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A. ENGINEERING DESIGN APPENDIX

The Engineering Appendix of the Draft Project Implementation Report (DPIR) provides a comprehensive
record of the technical support provided by the U.S. Army Corps of Engineers (USACE) Jacksonville District
Engineering Division and South Florida Water Management District (SFWMD) to the Loxahatchee River
Watershed Restoration Project (LRWRP) with technical information and analyses provided by the
following engineering disciplines: Civil, Geotechnical, Hydrology and Hydraulic, Structural, Mechanical,
and Electrical. The specific component features and engineering requirements, focusing primarily on the
hydrology and hydraulic designs, are presented in this appendix.

A.1 Project Objectives

The alternatives presented herein are evaluated based on their contribution to each of the five objectives
using project specific performance measures. Performance measures (PM) are used to evaluate the
hydrologic model output and ecosystem functions so that the restoration performance of each alternative
can be quantified and compared to the 2070 Future Without Project base case condition. The ability for
these objectives to be reached with the implementation of the Tentatively Selected Plan (TSP) is analyzed
using evaluation criteria (EC), which is a process to evaluate project effects and to establish a standard
level of acceptance identified by law or stakeholders. The project objectives, as well as the associated
evaluation and measurements using the PM’s and EC’s, are explained in greater detail within the main
body of the PIR. An abbreviation of the project objectives and performance measures are provided below,
as the evaluation of these criteria are dependent on the hydrologic model output.

Performance Obijectives:

1. Restore the wet and dry season flows to the Northwest Fork of the Loxahatchee River floodplain.

2. Restore and/or maintain oysters, sea grass and other estuarine communities in the Loxahatchee
River Estuary.

3. Increase natural area extent of wetlands.

4. Restore connections between natural areas to improve the hydrology, sheet flow, hydroperiods,
natural storage, and vegetation communities.

5. Restore native plant and animal species abundance and diversity in Loxahatchee River watershed
natural areas, river, and estuary.

Performance Measures:
1. Salinity and Flow, Performance Measure 1

a. In the dry season (December—May): supplemental flows are suggested to maintain a
mean monthly flow of 68 to 90 cubic feet per second (cfs) at Lainhart Dam.

b. In the wet season (June—November): mean daily flows of 115 cfs with a range of 110 to
130 cfs at Lainhart Dam. Mean monthly flow of 110 cfs for 120 days would result in the
appropriate levels of wet season riverine floodplain stages.

2. Watershed Hydrology, Performance Measure 4
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a. This performance measure is used to evaluate benefits to the watershed as measured by the
Wetland Rapid Assessment Procedure, which helps measure the achievement of the
appropriate depth, duration and frequency targets in the Loxahatchee watershed wetlands.
General hydrologic requirements are defined for each of the major plant communities
identified within the indicator regions.

3. Connectivity, Performance Measure 9

a. Performance measure qualitatively measures criteria for evaluating connectivity between
watershed areas. Connectivity is measured by four criterion:

i Connection provides historic hydrologic linkage which contributes to the restoration
of downstream areas and improved quantity, timing and distribution of water

ii. Connections cover majority area (>50%) of an existing or proposed greenbelt

iii. Connectivity promotes water quality improvements and protects water quality by
allowing for only sheet flow across natural lands and natural flow ways.

iv. Connectivity contributes to expanded native habitats and the support of wildlife
populations

A.2 Project Area

The LRWRP study area is approximately 480,000 acres (753 square miles) and is located in northern Palm
Beach County and southern Martin County. The study area is bounded on the north by the C-44 Canal, on
the south by the C-51 Canal, on the west by the L-10/L-12 Canals and Lake Okeechobee, and on the east
by the Loxahatchee River Estuary and Lake Worth Lagoon. The Loxahatchee River discharges ultimately
into the Atlantic Ocean near the town of Jupiter, Florida. The Northwest Fork of the Loxahatchee River,
one of Florida’s two federally designated National Wild and Scenic Rivers, is a natural river channel that
originates in the Loxahatchee and Hungryland Sloughs. Downstream from these sloughs, the Northwest
Fork receives additional input from the other major tributaries of the Loxahatchee River: Cypress
Creek/Ranch Colony Canal, Hobe Grove Ditch, and Kitching Creek. The purpose of LRWRP is to restore and
sustain the overall quantity, quality, timing, and distribution of freshwaters to the federally designated
“National Wild and Scenic” Northwest Fork of the Loxahatchee River for current and future generations.
This project also seeks to restore, sustain, and reconnect the area’s wetlands and watersheds that form
the historic headwaters for the river. Current features within the LRWRP area, such as canals or tributaries
as well as structures of regional importance, are shown in Figure 1.
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Figure 1. Canals and Structures of Regional Importance in the LRWRP area.

B. DESIGN FEATURES OF THE TENTATIVELY SELECTED PLAN

Included in this section are the general assumptions, guidance parameters, and primary references used
in the conceptual design of storage, conveyance, and hydraulic control features specified in the TSP. Table
1 highlights the key features proposed in the TSP and the final array of project alternatives. The
subsequent sections define each proposed feature of the selected plan for each flow-way followed by a
description of non-TSP features. The Project Delivery Team (PDT) agreed that the preliminary design of
features may be optimized during the preconstruction engineering and design phase (PED) at the
discretion of the team.
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Table 1. Design features proposed for the TSP and final array of alternatives.

Project Feature Feature Type TSP Alt 2 Alt 10 Alt 13
Flow-way 1 - G-160 Conveyance Yes Yes Yes Yes
Flow-way 1 - G-161 Conveyance Yes Yes Yes Yes
Flow-way 1._ Grassy Waters Conveyance/Storage Yes Yes Yes Yes
Preserve Triangle
Flow- - M-

O\A.I way 1-M-1 Lower Pump Pump Station Yes -- -- --
Station
Flow- 1-C-51Ph Il
ow-way ase Storage -- -- 44 kac-ft! --
Reservoir
Flow-way 1 - Force Main Conveyance -- -- Yes --
Flow-way 2 - C-18W Reservoir Storage 9.5 kac-ft | 7.2 kac-ft | 7.2 kac-ft --
Flow- 2 - Aquifer St &
RSC\ZVVZ?J(ASR)qUI er >torage Storage 4 wells 2 wells -- 4 wells
Flow-way 2 - M-O Canal Conveyance/Pump Yes Yes Yes Yes
Connector
Flow-way 2 - C-18WCanal Weir
e e Conveyance -- -- -- Yes
Modification
Flow-way 2 - L-8 Shallow Storage -- 4.3 kac-ft -- 6.5 kac-ft
Flow-way 2 - C-18W Natural
Storage -- -- -- Yes
Storage
Flow-way 3 - Pal-Mar East Conveyance/Storage Yes Yes -- Yes
Flow-way 3 - Thomas Pepper Conveyance Yes Yes -- Yes
Farm
Flow-way 3 - Ranch Colony Canal | Conveyance/Storage Yes Yes Yes Yes
Flow-way 3 - Gulfstream West Conveyance/Storage Yes Yes -- Yes
Flow- 3 - Gulfst East and
ow way uitstream tast an Conveyance/Storage Yes Yes Yes Yes
Moonshine
Flow-way 3 - Kitching Creek Conveyance/Storage Yes Yes Yes Yes
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Mack Dairy Spreader Swale Conveyance Yes -- -- Yes

kac-ft represents 1000 acre-feet

It is important to note that the Comprehensive Everglades Restoration Plan (CERP) included the G-160
and G-161 components with the purpose of providing flows and enhancing hydroperiods in the
Loxahatchee Slough, and to increase base flows to the Northwest Fork of the Loxahatchee River. The
SFWMD recognized that G-160 and G-161 water control structures, features of the CERP Plan, were
necessary to provide connectivity between the river and its historic headwaters and essential to deliver
necessary dry season restorative flows to the Northwest Fork of the Loxahatchee River. Therefore, in
parallel with the USACE CERP planning process, the SFWMD moved ahead with the design and
construction of G-160 - the Loxahatchee Slough Structure and G-161 - the Northlake Boulevard Structure
to provide early and necessary benefits at lower costs to the Loxahatchee Slough and the Loxahatchee
River, while allowing for delivery of additional water from and maintaining a more rainfall driven
hydroperiod within the Grassy Waters Preserve (GWP). G-160 was constructed in 2004 and G-161 was
constructed in 2007. The 2005 Feasibility Scoping Meeting Guidance Memorandum for the North Palm
Beach County Part 1 study (predecessor study to LRWRP) approved their inclusion as measures for further
evaluation in the with-project conditions. The Jacksonville District and SFWMD requested that G-160 and
G-161 be included as measures for evaluation in the with-project conditions and that the study
alternatives include the environmental lift/benefit associated with the features. If the measures are part
of the Tentatively Selected Plan and comply with USACE construction standards, then Jacksonville District
and SFWMD requested the ability to provide/receive cost share credit. Therefore, although the features
have already been constructed, both features will be considered as if they have yet to be constructed
throughout the remainder of this document.

B.1 Flow-way1

Flow-way 1 is located in the southernmost portion of the project area, bounded by L-8 Canal and M-Canal
in the south and the G-92 spillway in the north. This flow-way uses the M-Canal and C-18 Canal to route
water from upstream project area basins to the Loxahatchee River. All proposed Flow-way 1 features,
including the M-1 pump station, M-Canal, Grassy Waters Preserve (GWP), G-161 culverts, GWP Triangle,
the C-18 Canal, and G-160 spillway, are shown in Figure 2. Only the M-1 pump station, GWP Triangle, G-
161, and G-160 required a design analysis for the TSP.
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Figure 2. Location Map of Major Features in Flow-way 1.

B.1.1 G-160

The proposed G-160 structure is a reinforced concrete spillway designed to enhance delivery of the
restoration flows to the Northwest Fork of the Loxahatchee River while maintaining water elevations
within the Loxahatchee Slough and conserving optimum upstream water control stages in Canal-18 (C-
18). Construction of the G-160 structure should achieve the following: (1) preserve sensitive wetlands in
the Loxahatchee slough, (2) maintain the existing level of service of flood protection, and (3) provide water
to the Northwest Fork of the Loxahatchee River. G-160 will increase stages in the Loxahatchee Slough,
improving hydroperiods that have been adversely impacted by the construction and historic operations
of the C&SF Project, specifically the C-18 Canal and Structure 46 (S-46). With increased stages in the
slough, G-160 can deliver additional flow to the Loxahatchee River as needed. Discharges from G-160 are
controlled by two stem -operated vertical lift gates. The design discharge rate, to maintain flood control
capability, will be approximately 2000 cfs via two spillway bays, each 25 ft in length. The structure is
operable to allow for the dual purposes of flood risk management and environmental restoration. The
operable gates allow for management of upstream stages to mimic natural slough recession and ascension
in water depth between the wet and dry seasons.
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B.1.2 G-161

The G-161 structure will act as the gateway through which water will be transported from Grassy Waters
Preserve (GWP) through the system to the Northwest Fork of the Loxahatchee River. The G-161 structure
is a multi-purpose feature that will facilitate hydroperiod restoration of GWP, maintain existing level of
service of flood protection, and provide improved conveyance for the regional water system. The water
transfer from the G-161 structure will occur just west of the intersection of the Beeline Highway and
Northlake Boulevard. Water will flow from GWP into the northern GWP Triangle area, north of Northlake
Boulevard. A conveyance channel will carry the flow through the GWP Triangle between the G-161
structure and an existing culvert beneath the Beeline highway that connects GWP to the C-18 Canal. The
conveyance channel also transverses under an existing railroad bridge. Flow will then pass through G-160
to G-92 structures and on to the Northwest Fork. The design allows for variable flow rates between 0 and
150 cfs, adjustable as needed for conservation or flood risk management purposes. The structure will
consist of two 60-in diameter culvert barrels with a total length of 240 ft. The barrels will be controlled
by slide gates and have a flow line elevation of 11.1 ft NGVD29 (9.6 ft NAVDS88).

B.1.3 Grassy Waters Preserve Triangle

The GWP Triangle is located northwest of the intersection of Beeline highway (SR-710) and Northlake
Boulevard. Since the construction of Northlake Boulevard, this portion of GWP has experienced hydrologic
separation from the rest of the GWP area. Hydrologic restoration of this area will be accomplished
through earth work and strategic construction of a swale. This swale was not modeled in LECSR-NP model
due to model limitations with modifying the topographic data in the 700 by 700 ft grid cell, which may
have caused an over inundation of the area. The swale will allow water discharged from G-161 to be
spread west to help improve the hydroperiod in the area.

B.1.4 M-1 Lower Pump Station

A pump station will deliver up to 75 cfs to the M-canal from Indian Trails Improvement District (ITID) lower
M-1 Basin when canal stage conditions allow. Operations of the M-1 Basin allow for water to be pumped
to the M-Canal when stages are above 17.0 ft NGVD29 (15.5 NAVDS88) in the dry season and 15.0 ft
NGVD29 (13.5 NAVD88) in the wet season. The inflow pumping location within the M-Canal will be either
at or downstream of the area within the M-Canal that has been widened.

B.2 Flow-way2

Flow-way 2 is located in the central portion of the project area. Its primary canal conveyances are the M-
O Canal and C-18W Canal. The watersheds that contribute to these canals include the ITID basin via the
M-O Canal, J.W. Corbett Wildlife Management Area (WMA), Hungryland Slough, “Mecca” property (area
of proposed C-18W Reservoir), and natural area east of the North Palm Beach County Airport via the C-
18W Canal. Note existing structures of regional importance: G-92, S-46, Lainhart Dam, and Masten Dam.
Figure 3 shows the proposed features of the TSP in Flow-way 2 and contributing watersheds.
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Figure 3. Location of Project Features for Flow-way 2.

B.2.1 C-18W Reservoir

The only reservoir proposed in the TSP is the C-18W Reservoir. The proposed reservoir is a 9,500 ac-ft
above-ground volume that will provide pumped diversion and storage of excess flows from the adjacent
C-18W Canal, J.W. Corbett WMA, and from ITID upper basin via the M-O Canal. The reservoir will release
water back to the C-18W Canal as needed and available during low-flow periods, for delivery to Lainhart
Dam and the Loxahatchee River downstream. The purposes of the reservoir are (1) capture excess flows
from J.W. Corbett WMA, ITID and the C-18W basin and, 2) deliver water to meet the target restoration
flows for the National Wild and Scenic Northwest Fork of the Loxahatchee River (NWFLR), and 3) change
the timing of flow distribution and reduce waste to tide. The C-18W Reservoir site is approximately 1,920
acres of former citrus grove, located on the east side of Seminole-Pratt Whitney Road approximately 0.5
mile north of Northlake Boulevard in northern Palm Beach County, Florida. It is bounded to the north by
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the C-18W Canal and the Hungryland Slough Natural Area, to the south by the Indian Trail Improvement
District, to the east by the future Avenir development, and to the west by the J.W. Corbett WMA.

The main inflow/discharge canal for the C-18W Reservoir is located between the C-18W Canal and the
northern Mecca embankment. The inflow pump station has a 300 cfs capacity and is located within the
reservoir, south of the intersection of the northern embankment and the inflow canal. The pump can bring
available water into the reservoir from the C-18W Canal. The sources of water that discharge to the C-
18W Canal include the Hungryland Slough and several existing culvert connections to undeveloped lands
south of the C-18W Canal and west of the North Palm Beach County Regional Airport.

As stated previously, there are multiple inflow sources for the reservoir. The J.W. Corbett WMA currently
discharges to the proposed C-18W Reservoir footprint via a sheet-pile weir. Multiple hydrologic changes
immediately down gradient of the existing weir following the construction of the proposed LRWRP
improvements are likely (i.e. C-18W Reservoir inlet, pump station, berms, Seminole Pratt Whitney Road
access, and M-0O connector). The existing weir structure is to be replaced by an operable structure that
will help control discharges to the reservoir while simultaneously providing improved ecological
conditions due to the operational flexibility during the wet and dry seasons. An operable structure will
reduce the potential for flooding both upstream and downstream of the weir. Within the J.W. Corbett
WMA, elevated stages may cause an increase in the loading frequency and duration of the berm
separating the J.W. Corbett WMA from the M-O Canal (at ITID).

Uncontrolled discharge downstream of the structure into the canal network surrounding the C-18W
Reservoir is also of concern. An operable structure will allow managers to better control and mitigate any
flood impacts by providing the project with flexibility in timing and distribution of water from both ITID
and the J.W. Corbett WMA. Retaining the ability to optimize the weir elevation following the construction
of all project features provides considerable flexibility for ongoing management in the area. The proposed
operable structure will be two 36-in gated culvert structures located near or at the existing sheet-pile weir
was constructed. The gates will be telemetry operated and may require redundancy for flood control
purposes. Minor berm improvements along the southern margin of the J.W. Corbett WMA will be required
to help store water. The berm improvements shall, at a minimum, maintain a minimum berm elevation of
26.7'NAVD88 and top width of 14 feet. A multi-barrel culvert road crossing will be sized to carry the
overflow discharge from the new J.W. Corbett WMA structure (and M-O connector water, explained in
detail in section 2.2.3) under Seminole-Pratt Whitney Road to the new seepage canal for the
impoundment. The water will be pumped from the seepage canal into the reservoir up to 250 cfs and will
be located along the western perimeter of the C-18W Reservoir. This pump station is sized to pump
seepage from the reservoir and inflow from J.W. Corbett WMA and M-O Canal Connector into the
reservoir.

Multiple general design requirements for the C-18W Reservoir were considered in the Detailed Design
Report (DDR; Arcadis, 2016). This included outflow structures, seepage management, and overall
reservoir design. The general design of these features was important for two reasons: 1) to ensure that
the reservoir was properly conceptualized and operated in the Lower East Coast sub-Regional (LECsR)
model for alternative screenings; and 2) provide sufficient guidance to estimate the rough order of
magnitude cost of features in the reservoir. Because the reservoir is above ground and the proposed
location is directly north of a residential community, the C-18W Reservoir was classified as a “high” hazard
impoundment due to the potential loss of life, loss of lifeline, and loss of property being significant if a
breach were to occur (Arcadis, 2016). This imposes a stricter and more robust set of design criteria, as
outlined in the Design Criteria Memorandum 2: DCM-2 (SFWMD, 2006), for the reservoir. Therefore the
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highest, most current standards in design and construction were used for the reservoir as well as
additional guidelines regarding a regular inspection program and emergency action plan will be followed
once constructed.

There will be two main outflow structures at the reservoir: 1) a gated culvert discharge structure for
normal operations; and 2) an emergency overflow spillway. The gated culvert structure will be located
along the northern embankment of the reservoir, closely situated to the inflow pump station. The design
is for a dual 48-in diameter culvert that can discharge 300+ cfs, depending on the stages within the
reservoir. The proposed overflow spillway design is a 50 ft wide concrete spillway crest at an elevation
lower than the embankment design elevation. It will be located adjacent to the culvert discharge structure
and discharge into the C-18W Canal. The overflow spillway is designed to convey excess flood water to
the C-18W Canal and away from the residential areas on the south side of the impoundment. The
proposed overflow spillway crest elevation is set to provide 1 foot of freeboard above the normal pool
elevation (27.5 feet NAVDS8S).

The seepage management system design will vary depending on location. Adjacent to the residential
community to the south, Avenir property to the east, and a proposed shooting range to the north-west, a
seepage cut-off wall will be installed. Total length will be approximately 2.5 miles for all segments. The
seepage cut-off wall will consist of approximately 30-ft deep by 18-in wide soil-bentonite slurry mix. A
seepage barrier conducted along the L-31 Canal, adjacent to Everglades National Park, serves as the basis
of design during the feasibility phase (Amec Foster Wheeler Environment & Infrastructure, 2016). Other
areas adjacent to the reservoir will maintain seepage through the use of seepage collection canals. The
seepage canal collection system on the western perimeter of the reservoir will be managed by the 250 cfs
pump station mentioned in previous paragraphs. These seepage collection canals were initially designed
with 3 horizontal to 1 vertical (3H:1V) side slopes, with a depth and bottom width of 10 ft. The seepage
management system needs to be evaluated for the anticipated head differences between the reservoir
and the adjacent groundwater areas to verify the cutoff wall will function as intended. The seepage wall
to the east of the proposed C-18W Reservoir was not modeled in LECSR-NP but seepage potentials will be
analyzed further before the completion of the final PIR document.

The main components of the reservoir design were the embankment design, erosion protection, and
borrow material. Initial estimates for the embankment geometry were based on standard design
requirements from DCM-2 for wind setup and wave run-up over that of the normal pool elevations.
Additional requirements for freeboard included the potential probable maximum flood inflow volume
(direct rainfall on site). These design consideration resulted in an embankment height approximately 18.5
ft above natural ground elevation with a normal design pool depth of approximately 7.5 ft or a normal
pool elevation of 27.5 ft NAVD88. The embankment crest will be 14 ft wide and the exterior and interior
slopes of the basin from the toe to crest are 3H:1V. It was estimated that all of fill material for the
embankment will likely come from on-site through a combination of on-site grading, and the construction
of borrow and seepage canals. Riprap lining of the intake/discharge structures and along the
embankment side slope was included to help with erosion control either due to higher velocities near the
structures or wave action for the interior side slopes.

B.2.2 Four-Well Aquifer Storage and Recovery System

An Aquifer Storage and Recovery (ASR) system will be constructed at the C-18W Reservoir to augment
surface storage capacity and provide greater flexibility in reservoir operations. The ASR system consists
of four ASR wells open to permeable zones of the Floridan Aquifer System. The source of surface water
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for aquifer recharge will be from the seepage collection canal along the western margin of the
impoundment. Surface water will be pumped into the Floridan Aquifer System at a rate of 5 million gallons
per day (MGD). Water will be recovered at a rate of 5 MGD by pumping into the reservoir, for subsequent
distribution into the C-18W Canal. ASR system operation will be integrated with reservoir operations.
ASR system Supervisory Control and Data Acquisition (SCADA) system will be housed within the pump
station.

B.2.3 M-0O Canal Connector

A connector canal between the M-O Canal and area upstream of the planned Seminole-Pratt Whitney
Road Culverts is proposed to bring excess water from the ITID upper basin. Due to the topography of the
area, this connector canal will require water to be pumped from the M-O Canal. The proposed pump
station will be located at the eastern terminus of the M-O Canal. This pump station will be evaluated
during the PED to see if it could be combined with the seepage pump station or potentially replaced with
an operable structure. The connector canal will be constructed adjacent to Seminole Pratt Whitney Road,
on the eastern border of the J.W. Corbett WMA. The new M-O connector canal can send up to 200 cfs to
the C-18W Reservoir under the following conditions: 1) when C-18W Reservoir has available capacity and
ITID upper basin water is available; and 2) when ITID water stages are above wet (16.0 ft. NGVD) or dry
(17.0 ft. NGVD) season control stages. The proposed M-O Canal connection will require excavation of
approximately 3,500 linear feet, totaling 50,000 cubic yards. The canal shall be sized so that water
velocities from the pump station are minimized.

B.3 Flow-way 3

Flow-way 3 is located within southern Martin County and consists of the watersheds within the northern
portion of the project study area. These watersheds contribute to the northwest fork of the Loxahatchee
River via the Ranch Colony Canal and Cypress Creek, Moonshine Creek, Hobe Grove Ditch, and Kitching
Creek tributaries. The project features for Pal-Mar East, Ranch Colony Canal, Gulfstream West,
Gulfstream East, Moonshine Creek, and Kitching Creek are described below. An additional spreader swale
feature, the Mack Dairy Spreader, was incorporated into the TSP due to public input and a cost/benefit
analysis. Figure 4 and Figure 5, below, illustrate the western and eastern project areas and features of
Flow-way 3, respectively.
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Figure 4. Location of Western Project Features of Flow-way 3.
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Figure 5. Location of Eastern Project Features of Flow-way 3.

B.3.1 Pal-Mar East (Nine Gems)

Multiple features within the Pal-Mar East property are proposed for the purpose of improving
hydroperiods and ecology within the area. The first component is to fill the internal drainage canals within
Pal-Mar East to help reduce run-off from the site. Additionally, the small drainage pipes and culverts will
be removed and backfilled to further reduce the drainage of the site. Minor berm improvements will be
necessary at irregular intervals along the Pal-Mar East northern and eastern border to ensure water is
held on site during larger storm events.
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B.3.2 Thomas Pepper Farm

The Thomas Pepper farm is located to the west of Pal-Mar East Property and Pratt Whitney Road (SR-
711). Currently, the farm drains to the south through a canal that bisects the Pal-Mar East property and
discharges into the existing Hobe St. Lucie Control District Drainage (HSLCD) canal and eventually to the
north fork of the Loxahatchee River. The canal through which the Thomas Pepper farms drains causes a
disruption in sheet flow from the southern portion of Pal-Mar East flowing in a northerly direction. Due
to the topography, the northwest corner of southern portion of Pal-Mar East (to the west of Jupiter Farms
equestrian center) may have periods of over-inundation due to the small berm that separates the natural
area of Pal-Mar East from the Thomas Pepper drainage canal. The proposed design is to backfill the
existing Thomas Pepper farms drainage canal and smooth the existing berms to promote sheet flow from
southern Pal-Mar East to the north/eastern portions of the property. The new drainage pattern from the
Thomas Pepper Farm is to drain along the northern border of Pal-Mar East, between Pal-Mar East and the
HSLCD agricultural land. This will require modification of a drainage ditch that currently exists along the
northern boundary of Pal-Mar. The existing ditch shall be widened and deepened to handle the additional
outflow from Thomas Pepper Farms. Additionally, a new culvert and pump will be required to re-route
the Farm’s drainage under Pratt Whitney road and into the newly constructed drainage canal.

B.3.3 Ranch Colony Canal

The south eastern portion of Pal-Mar East (also known as “Culpepper”) currently drains through four
water control structures into the Ranch Colony Canal. The Ranch Colony Canal begins at the south-eastern
corner of Pal-Mar East, extending north and east between residential communities (The Links and Ranch
Colony). Additionally, the HSLCD drainage canal discharges into the downstream portion of the Ranch
Colony Canal. The combined flow discharges uncontrolled under 1-95 and the Florida Turnpike eventually
reaching the northwest fork of the Loxahatchee River, downstream of Lainhart Dam. The system
experiences periods of high discharge during wet periods or large rain events, causing scour and erosion
both within the canal and downstream. Additionally, during drier periods, the canal continues to intercept
adjacent groundwater seepage due to the canal’s low bottom elevation. Modifications to the Culpepper
control structures and to the Ranch Colony Canal are proposed for reducing the flashy nature of the
system. Higher inlet control elevations as well as modifications to make the structures operable are
proposed to help maintain more water on the Pal-Mar East property. This modification will help achieve
a more desirable hydroperiod within the Culpepper property, while simultaneously reducing discharges
into the Ranch Colony Canal.

The purpose of the proposed new control structure within the Ranch Colony Canal is to improve
management of water elevations within the canal during the wet and dry season. The proposed structure
is a two-bay concrete ogee spillway with telemetry operated vertical lift gates. Each bay will be 10 ft wide
with a crest elevation at approximately 9 ft NAVD88. This design will allow for flexibility during the wet
and dry season. During the dry season, the gates can help hold additional water in the canal, assisting in
the improvement of groundwater levels by reducing groundwater draw down. The structure will be
designed and operated to control discharge velocities associated with wet season releases that may cause
downstream erosion. The design will maintain or improve the current flood protection for the surrounding
developments. The structure location, downstream of the Cypress Creek discharge location into Ranch
Colony Canal, will provide additional hydrologic improvements to the currently over-drained Cypress
Creek Natural Area.
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Additional modifications to ensure flood protection is maintained include the proposed berm
improvements along the Ranch Colony Canal and along the eastern border of Pal-Mar East (western
boarder of the Ranch Colony Community). Existing berm elevations vary and contain low spots that may
be susceptible to flooding during extreme events. The berm improvements along the Ranch Colony Canal
will provide a uniform berm protection elevation for the neighborhoods and account for the proposed
modification to the inlet control elevations of the four water control structures, which will cause higher
stages within the Culpepper property. .

B.3.4 Gulfstream West

The Gulfstream West parcel bordered by the Florida Turnpike to the east, Ranch Colony Canal to the
south, and Pal-Mar East/Old Trail neighborhood to the west. The land was historically a citrus grove but
is currently being used for cattle grazing. The HSLCD drainage canal extends along the western perimeter
of the property before turning east, cutting through a portion of the property. The Gulfstream West area
has been excessively drained due to the drainage canals and ditches from agricultural use as well as the
low stages within the Ranch Colony Canal, to which the HSLCD canal drains.

The main feature proposed for the Gulfstream West property is to construct a flow-through marsh. This
feature will provide multiple benefits:

1. The flow-through marsh will source water from the HSLCD drainage canal, thereby helping control
discharge rates and attenuate flow.

2. A flow through marsh will provide ecosystem benefits and water quality improvements.

3. Potential reduction in stages within the HSLCD Drainage Canal and Ranch Colony Canal as the flow
through marsh provides additional storage and can re-route water from the HSLCD Canal to
downstream of the newly proposed structure within Ranch Colony Canal.

The flow-through marsh feature will pump water from the existing HSLCD Drainage Canal into a series of
collection ditches and spreader berms that will promote sheet flow and re-hydration of the site. The
design will require extensive earthwork, including the construction of a levee to ensure water is
maintained and held on-site. The site will be graded and existing drainage ditches will be removed to
provide a more uniform topography and slight gradient to promote flow in a southerly direction.
Approximately three to four collection ditches with spreader berms will be installed perpendicular to flow.
This will help reduce preferential flow path development, while controlling discharge velocities for
ecological benefits. The runoff from Thomas Pepper Farms, HSLCD and Pal-Mar East is discharged into
the flow through marsh at the northern end of the property via a 250 cfs pump station. If runoff exceeds
250 cfs the by-pass canal (existing HSLCD canal) is used to route the excess runoff directly to the Ranch
Colony Canal. The “dog-leg” at the southern end of the existing HSLCD Canal is removed and the newly
constructed portion of canal will continue north-south, along the west side of the property, with an open
connection at the Ranch Colony Canal. Inflow pumping will stop when water elevations within the flow
through marsh exceed 17.75 ft NGVD29 (16.25 NAVD88) (avg. depth of 3 ft). The outflow structure will
be a notched weir and is designed to discharge a variable rate depending on the marsh depth, with
discharges reaching over 250 cfs when water depth within the marsh exceeds 3 feet. At 1.75 feet of depth
the discharge will be approximately 30 cfs as baseflow to the Loxahatchee River. All discharge from the
flow-through marsh is downstream of the new Ranch Colony Canal structure.
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B.3.5 Gulfstream East and Moonshine Creek

The Gulfstream East property is approximately 450 acres of fallow citrus grove located to the east of the
Florida Turnpike. Historically, the run-off of this property would flow east to the Moonshine Creek and
ultimately to the Northwest Fork of the Loxahatchee River. Restoration of the Gulfstream East and
Moonshine Creek is proposed. The existing drainage ditches will be filled and the site will be re-graded to
the historical topography. To the east of the Gulfstream East property is the unit 3 control structure, which
discharges into the Hobe Grove Ditch. Approximately 250 ft downstream of the Unit 3 structure the Hobe
Grove Ditch and Moonshine Creek are partially separated due to heavy vegetation and sediment. The
proposed feature is to connect the Hobe Grove Ditch and Moonshine Creek. Additionally, a new weir will
be installed at the eastern extent of the Hobe Grove Ditch to help hold additional water within the ditch,
improving the groundwater levels while helping to promote additional flow down the historic Moonshine
Creek. The proposed weir elevation is at 7.5 ft NGVD29 (6 ft NAVD88).

B.3.6 Kitching Creek

Kitching Creek discharges from the north into the north-west fork of the Loxahatchee River. Currently,
Jenkins Ditch discharges flow from the northern portion of Kitching Creek via the Kitching Creek Preserve.
The ditch also helps convey local runoff from surrounding residential properties. The natural area of
Kitching Creek, just south of the residential areas, receives discharge from the ditch. The ditch has caused
higher flow rates and a less natural run-off pattern to occur than historically observed. The proposed
spreader swale is to be constructed to the east and west from Jenkins Ditch at the north end of the
Jonathan Dickinson State Park. This swale will help distribute flows to historic Kitching Creek channels
instead of directly down the ditch. This distribution is meant to mimic historical conditions by reducing
peak discharge rates and creating a more natural flow pattern, aiding in the overall rehydration of the
area. A sheet pile weir is proposed to be constructed in the ditch upstream of the main Kitching Creek
channel at elevation 12.0 ft NGVD to aid in the dispersion of water into the spreader system.

B.3.7 Mack Dairy Spreader Swale

The proposed Mack Dairy Spreader Swale will be located south of the Ranch Colony Canal, parallel to
Mack Dairy Road. The purpose of the spreader swale is to help rehydrate the Cypress Creek Natural Area
by pumping excess water from the Ranch Colony Canal to the spreader swale, located along the western-
most extent of the Cypress Creek Natural Area. This spreader swale will assist in distributing water in a
southerly direction while the natural topography will cause the water to flow east. This design for the
distribution of water was to mimic historical flow patterns from the west (Culpepper area) that have been
interrupted due to urban development. The natural discharge location of Cypress Creek is located just
upstream of the proposed Ranch Colony Canal control structure. This control structure will also help
stages, and associated ecological benefits, within the natural Cypress Creek Natural Area.

The spreader swale pump station capacity is designed to send up to 50 cfs from the Ranch Colony Canal
into the spreader swale. The swale will extend for approximately 3,500 feet, with an average depth of 3
feet, bottom width of 5 feet, and 3H:1V side slopes. The spoil material will be placed along the western
edge of the swale as a small berm. This will assist in promoting an easterly flow direction while helping
provide additional flood protection to Mack Dairy Road. To further improve the hydroperiod and flow
conditions in the Cypress Creek Natural Area, re-grading of the easterly forks of Cypress Creek are
proposed. This is to help maintain lower flow velocities, reduce scour, and promote natural vegetative
growth and improved ecological conditions in the area.
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B.4 Conceptualization of Alternative Features (Non-TSP)

The following features were components developed in alternatives that were not selected for TSP. The
conceptual design of the project features specified in the final array of Alternatives are included to provide
a comparative framework for the analysis of the TSP performance and selection. Many of the project
features recommended in the TSP were also proposed in other Alternatives. For example, G-160, G-161,
and the Grassy Waters Preserve Triangle is recommended in all Alternatives and the TSP. Other features,
such as the C-51 reservoir, was unique to one alternative.

B.4.1 Flow-way1
Features that comprise Flow-way 1 are described in the following subsections.
2.4.1.1 C-51 Reservoir, Phase Il (Alternative 10)

The proposed C-51 Phase Il Reservoir is located within the footprint of a proposed mined area, north of
State Road 80 (Southern Boulevard) in Palm Beach County. Inflow source is the L-8 Canal, with a
contributing area of the L-8 Basin, except for agricultural lands west of S-76. Releases from Lake
Okeechobee are not permitted in Alternative 10 and therefore regional water is not a source for the C-51
Phase Il Reservoir.

The facility is constructed and is operable to provide deliveries to the LRWRP project and water supply to
the City of West Palm Beach. The reservoir discharges are routed via the M-Canal through Flow-way 1.
Available capacity is assumed to be 44,000 acre feet on approximately a 1,600-acre footprint (+ or -), with
33.7 feet of storage from ground elevation. Water elevations may vary between 15.1 ft. to -18.6 ft.
NGVD29 (13.6 to -17.1 ft NAVDSS).

The assumptions for construction of this feature include the following: The site has not been mined at the
beginning of construction and will require all on-site material to be removed and hauled away, dewatering
of the basin will be required, a berm will be constructed around the perimeter, an emergency spillway will
be installed, and inflow/discharge structures will be required. The current design assumptions are
included in Table 2, below.

Table 2. Major Components of the Proposed C-51, Phase Il Reservoir.

Component Description

Berm around periphery of cell 1 | 39,900 linear feet of earth fill embankment. 3H:1V side slopes
with 14-ft crest width. Embankment height 20.5-ft NAVD88.
Embankment upstream slope and crest are protected with a 12-
inch thick slab of Reinforced Cement Concrete (RCC).

Emergency Spillway Vertical upstream face, 1H:1V downstream slope, crest height 7-ft,
with 14-ft crest. Downstream embankment is protected by a 12-
inch thick RCC slab that connects to an RCC lined channel.
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Component Description
Conveyance Canal between Enlarge and excavate conveyance canal — 1.5 miles long,
Reservoir and L-8 canal excavation volume 87,400 cy.
Outflow Pump station 2 300 cfs pump station.

(conveyance canal to L-8 canal)

Inflow culverts (conveyance (3) 10-ft x 10-ft box culverts for 2000 cfs capacity with (3) 10-ft x
canal to L-8 canal) 10-ft automated gates.

Inflow/Outflow Pump Station 300 cfs pump station.
(reservoir to conveyance canal)

Outflow/Inflow culverts (3) 10-ft x 10-ft box culverts for 2000 cfs capacity with (3) 10-ft x
(reservoir to conveyance canal |10-ft automated gate.

Seepage control between Phase | 8.0 miles of Soil-Cement Bentonite seepage barrier along east and
land Il south around the entire perimeter, 31-ft (+11 to -20 ft NAVD88).

Seepage collection Improve existing seepage collection ditch on east side of cell 1.
10,600 linear feet of canal, deepened 2-ft and widened to 10-ft
approximately 12,500 cubic yards of excavation.

Grading within Cell 1 Existing ground elevations are 16.8 ft (south) to 19-ft (north).
Remove approximately 0.5 ft from southern half (350 acres) of Cell
1.

2.4.1.2 Force Main (Alternative 10)

A force main (pressurized pipeline) is to be constructed from M-Canal at eastern Grassy Waters Preserve
(GWP) perimeter to the proposed G-161 structure. A 50 cfs pump station will be placed at M-Canal intake
to drive flow against the natural topographical and hydraulic gradient. The force main will be used to send
water from the C-51 Phase Il Reservoir through GWP upstream of the proposed G-161 structure. The
purpose of the force main is to be able to send water, which may not be meeting the water quality
standard that is maintained in GWP, to the Loxahatchee River. The force main will consist of approximately
24,000 linear feet of piping, 48-in in diameter. The pipeline alignment will likely be located within the
existing GWP perimeter canal. The pipeline material will depend on the desired strength, hydraulic friction
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characteristics, ease of handling, and corrosion resistance; availability of appropriate sizes, wall thickness,
and fittings. The minimum design pressure is assumed to be 10 psi and therefore a potential booster pump
may be required to maintain minimal pressure and velocities.

B.4.2 Flow-way 2
Features that comprise Flow-way 2 are described in the following subsections.
2.4.2.1 L-8 Shallow Storage, Flow Equalization Basin (FEB), Alternatives 2 and 13

The L-8 Shallow Storage feature was proposed in Alternative 2 and Alternative 13. The footprint of both
reservoirs was similar but the maximum design storage capacity, water source for the reservoir, and
inclusion of ASR systems were different between alternatives.

2.4.2.2 L-8 Shallow Storage, Alternative 2

The purpose of the proposed L-8 Shallow Storage is to provide additional water to the Loxahatchee River
to meet restoration goals while simultaneously providing for inter-basin transfer from the L-8 Basin to the
C-18 Basin. The L-8 Shallow Storage has a capacity of 4,300 acre feet on a 1,500 acre footprint. Cell inflow
is from the L-8 Canal via a 200 cfs pump station. Outflow to M-0O Canal is limited to 100 cfs when C-18W
Reservoir has available capacity and the stage within ITID and the M-O Canal allow. The L-8 Shallow
Storage was designed as three holding cells that transport water from the L-8 Canal to the M-0O Canal with
the purpose of improving water quality while simultaneously delivering additional water to the C-18W
Reservoir.

The lower cell, or southernmost cell, has a 700 acre footprint, with water depths ranging from 4 ft. in the
southern portion to 2 ft. in the northern portion of the cell. This varying depth is due to the natural north
to south gradient of the existing topography of the site. The estimated storage when the lower cell is full
is approximately 2300 ac-ft. An inflow pump station will be located at the southern boundary of the cell,
adjacent to the L-8 canal, with a capacity of 200 cfs.

A berm will surround the entire lower cell with the purpose of retaining water. The preliminary design of
the berm was as a Low Hazard Potential, as according to DCM-2 Low HPC (Hazard Potential Classification)
impoundments, which consist of less than 4 ft of water with sustained vegetation. For this design a
minimum of 3 ft of freeboard is required, in addition to the 100 yr-24 hour rainfall + wind setup required.
As vegetation may not be present in the lower portion of the cell due to the deeper water depth, a wave
run-up analysis was performed to ensure the embankment height design remained conservative. The
analysis dictated an average embankment height of 5.4 ft above the maximum water storage level
(MWSL). Therefore, an overall embankment height of 9.4 ft. above ground surface should be utilized for
the lower cell. The length of embankment required to encompass the cell is estimated at 5 miles (26,400
ft). The designed crest width is 14 ft. with a 3H:1V side slope.

There is limited geotechnical information available at the proposed L-8 shallow site. Additional
geotechnical data are available for sites that are within close proximity to the L-8 Shallow Storage, such
as the “Mecca” property (proposed location of C-18W Reservoir). Initial estimates for the embankment
fill material are that 50 percent of on-site material will be suitable for embankment construction while
50% of the required material will be brought from an off-site quarry. Additionally, a seepage collection
system will likely be required due to the potentially sandy soils in the area. The seepage collection system
will likely consist of seepage ditches and a seepage pump that will return water to the FEB.
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The middle cell, situated north-east of the lower cell, has a 600 acre footprint with water depths ranging
from approximately 3 to 3.5 ft. The estimated storage when full would be approximately 1,800 ac-ft. The
berm design, similar to the lower cell, is based on low hazard assumption, with minimum freeboard of 3.0
ft above the max water storage level. This produced a berm design of approx. 8.2 ft. above ground surface.
The length of embankment is approximately 3.15 miles (16,632 ft.) with a crest width of 14 ft. and 3H:1V
side slopes. Similar assumptions regarding the seepage canal system and seepage pump station as the
lower cell are also applicable for the middle cell. Approximately half of the material for the berm
construction will come from the site, through grading and construction of seepage canal.

The upper cell is the northernmost cell and is adjacent to the M-O Canal. It has a 300 acre footprint, with
projected water depths ranging from 1.5 to 2.5 ft. The estimated storage when full is approximately 600
ac-ft. A small berm used to separate the upper cell and middle cell will be required to assist it retaining
water within the upper cell during periods of drought. The berm design will be similar to that of the middle
cell, a 3.0 ft. freeboard requirement above the MWSL. This would result in a berm elevation of 7.2 ft., with
an approximate length of 1.9 miles (10,032 ft.). The embankment crest width, side slopes, and material
are similar to the other cells design. The outlet control would be designed for a maximum of 100 cfs to
the M-O Canal. The outlet control would be a telemetry controlled dual leaf gate drop structure with 60"
HDPE culvert approximately 115 ft in length.

2.4.2.3 L-8 Shallow Storage, Alternative 13

The L-8 Shallow Storage feature is similar to that explained in Section 2.4.2.2 L-8 Shallow Storage,
Alternative 2, except for an increase in storage capacity, both in above ground reservoir storage and from
ASR storage. Additionally the L-8 Shallow Storage feature in Alternative 13 uses source water from the
ITID basin via the M-O Canal. The proposed lower cell will contain water depths of approximately 4 ft. to
4.5 ft on a 700 acre footprint. The estimated storage when the lower cell is full is 2,800 to 3,100 acre-ft.
Extensive re-grading, or scrape down of the northern portion of cell, will be required to maintain a uniform
depth. An estimate of approximately 600,000+ CY of material re-grading would be required to have a
uniform depth (bottom elevation) of the cell. The re-graded material will be used in the berm
construction. It was assumed that half of the re-graded material would be suitable for berm construction
whereas the remaining material would be brought from an off-site quarry. The lower cell will contain both
a gravity inflow structure, that receives discharge from the middle cell, as well as a discharge pump station
that can pump water back into the middle cell.

The berm design would be considered a Significant Risk Hazard according to the DCM-2 due to potential
impacts on surrounding communities due to the water elevations being 4+ feet within the cell. The
Probable Maximum Precipitation (PMP) and 100-year wind values were used to determine appropriate
embankment height. The calculations suggest 8.5 ft. of embankment height (freeboard) above the normal
maximum water surface elevation. Therefore, the overall embankment height would be approximately
12.5 ft. Length of embankment required was estimated at 5 miles (26,400 ft). A crest width of 14 ft. and
3H:1V side slopes results in an overall embankment material requirement of 600,000+ cubic yards. A
similar seepage collection design and seepage pump station, as proposed in Alternative 2, would also be
necessary.

The middle cell and upper cell design shall be similar to that proposed in Alternative 2. The only additional
feature will be a 200 cfs inflow pump station from the M-O Canal into the upper cell. It is important to
note the source water change for the L-8 Shallow Storage for Alternative 13, which is different than that
proposed in Alternative 2.
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2.4.2.4 M-O Canal Connector

The main components of the M-O Canal Connector feature are included in Section M-O Canal Connector,
as proposed for the TSP and Alternative 10. The M-O Connector Canal, as proposed in Alternative 2 and
13, brings excess water from both ITID (upper basin) and discharges from the L-8 Shallow Storage. Flow
from L-8 Shallow Storage will supplement water to C-18W Reservoir, when capacity is available, via the
M-O Canal Connector pump station. Therefore, the M-O Canal Connector in Alternative 2 and 13 have
differing upstream basin run-off potential than the TSP and Alternative 10. The proposed pump station
capacities were 120 cfs and 180 cfs for Alternative 2 and 13, respectively.

2.4.2.5 C-18W Reservoir (Alternatives 2 and 10)

Many of the design features as specified in Section 2.2.1 C-18W Reservoir are maintained in the design
for the C-18W Reservoir for Alternatives 2 and 10. The main difference is the reduction in storage capacity
to 7,200 acre-ft for the C-18W Reservoir proposed in Alternative 2 and 10. Due to the proposed reduction
in storage capacity, the normal design pool elevation is estimated to be approximately 5.7 ft with an
embankment height of 15 ft. This will require a reduction in earth work and embankment material
placement and compaction than was proposed in the TSP. The proposed reservoir for Alternative 2 will
contain an ASR system consisting of two wells, increasing the overall storage capacity above that of
Alternative 10, for which no ASR wells were proposed. Other design features, as proposed in the TSP,
such as the M-0 Canal Connector, inflow pump stations, and discharge structures will remain the same.

2.4.2.5 C-18W Natural Storage (Alt 13)

C-18W natural storage area is a project feature proposed for construction in northern Palm Beach County
on approx. 1,920 acres of SFWMD-owned land previously known as Mecca Farm (26°50'27.41"N,
80°16'51.60"W); the former citrus grove is east of J.W. Corbett WMA and Seminole Pratt Whitney Road,
west of the Avenir planned unit development, south of C-18W Canal and Hungryland Slough, and less than
1 mile north of Northlake Boulevard and the ITID. The former Mecca property is to be managed as a
wetland system, with source water from the L-8 Shallow impoundment, J.W. Corbett WMA and the ITID
upper basin. The purpose of the C-18W natural storage is to provide a hydrologic connection between the
aforementioned basins and the C-18W Canal to help with flows to the river while simultaneously
rehydrating land for ecological b