each progressive stage of implementation will be developed as more detailed project 
designs and information from various projects and studies are available.  It is anticipated that 
modifications and refinements in the methods used to reduce TP and TN loading to the 
Caloosahatchee Estuary will occur in the future, as a result of model and technology refinements 
described in Section 9.4.6.2 and Section 9.4.6.3, respectively.  Factoring this type of information 
in will provide additional clarity regarding the scope and engineering and design specifics of 
projects that will be included in subsequent stages and reduce the uncertainty associated with 
cost estimates.  Cost estimates for Phase II will be provided in the 2012 CRWPP three-year 
update.  

9.4.4.3 Funding Sources and Cost-Sharing Opportunities 

The majority of funding for the implementation of this preferred Plan will be from state, 
SFWMD, federal, and local sources.  The 2007 NEEPP legislation provides a dedicated state 
funding source for the Northern Everglades restoration by expanding the use of the Save Our 
Everglades Trust Fund to include the Lake Okeechobee Watershed Protection Plan, the CRWPP, 
and the St. Lucie River Watershed Protection Plan.  The legislation specifically states “There is 
created within the Department of Environmental Protection the Save Our Everglades Trust 
Fund.  Funds in the trust fund shall be expended to implement the comprehensive plan defined in 
s. 373.470(2)(a), the Lake Okeechobee Watershed Protection Plan defined in s. 373.4595(2), the 
Caloosahatchee River Watershed Protection Plan defined in s. 373.4595(2), and the St. Lucie 
River Watershed Protection Plan defined in s. 373.4595(2)…” (Section 373.472, F.S.)(2007). 
 
The legislation also extends the state's commitment to provide funding for CERP and the 
Northern Everglades through the year 2020.  Section 470(6)(a) F.S (2007) states “Except for 
funds appropriated for debt service, the department shall distribute funds in the Save Our 
Everglades Trust Fund to the district in accordance with a legislative appropriation and s. 
373.026(8)(b) and (c). Distribution of funds to the district from the Save Our Everglades Trust 
Fund shall be equally matched by the cumulative contributions from the district by fiscal year 
2019-2020 by providing funding or credits toward project components.”  This is intended to be a 
recurring source of funding from the state, but must be appropriated by the legislature annually. 
Funding from the state is to be matched by SFWMD.  Many of the local features will have cost 
sharing with landowners and local governments, as well as state and federal grant programs. 
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The rate of implementation for non-CERP projects will be dependent upon the level of funding 
from state, SFWMD, local, and select federal sources.  The rate of implementation for CERP 
projects will be dependent upon federal, state, and SFWMD sources. 

It is recognized that multiple sources of funding beyond the recurring annual state and SFWMD 
appropriations will be required to complete the implementation of the preferred Plan (Appendix 
G).  These sources may include funding from federal government agencies (United States Army 
Corps of Engineers, United States Department of the Interior, USDA, etc.) local governments, 
tribal communities, and private landowners. 

9.4.5 Implementation Challenges 

An array of public agencies works to protect and manage the Caloosahatchee River Watershed 
and Estuary.  Most of these agencies have multiple roles in the management of water resources.  
With this overlapping framework for water resource management, both challenges and 
opportunities are inevitable.  For instance, though an agency may play a role in managing the 
resource, the level of funding dedicated to the different responsibilities may vary significantly 
and will change as the agencies’ priorities change.  This plan will be updated regularly in order 
to account for these types of changes throughout the implementation process.  Because water 
resources do not follow jurisdictional lines and are affected by all levels of government, 
identifying and pursuing effective management approaches that reach across these jurisdictional 
lines is critical to the successful implementation of the CRWPP.  Linking water resource 
management and land-use programs, as well as seeking cooperative management and funding 
opportunities is a necessary part of plan implementation.  Continued participation by public and 
private organizations will assist in maintaining the momentum for protecting and managing the 
water resources within the Caloosahatchee Watershed. 

9.4.6 Plan Refinement and Revisions 

The preferred Plan provides a framework and road map for progressive water quality and 
quantity improvements to benefit the Lake Okeechobee and downstream estuaries. 

Throughout implementation, it is fully expected that hydrologic and water quality conditions in 
the Caloosahatchee River Watershed will continue to change as land uses in the watershed are 
modified, and as restoration projects become operational.  Performance will be periodically 
assessed and revisions made, as necessary.  In addition, NEEPP requires annual progress reports 
and protection plan updates every three years. 

Portions of this CRWPP have already been implemented or are in the process of being 
implemented.  More detailed planning and design of other features will begin in 2009 and 
continue throughout the CRWPP implementation stages.  During implementation, the hydrologic 
and water quality conditions in the Calooshatachee River Watershed will continue to change as 
land use changes and individual projects affecting the quality and quantity of water become 
operational.  Therefore, it is important to have a procedure in place to ensure that: 

• A process is established to promote more thorough planning from initial design through 
project implementation; 
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• Plan performance is adequately and appropriately monitored over time; 
• The CRWPP is revised at periodic intervals, as necessary, based on evaluation of 

monitoring data; and 
• Plan progress is reported to the legislature, regulatory agencies, and the public on a 

regular basis.   

Similar to other state initiatives (e.g. Everglades Protection Area Tributary Basins Long-Term 
Plan for Achieving Water Quality Goals), this procedure is expected to be borne out through 
PD&E.  The recommendations for PD&E are described in this section.  A description of the 
strategy for plan refinement, revision, and reporting is also provided. 

9.4.6.1 Process Development and Engineering 

The primary objective of the PD&E is to provide a roadmap for further refinement of the design 
of individual plan components.  The PD&E will also identify additional measures that, if 
implemented, will increase certainty that the overall plan objectives for improving water quality 
and quantity are met.  The PD&E procedure recognizes the following: 

• Achieving improvements in the quality, quantity, timing, and distribution of water and 
achievement of water quality standards will involve an adaptive management approach, 
whereby the best available information is used to develop and expeditiously implement 
incremental improvement measures in a cost-effective manner. 

• Continued engineering evaluations will be necessary to increase certainty in the overall 
operation and performance of integrated hydrology and water quality improvement 
strategies.  

• Significant technical and economic benefits can be realized by integrating the  preferred 
Plan water quality and water quantity management measures with CERP projects, even to 
the extent that existing schedules should be re-evaluated in some basins and synchronized 
with CERP implementation schedules. 

• The Nutrient and DO TMDL for the Tidal Calooshatachee River and tributaries are 
currently under development and are anticipated to be completed in December 2008.  
Depending upon of the outcome of the development of the TMDLs, the preferred Plan 
may need to be modified and/or additional projects may need to be added to the preferred 
Plan. 

Key elements of the PD&E procedure include model refinement, technology refinement, sub-
watershed conceptual planning, adaptive management (resulting from research and water quality 
monitoring), and plan updates and revisions.  These elements are further described in the 
following sections. 

9.4.6.1.1 Model Refinements 

An integrated modeling approach is recommended to provide the technical support for 
implementation and adaptive management of the CRWPP.  In addition, several modeling needs 
have been identified to refine or update the existing models.  These continuous improvements are 
further described in the RWQMP (Appendix E).  
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9.4.6.1.2 Technology Refinements 

Existing technology refinement efforts will play an important role in optimizing and refining the 
implementation of many features that make up the preferred Plan.  These features currently 
include BMP research and refinement, STA integration and refinement, and further research on 
innovative nutrient control techniques, chemical treatment, and hybrid wetland treatment 
technologies. 

BMP Research and Refinement: Several uncertainties exist in estimating BMP 
performance.  Some uncertainties associated with the performance of BMPs include the 
impacts of different soils and hydrologic conditions, the quantity of water that can be held on 
a parcel without impacting an agricultural operation, and legacy nutrients currently within the 
Caloosahatchee River Watershed.  The BMP performance estimates utilized in the CRWPP 
were based on best professional judgment and take into account the uncertainties described 
above and information available from literature, as well as actual performance data observed 
within the Caloosahatchee River Watershed to date.  These estimates will continue to be 
refined over time, as ongoing and future research provides additional information through the 
technology and model refinement efforts. 

Water Quality Project Integration and Refinement: The preferred Plan establishes a 
technical framework through PD&E for the refinement and integration of water quality 
projects for the purpose of meeting water quality goals for the watershed and estuary.  The 
goal of water quality project refinement and integration is to apply adaptive management 
analyses that will assist in determining how to optimize nutrient removal in individual 
projects and how to integrate multiple water quality projects throughout the watershed. 

Innovative Nutrient Control Technologies:  Evaluation and testing of technologies, such as 
chemical treatment and hybrid wetland treatment technologies that have the potential to 
remove nutrients in a cost-effective manner to meet any adopted TMDLs in the St. Lucie 
River Watershed, will be conducted.  The results of these and other testing and evaluations in 
the future will play a role in refining and optimizing the CRWPP. 

Hybrid Wetland Treatment Technology:  Hybrid Wetland and Treatment Technology 
combines the strengths of the two top-ranked nutrient removal technologies, namely 
treatment wetlands and chemical injection system.  This synergy results in nutrient removal 
efficiencies beyond those attainable by either separate technology, with lower capital and 
operating costs.  Optimization of system performance is achieved by adjusting hydraulic 
retention time (area of facility) and/or chemical dosing rates.  Hybrid Wetland and Treatment 
Technology has been previously demonstrated to reduce P concentrations from over 1000 
ppb to less than 100 ppb.  Preliminary data from the existing Hybrid Wetland and Treatment 
Technology pilot facilities in Lake Okeechobee and St. Lucie River watersheds show P 
concentration reductions in the range of 84 to 94 percent.  Based on the results of the ongoing 
pilot projects, additional Hybrid Wetland and Treatment Technology projects may be located 
within the St. Lucie watershed. 

Nitrogen Reduction Technology:  The treatment efficiency of most of the included water 
quality features is well documented with regards to TP reductions.  Unfortunately, there is 
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not as much existing information regarding how well these facilities address reductions of 
TN in the South Florida region.  Additional investigations to determine the most efficient and 
effective methods of reducing TN loads and concentrations will be included in future efforts. 

9.4.6.1.3 Sub-watershed Conceptual Planning 

The preferred Plan has provided a general framework and road map to follow that will result in 
progressive improvements in nutrient loading to the Caloosahatchee Estuary and additional 
storage that will reduce undesirable Caloosahatchee River Watershed discharges.  However, due 
to the general nature of many of the projects identified in this planning process, a significant 
amount of detailed planning, design and engineering will be necessary prior to project 
implementation.  

In addition, the results of other feasibility efforts will be used to help meet the preferred Plan’s 
objectives in as cost-effective a manner as possible.  Studies and pilot projects that test and 
evaluate various water quality treatment technologies will be used to refine and optimize nutrient 
removal.  

Level 4 and 5 features of the preferred Plan are those that have the least detail and have not been 
sited at this time.  Therefore, for these features, the initial stages of more detailed planning and 
design, prior to more detailed engineering, will be an evaluation of lands that are currently in 
SFWMD ownership and how best to maximize their utilization for water quality and surface 
storage and minimize the need for additional lands.  This conceptual planning may be performed 
on a site-specific basis; however, most initial planning will be conducted on a broader sub-
watershed scale.  In compliance with the NEEPP requirements, the siting analyses will consider 
potential impacts to wetlands and threatened and endangered species.  After siting of features is 
completed, more detailed design and engineering will follow. 

9.4.6.1.4 Adaptive Management 

In order to improve environmental conditions in both estuaries, protection plans will call for the 
construction of facilities designed to help meet any adopted TMDLs and flow/salinity targets by 
attenuating and storing storm water runoff, and reducing nutrient loads.  Operation of these 
facilities will be vital to their success.  Monitoring and short-term studies will be required to 
adaptively manage these facilities to meet environmental objectives. 

Research conducted within the context of an environmental protection program supports and 
informs adaptive management.  Adaptive management is the iterative and deliberative process of 
applying the principles of scientific investigation to the design and implementation of a program 
to better understand the ecosystem and predict its response to implementation and to reduce key 
uncertainties.  The basis of adaptive management is the use of feedback loops that iteratively 
feed new information into the decision-making process for planning, implementation, and 
assessment of project components.  The three-year assessment, specified in the legislation, 
provides this feedback loop and ensures the incorporation of adaptive management in the River 
Watershed Protection Plans.   

Research for adaptive management uses a combination of models (conceptual to numeric) and 
observational and experimental studies to reduce uncertainty in the proposed TMDL and 
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salinity/flow targets, improve the operations of water storage and water quality projects and 
increase predictive capability.  The role of modeling is to provide a mechanism for synthesis, 
hypothesis specification, and preliminary testing, and to enhance predictive capability. 

9.4.6.1.5 Plan Updates and Revisions 

The coordinating agencies will prepare CRWPP updates and revisions, which may be necessary 
based on new information from PD&E, updated water quality and hydrologic data, and adaptive 
management.  In addition, other agencies and the public will have the opportunity to provide 
input to the coordinating agencies in developing proposed changes through numerous public 
forums.  A process for updating and revising the CRWPP throughout the various implementation 
stages is described below. 

9.4.6.1.5.1 Types of Updates and Revisions 

Revisions to the preferred Plan will be classified as minor or major, based on the following 
criteria: 
 

• Magnitude and nature of the proposed revisions (i.e., scope, schedule, budget); 
• Potential for the proposed revision to have environmental impacts that are significantly 

different from those previously considered by the coordinating agencies for the project; 
• Potential for the revision to impact the intent and purpose of the preferred Plan; and 
• If the revision requires SFWMD Governing Board approval. 

 
The classification of the revision will not necessarily determine the nature of any accompanying 
permit requirements that may be necessary.   

9.4.6.1.5.2 Process for Updates, Revisoins, and Reporting 

The following process is proposed for updating the CRWPP and reporting. 

• Monthly/Bi-monthly Coordinating Agency Meetings – This forum will be used to 
discuss progress of implementation, review new information and data, present proposals 
for revisions (minor and major) along with supporting documentation, and to seek review 
and comments. 

• Semi-annual Coordinating Agency Review – New information compiled as a result of 
the Interagency Coordinating Meetings and other agency and public input will be 
reviewed by SFWMD, FDEP, and FDACS.  

• Annual Report in the South Florida Environmental Report (SFER) – SFWMD will 
submit the required annual report in the SFER (a.k.a. Consolidated Water Management 
District Annual Report) to FDEP, the Governor, the President of the Senate, and the 
Speaker of the House of Representatives.  This annual report will summarize the status of 
research and monitoring, project implementation, and recommended revisions to the 
CRWPP.  In addition, major updates and revisions to the plan will be identified and 
described in the annual report.  The discussion will include a description of the need for 
the revision and its impacts on the CRWPP’s scope, schedule, budget, and objectives.  
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Public comments received during the coordination of the proposed plan revision will also 
be noted in the annual report.  

• Annual Work Plan – The Annual Work Plan will be submitted for each fiscal year to 
FDEP, identifying the projects and funding necessary to implement those projects. 

• CRWPP Update –Every three years SFWMD, in cooperation with the coordinating 
agencies, will formally update, revise, and submit the CRWPP to the State Legislature. 

9.4.6.2 Public Involvement 

Public involvement will be sought regarding proposed updates and revisions to the CWRPP 
through discussion with the groups listed below. 

• Northern Everglades Interagency Coordinating Meetings – This forum will be used 
to discuss progress of implementation, review new information and data, present 
proposals for revisions (minor and major) along with supporting documentation, and to 
seek review and comments from the coordinating agencies, stakeholders, and the general 
public. 

• Water Resources Advisory Commission (WRAC) and Lake Okeechobee Committee 
Meetings – Regular updates will be provided to WRAC and the Lake Okeechobee 
Committee, which advises SFWMD Governing Board on a variety of environmental 
restoration and water resource management issues.  WRAC also serves as a forum for 
improving public participation and decision-making on water resource issues.  These 
meetings will be used to discuss progress of implementation and seek input from 
stakeholders, as well as the general public. 

• SFWMD Governing Board Meetings – Updates on progress of implementation and 
proposals for major revisions will be discussed as appropriate.  This forum will provide 
an opportunity for input from stakeholders, as well as the general public. 

•  Other public meetings, as necessary. 

9.4.7 Force Majeure 

Extraordinary events or circumstances beyond the control of the coordinating agencies may 
prevent or delay implementation of the preferred Plan.  Such events may include, but are not 
limited to, Acts of Nature (including fire, flood, drought, hurricane, or other natural disaster), as 
well as unavoidable legal barriers or restraints, including litigation of permits for individual 
CRWPP projects. 
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