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EXECUTIVE SUMMARY 

LOWER CHARLOTTE HARBOR FLATWOODS STRATEGIC HYDROLOGIC RESTORATION PLAN 

EXECUTIVE SUMMARY  

The Charlotte Harbor Flatwoods project area encompasses over 90 square miles of land in the 

Charlotte Harbor, Gator Slough, and Caloosahatchee River watersheds, and includes the Fred 

C. Babcock/Cecil M. Webb Wildlife Management Area (Babcock Webb WMA), Yucca Pens Unit 

WMA (Yucca Pens), and numerous creeks that flow into eastern Charlotte Harbor and the 

Caloosahatchee River in southwest Floridaôs Lee and Charlotte Counties. The Florida Fish and 

Wildlife Conservation Commission (FWC) manages the Babcock Webb and the Yucca Pens 

WMAs. These riverine and tidal creek systems are essential fish habitat for fish and shellfish such 

as red drum, gray snapper, and pink shrimp. They also provide habitat for common snook, striped 

mullet, and blue crab, species which contribute to important recreational and commercial 

fisheries. The areaôs coastal creeks and freshwater wetlands also provide critical habitat to 

endangered Florida bonneted bat and threatened Florida manatee. Over the past 100 years, 

these wetland ecosystems have been heavily impacted by man-made changes in hydrology. The 

conversion of native wetland habitats to agriculture or development, surface mining, and 

construction of major roadways such as US-41 and I-75, have significantly altered the historic 

sheet flow from Babcock Webb to Yucca Pens. As a result, the vast wetland ecosystems within 

the Charlotte Harbor Flatwoods are susceptible to over-drainage, flooding, habitat changes, water 

quality degradation, and climate change stressors. In some instances, the rivers and creeks in 

this area experience too much flow during the wet season and too little flow during the dry season 

to support associated wetlands and downstream waterbodies. A project location map is on page 

2 of the report (Figure ES-1).  

As a result of the hydrological degradation and alteration to the area, the Charlotte Harbor 

Flatwoods Initiative (CHFI) was formed to initiate efforts to restore natural drainage across the 

project area with water that has been unnaturally impounded on the Babcock Webb WMA and 

diverted from the Yucca Pens, Caloosahatchee River, and tidal creeks to Charlotte Harbor. The 

CHFI is comprised of multiple local, state, and federal agencies, the Coastal & Heartland National 

Estuary Partnership (CHNEP), and other stakeholders seeking synergies among agencies and 

landowners across multiple boundaries to restore hydrologic connections, improve water quality, 

enhance fish and wildlife habitat, restore groundwater recharge, enhance community resilience, 

and restore and revitalize the local economy. 

In response to the 2010 Deepwater Horizon oil spill in the Gulf of Mexico, the Florida Department 

of Environmental Protection (FDEP) Florida Trustee Implementation Group (FL TIG) conducted 

a Natural Resource Damage Assessment (NRDA) to assess and determine restoration needs for 

damages to the Gulf of Mexico at both a local and regional scale. In March 2019, the FL TIG 

published their Final Restoration Plan and began dispersing funds from the Deepwater Horizon 

Oil Spill Coastal Protection Trust Fund for restoration projects. SFWMD was notified that the CHFI 

application for the Lower Charlotte Harbor Flatwoods Hydrologic Restoration Planning project 

was selected as one of only twenty-three projects in Florida approved for NRDA funding. The 

project was implemented by the FDEP FL TIG Trustee in coordination with the SFWMD who 

coordinates the CHFI and the CHNEP who administered the 2-year project contract. A project 

kick-off meeting was held March 30, 2020. 

The goal of this planning project was to review existing data and identifying gaps; enhance 

existing data with additional monitoring devise installation, data collection and analysis; ecological 

field verification of data; synthesis of data using a data-driven integrated surface/groundwater 
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hydrological model to determine the appropriate hydropattern, timing, and quantity of water flows 

required to improve hydrologic conditions and habitat; and document the results, derive 

conclusions and make recommendations in the Lower Charlotte Harbor Flatwoods Strategic 

Restoration Planning Tool and Report to provide guidance to resource management agencies 

related to the appropriate restoration and management of surface waters currently flowing through 

this area. This data collection, planning, and modeling effort was completed in July 2022 with this 

final report being produced in September 2022. This report and model serve as a planning ótoolô 

that will help guide the success of future regional restoration projects. 

The initial step of data collection provided an extensive dataset for 40 monitoring stations in and 

around the Babcock Webb and the Yucca Pens WMAs. Combined with on-going FWC data 

collection efforts at 23 other stations, this project has established a comprehensive water level 

and flow monitoring database that was used for model development and calibration. 

Field ecologic studies were conducted during the dry and wet seasons at 58 locations to identify 

and survey vegetation indicators of average wet season water elevation. This informed the 

identification of pre-development hydrologic conditions (natural conditions) and wetland extent in 

Babcock Webb and Yucca Pens. Pre-development hydrology was compared with recently 

collected groundwater and surface water elevation data to identify areas of altered hydrology or 

ecology. An updated integrated surface/ground water model was developed utilizing recent field 

data. This modeling effort used the latest version of the MIKE SHE/MIKE 11 software from 2017 

and the calibration simulation runs were conducted using the 2020 software version. The model 

grid cell size is 750 feet by 750 feet with a total of 25,753 active cells. Additional model parameters 

are described in Section 5. Calibration across the model domain is good with many stations 

substantially exceeding the targeted statistical thresholds for good calibration. Overall mean 

absolute error (MAE) for surface water and groundwater elevation calibration stations within the 

focus area of this study was 0.64 ft, the average correlation coefficient r was 0.87, and the average 

Nash-Sutcliffe (NS) coefficient was 0.34. Average r for flow stations was 0.82 and NS was 0.62. 

Model performance far exceeded the 'good' threshold in key areas of interest for measuring 

drainage and implementing restoration. Based on the statistical analysis of the model calibration, 

it was determined that the model was appropriate for scenario analysis.  

The final calibrated model was used flow rating curves derived from monitoring data collected 

throughout this project and was utilized to analyze three future conditions scenarios and compare 

to modeling of existing hydrology. Additionally, a GIS analysis was conducted to compare the 

results for the existing conditions model to a natural systems GIS shape file of optimum 

hydroperiods and average wet season water depths. Methodology is discussed in further detail 

later in Section 6.1.  

Future Conditions Scenario 1 assumed that the 669-acre permitted Bond Farm Hydrological 

Enhancement Impoundment (Bond Farm HEI) project will be constructed on the southwest corner 

of the Babcock Webb WMA and will store a maximum of 2,400 acre-feet of excess waters from 

the Babcock Webb South Walk-In Area (SWIA) for discharge to the south towards Prairie Pines 

Preserve (PPP) during the dry season. Scenario 1 also assumed a combination of 26 new weirs 

in Yucca Pens to retain more water on Yucca Pens, reduce wet season discharges, and increase 

base flow discharges to tide. Please note, in this analysis, a weir may be a constructed weir or 

low-water ford such as shown in Figure 3-17 of the report, or any structure utilized to raise the 

water level upstream or regulate its flow. A seepage barrier was also assumed along the south 

end of Yucca Pens adjacent to Gator Slough to retain more water on the Yucca Pens. The 

implementation of Scenario 1 provides hydrologic restoration by retaining more water on the 
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Yucca Pens, reducing wet season discharges, and increasing base flow discharges to tide and 

can be implemented on lands currently under the FWC ownership and therefore can be 

implemented quickly.  

Scenario 2 was a refinement of Scenario 1 with additional storage of excess flows (approximately 

7,100 acre-feet) from the Babcock Webb SWIA via the permitted but unconstructed Bond Farm 

HEI in the privately owned Southwest Aggregates mining property. The Scenario 1 Yucca Pens 

improvements were included in Scenario 2 with the location of one of the 26 weirs moved 

upstream to minimize impacts of higher water levels on private lands adjacent to the Yucca Pens. 

Scenario 2 is recommended for further refinement for restoration planning and design, which 

includes land acquisition, easements and/or agreements with several private landowners and the 

funding and construction of Bond Farm HEI. Scenario 2 would provide additional hydrologic 

restoration benefits in addition to the benefits provided by Scenario 1. Those benefits include: 

ǒ Improved restoration of hydroperiods and water depths in the SWIA of the Babcock Webb 

WMA due to greater storage capacity for wet season runoff from the SWIA in the Bond Farm 

HEI (up to 2,400 acre-ft) and the Southwest Aggregates mining property (approximately 

4,700 acre-ft). 

ǒ Greater restoration of wetland hydroperiod and water depths in the Yucca Pens due to the 

late wet/early dry season flows of the 2,400 acre-feet of water stored on Bond Farm HEI. In 

turn, this would result in much needed increased late wet/early dry season discharges from 

the Yucca Pens to tidal creeks to Charlotte Harbor, which are primary nursery areas 

providing food and habitat to numerous species of fish and shellfish. 

Modeling, design, permitting and construction of Scenario 1 should be considered for immediate 

implementation. However, additional improvements outlined in Scenario 2 are still recommended 

to optimize restoration efforts once any additional constraints to implementation have been 

resolved. 

Scenario 3 included all features of Scenario 2 and assumed climate change impacts, consisting 

of higher tidal water level boundaries and higher ET rates.  

Based on the data collection and analysis and the modeling conducted during this planning project 

several proposed projects and additional activities were recommended that would advance the 

work of the CHFI.  

Recommended future data collection efforts include installation of additional monitoring stations, 

additional data collection, data analysis and formatting. Recommended future modeling activities 

include continued model calibration, updates and verification, continued refinement of scenarios, 

continued updates to climate data in scenarios, additional future conditions scenarios modeling, 

additional modeling to inform policy and operational protocol recommendations, and ongoing 

hydrological modeling tool updates.  

Hydrological restoration projects modeled in the current project are recommended for 

implementation, including ATV ditch blocks, low-water fords or constructed weirs, groundwater 

seepage barrier, flow-way from Bond Farm HEI to Yucca Pens, box culvert under US-41, gated 

culverts on west side of Bond Farm HEI, acquisition of Southwest Aggregates Reservoir, gate on 

east side of Southwest Aggregates south ditch, gated weirs in US-41 ditches, and construction of 

Bond Farm HEI.  

Finally, policy and operational protocol recommendations include the repair of riser structures in 

Babcock Webb WMA, modification of elevations at existing water control structures, Bond Farm 
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HEI and Southwest Aggregates Pump Operations, and securing the flow-way from Bond Farm 

HEI to Yucca Pens.   

A detailed narrative of these recommendations is provided in Section 7 of the full report.
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LOWER CHARLOTTE HARBOR FLATWOODS STRATEGIC HYDROLOGIC RESTORATION PLAN 

INTRODUCTION 

Water Science Associates (WSA) was contracted by the Coastal & Heartland National Estuary 

Partnership (CHNEP) to develop a hydrologic restoration plan for the Lower Charlotte Harbor 

Flatwoods to enhance sheet flow and restore wetland hydroperiods in Babcock Webb and Yucca 

Pens WMAs and improve the timing and magnitude of flows to tidal creeks west of Yucca Pens 

WMA. Hydroperiod is defined as the number of days per year that water depths are more than 

0.1 feet above ground surface. Hydroperiod units used in this memorandum are months, which is 

days/year divided by 30. 

PROJECT LOCATION 

The study area is in the Charlotte Harbor and Caloosahatchee watersheds with a primary focus 

on Babcock Webb, Yucca Pens, and the tidal creeks to Charlotte Harbor in Charlotte and Lee 

Counties, FL. Figure ES-1 provides a location map of the study area.  

The 65,879-acre Fred C. Babcock/Cecil M. Webb WMA (Babcock Webb) contains the headwaters 

of several creeks that historically drained west-southwest, through the Charlotte Harbor 

Flatwoods, towards Matlacha Pass, via the 20,000-acre Yucca Pens. Surface water flow 

pathways from Babcock Webb to Yucca Pens have been altered by development of farms, 

mining, highways, and residential lands on either side of I-75. Many of these developments 

include perimeter berms that limit discharges from Babcock Webb, blocking the historic flow 

pathways to Yucca Pens. As a result of these flow restrictions, the southwestern portion of 

Babcock Webb - locally referred to as the South Walk-In Area (SWIA) - is inundated through much 

of the dry season reflecting a longer hydroperiod compared to the pre-development regime. 

Historical aerial photographs from 1980 show I-75 from Tucker's Grade down to the 

Caloosahatchee River, Bond Farm, excavation on the SLD Construction and Demolition (C&D) 

Landfill southwest of US-41 and Zemel Road, and agricultural development between I-75 and US-

41. Near-continuous inundation of the SWIA shown in Figures ES-2 and ES-3 limits the capacity 

of the habitat to support a diverse wildlife community; in particular, nesting suitability is less than 

desired for Northern Bobwhite Quail (Colinus virginianus), an important game bird in Babcock 

Webb. Conversely, the Yucca Pens west of I-75 exhibits reduced wetland wet season water 

depths and hydroperiods due to blocked flow-ways from Babcock Webb (see Figure ES-4). 

Reduced water supply is compounded by accelerated outflows via eroded all-terrain vehicle (ATV) 

trails (see Figure ES-5). This modeling project is intended to confirm these observed hydrologic 

impacts in Babcock Webb and Yucca Pens WMAs as well as identify and quantify the benefit of 

restoration and interventions to alleviate these detrimental impacts. 

PROJECT BACKGROUND 

The Charlotte Harbor Flatwoods Initiative (CHFI) comprises multiple local, state, and federal 

agencies, the CHNEP, and other stakeholders. The CHFI was formed to initiate efforts to restore 

natural drainage across the Gator Slough Watershed with water that has been unnaturally 

impounded on the Babcock Webb and diverted from the Yucca Pens, Caloosahatchee, and tidal 

creeks of Charlotte Harbor.  

The objectives of the CHFI include improvements to area sheet flow, restoration of natural flows 

to Charlotte Harbor and the Caloosahatchee River to the extent practicable, and improvements 

to area water quality, groundwater recharge, high water levels, flooding, and fish and wildlife 
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habitats. This project includes development of an updated integrated surface-groundwater 

hydrological model to simulate potential future conditions scenarios in the Lower Charlotte Harbor 

Flatwoods area (commonly referred to in this report as the Charlotte Harbor Flatwoods). The 

outcomes from this work provide guidance to resource management agencies for restoration and 

management of surface waters flowing from Babcock Webb through Yucca Pens and into tidal 

creeks discharging into eastern Charlotte Harbor and the Caloosahatchee River. 

PROJECT DESCRIPTION 

The goal of the project is to reduce pollution and hydrologic degradation to coastal watersheds in 

lower Charlotte Harbor through development of a science-based and data-driven integrated 

surface-groundwater hydrological model and the Lower Charlotte Harbor Flatwoods Strategic 

Restoration Planning Tool and Report. Modeling work includes hydropattern mapping of natural, 

current, and potential future conditions scenarios in the Lower Charlotte Harbor Flatwoods area. 

The outcomes from the Future conditions modeled scenarios are components of the Lower 

Charlotte Harbor Flatwoods óStrategic Hydrological Restoration Planning Toolô and Report. All 

data, models, and technical memos associated with this project along with the final report are 

publicly available through the CHNEP Water Atlas Charlotte Harbor Flatwoods Initiative page.  

 

 
Figure ES-1. Location Map 

The Report provides guidance to local governments and agencies for how best to restore 

connections and manage surface waters flowing from Babcock Webb and Yucca Pens through 

tidal creeks discharging into eastern Charlotte Harbor and the Caloosahatchee River. 
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Figure ES-2. South Walk-In Area, September 9, 2015 

 

 
Figure ES-3. South Walk-In Area, July 2022 
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Figure ES-4. Very dry conditions in Yucca Pens, May 21, 2020 

 

 

 
Figure ES-5. Localized flow in South Yucca Pens (left) and West Yucca Pens (right), October 15, 

2020 
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PROJECT TASKS AND DELIVERABLES   

1. Compilation of existing hydrologic data,  

2. Installation of new surface and groundwater monitoring stations and rain gages,  

3. Evaluation of vegetation indicators of wetland health,  

4. Maintenance of the monitoring stations and downloading measured data,  

5. Development of an existing conditions hydrologic model of the study area,  

6. Evaluation of alternative management scenarios, and  

7. Development of a Lower Charlotte Harbor Flatwoods Strategic Hydrological Restoration 

Planning Tool and Report.  

 

The remainder of this report includes four chapters: 

¶ Data Collection and Model Building 

¶ Modeling Existing Conditions 

¶ Modeling Natural (Pre-Development) and Future Conditions 

¶ Strategic Hydrological Restoration Planning Tool 

  

The óData Collection and Model Buildingô chapter outlines the prior studies, existing monitoring 

and survey data which informed the groundwater and flow monitoring plan, device installation, 

data collection methods, and initial model building. 

The óModeling Existing Conditionsô chapter describes the model calibration process used to create 

the baseline existing conditions model which reflects the current hydrological and landscape 

conditions in the study area. 

The óModeling Natural and Future Conditionsô chapter describes the Natural Systems Analysis to 

create pre-development reference maps. It also describes development of the existing baseline 

conditions model, and future restoration and climate change scenario models. Hydroperiod and 

water level changes are compared between Natural Systems Analysis, the existing baseline 

conditions model, and modeled future potential management scenarios with the goal of meeting 

natural systems needs to the greatest extent possible. 

Finally, the last chapter will summarize the results of the future conditions scenarios in meeting 

natural conditions (Pre-Development) and identify how to best address management concerns 

and support recommendations for management while accounting for future climate impacts.  

.  
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DATA COLLECTION AND MODEL BUILDING 

1) GATHER EXISTING DATA 

1.1 PRIOR STUDIES 

Several hydrologic studies have been completed for the CHNEP and surrounding areas. These 

include investigations by Florida Fish and Wildlife Conservation Commission (FWC), South 

Florida Water Management District (SFWMD), Southwest Florida Water Management District 

(SWFWMD), Florida Department of Transportation (FDOT), U.S. Army Corps of Engineers 

(USACE), and Lee County. This project used information from these various sources during the 

planning process. Typical information that is useful from previous studies include land use data, 

water level data, rainfall data, survey data including Light Detection and Ranging (LiDAR), point 

elevation measurements, and surveyed cross sections of existing water conveyances. Available 

hydrologic information provided a basis for identification of existing data gaps, new data 

acquisition efforts, and provides a platform for subsequent analysis of all available data.  

See Appendix 1 for the full Task 1 memorandum which identified and described existing data, 

studies, and modeling information, as well as data gaps in space, time, or type of information for 

the Charlotte Harbor Flatwoods Initiative (CHFI) project area. Note that only limited analyses of 

data were conducted in the Task 1 memorandum as those efforts were documented in 

subsequent technical reports. 

Prior studies summarized in the Task 1 memorandum included: 

ǒ 1983 ï Cecil Webb Water Management Study 

ǒ 1990 ï Lee County Interim Surface Water Management Master Plan 

ǒ 2002 ï Tidal Caloosahatchee Basin Model 

ǒ 2004 ï South Charlotte, North Lee County, and Babcock Webb Surface Water 

Management Conceptual Plan 

ǒ 2005 ï NW Lee County Surface Water Management Plan 

ǒ 2006 ï North Fort Myers Drainage Restoration Project 

ǒ 2007 ï Matlacha Pass Hydrologic Restoration Project 

ǒ 2008 ï Lower Charlotte Harbor SWIM Plan 

ǒ 2008 ï Conceptual Management Plan for Fred C. Babcock ï Cecil M. Webb Wildlife 

Management Area 2003 ï 2008 

ǒ 2010 ï North Fort Myers Surface Water Management Plan 

ǒ 2010 ï Yucca Pens Hydrologic Restoration Plan 

ǒ 2010 ï Yucca Pens ATV Trails Restoration 

ǒ 2013 ï FDOT I-75 Widening Permit, Initial Bond Farm Modeling 

ǒ 2015 ï Southwest Florida Comprehensive Watershed Plan, US ACE, CHNEP, Sarasota 

County Estuary Program, Tampa Bay Estuary Program 

ǒ 2015 ï City of Cape Coral Stormwater Model 

ǒ 2015 ï A Management Plan for Fred C. Babcock ï Cecil M. Webb Wildlife Management 

Area, 2014- 2024 

ǒ 2015 ï Tidal Creeks Land and Conservation Prioritization Report 

ǒ 2016 ï Basis of Design Report ï Southwest Aggregates Storage Reservoir 

ǒ 2016 ï SWFWMD LiDAR 

ǒ 2017 ï Cape Coral Emergency Water Delivery from Southwest Aggregates 

ǒ 2018 ï Bond Farm Acquisition 
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ǒ 2018 ï Yucca Pens Hydrological Study  

ǒ 2018 ï SFWMD 2018-2023 Strategic Plan 

ǒ 2019 ï RESTORE funding proposal for Bond Farm construction 

ǒ 2019 ï Executive Order 19-12: ñFocus on rapid improvement for water quality, quantity, 

and supplyò 

ǒ 2019 ï Yucca Pens Hydrogeological Assessment  

ǒ 2020 ï Southwest Aggregates Water Use Permit Application 

ǒ 2020 ï Bond Farm Environmental Resource Permit Application 

 

1.2 EXISTING MONITORING DATA 

Existing monitoring stations (stations existing as of February 2020) within the Babcock Webb and 

Yucca Pens WMAs are described in Table 1-1. Stations installed in 2011 were monitored 

manually at bi-weekly intervals during periods when water levels were above ground until the 

stations were upgraded to have automatic data loggers. Data loggers recorded data typically at 

one-hour intervals. Monitoring stations outside of the WMAs are presented in Table 1-2. The 

location of existing monitoring stations in the vicinity of Babcock Webb and Yucca Pens WMAs 

are presented in Figures 1-1 and 1-2, respectively. Hydrologic data from existing monitoring 

stations and rain gages within the vicinity of the WMA are summarized in Appendix 1. Maps and 

additional information are also available in Appendix 1. 

 

1.3 SURVEY DATA 

Surveyed cross-sections for some existing monitoring stations were available from the FDOT I-

75 widening study (ADA, 2013), surveys of US-41 and Gator Slough for Cape Coral (WSA, 2017), 

and 58 cross sections in Yucca Pens surveyed for FWC and CHNEP (WSA and Southwest 

Engineering & Design, 2019). During a 2019 survey of monitoring wells in the Babcock Webb 

SWIA, five additional locations were surveyed, and the surveyed elevations were compared to 

LiDAR elevations. Surveyed ground elevations were, on average, one foot lower than LiDAR 

elevations (see Appendix 1 for more detail). Based on these findings, additional surveying was 

conducted by Banks Engineering at 14 transects in the SWIA in February 2021 to check the 

accuracy of LiDAR elevation data (Banks Engineering, 2021). The Banks Engineering transect 

survey data was utilized during model development and is discussed further in Section 5. A map 

of the cross-sections is located in Appendix 5A Figure 22.  
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Table 1-1. Existing Monitoring Stations in Babcock Webb and Yucca Pens 

Existing Station  
Name 

Updated Station 
Name 

Year Installed Date When Data  
Logger Installed 

Monitoring 
Type/Frequency 

STA-6 No change 2017 2017 DL/hrly 

STA-7 No change 2019 2019 DL/hrly 

STA-8 No change 2019 2019 DL/hrly 

SR-6 No change 2011 2019 M, biweekly 

SR-10 No change 2017 2019 DL/hrly 

SP-13 SP-13 2019 2019 DL/hrly 

1 SP-15 2011 2019 M, biweekly 

2 SP-16 2011 2019 M, biweekly 

3 YP-1 2019 2019 M, biweekly 

5 SR-7 2011 2019 M, biweekly 

8 SR-8 2011 2017 M, biweekly 

9 SR-9 2011 2017 M, biweekly 

14 MW-14 2019 2019 DL/hrly 

30S, 30D No change 2019 2019 DL/hrly 

YP-3 YP-8 2018 2018 DL/hrly 

YP-1 YP-9 2018 2018 DL/hrly 

23S, 23D No change 2019 2019 DL/hrly 

24S, 24D No change 2019 2019 DL/hrly 

29S, 29D MW-29W, MW-29E 2019 2019 DL/hrly 

30S, 30D MW-30S, MW-30D 2019 2019 DL/hrly 

YP-5 YP-5S 2019 2019 DL/hrly 
Note: M: Manual, DL: Data Logger, see text above for explanation of manual monitoring 

 

Table 1-2. Monitoring Stations near Babcock Webb and Yucca Pens 

Station Name Agency Maintaining Station Year Installed 

25100 SWFWMD 1989 

25092 SWFWMD 1999 

CH-323 USGS 2001 

L-721 USGS 1970 

Gator Slough, US-41 USGS/Lee County 2009 

SW Aggregates wells Cape Coral 2017 

SW-1, -2, -3 Cape Coral 2017 

CCI Cape Coral 2020 

Gator Slough Weir 11 USGS/Cape Coral 1992-2013 

Gator Slough Weirs 19, 58, 11 Cape Coral 2014 

Gator Slough Weir 4 Cape Coral 2018 

1-GW1 Lee County 1991 

5-GW1, 3, 5, 6, 8 Lee County 1991 

17-GW3, 4, 18-GW2 Lee County 1991/1992 

20-GW3, 22-GW1 Lee County 1992 

27O-GW1, 28-GW2 Lee County 1997, 1993 

Bayshore, Popash Lee County 2011 
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Figure 1-1. Existing Monitoring Stations in Vicinity of Babcock Webb 
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Figure 1-2. Existing Monitoring Stations in Vicinity of Yucca Pens 
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DATA COLLECTION AND MODEL BUILDING 

2) MONITORING, PLANNING , AND DEVICE INSTALLATION  

The purpose of this task was to design and implement a monitoring plan to better understand the 

hydrology in the vicinity of Babcock Webb and Yucca Pens. The monitoring effort includes 

monitoring of groundwater, surface water, and rainfall.  

2.1 GROUNDWATER MONITORING PLAN 

A groundwater monitoring plan was implemented to improve understanding of groundwater 

elevations during the dry and wet seasons, particularly within the wetlands of the WMAs. The 

groundwater monitoring plan included installation of groundwater monitoring wells at eight existing 

staff water level gages in Babcock Webb, and establishment of 24 new monitoring stations in 

Babcock Webb and Yucca Pens. Station locations are shown in Figure 2-1.  

 
Figure 2-1. Groundwater Monitoring Stations in Babcock Webb and Yucca Pens 

 

Each monitoring station consisted of an 8-ft deep monitoring well, screened casing in the bottom 

5 ft, an aluminum protective cover, a 2x2 ft concrete base, and a water level data logger. In 

addition to the new groundwater monitoring stations, three rain gages were installed adjacent to 

groundwater monitoring stations SP-5, BW-18, and SR-7. Six quarterly data downloads were 
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described in the plan. Full details of the groundwater monitoring plan and installation 

specifications are provided in Appendix 2A. 

 

2.2 FLOW MONITORING PLAN 

A flow monitoring plan was implemented to improve understanding of hydrologic conditions in 

Babcock Webb and Yucca Pens, including stream discharge within tidal creeks west of Yucca 

Pens WMA. Seven flow monitoring stations and one tidal flow monitoring station were identified 

in the plan. Station locations are presented in Figure 2-2.  

At each monitoring location, a staff water level gage with elevations referenced to the North 

American Vertical Datum (NAVD) was installed and fitted with a Rugged Troll data logger to 

continuously measure water level. Flow velocity measurements were collected for ten wet season 

events using USGS-approved methods. (USGS, 2010; USGS, 2013) Flow rating curves were 

developed to generate a flow time series from measured water level data. Flow measurement 

techniques and flow rating curve development are detailed in Appendix 2B. The tidal flow 

monitoring station on Yucca Pens Creek west of Burnt Store Road (BSR) comprised a 

continuously recording side-looking velocity meter that measured tidal velocities for both in-

coming and out-going tides. 
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Figure 2-2. Flow Monitoring Stations 
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2.3 MONITORING DEVICE INSTALLATION 

2.3.1 Groundwater Monitoring Stations 

The new groundwater monitoring stations were installed during March and April 2020, and data 

loggers were installed at existing staff gages during late April and early May 2020. Stations were 

located according to the groundwater monitoring plan except where for minor adjustments where 

pockets of limestone close to the surface made installation cost prohibitive. Station location 

coordinates and elevations are outlined in Table 2-1. An example of a typical groundwater 

monitoring station is presented in Figure 2-3. 

 

Table 2-1. Surveyed Results for Groundwater Monitoring Stations 

 Y X Top of PVC Ground Well Depth 

Station SPFLW_ft SPFLW_ft ft-NAVD ft-NAVD from TOC, ft 

BW-1 948379.12 704343.75 36.09 32.90 12.9 

BW-2 945192.31 702023.08 36.24 32.84 13.0 

BW-3 940953.57 704668.66 39.65 35.64 13.1 

BW-4 945823.75 686455.97 28.85 25.07 9.7 

BW-5 940050.69 686909.80 30.42 27.03 12.2 

BW-6 912684.30 726381.91 34.34 30.63 12.4 

BW-7 914128.41 734437.26 34.19 30.81 13.0 

BW-8 901669.36 733662.51 31.50 27.96 13.0 

BW-9 928576.49 676788.58 28.37 25.71 13.0 

BW-10 923437.07 688558.69 31.80 28.63 damaged 

BW-11 924202.65 669459.03 27.67 24.13 10.5 

BW-12 920721.96 676220.07 29.25 25.80 13.0 

BW-13 913774.91 675415.34 28.43 25.87 13.0 

BW-14 908327.70 686748.91 29.53 25.90 13.0 

BW-15 912146.89 701562.51 31.56 27.97 13.0 

BW-16 901762.04 720001.19 31.78 28.19 12.7 

BW-17 906721.59 672385.33 27.69 23.94 12.7 

BW-18 902910.66 681128.22 28.84 25.18 13.2 

BW-19 892905.42 687730.05 26.68 23.35 12.7 

BW-20 900496.45 678486.91 27.74 24.10 12.8 

YP-3 882666.23 655808.26 19.81 16.12 12.1 

YP-4 881413.02 669859.20 20.29 17.30 10.0 

YP-5 880534.76 653412.02 18.07 15.18 10.7 

YP-6 875246.64 648951.91 15.16 11.72 12.3 

Note: SPFLW_ft: Coordinates are in State Plane Florida West, ft 

Top of PVC: Top of PVC casing; Ground: Ground Elevation Adjacent to Well; TOC: Top of Protective Cover 

One monitoring station, YP-4, was not able to be installed in 2020 due to the presence of hard 

limestone five feet below ground surface. Since groundwater was encountered less than 4 feet 

below ground surface (bgs), a temporary shallow well was installed until a drill rig could be used 
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to complete installation. The well was drilled in late April 2021, and the top of casing elevation of 

the temporary and new wells were surveyed so that data from the temporary well could be 

converted from depth below top of PVC to elevations in ft-NAVD. Station BW-10 was damaged in 

early November 2021 after which data was no longer collected at this location.  

Water level data loggers were also installed at eight existing FWC staff gages shown in Figure 

2-1. Location and elevation for those stations are provided in Table 2-2.  

Table 2-2. List of Coordinates and Elevations for Babcock Webb Staff Gage Data Loggers 

  Horizontal Coordinates Top of PVC 

Station Description Y_STFLW_ft X_SPFLW_ft ft-NAVD 

SP-4 Cecil Webb, Alligator tributary 931175.41 670171.14 see note 

SP-5 Cecil Webb NW 929092.49 682847.77 30.70 

SP-6 Cecil Webb N 928021.84 699639.13 33.13 

SP-7 Cecil Webb NE 926985.27 719013.80 38.88 

SR-2 Webb Lake, Tuckers Grade Rd 917556.96 668748.81 see note 

SP-8 Cecil Webb, TG, Telegraph HW 917606.91 716915.11 30.90 

SP-9 Cecil Webb, TG, Gator HW 917642.90 704400.65 31.26 

SP-10 Cecil Webb 915076.11 685486.06 30.10 

Note: Because there is a permanent pool at SP-4 and SR-2, data loggers at those stations are programmed to water 
elevation observed at the staff gage 

 

 
Figure 2-3. Groundwater Monitoring Station BW-11, August 2021 
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2.3.2 Flow Monitoring Stations 

The flow monitoring stations were installed in April 2020 and were fully operational by early May 

2020. These stations consisted of a staff gage (elevations on the gage are in ft-NAVD), conduit 

to the creek bottom, and a data logger to record water levels. Figure 2-4 is a photograph of the 

flow monitoring station on the South Prong of Alligator Creek on South Jones Loop Road (see 

Figure 2-2 for location). Details are provided in Appendix 2C. 

 
Figure 2-4. Flow Monitoring Station, South Prong Alligator Creek, South Jones Loop Rd 
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Flow measurements were recorded at each station during the summer of 2020 and 2021, using 

standard USGS stream gaging techniques (References provided above. Measurement dates 

differed from station to station depending on local rainfall/runoff patterns in the upstream 

watershed of each monitoring station. Flows were measured on 5/21/20, 6/9/20, 7/21/20, 8/24/20, 

8/28/20, 9/9/20, 9/14/20, 9/16/20, 9/30/20, 10/2/20, 11/12/20 and 7/8/21 Personnel recorded 

multiple velocity and depth measurements across the width of the streams/creeks. The flow 

monitoring equipment used at each station depended on the width and depth of the stream and 

creeks. Pygmy meters were used on the small streams, and Price AA or UVM meters were used 

on the larger streams or on smaller streams where the water velocities exceeded the range of the 

Pygmy meter. Flow measurements were obtained on an average of eight different wet weather 

events (6 at Durden Creek, 7 at Greenwell Branch, 8 or more at the remaining stations), and the 

stage/flow data were used to create a stage/discharge relationship that was used to generate a 

time series record of flows at the stations. Additional information on flow measurement techniques 

and equipment are provided in Appendix 2C. 

 

2.3.3 Rainfall Monitoring Stations 

Three rainfall monitoring stations were installed to augment existing rainfall data available from 

Lee County and City of Cape Coral operated rain gages. Figure 2-5 shows new rain gages that 

were installed adjacent to groundwater monitoring stations SP-5, BW-18, and SR-7.  

Figure 2-5. Rain Gages in Vicinity of Babcock Webb and Yucca Pens 



 

Page 
18 

DATA COLLECTION AND MODEL BUILDING 

3) WATER LEVEL FIELD VERIFICATION FOR SEASONAL HIGHS AND HISTORICAL 

HYDROPERIOD MAPPING 

Dry and wet season field investigations were conducted to review and identify biological indicators 

of current and past wet season water levels, including consideration of effects since the last major 

event while also considering the FWC map of historical (pre-development) hydroperiods. Results 

of these field investigations and estimated historic hydroperiods are provided below (see 

Appendices 3A-C for full detail of analyses and results). It is believed that Babcock Webb 

experiences extended wetland hydroperiods due to flow constrictions around developments 

within the historic flow-ways west and southwest of the WMA. Yucca Pens wetlands are drier than 

normal due to drainage via eroded ATV trails along the perimeter of the WMA as well as a lack of 

inflows from Babcock Webb. This section provides biologic information on water depths in 

wetlands that can be used to evaluate the overall hydrologic condition of the WMAs.  

 

3.1 DRY SEASON FIELD IDENTIFICATION OF SEASONAL HIGH AND LOW WATER LEVELS 

Dry season field work was conducted in March and April 2020 to identify biological indicators of 

seasonal high and normal water levels. Those were then compared to the two years of measured 

data to help determine if measured data is representative of previous years. This work was two-

fold, using both short-term vegetation indicators and long-term biological indicators to better 

understand average near-term water levels. Field methodologies for water elevations and 

biological indicators followed guidance from SWFWMD (Schultz et. al., 2004). Special attention 

was given to evaluate the difference between physical indicators resulting from the high-water 

levels experienced after Hurricane Irma (September 2017) and biological indicators representing 

current typical wet season conditions. This was to establish where water levels are higher or lower 

than optimum levels for the plant community. Current typical wet season water elevations were 

determined by an averaging of biological indicators. The selected elevation was marked by a nail 

driven into a tree or bush at two to three locations across the extent of the wetland. Field studies 

were conducted at 58 locations with multiple stakes or nails set at each location. Approximately 

240 elevations were established and surveyed. Results of the dry season field investigations are 

provided in Appendix 3A.  

Biological indicators, which are longer term indicators, were identified and used to estimate 

historic versus current wet season water level elevations for the surveyed areas. Biological 

indicators respond to seasonal high and normal water elevations over several years and are less 

influenced by recent extreme events. The difference between seasonal high water levels 

measured with gages and those estimated from biological indicators may also indicate a shifting 

hydrologic regime. The biological indicators that primarily informed historic water level 

determination included the elevation of the inflection point of buttresses on pond-cypress 

(Taxodium ascendens), ground elevation at the saw palmetto edge around wetlands, the 

elevation of root crown bases of wax myrtle (Myrica cerifera), the uppermost adventitious root of 

sandweed (Hypericum fasciculatum), and the ground elevation of the upland/wetland limit based 

on the vegetation present there. In addition, physical indicators including qualitative observations 

of wetland function/ecosystem viability, vegetation composition and condition, and wildlife 
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utilization were noted (see Gilbert et al. The Florida Wetlands Delineation Manual Chapter 62-

340, F.A.C.). Physical indicators were:  

ǒ Presence of moss and lichen on tree trunks 

ǒ Water marks and dirt deposits on bark 

ǒ Reduced diameter of tree trunks, particularly cabbage palms (Sabal palmetto) (see 

examples in Figure 3-1) 

ǒ Presence or absence of obligate and/or facultative wetland vegetation and presence 

of pond apple snail shells 

ǒ Abnormal branching 

ǒ Yellowing of leaves and/or reduced leaf coverage 

ǒ Presence or absence of hydric soils in the soil profile 

Data collected within the SWIA indicate that wet season water depths significantly exceed the 

historical water levels for this region. This is supported by both biological and physical indicators 

and measured water level data as outlined above. In addition to excessively high seasonal water 

levels in the SWIA, there are artificially lengthened hydroperiods and slow recession rates of 

standing water (see Figures 3-10 and 3-11 in Section 3.3.2 for graphs of measured water levels 

in the SWIA that support these findings). Additional qualitative indicators of a prolonged 

hydroperiod included observations of apple snails (Pomacea spp.), vegetative stress, and lack of 

transitional plants near the wetland edge. Apple snails are considered a long hydroperiod taxon 

(Darby et. al., 2008) with limited capacity to survive prolonged periods of drought and were 

observed throughout the southwestern portion of Babcock Webb south of Tuckers Grade. 

Observations of apple snails in wetlands in the Yucca Pens study area, which appear to have a 

reduced hydroperiod, were less frequent. Stressed cabbage palm (Sabal palmetto) and slash pine 

(Pinus elliottii var densa) were noted in the central and southern portions of the Babcock Webb 

study area, presumably a result of prolonged inundation and saturation.  

For further detailed methodology please refer to Appendix 3A. Overall, both vegetation indicators 

and measured water elevations indicate that current conditions are not optimal for the biological 

communities present [see Figure 3-7. Optimum Wetland Hydroperiods and Average Wet Season 

Water Depths for South Florida Wetland Communities, Duever & Roberts (2013)].  
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Figure 3-1. Stressed cabbage palms in South Walk-In Area, Babcock Webb 

  

Yucca Pens wetlands also indicate varying levels of vegetative stress due to hydrologic 

alterations, primarily from the reduced surface water and groundwater levels, discussed above. 

In addition, fewer hydric vegetation indicators and reduced biomass in wetlands in the southern 

portion of Yucca Pens are symptomatic of the decreased wet season water depths and decreased 

wetland hydroperiods. Wet prairies and marshes along the cypress strands in west-central Yucca 

Pens and throughout southern Yucca Pens had much reduced coverage of ñfacultative wetò and 

ñobligateò wetland vegetation. One explanation for altered hydroperiods is that numerous ATV 

trails on the property act as rapid-flow water conveyances during the wet season causing water 

to leave Yucca Pens too quickly. Babcock Webb vegetative communities also exhibit 

abnormalities such as the trees in the pine flatwood community showing signs of stress and die 

off. Tree islands in Babcock Webb also exhibited water marks one foot above ground which is 

atypical. 

 

3.2 WET SEASON CONFIRMATION OF SEASONAL HIGH-WATER LEVELS 

Field work was conducted during the late summer and fall of 2020 to measure wet season water 

levels (Figure 3-2) and compare to typical wet season water level estimated from biological 

indicators during the dry season. Relatively normal rainfall in Babcock Webb was observed in late 

May and early June of 2020, which was then followed by less than normal rainfall during the 

remainder of June and early July. However, higher than normal rainfall occurred in Babcock Webb 

during the fall of 2020, as shown below in Table 3-1.  
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Table 3-1. Babcock Webb Observed and Average Rainfall for Fall 2020, Lee County Rain Gage 
Stations located in Charlotte County 

Month 
2020 Monthly Totals, Avg of RG-1, -2, -3 

(Located in Charlotte County) 
Lee County Historical Avg 

October 9.30 2.68 

November 5.14 1.81 

December 4.27 1.72 

Oct-Dec Total 18.71 6.21 

 

The relatively dry summer and wet fall resulted in water levels in November that were typical of 

ñaverageò wet season water depths. As such, the wet season was defined as August ï November 

in 2020 for the purposes of ecological field conditions investigations, and field survey of high water 

was timed for September and October to correspond to this later than normal peak in rainfall. 

Results and analysis of the wet season field investigations are provided in Appendix 3B. 

Water depth in the SWIA ranged from 8 to 12 inches above vegetation indicators established 

during the dry season. Evidence of vegetative stress was common, including dead and stunted 

pine trees, reduced cabbage palm trunk and crown sizes (see Figure 3-1 and maps in Appendix 

3B), and hardwood leaf-cover reduction. 

Across Yucca Pens, wetlands also indicated varying levels of vegetative stress due to hydrologic 

alternations. Vegetation indicators in portions of Yucca Pens exhibit decreased wet season water 

depths and decreased wetland hydroperiods. Specifically, observed wet season water depths 

were less than the dry season high water marks in the following locations below: 

ǒ Durden Creek (see points Y17A, Y19, Y-12, and Y-56 in Figure 3-3) 

ǒ Headwaters of Yucca Pens Creek (see point Y13 in Figure 3-3) 

ǒ Southern Yucca Pens (see red-circled area in Figure 3-4) was very dry with very little 

ponding of water above the land surface during the wet season. 

In addition, numerous ATV and access trails act as shallow-water, rapid-flow conveyances during 

the wet season, contributing to the altered hydrologic conditions on the southern and western 

portions of Yucca Pens. Locations of these eroded ATV trails are identified in Figure 3-5. These 

locations were a focal issue during the initial scenario analysis, and proposed solutions are 

presented in Section 6. 
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Figure 3-2. Babcock Webb South of Tuckers Grade, September 10, 2020 

 

 
Figure 3-3. Map of Surveyed Wet Season Water Elevation Differences between Dry and Wet Season 

Vegetation Indicators on Western Yucca Pens WMA 

 

Observed wet season water 
depths were less than dry 
season high water marks at 
Y56, Y12, Y13, Y17, Y-19, 
Y44, Y-42, Y-41, and Y40. 
This indicates that conditions 
at these stations are drier 
than normal. 
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Figure 3-4. Map of Surveyed Wet Season Water Elevation Differences between Dry and 

Wet Season Vegetation Indicators on Southern Yucca Pens WMA 

 

 
Figure 3-5. Map of Concentrated Outflow Locations from Yucca Pens via Eroded ATV Trails 

 

 

Average wet season water depths were 
rarely observed in majority of the red-
circled area due to groundwater drainage 
from Gator Slough.  
The blue-circled area has adequate water 
depths due to a 2013 construction project 

that blocked eroded ATV trails.  




























































































































































































