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1.0 Introduction

The South Florida Water Management District (District) is conducting a system-wide review of its regional
water management infrastructure to determine the flood protection level of service (FPLOS) currently
provided. The FPLOS describes the level of protection provided by the water management facilities within
a watershed under both current and future conditions, where future conditions FPLOS considers sea level
rise and future development. This information can be used by local governments, the SFWMD, and other
state and federal agencies to identify areas where improvements or upgrades of water management
facilities are required, the appropriate entity or entities responsible for making improvements, and
funding and technical resources available to support these efforts.

The four watersheds within the BCB Study Area, along with the primary canal network, are depicted on
Figure 1.0.1. This Final Report incorporates input from the District on two previous draft reports
describing current and future (2065) FPLOS in the Golden Gate Watershed. Future conditions modeling
is used to identify potential flood protection issues caused by future development and sea level rise.
Subsequent draft reports will document the following:

e FPLOS provided within the Cocohatchee, Henderson/Belle Meade, and Faka Union Watersheds
under current conditions

e FPLOS provided within the Cocohatchee, Henderson/Belle Meade, and Faka Union Watersheds
under future sea level rise and future land use

The flood protection LOS is determined through a number of metrics, the majority of which are derived
from the outputs of watershed-scale flood event modeling. The flood protection metrics are defined in
Section 2.0.

Previous tasks completed as part of this study effort include model conceptualization, model calibration,
and model verification. The model tool used for this study is a MIKE SHE / MIKE-11 model originally
developed by others for long-term simulations. Because the FPLOS performance metrics rely on model
outputs resulting from synthetic short-term high intensity rainfall events, it was necessary to re-
conceptualize certain aspects of the model, and to then re-calibrate the model using data from short-term
high intensity rainfall events of record. The model calibration/verification effort is documented in the
April 2017 report titled Deliverable 2.5 Model Recalibration. The re-calibrated version of the BCB MIKE
SHE / MIKE-11 model is referred to herein as Version EC-Cal, dated March 2017, was used for the
subsequent design storm simulations described in Sections 3.5 and 5.0 for current and future conditions,
respectively.
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2.0 Flood Protection LOS Performance Metrics

The District relies on six (6) formal performance metrics (PMs) to evaluate the flood protection LOS
provided by the primary water management infrastructure. These metrics, defined briefly in this section,
were derived from the District publication Flood Protection LOS Analysis for the C-4 Watershed, Appendix
A: LOS Basic Concepts (SFWMD H&H Bureau, December 29, 2015). Section 4.0 provides the results of the
FPLOS evaluation for current conditions, and Sections 6.0 and 7.0 provide the results of the FPLOS
evaluation for future conditions within the Golden Gate Watershed.

PM #1 Maximum Stage in Primary Canals — This is the peak stage profile in the primary canal system. The

profile is developed for a range of design storms (5-year, 10-year, 25-year, and 100-year). The largest
design storm that stays within the canal banks establishes the FPLOS of the primary canal system.

PM #2 Maximum Daily Discharge Capacity through the Primary Canals — PM #2 is the maximum discharge

capacity throughout the primary canal network. Discharge is calculated as areally weighted flow, in units
of cubic feet per second per square mile of contributing area. Tidal effects are filtered by using a 12-hour
moving average of discharge.

PM #3 — Structure Performance — Effects of Sea Level Rise — This metric shows the effective capacity of a

tidal structure. It is comparable to the static design condition assumed in the original design, but
compares structure flow over a range of storm surge events and a range of sea level rise scenarios. For
the BCB FPLOS evaluation, this metric will be evaluated internally by District staff and will therefore be
documented separately.

PM #4 Peak Storm Runoff — Effects of Sea Level Rise — PM #4 is the maximum conveyance capacity of a

watershed at the tidal structure for a range of design storms. It shows the maximum conveyance (moving
12-hour average) for a specific design storm and a specific tidal boundary condition. This metric examines
the behavior of the system under severe stress and can be used to check if conditions exceed design limits.
In evaluating this PM, it is assumed that design rainfall and design storm surge occur simultaneously or
with a temporal offset that maximizes stress on the structure.

PM #5 Frequency of Flooding — Stage-based FPLOS for Subwatersheds — In this PM, the flood elevations
or depths of overland flooding are evaluated for a range of design storms (5-year, 10-year, 25-year, and

100-year). These flood depths/elevations can then be compared with elevations of build features such as
buildings and roadways, where such information exists. For the purposes of this BCB FPLOS evaluation,
flood inundation maps were developed from the model output for each storm event.

PM #6 Duration of Flooding — PM #6 quantifies the duration of flooding at specific locations of interest

within a watershed. For this metric, potential flood-locations associated with existing or future
development are identified, and a representative threshold elevation corresponding to building or
roadway flooding is chosen. The length of time the flood elevation is projected to be above that elevation
is the duration of flooding.
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3.0 Current Conditions Application Model Set-Up

The re-calibrated BCB MIKE SHE / MIKE-11 model, described in the April 2017 report titled Deliverable 2.5
Model Recalibration and referred to herein as Version EC-Cal, was used as the basis for the design storm
simulations described in this section. Several changes to the EC-Cal model setup were required in order
to simulate the synthetic design storm events. These changes included structure operations, tailwater
boundary conditions, rainfall, and initial conditions.

Model Parameters and Structure Operations: The current conditions model application incorporated all

applicable changes to the model setup and parameterization documented in the Model Recalibration
Report. These include hydrologic parameter adjustments (i.e., drain codes, drain levels, drain time
constants, detention storage, and paved runoff coefficients), hydraulic parameter adjustments
(manning’s roughness coefficients), and addition of MIKE-11 branches in the Cocohatchee Canal
subwatershed. All recorded structure operations from the calibration model have been replaced with
rule-based operations, based on the structure descriptions in the District’'s Water Control Operations
Atlas: Big Cypress Basin System dated September 21, 2016 and updated March 31, 2017. The Miller 3
structure was updated to represent the post-2015 configuration (with 3 4x8 dual-leaf gates), as described
in the most recent Water Control Operations Atlas. The pump stations associated with the ongoing
Picayune Strand Restoration project (on the Miller and Faka Union Canals) are not included in the current
conditions model, but will be included in the future conditions modeling of the Faka Union system.

Tailwater Boundaries at Coastal Outfall Structure GG1: Tailwater hydrographs for use in the design storm

simulations are documented in a report prepared by the District (ref: South Florida Water Management
District, 2017. Flood Protection Level of Service Analysis for the Big Cypress Basin. Appendix C: Preparation
of Boundary Conditions at the Tidal Structures. H&H Bureau, SFWMD, West Palm Beach, FL. 34 pp. June
21, 2017). The accompanying spreadsheets included existing conditions storm surge hydrographs for the
5-year, 10-year, 25-year, and 100-year return intervals. Also included were storm surge hydrographs for
future sea level rise. For the current conditions model, the columns in the spreadsheet designated
“YEAR2015/IPCCAR-MEDIAN”, were used, which represent current sea level. Table 3.0.1 and Figure 3.0.1
show the peak tailwater levels and water level time series, respectively, for each return interval.

Table 3.0.1 — Peak Tailwater Stages for Current Sea Level at GG1

Return Period Current Sea Level Conditions Peak
Tailwater Stage at GG1 ( ft. NAVDS88)

5-year 4,93
10-year 5.38
25-year 5.95
100-year 6.89
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Rainfall: In the calibration models, the rainfall was
distributed on the 2 km x 2 km NEXRAD radar rainfall grid.
For the design storm simulations, this was replaced with a
Thiessen-polygon approach, identical to the approach
used for the design storm runs in the BCB-FW model
developed by Lago Consulting in 2015. The centroid of
each polygon corresponds to a rainfall gage location.
Rainfall 3-day distribution and totals for each return
period were based on the SFWMD Environmental
Resource Permit Information Manual Volume IV, Water
Resource Regulation Department (July 2010 version).
Rainfall totals varied from polygon to polygon based on
the position of each centroid relative to the isohyets
published in the Manual. Rainfall depths for each Thiessen
polygon are listed in Table 3.0.2.
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Table 3.0.2 - Total Design Storm Rainfall Depths

Rainfall Gage 5-year 10-year 25-year | 100-year
Ccoco1 7.69 9.24 11.33 13.98
coco3 7.64 9.14 11.09 13.69
coLGov 7.75 9.63 11.81 14.75
COLSEM 7.68 10.10 12.51 15.91
CRKSWPS 7.37 8.55 9.74 11.84
EXT951 7.60 9.04 10.93 13.28
FKSTRN 6.76 8.47 9.92 13.37
DANHP 7.52 10.03 12.23 15.86
GOLDF2 7.57 9.02 10.94 13.68
IMMOLF 6.65 7.76 8.70 10.71
MARCO 7.81 10.20 12.85 16.10

ROOK 7.75 9.94 12.08 15.37
SGGEWX 7.55 9.13 11.05 14.28
AVEMAR 6.87 8.08 9.29 11.70

FPWX 7.56 9.03 10.73 13.25

GG#3 7.66 9.32 11.33 14.27
COPLND 7.18 9.90 11.97 15.68

FU#5 7.32 8.58 10.02 12.30
FDMPARK 7.74 9.48 11.65 14.43

Area-Weighted 3-Da
v Degpth (incheZ) 7.50 9.10 10.90 13.60

The dates for the rainfall distributions were adjusted so that the peak rainfall intensity lined up with the
peak tailwater stage, per the Scope of Work. This resulted in a spin-up period of approximately one week
with normal tidal boundaries and no rainfall, and with the peak rainfall intensity and peak tailwater stage
occurring on September 3 2013 between noon and 1 PM.

Initial Groundwater Levels and Surface Water Depths: Initial groundwater levels were previously

determined using the 90" percentile of levels simulated in the 2-year (2013-2014) model run used in the
Curry Canal Structure Evaluation. The resulting initial flows at the Golden were considered to be too high
(about 750 cfs); well above the September average flows of about 400 CFS over the most recent 8-year
period (see Figure 3.0.3). After discussion with District staff, it was decided to try a simulation with lower
initial water levels, corresponding to either the 80t or 85" percentile. Interflow used the results of the
BCB-FW 7-year simulation (2008 through 2014) in conjunction with the stand-alone “DFSpercentiles” tool
to calculate the 80™ percentile water level in each model grid cell and within each groundwater layer. The
resulting grid files were then used as the starting groundwater elevations. The 80™ percentile overland
water depths were also computed and used as the starting overland water depth. This modification
resulted in initial flows at GG1 of about 400 cfs, which corresponds to the September average flow.
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4.0 Flood Protection Level of Service — Current Conditions

Once all of the model setup changes were completed to represent design storm conditions, the model
was executed for the 5-year, 10-year, 25-year, and 100-year 3-day storm events. Model results were
evaluated for stability and reasonableness prior to proceeding with the FPLOS evaluation. Appendix A
provides summary model results at primary control structures, while Appendices B through E provide the
complete flow and stage hydrographs for each of the four design storm events. The remainder of this
section describes the results of the FPLOS evaluations for all relevant performance metrics, which for
current conditions include PM #1, PM #2, PM #5, and PM #6.

4.1 PM #1 — Maximum Stage in Primary Canals

This is the peak stage profile in the primary canal system. The profile is developed for a range of design
storms (5-year, 10-year, 25-year, and 100-year). The largest design storm that stays within the canal banks
establishes the FPLOS of the primary canal system.

To evaluate this PM under current conditions with the Golden Gate Watershed, peak stage profiles were
prepared for all primary canals within or bordering the Golden Gate Watershed. Bank elevations on the
profile figures are generally based on the MIKE-11 cross section data. However, in several cases the bank
elevations appeared suspect and were later modified (based on the current LiDAR data) for use in
preparing the profile plots. Also shown in the Figures are major roadway landmarks, control structures,
and primary canal junctions.

Table 4.1.1 summarizes the PM #1 Results shown graphically on Figures 4.1.1 through 4.1.6, listing the
maximum return period profile that is contained within the canal banks. Although all of the canals
contained the 10-year profile along the majority of the bank lengths, the bank elevation was exceeded for
the 10-year event in multiple locations for all canals except the Airport Road Canal. Itis important to note
that based on the LiDAR topographic information, many of the bank exceedances are localized to small
areas and the flooding does not extend more than a few hundred feet from the canal bank. PM #5
(frequency of flooding) depicts the extents of inundation for each design storm event, as discussed in
Section 4.3.

Table 4.1.1 — PM #1 Summary Results

Canal Segment Figure Number FPLOS Provided
Golden Gate Main 4.1.1 5-year
Airport Road Canal 41.2 100-year
I-75 Canal 4.1.3 5-year
CR 951 Canal 414 <5-year
Cypress Canal 4.1.5 5-year
Corkscrew Canal 4.1.6 <5-year
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4.2 PM #2 — Maximum Daily Discharge Capacity through the Primary Canals

PM #2 is the maximum discharge capacity throughout the primary canal network. Discharge is calculated
for defined canal segments as areally weighted flow, in units of cubic feet per second per square mile of
contributing area. Canal segments are generally those segments between water control structures. For
example, the segment associated with structure GG1 is the Golden Gate Main Canal between structures
GG1 and GG2, and the contributing area is defined as only the area contributing runoff to that segment.
Table 4.2.1 lists the canal segments identified for this analysis, where each segment is identified by the
downstream structure. In the case of the Airport Road Canal, the outflows at the north and south
structures were combined and treated as if they were a single structure. The table also identifies the
contributing area for each canal segment, and the discharge capacity calculated for each segment

associated with the 25-year, 3-day design storm event.

Discharge capacity was calculated by subtracting the hydrographs at all inflow points to each segment
from the segment’s outflow hydrograph, and then dividing the peak of the resulting net discharge
hydrograph by the segment’s contributing area. Tidal effects were filtered by using a 12-hour moving
average of discharge.

Table 4.2.1 — Water Control Catchment Inflow and Outflow Points and 25-year Discharge Capacity

Water Control | 25- year Peak
S;:;:‘::ﬁ/ Inflow Point(s) Outflow Point(s) Cat;l::;ent Iz:;gzrtg\/ €
(sq. mi.) (cfs / sq. mi.)
GG1 GG2, CR31S GG1 3.04 88
GG2 175-1, CR951-1, GG3 GG2 3.07 48
GG3 CYPRESS1, GG4, C1-CONNECTOR GG3 28.95 14
GG5, BEGINNING OF CYPRESS
GG4 CANAL GG4, MILLER3 6.02 36
GG5 GG6, GG7 GG5 8.84 36
GG6 GG6 4.34 38
GG7 GG7 3.33 23
CR31/ AR1, AR2
Airport Rd (CR31 N &YS) 6.28 24
175-1 175-2 175-1 9.71 59
175-2 175-3 175-2 4.62 35
175-3 175-3 4.10 61
CR951-1 CR951-2 CR951-1 9.54 25
CR951-2 BEGINNING OF CR951 CANAL CR951-2 1.41 77
TWINEAGLE TWINEAGLE 2.07 24
CURRY CANAL, CORKSCREW
Cypressl CANAL, BEGINNING OF CYPRESS CYPRESS1 9.81 38
CANAL
CORK1, BENGINING

CORK1 CORK2, CORK3, TWINEAG OF CURRY CANAL 6.26 27
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Figure 4.2.1 shows the contributing areas (“water control catchments”) draining to each canal segment.
The catchment polygons were taken from the District’s Arc Hydro Enhanced Database (AHED), and were
used to determine the contributing areas listed in Table 4.2.1.

Figures 4.2.2 through 4.2.16 graphically depict the net area-weighted discharge hydrographs for each
canal segment, and for each design storm event (5-year, 10-year, 25-year, and 100-year). Negative values
on the graphs correspond to times where total inflows exceeded total outflows for each segment. The
majority of these instances of negative net discharge result from a difference in timing of peak flows as
the main flood wave moves downstream through the canal network.

For the majority of the canal segments, the calculated discharge capacity increases with increasing return
period. However, in some cases (GG2, GG4, and Cypress1) the calculated discharge capacity is lower for
the 100-year storm than for the 25-year storm. This appears to be a result of backwater effects and
associated peak flow timing differences not seen in the smaller events. In the case of GG4 (Figure 4.2.5),
and Cypressl1 (Figure 4.2.14), the stunted initial peak of the 100-year storm event is followed by a second
peak that occurs when downstream tailwater levels drop, allowing the release of stored volume.

Although the peak of the net discharge hydrographs for each design storm event are referred to in this
section as the calculated discharge capacity for each event, the true capacity of the canal segment is the
net discharge corresponding to the largest design flood event that remains within the banks of the canal.
For this reason, the results of PM#2 must be evaluated in conjunction with the results of PM#1 (Maximum
Stage in Primary Canals) and PM#5 (Frequency of Flooding). From the PM#1 results presented in the
previous section, peak stages in most canals exceed the canal banks for the 100-year event. In some
cases, a 10-year event is sufficient to cause water levels to exceed the canal banks (Refer to PM#1 Figures
4.1.3, 4.1.4, and 4.1.5), but these generally appear to be localized flooding instances that do not extend
far from the canal banks. This is based on an examination of the PM#5 results, which are discussed in the
next section.

Interbasin Flows

The discharge capacity at structure CORK1 (Figure 4.2.16) is partly a function of inter-basin flows entering
from the Corkscrew Swamp. These flows enter the CORK system through structures CORK2 and CORKS3,
located along the northern boundary of the Golden Gate Watershed. Figures 4.2.17 and 4.2.18 show the
25-year and 100-year design storm hydrographs at structures CORK2 and CORKS3, respectively. Under the
design storm conditions these inter-basin flows, totaling several hundred cubic feet per second, are
subtracted (along with the Twin Eagles structure discharge) from the CORK1 catchment outflows, to
compute the discharge capacity in the CORK1 water control catchment.
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Figure 4.2.4 — Net Area-Weighted Discharge Hydrograph for GG3
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Figure 4.2.5 — Net Area-Weighted Discharge Hydrograph for GG4
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Figure 4.2.7 — Net Area-Weighted Discharge Hydrograph for GG6
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Figure 4.2.9 — Net Area-Weighted Discharge Hydrograph for Airport Road Canal (North and South structures)
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Figure 4.2.10 — Net Area-Weighted Discharge Hydrograph for 175-1
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Figure 4.2.11 — Net Area-Weighted Discharge Hydrograph for 175-2
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Figure 4.2.12 — Net Area-Weighted Discharge Hydrograph for 175-3

28



BCB Level of Service Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

CR951-1 Discharge Capacity - Storm Events for Current Condtions

40
5-yr 12-hr moving ave
10-yr 12-hr moving ave
35 —— 25-yr 12-hr moving ave
——100-yr 12-hr moving ave
30 [
25

Discharge (cfs/sq mi)
[y
o

15
10
5
/ TN N/
0
8/28/2013 9/2/2013 9/7/2013 9/12/2013 9/17/2013 9/22/2013

Figure 4.2.13 — Net Area-Weighted Discharge Hydrograph for CR951-1
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Figure 4.2.14 — Net Area-Weighted Discharge Hydrograph for Cypress1
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Figure 4.2.15 — Net Area-Weighted Discharge Hydrograph for Twin Eagles Structure
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Figure 4.2.16 — Net Area-Weighted Discharge Hydrograph for CORK 1
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Figure 4.2.17 — 25-Year and 100-Year Discharge Hydrographs for CORK 2
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Figure 4.2.18 — 25-Year and 100-Year Discharge Hydrographs for CORK 3
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4.3 PM #5 — Frequency of Flooding

In this PM, the flood elevations or depths of overland flooding are evaluated for a range of design storms
(5-year, 10-year, 25-year, and 100-year). These flood depths/elevations can then be compared with
elevations of features such as buildings and roadways, where such information exists. For the purposes
of this BCB FPLOS evaluation, flood inundation maps were developed from the gridded MIKE SHE model
output for each storm event, in the form of depth of overland water. These overland water depths, with
the 500-foot model grid spacing, were converted into a TIN for presentation purposes. The resulting flood
inundation maps are presented on Figures 4.3.1 through 4.3.4 for each of the four design storm events.

Generally speaking, many of the newer developments (i.e., those with modern stormwater management
systems) within the Golden Gate Watershed were predicted to remain relatively flood-free for all storm
events. Notable exceptions to this include the Island Walk subdivision (northeast of the intersection of
Logan Blvd N. and Vanderbilt Beach Road) and the area around Barron Collier High School (north of Pine
Ridge Road and East of Airport Pulling Road). Conversely, Golden Gate Estates was predicted to be mostly
inundated for the 100-year storm event with flood depths ranging from 0.25 feet to 2.5 feet. The most
severely flooded areas within Golden Gate Estates were predicted to be the area north of Immokalee
Road adjacent to the Bird Rookery Swamp, and a broad swath of the development on either side of Golden
Gate Blvd West (Figure 4.3.4).
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4.4 PM #6 — Duration of Flooding

PM #6 quantifies the duration of flooding at specific locations of interest within a watershed. For this
metric, potentially flood-prone locations associated with existing or future development are identified,
and a representative threshold elevation corresponding to building or roadway flooding is chosen. The
length of time the flood elevation is projected to be above that elevation is the duration of flooding. This
metric requires the selection of specific areas of interest. For the Golden Gate Watershed, six areas of
interest were identified in consultation with District staff. These locations are shown on Figure 4.4.1.

At each location of interest it was necessary to identify a target or threshold stage which, when exceeded
by water levels in the nearby canal, would cause flooding of streets or buildings. Building pads within the
watershed are generally higher than the adjacent roadways, so the target stages represent road and street
flooding thresholds. To develop the target stage, several (typically 4) representative road and street
locations were identified within the area of interest, and the pavement elevations (estimated from the
LiDAR data) were averaged to develop the representative target elevation for each of the six locations.
Stage hydrographs from the MIKE-11 output for each storm event were then compared with the target
stages, to compute the duration of time target stages were exceeded. The results of the comparisons are
depicted graphically on Figures 4.4.2 through 4.4.25.

From the figures, it is evident that location 1 is predicted to be flooded for all storm events. Location 1 is
immediately upstream of the GG-1 structure. At this location the topography is low and flooding results
in part from the high tailwater condition, which at this location is impacted by storm surge. The simulated
100-year tailwater boundary condition at GG-1 is 6.9 feet NAVD88, which is about 2 feet above the
surrounding topography. Predicted flood durations here range from 3.5 hours for the 5-year event to
almost 4 days for the 100-year event. In contrast, streets and roads at locations 2 and 3 are above the
simulated peak flood levels in the adjacent canals (Airport Road and I-75 Canals, respectively) for all storm
events.

Location 4 (Golden Gate Estates east of the CR951 Canal) is predicted to have no flooding for the 5-year
event, and only minor flooding (duration of 30 minutes) for the 10-year event. For the 25-year and 100-
year events, the predicted durations of flooding at location 4 are 2 hours 1.5 days, respectively.

Location 5 is adjacent to the downstream portion of the Cypress Canal, and is also within Golden Gate
Estates. No flooding is predicted here for the 5-year and 10-year storm events. However, significant
flooding with durations of 2 hours and 2.25 days are predicted for the 25-year and 100-year events,
respectively.

Location 6 is adjacent to the Cypress Canal near structure GG-4, in Golden Gate Estates. Because it is a
topographically low area in the upstream reaches of the watershed, flooding is predicted to occur for all
four design storm events. The predicted durations of flooding at Location 6 range from 1 hour for the 5-
year event to 5 days for the 100-year event.
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Figure 4.4.1 — Locations of Flood Duration Evaluation Points and LiDAR DEM
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Location 1 Water Level at Golden Gate Main
5-year Storm Event
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Figure 4.4.2 — Location 1 Duration of Flooding, 5-Year Storm
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Location 1 Water Level at Golden Gate Main
10-year Storm Event
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Figure 4.4.3 — Location 1 Duration of Flooding, 10-Year Storm
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Location 1 Water Level at Golden Gate Main
25-year Storm Event
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Figure 4.4.4 — Location 1 Duration of Flooding, 25-Year Storm
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Location 1 Water Level at Golden Gate Main
100-year Storm Event
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Figure 4.4.5 — Location 1 Duration of Flooding, 100-Year Storm
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Location 2 Water Level at Airport S
5-year Storm Event
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Figure 4.4.6 — Location 2 Duration of Flooding, 5-Year Storm
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Location 2 Water Level at Airport S
10-year Storm Event
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Figure 4.4.7 — Location 2 Duration of Flooding, 10-Year Storm
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Location 2 Water Level at Airport S
25-year Storm Event
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Figure 4.4.8 — Location 2 Duration of Flooding, 25-Year Storm
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Location 2 Water Level at Airport S
100-year Storm Event
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Figure 4.4.9 — Location 2 Duration of Flooding, 100-Year Storm
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Location 3 Water Level at I-75
5-year Storm Event
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Figure 4.4.10 - Location 3 Duration of Flooding, 5-Year Storm
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Location 3 Water Level at I-75
10-year Storm Event
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Figure 4.4.11 - Location 3 Duration of Flooding, 10-Year Storm
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Location 3 Water Level at I-75
25-year Storm Event
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Figure 4.4.12 - Location 3 Duration of Flooding, 25-Year Storm
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Location 3 Water Level at I-75
100-year Storm Event
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Figure 4.4.13 — Location 3 Duration of Flooding, 100-Year Storm
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Location 4 Water Level at CR951
5-year Storm Event
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Figure 4.4.14 — Location 4 Duration of Flooding, 5-Year Storm
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Location 4 Water Level at CR951
10-year Storm Event
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Figure 4.4.15 - Location 4 Duration of Flooding, 10-Year Storm
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Location 4 Water Level at CR951
25-year Storm Event
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Figure 4.4.16 — Location 4 Duration of Flooding, 25-Year Storm
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Location 4 Water Level at CR951
100-year Storm Event
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Figure 4.4.17 — Location 4 Duration of Flooding, 100-Year Storm
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Location 5 Water Level at Cypress
5-year Storm Event
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Figure 4.4.18 — Location 5 Duration of Flooding, 5-Year Storm
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Location 5 Water Level at Cypress
10-year Storm Event
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Figure 4.4.19 - Location 5 Duration of Flooding, 10-Year Storm
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Location 5 Water Level at Cypress
25-year Storm Event
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Figure 4.4.20 — Location 5 Duration of Flooding, 25-Year Storm
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Location 5 Water Level at Cypress
100-year Storm Event
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Figure 4.4.21 — Location 5 Duration of Flooding, 100-Year Storm
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Location 6 Water Level at Cypress
5-year Storm Event
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Figure 4.4.22 — Location 6 Duration of Flooding, 5-Year Storm
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Location 6 Water Level at Cypress
10-year Storm Event
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Figure 4.4.23 - Location 6 Duration of Flooding, 10-Year Storm
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Location 6 Water Level at Cypress
25-year Storm Event
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Figure 4.4.24 — Location 6 Duration of Flooding, 25-Year Storm
64



BCB Level of Service Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

Location 6 Water Level at Cypress
100-year Storm Event

14

Stage (ft - NAVD88)

8__

:,’ \III}III\=II\I=I\II=\III}III\:II\|=|\II:IIII}\III:IIII:I\\I:I\II:IIII}III\:IIII:I\II:\III}III\:II\I:IIII:\III}IIII=II\|=I\\I:IIII:\II\}IIII:II\I:I\II:IIII
25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Aug 2013 | Sept 2013

- == Target Stage ——— Cypress 1935.70

Figure 4.4.25 — Location 6 Duration of Flooding, 100-Year Storm
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5.0 Future Conditions Application Model Set-Up

For the Future Conditions model, the “current conditions” model infrastructure, structure operations, and
design storm rainfall were carried over, unchanged. The performance of the existing infrastructure was
tested under several future scenarios and design storm events.

5.1 Future Land Use

The District provided shape files of future (year 2065) land use projections, which are documented in a
December 2016 report prepared by Tim Lieberman of the District titled Collier County 2065 Landuse for
MIKESHE Modeling. In one of the shape files, the land use was categorized in a fashion identical the MIKE
SHE land use classification. Interflow analyzed the shape file to identify areas where urbanization is
expected to expand or intensify. Figure 5.1.1 shows all such areas within the Golden Gate Watershed. In
most cases, undeveloped lands are projected to become developed into one of three urban land use
categories associated with dwelling unit density (high, medium, and low). In some cases, existing low-
density urban is expected to increase to medium or high density urban.

BCB LOS Metwork

BCB EC Cal Domain

Golden Gate Main Watershed

Landuse Development

- Urban High Density

Urban Medium Density

--------

=

Urban Low Density

Figure 5.1.1 — Projected Changes in Land Use, 2015 to 2065 (Source: SFWMD)
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The polygon-based land use changes were then mapped onto the MIKE SHE Grid. Figure 5.1.2 shows the
grid cells that were changed to represent 2065 Land Use. All land-use based model parameters were
changed accordingly for these cells, in order to appropriately represent the potential urbanization. These

include the following:

e Paved Area Runoff Coefficient

e Drain Code

e Drain Level

e Drain Time Constant

e Topography (if cell current topo was below FEMA BFE)
e Detention Storage

[ 7

-

Golden Gate Main Watershed

D BCB EC CalDomain

Vegetation Code Revised

l:l Urban High Density .:II
- Urban Medium Density

Urban Low Density
el 1 =]

Figure 5.1.2 — Changes in MIKE SHE Vegetation Codes
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For larger areas projected to be developed, a procedure similar to that proposed in the August 2016
Report Task 1.2 Test Bed Model was applied. In this approach, MIKE-11 branches were added to represent
stormwater detention ponds and their associated outfall structures. An iterative process was employed
to size the outfall structure to pass the permittable peak discharge rate, based on Collier County’s
permitting criteria as of 2016/early 2017. The allowable discharge rate for the Golden Gate Watershed
was 0.15 cfs per acre (ref: Collier County Ordinance 90-10, as amended in 2000 and 2007) . Figure 5.1.3
shows an example of one of the areas where this approach was employed. It is noted that Collier County
very recently amended their discharge-related permit criteria. However, the future conditions modeling
utilized the 0.15 cfs per acre criteria in effect at the time of model development.

Mike 11 Link added in Future Condition|

E BCB EC Cal Domain

m Golden Gate Main Watershed
[ | BCBLOSGrid

Landuse Development

Urban High Density

Urban Medium Density

Urban Low Density

Figure 5.1.3 — Potential Urbanization — Location #1
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In some of the areas identified for potential development, land use changes are currently underway.
Figure 5.1.4 shows several smaller developments currently under construction. We obtained the ERP
permit application packages for these developments (where available), and used the information on the
construction plans to guide the development of model input including pond and control structure
dimensions.

Landuse Development

| Urban High Density

I urban Medium Density

Urban Low Density

Figure 5.1.4 — Potential Urbanization — Location #2
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Figure 5.1.5 shows a complex of mine pits, with surrounding lands identified for potential development.
In this area, we assumed the large pits would serve to attenuate stormwater runoff, and we added MIKE-
11 branches with conceptual weirs for this purpose. It is important to note that these mine pits were
simulated as isolated lakes in the current conditions model. Examination of the detailed DEM revealed
that the pits are indeed separated from the adjacent Golden Gate Canal by an elevated embankment.
Because the pits are much larger than necessary for stormwater attenuation, connecting the pits to the
Golden Gate Canal also provides the potential for lowering flood levels in the canal.

N

Mike 11 Link added in Future Condition

D BCB EC Cal Domain : ] -
m Golden Gate Main Watershed o
| ] BcBLOSGrid e st il

Landuse Development /

Urban High Density Ei

Urban Medium Density
01 02 0.4

Urban Low Density [

Figure 5.1.5 — Potential Urbanization — Location #3 (Preferred Materials Mine)
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Location #4 (Figure 5.1.6) shows an area of existing low-density residential, agriculture, and forested lands
projected to become medium density urban. Because these areas are relatively small and somewhat
isolated an unconnected, it was decided not to use the test-bed model approach here, but rather to
increase the detention storage to account for the attenuation provided by stormwater ponds. A similar
approach was used in other smaller isolated land use change areas. In areas where the test-bed approach

is used, a detention storage of 0.2 inches was used. In the other future urbanized areas, a value of 1.0
inch was used.

D BCB EC Cal Domain

m Golden Gate Main Watershed
| | BcBLOSGrid

Landuse Development

Urban High Density

' | Urban Medium Density

: : . : . 0 005 0.1 0.2
Urban Low Density 5 * o i I s

Figure 5.1.6 — Potential Urbanization — Location #4
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Topography was changed in selected grid cells, based on a comparison of current topography and the
current FEMA Flood Insurance Rate Maps in the areas identified for future development. If the grid cell
topography was lower than the FEMA Base Flood Elevation (BFE), then the topographic elevation of the
grid cell was raised to be near the FEMA BFE. It was assumed that the ground elevations would be a few
tenths of a foot below the BFE, with the understanding that the floor slabs would typically be about one-
half of a foot or so above the adjacent grade. Figure 5.1.7 shows the changes in topography (Future
Conditions minus Current Conditions).
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Figure 5.1.7 — Changes in Topography (Future Conditions minus Current Conditions)
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Drain codes were set up for the areas identified for urbanization. Some of the drain codes in the current
conditions model in this area were negative, which allowed the model to route drainage to local
depressions. All new drain codes are positive values, which means that all drainage in the areas of future
development are routed to the nearest MIKE-11 h-point. This is based on the expectation that drainage
will be improved in these areas to include positive outfalls for new development. Figure 5.1.8 shows the
drain code areas that were added or revised.
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Figure 5.1.8 — Revised Drain Codes

Similarly, separated overland flow areas (SOLFAs) were adjusted to represent the changes in urban land
use. Figure 5.1.9 shows the SOLFAs that were added or modified. SOLFAs were not added to areas
projected to be developed into low-density subdivisions, as these subdivisions generally do not entail
wholesale changes to the topography. For the low-density developments it was assumed that offsite
runoff would be accommodated rather than re-routed as is often the case with medium and high-density
developments.
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Figure 5.1.9 — Separated Overland Flow Areas (SOLFAs) Added or Revised

5.2 Future Sea Level

Future sea level is represented in the model using a combined approach involving three components of
the model setup:

e Surface water (MIKE-11) tailwater conditions
e Groundwater boundary conditions
e Initial water table elevations

MIKE-11 Tailwater Boundaries at Coastal Outfall Structure GG1: Tailwater hydrographs for use in the
future conditions design storm simulations were provided by the District in a spreadsheet, and
documented in the report: South Florida Water Management District, 2017. Flood Protection Level of
Service Analysis for the Big Cypress Basin. Appendix C: Preparation of Boundary Conditions at the Tidal
Structures. H&H Bureau, SFWMD, West Palm Beach, FL. 34 pp. June 21, 2017. Tailwater hydrographs for
three year-2065 sea level scenarios were included; low (SLR1), medium (SLR2), and high (SLR3). Tailwater
hydrographs were provided for all four design storm events (5-year, 10-year, 25-year, and 100-year), but
it was decided to run all three sea level rise scenarios only for the 25-year event. Separate MIKE-11

boundary files were created for each scenario. Figure 5.2.1 shows the 25-year tailwater hydrographs for
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the three future conditions scenarios, with current conditions shown for comparison. Table 5.2.1 lists the
peak tailwater stages at GG1 for current conditions (SLRO) and the three future sea level scenarios.

Similar to current conditions, the dates for the rainfall distributions were adjusted so that the peak rainfall
intensity lined up with the peak tailwater stage. This resulted in a spin-up period of approximately one
week with normal tidal boundaries and no rainfall, and with the peak rainfall intensity and peak tailwater

stage occurring on September 3 2013 between noon and 1 PM.

25-yr Tidal Boundary Conditions at GG1
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8/25/2013 8/29/2013 9/2/2013  9/6/2013 9/10/2013 9/14/2013 9/18/2013 9/22/2013

Current Condition SLR1 —SLR2 —SLR3

Figure 5.2.1 — GG1 Tailwater Boundary Conditions for Future Sea Level (25-year event)

Groundwater Boundary Conditions: The time-varying Groundwater boundary conditions along the coast
for Layer 1 (surficial aquifer) of the MIKE SHE groundwater model were increased for each sea level rise
scenario. The increase was equal to the projected sea level rise, relative to current conditions, associated
with each scenario. The increase is 0.73 feet, 1.06 feet, and 2.17 feet respectively for SLR1, SLR2, and

SLR3.
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Table 5.2.1 — Peak Tailwater Stages for Future Sea Level at GG1

Future Sea Level Conditions Peak

Return Period Tailwater Stage at GG1 ( ft. NAVDS88)
SLRO SLR1 SLR2 SLR3
5-year 4.85 5.58 5.91 7.02
10-year 5.28 6.01 6.34 7.45
25-year 5.85 6.58 6.91 8.02
100-year 6.79 7.52 7.85 8.96

Initial Groundwater Levels: Initial groundwater levels were increased to account for higher tidal

boundaries along the coast. Average tide levels are projected to increase, compared to current (year
2015) conditions, by 0.73 feet, 1.06 feet, and 2.17 feet for SLR1, SLR2, and SLR3, respectively. This increase
will be manifested some distance inland in the form of elevated water tables. The Project Team discussed
the possibility of constructing a separate steady-state model of the surficial aquifer in order to simulate
the impact of sea level rise on wet-season water table elevations near the coast. Another option discussed
would be to re-run the long-term model with higher coastal groundwater boundary conditions, and then
recalculate the 80" percentile groundwater levels using a similar approach to that used in generating the
current conditions initial groundwater levels, as described in the Task 3.2 Report (Flood Protection Level
of Service Provided by Existing District Infrastructure for Current (2015) Sea Level Conditions for Golden
Gate Watershed). After some discussion, it was decided that a separate modeling effort would not be
feasible within the schedule constraints of the current project, and that a simpler approach is warranted
given the uncertainty associated with future sea level rise projections.

Adjustments were made to the current conditions initial water table levels by first determining the
average water table level at the cells along the coastal model boundary under current conditions
(approximately 0.3 feet NAVDS88), and then adding the increase in sea level to determine the minimum
coastal water table elevation for each of the three future conditions scenarios. For example, the minimum
coastal water table level for SLR3 was set to 0.3 + 2.17 = 2.47 feet NAVD88. To create the initial water
table grid (dfs2) file for SLR3, all cells in the initial water table grid with values less than 2.47 were selected,
and then those cells were set equal to that value. Figure 5.2.2 shows the increases in initial water table
elevations for SLR3, as compared to current conditions. From the Figure, it is evident that the water table
impacts would propagate several miles inland in some areas, particularly in the southern portions of the
model domain.
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Figure 5.2.2 — Change in Initial Water Table Stages for SLR 3
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6.0 Flood Protection Level of Service — Future Land Use

Initial model simulations of the 5-year, 10-year, 25-year, and 100-year, 3-day design were conducted with
current sea level conditions and the future land use changes described in Section 5.1. Appendix A
provides summary model results at primary control structures, while Appendices F through | provide the
complete flow and stage hydrographs for each of the four design storm events. The performance of the
existing infrastructure with future land use changes was evaluated with respect to the five performance
metrics described in the remainder of this Section.

6.1 PM #1 - Maximum Stage in Primary Canals, Future Land Use

This is the peak stage profile in the primary canal system. The profile is developed for a range of design
storms (5-year, 10-year, 25-year, and 100-year). The largest design storm that stays within the canal banks
establishes the FPLOS of the primary canal system.

To evaluate this PM under future land use conditions within the Golden Gate Watershed, peak stage
profiles were prepared for all primary canals within the Golden Gate Watershed. For reference, peak
stage profiles are also shown for current conditions. Figures on the following pages depict the peak stage
profiles for the following primary canals:

e Golden Gate Main (Figure 6.1.1)
e Airport Road Canal (Figure 6.1.2)

e |-75 Canal (Figure 6.1.3)
e CR951 Canal (Figure 6.1.4)
e Cypress Canal (Figure 6.1.5)

e Corkscrew Canal (Figure 6.1.6)

Bank elevations on the profile figures are generally based on the MIKE-11 cross section data. However,
in several cases the bank elevations appeared suspect and were later modified by Interflow (based on the
current LiDAR data) for use in preparing the profile plots. Also shown in the Figures are major roadway
landmarks, control structures, and primary canal junctions.

The model results indicate that the potential future land use conversions would affect peak stage profiles
in the Golden Gate Canal to a greater extent than in the other canals. Approximately midway along the
canal (approximately station 78000), connection of the Preferred Materials mine pits to the Golden Gate
Canal as part of the potential urbanization of this area (refer to Figure 5.1.5) would provide incidental
flood relief in the Golden Gate Canal and the surrounding area. Maximum reductions in peak stage would
range from approximately 0.7 feet for the 100-year event to 1.4 feet for the 5-year event at the point of
connection. Smaller reductions would occur upstream and downstream, including portions of the
Cypress, CR951, and I-75 Canals near their junctions with the Golden Gate Canal. It is important to note
that this is a hypothetical development, and as such several modeling assumptions were required. Among
them is the assumption that development of the uplands adjacent to the pits and the hydraulic connection
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of the pits to the Golden Gate Canal would occur together. However, connecting the mine pit storage to
the canal could occur independently of development. The degree of flood relief ultimately provided by
the mine pit storage would depend in part on how adjacent lands are developed, and on other
developments in the watershed.

Upstream of GG4 in the Golden Gate Canal, the maximum flood stages are projected to increase as a
result of the future land use conversions. The future development projected to occur in the upper reaches
of the Golden Gate Watershed could increase the runoff volumes routed to the canal. In the MIKE SHE
model, this increase is simulated in part through increases in the paved area runoff coefficients, and also
through the implementation of positive drain codes that route the shallow subsurface drainage directly
to the MIKE-11 network in areas of future urbanization. Except for an area in the vicinity of GG4, the
majority of the stage increase would be contained within the canal banks.

Although the increased flooding in the areas upstream of GG4 is significant, it’s important to remember
that several modeling assumptions were made regarding future development. Actual development will
differ from the configurations assumed for modeling purposes. Collier County recently changed the
allowable post-development discharge for the Main Golden Gate Canal Basin and the Cypress Canal
Basins, from 0.15 cfs/acre to 0.04 and 0.06 cfs per acre, respectively (ref: Collier County Ordinance 90-41).
This action alone might be sufficient to mitigate the potential increases in flooding predicted by the land
use changes simulated in this study.
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6.2 PM #2 — Maximum Daily Discharge Capacity through the Primary Canals, Future Land
Use

PM #2 is the maximum discharge capacity throughout the primary canal network. Discharge is calculated
for defined canal segments as areally weighted flow, in units of cubic feet per second per square mile of
contributing area. Canal segments are generally those segments between water control structures. For
example, the segment associated with structure GG1 is the Golden Gate Main Canal between structures
GG1 and GG2, and the contributing area is defined as only the area contributing runoff to that segment.
Table 6.2.1 lists the canal segments identified for this analysis, where each segment is identified by the
downstream structure. In the case of the Airport Road Canal, the outflows at the north and south
structures were combined and treated as if they were a single structure. The table also identifies the
contributing area for each canal segment, and the discharge capacity calculated for each segment
associated with the 25-year, 3-day design storm event for both current conditions and future land use
conditions.

Discharge capacity under current and future land use conditions was calculated by subtracting the
hydrographs at all inflow points to each segment from the segment’s outflow hydrograph(s), and then
dividing the peak of the resulting net discharge hydrograph by the segment’s contributing area. Tidal
effects were filtered by using a 12-hour moving average of discharge.

Under future land use conditions, the discharge capacity is projected to increase in the canal segments
associated with GG1 and GG2. This is a result of the connection of the Preferred Materials mine pits to
the Golden Gate Canal upstream of the GG3 structure. The flood attenuation provided by the mine pits
would reduce the peak discharge through GG3 and to a lesser extent through GG2. Because the inflow to
each of the two canal segments would be reduced, the difference between the peak outflow and peak
inflow would increase, resulting in higher discharge capacities.

Canal segments GG6 and GG7 have no inflows, and the outflows would increase due to the potential
future land use changes. Thus the computed discharge capacities for these canal segments are higher
under future land use conditions. For the segments associated with GG4 and GG5, future land use changes
are projected to further increase discharge rates in the canal, also resulting in higher computed discharge
capacities for the 25-year event. However, it is important to note that the 10-year, 25-year, and 100-year
peak stage profiles in the vicinity of the GG4 structure are out-of-bank, and therefore the true discharge
capacity at this structure would be less than the computed 25-year discharge capacity.

At structures 175-1 and CR951-1, lower tailwater conditions in the Golden Gate Canal would create larger
head differences across the structures, with corresponding increases in peak discharge rates and
discharge capacities under future land use conditions compared to current land use conditions. At CR951-
2, higher flows at the northern-most point in the CR951 Canal, coupled with limitations on the capacity of
the CR951-2 structure, would result in a reduction in the discharge capacity for this canal segment.
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Table 6.2.1 — Water Control Catchment Inflow and Outflow Points and 25-year Discharge Capacity for
Current and Future Land Use Conditions

Water Control 25- year Peak
Catchment | Discharge Capacity
Structure/Segment Inflow Point(s) Outflow Point(s) Area Current | Future
(sg. mi.) (cfs / sg. mi.)
GG1 GG2, CR31S GG1 3.04 88 105
GG2 I75-1, CR951-1, GG3 | GG2 3.07 48 76
GG3 CYPRESS1, GG4, GG3
28.95 14 13
C1-CONNECTOR
GG4 GG5, BEGINNING OF | GG4, MILLER3
6.02 36 51
CYPRESS CANAL
GG5 GG6, GG7 GG5 8.84 36 45
GG6 GG6 4.34 38 68
GG7 GG7 3.33 23 30
CR31/Airport Rd AR1, AR2
6.28 24 24
175-1 175-2 175-1 9.71 59 68
175-2 175-3 175-2 4.62 35 39
175-3 175-3 4.1 61 64
CR951-1 CR951-2 CR951-1 9.54 25 31
CR951-2 BEGINNING OF CR951-2
1.41 77 49
CR951 CANAL
TWINEAGLE TWINEAGLE 2.07 24 24
Cypressl CURRY CANAL, CYPRESS1
CORKSCREW CANAL,
9.81 38 35
BEGINNING OF
CYPRESS CANAL
CORK1 CORK2, CORK3, CORK1,
TWINEAG BENGINING OF 6.26 27 33
CURRY CANAL

Figure 6.2.1 shows the contributing areas (“water control catchments”) draining to each canal segment.

The catchment polygons were taken from the District’s Arc Hydro Enhanced Database (AHED), and were

used to determine the contributing areas listed in Table 6.2.1.
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6.3 PM #5 - Frequency of Flooding, Future Land Use

In this PM, the flood elevations or depths of overland flooding are evaluated for a range of design storms
(5-year, 10-year, 25-year, and 100-year). These flood depths/elevations can then be compared with
elevations of features such as buildings and roadways, where such information exists. For the purposes
of this BCB FPLOS evaluation, flood inundation maps were developed from the gridded MIKE SHE model
output for each storm event, in the form of maximum depths of depth of overland water. These overland
water depths, with the 500-foot model grid spacing, were used to develop a TIN for presentation
purposes. The resulting flood inundation maps are presented on Figures 6.3.1 through 6.3.4 for each of
the four design storm events.

In order to provide a comparison of the future land use results with the current conditions model results,
inundation difference maps were created for the 10-year, 25-year, and 100-year design storm events
(Figures 6.3.5 through 6.3.7). The current conditions overland flood depths were subtracted from the
future land use overland flood depths; positive values mean flood depths would increase and negative
values indicate flood depths would decrease under future land use conditions.

In many areas the flood depths are projected to decrease under future land use conditions. This results
from a combination of higher topography (refer to Figure 5.1.7) and simulated drainage improvements
associated with the future land use conversions.

However, there is a low area adjacent to the Golden Gate Canal, upstream of GG4 where the flooding is
projected to worsen for the 10-year and 25-year flood events under future land use conditions. This same
area was identified in PM #1 (maximum stage profiles) as a portion of the canal where out-of-bank
flooding could be exacerbated by future land use changes. As noted in the discussion of the PM #1 results,
actual development will differ from the configurations assumed for modeling purposes. Collier County
recently changed the allowable post-development discharge for the Main Golden Gate Canal Basin and
the Cypress Canal Basins, from 0.15 cfs/acre to 0.04 and 0.06 cfs per acre, respectively (ref: Collier County
Ordinance 90-41). This action alone might be sufficient to mitigate the potential increases in flooding
predicted by the land use changes simulated in this study.

On Figure 6.3.7, an increase in the flood depth within the footprint of the Preferred Materials mine pits is
evident; this is a result of floodwaters from the Golden Gate Canal backing up into the mine pits in the
future land use 100-year design storm scenario. Reductions in flood levels upstream and downstream of
the pits, along and adjacent to the Golden Gate Canal, are also evident on this map.
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6.4 PM #6 — Duration of Flooding, Future Land Use

PM #6 quantifies the duration of flooding at specific locations of interest within a watershed. For this
metric, potentially flood-prone locations associated with existing or future development are identified,
and a representative threshold elevation corresponding to building or roadway flooding is chosen. The
length of time the flood elevation is projected to be above that elevation is the duration of flooding. This
metric requires the selection of specific areas of interest. For the Golden Gate Watershed, six areas of
interest were identified in consultation with District staff. These locations are shown on Figure 6.4.1.

At each location of interest it was necessary to identify a target or threshold stage which, when exceeded
by water levels in the nearby canal, would cause flooding of streets or buildings. Generally speaking,
building pads within the watershed are higher than the adjacent roadways, so the target stages represent
road and street flooding thresholds. To develop the target stage, several representative road and street
locations were identified within the area of interest, and the pavement elevations (estimated from the
LiDAR data) were averaged to develop the representative target elevation for each of the six locations.
Stage hydrographs from the MIKE-11 output for each storm event were then compared with the target
stages, to compute the duration of time target stages were exceeded. This was done for both current and
future land use conditions. The results of the comparisons are depicted in tabular form on Table 6.4.1.

Location 1 is upstream of the GG-1 structure and north of the Golden Gate Canal in the Bears Paw
development. At this location the topography is low and flooding results in part from the high tailwater
condition, which at this location is impacted by storm surge. The simulated 100-year tailwater boundary
condition at GG-1 is 6.9 feet NAVDS88 for SLRO, which is about 2 feet above the surrounding topography.
Predicted flood durations here range from 3.5 hours for the 5-year event to almost 4 days for the 100-
year event. In contrast, streets and roads at locations 2 and 3 are above the simulated peak flood levels
in the adjacent canals (Airport Road and |-75 Canals, respectively) for all storm events. These durations
do not change significantly under future land use conditions.

Location 4 (Golden Gate Estates east of the CR951 Canal) is predicted to have no flooding for the 5-year
event, and only minor flooding (duration of 30 minutes) for the 10-year event. For the 25-year and 100-
year events, the predicted durations of flooding at location 4 are 2 hours 1.5 days, respectively for current
conditions. Under future land use conditions, the 100-year duration is projected to decrease to about 4
hours. This is due to the flood relief that would be provided by connecting the Preferred Materials mine
pits to the Golden Gate Canal as part of the conceptual future land use modeling.

Location 5 is adjacent to the downstream portion of the Cypress Canal, within Golden Gate Estates. No
flooding is predicted here for the 5-year and 10-year storm events. However, significant flooding with
durations of 2 hours and 2.25 days are predicted for the 25-year and 100-year events, respectively. Under
future land use conditions, a slight decrease in flood duration is predicted to occur for the 100-year event,
also due to connecting the Preferred Materials mine pits to the Golden Gate Canal.

Location 6 is adjacent to the Cypress Canal near structure GG-4, in Golden Gate Estates. Because it is a
topographically low area in the upstream reaches of the watershed, flooding is predicted to occur for all
four design storm events. The predicted durations of flooding at Location 6 range from 1 hour for the 5-
year event to 5 days for the 100-year event. The duration is predicted to increase slightly under future
land use conditions due to increased volumes of runoff from upstream development.
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Figure 6.4.1 — Locations of Flood Duration Evaluation Points and LiDAR DEM
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Table 6.4.1 — Comparison Table of Flooding Duration (days), Current Land Use and Future Land Use

. Chainage 5-yr 10-yr 25-yr 100-yr
Location Canal
(ft) Current | Future | Current | Future | Current | Future | Current | Future
Golden Gate
1 Main 138,513 0.15 0.2 1 1.5 2 1.75 3.75 3.75
2 Airport 11,696 0 0 0 0 0 0 0 0
3 175 20,082 0 0 0 0 0 0 0 0
4 CR951 28,754 0 0 0.02 0.02 0.08 0.08 1.5 0.17
5 Cypress 34,724 0 0 0 0 0.08 0.08 2.25 1.5
6 Cypress 1,936 0.04 0.17 0.2 0.35 2 2.25 5 5.75
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7.0 Flood Protection Level of Service — Future Sea Level

Future sea level rise was simulated for the 25-year, 3-day design storm event only. Using the model
developed for future land use conditions, three future sea level rise scenarios were simulated (SLR1, SLR2,
and SLR3). The model setup for these scenarios was previously described in Section 5.2.

Appendix A provides summary model results at primary control structures, while Appendices J through L
provide the complete flow and stage hydrographs for each of the three sea level rise scenarios. The
performance of the existing infrastructure with future land use changes and future sea level rise was
evaluated with respect to the five performance metrics described in the remainder of this section.

7.1 PM #1 —Maximum Stage in Primary Canals, Future Sea Level

Figures 7.1.1 through 7.1.5 depict the maximum 25-year stage profiles in the primary canals under future
land use and future sea level rise conditions. The future land use with current sea level (SLRO) profiles are
also provided on the plots for reference. As expected, the largest increases in maximum stages would be
under SLR3 conditions at the downstream end of the Golden Gate Canal, with smaller increases at the
southern ends of the Airport Road, I-75, and CR951 Canals where they connect to the Golden Gate Canal.
Within the Golden Gate Canal, the maximum stage increase is approximately 1.7 feet under SLR3
(immediately upstream of GG1). Significant stage increases under the SLR3 scenario would extend several
miles upstream of GG1, to beyond the GG3 structure.

More modest increases in maximum stage are projected to occur under SLR1 and SLR2. Under SLR2, the
maximum increase is projected to be approximately 0.5 feet upstream of GG1; this increase rapidly
diminishes to approximately 0.1 feet at the GG2 structure. Stage increases associated with the SLR1
scenario are projected to be minimal within the Golden Gate Watershed, as there is almost no difference
between the SLR1 and SLRO profiles.
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7.2 PM #2 — Maximum Daily Discharge Capacity through the Primary Canals, Future Sea
Level

Maximum discharge capacity for the 25-year design storm event was calculated for each of the three
future sea level scenarios (SLR1, SLR2, and SLR3) and compared to the future land use conditions model
results for SLRO (refer to the Future column in Table 6.2.1). The discharge capacities for the canal
segments evaluated were essentially unaffected by the sea level rise scenarios, except for the GG1
segment. Under SLR3, the discharge capacity was reduced from 105.4 cfs per square mile to 101.6 cfs per
square mile (less than a 4% decrease).

7.3 PM #4 — Peak Storm Runoff — Effects of Sea Level Rise

PM #4 is the maximum conveyance capacity of a watershed at the tidal structure for a range of design
storms. It shows the maximum conveyance (moving 12-hour average) for a specific design storm and a
specific tidal boundary condition. This metric examines the behavior of the system under severe stress
and can be used to check if conditions exceed design limits. In evaluating this PM, it is assumed that
design rainfall and design storm surge occur simultaneously.

Figure 7.3.1 provides a graph of the flow vs. return period for current sea level conditions (SLRO). The 25-
year results for SLR3 are also shown on the graph. The higher tailwater elevations associated with SLR1
and SLR2 would result in negligible decreases (less than 2%) in discharge capacity, while SLR3 would result
in a reduction in discharge capacity of approximately 100 cfs, about a 4% reduction.

3200 .
Flow at Tidal Structure GG1

2000 Effects of Sea Level Rise and Storm Surge

2800

2600
g 2400
@
g
Q
é 2200
=
é 2000
8

1800

—=—SLRO SLR1 = SLRZ a4 SLR3
1600
1 5 10 25 100
Return period (years)

Figure 7.3.1 — Flow at Tidal Structure GG1
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7.4 PM #5 — Frequency of Flooding, Future Sea Level

The three future sea level rise scenarios evaluated in this modeling effort would result in little or no change
to the frequency or depths of flooding throughout the majority of the Golden Gate Watershed for the 25-
year design storm event. Part of the reason for this is that the western boundary of the Golden Gate
Watershed is two or more miles inland from the coast, where the largest impacts are likely to occur. The
inundation maps prepared for SLR1, SRL2, and SLR3 are therefore very similar to the one prepared for
SLRO (refer to Figure 6.3.3, Future Land Use Conditions Inundation Map for 25-year Design Storm Event).

Under the SLR3 scenario, some localized and/or relatively small increases in the 25-year inundation depths
would occur within the bounds of the Golden Gate Watershed (Figure 7.4.1). The largest increases (up
to 0.4 feet) within the Golden Gate Watershed would occur adjacent to the Golden Gate Canal, west of I-
75. East of I-75, the increases would be limited to less than 0.2 feet. However, these small increases
would extend upstream past the GG3 structure to the Preferred Materials mine pits. Under SLR1 and
SLR2 scenarios, the differences in inundation depths for the 25-year event would be negligible.

Another way to measure inundation impacts due to sea level rise is to consider maximum water table
stages. Higher water table stages can affect infrastructure such as septic tanks, older, unlined sanitary
sewers (through higher infiltration), and roadway base material. Pronounced differences in maximum
water table stages are evident in coastal areas west and south of the Golden Gate Watershed. Figures
7.4.2 through 7.4.4 show differences in peak water table elevations throughout the model domain for sea
level rise scenarios SLR1, SLR2, and SLR3 respectively, relative to SLRO.

Within the Golden Gate Watershed, the largest and most widespread increases in maximum water table
stage would occur under the SLR3 scenario, in an area west of Collier Blvd and south of Pine Ridge Road,
with increases on the order of 0.3 feet in places. Under the SLR2 scenario, impacts would occur over a
smaller area and would generally be limited to less than 0.2 feet, while the SLR1 scenario would result in
no appreciable increase in maximum water table stage within the Golden Gate Watershed for the 25-year
event.
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7.5 PM #6 — Duration of Flooding, Future Sea Level

Table 7.5.1 lists the durations of flooding at the six locations previously identified on Figure 6.4.1 for the
25-year storm event under the three sea level rise scenarios. Durations of flooding at five of the six points
of interest (Locations 2 through 6) were basically unchanged as a result of the three sea level rise scenarios
evaluated. However, the duration of flooding at Location #1 would increase significantly (by about 6
hours) under the SLR1 and SLR2 scenarios, and by over three days under the SLR3 scenario. This is to be
expected because Location #1 would flood due to the high tailwater conditions imposed at the GG1
structure under current conditions; and it stands to reason that the higher tailwater conditions under
future sea level conditions would prolong the flooding at this location.

Table 7.5.1 — Flood Duration (days) for Future Sea Level Rise Scenarios

Location Canal Chainage 25-yr
(ft) SLRO SLR1 SLR2 SLR3
Golden gate

1 main 138,513 1.75 2 2 5
2 AirportS 11,696 0 0 0 0
3 175 20,082 0 0 0 0
4 CR951 28,754 0.08 0.1 0.1 0.1
5 Cypress 34,724 0.08 0.08 0.08 0.1
6 Cypress 1,936 2.25 2.25 2.25 2.25
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8.0 Conclusions

The current and future conditions design storm simulation results were evaluated with respect to five
performance measures, which together provide insight into the level of flood protection provided by the
current Golden Gate Watershed primary canal network and associated control structures under current
and potential future stressors. The future conditions FPLOS was compared with the current conditions
FPLOS to identify where significant degradations in FPLOS would likely occur as a result of potential
changes in land use and sea level rise.

8.1 Current Conditions

The design storm simulation results were evaluated with respect to four performance measures, which
together provide insight into the level of flood protection provided by the current Golden Gate Watershed
primary canal network and associated control structures. Based on the results presented herein, it
appears that the Golden Gate primary canal network generally provides a 10-year level of service, with
some areas receiving a 25-year level of service or better. The few exceptions to the 10-Year FPLOS include
the vicinity of GG1, where the area around the structure would be inundated by the combined effects of
storm surge and high canal flows for the 5-year event. In addition, the Corkscrew Canal area would be
mostly inundated for the 5-year event, and areas of Golden Gate Estates in the vicinity of the GG4
structure would be inundated for the 10-year event.

Several canal segments currently provide less than a 25-year FPLOS, including portions of the Golden Gate
Main, Cypress Canal, I-75 Canal, and the CR951 Canal. And although all of the canals contained the 10-
year profile along the majority of the bank lengths, the PM #1 profiles show the bank elevation to be
exceeded for the 10-year event in multiple locations for all canals except the Airport Road Canal. In many
of these locations, the flooding at these locations was localized (e.g., extending less than 500, or the width
of one MIKE SHE grid cell from the canal bank), and thus many of the bank exceedances were not evident
in PM#5 (frequency of flooding). For the 100-year event, the model results suggest that most canal
segments would be overwhelmed as the majority of the watershed would be inundated to some degree
during peak flood conditions.

8.2 Future Land Use

Future land use was simulated based on a number of assumptions. Among these are implementation of
topographic changes based on FEMA requirements, drainage improvements based on modern design
standards, and compliance with current (at the time of model development) regulatory requirements for
control of peak discharge rates. Overall, the model results indicate that there would be no widespread
degradation of flood protection level of service as a result of the projected land use changes in the Golden
Gate Watershed. In fact, the assumed connection of the Preferred Materials mine pits to the Golden Gate
Canal as part of development of the surrounding uplands was identified in the modeling as having the
potential to provide widespread improvements in flood protection level of service, particularly with
respect to PM #1 (maximum stage profiles), PM #2 (maximum discharge capacity, and PM #5 (frequency
of flooding).

113



BCB Level of Service Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

However, one area was identified adjacent to the Golden Gate Canal, upstream of GG4 where the flooding
is projected to worsen for the 10-year and 25-year flood events under future land use conditions. This is
an existing low area within the Golden Gate Estates that was identified in the analyses of both PM #1 and
PM #5 as an area where current out-of-bank flooding could be exacerbated by future land use changes in
the upper reaches of the watershed. As noted in the discussion of the PM #1 and PM #5 results, actual
development will differ from the configurations assumed for modeling purposes. For example, Collier
County recently reduced the allowable post-development discharge for the Main Golden Gate Canal Basin
and the Cypress Canal Basins, from 0.15 cfs/acre to 0.04 and 0.06 cfs per acre, respectively. This
regulatory action alone might be sufficient to mitigate the potential increases in flooding predicted by the
land use changes simulated in this study.

8.3 Future Sea Level Rise

Changes in flood protection LOS were evaluated in response to three hypothetical sea level rise scenarios.
As expected, the largest increases in maximum canal stages would occur under the most severe of the
three sea level rise (SLR3) conditions. The location most affected would be the downstream end of the
Golden Gate Canal (with a maximum rise of 1.7 feet) and adjacent upland areas west of I-75. Smaller
increases would extend several miles upstream to beyond the GG3 structure. Under SLR2, the maximum
increase is projected to be approximately 0.5 feet upstream of GG1; this increase rapidly diminishes to
approximately 0.1 feet at the GG2 structure. Stage increases associated with the SLR1 scenario are
projected to be minimal within the Golden Gate Watershed.

Discharge capacity (PM #2) at the primary control structures within the Golden Gate system would be
largely unaffected by the three sea level rise scenarios, with the exception of the tidal structure GG1 under
the SLR3 scenario. Model results indicate that the peak discharge for the 25-year design storm event
would be reduced by about 100 cfs, or 4% of the current conditions peak. The computed discharge
capacity of the canal segment between GG1 and GG2 would be reduced by a similar percentage.

Although not a formal performance metric, maximum water table stages were also evaluated under the
future sea level rise scenarios. Higher water table stages can affect infrastructure such as septic tanks,
older sanitary sewers (through higher infiltration), and roadway base material. Pronounced differences
in maximum water table stages are evident in coastal areas west and south of the Golden Gate Watershed.
Within the Golden Gate Watershed, the largest and most widespread increases in maximum water table
stage would occur under the SLR3 scenario, in an area west of Collier Blvd and south of Pine Ridge Road
where maximum increases would exceed 0.3 feet.

It is important to understand that the three sea level scenarios evaluated in this modeling effort are only
projections. Future changes in sea level are difficult to predict, and actual changes by year 2065 could be
outside the range of the three scenarios chosen for this study. Future development in the watershed will
also likely differ from the projections and assumptions relied on for this study. And finally, it should be
noted that the model results are subject to certain limitations associated with the scale of the 2-
dimensional model grid. Because the grid cells are 500 feet x 500 feet, the model results are suitable for
the subregional-scale flood protection LOS evaluation presented herein, but should not be extended to
local-scale evaluations or regulatory determinations of flooding extents, where considerable variations in
topography can occur within the area of each grid cell.

114



BCB Level of Service Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

A — Peak Stage and Discharge Rate Summary Tables

(Current and Future Conditions)
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Table 1 Peak Stage Summary

Peak Stage (ft, NAVD)

Structure M”fe 11 Syr 10yr 25yr 100yr
Chainage

current Future current Future Current | Future-SLRO | Future-SLR1 | Future-SLR2 | Future-SLR3 | current | Future
GG1 139702 4.93 4.92 5.39 5.37 5.95 5.95 6.10 6.42 7.49 6.90 6.90
GG2 127265 7.72 7.48 8.63 8.36 9.15 8.99 9.03 9.08 9.33 9.70 9.52
GG3 109808 8.63 8.12 9.64 9.04 10.22 9.69 9.72 9.78 10.02 10.79 10.33
GG4 51730 10.99 11.44 11.94 12.10 12.33 12.39 12.40 12.41 12.42 12.66 12.69
GG5 28357 11.81 12.82 12.95 13.65 13.59 14.07 14.08 14.19 14.19 14.12 14.43
GG6 13320 15.46 16.88 16.12 17.32 16.40 17.57 17.57 17.58 17.57 16.55 17.67
GG7 6790 13.68 14.35 14.09 15.21 14.68 15.66 15.69 15.75 15.76 15.31 16.01
CORK1 20873 11.68 12.49 12.65 13.41 13.34 13.91 13.90 13.90 13.89 13.83 14.13
CORK2 4498 15.45 15.45 15.45 15.45 15.74 15.73 15.73 15.73 15.73 16.06 16.05
CORK3 -226 15.18 15.18 15.27 15.27 15.48 15.47 15.48 15.48 15.48 15.86 15.86
AR1 22198 6.85 6.85 7.10 7.08 7.44 7.45 7.46 7.54 7.89 8.60 8.55
175-1 37182 7.98 7.79 8.93 8.66 9.48 9.30 9.32 9.37 9.61 9.99 9.86
175-2 20082 9.08 9.03 9.85 9.75 10.33 10.29 10.29 10.33 10.44 10.77 10.72
175-3 9383 10.06 9.98 10.86 10.80 11.24 11.23 11.20 11.22 11.24 11.54 11.51
CR951-1 37435 8.62 8.20 9.63 9.13 10.22 9.80 9.83 9.89 10.12 10.79 10.47
CR951-2 10760 11.22 11.19 12.10 12.03 12.36 12.37 12.36 12.37 12.38 12.55 12.55
TWINEAG 2135 11.58 12.21 11.70 13.04 13.12 13.52 13.51 13.50 13.50 13.62 13.76
Cypressl 21814 10.7 11.04 11.49 11.90 12.20 12.29 12.30 12.32 12.34 12.56 12.62
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Table 2 Peak Discharge Rate Summary

. Peak Discharge (cfs)
Structure C“r:m.(ell S5yr 10yr 25yr 100yr
ainage Current Future Current | Future Current | Future-SLRO | Future-SLR1 | Future-SLR2 | Future-SLR3 | Current | Future
GG1 140682 2,214 2,063 2,716 2,515 3,053 2,887 2,893 2,892 2,810 3,503 3,343
GG2 127772 2,077 1,918 2,525 2,354 2,795 2,643 2,640 2,629 2,546 3,003 2,837
GG3 109908 1,069 1,169 1,267 1,169 1,380 1,252 1,245 1,235 1,229 1,760 1,566
GG4 52218 860 1,160 998 1,244 1,082 1,252 1,254 1,257 1,268 1,204 1,326
GG5 30643 769 1,239 1,009 1,411 1,224 1,520 1,541 1,614 1,643 1,401 1,616
GG6 14344 301 550 416 637 463 685 686 687 686 489 706
GG7 7664 186 144 200 202 208 238 244 244 257 277 246
CORK1 20997 293 293 302 299 321 322 320 335 319 399 418
CORK2 5249 143 144 160 160 195 194 194 194 194 256 254
CORK3 16 205 205 246 245 296 294 294 294 294 345 344
AR1 23212 50 50 61 64 80 85 81 81 84 197 199
175-1 38153 1,044 1,032 1,180 1,206 1,244 1,320 1,321 1,313 1,299 1,228 1,405
175-2 21654 432 434 514 506 533 529 517 516 500 533 531
175-3 10400 290 285 373 361 410 410 405 401 383 389 382
CR951-1 37730 639 659 865 864 911 929 922 925 907 1,010 1,007
CR951-2 10827 113 120 153 153 196 194 190 194 170 198 183
TWINEAGLE 2182 27 33 47 49 51 50 50 50 49 54 50
Cypressl 21995 319 376 340 403 348 398 398 397 388 394 416
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B — MIKE 11 Detailed Time Series for 5-year Storm, Current Conditions
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Figure 26. GG 3 Discharge (cfs)

C-29



BCB Level of Service

Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

I

Time Series Water Level

9B

31-8-2013

2-9-2013

482013

8-9-2013

8-9-2013

10-8-2013

12-8-2013

14-3-2013

Figure 27. GG 3 Headwater Stage (ft)

20-9-2013

22-9-2013

Water Level
— GOLDENGATEMAIN 109808

C-30



BCB Level of Service

Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

I

Time Series Water Level

25-8-2013 27-8-2013 31-8-2013 2-9-2013 482013

8-9-2013

8-9-2013 10-8-2013

12-8-2013 14-3-2013 16-8-2013 18-8-2013 20-9-2013

Figure 28. GG 3 Tailwater Stage (ft)

22-9-2013

24-9-2013

Water Level
— GOLDENGATEMAIN 111942

C-31



BCB Level of Service Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report

[ft*3is] Time Series Discharge Discharge
— GOLDENGATEMAIN 52217.8
1000.0 - ----mmmmmeeeee e e e — R b R L [ E. e b I e b
8500 - ommeeenone e s e S
PO L L L A R L L i L I L I L A
8500 F---emmeeneeenees P forreneeeea Frearesasneeenead e S oo foreneees preeee e B RSLLls SLLCCLTTTPPRPPEEE (LS CTTPPPPPEEEEY SECTUEPPETPREE RS COTPReS]
000 S R S [ R N b B S A L R S
7500 ---mmennoeenees T e E TP e Ot B0 T e T ST T TP E Ty e T T R e OO Pee T P e e eeeeee R FRPPECLCOREEeeRER FERRLE
7000--- B R Rl e_-_-st it  Hitii A s t i iii il ki — e A BBt i A A, A B B
8500 ---meennoeenees ey e T TP e EORReeE [ B T e e s STt TR T P et PP T et PP T e T e T CEREE e OO P e T P e e EOLEeeeRy FRPPELCOREEEeREN) FERRLEE
6000 --- B R s
550.0 3--- e T O OO SO L S
) R s T T T T T et S i
4500 F---meennne e LT L PeeoT TSP L LT LPeTeTEs: PPTEELOREETTY EER FERETR e TERPIE CEE e Pyt S E Pt S PR PP S PP TP et SR PP PP L e L ey FETPRE e e L LULPPR PR EECTUPPEoR S RRREee
4000--- B CCOTEEEEN R Tt L RRRALIt STEELLTTEEERRREEE SR TEEEN
350.0 - -oonmomnneeeee T S S L S A e ECLTEE TR EELLUPPEoR SEERRREOe
‘1!‘—_
3000 - e [ o i e SR R
A0 oo mm oo e
B e R S T e B Gutt RETERRCLREELEREE SR
D0 - e oo e
2582013 2782013 2082013 31-8-2013 292013 492013 892013 892013 10-9-2013 12:9-2013 14-9-2013 16-9-2013 18-9-2013 2092013 292013 2492013

Figure 29. GG 4 Discharge (cfs)
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Figure 27. GG 3 Headwater Stage (ft)
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Figure 30. GG 4 Headwater Stage (ft)
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Figure 31. GG 4 Tailwater Stage (ft)
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Figure 33. GG 5 Headwater Stage (ft)
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Figure 34. GG 5 Tailwater Stage (ft)
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Figure 36. GG 6 Headwater Stage (ft)
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Figure 37. GG 6 Tailwater Stage (ft)
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Figure 39. GG 7 Headwater Stage (ft)
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Figure 17. CR951S Discharge (cfs)
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BCB Level of Service

Deliverable 4.4.1 — FPLOS in Golden Gate Watershed, Final Report
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Figure 18. CR951S Headwater Stage (ft)
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