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Summary of Findings

The purpose of this study was to determine solutions to combat flooding within the North Beach area of
the St. Johns County. The study used a variety of sources as well as eyewitness testimony to develop
multiple computer models that simulate rising water levels as witnessed on an annual frequency up to
an infrequent event similar to Hurricane Matthew from rainfall and seawater inflow from the
Intracoastal Waterway. Solutions that required purchasing homes and high-cost additions, like a $10
million pump station, were not considered for this study.

Three alternatives were developed under this study designated by the following: Full-Length Bulkhead
(FLB); Raise Myrtle, Laurel, and Wahoo (RMLW); and Raise Road Ends (RRE).

The FLB alternative investigated constructing a bulkhead along the entire Intracoastal shoreline. This
bulkhead would protect the study area from seawater inflow via low points on the shoreline. This
alternative replaced all low-lying inflow points north, south, and west resulting in the lowest water
levels, but it required the highest construction cost and private owner cooperation.

Advantages
e Erosion protection during wave action.
e A constant wall elevation that protects low-lying properties throughout most of the
neighborhood.
Disadvantages
e Extremely high construction costs.
e Requires donation of property and cooperation between all property owners along the western
shoreline.
e Aesthetic loss of sandy shoreline and natural buffers.
e Requires extensive environmental permitting.
e Limits access to shoreline and provides a visual obstruction for each property owner.

The RMLW alternative investigated raising the elevation of the major North-South roads: Myrtle Street,
Laural Street, and Wahoo Drive. Properties east of these streets would see reduced water levels from
rising Intracoastal levels while properties west of these streets would continue with their current
amount of protection. This alternative requires the second largest construction cost and dozens of
easements from property owners for the new construction.

Advantages

e Major Construction limits are within the County right-of-way (with exception of driveways and

temporary easements).

e Minimized environmental and aesthetic impact of the Intracoastal shoreline.
Disadvantages

e Extremely high construction costs

e Requires significant infrastructure improvements to existing drainage system

e Requires easements from adjacent property owners.

e May require permitting and water quality treatment.

e Does not provide any protection for properties west of Myrtle, Laurel, and Wahoo.

e Does not prevent erosion from wave action.



The RRE alternative investigated raising the elevations at street ends adjacent to the Intracoastal. The
RRE alternative would prevent seawater inflow from low-lying streets ends. However, seawater may
enter the study area from low points within private property. This alternative requires the lowest

construction cost and the least private property cooperation but provides the least flooding reduction.

Advantages

e Does not require cooperation from all private property owners along the Intracoastal.

e In smaller storm events, will improve protection for the study area from water encroachment

via low street ends.

e Allows the existing shoreline and vegetation to remain along private properties.
Disadvantages

e Potential for water to encroach via low-lying private property along the shoreline.

o New infrastructure with additional backflow devices.

e Limited flood reduction in larger storm events.

Peak Water Level Summary
Simulation Hurricane Matthew Equivalent Event

feet above sea level, NAVD
Existing Condition 6.70

Proposed FLB 4.88
Proposed RMLW 4.95
Proposed RRE 6.70

Summary of Estimated Construction Costs
Proposed FLB $73
Proposed RMLW $7.2
Proposed RRE $26
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Executive Summary

The North Beach area is a subsection of the greater Vilano Beach area of St. Johns County (SJC), Florida.
This neighborhood lies west of SR A1A and comprises primarily single-family homes along with
undeveloped wooded lots. Due to its proximity to the Intracoastal Waterway (also called the Tolomato
River) and the Atlantic Ocean, the North Beach area has experienced many flooding events. More than 4
significant storm events have occurred in the last 8 years.

Flooding heights were investigated using the modeling software ICPR4. ICPR4 does not model ocean
waves or winds, but the software can model the rise and fall of water levels as rain and other sources
enter an area. The Existing Conditions Model (ECM) utilized the best available data to model flooding
during Hurricane Matthew. The ECM model incorporated elevations from streets and existing bulkheads
as well as hydraulic information from outfalls such as tidal flap gates. A Homeowner Input Survey was
conducted to obtain eye-witness information regarding flood heights and locations.

The FDOT was contacted about planned trail and drainage improvements along SR A1A. It was
determined these improvements would not have a significant impact on flooding or drainage flow
within the study area.

Once the ECM was created and verified with known flood elevations, it was replicated to create
proposed conditions models for three flooding improvement alternatives: Full-Length Bulkhead (FLB);
Raise Myrtle, Laurel, and Wahoo (RMLW); and Raise Road Ends (RRE). These improvements varied from
creating bulkheads to raising street elevations. In all cases, the proposed model used the same storm
events as the ECM to compare what improvements were made to flooding. The alternatives were
evaluated for overall cost and reduction in flooding. The results are summarized in the tables below.
Solutions that required purchasing homes and high-cost additions, like a $10 million pump station, were
not considered for this study.

Peak Stage Reduction Summary (Mean Annual and Hurricane Matthew Equivalent Events)

Simulation Peak flood heights (feet above sea level, NAVD)
Mean Annual Hurricane Matthew
ECM 3.53 3.21 6.70 6.70
Proposed FLB 3.53 3.21 4.88 4.87
Proposed RMLW 3.53 3.21 4.95 6.70
Proposed RRE 3.53 3.21 6.70 6.70

Summary of Estimated Construction Costs

Solution Cost (Millions)

Proposed FLB $73
Proposed RMLW $7.2
Proposed RRE $26



Existing Conditions

Purpose and History

The North Beach area is a subsection of the greater Vilano Beach area of St. Johns County (SJC), Florida.
This neighborhood lies west of SR A1A and comprises primarily single family lots interspaced with
undeveloped wooded areas. Over the past 50 years, gradual residential development has occurred in
this area along with intermittent drainage improvements. Due to its proximity to the Intracoastal
Waterway (also called the Tolomato River) and the Atlantic Ocean, the North Beach area has
experienced many flooding events. More than 4 significant storm events have occurred in the last 8
years. Since the early 2000s, significant capital improvements were made to convey runoff to the
Intracoastal Waterway.

The North Beach Drainage Study was conducted by Osiris 9 Consulting, LLC on behalf of St. Johns County
Public Works following damaging storm events that flooded this community. The study sought to
determine root causes of flooding experienced specifically since 2016, model the flood reduction of
various improvements, and provide St. Johns County with estimates of probable cost for each. See
Appendix A, Figure 1: Study Location Map.

The neighborhood has experienced the following construction since the 1980s:

e Berms built to separate specific roads from the Intracoastal, 1980s

e Driveway culverts and cross drains to promote drainage to the Intracoastal, 1990s

e Usina Boat Ramp Improvements, 2007

e Connelly & Wicker designed ditches that were partially constructed based on homeowner
rejection, 1997.

e Four flap-gate tide control structures at street ends along the Intracoastal, 2005

e North Beach Utilities Wastewater treatment plant expansion, 2005

e Ditch and flap-gate structure connected to 23™ Street, Wahoo Drive, and the Villages of Vilano
outfall, 2007.

e Boating Club Road boat ramp raised, 2023.

Existing Topography and Conveyance

The study area extended from Euclid Avenue south to 23 Street and from the Atlantic Ocean east to
the Intracoastal. Existing elevations in the study area range from 3.0 to 21.0 North American Vertical
Datum (NAVD) 88. All elevations in this study are given in this datum. The eastern 30% of the study area
slopes rapidly to the west while the remaining 70% has a gradual slope towards the Intracoastal with
intermittent depressional areas. See Figure 2: USGS Quad Map and the diagram printed in Appendix B
with the ICPR4 model output. Homeowners within the study area experience localized ponding during
regular rain events and widespread inundation during larger storm events such as hurricanes and
tropical storms. The soil within the study area is Satellite fine sand, 0 to 2 percent slopes, Narcoossee
fine sand, shelly substratum, and Fripp-Satellite complex — see Figure 3: HSG Soils Map. Under the
Hydrologic Soil Group designation, these soils are classified as “A” soils. Type “A” soils have high
infiltration rates and allow runoff to quickly seep into the ground. Existing conveyance consists of swale
and closed collection systems. The east-west streets primarily drain from SR A1A to the Intracoastal via



swales and driveway culverts. Within a few hundred feet of the Intracoastal, storm sewer pipe systems
convey discharge through flap-gate outfall structures. These structures were installed to prevent high
water stages in the Intracoastal, both tidal and storm related, from flowing into the low-lying areas of
this neighborhood. See Pertinent Source Data in Appendix C for existing outfall structure details. Figure
4: FEMA Flood Zone Map shows 87% of the study area is estimated to be impacted by the 100-year
storm event.

Including the Villages of Vilano (VOV) outfall, there are five outfalls for the study area. Below is a
summary of the contributing drainage basins.

Table 3: Drainage Basin Summary

Basin Location Area (ac) CN High Elevation Low Elevation Outfall Invert
1 10* Street 45.98 61 20.50 3.20 1.56

2 17t Street 55.00 61 19.90 2.70 1.56

3 19 Street 26.14 61 17.30 2.30 1.56

4 215 Street 38.72 61 16.50 2.30 1.2

5 VOV 59.00 61 12.00 3.00 1.8

Data Source List
The following is a list of data sources used for gathering necessary information for the ICPR4 model

setup, calibration, and interpretation. Pertinent excerpts from these sources can be found in Appendix
C.

e Florida Department of Environmental Protection Statewide Land Use Cover (FLUCCS)
e USDA Web Soil Survey
NRCS SCS CN Method
FEMA National Flood Hazard Layer
FEMA Flood Insurance Study 12109CV001D Volume 1 -5
2018-2020 USGS Lidar: Florida Peninsular FDEM
e National Hurricane Center’s Tropical Cyclone Report: Hurricane Matthew (AL142016)
o NOAA Atlas 14 Point Precipitation Frequency Estimate (100 yr 24 hr)
e NOAA/NOS/CO-OP Tide gauge data at 8720554
e  USGS Storm Guage data FLST03118 Hurricane Matthew
e  USGS Storm Guage data FLSTJ03118 Hurricane Irma
e North Beach Community Alliance: Flooding Mitigation and Prevention Resident Survey, March
2023
e (City of St Augustine Data Hub, High Water Marks: Hurricane Irma
e St Johns County, High Water Marks: Hurricane Matthew and Hurricane Irma
e USGS Flood Event Viewer, High Water Marks: Hurricane Matthew and Hurricane Irma
e Connelly & Wicker North Vilano beach Drainage Improvement Contract Plans
o 10" & 11% Street Outfall
14 Street Outfall
17 Street Outfall
21°* Street Outfall
23" Street Outfall

O
O
O
O



e SJC Public Works — Surveying and Mapping/GIS Division
o Wahoo Drive Topographic Survey
o 23" Street Topographic Survey
o Usina Boat Ramp Topographic Survey
e St. Johns River Water Management District (SIRWMD) — Environmental Resource Permit
o ERP#48323-1
o ERP#48323-2
o ERP#48323-3
o ERP #48369-5

Coordination

The direction from SJC staff, was to evaluate a major storm equivalent to Hurricane Matthew and a
Mean Annual storm event. North Beach Park was not made available for potential added rainfall
storage, based on recent homeowner preference to make no alterations to the park. Data collection was
to include coordination with the FDOT project along SR A1A (FPID 429931-1-52-01).

FDOT staff were contacted concerning the project along SR A1A. The project comprises study and design
of an 8’ sidewalk which has a northern terminus at North Beach Park. The project includes a French
drain collection/treatment system that continues further north from North Beach Park to Serenata
Beach Club. The French drain system will divert more runoff from SR A1A into the ground relative to the
existing condition. The runoff from SR A1A within the study area is estimated to contribute <1% of the
runoff into the study area. Since the peak stages are controlled by rising water levels in the Intracoastal
rather than from rainfall, the proposed changes from the FDOT project are not considered in the
modeling.

Homeowner Input Survey

In order to identify drainage patterns and verify stages from previous storm events, a Homeowner Input
Survey was distributed to residents at a public meeting hosted by North Beach Community Alliance at
the Guana Tolomato Matanzas National Estuarine Research Reserve on August 16, 2023. Twenty-four
(24) responses to the survey were submitted online and in person. The results documented flooding
experienced in both large and smaller rain events as well as providing photographic documentation of
specific storm events such as Tropical Storm Nicole and Hurricane lan. See Appendix D for a summary of
the survey responses.



Model Development

Boundary Conditions

Boundary time-stage conditions from past storm events were a critical component for calibrating the
existing conditions model. The United States Geological Survey (USGS) installs temporary water level
sensors in coastal waterways ahead of major storm events. One gauge on the Intracoastal, FLSTJ03118,
was installed for Hurricane Matthew within the study area and was used to create the boundary stage
set for the Tolomato River. The nearest water level gauge for the Atlantic Ocean was located near Fort
Matanzas, FLSTJ03126. The stages from this gauge were used to establish the boundary stage set for the
Atlantic Ocean for Hurricane Matthew. These boundary conditions allow the model to accurately predict
when inundation will occur at various locations, and how long the stages remain elevated. An ICPR4
node diagram and input data are provided in Appendix B: Calculations and ICPR4 Modeling. For storm
events analyzed other than a Matthew Equivalent event, the mean higher high water (MHHW) values
were used for the Intracoastal and the Atlantic.

Design Decisions and Assumptions

Due to the limited information available regarding existing drainage improvements, the model focused
on incorporating drainage structures that cross basin boundaries. Modeling was not considered for
scenarios where flap gates fail and are stuck open. For this phase of the study, conveyance swales were
omitted from the model because all low areas in each basin are hydraulically connected beneath the
peak stage of the simulated storms.

Due to limited survey data within the study area, stage-storage information for each basin was
generated using the Digital Elevation Model (DEM) surface in ICPR4 — see Appendix B for example. This
stage-area table was truncated at elevation 9.0 to reduce computational time. The highest elevation
found from the FEMA FIS study was 7.0. A 2-foot buffer was added to allow for variations in the stage.

Existing Conditions Model

To accurately model rainfall runoff within the study area, hydrologic soil group (HSG) data was
correlated with the existing land use based on the SCS CN method — see Figure 5: Land Use Map. Two
basins, Basin 1 and Basin 2, were created to better understand the overall hydrology of the study area.
The ICPR4 Node Diagram in Appendix B shows the basins and respective links in the ECM. Basin 1
encompasses the majority of land east of Myrtle Street, Laurel Street, and Wahoo Drive. These streets
serve as the drainage boundary between Basin 1 and Basin 2 due to relatively consistent elevations and
limited points for water to cross. Basin 2 encompasses the western portion of the study area from the
above-mentioned streets towards the Intracoastal. Under existing conditions, runoff from Basin 1 will
flow west into Basin 2 before outfalling to the Intracoastal.

Once runoff and drainage basin data were established, a weir was modeled on all sides of each basin.
The profiles of bordering streets (23", Wahoo, 21%, Laurel, 16", Myrtle, Euclid, and SR A1A) were used
to develop the shape of the weirs between basins. During a storm simulation, water must stage up to
the lowest point on these streets before flowing into the basins unless it flows first through a culvert
that is below the street. This helped identify low spots in the study area that may influence regional
flooding. An additional weir was modeled for Basin 2 along the western shoreline. This weir initially
followed a constant lidar high point that was found along the Intracoastal shoreline. After collecting



additional data from residents, it was observed that many properties had bulkheads with elevation
profiles that conflicted with the lidar data. Using this additional information, “XW-BULKHEAD” was
modified to better represent the elevation at existing bulkheads and manmade berms along the
shoreline. During a storm simulation, water must stage up to the lowest point on the shoreline before
flowing into Basin 2. This assumption aligns with data collected from residents who have observed water
encroaching from the west via low spots along the Intracoastal.

In addition to overtopping earthen or roadway weirs, water may also enter the study area through
various pipe connections that cross under many of the streets mentioned above. There are five flap gate
structures that hold back rising waters in the Intracoastal from the low-lying areas in the neighborhood
but allow rain runoff to flow into the Intracoastal when river levels are lower than the water levels in the
study area. Under large storm events, these flap gates may alter the behavior of flood staging within the
study area. Five flap gates, located at 10™ Street, 17™ Street, 19" Street, 21° Street, and Villages of
Vilano, were modeled. Existing pipe culverts that cross basin divide weirs were added to the model using
survey data from SJC Surveying or from permitted construction plans.

To model a tidal flap gate in ICPR4, a three-step methodology was used. Two stage-area nodes were
placed upstream and downstream of the flap gate location. Next, a pipe link was added between the
upstream and downstream nodes. Construction details from the sources listed above were used to input
the pipe size, upstream invert, and downstream invert. The flow direction was set to positive only,
allowing stormwater only to flow towards the Intracoastal node. The final step added a pipe link from
Basin 2 into the upstream node and a pipe link from the downstream node to the Intracoastal. By using
this three-step approach, the flap gates can be further modified if new information is collected. Since
most of the flap gates are sumped, the exit loss coefficient was added to address the reduction in
velocity.

A single storm simulation was used for calibrating the ECM. The Hurricane Matthew Equivalent event
was used because SJC had obtained more than 10 high water marks after the event, and the USGS
gathered accurate time-stage data from the Intracoastal and the Atlantic. Tailwater conditions were
added to the boundary nodes at the Intracoastal and the Atlantic based on this storm event. USGS
Gauge information obtained from Hurricane Matthew was used for the boundary stage node. The
rainfall amount was set to 8.81" for Hurricane Matthew based on the recorded precipitation around the
study area.

The unit hydrograph UH323 was used for all storm simulations because this unit hydrograph mimics
developed residential land use without steep slopes.

The peak stage of the ECM for the Hurricane Matthew Equivalent storm simulation is 6.70 in both Basins
1 and Basin 2. The Mean Annual storm simulation produced peak stages of 3.53 for Basin 1 and 3.21 for
Basin 2. The following table shows surveyed high-water points collected by SJC after the actual
Hurricane Matthew event. The model effectively matches the data considering that the surveyed points
were taken from rough lines left behind by floating debris that stuck to fences and other structures.



Table 4: Calibration Points from Hurricane Matthew

Basin Location High Water Mark
1 4090 Myrtle St, St. Augustine, FL 32084 6.54
1 302 Eleventh St, St. Augustine, FL 32084 6.65
1 213 12th St, St. Augustine, FL 32080 6.50
2 4001 Myrtle St, St. Augustine, FL 32084 6.64
1 302 Seventeenth St, St. Augustine, FL 32084 6.67
2 608 Boating Club Rd, St. Augustine, FL 32084 6.76
1 515 Boating Club Rd, St. Augustine, FL 32084 6.64
2 601 Nineteenth St, St. Augustine, FL 32084 6.92
2 600 Twentieth St, St. Augustine, FL 32084 6.74
2 603 Twentieth St, St. Augustine, FL 32084 6.78
1 216 Nineteenth St, St. Augustine, FL 32084 6.82
1 515 Twenty Third St, St. Augustine, FL 32084 6.95
1 3741 Palm St, St. Augustine, FL 32084 6.94

Sources: SIC, City of St. Augustine, USGS

Proposed Conditions Model

The proposed conditions model is a modification of the verified ECM. Three proposed conditions models
(PCMs) were created to investigate improvements made by the three solutions mentioned in the next
section.

To create the PCMs, the ECM was duplicated and renamed to each of the three solutions: Proposed FLB,
Proposed RMLW, and Proposed RRE.

Proposed FLB consists of a modification to XW-BULKHEAD and XW-EUCLID cross sections. XW-
BULKHEAD was modeled to simulate a full-length bulkhead along the ICW. An elevation of 6.8 was set
along all of XW-BULKHEAD based on the maximum recorded stage from Hurricane Matthew by USGS.
The western 800 feet of Euclid Ave. is below the 6.8 bulkhead elevation and would allow seawater to
pass around the FLB in a storm event. To counter this, XW-EUCLID was modified for the western 800
feet to match the 6.8 bulkhead elevation.

Proposed RMLW consists of a modification to XW-MYRTLE_LAUREL and XW-EUCLID cross sections. XW-

MYRTLE_LAUREL was modeled to simulate a raised roadway profile. An elevation of 6.8 was set along all
of XW-MYRTLE_LAUREL based on the same criteria mentioned above. Likewise, the western 800 feet of

XW-EUCLID was raised to match the 6.8 roadway elevation.

Proposed RRE consists of a modification to XW-BULKHEAD and XW-EUCLID cross sections. XW-
BULKHEAD was modeled to simulate manmade berms where county streets terminate at the
Intracoastal. A berm elevation of 6.8 was used based on the same criteria mentioned above. XW-
BULKHEAD was raised to 6.8 at the following locations: Euclid/10%, 11t%, 12t 13t 14t 15% 18t 20t
and Wahoo. Based on field and lidar observations, these road ends were determined to be below 6.8
and were raised. The remaining areas of X\W-BULKHEAD were left identical to the ECM as these areas



would not be altered in the RRE solution. As discussed in the previous two solutions, the western 800
feet of XW-EUCLID was raised to match the 6.8 berm elevation.

The Mean Annual storm event and the Hurricane Matthew Equivalent storm event were applied to the
ECM and the three PCMs.

Potential Solutions

Areas of limited protection from rising water levels in the Intracoastal were observed during the
research and ECM development of this study. Items are listed below; this list is not exhaustive nor did
the scope of this study include survey to verify elevations.

Protection Limitations Along the Intracoastal

e Low points in private properties that allow rising water to convey to streets removed from the
Intracoastal.

e Low points in Villages of Vilano development that allow rising water to convey to the natural
area south of 23" Street.

o Subsequently, low profile elevation of 23™ Street that allows rising water to convey
north into private property.

e Low profile elevations along Euclid that allow water to convey through North Beach
Campground into private property south of Euclid.

e Low elevations at street-ends that allow rising water to enter roadside swales and connect to
depressional areas otherwise removed from the Intracoastal.

Inland Limitations Contributing to Flooding

e Natural sandy soils replaced with sod and topsoil with lower infiltration rates.

e  Existing trees that previously contributed to drawing down standing water levels now replaced
with homes.

e Added fill beneath new homes has reduced flood storage area around low-lying homes.

e Natural sand dune topography that consists of sand ridges with intermittent valleys, which
collect water, have been developed, reducing flood storage areas.

This study focused on three potential solutions that avoid impacts to homes. Other solutions that
require purchasing private property and/or homes were not studied. During a storm like Hurricane
Matthew and even the 100-year FEMA flood elevation, rising water of the Atlantic was not a
contributing factor in flooding within the North Beach neighborhood. Evaluated solutions sought to
provide protection from rising water in the Intracoastal through berms and pipe systems with backflow
prevention. Like other low-lying, flood-prone areas in the U.S., pumps could be installed to draw water
from lower areas in the drainage basin to reduce the height of the rising water. In cases where pumps
would be utilized, a flood barrier (berm, bulkhead, etc.) would be constructed. Therefore, the cost of a
pump would need to be added to the estimated cost of the solutions studied herein. Upon considering
the Jacksonville Electric Authority (JEA) recently spent approximately $10 million for a pump system in
downtown Jacksonville, this type of solution was expected to be outside of St. Johns County’s budget
and therefore excluded from the study.



All Proposed Conditions Models were run with identical storm events to compare what improvements
were made to existing flood staging. Sketches of the proposed solutions can be found in Appendix A:
Figures. The following table is a summary of the modeling results.

Table 1: Peak Stage Reduction Summary (Mean Annual and Hurricane Matthew Equivalent Events)

Simulation Peak flood heights (feet above sea level, NAVD)
\IEELWATTE] Hurricane Matthew
ECM 3.53 3.21 6.70 6.70
Proposed FLB 3.53 3.21 4.88 4.87
Proposed RMLW 3.53 3.21 4.95 6.70
Proposed RRE 3.53 3.21 6.70 6.70

Solution 1: Full-Length Bulkhead (FLB)

In the existing condition, the shoreline properties along the Intracoastal vary in elevation and
composition. There are existing bulkheads along certain properties; however, there are gaps,
particularly at street ends. This solution aims to create a continuous bulkhead along the entire western
shoreline of the North Beach neighborhood.

The proposed bulkhead was modeled at elevation 6.8 to exceed the maximum stage of Hurricane
Matthew as recorded by USGS. The constructed bulkhead should consider the FEMA 100-year stillwater
elevation 6.5 and the wave crest elevation up to 9.0. The cost estimate was based on a wall elevation of
7.0.

In addition to a complete bulkhead along the Intracoastal, to reduce flood stages, a short berm would
have to be constructed between the end of Wahoo Drive and 23™ Street. This would be an earthen
berm that would require an easement from two properties: 3780 Wahoo Drive and 610 23" Street.

Also, 1600’ of 23" Street would need to be raised to elevation 6.8 because of the limited protection
provided by the Villages of Vilano development. This road construction would require collection system
improvements along 23" Street and well as Temporary Construction Easements (TCE) for rebuilding
driveway transitions to the new road elevation. The collection system improvements may require
permanent drainage easements along 23™ Street.

Similarly, 800’ of Euclid Avenue would need to be raised to elevation 6.8 because of limited protection
from the North Beach Campground. Road construction would require collection system improvements
and some TCEs for driveway rebuilding.

Advantages

e Erosion protection during wave action.
e A constant wall elevation that will protect low-lying areas behind the bulkhead.
e Low-lying areas immediately behind the bulkhead can be protected from nuisance tidal flooding.

Disadvantages



e Requires cooperation between all property owners along the western shoreline of the study
area.

e Aesthetic loss of sandy shoreline and natural buffers.

e Limited access to shoreline for each property owner.

e Requires environmental permitting.

e Potential impacts to aquatic species who may use the gradual shoreline.

This solution produced peak stages in Basins 1 and 2 of 3.53 and 3.21, respectively for the Mean Annual
storm and 4.88 and 4.87, respectively for the Hurricane Matthew Equivalent storm. There was no
reduction for the Mean Annual storm event, but there was a 1’-10” reduction for the Hurricane
Matthew Equivalent storm event. This solution will require permits from SIRWMD and US Army Corps of
Engineers for roadway improvements and impacts to the Intracoastal. It is estimated that this
alternative will require a 0.7-acre pond to treat the roadway improvements.

Solution 2: Raise Myrtle, Laurel, and Wahoo (RMLW)

Since a continuous bulkhead requires cooperation of all shoreline property owners, another alternative
was considered that focuses the majority of improvements within existing County right-of-way.
Potential Solution 2 raises road profiles of the north-south roads Myrtle Street, Laurel Street, and
Wahoo Drive. Subsequently, connecting streets 16" and 21 would be raised as well. Raising the roads
creates an inland berm to protect the low-lying properties east of the raised roads. Raising the roads
would require complete reconstruction of the roads listed above as well as installing a closed collection
system, as the existing ditches would need to be filled in.

The proposed road profiles were modeled at elevation 6.8 to exceed the maximum stage of Hurricane
Matthew as recorded by USGS. The constructed road profiles should consider the FEMA 100-year
stillwater elevation 6.5. The cost estimate was based on a road profile elevation of 7.0.

In addition to raising road profiles to reduce flood stages, a short berm would have to be constructed
between the end of Wahoo Drive and 23" Street. This would be an earthen berm that would require an
easement from two properties: 3780 Wahoo Drive and 610 23™ Street. Alternately, Wahoo Drive can be
excluded, and Laurel Street profile extended to 23™ Street if the private owners 3780 Wahoo Drive and
610 23™ Street decline an earthen berm on their property.

Also, 1600’ of 23™ Street would need to be raised to elevation 6.8 because of the limited protection
provided by the Villages of Vilano development. This road construction would require collection system
improvements along 23" Street and well as TCE for rebuilding driveway transitions to the new road
elevation. The collection system improvements may require permanent drainage easements along 23™
Street.

Similarly, 800’ of Euclid Avenue would need to be raised to elevation 6.8 because of limited protection
from the North Beach Campground. Road construction would require collection system improvements
and some TCEs for driveway rebuilding.

Collection systems would include backflow prevention devices to prevent west-to-east flow beneath the
north-south roads due to rising water in the Intracoastal.

Advantages

10



e  Within County right-of-way (with exception of driveways and TCEs).
e Minimized environmental and aesthetic impact of the Intracoastal shoreline.
e Allows closed collection of runoff as opposed to open ditches.

Disadvantages

e May require permitting and water quality treatment.
e Does not provide any protection for properties west of Myrtle, Laurel, and Wahoo.
e Does not prevent erosion from wave action.

This solution produced peak stages in Basins 1 and 2 of 3.53 and 3.21, respectively for the Mean Annual
storm and 4.95 and 6.70, respectively for the Hurricane Matthew Equivalent storm. There was no
reduction for the Mean Annual storm event, but there was a 1’-9” reduction for the Hurricane Matthew
Equivalent storm event for the neighborhood east of the raised roadway. This solution will require a
permit from SJRWMD. It is estimated that this alternative will require a 1.8-acre pond to treat the
roadway improvements.

Solution 3: Raise Road Ends (RRE)

Based on eyewitness testimony and field observations, many street ends on the western shoreline of
the study area vary in elevation compared to the surrounding area. Many street ends served as private
boat ramps in the 1980s. These boat ramps were gradually built-up and blocked to reduce usage.
However, the top elevations of the fill were inconsistent and lower than surrounding properties and, as
a result, water may overtop certain street ends during a storm event. This solution will raise all street
ends along the Intracoastal to a constant elevation using berms or complete reconstruction of the street
ends.

The following street ends were modeled with a berm at elevation 6.8 to exceed the maximum stage of
Hurricane Matthew: Euclid Avenue/10™ Street, 11" Street, 12 Street, 13™" Street, 14" Street, 15"
Street, 18" Street (Boating Club Road), 20™" Street, and Wahoo Drive. The constructed berms should
consider the FEMA 100-year stillwater elevation, 6.5. The cost estimate was based on a berm elevation
of 7.0.

In some cases, the current road ends provide conveyance of rainfall runoff towards the Intracoastal. The
following locations would require new piped collection systems with backflow prevention devices to
allow rainfall to continue to discharge to the Intracoastal during minor rainfall events or after major
rainfall events: 11t Street, 12 Street, 13" Street, 14™ Street, 15" Street, and 20™ Street. Alternately,
the collection systems could be installed to reroute runoff to an existing outfall that already has
constructed backflow prevention. For cost estimation, new backflow preventers were considered in lieu
of rerouting runoff to existing flap gates.

To take advantage of improved protection from raised road ends, 1600’ of 23" Street would also need
to be raised to elevation 6.8 because of the limited protection provided by the Villages of Vilano
development. This road construction would require collection system improvements along 23" Street
and well as TCE for rebuilding driveway transitions to the new road elevation. The collection system
improvements may require permanent drainage easements along 23™ Street.
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Similarly, 800" of Euclid Avenue would need to be raised to elevation 6.8 because of limited protection
from the North Beach Campground. Road construction would require collection system improvements
and some TCEs for driveway rebuilding.

Advantages

e Does not require cooperation from all private property owners along the Intracoastal.
e  Will improve protection for the study area from water encroachment via low street ends.
o Allows the existing shoreline and vegetation to remain along private properties.

Disadvantages

e Potential for water to encroach via low-lying private property along the shoreline.
e New infrastructure with additional backflow devices.
e Does not prevent erosion from wave action.

This solution produced peak stages in Basins 1 and 2 of 3.53 and 3.21, respectively for the Mean Annual
storm and 6.70 for both basins in the Hurricane Matthew Equivalent storm. There was no reduction for
the Mean Annual storm event or the Hurricane Matthew Equivalent storm event. This solution will
require a permit from SJRWMD. It is estimated that this alternative will require a 0.7-acre pond to treat
the roadway improvements. The improvements did not reduce peak stages in the larger storm event
because even though the road ends were raised low spots along private properties still exist that allow
inflow of rising water from the Intracoastal. Property owners would have to individually raise these low
areas on their property to match the proposed berm elevation to better protect their property and the
low-lying areas within the neighborhood.

Cost Estimates

Cost estimates were developed using preliminary sketches of solutions to estimate quantities of major
items, applying FDOT construction average costs, and deriving property appraiser right-of-way values as
needed. Schematics of the proposed solutions are provided in Figures 6-8. Cost estimate details are
provided in Appendix E. The following table is a summary of the total cost of each alternative.

Table 2: Summary of Estimated Construction Costs

Solution Cost (Millions) |

Proposed FLB $73

Proposed RMLW $72

Proposed RRE $26
Conclusions

Each of the alternatives produced varying levels of peak stage reduction. The Full-Length Bulkhead
produced the greatest reductions, but comes at the highest cost, requires the most buy-in from
property owners, is contrary to property owners’ desire for a natural buffer along the shoreline, and
requires the highest level of permitting. The Raise Myrtle, Laurel, and Wahoo alternative has the second
highest cost, but requires less permitting than the FLB. The Raise Road Ends alternative did not reduce
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peak stages in the larger storm event because even though the road ends were raised, low spots along
private properties still exist that allow inflow of rising water from the Intracoastal. Property owners
would have to individually raise these low areas on their property to match the proposed berm
elevation to better protect their property and the low-lying areas within the neighborhood.
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