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INTRODUCTION

Water Science Associates (Water Science) was contracted by the Coastal & Heartland National
Estuary Partnership (CHNEP) to develop a hydrologic restoration plan for the Lower Charlotte
Harbor Flatwoods that will promote sheet flow enhancement, restore wetland hydroperiods in the
Babcock Webb and the Yucca Pens Wildlife Management Areas (WMA), and improve the timing
and maghnitude of flows to tidal creeks west of Yucca Pens WMA.

Project tasks include:

1. Compilation of existing hydrologic data,

Installation of new surface and groundwater monitoring stations and rain gauges,
Evaluation of vegetative indicators of wetland health,

Maintenance of the monitoring stations and management of manual and electronic data,
Development of an existing conditions hydrologic model of the study area,

Evaluation of alternative management scenarios, and

Development of a Lower Charlotte Harbor Flatwoods Strategic Hydrological Restoration
Planning Tool and Report.

Noobkrwd

Tasks 1 through 4 have been completed. Tasks 5A — 5C include the development of the integrated
surface/groundwater model and calibration of that model. Those memoranda have been
submitted to CHNEP and either completed or in review. This memorandum documents Task 5D,
the existing conditions baseline model that will be used as a baseline for comparison against
proposed future condition scenarios. This memorandum describes the work associated with Task
5D. The Scope of Work stipulates that this memorandum includes groundwater levels as well as
surface water levels and flows and graphics.

BASELINE MODEL

The final calibrated model was converted to a baseline existing-conditions model version by
incorporating the modifications described below. Results from this model will be used to
identify areas of current management concerns and to compare current conditions to results
from proposed alternative management scenarios. The calibrated model input files were used
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as a starting point for this analysis, with modifications to allow the model to simulate conditions

outside of the 2020-2021 calibration period as described below.

1. The 2-year simulation period was increased to 10 years, from 1/1/2011 through 1/1/2021.
This longer period includes 8 more years of climate variability data inputs. The 2-year
period was extended to 10 years by taking the same calibrated values used and then
extrapolating back to the previous 8 years.

2. Time series files were extended to cover the new simulation period (e.g. rainfall, ET,
pumpage files for groundwater withdrawals, rooted depth and leaf area index values).

3. Gate operations for Gator Slough Weirs 11 and 19 in the calibrated model utilized known
gate level positions provided by the City of Cape Coral. The gates at these two structures
were modified to operate according to known gate operation protocols (see Figure 1 for
location, details are provided below in the Gate Operations Modifications section).

Time series files for the North South Transfer were utilized based on flow time series estimated
by ADA Engineering (2015). Pump records of pump run hours were obtained from the City of
Cape Coral. Flows were estimated assuming that each of the four pumps has a capacity of 7.2
MGD. Data prior to 2013 was only available for multiple day pump runtime totals (e.g. X pump run
hours between 4/4/12 — 6/1/12), and was not used due to uncertainties of how many days the
pumps were actually running during a given time period. In addition, the purpose of a long-term
baseline simulation is not to accurately simulate conditions that existed in any one year. The
purpose of the Baseline simulation is to simulate stages and flows over a wide range of climatic
conditions. Accordingly, all Cape Coral canal pump station flows for the period 2011 through 2012
were estimated by using Julian day averages for reported flows of the 2013 — 2020 period. Julian-
day averages are appropriate because the Cape Coral canal pump stations are downstream of
the fixed weir #58, which means that operation of these structures has essentially no impact on
stages and flows in Yucca Pens and Babcock Webb WMAs.
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Figure 1 - Water Control Structures on Gator Slough West of U.S. 41

GATE OPERATION MODIFICATIONS

Weir 11 has an Obermeyer gate that is a metal plate that is anchored on a fixed concrete weir on
the upstream side and is not anchored on the downstream side (Figure 2). A high-density
polyethylene air-filled bladder is located under the metal plate and is inflated to raise the
downstream lip of the weir during the dry season when water levels are controlled at a higher
elevation. During calibration, Weir 11 gate operations were based on reported gate levels. For
the existing conditions baseline mode, the gate operation for Weir 11 was changed to a wet
season/dry season protocol where the gates are fully open for the wet season period of June 15
— October 15. The Obermeyer weir elevation is 2.56 ft-NAVD in the dry season and 1.46 ft-NAVD
in the wet season.

Weir 19 is a combination gated weir structure consisting of a fixed concrete weir with an invert
elevation of 10.8 ft-NAVD, three overflow weirs that have an elevation of 10.8 feet in a fully-closed
position and an elevation of 9.2 ft-NAVD in a fully-open position, and two underflow weirs with
dimensions of 6 feet wide and 4 feet high (invert elevation = 4.8 f--NAVD). The overflow gates are
fully open in the wet season and fully closed in the beginning of the dry season. The overflow
gates are gradually lowered in the dry season once headwater (upstream) elevations drop below
10.8 ft-NAVD. Once the headwater elevation drops to the sill level of the overflow gates, the
underflow gates are gradually opened to provide continual dry season flows until the headwater
elevation drops below the sill level of the underflow gates. The overflow gates operate according
to programmed gate operations, and the underflow gates are opened by City of Cape Coral Utility
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Operations staff depending on a variety of factors.

Obermeyer Weir Schematic (simplified)

Weir plate

Flow
Direction
Inflated _—F
Bladder
Fixed Fixed
Dry Season Weir Weir Wet Season

Figure 2 - Schematic of an Obermeyer Weir

HYDROPERIODS AND WET SEASON WATER DEPTHS

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 12. Figures 3 and 4 present the spatial distribution of simulated hydroperiod
duration. Figures 5 and 6 present mean water depth during the wet season (i.e., from July 1%
through October 15), respectively. Note that each of these figures include polygons that define
Areas of Interest (AOI). These AOI are defined and discussed in TM 6a. Hydroperiods in the
South Walk-In Area are greater than 8 months, and peak wet season water depths in the ATV
area of Yucca Pens are less than 0.1 ft. Water depths in cypress wetlands of Yucca Pens range
from 0.1 to 3 feet, with 0.1 to 0.5 feet as the most common depth range. Note that the definition
of the wet season differs from the definition used in memoranda 5B and 5C (July 1% through
November 30") associated with this project. The hydroperiod used in memoranda 5B and 5C
were based on observed rainfall patterns for 2020 and 2021 which experienced a late initiation of
the wet season with rainfall continuing into December for 2020 and November for 2021. The
analysis for the baseline simulation of 2011 through 2020 uses a more common definition of the
wet season since rainfall patterns varied across the simulation period and did not always have
the patterns observed in 2020 and 2021. These maps were produced at a finer spatial resolution
by comparing the simulated water levels at each day in the 750-ft model grid with the 50-ft
resolution topography.
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Figure 3 - Babcock Webb average annual hydroperiod duration at a 50-ft resolution as predicted by the Existing Conditions Baseline
Model during the period 2011-2020 (D - Babcock Webb North, E — Babcock Webb South, F - South Walk-In Area (Reduced))
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Figure 4 - Yucca Pens average annual hydroperiod duration at a 50-ft resolution as predicted by the Existing Conditions Baseline
Model during the period 2011-2020 (G - Yucca Pens, H- ATV area, | - Cypress wetlands)
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N 2011-2020 BL6 Average Wet Season Depth, ft
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Figure 5 - Babcock Webb Mean water depth during the wet season (July 1 — Oct. 15) at a 50-ft resolution as
predicted by the Existing Conditions Baseline Model during the period 2011-2020 (D — Babcock Webb
North, E — Babcock Webb South, F — South Walk-In Area (Reduced))
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Figure 6 - Mean water depth during the wet season (July 1- Oct. 15) at a 50-ft resolution as predicted by the Existing Conditions
Baseline Model during the period 2011-2020 (G - Yucca Pens, H— ATV area, | - Cypress wetlands)

The zoomed-in hydroperiod map in Figure 7 reveals the impact of the quality of the LIDAR-based
DEM in the model results, where the red circles indicate areas where there are sharp differences
in elevations due to current LIDAR data limitations. Although the modeling is using the best
available data at present and producing useful information, further ground-level surveying in
addition to more accurate LIDAR data in the Babcock Webb area would increase the accuracy of
simulation results. More accurate elevations in low-lying areas and in some “upland” areas that
are frequently flooded provided by ground-level surveying would result in more accurate estimates
of wet season depths and wetland hydroperiods. Therefore, this is a recommendation in updating
the model in the future.
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Figure 7 - Impacts of the quality of the LiDAR-based DEM in the model results (Note: Elevations within the South Walk-In Area with
water depths less than 0.1 feet may not be accurate.)
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STAGES AND FLOWS IN THE STUDY AREA

Simulated stages and flows have been extracted from the modeling results at key locations within
the AOQISs that will be used to evaluate the performance of future condition scenarios. As the model
has tens of thousands of calculation points, it was important to select key locations at which to
show graphs of stage and flows. These locations (Figure 8) were selected by the modeling team
based on stated objectives and areas of focus for the project along with discussions with
stakeholders, FWC staff, and visual observations of altered hydrologic conditions (e.g. high water
levels in the South Walk-In Area of Babcock Webb, low water levels in south Yucca Pens, and
locations of high flows from Yucca Pens due to eroded ATV trails). As mentioned in earlier
memoranda, the objective of the project is to balance wetland hydroperiods across Babcock
Webb and Yucca Pens, reduce wet season peak flows to tide, and increase baseflows to tidal
creeks.

The initial selected points for presentation of modeling results are presented in Figure 8. Note
that BW SWI Reduced refers to a subset of an area within Babcock Webb that is referred to as
the South Walk-In Area (SWIA). The BW SWI Reduced polygon is an area within the SWIA where
wetland ground elevations were reduced based on transect surveying. The graphs of stages and
flows are presented in Appendix A. It is the intention to present these comparisons in subsequent
memoranda for Task 7 — Future Condition Scenarios with slight modifications to illustrate the
response of the study area to proposed water management measures and/or climate change
assumptions. In subsequent memoranda, graphs of stages and flows presented below will be
separated so that the impact of scenarios are easier to visualize. For example, if the management
objective is to reduce water levels and hydroperiods in a particular location (e.g. South Walk-In
Area), graphs will be presented that illustrate the change in both wet and dry seasons at that
location. Additional graphs may be provided with results for approximately two “typical’ years
(representing both wet and dry conditions) so that dry and wet season impacts are more easily
visualized.
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Figure 8 - Locations of Simulated Stage and Flow Plots Used for Scenario Analysis
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Appendix A

Simulated Stages and Flows for the Existing Condition Baseline Model
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For plots that show both stage and flow as Q (e.g. SR-2 and SR-2 Q, Zemel Canal_ FWC_W), the
results are extracted essentially at the same location. All stage data are shown with a blue line
and all flow data are shown with a red line. The water elevation data for SR-2, GS I-75, and Zemel
Canal plots are from the MIKE11 stage result files. Plots for Bear Branch, SR-8, SR-9, YP-6, and
STA-8 show water levels obtained from the groundwater result files, which were utilized because
water levels drop below the minimum elevations used for MIKE 11 channels (which will happen
in ephemeral streams in the dry season). MIKE 11 result file minimum levels are defined by the
cross section invert elevations, so do not necessarily capture the range of water levels in the
vicinity of these stations.
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The above graph shows the simulated baseline stages and flows at the Webb Lake outlet (SR-
2). The management objective will be to reduce wet season peak flows downstream to Punta
Gorda.
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The management objective at GS I-75 will be to reduce wet season discharges and increase dry
season discharges.
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The above plot is presented to demonstrate the increase in flow in Gator Slough at Weir 4 in
relation to flows in Gator Slough at U.S. 41. The objective will be to reduce wet season flows and
hopefully increase dry season flows at Weir 4.
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Flows and stages in the above graph are for a location in Zemel Canal (Zemel _FWC_W) shown
in Figure 6. The management objective will be to reduce wet season peak flows at this station
while maintaining acceptable hydroperiods in Yucca Pens north of Zemel Road and west of U.S.
41.

Plots below show stage water levels obtained from the groundwater result files, which were
utilized because water levels drop below the minimum elevations used for MIKE 11 channels
(which will happen in ephemeral streams in the dry season).

Note that rainfall intensity and ground saturation affect runoff. Even though peak flows near the
end of 2017 were increased compared to previous years, the groundwater stage data does not
necessarily increase as much. The peak flow events in August 2017 and again in September
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2017 (from Hurricane Irma) are not necessarily captured in groundwater stage data presented
here.
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W of CClI is a monitoring station in the Charlotte Correctional Institute, located south of Oil Well
Road east of I-75. Multiple tributaries contribute flow to station W of CCI. Stages are shown at an
upstream station in the South Walk-In Area (STA-8). The management objective will be to reduce
wet season stages at STA-8 while not increasing wet season flows at station W of CCI.
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The management objective for Bear Branch (Bear Br U/S) will be to reduce wet season flows and
extend the number of days per year with positive flows to tide by increasing dry season flows.
The water elevation plots for this station, SR-8, SR-9, and near YP-6 are from the groundwater
result files. The MIKE 11 result fle minimum levels are defined by the cross section invert
elevations and do not show the range of water levels in the vicinity of this station. Rainfall intensity
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and ground saturation affect runoff, and Hurricane Irma flows were impacted by the large runoff
event that was in late August 2017.
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The management objective at SR-8 will be to increase upstream water levels, reduce wet season
flows, and extend the number of days per year with positive flows to tide by increasing dry season
flows.
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The management objective at SR-9 will be to increase upstream water levels, reduce wet season
flows, and extend the number of days per year with positive flows to tide by increasing dry season
flows.
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The management objective at the area in the vicinity of YP-6 will be to increase upstream water
levels, reduce wet season flows, and extend the number of days per year with positive flows to
tide by increasing dry season flows.

The graphs below illustrate simulated water levels in wetlands not directly connected to surface water conveyances, and the results
are presented as depth relative to land surface to illustrate the duration of time that water levels are above ground.
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Stages are shown at BW-15 which is upstream of the South Walk-In Area (SWIA) and STA-7 in
the northern portion of the South Walk in area (SWIA). The management objective will be to
reduce wet season stages in the SWIA.
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The management objective for YP Cypress and Durden Marsh will be to increase water levels
throughout the year.
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The management objective for S_YP_Marsh will be to increase water levels throughout the year.
Simulation File Name: CH-NCRB_20211223r3_BL.she*

*File is available on a share drive on request
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