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A FISH AND WILDLIFE COORDINATION ACT AND ENDANGERED SPECIES ACT COMPLIANCE 

This annex outlines the coordination and compliance under the Fish and Wildlife Coordination Act and 
Endangered Species Act. 

A.1 Coordination Act Report 

The Draft Fish and Wildlife Coordination Act (FWCAR) was received from U.S. Fish and Wildlife Service 
(FWS) on February 1, 2019. 
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United States Department of the Interior 

Jason A. Kirk, Colonel 
District Commander 
U.S. Army Corps of Engineers 

FISH AND WILDLIFE SERVICE 
South Florida Ecological Services Office 

1339 20111 Street 
Vero Beach, Florida 32960 

February 1, 2019 

701 San Marco Boulevard, Room 372 
Jacksonville, Florida 32207-8175 

Dear Colonel Kirk: 

Service Consultation Code: 4 I 420- 2006-F-0363 
Project: Loxahatchee River Watershed 

Restoration Project 

The enclosed report is a draft Fish and Wildlife Coordination Act (FWCA) report on the 
Loxahatchee River Watershed Restoration Project (LRWRP) for your review. This draft FWCA 
report is based on the Tentatively Selected Plan as described and analyzed in the U.S. Army 
Corps of Engineers' (Corps') draft Project Implementation Report (PIR). This report is provided 
by the U.S. Fish and Wildlife Service (Service) in accordance with the FWCA of 1958, as 
amended (48 Stat. 401; 16 U.S.C. 661 et seq.) and, in part, the Endangered Species Act of 1973, 
as amended (ESA) (87 Stat. 884; 16 U.S.C. 1531 et seq.). This draft FWCA report provides the 
Service·s continuing guidance and recommendations for the benefit of fish and wildlife resources 
related to the Loxahatchee River Watershed Restoration Project and the associated ecosystems 
affected by hydrological restoration. 

This report does not constitute a biological opinion as described under section 7 of the ESA. The 
Service is currently consulting with the Corps on federally listed species for this project, which 
will address the project's likely beneficial or adverse effects on the Everglade snail kite 
(Rostrhamus sociabilis plumbeus), northern crested caracara (Caracara cheriway), wood stork 
(Mycteria americana), eastern indigo snake (Drymarchon corais couperi), Florida panther (Felis 
[=Puma] concolor coryi), Florida bonneted bat (Eumops floridanus), West Indian (Florida) 
manatee (Trichechus manatus), and Okeechobee gourd (Cucurbita okeechobeensis ssp. 
okeechobeensis). After ESA consultation is concluded, if significant modifications are made to 
the selected plan or if additional information involving potential impacts to listed species 
becomes available, reinitiation of consultation may be necessary. 
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EXECUTIVE SUMMARY 

The Fish and Wildlife Coordination Act represents one of the earliest and most significant 
indications of the intent of Congress that fish and wildlife considerations were to be a major 
component of the analysis of projects affecting bodies of water and were to receive equal 
consideration with other traditional project purposes such as navigation and flood damage 
reduction. The purpose of this report is to ensure that fish and wildlife issues and 
recommendations are heard and considered through the decision making chain up to the 
Administration and Congress. This report assesses the potential benefits and adverse impacts on 
fish and wildlife resources from the Loxahatchee River Watershed Restoration Project 
(LRWRP). 

The U.S. Fish and Wildlife Service (Service) recognizes the need to enhance the hydrology of 
the Loxahatchee River and its watershed, estuary, and floodplain. We have participated 
throughout the formulation of alternatives, and their evaluation and modification in order to find 
a reasonable balance between achieving project goals and objectives while fulfilling our 
agency's goal to conserve, protect, and enhance fish and wildlife and their habitats. 

The primary purpose of the LRWRP is to capture, store, and distribute water that is currently lost 
to tide for environmental enhancement of the Loxahatchee River, Loxahatchee Slough, and 
Grassy Waters Preserve (GWP); while improving surface flows and hydrologic connection of the 
northern natural wetlands corridor from J.W. Corbett Wildlife Management Area (Corbett 
WMA) to the tributaries of the Loxahatchee River. The actions proposed under the Tentatively 
Selected Plan would serve to improve the ecological health of the Loxahatchee River and 
watershed and the downstream estuary. 

The Service recognizes the expertise and commitment of the Corps' and District's staff in this 
accelerated planning process. We appreciate the potential for the creation or restoration of 
approximately 16,000 acres of wetland habitat within the study area and the efforts made to site 
the aboveground reservoir (C- l 8W reservoir) in an area that has low ecological quality habitat. 
However, there are still potential adverse effects that will need additional evaluation. These 
include the effects of the LRWRP on federally listed species and the need for remediation of 
existing chemical contamination in the C-18W reservoir footprint and possibly other areas 
formerly used for agriculture. We have provided recommendations in this report regarding our 
most substantial fish and wildlife resource concerns. 
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I. PURPOSE, SCOPE, AND AUTHORITY 

A. Introduction 

The Comprehensive Everglades Restoration Plan (CERP) was approved as a framework for the 
restoration of the natural system under Section 601 of the Water Resources Development Act of 
2000 (WRDA 2000). The CERP consists of 68 components to restore, preserve, and protect the 
South Florida Ecosystem while providing for other water-related needs of the region. Together, 
these components should benefit the ecology of more than 2.4 million acres of the south Florida 
ecosystem by improving and restoring the proper quantity, quality, timing and distribution of 
water made available for the natural system while also addressing urban and agricultural water 
supply concerns and maintaining the existing levels of flood protection. 

The purpose of this Fish and Wildlife Coordination Act (FWCA) Report is to evaluate the 
existing conditions and identify the environmental effects of the proposed Loxahatchee River 
Watershed Restoration Project (LRWRP). The LRWRP (formerly known as the North Palm 
Beach County - Part 1) is designed to improve water deliveries to the Loxahatchee River by; 
1) capturing and storing ecologically harmful excess fresh water flows that discharge to tide; 
2) rehydrating headwater natural areas that have been hydrologically impacted by excessive 
draining and water diversions; 3) reducing peak discharges to the project's estuarine systems; 
4) improving the timing and distribution of water from the upstream watershed to increase the 
resiliency of freshwater riverine habitats to future sea-level changes; and 5) reestablishing 
connections among natural areas that have become spatially and/or hydrologically fragmented. 
If implemented, these actions will help restore more natural water deliveries, promote improved 
health and functionality of wetland and upland areas, and increase the quantity and quality of 
habitat available for native wildlife and vegetation. 

B. Purpose and Scope of Project 

The purpose of this review is to evaluate the existing conditions and identify the environmental 
effects of the proposed LRWRP. The project is a geographically extensive multi-purpose 
restoration project designed to capture, store, and distribute water that is currently lost to tide for 
environmental enhancement of the Loxahatchee River, Loxahatchee Slough, GWP; while 
improving surface flows and hydrologic connection of the northern natural wetlands corridor 
from J.W. Corbett Wildlife Management Area (Corbett WMA) to the tributaries of the 
Loxahatchee River (Figure 1 ). Benefits from the restoration will include; 1) improved quantity, 
quality and timing of restorative flows to the federally designated "National Wild and Scenic" 
Northwest Fork of the Loxahatchee River and its tributaries, and Loxahatchee Slough; 2) 
supplemental water deliveries to GWP for water supply and ecological benefits; 3) improved 
natural habitat within the project boundary through restored hydrology within the historic 
headwaters of the Loxahatchee River, including Pal Mar East/Cypress Creek, J.W. Corbett 
Wildlife Management Area (WMA), GWP, and Loxahatchee Slough. 
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Figure 1. LR WRP study area 

The scope of the LR WRP considered increments of the following two components of CERP 
included in the Lower East Coast Region: 

• Pal-Mar and J.W. Corbett WMA Hydropattern Restoration (OPE) - included water 
control structures, canal modifications, and the acquisition of 3,000 acres between Pal
Mar and Corbett WMA to provide hydrologic connections between Corbett WMA and 
1) the Moss property, 2) the C-18 canal, 3) the Indian Trail Improvement District (ITID), 
and 4) the L-8 Borrow Canal. The purpose was to relieve the detrimental effects on 
native vegetation experienced during the wet season and to form a greenbelt extending 
from Dupuis Wildlife and Environmental Area (WEA) near Lake Okeechobee across 
Corbett WMA east to Johnathan Dickinson State Park. 

• Water Preserve Areas/L-8 Basin (Kand GGG) - included a combination of an above
ground and in-ground reservoir with a storage capacity of approximately 48,000 acre-feet 
located immediately west of the L-8 borrow canal and north of the C-51 canal; aquifer 
storage and recovery wells with a capacity of 50 million gallons per day and an 
associated pre- and post-water quality treatment facility; and a series of water control 
structures and canal capacity improvements to the M canal. The purpose of these 
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features was to increase water supply availability and flood protection, provide flows to 
enhance hydroperiods in Loxahatchee Slough, increase flows to the Northwest Fork of 
the Loxahatchee River, and reduce high discharges to the Lake Worth Lagoon. 

Within the CERP framework, and during the LR WRP and initial North Palm Beach County -
Part I planning efforts, the following five project objectives were identified and organized by 
their contributions to the overall CERP goals: 

CERP Goal #1: Enhance Ecological Values 
• CERP Objective: Increase the total spatial extent of natural areas 

o LRWRP Objective: Increase natural area extent of wetlands (Objective 3) 

• CERP Objective: Improve habitat and functional quality 
o LRWRP Objectives: Restore wet and dry season flows of water to the National 

Wild and Scenic Northwest Fork of the Loxahatchee River and the river 
floodplain (Objective 1 ); Restore connections between Corbett WMA, Pal
Mar/Cypress Creek basin, Loxahatchee Slough, Grassy Waters Preserve, and 
Loxahatchee River to improve hydrology, sheetflow, hydroperiods, natural 
storage, and vegetation communities (Objective 4) 

• CERP Objective: Improve native plant and animal species abundance and diversity 
o LR WRP Objectives: Restore oysters, seagrass and other estuarine communities in 

the Loxahatchee River Estuary (Objective 2); Restore native plant and animal 
species abundance and diversity in Loxahatchee River watershed natural areas, 
river, and estuary (Objective 5) 

CERP Goal #2: Enhance Economic Values and Social Well Being 
• CERP Objective: Increase availability of fresh water (agricultural/municipal & industrial) 

o LR WRP Objective: Provide incidental benefits to increase the availability of 
water supply; water supply benefits will be evaluated in reference to modeled 
operations of the recommended plan 

• CERP Objective: Reduce flood damages (agricultural/urban) 
o LR WRP Objective: Provide incidental benefits 

• CERP Objective: Provide recreational and navigation opportunities 
o LR WRP Objective: Provide recreational opportunities 

• CERP Objective: Protect cultural and archeological resources and values 
o LR WRP Objective: Protect cultural and archeological resources and values 

C. Authorities 

Authority for this action is the C&SF Project in section 203 of the Flood Control Act of 1948 
(62 Stat. 1176). The C&SF Project is a multipurpose project that provides flood control, water 
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supply for municipal, industrial, and agricultural uses; prevention of salt water intrusion; water 
supply for Everglades National Park; and protection of fish and wildlife resources. 

The LRWRP was initiated under the C&SF Restudy, which was authorized by Section 309(1) of 
the WRDA of 1992 (P.L. 102-580). The WRDA 2000 (section 601) provides authority for the 
CERP, and provides specific authority for the completion of a PIR. 

This draft FWCA report constitutes the report of the Secretary of the Interior as required by 
section 2(b) of the FWCA of 1958, as amended (48 Stat. 401; 16 U.S.C. 661 et seq.), which 
establishes fish and wildlife conservation as a co-equal purpose or objective of federally funded 
or permitted water resource development projects. The FWCA allows for reports and 
recommendations from the U.S. Fish and Wildlife Service (Service) and the state agency 
exercising administration over wildlife resources [in this case, the Florida Fish and Wildlife 
Conservation Commission (FWC)] to be integrated into the U.S. Army Corps of Engineers' 
(Corps) reports seeking authorization for the Federal action. The FWCA also grants authority to 
the Corps to include fish and wildlife conservation measures within these projects. Other 
authorities relevant to Service participation in the planning process for this project include the 
Endangered Species Act of 1973, as amended (ESA) (87 Stat. 884; 16 U.S.C. 1531 et seq.), the 
National Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C. 4321 et seq.), and 
the Migratory Bird Treaty Act (MBTA) (16 U.S.C. § 703 et seq.) . 

II. PREVIOUS SERVICE INVOLVEMENT WITH THE LOXAHATCHEE RIVER 
WATERSHED RESTORATION PROJECT 

The Service participated in all project-related Project Delivery Team (PDT) meetings, and focus 
group sub-team meetings from inception of the Central and Southern Florida CERP North Palm 
Beach County Project Management Plan in 2002 to 2011, when planning efforts were put on 
hold, and the project name was changed to Loxahatchee River Watershed Restoration Plan 
(LRWRP). In 2014, the planning effort for LRWRP was re-started. The following chronology 
includes the major milestones from September 2002 until January 2011. Sub-team and ancillary 
meetings, coordination phone calls, and correspondence are not included in this list. 

On September 26, 2002, the Service participated in a PDT meeting to review the status of the 
Project Management Plan (PMP), project schedule and deliverables. Development of goals, 
objectives and performance measures were discussed. Sub-team focus group development was 
planned for water quality, modeling and ecological evaluations. 

On October 30, 2002, the Service participated in a PDT meeting to identify the USACE elements 
of the Plan Formulation Process as it applies to the LRWRP. The Project's three goals; 
environmental restoration, flood control and water supply, were identified. Sub-team 
development issues were addressed. ENE presented the Extranet site concept for project 
communication and deliverable review. 

On November 22, 2002, the Service participated in a PDT meeting to discuss the relationship of 
PBC Basin Pollutant Loading and Abatement Analysis study for the estuaries, and opportunities 
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for addressing environmental and water resource problems of the Project's estuaries, freshwater 
natural areas, water supply wetlands/lakes and tributary basins. 

On May 14, 2003, the Service participated in a PDT meeting to discuss revised draft 
management measures and goals/objectives matrices for Pal-Mar/Loxahatchee River Study Area, 
L-8 and Associated Basins Study Area, C-17 Basin Study Area, C-51 Basin Study Area, and 
LWL study area. Paul Moczynski, U.S. Army Corps of Engineers, Project Manager, briefly 
discussed the six guidance memoranda required by the CERP programmatic regulations. 

On June 18, 2003, the Service participated in a PDT meeting to discuss the PMP and schedule. 
An ecological sub-team discussion included the draft Model evaluation technical memo, May 14 
and May 28 meeting accomplishments, models and methodology, regional simulation model, and 
Lower east coast regional modflow model. 

On July 16, 2003, the Service participated in a PDT meeting to discuss the modeling approach, 
draft technical memorandum (TM), and the L WL model which focused on turbidity, salinity 
numbers, sediments, and muck data. The LECsR model and regional simulation model were 
described. Five sub-team focus groups were formed; Watershed Wetlands, Water Quality, 
Loxahatchee River (floodplain & tributaries), LWL/Loxahatchee River Estuary, and Socio
economic. Methods for preliminary draft screening for alternatives (initial iteration) were 
defined. 

On August 27, 2003, the Service participated in a PDT meeting to discuss the Kitching Creek 
watershed restoration project, planned review of the LECR model evaluation technical 
memorandum by Ecology and Environment Incorporated (ENE), and progress summary of the 
newly-formed ecological sub-teams and focus groups on water quality, receiving water bodies, 
Loxahatchee River floodplain, and watershed wetlands. The Socio-economic team's role is 
defined (as in Steps 4 and 5 of the Corp's six step planning process). 

On October 15, 2003, the Service participated in a PDT meeting to discuss the public 
involvement outreach plan, Loxahatchee Slough structure G-161, and modeling memorandum 
recommendations. The feasibility scoping meeting (FSM) process was presented by Frank 
Fisher (Corps Lead Planner for LRWRP). Modeling sub-team updates indicated the LECsR and 
RSM modeling results will be compared, and FDEP's water quality models will be used project
wide, with North Palm Beach County Pollutant Loading and Abatement Analysis and Watershed 
Assessment Model (W AM) and EFDC models used for the Loxahatchee River Estuary. The 
water quality focus group presented the water quality objectives to the PDT for review. 

On December 9, 2003, the Service participated in a PDT meeting to discuss the North Palm 
Beach County Pollutant Loading and Abatement Analysis and W AM. Milestones included 
completion of the Existing Conditions Status Summary document, and draft performance 
measures document sheets were prepared by ENE. The receiving water bodies focus group 
finalized the valued ecosystem components (VEC) for LWL. Jerry Krenz, (SFWMD) defined 
the environmental justice actions that are compliant with the Corp's six-step planning process. 
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On February 4, 2004, the Service participated in a PDT meeting to discuss surface water quality 
data in the project study area, preliminary LECsR modeling results, and preliminary methods for 
formulation of potential plan alternatives. 

On May 5, 2004, the Service participated in a PDT meeting to discuss formulation of 
performance measures and targets, with detailed evaluation of the development of wetland 
restoration performance measures. Five reformulated draft alternatives were presented. Jerry 
Grub replaced Paul Moczynski as the Corps Project Manager, and subsequently Grub was soon 
replaced with John Keiser. 

On June 17, 2004, the Service participated in a PDT meeting to discuss the Wetland Rapid 
Assessment Procedures (WRAP) analysis for ecological benefits; and examine the 17 
performance measures, and evaluation criteria. Performance measure document sheets were 
submitted to RECOVER for initial review. 

On June 26 and 26, 2007, the Service participated in a PDT meeting to discuss the four flow-way 
options and their combinations, which create different alternatives. GWP stage target 
implications and initial W AM water quality modeling results were presented. Habitat unit 
calculation methods for the entire project were defined, created by the ecological sub-team. A 
hybrid ofRECOVER's Benefits Evaluation Analysis Methodology (BEAM) was adopted for use 
in calculating estuarine benefits. Performance measures were refined based on the Corps' 
Feasibility Scoping Meeting, RECOVER and sub-teams' input. LWL sediment load evaluation 
and its complications were examined. Indian Trails Improvement District (ITID) provided an 
overview of present and future storm water discharge plans. Shauna Allen had replaced John 
Keiser as the USACE Project Manager. 

On June 30 and July 1, 2009, the Service participated in a PDT meeting to review alternatives, 
discuss flow-ways 1, 2, and 3, water quality modeling, ecological benefits of alternatives, and 
confirmation of final array of alternatives. Action items included elimination of backpumping 
management measures on the C-51, acceptance of a 46,000 acre feet reservoir for a combination 
of alternatives, and update and review L-8 Reservoir water quality data. 

On December 15, 2009, the Service participated in a PDT meeting on to discuss water quality 
impacts to Grassy Waters Preserve, specifically phosphorous loading and flows into the preserve. 
The team was also presented with a Flow-way 3 modeling update which identified differences 
between the Yellow book and FSM document. Nine preliminary alternatives were identified: the 
most likely to be combined for the final alternatives. Environmental effects, benefit calculations 
and the ability to meet project objectives for each alternative were discussed. 

On April 1, 2010, the Service participated in a PDT meeting to discuss the plan formulation 
approach to LR WRP. Flow-ways 1 through 3 were identified and finalized; revised performance 
measures, evaluation criteria, and habitat units were discussed; and project costs were 
considered. Progress forward was identified as selection of the final array of alternatives, and 
selecting a Tentatively Selected Plan (TSP). 
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On June 29, 2010, the Service participated in a PDT meeting to discuss flow-way refinements 
(Flow-ways 2 and 6), and chose a tentatively selected plan using the TSP selection matrix. 
Seven alternatives were examined. Alternative 6 was considered the best buy. Notable features 
include a 48,000 acre foot reservoir; a two-flow-way scenario by moving water through GWP 
and by a new shallow conveyance from the M-0 canal as a braided channel to restore wetlands 
in the Cypress Groves property. The new water pathway would extend from the M-0 canal to 
the west leg of the C-18 canal by a shallow conveyance system on the former Mecca Farms 
property, over the C-18 weir to the G-92 structure, then on to the Northwest Fork of the 
Loxahatchee River (NWFLR). Features from various previous alternatives (lB, 2B, 3D, 6B and 
LWL) were combined for this TSP. 

On October 2, 2010, The Service participated in the Corps' LRWRP Valued Engineering (VE) 
follow-up discussion. Members of the LR WRP PDT shared findings from the week long Value 
Engineering (VE) effort. A speculation list of potential value engineering ideas were presented 
for further consideration to improve project cost effectiveness and efficiency. Fred McAuley 
(Corps) is lead for the LRWRP VE Report, reviewed by the LRWRP team. The final draft will 
become an attachment to the Engineering Appendix of the LRWRP PIR. 

In January 2011, the project name was changed to Loxahatchee River Watershed Restoration 
Project (LR WRP) in order to better represent the project purpose. 

NO ACTIVITIES FROM JANUARY 2011 UNTIL DECEMBER 2014 

On December 15, 2014, the Service participated in the first PDT meeting of the restart effort for 
the project. Members of the PDT were introduced again to everyone. The SFWMD and Corps 
provided an update on the project background and scope and reviewed the project schedule. The 
Corps introduced the new SMART planning requirements that will be followed during this 
planning effort. The Service has participated (and continues to) ifl PDT and sub-team meetings 
related to the LRWRP project since 2014. Our responsibilities include providing project 
planning and operations recommendations and input on fish and wildlife resource concerns. The 
Service continues to participate as an active member of the LR WRP PDT. 
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III. AREA SETTING 

A. Description of Study Area 

The LRWRP is approximately 480,000 acres (753 square miles) and is located in northeastern 
portions of Palm Beach County and southeastern Martin County (Figure 1 ). The project area is 
characterized as highly urbanized in the eastern portion of the project area, and transitions to 
extensive natural areas, and to a lesser extent agricultural lands to the west and north. It is 
bounded to the north by the C-44 Canal; the C-51 Canal to the south; the L-8 Canal to the west; 
and the Loxahatchee River Estuary to the east. The project area includes all of the Loxahatchee 
River and only portions of the St. Lucie River watershed. 

Key natural features of the project area include the Loxahatchee River and Cypress Creek within 
Jonathan Dickinson State Park (JDSP), Pal-Mar, Corbett WMA, Dupuis WEA, Loxahatchee 
Slough, and Grassy Waters Preserve (GWP) I Water Catchment Area (WCA) (Figure 1). These 
key areas are composed of a mosaic of upland and wetland systems comprised of at least nine 
major habitat types including seven wetland (freshwater depression marsh, dome swamp, 
floodplain swamp, strand swamp, hydric hammock, wet prairie, hydric flatwood) and two upland 
(mesic flatwood, mesic hammock) communities. The project area also includes the Loxahatchee 
River estuarine systems. 

1. Natural Areas 

a. J.W. Corbett Wildlife Management Area (Corbett WMA) 

The Corbett WMA, which encompasses approximately 62,000 acres, is located in the northwest 
section of the project area. It contains extensive hydric/mesic flatwoods, depression marshes, 
wet prairies, strand and dome swamps, and hydric/mesic hammocks. The original property 
comprises multiple sections in Townships 40, 41 and 42 South, in both Range 39 East and Range 
40 East. The only additional land purchased to date under the State's Preservation 2000 Program 
(P-2000) was the Leon Moss Tract, a 2,331 acre parcel on the southwest border of Corbett 
WMA. 

The area surrounding Corbett WMA is a unique combination of urban, industrial, agricultural, 
and natural resource lands. Located between Florida's expanding urban Gold Coast to the east 
and south, and more rural orange groves and agricultural fields to the west, Corbett WMA serves 
as a transitional zone for the uplands of Central Florida and the relatively flat Everglades, within 
some of the highest quality, relatively undisturbed pine flatwoods, hammocks and marshes that 
remain in South Florida. This fact makes it exceedingly important as a zone protecting natural 
and recreational resources in this portion of South Florida. Public lands in close proximity to the 
Corbett WMA include the Dupuis WEA to the west, and the John C. and Mariana 
Jones/Hungryland Wildlife and Environmental Area approximately three miles to the northeast. 
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b. West to East Connector Corridor: Pal Mar and Cypress Creek 

Pal-Mar comprises more than 37,000 acres in southern Martin and northern Palm Beach 
counties, and is a link between Corbett WMA and Jonathan Dickinson State Park (JDSP). It 
remains primarily in natural wetland and upland communities of depression marsh, wet prairie, 
dome and strand swamps, pine flatwoods and sloughs. Western Pal-Mar are intact, however 
several small parcels are currently in agricultural use. Pal-Mar East (a.k.a Nine Gems) is made 
up of 320 acres of dedicated state lands and 3,000 acres purchased jointly by Martin County and 
the SFWMD. Cypress Creek historically drained the Pal-Mar and Cypress Creek sub-basin and 
the agricultural citrus area. With construction of the Cypress Creek Canal and water diversion 
into the Ranch Colony Canal, creek flows are greatly diminished. The loss of these wetlands has 
in turn altered the hydrology of Cypress Creek, a tributary to the Northwest Fork of the 
Loxahatchee River. 

Jonathan Dickinson State Park (JDSP) is located in the northeast section of the project area 
within Martin and Palm Beach Counties and is comprised of 10,500 acres. It is managed by the 
Florida Department of Environmental Protection (FDEP). The park contains portions of the 
Loxahatchee River and its upstream tributaries: Northwest Fork, Cypress Creek/Ranch Colony 
Canal, Moonshine Creek, Hobe Grove Ditch, and Kitching Creek. 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. A cypress 
river swamp community historically dominated the floodplain of the Loxahatchee River with 
freshwater stream swamps and cypress communities present upstream from river mile 6.5 and 
dominant within the floodplain above river mile 8.0. 

c. Loxahatchee River 

The Loxahatchee River watershed covers 240 square miles in Martin and Palm Beach Counties 
and includes the North Fork of the Loxahatchee River, the National Wild and Scenic Northwest 
Fork of the Loxahatchee River, and the Southwest Fork of the Loxahatchee River. The 
Northwest Fork is the largest of the three tributaries in terms of watershed size and includes the 
portions designated as a National Wild and Scenic River. The C-18 canal drains the south and 
southwest basins and terminates where the river's natural meander pattern ends, approximately 
one-half mile south of Indiantown Road. The C-14 canal is connected to the C-18 canal at the 
G-92 structure. As a result, water that historically flowed to the Northwest Fork is now diverted 
by the C-18 directly to the Loxahatchee estuary via the S-46 structure. 

Approximately 63 percent of the Loxahatchee River watershed is in the natural areas land use 
designation. The property adjacent to the Northwest Fork is primarily in public ownership and 
consists of JDSP, Atlantic Ridge Preserve State Park, and Cypress Creek Natural Area. The 
number of acres that are in public ownership is a direct result of land acquisition for conservation 
and preservation by federal, state, and local agencies. Urban areas cover 25 percent of the 
watershed and agricultural and other land uses comprise the remainder of the watershed. 
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d. Northwest Fork of the Loxahatchee River 

The Northwest Fork of the Loxahatchee River is the focus of a multi-agency restoration effort 
developed by the SFWMD, Florida Department of Environmental Protection Florida Park 
Service, and the Loxahatchee River District. These efforts are documented in the Restoration 
Plan for the Northwest Fork of the Loxahatchee River (SFWMD 2006) and 2012 addendum 
(SFWMD 2012). These documents provide these agencies and the public with guidance through 
objectives, strategies and tasks to achieve the goal of protecting and enhancing of the National 
Wild and Scenic portion of the Northwest Fork of the Loxahatchee River. FDEP and the District 
have teamed with federal, state and local governments to implement the management measures 
contained within the plan. 

In 1985, 10.3 miles of the Northwest Fork of the Loxahatchee River, from river mile 5.2 to 15.5, 
were designated as Florida's first National Wild and Scenic River (FDEP 2010). Portions of the 
river and estuary are also designated as Outstanding Florida Waters and an Aquatic Preserve, and 
are located within Jonathan Dickinson State Park (JDSP), which contains outstanding examples 
of unique ecosystems and cultural and archeological treasures. The Loxahatchee River Wild and 
Scenic Designation and Preservation Act identified the boundaries of the designated portion of 
the Northwest Fork as the following: 

" ... described as that portion of the Northwest Fork downstream of the southern boundary 
of Riverbend County Park [RM 15.5] located in Palm Beach County and upstream of an 
east-west line passing through a point where the southern boundary of Jonathan 
Dickinson State Park intersects the eastern shoreline of the river [RM 5.2]." 

The headwaters of Northwest Fork currently originate in the GWP, Loxahatchee Slough and 
Hungryland Slough Natural Area. The Northwest Fork's designated 'recreational' segment 
begins at the headwaters and extends approximately one half mile north to Indiantown Road 
(SR 706). North of Indiantown Road the river enters JDSP and turns to the northeast, into a 
closed canopy of cypress swamp. This segment of the river is designated as 'Scenic' and extends 
for approximately two miles. Two small cabins and the Lainhart and Masten Dams are located 
along this stretch of river. 

Within JDSP, two major structures on the river are the side-by-side bridges of Florida's Turnpike 
and Interstate 95. Just downstream of these bridges, the next segment is designated as "Wild'', 
and continues for the next two miles. Here, the river flows north and is characterized by high
quality and comparatively pristine cypress swamp. There are no significant man-made structures 
between the I-95 Highway and Trapper Nelson Zoo Historic District. 

Downstream of the Trapper Nelson Zoo Historic Site, the next segment is designated as 'Scenic,' 
and extends for approximately four and a half miles. In this segment, the river widens and the 
riparian corridor transitions to a mix of cypress and mangrove. Major tributaries flow into the 
river in this area, including Cypress Creek, the remnants of Moonshine Creek, Hobe Grove 
Ditch, and Kitching Creek. Upstream of River Mile 7 are a dock for pontoon boats, motor boats, 
canoes and kayaks, and a swimming area for JDSP. By River Mile 7.5, the river banks and 
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floodplain are completely dominated by red and white mangroves. The National Wild and 
Scenic portion of the Northwest Fork ends at River Mile 5.2. 

e. Loxahatchee Slough 

The Loxahatchee Slough is a 11,000 acre wetland complex of strand swamp, slough, dome 
swamp, depression marsh, wet prairie, hydric hammock, and pine flatwoods extending for seven 
miles north and south of the intersection of the Bee Line Highway and PGA Boulevard. Water 
enters the Slough through the G-161 structure to the south, and empties into the C-18 canal via 
the G-160 structure. The Slough is divided into two management areas owned and managed by 
Palm Beach County: Hungryland Slough Natural Area (3,000 acres) and the Loxahatchee Slough 
Natural Area (11,000 acres). As part of the headwaters of the Loxahatchee River, the Slough 
receives water from Grassy Waters Preserve through the G-161 structure, located to its 
immediate south. 

The Slough contains a large portion of the headwaters of the Northwest and Southwest Forks of 
the Loxahatchee River. lt is the most ecologically diverse tract of protected land in Palm Beach 
County, with nine natural vegetation community types, the largest of which are comprised of oak 
hammock and slough habitats (SFWMD 2004). The Slough is now bisected by the C-18 Canal, 
altering historic drainage patterns by reduced freshwater flows and lower ground water 
elevations than historic levels. This reduction in hydrology allows exotic infestations of 
melaleuca (Melaleuca quinquenervia) to invade the Slough. 

Analysis of conditions within Loxahatchee Slough indicates that 82% of Loxahatchee Slough is 
wetlands (SFWMD 2004). Forested wetlands account for 2,290 acres, and 387 acres are non
forested wetlands. Upland forests (coniferous and hardwood) account for 22% of the land area, 
and 11 % is considered disturbed, such as man-made water bodies, urban or agricultural lands. 
The greatest concentration of melaleuca is in the south and southwest portion of the slough. 
Natural community distribution and abundance has shifted within the last 40 years due to 
drainage and development surrounding the Slough. 

A comparison of the extent of vegetation communities determined from 1,845 surveys and 
current ( 1995 and 2000) vegetation maps indicated that the extent of ponds (open water sloughs) 
decreased along the area adjacent to the junction of the C-18 and C 18 west canals (SFWMD 
2004). This is likely the result of a reduction in groundwater levels due to canal construction and 
drainage. This area is located near the G-160 structure, which will provide some benefits from 
hydrological enhancement. The analysis also shows an increase in pine forest in the western 
section of the Loxahatchee Slough Natural Area which corresponds to lands that were once 
ditched for use as rangeland (SFWMD 2004). 

f. Grassy Waters Preserve 

The southern half of the historic Loxahatchee Slough is impounded to form GWP, a 12,800-acre 
(20-square mile) wetland ecosystem which serves as a surface water catchment, groundwater 
recharge and storage system for public water supply (Class I) for the City of West Palm Beach. 
GWP is primarily a rain-driven system, though it also receives water from the M-canal which 
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bisects the preserve before reaching Lake Mangonia. Water is released through the M-canal 
Control Structure 4 to the east and through the G-161 structure, into the Loxahatchee slough to 
the north. The construction of the G-161 structure has improved connectivity with the 
Loxahatchee slough, although GWP remains bound by SR 7 to the west, the Baywinds 
residential area to the south, and the Palm Beach County Solid Waste Authority to the east. 
Northlake Boulevard separates the northern section of GWP from the rest of the area. 

Current management maintains much of this area as a high quality wetland, consisting of wet 
prairies, sloughs and cypress, with scattered tree islands reminiscent of historic pristine 
everglades mosaics. Plant communities differ on either side of the north-south slough of the 
central GWP, as the eastern half[l5.75'-19.5' National Geodetic Vertical Datum (NGVD)] sits 
slightly lower than the west (16.5'->20.0' NGVD). East of the slough, the most common plant 
species are spike rush and saw grass interspersed with pond cypress. West of the slough, plant 
communities are slightly more varied by ground elevation. The predominant ground cover of the 
western half ofGWP is spike rush (at ground elevations 16.5'-17.85'NGVD) and St John's wort 
(18.0'-18.5' NGVD). Pond cypress grows at the outer edge of tree islands (ground elevation -
17.25' NGVD) with slash pines, wax myrtle, cabbage palm, Dahoon holly, and cocoplum toward 
the center of the islands. Other notable vegetative features include an area in the northwest 
corner of the central GWP, dominated by a stand of willow trees interspersed with melaleuca, 
and a large outgrowth of cattails on the northern side of the M-canal. This area has been greatly 
reduced by an intensive water level draw-down program to remove invasive vegetation. 

In general, these wetlands are currently functioning at very high levels, but are predicted to be 
severely degraded in the future. Threats to GWP include the alteration of current annual stage 
fluctuations and the deterioration of water quality in the interior marsh by high phosphorus and 
chlorides concentrations. As a rain-driven system, GWP owes its ecological quality, in large 
part, to its hydrology. 

2. Hydrological Description 

a. Topographic effects on hydrology 

In general, minute changes in topography in South Florida have a significant effect on hydrology 
and ultimately on the diversity of biota supported by the resulting hydrologic regimes. Much of 
the project area is characterized by very gradual changes in elevation. These gradual changes in 
land elevation were the major factors that contributed to the low rate of water movement through 
the northern and western areas and ultimately to the receiving water bodies, the Loxahatchee 
River Estuary and the Lake Worth Lagoon (LWL). The general topography of the project study 
area remains substantially unchanged and as a result, current topography would be indicative of 
historic topography. 

There are two predominant topographical features within the project area. The first is the 
Atlantic Coastal Ridge found along the eastern project boundary. This ridge area ranges from 
two to four miles in width from its northern edge within the project study area to its southern 
edge in Miami, and comprises broad, low dunes and ridges with elevations typically ranging 
from IO to 25 feet NGVD. The highest elevation in the project area, 86 feet, is located within 
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JDSP, along the Atlantic Coastal Ridge. Within the project area, the Atlantic Coastal Ridge is a 
relatively continuous topographical feature, with distinct slopes to the southern extent of the 
Indian River Lagoon and gradually west to the Loxahatchee River Estuary. However, just south 
of the Loxahatchee River estuary in what is now north of Donald Ross Road, there is an area 
where the ridge is non-descript. The topography of this general location and historic aerial 
photography suggests that freshwater flows from the western extent of the project area reached 
the LWL via Lake Worth Creek (currently the Atlantic Intracoastal Waterway). Extending to the 
east of the ridge, the topography gradually slopes to the LWL, located east of the project area. 

The second predominant topographical feature is the Osceola Plain (plain), which originates at 
the southern extent of what is now the L-8 basin and extends north of the project area. This plain 
generally originates north of the southern portion of the project area and east of what is now the 
L-8 Canal. The plain begins at an elevation of 16 to 20 feet N GVD in the southern portion of the 
L-8 Basin where it continues north to an elevation of approximately 21 to 25 feet NGVD. It 
eventually reaches 26 feet NGVD and greater just north of the northern section of the project 
area. Within the plain, there are also slight variations in topography where the elevations 
fluctuate. In some instances, nondescript depressions provide a west to east linear variation in 
topography. One such depression is located almost exactly where the west leg of the C-18 Canal 
exists today. It appears to have provided flows from the eastern extent of the plain, now the L-8 
Basin, to the Loxahatchee Slough and ultimately the Northwest and Southwest Forks of the 
Loxahatchee River. 

Within the project area, elevations peak on the plain at approximately 21 to 25 feet NGVD. A 
gentle decrease in elevation occurs to the west and east of the plain to an elevation of 5 to I 0 feet 
NGVD. East of the plain, ground surface elevations decrease gradually but then even out and 
rise again as the Atlantic Coastal Ridge is approached. Similar topography occurs to the west of 
the plain where the elevations decrease toward Lake Okeechobee. Extending southward from 
the southern tip of the plain, the topography gradually levels, forming what appears to be a 
relatively flat, low lying plain of approximately 10 feet NGVD in elevation. 

In contrast to current conditions, natural overland flows were the prominent surface water 
transport method to natural systems within the project area. Observation and detailed study over 
time have substantiated that these overland flows were vital to sustaining receiving water body 
ecosystems. Review and analysis of historic aerials and topographic maps suggest the surface 
water flows were in large part directed by subtle variations in natural land elevations. These 
subtle variations in land elevations directed water to receiving water bodies through overland 
sheetflow and slough-type systems from vast natural areas from which water quantities were 
slowly released. In fact, these land variations were so slight that these vast areas were often 
referred to as flatlands by historic observers. These flatland areas were dotted with shallow 
circular ponds, generally only a foot or so deep and rarely over four feet deep. The ponds 
overlaid areas of deep sand as well as over areas where only a thin sand mantle covered 
underlying limestones and shell marls (Parker and Cooke 1944). 
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b. Historical hydrology 

Loxahatchee Slough 
The Loxahatchee Slough was historically shaped like a wishbone with the apex pointed toward 
Jupiter Inlet and with prongs leading to the Everglades. The north prong historically formed 
what is currently referred to as the Hungryland Slough and is a prominent flow-way when 
viewed on historic aerials. The Hungryland Slough and the Loxahatchee Slough drained to the 
north from the low divides near present day Beeline Highway (State Road [SR] 710) (SFWMD
MFL Appendix B, 2002). This same flow-way was historically located in what is now the west 
leg of the C-18 canal and is visually evident on historic aerial photographs. 

The C-17 basin also appears to have flowed into the Northwest and Southwest Forks of the 
Loxahatchee River via the Loxahatchee Slough during high rainfall events. Within the historic 
Loxahatchee Slough, water flowed predominantly to the east in the northern prong and to the 
north or to the south in the southern prong depending on seasonal conditions. Within the south 
prong, the area bounded by what is now between Northlake and Southern Boulevards, including 
the area known as the GWP, water would flow either north or south. At one time, GWP was a 
feature within the much larger Loxahatchee Slough. Much of the surface water south of the 
Loxahatchee Slough continued a south-southwest flow into the Everglades system. The southern 
extent of the southern prong drained directly into the Hillsborough Lakes Marsh at a point a few 
miles southeast of Loxahatchee (Parker and Cooke 1944). 

Loxahatchee River 
The Loxahatchee River extended from the watershed just east of Lake Okeechobee to Jupiter 
Inlet, which was previously a narrow opening until permanently dredged in 1947 (VanArman 
et al. 2005). Historically, the Northwest Fork received considerable fresh water from the 
Loxahatchee and Hungryland Sloughs. However, the landscape-level combination of flow 
diversion, channelization, wetland drainage, deforestation and development have greatly 
decreased watershed area and raised salinity in upstream riverine segments. 

The Loxahatchee River, including the National Wild and Scenic portion, has been impacted by 
urban and rural development, transportation networks, flood control and water supply projects. 
In the past, the Northwest Fork drained the majority of the watershed, and the headwaters 
originated in Loxahatchee and Hungryland Slough. Over the past century, canals and levees 
were constructed for drainage and flood control that changed the natural flows into the river. 
Construction of the C-18 canal diverted all water away from the Northwest Fork, thereby 
depriving the Northwest Fork of the volume of freshwater it once had. Channelization of the 
Southwest Fork caused the obliteration of Limestone Creek. After the Jupiter Inlet was 
permanently opened, parts of the river have evolved into a tidally influenced estuarine system. 
As a result, vegetation along the river has shifted from a freshwater swamp to salt tolerant 
mangroves. Additional erosion of the river's natural hydrology occurred incrementally as 
ditching and draining of headwaters areas of the Northwest Fork further diverted flows and 
deprived the river of much needed freshwater. 

According to historic aerials, flows from a number of tributaries entered the Loxahatchee River. 
Some of the more significant tributaries of the Loxahatchee River were Kitching Creek, 
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Moonshine Creek, Cypress Creek, Limestone Creek and Jones Creek. Kitching Creek received 
flows from a northern slough. Moonshine Creek drained a wetland slough that flowed from the 
C-44 Basin (South Fork of the St. Lucie River) located to the north. Cypress Creek is reported to 
have provided one-third of the historic flows to the Northwest Fork of the Loxahatchee River. 
Historically, Cypress Creek drained the Pal-Mar area and meandered eastward from the vicinity 
of Culpepper Ranch, through the Cypress Creek parcel, eventually discharging into the 
Northwest Fork of the Loxahatchee River (Cypress Creek/Pal-Mar & The Groves Basin Study-
2003). Historic sheetflow to the creek has been diverted to the Cypress Creek canal. Isolation 
by agricultural and residential development has resulted in a strand swamp heavily infested with 
exotic vegetation. The Loxahatchee Slough provided flows to the Limestone Creek. 

Additionally, runoff from other surrounding marshlands fed into the Loxahatchee River's 
Northwest and Southwest Forks. Uplands and sloughs provided a network of interconnecting 
lakes, ponds, and wetlands that fed into the tributaries. In some areas, extensive wetlands 
(prairies and sloughs) provided sheet flow to the tributaries and River fringes via historic 
conveyances and connections. The River received a significant amount of flow from its western 
series of wetlands sloughs capturing some of the water that came off the Osceola Plain down 
through the Pal-Mar region, draining into Cypress Creek and Smuggler's Cove, and from there 
into the Northwest Fork. Other flows from the southern tip of the Ridge entered the Loxahatchee 
Slough to the south- southeast while other water traveled south-southwest. In addition to the 
southern and western influence of sloughs, the River also benefited from a mosaic of northern 
wetlands and sloughs trapped behind the Atlantic Coastal Ridge. From there, the water flowed 
south up to 18 miles, eventually becoming what is known today as Kitching Creek. From the 
Indian River Lagoon- South Feasibility Study (2002), we learned that the Loxahatchee River 
received a small portion of the Indian River's southern flows. Water traveled south to the 
Loxahatchee River through the Allapattah Slough and the Cane Slough at times entering the 
Everglades, the Hungryland Slough, and the Loxahatchee Slough. 

c. Current Surface Hydrology 

Loxahatchee Slough 
The G-160 and G-161 structures were constructed to deliver water from the GWP to the 
Loxahatchee Slough, and eventually to the Northwest Fork of the Loxahatchee River. The intent 
of these structures was to provide supplemental flow to the headwaters of the C-18 Canal; to 
meet the established MFL flow targets (35 cfs) for the Northwest Fork of the Loxahatchee River; 
and to allow for improved hydroperiods in the Loxahatchee Slough. 

Loxahatchee Slough produces up to 65 cfs for base flow augmentation to the Northwest Fork 
during the dry season (SFWMD 2004). Discharges through the structure have generally ranged 
from 65 to 700 cfs during the wet season. Water supply releases to the Northwest Fork would 
range from 0 to 100 cfs during the dry season, depending on water availability. The SFWMD 
intends to provide a base flow of 50 cfs whenever water is available. With rainfall and runoff, 
the hydraulic heads across the G-160 structure will be controlled at 0.5 ft. to provide flood 
protection to private landowners at the existing pre-construction level. The structure is designed 
to accommodate a maximum discharge rate of 1890 cfs. However, the likelihood of such a storm 
event is minimal. 
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Although the structures were built in 2003 (G-160) and 2006 (G-161), they were not originally 
operated in accordance with their permits or identified target hydroperiods. Stakeholders had 
concerns that the increase in waters levels within Loxahatchee Slough would adversely affect 
flood protection in adjacent residential areas. However, on July 1, 2009, after notifying and 
closely coordinating with the stakeholders, the SFWMD started to operate the system in 
accordance with the permits and the MFL requirements. The stage upstream of the G-160 
structure was raised to elevation 16.5 feet NGVD, in order to maintain stages within the 
Loxahatchee Slough that were consistent with the identified target hydroperiods. The optimal 
stage targets for the slough are 15.5 feet NGVD in May to 17.5 feet NGVD by the end of the wet 
season (±0.5 ft.). Storing water in the slough during the wet season allows for environmental 
water deliveries during the dry season. The SFWMD also began operating the G-161 structure 
during the early 2009-2010 dry season to deliver supplemental flows through the C-18 canal 
providing water supply for the Loxahatchee River. The structure was operated several times 
during the 2010 dry season to meet the MFL requirement during the dry season. Water levels 
upstream of the structure have a sustained target ranging from 16.0 to 17.5 ft. NGVD, though 
with rainfall and runoff the maximum water level may be allowed to reach I 8.2 ft. NGVD. The 
maximum discharge rate will be used when stages exceed 17.7 feet NGVD. 

Water levels in the C-18 are currently controlled with the operation of the S-46 structure, a 
concrete gated spillway with three vertical lift gates, located approximately 2,400 feet east of 
Florida's Turnpike. This structure is operated to maintain an optimum headwater elevation of 
14.8 feet, when available. During major storm events, the gates are operated manually to lower 
water levels and maintain a stage of 12.8 feet NGVD. 

Loxahatchee River 
Much of the reduction in flow in the Northwest Fork is attributed to the diversion of historic 
flows that resulted from construction and operation of the C-18 canal. The C-18 canal is of 
particular significance because it drains the Loxahatchee Slough, which originally flowed into 
the Northwest Fork, and redirects those flows to the Southwest Fork. The C-18 was constructed 
in 1958 as part of the Central and South Florida Flood Control Project to improve drainage and 
flood protection for adjacent agricultural, residential, and industrial land and the Corbett WMA. 
The C-18 canal drains a l 06 square-mile area ( 40 percent of the watershed) and empties into the 
Southwest Fork through control structure S-46. Much of the reduction in flow in the Northwest 
Fork has been attributed to the diversion of historic flows that resulted from construction and 
operation of the C-18 canal. 

Another prominent drainage system in the Loxahatchee River watershed is west of C-18 in an 
area known as Jupiter Farms. Drainage occurs through a series of seven east-west collector 
canals that drain to the C-14 canal. The C-14 contributes approximately 10 percent of the total 
flows to the Northwest Fork. In addition to flows coming in from upstream via the C-14 canal, 
the segment of the Northwest Fork between Indiantown Road and the Florida Tumpike/1-95 
receives an average of nearly 5 percent of its total flow from several small unnamed tributaries 
within this reach. Flows may be diverted from the C-18 to the C-14 to improve conveyance to 
the Northwest Fork. 
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A water control structure, the G-92, was constructed to recreate the connection severed by the 
construction of local drainage works. Originally a small culvert, this structure was enlarged to 
convey up to 130 cfs in 1975. In 1989, it was replaced by a gated control structure capable of 
passing up to 400 cfs in either direction. On average, 33 percent of the water that goes to the 
Northwest Fork comes through the G-92 structure. 

The operation schedule for G-92 determines water flows to the Northwest Fork. Water is 
discharged from C-18 through the diversion structure, depending on the relationship between 
water levels in C-18 and in the Northwest Fork at Indiantown Road. Water is diverted to the 
C-14 when flows in C-14 fall below 35 cfs (measured at the Lainhart Dam) and when levels in 
C-18 exceed 12.5 feet above sea level (normal canal stage is 15 feet). 

Minimum flow discharges to the Northwest Fork have increased significantly since the initial 
operation ofG-92. This is partially a result of higher rainfall amounts, but also C-18 has been 
maintained at higher levels, and water levels in the upstream portion of the river have been 
increased due to the maintenance of the weirs at Lainhart and Masten Dams. Past erosion of 
these weirs, along with additional drainage canal construction, may have increased drainage in 
the area, thus increasing discharges into the river with subsequent over-drainage and loss of base 
flow. 

The C-18 canal has limited storage capacity and therefore cannot provide water for prolonged 
controlled discharges, which are needed to establish a consistent base flow in the Northwest 
Fork. The installation and operation of the G-92 structure has not completely achieved the goal 
of a guaranteed minimum flow of 35 cfs to preserve the freshwater character of the river. 

Cypress Creek is another significant source of surface water to the Northwest Fork, particularly 
during periods of low flows. Cypress Creek enters the river from the west, just downstream from 
the Trapper Nelson Zoo Historic District in JDSP. The Cypress Creek drainage basin is an outlet 
for an extensive network of agricultural canals, draining an area of about 26,244 acres 
maintained by the Hobe-St. Lucie Conservancy District. The western portion of the Cypress 
Creek basin is undeveloped wet prairie. These areas act as an important source of freshwater for 
Cypress Creek and the Northwest Fork. Cypress Creek contributes an average of 31 percent of 
the total flow to the Northwest Fork. 

Hobe Groves Ditch, which enters the river at River Mile 9.07, drains large agricultural areas east 
of the Florida Turnpike. Hobe Groves Ditch contributes approximately 10 percent of the total 
flow to the Northwest Fork. 

Kitching Creek originates to the north of, and within, JDSP in an area of scattered ponds and 
marshes. The Kitching Creek drainage basin has the least urban development of the major 
tributaries and contributes an average of 8 percent of the total flow to the Northwest Fork. 

Grassy Waters Preserve 
GWP is currently a rain-driven system. With 56 inches of average annual rainfall in a normal 
year, the wetlands store 32,678 acre/feet (10,648,980 gallons) per year (West Palm Beach Public 
Utilities 2012). The spatial domain of GWP's water budget encompasses a 27-square mile 
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surface area which includes the catchment area; multiple peripheral buffer wetland preserve 
areas which contribute smaller storage unit catchment functions; the Advanced Waste Water 
(AWT) Wetland Storage Recovery Area, Clear Lake, and Lake Mangonia; the extensive 
channelized conveyance canal network (M-Canal and rim canals); and multiple 
ancillary/alternative source water areas of influence (the A WT sections 10, 15, 16), and 
associated stand-by wellfield transfer pumpage discharges. 

The overall spatial range of the present water budget begins at the L-8/L-8 tieback/Control #2 
confluence. The L-8 basin relies on acquisition of flowage from Lake Okeechobee and 
cumulative runoff from the Corbett WMA and the ITID's stormwater system, as well as smaller 
units of runoff. Combined with annual rainfall amounts, this complex array of contributory 
sources make up the bulk of tributary inflows to the system. Water from these sources flows 
through the M-Canal, which bisects GWP and extends 16.5 miles to its terminus at the mouth of 
Lake Mangonia. M-Canal water flows into GWP when pumping rates are sufficient to raise the 
canal's elevation above that of the marsh, sheet-flowing north, then exiting the wetlands through 
the G-161 structure, and/or the set of (3) 72 inch culverts on the north border of GWP. The 
M-Canal does not contribute flows to the wetlands when its elevation is held below that of the 
marsh. 

As a rain-dependant system, GWP experiences periodic drawdown which is attributed to 
drought, land-use changes, and active groundwater recharge increases. During these drying 
events, GWP requires a supplemental water source for public health and envirorunental benefits. 
The source of augmented water supply for the Control #2 Pump Station is the L-8 Tieback 
Borrow Canal. The City of West Palm Beach's only physical means to augment rainfall 
deficiencies is generated flows from Control #2 pumpage. Control #2 pumping is under a 
SFWMD permit, and classified as a "Diversion & Impoundment Project," which indirectly draws 
from Lake Okeechobee (a MFL water body). The District established recommended permit 
allocations based on historic pumping data during drought conditions from the Control #2 Pump 
Station. Such permit allocations do not include specific withdrawals during dry season intervals 
for conveyances through GWP, for purposes of supplementing MFLs to the Northwest fork of 
the Loxahatchee River. However, supplemental water deliveries did occur from the L-8 
Reservoir during the drought of2010-2011 under an emergency final order issued by FDEP 
(FDEP 2011). 

The City of West Palm Beach Utilities Authority's water budget evaluation (West Palm Beach 
Public Utilities 2012) identified critical non-credited outflow components, such as 
uncompensated seepage recharge, which directly affects Control# 2 pump efficiency. GWP is 
subject to seepage due to highly permeable soil layers beneath its base floor and containment 
dike, lower held storm water canal systems, and variable rates of peripheral groundwater 
recharge areas. Collectively, seepage represents a significant portion of the overall water budget 
for GWP, and tends to cancel out much of the input gains from rainfall and pumpage from 
Control #2. 

Other major outflows include the municipal water supply withdrawals from the Water Treatment 
Plant, storm-related C-17 releases, the G-161, Loxahatchee River Minimum Flow and Level 
(MFL) releases, evapotranspiration, seepage, groundwater wellfield withdrawals, and individual 
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irrigation withdrawals. A revised GWP target stage level directive was created in 2008 to 
compensate for persistent draw-down occurrences and to maximize the hydraulic head 
differential between the GWP wetlands and the M-Canal (West Palm Beach Public Utilities 
2012). Causation of these frequent drying events may be attributed to drought, land-use changes, 
and active groundwater recharge increases. 

Impediments to Natural Surface Water Flow 
Water is the most essential component of the Loxahatchee River ecosystem. Freshwater of 
sufficient quantity, quality, and appropriate periodicity is essential to maintaining its scenic 
qualities, diverse native plant communities and wildlife populations. Human alterations to the 
river's natural drainage basins and patterns have reduced the quantity and quality of water in the 
river, and have contributed to corresponding declines in the river's natural and scenic qualities. 

The drainage patterns of the Loxahatchee River watershed have been significantly altered with 
the building ofroads (e.g., SR 710, 1-95 and the Florida Turnpike); construction of the C-18 and 
C-18 West canals and other associated water control structures; and the development of an 
extensive secondary canal network and well fields (FDEP 2010). Canals were designed to 
provide drainage and flood protection for agricultural and urban development and the 
conveyance of water for potable use and irrigation. Over time, drainage and development in the 
watershed have lowered ground water levels and altered natural flow regimes and drainage 
patterns. As the C-18 and C- l 8W canals were dredged through the Loxahatchee Slough, the 
dredged material was placed on both sides of the canals forming a barrier to flow from the 
slough into the canals. To prevent water from backing up behind these levees and flooding 
adjacent land, a series of culverts were placed through the levees. Control boards were placed in 
the culverts to prevent over-drainage of the slough. With the passage of time these culverts 
deteriorated harmfully increasing drainage of the slough. The culverts draining into the C-18 
canal have been repaired, but those draining into the C-18W canal continue to create 
environmental problems. The SFWMD's C-18 canal drains the south and southwest basins and 
terminates at the S-46 structure. 

3. Fish and Wildlife Resources 

a. Federally Listed and Candidate Species 

The Service has identified nine federally listed threatened or endangered animal species that are 
present or potentially present within the project area and may be impacted by the construction 
and operations of the project. Consultation under the Endangered Species Act for the LRWRP is 
on-going, and we anticipate a biological opinion will be needed for some of the following 
species: 

• endangered Okeechobee gourd (Cucurbita okeechobeensis ssp. okeechobeensis) 
• endangered Florida panther [Felis (=Puma) concolor coryi] 
• threatened West Indian (Florida) manatee (Trichechus manatus) 
• endangered Florida bonneted bat (Eumopsfloridanus) 
• endangered Everglade snail kite (Rostrhamus sociabilis plumbeus) 
• threatened wood stork (Mycteria americana) 
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• threatened northern crested caracara (Caracara cheriway) 
• threatened eastern indigo snake (D1ymarchon corals couperi) 
• endangered red-cockaded woodpecker (Picoides borealis) 

In addition to those species regulated by the Service, we encourage the Corps to consult with the 
National Marine Fisheries Service (NOAA Fisheries) regarding the possible effects of the project 
on listed species under their jurisdiction. 

b. State Listed Species 

The following species are listed by the State of Florida (i.e., FWC) as Threatened (T), or Species 
of Special Concern (SSC) in Palm Beach County, Florida and are likely to occur within the 
project area: 

• American alligator (Alligator mississippiensis) (SSC) 
• Bald eagle (Haliaeetus leucocephalus) (T) 
• Brown pelican (Pelecanus occidentalis) (SSC) 
• Florida black bear (Ursus americanajloridanus) (T) 
• Florida burrowing owl (Athene cunicufariafloridana) (SSC) 
• Florida mouse (Podomys floridanus) (SSC) 
• Florida pine snake (Pituophis mefanoleucus mugitus) (SSC) 
• Florida sandhill crane (Grus canadensis pratenis) (T) 
• Gopher frog (Rana capita) (SSC) 
• Gopher tortoise (Gopherus Polyphemus) (SSC) 
• Limpkin (Aramus guarauna) (SSC) 
• Little blue heron (Egretta caerulea) (SSC) 
• Sherman's fox squirrel (Sciurus niger shermani) (SSC) 
• Snowy egret (Egretta thula) (SSC) 
• Tricolored heron (Egretta tricolor) (SSC) 
• White ibis (Eudocimus a/bus) (SSC) 

IV. FISH AND WILDLIFE RESOURCE CONCERNS 

A. Introduction 

The Service expects this project to be beneficial to the management of natural resources, 
especially aquatic or wetland-dependent resources, within Palm Beach County and specifically 
the Northwest Fork of the Loxahatchee River. We appreciate the importance of this project to 
restoration and sustainability of the overall quantity, quality, timing and distribution of 
freshwater to this federally designated "National Wild and Scenic River." We also appreciate 
the ongoing efforts to reconnect the area's wetlands and watersheds that form the historic 
headwaters of the Loxahatchee River which will aid in the enhancement or conservation of 
aquatic and terrestrial species and habitats within the basins. The principal focus of this report is 
the protection, conservation, and enhancement of fish and wildlife habitats in the region, 
consistent with the project purposes. 
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B. Resource Concerns 

1. Grassy Waters Preserve Management and Operations 

a. Wading birds 

An active colony of nesting wading birds currently exists along the eastern border of GWP 
within the Solid Waste Authority (SWA) of Palm Beach County's property (Ecology and 
Environment 2007). This colony has been active for at least the last ten years and from 2010 to 
2015 has on average contained approximately 300 nesting adult wood storks. Species nesting in 
the SWA colony include the anhinga (Anhinga anhinga), great blue heron (Ardea herodias), 
great egret (Casmerodius albus), snowy egret (Egretta thula), little blue heron (Egretta 
caerulea), tricolored heron (Egretta tricolor), cattle egret (Bubulcus ibis), roseate spoonbill 
(Ajaja ajaja), white ibis (Eudocimus a/bus), glossy ibis (Plegadis falcinellus), and the federally 
Threatened wood stork (Mycteria americana). According to the 2015 South Florida Wading 
Bird Report, this colony supported a total of I, 13 9 wading bird nests between January and July 
of2015 (Cook 2016) and 1,190 wading bird nests for the same period in 2014 (Cook 2014). 
Other colonies within the foraging range of GWP support nesting great blue herons and great 
egrets, according to the FWC Water Bird Locator (FWRI 2018). 

The SW A colony contains on average approximately 1,000 breeding pairs and supports both 
long-legged and short-legged waders, including state and federally-listed birds. Breeding season 
for wading birds typically runs from January through July, although nesting activities at the 
SW A colony have been observed through September (Cook 2016). The breeding season 
generally coincides with historical draw-downs in water stages within GWP. Lower water stages 
increase foraging potential and food source availability by concentrating prey into smaller pools. 
Wading birds likely concentrate foraging in different parts of GWP as water levels recede, 
utilizing areas with optimal depths for foraging. The Service suggests that optimal conditions for 
wading bird foraging during the breeding season would be to maintain depths of 5 to 25 cm for a 
minimum 90-day period from January through May, which is similar to the recommended water 
levels for apple snail reproduction (i.e., < 40cm)(Beerens and Cook 201 O; Service 2010). The 
Service also recommends that managed areas should recede gradually during the dry season and 
that rapid reversals should be minimized. This will concentrate wading bird prey, mimicking 
natural systems and will protect low-lying nests from flooding (Service 2010). The ability of 
wading birds to successfully forage depends mostly on water depth, prey density and availability, 
and plant stem densities. To determine whether a loss in foraging habitat is expected, a GIS 
analysis should be conducted to evaluate the acreage of foraging habitat available to wading 
birds each month from January to May, comparing the acreages of suitable habitat available 
under the current operating plan and the future proposed operating plan. 

b. Everglade snail kites 

The Everglade snail kite (snail kite) has a highly specialized diet typically composed of apple 
snails, which are found in palustrine, emergent, long-hydroperiod wetlands. As a result, the snail 
kite's survival is directly dependent on the hydrology and water quality of its habitat (Service 
1999). Snail kites require foraging areas that are relatively clear and open in order to visually 
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search for apple snails. Suitable foraging habitat for the snail kite is typically a combination of 
low profile marsh and a mix of shallow open water. Shallow wetlands with emergent vegetation 
such as spike rush (Eleocharis spp.), maidencane (Panicum hematomon), sawgrass (Cladium 
jamaicense), and other native emergent wetland plant species provide good snail kite foraging 
habitat as long as the vegetation is not too dense to locate apple snails. Dense growth of plants 
reduces the ability of the snail kite to locate apple snails and their use of these areas is limited 
even when snails are in relatively high abundances (Bennetts et al. 2006). Areas of sparse 
emergent vegetation enable apple snails to climb near the surface to feed, breathe, and lay eggs, 
at which point they are easily seen from the air by foraging snail kites. Suitable foraging habitats 
are often interspersed with tree islands or small groups of scattered shrubs and trees which serve 
as perching and nesting sites. 

In order to successfully reproduce, apple snails require a minimum of four inches of water with 
an appropriate vegetative substrate on which to deposit eggs. Eggs are typically deposited six 
inches above the water surface and require 18-21 days to hatch. Ground elevations between 
16.0 and 17 .5 feet NGVD within GWP are considered optimal habitat for successful apple snail 
reproduction with respect to water depth. Ground elevations between 17.5 and 18.0 feet NGVD 
within GWP are considered marginally suitable for successful apple snail reproduction as it 
relates to water depth, while ground elevations between 18.0 and 18.5 feet NGYD within GWP 
are considered unsuitable for apple snail reproduction. Water management strategies for stage 
increases should limit incremental monthly increases or decreases to 0.25 ft. or less when 
possible. Considering that apple snails lay their eggs approximately six inches above the water 
surface which have an incubation period of 18 to 21 days, limiting monthly incremental 
increases to 0.25 ft. would benefit reproductive success and mimic more natural hydrologic 
conditions. Increases in stage elevations greater than six inches per month could impact 
successful egg hatching. 

Snail kites have historically nested within GWP (i.e. , known nesting in 2010-2016), and they 
utilize the entire area for foraging while they tend to nest east of Hog Island. Most recently, in 
2017, snail kites were observed foraging within GWP during the breeding season but there were 
no nesting attempts documented. The resident snail kite population tends to forage west ofHog 
Island when GWP stages are greater than 18.0 feet NGVD due to the higher ground elevations 
with shallower water depths. In the winter months as water stage levels start to recede snail kites 
tend to forage east of Hog Island. This reveals the opportunistic nature of the snail kite to forage 
for apple snails where success is most likely to occur. The success of snail kite foraging depends 
largely on water depth, water clarity and plant densities. Lower stage elevations can 
significantly increase foraging potential and apple snail availability. Peak breeding season for 
the snail kite coincides with historical low water stages (March - June) in GWP. As a result, 
seasonal stage increases may shift foraging from some historic foraging areas to previously 
unused areas, now considered more desirable by the snail kite because of increased water depth. 

2. Chemical Contamination 

In residential and agricultural areas of the Loxahatchee River watershed, the historical use of 
pesticides and other synthetic organic compounds may result in chemical residues in soils, 
ground water, surface water, and sediments. Sediments can be particularly important because 
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many of these organic compounds selectively adsorb to sediment particles. As a result, these 
materials have the potential to adversely affect aquatic benthic communities and the food web, or 
can be resuspended and directly affect the quality of surface waters. 

As an example, due to the Mecca Farms (C-18 West Reservoir site) property's previous use for 
citrus production and limerock extraction, concerns of contaminants have been raised in the past. 
In 2004, environmental consultants conducted a soil and groundwater contaminant survey of the 
property. Soil and groundwater samples revealed high concentrations of arsenic (1.01 mg/kg in 
soil), cadmium (0.006 mg/Lin ground water), barium (20.0 mg/kg), copper (31.6 mg/kg), 
chlordane (58.2 ug/kg) and Total Recoverable Petroleum Hydrocarbons (TRPH) (572 mg/kg in 
soil) in certain areas. All of these samples exceeded the Florida Department of Environmental 
Protection Sediment Quality Assessment Guidelines (SQAG) or the Florida Administrative Code 
Soil Cleanup Target Levels (SCTL) and Groundwater Cleanup Target Levels (GCTL). 

Conversion of soils from a dry and frequently disturbed aerobic environment to inundated 
(perennially or intermittent) relatively undisturbed anaerobic sediments, supporting native 
submergent and emergent vegetation and periphyton, could promote the release of residual 
pesticides and metals into surface waters. However, many contaminated areas may need to be 
remediated by soil removal while other areas may require different remediation techniques 
before they are suitable for water storage or restoration features. When determining the risk 
associated with the development of these sites, the agencies should follow the protocol 
developed jointly by the Service and District for conducting ecological assessments on 
agricultural lands used in CERP (Service 2008). 

V. EVALUATION METHODOLOGY 

Alternative formulation was conducted to identify management measures and identify 
preliminary alternatives. These preliminary alternatives were then refined and or revised 
until a final set of alternatives were evaluated by modeling and PDT review. Approximately 
98 management measures were originally identified and refined based on PDT and stakeholder 
input, project area knowledge, and previous studies. The measures can be generally 
characterized by the following descriptors: 

1. Spreader Canals - shallow canals to distribute and improve water delivery. 
2. Pump Stations - new pump stations to distribute and improve water delivery. 
3. Conveyance Canals - canals to move water into and out of surface water features. 
4. Weirs - structures to help control water to desirable elevations while allowing for flow 

when water levels are higher than the weir crest. 
5. Backfill or plugging of canals - internal drainage and routing features in the system 

would be plugged, partially or completely backfilled to improve surface water 
distribution and eliminate drainage. 

6. Removal oflevees and berms - levees or berms would be degraded or removed to allow 
water to sheetflow freely. 

7. Bridges and Culverts - structures to be used to allow water flows through existing 
barriers in the systems. 
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8. Storage Features - shallow, intermediate and deep water reservoirs, and aquifer storage 
and recovery for capturing, holding and delivering both normal and peak flows and 
discharging when water required. 

9. Seepage Barriers - to reduce seepage from restored wetlands into nearby private lands or 
to reduce seepage from natural areas into canals. 

10. Operational Changes or other Non-Structural Structural Solutions - adjustments to 
operational criteria to improve timing and distribution of flow. 

11. Vegetation Management Measures - measures to control invasive/exotic species, 
promote restoration of native species, and/or improved habitat structure and function 
(e.g., vegetation removal, treatment, fire, plantings). Measures will also be considered to 
support estuarine habitat structure, such as, oyster restoration (e.g., substrate, oyster spat, 
cultch) and/or submerged aquatic vegetation plantings. 

12. Adaptation Planning Measures - salinity barriers such as obermeyer weirs or oyster bars 
to limit salinity intrusion from increased sea-levels. 

The number of management measures made formulation cumbersome; therefore an approach 
was developed to screen out those with fatal flaws or that which provided limited benefit. 
Management measures were retained or screened out based on the following criteria: 

• Contributes to at least one of the five project objectives; 
• A voids violation of the three project constraints; 
• Acceptability to stakeholders and sponsor; 
• No significant adverse environmental impacts; and 
• Not cost prohibitive 

Thirteen of the 98 measures were eliminated from further analysis and 75 measures were 
retained. The remaining ten measures had too much uncertainty to make a clear decision to 
retain or eliminate them. Therefore, these ten measures were tentatively kept until additional 
information was developed. The PDT considered dependencies among measures, where some 
measures required other measures be implemented in order to work. The PDT also identified 
mutually exclusive measures that could not be implemented as part of the same alternative or 
were redundant. These groups of measures were then labelled as "Components". The LRWRP 
components were designed to help restore the project area's ability to capture and store excess 
surface waters currently lost to tide. Accompanying infrastructure and operational modifications 
would allow this stored water to be released and routed in a manner better resembling pre
development flows to the Northwest Fork of the Loxahatchee River and to reduce impacts to 
estuarine ecosystems. 

Components were screened based on engineering feasibility and expected cost relative to 
expected benefits. Neither quantitative performance estimates nor formal cost estimates were 
available at this stage. As a result, twenty-one components were retained after screening. The 
21 components were then combined into groups called "Options". Every option existed in only 
one of three flow-ways (FW) (flow-ways are locations in the study area based on existing natural 
areas, topography, and associated canals, and are generally separated from each other by 
developed lands) (Figure 2). Development of options focused first on the largest problems in a 
flow-way. Twenty options were developed: seven for FW 1; seven for FW 2; and six for FW 3. 
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Figure 2. Map of flow-ways 

The options within flow-ways underwent additional screening using the eight criteria listed 
below. Each option was assigned a score of 1 to 4 for each criterion. 

1. Volume and Timing to Lainhart Dam (FWl & FW2 only) (interpret prior modeling) 
2. Timing of Discharge to Northwest Fork (FW3 only) (professional judgment) 
3. Natural Storage/Wetland Restored Area (GIS ofhydric soils) 
4. Connectivity (ecological criteria) 
5. Flexibility (to real-time changing conditions) (professional judgment) 
6. Robustness (to uncertain future events) (professional judgment) 
7. Compatibility (with future restoration increments) (professional judgment) 
8. Nearness to NW Fork (GIS) 

The scores for all of the options were summed, and the better performing (higher scoring) 
options per flow-way (total of eight) were retained for further analysis: three for FW I , three for 
FW 2, and two for FW 3. Planning level cost estimates were not available at the time of the 
screening decisions, so decisions were made using the scores alone. Using the options that were 
retained after screening, and combining one option from each flow-way, eight alternative plans 
for LRWRP were produced. Two additional alternatives were proposed by local government 
entities and three new alternatives were identified during the March 30, 2016 interagency PDT 
meeting to further improve several of the initial alternatives, and two alternatives were added to 
address questions about specific structures, for a total of 15 alternatives. 
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After further screening by the PDT, five alternatives remained (Alternatives 2, 5, 10, 12, and 13) 
and were presented at the Alternatives Milestone meeting. The Vertical Team directed the PDT 
to continue to refine all of the alternatives in preparation for the TSP Milestone meeting. During 
additional screening, the PDT screened out Alternative 12 from further analysis based on the 
risks posed by constructability concerns, operational complexity and uncertainty, the likelihood 
of adverse impacts, and high construction and operation costs. The four remaining alternatives 
(Alternative 2, 5, 10, and 13) formed the final array of alternatives. 

During the evaluation process, some alternatives were modified to improve their performance. 
One of the modifications was to Alternative 5, and it resulted in the development of Alternative 
SR. Evaluations of the alternatives were made by comparing the modeling results for each 
alternative (as expressed in performance measure output) with the No Action alternative and 
with each other. The following performance measures were used: 

Performance Measure I (Objectives 1 and 2) - River floodplain, River, and Estuary Performance 
(Flows and Salinity) 

Restore wet and dry season flows of water to the National Wild and Scenic Northwest 
Fork of the Loxahatchee River and the river floodplain (Objective 1): 

• Variable dry season flow between 50 and 110 cfs, with a mean monthly flow of 
69 cfs over Lainhart Dam and an additional 30 cfs from the downstream 
tributaries when needed. 

Restore oysters, seagrass and other estuarine communities in the Loxahatchee River 
Estuary (Objective 2). Uses regression equations that link flows to salinities, as 
measured in practical salinity units (PSU), downstream of Lainhart dam and into the 
various salinity zones of the estuary: 

• Floodplain swamp and hydric hammock in the freshwater riverine floodplain: 
0 (RM 16 to RM 9.5) 

• Floodplain swamp in the tidal floodplain: salinity< 2 (RM 9.5 to RM 8.1) 
• Vallisneria americana: salinity < 5 (RM 10.5 to RM 6.5) 
• Fish larvae in the oligohaline zone: salinity of2 to 8 (RM 10 to RM 5.5) 
• Oysters in the mesohaline zone: salinity of 10 to 20 (RM 6.0 to RM 3.5) 
• Seagrasses in the polyhaline zone: salinity of> 20 (RM 4.0 to RM 0.0) 

Performance Measure 4 (Objectives 3 and 5) - Annual average water depth and annual 
inundation for major wetland plant communities identified within the Loxahatchee watershed: 

Measurement of acres of restored wetlands from urban and agricultural land use to 
increase the extent of natural areas (objective 3 ). Measurements were based on 
hydro logic regimes of major plant communities in the Loxahatchee Watershed and 
adjacent wetlands based on inundation durations. 

The performance measure target is as follows: seasonal hydrologic regimes to be within 
five percent (plus or minus) of desired values for major wetland plant communities (see 
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below) at specified indicator regions. Restoration of wetland hydrology will also support 
restoration of fish and wildlife populations and diversity (Objective 5). 

Plant community types used in Wetland Rapid Assessment Procedure (WRAP): 

Plant Community 
Annual Avg. 

Inundation Median Inundation 
Type 

Water Depth 
Duration* (days/yr) Duration (days/yr) 

(inches) 

Mesic Flatwood Below ground :::;30 15 

Mesic (Oak) Hammock Below ground 0-60 30 

Hydric Flatwood 0-6 30-60 45 

Hydric Hammock 0-6 30-60 45 

Depression Marsh 12-24 180-300 240 

Wet Prairie 6-16 60-180 120 

Strand Swamp 18-36 210-300 255 

Floodplain Swamp 12-30 120-240 180 

Dome Swamp 12-24 210-300 255 

* Frequency coincides with wet weather patterns and existing groundwater conditions 

Performance Measure 9 (Objective 4) - Restore connections between Corbett WMA, Pal-Mar/ 
Cypress Creek basin, Loxahatchee Slough, Grassy Waters Preserve, and Loxahatchee River to 
improve hydrology, sheetflow, hydroperiods, natural storage, and vegetation communities 
(Connectivity). The following four qualitative criteria were used for this evaluation: 

1. Hydrologic linkage to Loxahatchee River 
2. Connection to Greenways 
3. Incidental water quality improvements 
4. Flora and fauna species benefits 

This performance measure was evaluated based on the highest percent increase in connectivity 
compared to the total maximum score achievable of 100 percent based on a hydrologic/spatial 
connectivity matrix and scoring rubric developed by the PDT (Table 1 ). 
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Table 1. Connectivity matrix and sconng rubric 
Criterion No/Does not Occur= 0 Partially Occurs= 12.5 

1.0 - Hydrologic 
Linkage to River 

2.0 - Greenway 
Corridor 

3.0 - Water 
Quality 
Improvements 

4.0 - Flora and 
Fauna 

Restoration actions do not 
allow any additional 
water to flow to the River 

Restoration actions do 
not support hydrological 
restoration or additional 
connections existing or 
proposed greenway 
corridors. 

Connectivity and 
restoration actions do 
not provide additional 
water quality 
improvements. 

Restoration actions do 
not lead to wildlife 
cormectivity. 

Restoration actions improve 
wetland storage near the River 
that allows for groundwater 
recharge that is greater than 10 
miles away from the river; or 
promotes additional flows of 
water to the river. 

Restoration actions support 
hydrological restoration in a 
portion of existing or 
proposed greenway corridors. 

Connectivity and restoration 
actions improves water quality 
by partially allowing for 
sheetflow across natural lands, 
natural flow ways providing 
some treatment, but also 
utilizing the canal system. 

Restoration actions address 1 
of 3 questions regarding flora 
and fauna benefits from 
connectivity 

Yes/Definitely Occurs = 25 

Restoration actions improve 
wetland storage near the 
River that allows for 
groundwater recharge, and 
promotes additional flows 
of water to the river and are 
closer than 10 miles to the 
river. 

Restoration actions support 
hydrological restoration 
along a majority of an 
existing or proposed 
greenway corridor. 

Connectivity and restoration 
actions improve water 
quality by allowing for only 
sheetflow across natural 
lands and natural flow 
ways. 

Restoration actions address 
2-3 of the 3 questions 
regarding flora and fauna 
benefits from connectivity. 

VI. FISH AND WILDLIFE RESOURCES WITHOUT THE PROJECT 

There are current changes underway to the surface and groundwater hydrology that are likely to 
further degrade and alter plant communities. For example, over the past 50 years many of the 
wetland areas have not been provided suitable quantities of water or, in some instances, have 
been inundated with too much water. This change in hydrology has led to the spread of exotic 
and native nuisance species and the transitioning of vegetative communities from those 
characterized by some wetland dominated species to those that thrive in drier soil conditions. 
Significant vegetative changes are expected to continue taking place along the nationally 
designated "Wild and Scenic" Loxahatchee River. Altered hydrologic regimes and reduced 
flows to the Loxahatchee River have resulted in saline waters moving into areas that were 
historically freshwater. As a result, there is an ongoing transition of the historic cypress swamp 
to a mangrove-dominated monoculture that is expected to continue in the Future Without (FWO) 
project condition. In many instances thriving mangroves are very desirable. In this case, 
however, the transition is an indication of the extent to which hydrologic alterations have 
affected the upstream environment. Sea level rise has contributed to these salinity changes and 
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accelerating sea-level rise will likely further compound this problem by increasing the range of 
tidal influence to the Loxahatchee River. 

The project area's uplands are expected to face continued pressure as human populations 
increase and development moves west. The total upland forested and rangeland acreage is 
projected to decline by more than 40 percent (SFWMD 2010). The decline in habitat area will 
negatively impact native plant and animal species, including some that are state and federally 
listed threatened and endangered species. Development is also expected to increase 
fragmentation of hydrologic conditions and habitats, and this has the potential to adversely affect 
several threatened and endangered species. 

Salinity and sediment water quality parameters for downstream receiving waters are expected to 
decline in the FWO project condition. For the Northwest Fork of the Loxahatchee River, the 
freshwater and saltwater mixing zone will likely advance further upstream and continue to alter 
once freshwater dominated communities unless adequate base flows are maintained. The water 
quality within the Loxahatchee River Estuary is likely to be somewhat degraded from what 
occurs today as the cumulative effects of irregular and damaging large releases of freshwater 
through the S-46 Control Structure will continue to degrade benthic communities, further 
impairing a system already under stress. In addition, water supply releases from Lake 
Okeechobee run through GWP and have resulted in increased nutrient levels along the M canal 
resulting in the spread of native nuisance vegetation into previously high functioning wildlife 
habitat. 

Over 110 exotic and invasive species occur within the project area include Brazilian pepper 
(Schinus terebinthifolius), melaleuca (Melaleuca quinquenervia), downy rose myrtle 
(Rhodomyrtus tomentosa) and old world climbing fern (Lygodium microphyllum). These species 
are particularly problematic in locations where the water table has been lowered and natural 
communities have been disturbed. With anticipated further hydrologic impacts and reductions in 
wetland hydroperiods it is expected that additional infestation may occur. 

VII. DESCRIPTION OF ALTERNATIVES 

The LRWRP PIR discusses the history of the development of alternatives through a series of 
steps of building and screening options and decisions. The four initial alternatives selected as a 
result of this process are briefly described below. 

Alternative 2 (Figure 3) is distinguished by two storage reservoirs, one with associated ASR 
wells, and other measures, to capture water that would be lost to tide, and then release it at the 
appropriate time to improve deliveries to the NWFLR. The majority of increased water volume 
would pass through Flow-way 2. 

• Flow-way 1: add structure that connects GWP to the C-18 Canal to increase delivery 
from the south into Loxahatchee Slough, and a second structure in the C-18 Canal to 
restore Loxahatchee Slough by reducing the rapid drainage of wetlands in the slough, 
all while not flooding adjacent residential areas. 

• Flow-way 2: capture water from the L-8 Canal, ITID, and J.W. Corbett WMA that 
otherwise would be delivered to the C-51 Canal and to tide, and redirect the water 
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northward to the NWFLR to achieve restoration flow targets. The L-8 Shallow 
Storage Reservoir, C-18W Storage Reservoir and two ASR wells would store some of 
this water to be released to establish a more natural seasonal timing of delivery to the 
nver. 

• Flow-way 3: plug, backfill, or add water control structures in canals and ditches in the 
northern part of the project area to reduce overdrainage, restore water levels in 
disturbed wetlands, and restore base flow to the Northwest Fork of the Loxahatchee 
River. A flow-through wetland would capture pulsed discharges of water from 
northern agricultural areas and retain the water for on-site benefits and for improved 
timing of release to the River. Pumps and berm improvements would ensure that 
nearby residential and agricultural areas would not be adversely impacted by the 
changed hydrology of the restored wetlands. 

Alternative 5 (Figure 3) is distinguished by one storage reservoir with associated ASR wells, 
and other measures, to capture water that would be lost to tide, then release it at the appropriate 
time to improve deliveries to the NWFLR. The majority of increased water volume would pass 
through Flow-way 2. 

• Flow-way 1: add structure that connects GWP to the C-18 Canal to increase delivery 
from the south into Loxahatchee Slough, and a second structure in the C-18 Canal to 
restore Loxahatchee Slough reducing the rapid drainage of wetlands in the slough, all 
while not flooding adjacent residential areas. 

• Flow-way 2: capture water from ITID and J. W. Corbett WMA that otherwise would 
be delivered to the C-51 Canal and to tide, and redirect the water northward to the 
NWFLR to achieve restoration flow targets. The C- l 8W Storage Reservoir and four 
ASR wells would store some of this water to be released to establish a more natural 
seasonal timing of delivery to the river. 

• Flow-way 3: plug, backfill, or add water control structures in canals and ditches in the 
northern part of the project area to reduce overdrainage, restore water levels in 
disturbed wetlands, and restore base flow to the Northwest Fork of the Loxahatchee 
River. A flow-through wetland would capture pulsed discharges of water from 
northern agricultural areas and retain the water for on-site benefits and for improved 
timing of release to the River. Pumps and berm improvements would ensure that 
nearby residential and agricultural areas would not be adversely impacted by the 
changed hydrology of the restored wetlands. 

While Alternatives 2 and 5 share many of the same features, there are a few key differences 
between these two alternatives. Alternative 2 includes the L-8 Shallow Reservoir and collects 
water from the L-8 Canal, while Alternative 5 does neither. The C-l 8W Reservoir in Alternative 
2 is smaller than the C- l 8W Reservoir in Alternative 5. Alternative 2 has only two ASR wells 
while Alternative 5 has four ASR wells. Alternative 5 includes a small pump station at the M-1 
Canal near the M Canal to deliver water from ITID, while Alternative 2 does not. 



Page 42 of 319

Alternative 2 

(Spr..,de• <aut-lr/l)llt (k<lldns Ol1tl>' 

C:.C.-CI HSLCDditdt to 
MC; ClrM MC ~atio<I: weir di H* 
a.ave Oltcb: ciao. aru to hl"4ri< 
!qpOC<1plly 

flt?IM• co: M'lt 10 •• iw "''""'' 
tlevRon. UM befm al lta!ch Colol!y, 
••tomtit twin.,.. cutvc<i1 

: Pon:iol l>oal'llr & 1rloc.att 

~" end of ttSlCOc-.l Sftlfllpump, 
ccmcrvct flow 1111ouc11 manh to •-I• 
flow\ 

PlllC cSltt!n. re-~. Improve """~ 
berm; C011lUU<1 wn1trn ~m lmllfOYI! 
tHlffl\ ll(fm. pum~ " """"'" rum to 
rtllirrct drainqt IO GW flc)w. rtllirrct 
droln.te• to GW now.en'""'" rnann vi.> 
nort11 I<,.,. Gem• Cen.tl 

6. .C l!W flft<!n"'11 11 !00 o< It.& l ASR wrtt1J 
Allovt ltOllnd ·~rwir: illllclw pur'l\p_ 
4h.<l1.ir1c llrv<Mt: K'"fMCt ccrrtJOI: M·O 
1_.1 <~Of end p.Mll4) 

I I Bo1i> !.llatl<>w S:cuct H IOO o< It 
ln<Judti pv. ,, .wi4 fhaMth 

Improve h\ldl09Cflod fft tou1'11e11« Sloucll 
GWPwalt< 

to loul>a1d!tc -Slool&l> 

Alternative 5 

~ HSlCDClilCh to 
MC; deer MC vq;et.aUon. W1'ir in H
G•ow Ditell. c•ldt 11te to hkloik 
topocJepll'( 

~· «C weir to•™ 1on11a1 
c1ev .. 1lon. flM befm 11 a-n Colony. 
automne twin 14• <ulwtU; pump 4llld 'prroder 
1-ie: r~...ic CC~ lol't.1 

p~;.1 1>octrc s tr1o<11• 
'°'11l'em end of HSLCDtenel:•meH pump. 
coottl\><t ,_ 1111ourn ....,"'to ant11 ... 1t ,._., 

P1U& di1ci.e.: rcmow ~ improve """'~ 
b<!•m: c0ft11NC1 wtfltm l>tfm lmpr°"' 
•Hlftn !>nm. """"" al lbomas htm lo 
r('llilc<t Clrtlnact to GW flo'N- rc$m 
a1oin"(e 10 GWflow·llllOOIC1' manll W. 
no<tll ll~·Gnns Cerwl 

6 . . C,18W llnem>1r 19 SOO.>< ti $ • Mii..,, •) 
Above 110.nd r.-..oir. ln1- pump. 
dnchotle •1M:1111e: -e con1uit M o <-• (- 10<,,.,""""' 
lmptOVt hycStope<loO Ill loutllttl\tt 51outlh 

GWfwatrr 

~.,_ 

lowt1 M I ~watt< to M.C....i. G'NI' and 
C..161 

__ ..., 

--- ~ 
~ 

• I 
} \... .. . :JP 

--"""· ! ---_y 

m , 
. ~ 

---
Figure 3. Components of Alternatives 2 and 5 

•,, 

~ '' -· ... 
'I , . .. 

.... 

~1Lf\71(' 
OC'L . , 

·=r-..c.... 

"" . ~ ... ,'"' ................ 
• no.°"°"' 

'4"'-c...I 

41L f\11 
Q(IF.-4' 

. ._........., 
$lNo.n 
( ...... ~ 
~ 

• ~f\ro 
~ 

···~ ....... 
4 lloo~ r., .. ~e.... 
-c-.~ 

http:r�u.r.ic


Page 43 of 319

Alternative 10 (Figure 4) is distinguished by a large in-ground storage reservoir and other 
measures that are used collectively to capture water that would be lost to tide, then release it at 
the appropriate time to improve deliveries to the NWFLR. The majority of increased water 
volume would pass through Flow-way 1. 

• Flow-way 1: Constructing the C-51 Phase 2 Reservoir, a large in-ground reservoir 
that would store water from the L-8 Canal. Water would be released from the 
reservoir back into the L-8 Canal, then to the M Canal and a proposed pipeline that 
would bypass GWP and release water into the C-18 Canal and then to the Northwest 
Fork of the Loxahatchee River. To minimize water quality concerns with using large 
volumes of L-8 Canal water, a structure on the L-8 Canal near Lake Okeechobee 
would be closed. Since Lake Okeechobee water passing through this structure is a 
backup water supply for the City of West Palm Beach, some of the storage in the C-
51 Reservoir would be dedicated to replace the backup water supply. 

Flow-way 1 also includes an additional structure that connects GWP to the C-18 
Canal to increase delivery from the south into Loxahatchee Slough, and a second 
structure in the C-18 Canal to restore Loxahatchee Slough by reducing the rapid 
drainage of wetlands in the slough, all while not flooding adjacent residential areas. 

• Flow-way 2: capture water from ITID and J.W. Corbett WMA that otherwise would 
be delivered to the C-51 Canal and to tide, and redirect the water northward to the 
NWFLR to achieve restoration flow targets. The C-18W Storage Reservoir would 
store some of this water for release into the dry season and establish a more natural 
seasonal timing of delivery to the river. 

• Flow-way 3: plug, backfill, or add water control structures in canals and ditches in the 
northern part of the project area to reduce overdrainage, restore water levels in 
disturbed wetlands, and restore base flow to the Northwest Fork of the Loxahatchee 
River. The extent of canal and ditch modifications would be much smaller than the 
modifications proposed in Alternatives 2, 5, and 13. Berm improvements would 
ensure that nearby residential and agricultural areas would not be adversely impacted 
by the changed hydrology of the restored wetlands. 

Alternative 13 (Figure 4) is distinguished by incorporating the natural storage function of 
wetlands, with other measures, to capture water that would be lost to tide, then release it at the 
appropriate time to improve deliveries to the NWFLR. The majority of increased water volume 
would pass through Flow-way 2. 

• Flow-way I: adding a structure that connects GWP to the C-18 Canal to increase 
delivery from the south into Loxahatchee Slough, and a second structure in the C-18 
Canal to restore Loxahatchee Slough by reducing the rapid drainage of wetlands in 
the slough, all while not flooding adjacent residential areas. 

• Flow-way 2: capture water from the L-8 Canal, ITID, and J.W. Corbett WMA that 
otherwise would be delivered to the C-51 Canal and to tide, and redirect the water 
northward to achieve wetland restoration in the watershed and restoration of flow 
targets for the Northwest Fork of the Loxahatchee River. The L-8 Shallow Storage 
Reservoir with four ASR wells would store water for delivery into the dry season. 
Water would be conveyed to the C- l 8W site, would be restored to wetlands, and to 

35 



Page 44 of 319

additional disturbed wetlands to the east. These wetlands would function as natural 
storage, holding water deeper in the wet season and gradually releasing water toward 
the C-18W Canal and Loxahatchee Slough into the dry season. 
Flow-way 3: plug, backfill, or add water control structures in canals and ditches in the 
northern part of the project area to reduce overdrainage, restore water levels in 
disturbed wetlands, and restore base flow to the Northwest Fork of the Loxahatchee 
River. A flow-through wetland would capture pulsed discharges of water from 
northern agricultural areas and retain the water for on-site benefits and for improved 
timing of release to the River. Pumps and berm improvements would ensure that 
nearby residential and agricultural areas would not be adversely impacted by the 
changed hydrology of the restored wetlands. 
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VIII. EVALUATION OF THE ALTERNATIVES AND THE TENTATIVELY 
SELECTED PLAN 

The final array of selected alternatives was evaluated against each of the others, and against the 
No Action alternative (i.e., Future Without Project [FWO]) in order to identify which ones best 
satisfied the multiple goals of the project. The project benefits of each alternative were evaluated 
by comparing their respective performance measure model outputs, costs associated with each 
alternative plan were evaluated, and an analysis was conducted using Cost Effectiveness and 
Incremental Cost Analysis (CE/ICA) to identify the alternatives that maximize environmental 
benefits compared to costs. 

A. Effectiveness 

The effectiveness of each alternative was evaluated by how well the alternatives achieved the 
planning objectives identified for the LRWRP. The following tables present the results of the 
evaluation of performance of each alternative with respect to the project objectives. 

Objective 1 - Restore wet and dry season flows of water to the National Wild and Scenic 
N rth F k f h L h h R' d th . fl d I . 0 west or o t e oxa ate ee iver an enver oo lP am 

All four alternatives achieve flow targets for the wet season. All four alternatives make 
improvements (see below) over the FWO for the dry season restoration target. Alternative 13 
performs substantially poorer than the other alternatives in the dry season. Alternative 13 is the 
only alternative that still shows exceedances of minimum flows and levels for the 41-year 
period of analysis. Alternative 10 performs the best for the dry season. 

(Wet and Dry Season Flow at Lainhart Dam, 0-100% scale, target is 100%) 
(number of Minimum Flow and Level exceedances, tar2et is 0) 

Future Without (FWO) Alt2 (Two Alt 5 (One 
Alt 10 (In-

Alt 13 (Natural 
ground 

Project Condition reservoirs) reservoir) 
reservoir) 

storage) 

Wet Season (78%) 98% 98% 100% 98% 
Dry Season (65%) 87% 91% 95% 80% 
MFL exceedances (17) 0 0 0 12 
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Objective 2 - Restore oysters, seagrass and other estuarine communities in the Loxahatchee 
R. E tu tver s ary 

The results indicate slight improvements in the Vallisneria, Oligohaline, and Mesohaline zones 
for all alternatives with the most improvement from Alternative 10 and least improvement from 
Alternative 13. The polyhaline zone remains unchanged except for a slight decrease in 
performance from Alternatives 5 and 10. The biggest lift is with the mesohaline zone. 

(Performance measurefor estuarine communities. 0-1.00 scale, tar~et is 1.00) 

Alt2 (Two 
Alt5 Alt 10 (In- Alt 13 

FWO (One ground (Natural 
reservoirs) 

reservoir) reservoir) storage) 
Tidal River (0-2 psu) 1.0 1.0 1.0 1.0 1.0 

Vallisneria- (0-5 psu) 0.78 0.80 0.80 0.81 0.79 

Oligohaline - Fish larvae (2-8 0.21 0.23 0.23 0.24 0.23 
psu) 

Mesohaline - Oysters (10-20 0.39 0.45 0.45 0.46 0.43 
psu) 

Polyhaline - Seagrass (>20 0.92 0.92 0.91 0.91 0.92 
psu) 

Objective 3 - Measurement of acres ofrestored wetlands from urban and agricultural land use to 
increase the extent of natural areas 

All alternatives restore wetlands in the watershed. Alternative 13 restores the greatest number 
of acres because it would restore wetlands on the C-18W site and western Loxahatchee Slough 
that are not attempted to be restored by the other alternatives. Alternative 10 restores the 
fewest number of acres because it has fewer measures in Flow-way 3 than the other 
alternatives. Alternatives 2 and 5 restore approximately the same number of acres of wetlands. 

(Number of acres restored, more is better). 

Future Without (FWO) Alt 2 (Two Alt 5 (One 
Alt 10 (In- Alt 13 

ground (Natural 
Project Condition reservoirs) reservoir) 

reservoir) storaee) 
Restored agricultural areas 13,356 16,292 2,009 17,673 

(formerly functioning 
wetlands), 0 

Restored natural areas 12,352 9,546 7,904 13,803 
(existing but impacted 

wetlands), 0 
Total, 0 25,708 25,838 9,913 31 ,476 
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Objective 4 - Restore connections between Corbett WMA, Pal-Mar/Cypress Creek basin, 
Loxahatchee Slough, Grassy Waters Preserve, and Loxahatchee River to improve hydrology, 
sheetflow, hydroperiods, natural storage, and vegetation communities (Connectivity) 

All four alternatives improve connectivity. Alternative 13 has more connections via C-18 west 
natural storage through A venir to Loxahatchee at two locations, which contributes to its 
highest score. Alternative 10 restores the lowest connectivity. Alternartives 2 and 5 restore 
the same amount of connectivity. 

(Qualitv of connection, ranze 0 to 1. 00, hi~ her is better). 

Future Without (FWO) Alt2 (Two Alt 5 (One 
Alt 10 (In- Alt 13 

Project Condition reservoirs) reservoir) 
ground (Natural 

reservoir) storage) 
0 0.67 0.67 0.46 0.83 

Objective 5 - Restoration of wetland hydrology will also support restoration of fish and wildlife 
l . d d' . oopu attons an ivers1tv 

All alternatives performed better than the FWO. Alternative 13 would produce the greatest 
restoration of plant and animal species abundance and diversity. Alternative 10 would provide 
the least. Alternatives 2 and 5 would provide the same restoration, intermediate between 
Alternatives 13 and 10. The relationship among the alternatives for restoration of fish and 
wildlife (objective 5) is parallel to the patterns predicted for wetland acres restored (objective 
3) and for connectivity (objective 4). 

(Index score for native plant and animal abundance and diversity, range 0 to 1.00, higher is 
better). 

Future Without (FWO) Alt 2 (Two Alt 5 (One 
Alt 10 (In- Alt 13 

ground (Natural 
Project Condition reservoirs) reservoir) 

reservoir) storage) 
0.32 0.48 0.48 0.39 0.53 

B. Habitat Unit Analysis 

The PDT devised a project specific tool, referred to as a planning model, to evaluate habitat units 
(HUs) for alternatives within the LRWRP project area. An HU is the product of the "quality" of 
the environmental metric (on a scale of zero to 1.0) multiplied by the "quantity" (i.e., acres) of 
that metric. HUs represent the ecological benefit of each alternative once the system has had 
time to respond to the hydrological changes produced by the alternatives. The time scale is the 
same, so HUs can be calculated for Existing Conditions, and predicted for both Future With and 
Future Without Project conditions (see the LRWRP PIR for a more in-depth analysis of HU 
methods). Also, calculating HUs for different ecosystems (e.g., river and estuary, floodplain, 
and watershed) creates a "common currency" to allow the PDT to make equivalent comparisons 
and sum the entire alternative's benefits in one number. The primary areas evaluated included 
the Loxahatchee Estuary, the Northwest Fork of the Loxahatchee River, and the wetlands within 
the Loxahatchee River watershed. 
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Table 2. Total HUs calculated for each alternative. 
Benefit Re2ion ECB FWO Alt2 Alt5 Alt 10 Alt 13 

River and Estuary 1,029 1,029 1,377 1,441 1,504 1,266 

Floodplain 314 314 420 440 459 386 

Watershed (Wetlands and 
25,711 25,407 37,747 37,516 30,892 41,300 

Connectivity) 

From this HU analysis, average annual HUs (AAHUs) were calculated. To calculate AAHU, a 
quality trajectory over the 50-year period of benefit accrual was predicted for each the FWO and 
alternatives. The individual annual HUs were then calculated as the difference between the 
quality of the alternatives and FWO over the 50-year period. For the alternatives, the ecological 
response time was estimated to be 6 years for the Loxahatchee River and Estuary; 75-100 years 
for the Loxahatchee River floodplain; and 75-100 years for the Loxahatchee watershed. The 
LRWRP PIR provides details and trajectories regarding the AAHU calculations. 

T bl 3 A I h b"t a e . verage annua a 1 at umts an d average annu a1 b fi ene its 
Future 

Without Alt2 Alt5 Alt 10 Alt 13 
Pro.iect 

Loxahatchee River I Estuary and Floodplain 

Average Annual Habitat 
1,343 

1,684 1,767 1,744 1,593 
Units 

Average Annual Habitat 
0 341 424 431 250 

Unit Benefit 

Watershed (wetlands & connectivity) 

Average Annual Habitat 
25,407 

33,461 33,696 28,727 36,340 
Units 

Average Annual Habitat Unit Benefit 8,054 8,289 3,320 11,133 

In calculating the benefit in HUs for each alternative, the FWO number of HUs is assumed to 
stay constant throughout the period of analysis. Table 3 also displays the average annual habitat 
unit benefits for each alternative. Benefits are calculated as the difference between the average 
annual habitat units with the alternative plan and the average annual habitat units in the Future 
Without Project condition. Alternative 13 yields the greatest average annual benefit in 
wetland/connectivity HUs, while producing the least HU benefit of the four alternative plans for 
the Loxahatchee River and Estuary HUs. Alternative 10 performs the best for the Loxahatchee 
River and Estuary but the worst for the Loxahatchee watershed. Alternative 5 ranks second in 
benefit for both habitat types and Alternative 2 is third for both habitat types. 
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C. Cost Effectiveness and Incremental Cost Analysis 

It is often difficult to summarize the results of the Cost Effectiveness (CE) and Incremental Cost 
Analysis (ICA) when the analysis is performed on different species, habitats, or geographic 
areas. The difficulty with the LR WRP is that some of the alternatives have certain features that 
provide greater benefits to the Northwest Fork of the Loxahatchee River, floodplain, and estuary, 
while other alternatives may provide greater benefits to the wetlands within the watershed. 
Therefore, the cost and benefits of each of the alternatives was examined separately with respect 
to two geographic areas; 1) the Loxahatchee River, floodplain, and estuary, and 2) watershed 
wetlands. Conducting the analysis in this manner provides a more accurate and balanced 
depiction of the benefits of the alternatives. 

1. Loxahatchee River, Estuary, and Floodplain 

The results of the cost effectiveness analysis indicate that Alternative 5 and Alternative 10 are 
both cost effective alternatives for producing a benefit in river and estuary habitat units and are 
carried forward to the ICA (Table 4). Alternative 13 and Alternative 2 produced fewer HUs than 
Alternative 5 for a greater cost, making those plans non-cost effective. 

Table 4. Cost effectiveness of the alternatives for benefits to the Loxahatchee River, estuary, 
dfl dl . an oo Lp.am. 

Average 
Average Annual Average Annual Cost 

Annual Cost 
Alternative* 

CRF (i=2.75%, 
NER Benefits (HU Cost per Unit Effective 

n=50) 
Lift) Output (Yes/No) 

No Action $0 0 NIA NIA 
Plan 

Alt 5 $ 22,031,000 424 $ 52,000 Yes 

Alt 13 $ 23,008,000 250 $ 92,000 No 

Alt 2 $ 27,470,000 341 $ 80,000 No 

Alt 10 $ 29,125,000 431 $ 68,000 Yes 

* Alternatives are displayed in order of increasing AAEQ cost. Average annual costs include 
construction cost; Planning, Engineering & Design; construction management costs; IDC; and 
O&M. 

The incremental cost analysis indicated that the HU benefit gained by going from Alternative 5 
to Alternative 10 is approximately seven units, each of which has an incremental cost of 
approximately $989,000 (Table 5). The additional HUs from Alt 10 are 19 times as expensive 
per HU than the approximately $52,000 per unit for the first 424 units of benefit provided by 
Alternative 5. 
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Table 5. Incremental cost analysis for the two cost effective plans for benefits to the 
L ah t h R. tu d fl d l . ox a c ee 1ver, es arv, an oo lP am. 

Average Incremental 
Incremental Incremental 

Average Average Average Annual 
Alternative* Annual 

Annual Plan Average Annual Cost/ Average 
Plan Cost 

Outputs Annual Cost Habitat Unit Annual Habitat 
(Habitat Units) Increase Increase Unit 

No Action Plan - - - - -
$ 

424 
Alt 5 22,031,000 424 $ 22,031,000 $ 52,000 

$ 
7.17 

Alt 10 29,125,000 431 $ 7,094,000 $ 989,000 

* Alternatives are displayed in order of increasing AAEQ cost. Alternative 5 is compared to No Action 
Plan and Alternative 10 is compared to Alternative 5. 

2. Watershed 

The results of the cost effectiveness analysis indicate that Alternative 5 and Alternative 13 are 
both cost effective and are carried forward to the ICA (Table 6). Alternative 2 and Alternative 
10 are not cost effective because they cost more than both Alternative 5 and Alternative 13 and 
produce a smaller benefit in watershed HUs than those alternatives. 

Table 6. Cost effectiveness of the alternatives for benefits to the watershed. 
Average 

Average Annual Average Annual Cost 
Annual Cost 

Alternative* 
CRF (i=2. 75%, 

NER Benefits Cost per Unit Effective 

n=50) 
(HU Lift) Output (Yes/No) 

No Action Plan $0 0 NIA NIA 
Alt 5 $ 22,031,000 8,289 $ 2,700 Yes 

Alt 13 $ 23,008,000 11 ,133 $ 2,100 Yes 

Alt 2 $ 27,470,000 8,054 $ 3,400 No 
Alt 10 $ 29,125,000 3,320 $ 8,800 No 
* Alternatives are displayed in order of increasing AAEQ cost. Average annual costs include 
construction cost; Planning, Engineering & Design; construction management costs; IDC; 
andOMRR&R. 

The incremental cost analysis indicated that Alternative 13 was the only Best Buy plan (Table 7). 
This plan has the lowest average annual incremental cost per HU of the two cost effective plans 
and also produces the greatest HU output of the two cost-effective plans. 
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Table 7. Incremental cost analysis for the two cost effective plans for benefits to the watershed. 
Alt f 13 . th nl B t B l erna ive lS eo v es u 'Pan. 

Average Incremental Incremental 

Average Annual Incremental Average Average 

Alternative* Annual Plan Average Annual Annual Cost/ 

Plan Cost 
Outputs Annual Cost Habitat Average 
(Habitat Increase Unit Annual Habitat 
Units) · Increase Unit 

No Action $0 0 NIA NIA NIA 

Alt S 
$ 

8,289 $ 22,031 ,000 8,289 $ 2,700 
22,031,000 

Alt 13 
$ 

11,133 $ 23,008,000 11,133 $ 2,100 
23,008,000 

* Alternatives are displayed in order of increasing AAEQ cost. 

D. Refmed Alternatives and the Tentatively Selected Plan 

Based on the above evaluation of the alternatives, Alternative S would be recommended over 
Alternatives 2, l 0, and 13 as the Tentatively Selected Plan (TSP). However, after reviewing the 
results, PDT agencies requested additional analysis of modified alternatives with different 
stakeholders supporting modifications to Alternatives S, 10, or 13. 

Stakeholders requested modifications that focus on strengthening the performance of these 
alternatives where they were weakest in comparison to the other alternatives. The PDT 
developed three additional alternatives, l OR, l 3R, and SR. These revised alternatives contained 
additional selected measures from the original alternatives that had undergone modeling and 
detailed analysis. Performance of the revised alternatives was inferred from the performance of 
the original, modeled alternatives, and new cost estimates for the revised alternatives were 
prepared. 

After developing the three additional alternatives, Alternative SR was recommended over 
Alternative Sand was recommended as the TSP. Alternative SR is Alternative S plus two 
wetland measures from Alternative 13 (Figure S). 



Page 53 of 319

Alternative SR 
(""~"''° 1artl RI onJ 

(Spread"' cana4 welr/IJ!U: (Jenkins Dllth 
•'kY' Sf1 ie .. r (MC C.t•a r-tn La~• 

1Gtl I.,,. ~tlt'11 Connect HSlCD ditch to 
MC tlear MC vteemion: welt in Hobe 
Grove Ditch~ cnde area to historic 
1opocraphv 

tf' Prt. l{~I- I I'!: .._ 'Ye:! 

r Replace CCC weir to rat~ <0ntrol 
elevation, raise berm at Ranch Colony, 
automate twln 84" cutveru; pump and spreader 
swale; reirade CC 5001llem !OfkJ 
< tr'!Zrt Jo.Jr .. LW ''"' a ti (.lo U1 r: 

• 
: Partl•t backlite & relocate souehtrn 

end ol HSLCD canah small pump. conmuct 
llow Chroveh marsh to 1ncnu11c flows 

'" Plue diuhcs; remove pipes: Improve nonhem 
berm: construct westem berm Improve 
eastem berm: pumps at Thomas Farm to 
redirect dralna1e to GW now. redirect 
drainage to GW llow·throv&h marsh via 
north Nine-Gems canal 

6 . . C !SW Re5A!rvoh (9.500 ac It. & 4 ASR weli.) 
Above eround reservoir: lnllow pump. 
discharee nruaure; seepac• control; M·O 
canal cooneaor and pump ., 
tmpr<M! hydroperiod In loxah1tth1t Slouch 

GWPwarer 
10 t.onha~nee Slouch 

Grede and 
rtc.onnect 

'" Deliver 
IOWM M-1 basin water ID M.Canal. GWP and 
G· l61 

Figure 5. Components of Alternative SR (TSP) 

t\\. ,,..,. ., .. ,, ,, 

! 

ATU\TIC 
QC£A\" 

""--
' -~ -C.,.<1'r?,. 
~ ~ fn~'l'u~r~,m 

, .. .,, .. J:,.t:n .: ... ~.v··. ~.. .J!j ..... 

..~ ... ~" 

'·•'"-'' "All a,.\ 
MU-,,Jt\l 

" ......--~-.-""'---.! 

·~ .. ASR 

. =C<>'bd 
UG<"'ll~ 

~ 

' =-'...,._, 
••• -111!1<rm 

- Fb<Dc'CIUOO 
- r EIC$.<l9 C.rat 

Alternative SR has a l 0.2% increase of average annual watershed wetland benefits for only a 
S.S% increase of average annual cost (Table 8). The Loxahatchee River, estuary, and floodplain 
benefits of Alt SR are assumed to be the same as Alternative 5. Alternative SR is recommended 
over Alternative 5, and it was recommended as the TSP. 

T bl 8 C t ffi t. f tl db a e . os -e ec 1veness ana ys1s o we an fit f Alt ene 1 so t erna ives 5 d SR an 

Average Annual Average Annual Average Annual Cost 
CostCRF Watershed Cost per Average Effective 

Alternative (i=2.75%, n=SO) Benefits Annual Benefit (Yes/No) 

No Action $0 0 NIA NIA 

Alt S $ 22,031,000 8,289 $ 2,700 Yes 

Alt SR $ 23,3 16,000 9,138 $ 2,600 Yes 

IX. POTENTIAL ADVERSE AND BENEFICIAL EFFECTS OF THE TENTATIVELY 
SELECTED PLAN 

A. Wetland Creation and Improvement of Wetland Functionality 

Implementation of the TSP will result in significant habitat improvements from changes to 
wetland hydroperiods on existing natural areas and the restoration of wetlands in areas that have 
historically been over-drained. Many of the storage features (reservoirs, impoundments, and 
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flow-through marshes) have been planned on lands that were formerly in improved pasture or 
agricultural production (e.g., row crops, fallow citrus, etc.). Improvements to wetland 
hydroperiods are expected to occur within areas of Kitching Creek, Moonshine Creek, Cypress 
Creek, Gulfstream East and West, Pal-Mar East, Loxahatchee Slough, and portions of Grassy 
Waters Preserve. The TSP would result in conversion of approximately 16,000 acres of 
agricultural lands to wetlands and the rehydration of approximately 9,500 acres on existing 
natural areas. 

The creation and restoration of wetland habitat is likely to benefit many resident wetland
dependent species including state-listed species like the Florida sandhill crane (Grus canadensis 
pratensis), little blue heron (Egretta caerulea), white ibis (Eudocimus albus) (roseate spoonbill 
(Ajaia ajaja), and tricolored heron (Egretta tricolor); and also benefit the federally listed wood 
stork and snail kite. These wetland habitats will also benefit many species of migratory 
waterfowl and wading birds. 

B. Contaminants 

There is evidence of chemical contamination in the watershed. Specifically, in 2004, samples 
from the proposed C-18W Reservoir site (Mecca Farms) showed levels of certain contaminants 
that exceeded the Florida Department of Environmental Protection Sediment Quality Assessment 
Guidelines (SQAG) or the Florida Administrative Code Soil Cleanup Target Levels (SCTL) and 
Groundwater Cleanup Target Levels (GCTL). To the extent that additional sampling prior to the 
construction of the C-18W Reservoir would assess and ultimately remediate that contamination 
is a benefit of the project. There are additional areas formerly used for agricultural activities that 
would need to be assessed prior to any rehydration to minimize the potential risk to fish and 
wildlife species. The Service assumes that contaminants will be addressed by following the 
protocol developed jointly by the Service and District for conducting ecological assessments on 
agricultural lands used in CERP (Service 2008). 

C. Habitat Conversion in the C-18W Reservoir 

Current habitat within the proposed 1,381-acre C-18W Reservoir site is primarily fallow citrus 
groves but may also have some small areas of improved pasture. The PDT selected this area due 
to its proximity to the C-18 and M-0 Canals as well as the relatively low existing ecological 
function of the site. Construction of the reservoir will convert the existing habitat into a 9,500 
ac-ft aboveground reservoir. The embankment height will be approximately 18.5 ft above 
natural ground elevation with a normal design pool depth of approximately 7.5 ft and a normal 
pool elevation of27.5 ft NAVD88. 

Indigo snakes and crested caracaras are known to occur within the vicinity of the C-18W 
Reservoir site. The conversion of 1,381 acres of suitable habitat to an aboveground reservoir 
will result in a loss of this habitat for these two federally listed species. However, the Service 
anticipates that the embankments will provide a limited amount of foraging habitat for crested 
caracaras. In addition, the creation and enhancement of wetlands as a result of the LRWRP will 
provide additional foraging habitat for both the crested caracara and indigo snake. The Service 
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will address any adverse effects to listed species through our consultation with the Corps under 
Section 7 of the ESA. 

D. Summary of Consultation under the Endangered Species Act 

The Service received a letter from the Corps requesting initiation of formal consultation under 
the provisions of section 7 of the ESA on March 14, 2017. We anticipate receiving the Corps' 
Biological Assessment prior to the issuance of the Final LOWRP PIR. We also expect to 
complete a draft Biological Opinion for effects of the LOWRP on federally listed species in 
2019. 

X. RECOMMENDATIONS/CONSERVATION MEASURES 

The Service is providing recommendations on this project in order to make the project more 
environmentally compatible and to further enhance the diversity and abundance of fish and 
wildlife resources in the project area. 

1. Detailed estimates of hydrology across the 41-year period of record (January 1965 -
December 2005) generated by the Lower East Coast Service sub-Regional North Palm 
(LECsR-NP) hydrologic model were used to calculate performance measure scores. The 
period of record for model simulations should be extended to include the water years 
beyond 2005. This would be beneficial, because it would include the severe drought of 
2007-2008 and the very wet winter and spring of 2016. Including these weather patterns 
in the model allows the agencies to expand their understanding of ecological 
consequences for future planning efforts. 

2. The construction and operation of the C- l 8W Reservoir may result in the displacement of 
nesting or foraging pairs of crested caracaras. In the upcoming Biological Opinion, the 
Service is likely to recommend standard surveys to determine if caracaras would be 
adversely affected by the construction and operation of the reservoir. If caracaras are 
currently utilizing the site, future monitoring of these displaced birds will likely be 
needed to determine their survival and reproductive fate post-operation. 

3. The Service has previously provided technical assistance to the Corps to address concerns 
related to the design of reservoir embankments that have the potential to cause wildlife 
entrapment. Specifically, some reservoirs are designed and constructed with 'stair-step' 
embankments. These embankments have been shown to create barriers to the movement 
of wildlife. The Service requests that during the development of design alternatives for 
the C-18W Reservoir consideration be given to the protection of fish and wildlife, 
specifically as it relates to wildlife entrapment. 

XI. SUMMARY OF POSITION 

The Service has participated in the development and review of alternatives for this project. The 
Service believes that the TSP will benefit wetland species in the watershed through the creation 
or restoration of approximately 26,000 acres of habitat in Pal-Mar East, Corbett WMA, 
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Loxahatchee Slough, and Kitching Creek. The TSP will also improve ecological conditions 
through restored flows to the National Wild and Scenic Northwest Fork of the Loxahatchee 
River. 
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A.2 Listing of Threatened and Endangered Species 

The list of federally threatened and endangered species within the LRWRP study area was received from 
U.S. Fish and Wildlife Service (FWS) on March 16, 2017. 
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United States Department of the Interior 

Gina Paduano Ralph 
Environmental Branch Chief 
U.S. Army Corps of Engineers 
701 San Marco Blvd. 

FISH AND WILDLIFE SERVICE 
South Florida Ecological Services Office 

1339 201
h Street 

Vero Beach, Florida 32960 

April 20, 2017 

Jacksonville, Florida 32207-08175 

Service Code: 41420-2006-F-0363 
Received Date: March 16. 2017 

Project: Loxahatchee River Watershed 
Restoration Project 

Applicant: Army Corps of Engineers 
County: Multiple 

Dear Ms. Ralph: 

The U.S. Fish and Wildlife Service (Service) has reviewed the U.S. Army Corps of Engineers· 
(Corps) letter dated March 16, 2017, and its request for information under section 7 of the 
Endangered Species Act of 1973, as amended (87 Stat. 884; 16 U.S.C. 1531 et seq.) for the 
Loxahatchee River Watershed Restoration Project. The following federally listed species and 
critical habitats are under the jurisdiction of the Service and should be evaluated in your 
Biological Assessment for effects of the project. 

Species or Critical Habitat Potentially Affected Status 
Audubon's crested caracara (Polyborus plancus audubonii) Threatened 

Eastern indigo snake (Drymarchon corais couperi) Threatened 

EverglaJe ~mail kilt: (Rustrhwnus sudubilfa µlwnbeus) Endangered 

Florida bonneted bat (Eumopsjloridanus) Endangered 

Florida panther (Puma (=felis) concolor coryi) Endangered 

West Indian manatee (Trichechus manatus) Threatened 

Wood stork (Mycleria americana) Threatened 

Okeechobee gourd (Cucurbila okeechobeensis ssp. okeechobeensis) Endangered 

Everglade Snail kite (Rostrhamus sociabilis plumbeus) Population: Final designated 
Florida population critical habitat 

West Indian Manatee (Trichechus manalus) Population: Entire Final designated 
critical habitat 
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Gina Ralph, PhD. Page 2 

The Service does not evaluate or comment on State listed Species. There may be other species 
or critical habitats under the jurisdiction of other agencies (i .e. , Florida Fish and Wildlife 
Conservation Commission, NOAA National Marine Fisheries Service, etc.) that the Corps should 
consider as well. Thank you for your cooperation in the effort to protect fish and wildlife 
resources. If you have any questions regarding this project, please contact Delta Harris at 772-
469-4247. 

cc: electronic ·copy 

Sincerely yours, 

~r~;;(~ 
Donald (Bob) Progulske 
Everglades Program Supervisor 
South Florida Ecological Services Office 

CORPS, Jacksonville, Florida (Andrew LoSchiavo) 
FWC, Vero Beach, Florida (Tim Towles) 
SFWMD, West Palm Beach, Florida (Beth Kacvinsky) (Ernie Marks) 



   

 
   

      
         

    
   

   

 

 
  

      
       

 

       
       

       

A.3 Endangered Species Act Biological Assessment 

The USACE provided NMFS with the Endangered Species Act Programmatic Biological Assessment for 
the Comprehensive Everglades Restoration Plan (CERP) in July 2013. NMFS provided a Programmatic Bi-
ological Opinion for the Comprehensive Everglades Restoration Plan to the Corps on December 17, 
2013, which includes the Loxahatchee River Watershed Restoration Project. 

The USACE provided USFWS with the Loxahatchee River Watershed Restoration Project Endangered 
Species Act Biological Assessment in March, 2019. USFWS will provide a Biological Opinion for the Loxa-
hatchee River Watershed Project to the Corps for inclusion in the Final PIR/EIS. 
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A.3.1 Comprehensive Everglades Restoration Plan Programmatic Biological Assessment Submitted 
to the National Marine Fisheries Service 
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REPLY TO 
ATIENTIONOF 

Planning Division 
Environmental Branch 

Roy E. Crabtree, PhD 
Regional Administrator 
NOAA Fisheries Service 
Southeast Regional Office 
263 13th Avenue South 
St. Petersburg, Florida 33701 

DEPARTMENT OF THE ARMY 
JACKSONVILLE DISTRICT CORPS OF ENGINEERS 

P.O. BOX 4970 

JACKSONVILLE, FLORIDA 32232-0019 

Re: Request for Consultation under Section 7 of the Endangered Species Act 

Dear Dr. Crabtree: 

Through extensive coordination in October and November 2011 between the U.S. Army Corps of 
Engineers (Corps) and the National Marine Fisheries Service (NMFS), a need for a programmatic 
Endangered Species Act Section 7 consultation was recognized in order to adequately evaluate the 
potential effects of the Comprehensive Everglades Restoration Plan (CERP) program on listed species 
and designated critical habitat under NMFS' purview. The CERP projects described in the enclosed 
document include Biscayne Bay Coastal Wetlands; C-111 Spreader Canal Western Project; Site 1 
Impoundment; Indian River Lagoon South Feasibility Study; Caloosahatchee River (C-43) West Basin 
Storage Reservoir; Picayune Strand Restoration Project; Everglades National Park (ENP) Seepage 
Management Project; and the Central Everglades Planning Project. 

As a result, this consultation effort entails the submittal of a Programmatic Biological Assessment 
(BA) addressing all CERP projects. The intent of this BA, therefore, is to reference the Central and 
Southern Florida Project Comprehensive Review Study (C&SF); update the status of each CERP 
project; and evaluate the potential effects to any threatened or endangered species under NMFS 
purview that was not addressed in previous consultations. This Programmatic BA also includes the 
most recent CERP project referred to as the Central Everglades Plam1ing project (CEPP) and provides 
specific evaluations of potential effects to threatened and endangered species within the purview of 
NMFS. 

The primary restoration purpose of CERP is to restore the biological integrity of the remaining 
natural areas within the project boundaries through modifications to the existing C&SF Project while 
also providing for the water supply and flood control needs in this area. The project area includes 
Lake Okeechobee, the Everglades Agricultural Area, the Water Conservation Areas, the majority of 
Everglades National Park, Coastal Estuaries, Florida Bay, the majority of Big Cypress National 
Preserve and urban and agricultural areas along Florida's east coast south of the St. Lucie Canal. 

Species and critical habitat identified during informal consultation as potentially affected by the 
proposed CERP projects include fifteen federally listed threatened or endangered species; along with 
designated critical habitat for Johnson's seagrass, elkhorn coral, staghorn coral, and the smalltooth 
sawfish. 
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Enclosed is a Programmatic BA to initiate informal consultation under Section 7(a)(2) of the 
Endangered Species Act (ESA). Based on the information contained in this BA, the Corps has 
determined that implementation of CERP "may affect, but is not likely to adversely affect" Johnson's 
seagrass, smalltooth sawfish, green sea turtle, hawksbill sea turtle, leatherback sea turtle, Kemp's 
ridley sea turtle, and loggerhead sea turtle. We request your concurrence with the Corps' 
determination, and hereby request informal consultation under Section 7 of the ESA. 

Please contact Mr. Brad Tarr at 904-232-3582 or by email at bradley.a.tarr(a),usace.army.mil of my 
staff regarding this consultation request. 

Sincerely, 

f)~;JJ~ 
Eric Summa ~ 
Chief, Environmental Branch 

http:bradley.a.tarr(a),usace.army.mil
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REPLY TO 
ATIENTIONOF 

Planning Division 
Environmental Branch 

Roy E. Crabtree, PhD 
Regional Administrator 
NOAA Fisheries Service 
Southeast Regional Office 
263 13th Avenue South 
St. Petersburg, Florida 33701 

DEPARTMENT OF THE ARMY 
JACKSONVILLE DISTRICT CORPS OF ENGINEERS 

P.O. BOX 4970 

JACKSONVILLE, FLORIDA 32232-0019 

Re: Request for Consultation under Section 7 of the Endangered Species Act 

Dear Dr. Crabtree: 

Through extensive coordination in October and November 2011 between the U.S. Army Corps of 
Engineers (Corps) and the National Marine Fisheries Service (NMFS), a need for a programmatic 
Endangered Species Act Section 7 consultation was recognized in order to adequately evaluate the 
potential effects of the Comprehensive Everglades Restoration Plan (CERP) program on listed species 
and designated critical habitat under NMFS' purview. The CERP projects described in the enclosed 
document include Biscayne Bay Coastal Wetlands; C-111 Spreader Canal Western Project; Site 1 
Impoundment; Indian River Lagoon South Feasibility Study; Caloosahatchee River (C-43) West Basin 
Storage Reservoir; Picayune Strand Restoration Project; Everglades National Park (ENP) Seepage 
Management Project; and the Central Everglades Planning Project. 

As a result, this consultation effort entails the submittal of a Programmatic Biological Assessment 
(BA) addressing all CERP projects. The intent of this BA, therefore, is to reference the Central and 
Southern Florida Project Comprehensive Review Study (C&SF); update the status of each CERP 
project; and evaluate the potential effects to any threatened or endangered species under NMFS 
purview that was not addressed in previous consultations. This Programmatic BA also includes the 
most recent CERP project referred to as the Central Everglades Plam1ing project (CEPP) and provides 
specific evaluations of potential effects to threatened and endangered species within the purview of 
NMFS. 

The primary restoration purpose of CERP is to restore the biological integrity of the remaining 
natural areas within the project boundaries through modifications to the existing C&SF Project while 
also providing for the water supply and flood control needs in this area. The project area includes 
Lake Okeechobee, the Everglades Agricultural Area, the Water Conservation Areas, the majority of 
Everglades National Park, Coastal Estuaries, Florida Bay, the majority of Big Cypress National 
Preserve and urban and agricultural areas along Florida's east coast south of the St. Lucie Canal. 

Species and critical habitat identified during informal consultation as potentially affected by the 
proposed CERP projects include fifteen federally listed threatened or endangered species; along with 
designated critical habitat for Johnson's seagrass, elkhorn coral, staghorn coral, and the smalltooth 
sawfish. 
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Enclosed is a Programmatic BA to initiate informal consultation under Section 7(a)(2) of the 
Endangered Species Act (ESA). Based on the information contained in this BA, the Corps has 
determined that implementation of CERP "may affect, but is not likely to adversely affect" Johnson's 
seagrass, smalltooth sawfish, green sea turtle, hawksbill sea turtle, leatherback sea turtle, Kemp's 
ridley sea turtle, and loggerhead sea turtle. We request your concurrence with the Corps' 
determination, and hereby request informal consultation under Section 7 of the ESA. 

Please contact Mr. Brad Tarr at 904-232-3582 or by email at bradley.a.tarr(a),usace.army.mil of my 
staff regarding this consultation request. 

Sincerely, 

f)~;JJ~ 
Eric Summa ~ 
Chief, Environmental Branch 

http:bradley.a.tarr(a),usace.army.mil
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1.0 EXECUTIVE SUMMARY 

Through extensive coordination in October and November 2011 between the U.S. Army Corps 
of Engineers (Corps) and the National Marine Fisheries Service (NMFS), a need for a 
programmatic Endangered Species Act Section 7 consultation was recognized in order to 
adequately evaluate the potential effects of the Comprehensive Everglades Restoration Plan 
(CERP) program on listed species and designated critical habitat under NMFS’ purview. The 
CERP projects described in this document include Biscayne Bay Coastal Wetlands; C-111 
Spreader Canal Western Project; Site 1 Impoundment; Indian River Lagoon South Feasibility 
Study; Caloosahatchee River (C-43) West Basin Storage Reservoir; Picayune Strand Restoration 
Project; Everglades National Park (ENP) Seepage Management Project; and the Central 
Everglades Planning Project. 

As a result, this consultation effort entails the submittal of a Programmatic Biological 
Assessment (BA) addressing all CERP projects. The intent of this document, therefore, is to 
reference the Central and Southern Florida Project Comprehensive Review Study (C&SF - also 
referred to as the Restudy or Yellow Book); update the status of each CERP project; and 
evaluate the potential effects to any threatened or endangered species under NMFS purview 
that was not addressed in previous consultations. This Programmatic BA also includes the most 
recent CERP project referred to as the Central Everglades Planning project (CEPP) and provides 
specific evaluations of potential effects to threatened and endangered species within the 
purview of NMFS. 

The primary restoration purpose of CERP is to restore the biological integrity of the remaining 
natural areas within the project boundaries through modifications to the existing C&SF Project 
while also providing for the water supply and flood control needs in this area. The project area 
includes Lake Okeechobee, the Everglades Agricultural Area, the Water Conservation Areas, the 
majority of Everglades National Park, Coastal Estuaries, Florida Bay, the majority of Big Cypress 
National Preserve and urban and agricultural areas along Florida’s east coast south of the St. 
Lucie Canal. 

Species and critical habitat identified during informal consultation as potentially affected by the 
proposed CERP projects include fifteen federally listed threatened or endangered species; along 
with designated critical habitat for Johnson’s seagrass, elkhorn coral, staghorn coral, and the 
smalltooth sawfish. 

Based on the information contained in this BA, the Jacksonville District of the Corps has 
determined that implementation of the Comprehensive Plan “may affect, but is not likely to 
adversely affect” Johnson’s seagrass, smalltooth sawfish, green sea turtle, hawksbill sea turtle, 
leatherback sea turtle, Kemp’s ridley sea turtle, and loggerhead sea turtle. Potential effects are 
minimized through the overall project restoration opportunities; the expectation of improved 
water quality and deliveries to coastal and nearshore habitats; and the inclusion of project 
commitments and conservation measures described herein. 
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Other federally threatened or endangered species that are known to exist or potentially exist 
within close proximity of the project area, but which will not likely be of concern in this study 
due to the lack of suitable habitat include blue whale, finback whale, humpback whale, sei 
whale, sperm whale, elkhorn coral, and staghorn coral. 

Recognizing the possibility of re-initiating consultation, the Corps will continue discussions with 
NMFS in the event of project design or operational modifications. 

Pursuant to Section 7 of the Endangered Species Act of 1973, as amended, the Corps is 
requesting written concurrence from the NMFS with the determination of this Biological 
Assessment. 
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2.0 INTRODUCTION 

The purpose of a Biological Assessment (BA) is to evaluate the potential effects of a federal 
action (project) on listed and proposed species, including designated and proposed critical 
habitat, and determine whether the continued existence of any such species or habitat are 
likely to be adversely affected by the federal action. The BA is also used in determining whether 
formal consultation or a conference is necessary [Federal Register 51 (106): Section 402.1 (f), 
pg. 19960, 3 June 1986]. This is achieved through the following: 

• The results of an on-site inspection of the area affected by the federal action to 
determine if listed or proposed species are present or occur seasonally. 

• The views of recognized experts on the species at issue. 
• A review of the literature and other information. 
• An analysis of the effects of the federal action on species and habitat including 

consideration of cumulative effects, and the results of any related studies. 
• An analysis of alternative actions considered by the federal agency for the proposed 

action. 

The federal action evaluated in this Programmatic BA is CERP, which contains over sixty project 
features. Principal features of the plan are the creation of approximately 217,000 acres of new 
reservoirs and wetlands based water treatment areas. These features vastly increase storage 
and water supply for the natural system, as well as for urban and agricultural needs, while 
maintaining current Central and Southern Florida Project (C&SF) purposes. The recommended 
CERP achieves the restoration of more natural flows of water, including sheetflow, improved 
water quality, and more natural hydroperiods in the south Florida ecosystem. Improvements to 
native flora and fauna, including threatened and endangered species, will occur as a result of 
the restoration of hydrologic conditions. 

On 3 November 2011, the U.S. Army Corps of Engineers (Corps) and the National Marine 
Fisheries Service (NMFS) agreed to a consultation effort entailing the submittal of a 
Programmatic BA evaluating each of the CERP projects potentially affecting threatened and 
endangered species within the purview of NMFS. Those projects include Biscayne Bay Coastal 
Wetlands; C-111 Spreader Canal Western Project; Site 1 Impoundment; Indian River Lagoon 
South Feasibility Study; Caloosahatchee River (C-43) West Basin Storage Reservoir; Picayune 
Strand Restoration Project; Everglades National Park (ENP) Seepage Management Project; and 
the Central Everglades Planning Project (CEPP). 

The intent of this Programmatic BA is to reference the Central and Southern Florida Project 
Comprehensive Review Study (AKA the Restudy or Yellow Book); update the status of each 
CERP project; and evaluate potential effects to any threatened or endangered species under 
NMFS purview that was not addressed in previous consultations. As stated, this Programmatic 
BA also includes the most recent CERP project referred to as the Central Everglades Planning 
Project (CEPP) and provides specific evaluations of potential impacts to threatened and 
endangered species, along with designated critical habitat, within the purview of NMFS. 
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3.0 CONSULTATION SUMMARY 

Annex B of the Restudy includes a preliminary programmatic biological opinion assessing 
potential impacts to threatened and endangered species with the understanding that a more 
intense evaluation would occur through separate biological assessments contained in each 
project’s National Environmental Protection Act (NEPA) documentation. 

Federally listed species potentially occurring in the Comprehensive Plan project area that are 
under the purview of NMFS include the smalltooth sawfish (Pristis pectinata), Gulf sturgeon 
(Acipenser oxyrinchus desotoi), blue whale (Balaenoptera musculus), finback whale 
(Balaenoptera physalus), humpback whale (Megaptera novaeangliae), sei whale (Balaenoptera 
borealis), sperm whale (Physeter macrocephalus), green sea turtle (Chelonia mydas), hawksbill 
sea turtle (Eretmochelys imbricata), leatherback sea turtle (Dermochelys coriacea), Kemp’s 
ridley sea turtle (Lepidochelys kempii), loggerhead sea turtle (Caretta caretta), Johnson’s 
seagrass (Halophila johnsonii), elkhorn coral (Acropora palmata), and staghorn coral (Acropora 
cervicornis). In addition, the project study area contains designated critical habitat for Johnson’s 
seagrass, elkhorn coral, staghorn coral, smalltooth sawfish, and Gulf sturgeon. 

On 3 October 2011, NMFS sought additional information on the CERP program and individual 
projects to better evaluate potential effects on listed species and critical habitat under NMFS 
purview. As a result, 14 CERP projects are in various stages of planning and/or construction. Of 
these, NMFS determined that eight of the projects may affect listed species and/or designated 
critical habitat under their purview; while the other six projects have either been constructed or 
would have no effect on listed species or designated critical habitat. 

The status of these projects and chronology of previous Endangered Species Act (ESA) 
consultation with NMFS is summarized below: 

1.		 Biscayne Bay Coastal Wetlands (BBCW): By letter dated August 30, 2007, NMFS 
concurred with the Corps’ determination that implementation of the BBCW Acceler8 
(initial phase of the project) may affect, but is not likely to adversely affect, smalltooth 
sawfish. By letter dated 3 November 2011, the NMFS concurred with the Corps’ 
determination that the BBCW project is not likely to adversely affect any listed species 
under NMFS’s purview and subsequently concurred with the Corps’ determination that 
proceeding with the project will not violate sections 7(a)(2) and 7(d) pending completion 
of a recommended programmatic consultation for any remaining individual CERP 
projects. 

2.		 C-111 Spreader Canal Western Project: On 7 May 2009, the Corps requested 
concurrence with NMFS on its determination of may affect, but is not likely to adversely 
affect smalltooth sawfish and sea turtles. In addition, the Corps determined that the 
project would not modify critical habitat for elkhorn or staghorn coral. Critical habitat 
for the smalltooth sawfish had not been designated until after publication of the final 

Page 75 of 319



 
 

    
  

  
 

  
     

  
  
  

 
     

   
      

 
 

     
 

  
   

  
     

   
    

  
 

     
   

 
    

  
   

   
 
 

    
   

 
 

      
     

 
  

    

	 

	 

	 

	 


 

     
      

          
  

	            
    

        
      
   

      
     

    

	        
         

        
      

     
    
        

   
   

	        
       

    
         

      
      

       
      
         

       
     

 

	       
        

          
  

       

PIR/EIS. After further discussion with NMFS, the Corps changed their determinations to 
no effect for each species and their designated critical habitat, and NMFS concurred by 
email on 6 August 2009. Construction is complete for this project; therefore, re-
initiation is not required. 

3.		 Site 1 Impoundment: On 16 February 2005, the Corps requested concurrence with 
NMFS on its determination of no effect on the smalltooth sawfish and opossum pipefish 
downstream of the project area. By letter dated 18 February 2005, NMFS concurred 
with the Corps’ no effect determination. Construction has been initiated for this project; 
therefore, re-initiation is not required. 

Of the remaining CERP projects pending construction, five are required to re-initiate ESA 
consultation with NMFS to evaluate potential effects on the smalltooth sawfish and/or its 
designated critical habitat. Those projects and their consultation histories are summarized 
below: 

1.		 Indian River Lagoon South Feasibility Study: On 18 March 2002, NMFS concurred with 
the Corps’ determination that the project may affect, but is not likely to adversely affect 
sea turtles, Johnson’s seagrass, and Johnson’s seagrass designated critical habitat. On 1 
April 2003, the smalltooth sawfish (Pristis pectinata) was listed as endangered under the 
Endangered Species Act (ESA). Construction is not complete and re-initiation of ESA 
Section 7 consultation with NMFS is required to evaluate any potential effects on the 
smalltooth sawfish. Consultation will focus exclusively on the species since the project is 
not located within designated critical habitat for smalltooth sawfish. An assessment of 
potential effects is included in this document. 

2.		 Caloosahatchee River (C-43) West Basin Storage Reservoir: By letter dated 18 March 
2002, NMFS stated that only the Gulf sturgeon could potentially be affected by the 
proposed action, but concluded that the project would not adversely affect the species. 
On 10 January 2007, the Corps submitted a revised BA to NMFS. By letter dated 20 July 
2007, NMFS concurred with the Corps’ determination that the project may affect, but is 
not likely to adversely affect sea turtles and smalltooth sawfish. On 2 September 2009, 
NMFS designated critical habitat for smalltooth sawfish. Although the project site is not 
located within designated critical habitat, it is located upstream from smalltooth sawfish 
critical habitat. Since construction has not been completed for this project, the Corps 
requests reinitiation of Section 7 consultation to evaluate potential effects to 
designated critical habitat for smalltooth sawfish. An assessment of potential effects is 
included in this document. 

3.		 Picayune Strand Restoration Project: On 20 October 2004, the Corps requested 
concurrence from NMFS on its no effect determination on smalltooth sawfish, green sea 
turtle, Kemp’s ridley sea turtle and loggerhead sea turtle. As stated in the BA published 
in the Final Project Implementation Report/Environmental Impact Statement (PIR/EIS), 
NMFS concurred with the Corps’ effect determination for those species. This project is 
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intended to re-establish sheetflow to the Ten Thousand Islands National Wildlife Refuge, 
which on 27 August 2009, was designated as critical habitat for the smalltooth sawfish; 
therefore, re-initiation of consultation with NMFS to evaluate potential effects is 
required, and an evaluation of potential effects are discussed in this document. 

4.		 Everglades National Park (ENP) Seepage Management Project: As envisioned, this 
project is comprised of three components: L-31N Improvements for Seepage 
Management, S-356 Structures, and the Bird Drive Recharge Area. These three 
components would work to improve freshwater deliveries to Northeast Shark River 
Slough and restore wetland hydroperiods and hydropatterns in ENP via seepage 
management. Planning efforts proceeded up to the formulation of an initial array of 
alternatives; however, the project is presently on hold until related projects can develop 
the best possible solutions for seepage management out of ENP. This CERP project has 
been incorporated into CEPP. Potential effects to threatened and endangered species 
under NMFS purview are examined in section 7.2.8 

5.		 Central Everglades Planning Project (CEPP): The purpose of CEPP is to improve the 
quantity, quality, timing, and distribution of water flows to the central Everglades 
(Water Conservation Area [WCA] 3 and ENP). The CEPP will be composed of increments 
of project components that were identified in CERP, reducing the risks and uncertainties 
associated with project planning and implementation. The goal of CEPP is to improve 
the quantity, quality, timing and distribution of water in the Northern Estuaries, WCA 3, 
and ENP in order to restore the hydrology, habitat and functions of the natural system. 

Consultation for four of these CERP projects was previously conducted; however, re-initiation is 
required for the evaluation of potential effects on smalltooth sawfish and/or its designated 
critical habitat that wasn’t included in previous consultations. Therefore, the Corps is seeking 
concurrence on the determination of potential effects on smalltooth sawfish and/or designated 
critical habitat for each of these projects to satisfy the remaining ESA Section 7 requirements. 

Presently, the Corps and its non-federal partner, the South Florida Water Management District 
(SFWMD) are preparing National Environmental Policy Act (NEPA) documentation for the next 
tier of CERP restoration via CEPP. Although the proposed project has separate components and 
timelines still under development, a detailed evaluation of potential effects of this project on 
federally listed species within NMFS purview is included in this Programmatic BA. 

4.0 PROJECT DESCRIPTION 

4.1 Project Authority 

The C&SF Project Comprehensive Review Study, also known as the Restudy or Yellow Book, was 
authorized by Section 309(l) of the Water Resources Development Act of 1992 (P.L.102-580). This 
study was also authorized by two resolutions of the Committee on Transportation and 
Infrastructure, United States House of Representatives, dated September 24, 1992. Section 528 of 
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the Water Resources Development Act of 1996 provides specific direction and guidance for the 
Restudy. 

4.2 Description of Proposed Action 

In general, the CERP Comprehensive Plan seeks to restore the biological integrity of the 
remaining natural areas within the project boundaries through modifications to the existing 
C&SF Project while also providing for the water supply and flood control needs in this area. A 
description of some of the major features of the proposed action is provided below: 

Water Storage Areas: New water storage reservoirs are proposed in the following general 
areas: 20,000 acres in the Kissimmee River Basin near Lake Okeechobee; 10,000 acres in the St. 
Lucie River Basin near Lake Okeechobee; 20,000 acres in the Caloosahatchee River Basin near 
Lake Okeechobee and 60,000 acres in the Everglades Agricultural Area. These reservoirs will 
store excess water when it is not needed in the natural system or for water supply, so that it 
may be used later. Currently, much of this excess water is discharged to the Atlantic Ocean and 
Gulf of Mexico where it often causes adverse impacts to estuarine environments. Other new 
water storage areas, called Stormwater Treatment Areas and Water Preserve Areas, would help 
to improve water quality and improve water supply and flood control. 

Additional Water Control Structures: Several new water control structures are proposed in the 
Initial Draft Plan. These structures provide additional flexibility in the control of timing, 
direction and volume of water flow necessary to improve and maintain natural habitats and 
water supply and flood control. For example, new structures proposed for the southern border 
of WCA 2B and eastern border of ENP will allow the movement of excess water from WCA 2B to 
the Taylor Slough area in ENP where it is needed to restore natural conditions. 

Removal of Existing Structures: The proposed action would remove several existing water 
control structures, including large portions of the L-28 and Tamiami Trail canals and levees. This 
would provide more natural free flow of water between large areas that are currently 
separated and would allow many fish and wildlife species to move more freely between 
habitats. 

Operational Changes: Numerous changes are proposed for the way new and existing water 
control structures are operated. Examples include different rules for opening and closing gates 
and different rules for turning pumps on and off. Each of the proposed changes would help to 
make the timing, distribution and volume of water flow more like natural conditions and/or 
would help provide for water supply and flood control. 

The focus of CERP has been on recovering the defining ecological features of the original 
Everglades and other south Florida ecosystems. The construction of the many levees and dikes 
designed to compartmentalize the Everglades and separate Lake Okeechobee from its natural 
overflow, and the canals that drained water to the coast, disrupted natural hydrological 
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patterns, and destroyed the ability of many animals to find the dependable habitat needed for 
survival. 

The CERP, by removing over 240 miles of internal levees in the Everglades, and approaching 
recovery of the natural volume of water in the remaining wetlands, will restore these essential 
defining features of the pre-drainage wetlands over large portions of the remaining system. The 
plan also includes water storage and water quality treatment areas that will improve water 
quality conditions in the south Florida ecosystem. 

The CERP provides major benefits to the Caloosahatchee and St. Lucie estuaries, and Lake 
Worth Lagoon. The plan eliminates almost all the damaging fresh water releases to the 
Caloosahatchee and most detrimental releases to the St. Lucie. The plan makes substantial 
improvements to Lake Worth Lagoon. As a result, seagrass beds and other submerged aquatic 
vegetation will benefit and thus provide abundant favorable habitat for the many aquatic 
species that depend on these areas for food, shelter, and breeding grounds, thereby enhancing 
the productivity and economic viability of estuarine fisheries. The CERP also includes several 
water storage and treatment areas to improve water quality conditions in the Indian River 
Lagoon and the St. Lucie and Caloosahatchee estuarine systems. 

The CERP makes improvements in fresh water deliveries to Florida and Biscayne bays. These 
bays will benefit from more natural water deliveries. Appropriate freshwater regimes will result 
in substantial improvements in aquatic and semi-aquatic habitats; fish and wildlife will respond 
favorably to these beneficial changes. Mangroves, coastal marshes, and seagrass beds 
interacting together to produce food, shelter, and breeding and nursery grounds will support 
more balanced, productive fish, shellfish, and wildlife communities. 

The CERP expands the storage capability of the C&SF Project, enabling the system to better 
meet ecosystem and urban water supply needs in the future. Frequency of water restrictions 
expected with CERP is greatly reduced compared to the Without Plan Condition. This will be 
accomplished by more effectively providing adequate flows from the regional system to 
recharge the surficial aquifer. This will help offset withdrawals from public water supply 
wellfields and other users in the urbanized Lower East Coast Region. Such recharge also 
protects the surficial aquifer from saltwater intrusion, allowing it to remain a productive source 
of fresh water in the future. 

The CERP will significantly increase the capability to supply water from the regional system to 
agricultural users. This will provide better protection from economically harmful water supply 
cutbacks and allow agriculture to remain productive. Storage facilities associated with Lake 
Okeechobee such as those north of the lake, and Lake Okeechobee aquifer storage and 
recovery will enable the lake to remain an important source of water supply while keeping lake 
stages at more ecologically desirable levels. Additional storage facilities built throughout the 
system will diversify sources of water for many users and enable recycling of water within a 
basin to meet dry season demands, significantly improving the reliability of agricultural water 
supply in the future. 
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The CERP also assures that the quality of south Florida’s water bodies will be restored to 
achieve overall ecosystem restoration. The recommended Comprehensive Plan includes many 
features to assure that water quality standards will be met and water quality conditions are 
improved or not degraded. The Comprehensive Plan includes the development of a 
comprehensive integrated water quality plan, which will lead to recommendations for water 
quality remediation programs and the integration of water quality restoration targets into 
future design, construction, and operation activities as features of the recommended 
Comprehensive Plan are implemented. 

4.3 Project Objectives 

The purpose of the Restudy was to reexamine the C&SF Project to determine the feasibility of 
modifying the project to restore the south Florida ecosystem and to provide for other water-
related needs of the region. Specifically, as required by the authorizing legislation, the Restudy 
investigated making structural or operational modifications to the C&SF Project for improving 
the quality of the environment; protecting water quality in the south Florida ecosystem; 
improving protection of the aquifer; improving the integrity, capability, and conservation of 
urban and agricultural water supplies; and improving other water-related purposes. 

The following principles guided the development of CERP: 

•	 The overarching objective of CERP is the restoration, preservation and protection of the 
south Florida ecosystem while providing for other water related needs of the region; 

•	 The CERP will be based on the best available science, and independent scientific review 
will be an integral part of its development and implementation; 

•	 The CERP will be developed through an inclusive and open process that engages all 
stakeholders; 

•	 All applicable Federal, tribal, state, and local agencies will be full partners and their 
views will be considered fully; and 

•	 The CERP must be a flexible plan that is based on the concept of adaptive assessment – 
recognizing that modifications will be made in the future based on new information. 

4.4 Project Location 

The project area includes Lake Okeechobee, the Everglades Agricultural Area, the Water 
Conservation Areas, the majority of Everglades National Park, Coastal Estuaries, Florida Bay, the 
majority of Big Cypress National Preserve and urban and agricultural areas along Florida’s east 
coast south of the St. Lucie Canal. 

The CERP area encompasses approximately 18,000 square miles from Orlando to the Florida 
Reef Tract with at least 11 major physiographic provinces: Everglades, Big Cypress, Lake 
Okeechobee, Florida Bay, Biscayne Bay, Florida Reef Tract, nearshore coastal waters, Atlantic 
Coastal Ridge, Florida Keys, Immokalee Rise, and the Kissimmee River Valley. The Kissimmee 
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River, Lake Okeechobee and the Everglades are the dominant watersheds that connect a 
mosaic of wetlands, uplands, coastal areas, and marine areas. The study area includes all or 
part of the following 16 counties: Monroe, Miami-Dade, Broward, Collier, Palm Beach, Hendry, 
Martin, St. Lucie, Glades, Lee, Charlotte, Highlands, Okeechobee, Osceola, Orange, and Polk. 

The C&SF Project, which was first authorized by Congress in 1948, is a multi-purpose project 
that provides flood control; water supply for municipal, industrial, and agricultural uses; 
prevention of saltwater intrusion; water supply for Everglades National Park; and protection of 
fish and wildlife resources throughout the study area. The primary system includes about 1,000 
miles each of levees and canals, 150 water control structures, and 16 major pump stations. The 
Central and Southern Florida Project is shown on Figure 4-1. 

The following section summarizes each of the regions that comprise this large study area. The 
study regions are the Kissimmee River Basin, Lake Okeechobee, Upper East Coast, Everglades 
Agricultural Area, Water Conservation Areas, Lower East Coast, Biscayne Bay, Everglades 
National Park, Florida Bay, Whitewater Bay and the Ten Thousand Islands, Florida Keys, Big 
Cypress Basin, and Lower West Coast. A map of the study regions is shown on Figure 4-2. 
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Figure 4-1. C&SF Study Map 
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Figure 4-2. Study Regions 
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4.4.1 Kissimmee River Basin 
The Kissimmee River Basin is comprised of 3,013 square miles, and extends from 
Orlando southward to Lake Okeechobee. The watershed, which is the largest source of 
surface water to the lake, is about 105 miles long and has a maximum width of 35 miles. 
Project works in the basin for flood control and navigation were constructed by the 
Corps as part of the C&SF Project. Upper Basin works consist of channels and structures 
that control water flows through 18 natural lakes into Lake Kissimmee. The Lower Basin 
includes the channelized Kissimmee River (C-38) as a 56-mile earthen canal extending 
from Lake Kissimmee to Lake Okeechobee. The northern portion of the basin is 
comprised of many lakes, some of which have been interconnected by canals. This large 
sub-basin, often termed the “Upper Basin” or “Chain of Lakes”, is bounded on the 
southern end by State Road 60, where the largest of the lakes, Lake Kissimmee, empties 
into the Kissimmee River. The Upper Basin is 1,633 square miles and includes Lake 
Kissimmee and the east and west Chain of Lakes area in Orange and Osceola Counties. A 
758-square-mile Lower Basin includes the tributary watersheds of the Kissimmee River 
between the outlet in Lake Kissimmee and Lake Okeechobee. The 622-square-mile Lake 
Istokpoga area provides tributary inflow to the Lower Basin. 

4.4.2 Lake Okeechobee 
Lake Okeechobee lies 30 miles west from the Atlantic coast and 60 miles east from the 
Gulf of Mexico in the central part of the peninsula. Lake Okeechobee is a broad shallow 
lake occurring as a bedrock depression. The large, roughly circular lake, with a surface 
area of approximately 730 square miles, is the principal natural reservoir in southern 
Florida. The lake’s largest outlets include the St. Lucie Canal eastward to the Atlantic 
Ocean and the Caloosahatchee Canal and River to the Gulf of Mexico. The four major 
agricultural canals – the West Palm Beach, Hillsboro, North New River, and Miami Canals 
- have a smaller capacity, but are used whenever possible to release excess water to the 
Water Conservation Areas, south of the lake, when storage and discharge capacity are 
available. When regulatory releases from the lake are required, excess water can be 
passed to the three Water Conservation Areas up to the capacity of the pumping 
stations and agricultural canals, with the remainder going to the Atlantic Ocean and Gulf 
of Mexico. The waters of the lake are impounded by a system of encircling levees, 
which form a multi-purpose reservoir for navigation, water supply, flood control, and 
recreation. Pumping stations and control structures in the levee along Lake Okeechobee 
are designed to move water either into or out of the lake as needed. Other surface 
water bodies include the Kissimmee River, Fisheating Creek, and Taylor Creek that flow 
into the lake from the north; the Caloosahatchee River that flows out of the lake to the 
west; the St. Lucie and West Palm Beach Canals that flow out of the lake to the east; and 
the Hillsboro, North New River, and Miami Canals that flow out of the lake to the south. 
The hydroperiod of the lake is partially controlled, permitting water levels to fluctuate 
with flood and drought conditions and the demand for water supply. 

Page 84 of 319



 
 

  
       

  
       

  
  

     
    

   
     

  
  

   
 

   
    

    
 

    
 

    
  

   
     

 
  

   
 
 

  
    

      
 

   
   

 
   

  
   
   

    
 

   
 


 

    
       

    
        

         
       
         
             

       
       

            
        

        
          

            
      

             
      
         

       
         

         
           

     
          

        
        

        
       

          
       
           

         
         

      
          

        
         

          
            

           

4.4.3 Upper East Coast 
The Upper East Coast area encompasses approximately 1,139 square miles and includes 
most of Martin and St. Lucie Counties as well as a portion of eastern Okeechobee County. 
Martin and St. Lucie Counties are bounded to the east by the Atlantic Ocean, and a 
substantial portion of Martin County’s western landmass borders Lake Okeechobee. Urban 
development is primarily located along the coastal areas while the central and western 
portions are used primarily for agriculture where the main products are citrus, truck crops, 
sugarcane, and beef and dairy products. The land is generally flat, ranging in elevation 
from 15 to 60 feet NGVD in the western portion with an average elevation of 28 feet. 
The coastal area ranges from sea level to 25 feet. The coastal sand hills adjacent to the 
Atlantic Intracoastal Waterway are higher than most parts of the county and reach a 
maximum elevation of 60 feet. This feature is known as the Atlantic Coastal Ridge. The 
natural drainage has been significantly altered by the construction of canals, drainage 
ditches and numerous water control structures which predominately direct stormwater 
discharge to the east coast. The area contains the C&SF Project Canals C-23, C-24, and C-
25 drainage basins and the drainage area served by C-44 (St. Lucie Canal). The St. Lucie 
Canal is Lake Okeechobee’s eastern outlet, extending 25.5 miles from Port Mayaca to 
the city of Stuart, where it terminates at the south fork of the St. Lucie River. The St. 
Lucie River Basin is part of a much larger southeastern Florida basin that drains over 8,000 
square miles. The St. Lucie River, composed of the North and South forks, lies in Martin and 
St. Lucie Counties in the northeastern portion of the basin. The South Fork is a relatively 
short stretch of river. The North Fork, designated as an aquatic preserve by the State of 
Florida, begins south of Fort Pierce and flows past the city of Port St. Lucie to the St. Lucie 
River Estuary. The St. Lucie Estuary is part of a larger estuarine system known as the 
Indian River Lagoon. The Indian River Lagoon has been designated an estuary of national 
significance and is a component of the U. S. Environmental Protection Agency sponsored 
National Estuary program. The Indian River Lagoon is also designated as a state priority 
water body for protection and restoration under the state’s Surface Water 
Improvement and Management (SWIM) Act. The Surface Water Improvement and 
Management Act Plan identifies excessive freshwater runoff from the St. Lucie Estuary 
watershed as a problem within the St. Lucie Estuary. Much of the St. Lucie River has 
been channelized and many drainage canals empty into the river, particularly the St. 
Lucie Canal, C-23 and C-24. The St. Lucie Canal, the largest overflow canal for Lake 
Okeechobee, is a navigation channel 8 feet deep and 100 feet wide connecting the 
Atlantic Intracoastal Waterway in Stuart with Lake Okeechobee at Port Mayaca. 

4.4.4 Everglades Agricultural Area 
The lands located immediately south and southeast of the lake are known as the 
Everglades Agricultural Area. This area of about 700,000 acres is rich, fertile agricultural 
land. A large portion of the Everglades Agricultural Area is devoted to the production of 
sugarcane. The average ground elevation is about 12 feet. The occurrence of surface 
water in the area is now a direct result of the construction of the numerous conveyance 
and drainage canals. The primary canals consist of the Miami, the North New River, the 
Hillsboro, and the West Palm Beach Canals, which traverse the area north south, and 
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the Bolles and Cross Canal, which extends east-west. Water levels and flows are 
stringently manipulated in the canals to achieve optimum crop growth. Major surface 
impoundments in the area are non-existent. 

4.4.5 Water Conservation Areas 
The WCAs are an integral component of the Everglades and freshwater supplies for 
south Florida. The WCAs, located south and east of the Everglades Agricultural Area 
(EAA), comprise an area of about 1,350 square miles, including 1,337 square miles of the 
original Everglades, which averaged some 40 miles in width and extended 
approximately 100 miles southward from Lake Okeechobee to the sea. The WCAs 
provide a detention reservoir for excess water from the agricultural area and parts of 
the Lower East Coast region, and for flood discharge from Lake Okeechobee. The WCAs 
also provide levees needed to prevent Everglades floodwaters from inundating the 
Lower East Coast, while providing water supply for Lower East Coast agricultural lands 
and ENP; improving water supply for east coast communities by recharging the Biscayne 
Aquifer (the sole source of drinking water for southern Palm Beach, Broward, Miami-
Dade, and Monroe Counties); retarding salt water intrusion in coastal well fields; and 
benefiting fish and wildlife in the Everglades. 

4.4.5.1 Water Conservation Area 1 
WCA 1 (Loxahatchee National Wildlife Refuge) is about 21 miles long from north to 
south and comprises an area of 221 square miles. The West Palm Beach Canal lies at the 
extreme northern boundary, and on the south the Hillsboro Canal separates WCA 1 
from WCA 2. Ground elevations slope about five feet in 10 miles, both to the north and 
to the south from the west center of the area, varying from over 16 feet in the 
northwest to less than 12 feet in the south. The area, which is enclosed by about 58 
miles of levee (approximately 13 miles of which are common to WCA 2), provides 
storage for excess rainfall, excess runoff from agricultural drainage areas of the West 
Palm Beach Canal (230 square miles) and the Hillsboro Canal (146 square miles), and 
excess water from Lake Okeechobee. Inflow comes from rainfall and runoff from the 
EAA through canals at the northern end. Release of water for dry-season use is 
controlled by structures in the West Palm Beach Canal, the Hillsboro Canal, and in the 
north-south levee which forms the eastern boundary of the area. When stages exceed 
the regulation schedule, excess water in WCA 1 is discharged to WCA 2. 

4.4.5.2 Water Conservation Area 2 
WCA 2 is comprised of two areas, 2A and 2B, measures about 25 miles from north to 
south, and covers an area of 210 square miles. It is separated from the other Water 
Conservation Areas by the Hillsboro Canal on the north and the North New River Canal 
on the south. Ground elevations slope southward about two to three feet in 10 miles, 
ranging from over 13 feet NGVD in the northwest to less than seven feet NGVD in the 
south. The area is enclosed by about 61 miles of levee, of which approximately 13 miles 
are common to WCA 1 and 15 miles to WCA 3. An interior levee across the southern 
portion of the area reduces water losses due to seepage into an extremely pervious 
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aquifer at the southern end of the pool and prevents overtopping of the southern 
exterior levee by hurricane waves. The upper pool, WCA 2A, provides a 173-square-mile 
reservoir for storage of excess water from WCA 1 and a 125-square-mile agricultural 
drainage area of the North New River Canal. Storage in WCA 2A provides water supply 
to the east coast urban areas of Broward County. Water enters the area from Water 
Conservation Area 1 and the Hillsboro Canal on the northeast side and from the North 
New River Canal on the northwest side. Water in excess of that required for efficient 
operation of WCA 2A is discharged to WCA 3 via structures into C-14, the North New 
River Canal, and Water Conservation Area 2B. WCA 2B has ground elevations ranging 
from 9.5 feet NGVD in the northern portions down to 7.0 feet NGVD in the southern 
portions of the area. The area experiences a high seepage rate, which does not allow for 
long term storage of water, and as a result, water is not normally released from the 
area. 

4.4.5.3 Water Conservation Area 3 
WCA 3 is also divided into two parts, 3A and 3B. It is about 40 miles long from north to 
south and comprises about 915 square miles, making it the largest of the conservation 
areas. Ground elevations, which slope southeasterly 1 to 3 feet in 10 miles, range from 
over 13 feet NGVD in the northwest to 6 feet NGVD in the southeast. The Miami Canal 
traverses the area from northwest to southeast, and the North New River Canal 
separates it from WCA 2. The area is enclosed by about 111 miles of levee, of which 15 
miles are common to WCA 2. An interior levee system across the southeastern corner of 
the area reduces seepage into an extremely pervious aquifer. The upper pool, WCA 3A, 
provides a 752-square-mile area for storage of excess water from WCA 2A; rainfall 
excess from approximately 750 square miles in Collier and Hendry Counties and from 71 
square miles of the former Davie agricultural area lying east of Pumping Station S-9 in 
Broward County; and excess water from a 208-square-mile agricultural drainage area of 
the Miami Canal and other adjacent areas to the north. Water enters WCA 3A from 
various sources on the northern and eastern sides. The storage is used to meet the 
principal water supply needs of adjacent areas, including urban water supply and salinity 
control requirements for Miami-Dade and Monroe County, irrigation requirements, and 
water supply for ENP. 

4.4.6 Lower East Coast Area 
The Lower East Coast area, which consists of the coastal ridge section in Palm Beach, 
Broward, and Miami-Dade Counties, is a strip of sandy land which lies east of part of the 
Water Conservation Areas. The ground surface of the flatlands in the west ranges from 
about 25 feet NGVD in the upper part of the region to about five feet NGVD in lower 
Miami-Dade County. The Atlantic Coastal Ridge is comprised of broad, low dunes and 
ridges with elevations ranging from 10 to 25 feet NGVD. This ridge area ranges from two 
to four miles in width at its northern edge to its southern edge in Miami. South of Miami 
the ridge becomes less pronounced but significantly wider. The Lower East Coast area is 
the most densely populated part of the state. The largest population centers are near 
the coast and include the cities of Miami, West Palm Beach, Fort Lauderdale, and 
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Hollywood. Water levels in coastal canals are controlled near the coastal shoreline to 
prevent over-drainage and to resist salt water intrusion. Low water levels in these 
canals may enable salt water to migrate into the ground water, well fields, and natural 
freshwater systems upon which the urban areas depend for a potable water supply. 

This area is characterized by sandy flatlands to the west, the sandy coastal ridge, and 
the coastal marsh and mangrove swamp areas along the Atlantic seaboard. The 
northern portion, generally that part north of Miami-Dade County, marks the shore of a 
higher Pleistocene Sea and occurs as one or more relict beach ridges. The southern 
portion appears to be marine deposited sands or marine limestone. Extensive 
development has resulted in nearly complete urbanization of the coastal region from 
West Palm Beach southward through Miami, and these physiographical characteristics 
of the region have been greatly overshadowed. South of Miami, in Miami-Dade County, 
this coastal area widens as the Everglades bends to the west to include urban areas and 
agricultural areas that extend almost to the southern coast. Miami-Dade County’s 
agricultural industry covers more than 83,000 acres in the southwest of the coastal 
metropolitan area. Vegetables, tropical fruits, and nursery plants are grown in this area. 

4.4.7 Biscayne Bay 
Biscayne Bay is a shallow, tidal sound located near the extreme southeastern part of 
Florida. Biscayne Bay, its tributaries and Card Sound are designated by the state of 
Florida as aquatic preserves, while Card and Barnes sounds are part of the Florida Keys 
National Marine Sanctuary. A significant portion of the central and southern portions of 
Biscayne Bay comprise Biscayne National Park. The original areal extent of Biscayne Bay 
approximated 300 square miles, but it has since undergone major areal modifications, 
particularly in its northern portions, as a result of development. The bay extends about 
55 miles in a south-southwesterly direction from Dumfoundling Bay on the north to 
Barnes Sound on the south. It varies in width from less than 1 mile in the vicinity of the 
Atlantic Intracoastal Waterway passage to Dumfoundling Bay, to about 10 miles 
between the mainland and the Safety Valve Shoals to the east. While there has been 
extensive dredging and filling within northern Biscayne Bay, the area still supports a 
productive and healthy seagrass bed and a few tracts of natural shoreline remain. 
Northern Biscayne Bay’s headwaters are now considered to include dredged areas 
known as Maule Lake and Dumfoundling Bay, near the northern boundary of Miami-
Dade County. Central and, in particular, southern Biscayne Bay have been impacted less 
by development than northern Bay. For instance, mangrove-lined coastal wetlands 
extend from Matheson Hammock Park south along the entire shoreline of Biscayne 
National Park, Card and Barnes Sounds, a distance of approximately 30 miles. These 
coastal wetlands are the largest tract of undeveloped wetlands remaining in south 
Florida outside of Everglades National Park, the Big Cypress Preserve, and the Water 
Conservation Areas. 

Biscayne National Park, in southern Biscayne Bay was established in 1980 to protect and 
preserve this nationally significant marine ecosystem consisting of mangrove shorelines, 
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a shallow bay, undeveloped islands, and living coral reefs. The park is 180,000 acres in 
size and 95 percent water. The shoreline of southern Biscayne Bay is lined with a forest 
of mangroves and the bay bottom is covered with dense seagrass beds. The park has 
been designated a sanctuary for the Florida spiny lobster. Biscayne Bay and Biscayne 
National Park support a multitude of marine wildlife such as lobster, shrimp, fish, sea 
turtles, and manatees. The coral reefs within the Biscayne National Park support a 
diverse community of marine plant and wildlife. Depending upon the flood stages 
reached, all C&SF Project canals in adjacent Miami-Dade County can carry floodwaters 
to Biscayne Bay. However, much of the time, discharges from project canals represent 
primarily runoff or seepage from within the flood protected area of the county. These 
flows originate in the extensive networks of secondary drainage canals and storm 
sewers that discharge into the project canals. Supplementing the complex system of 
project canals and secondary drainage systems are many hundreds of other stormwater 
drainage canals and storm sewer outfalls within Miami-Dade County that discharge 
freshwater directly into Biscayne Bay. 

4.4.8 Everglades National Park 
ENP encompasses 2,353 square miles of wetlands, uplands, and submerged lands at the 
southern end of the Florida peninsula. The topography is extremely low and flat, with 
most of the area below four feet NGVD. The highest elevations are found in the 
northeastern section of the park and are from six to seven feet NGVD. The saline 
wetlands, including mangrove and buttonwood forests, salt marshes, and coastal prairie 
that fringe the coastline are subject to the influence of salinity from tidal action. 

ENP, authorized by Congress in 1934 and established in 1947, was established to protect 
the unique tropical biological resources of the southern Everglades ecosystem. It was 
the first national park to be established to preserve purely biological (vs. geological) 
resources. The park’s authorizing legislation mandated that it be managed as 
“…wilderness, [where] no development… or plan for the entertainment of visitors shall 
be undertaken which will interfere with the preservation intact of the unique flora and 
fauna and the essential primitive natural condition now prevailing in this area.” This 
mandate to preserve wilderness is one of the strongest in the legislative history of the 
National Park System. ENP has been recognized for its importance, both as a natural 
and cultural resource as well as for its recreational value, by the international 
community and the national and state government. At the international level, the park 
is a World Heritage Site, an International Biosphere Reserve, and a Wetland of 
International Significance. In 1978, Congress designated much of the park, (86%) as 
Wilderness under the Wilderness Act of 1964. In 1997, this area was re-designated the 
Marjory Stoneman Douglas Wilderness. Hell’s Bay Canoe Trail and the Wilderness 
waterway are designated National Trails. The State of Florida has designated the Park an 
Outstanding Florida Water. 

The ENP preserves a unique landscape where the temperate zone meets the subtropics, 
blending the wildlife and vegetation of both. The landscape includes sawgrass sloughs, 
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tropical hardwood hammocks, offshore coral reefs, mangrove forests, lakes, ponds, and 
bays, providing habitat for dozens of threatened and endangered species of plants and 
animals. It is the largest designated wilderness, at 1,296,500 acres, east of the Rocky 
Mountains. It protects the largest continuous stand of sawgrass prairie in North 
America, the most significant breeding grounds for tropical wading birds in North 
America, over 230,100 acres of mangrove forest (the largest in the western 
hemisphere), a nationally significant estuarine complex in Florida Bay and significant 
ethnographic resources, revealing 2,000 years of human occupation. 

4.4.9 Florida Bay, Whitewater Bay, and the Ten Thousand Islands 
Florida Bay and the Ten Thousand Islands comprise 1,500 square miles of ENP. The bay 
is shallow, with an average depth of less than three feet. To the north is the Florida 
mainland and to the south lie the Florida Keys. Sheet flow across marl prairies of the 
southern Everglades and 20 creek systems fed by Taylor Slough and the C-111 Canal 
provide direct inflow of fresh surface water and groundwater recharge. Surface water 
from Shark River Slough, the sub-region’s largest drainage feature, flows into 
Whitewater Bay and also may provide essential groundwater recharge for central and 
western Florida Bay. Exchange with Florida Bay occurs as the lower salinity water mass 
flows around Cape Sable into the western sub-region of the bay. 

4.4.10 Florida Keys 
The Florida Keys are a limestone island archipelago extending southwest over 200 miles 
from the southern tip of the Florida mainland to the Dry Tortugas, 63 miles west of Key 
West. They are bounded on the north and west by the relatively shallow waters of 
Biscayne Bay, Barnes and Blackwater Sounds, Florida Bay - all areas of extensive mud 
shoals and seagrass beds – and the Gulf of Mexico. Hawk Channel lies to the south, 
between the mainland Keys and an extensive reef tract 5 miles offshore. The Straits of 
Florida lie beyond the reef, separating the Keys from Cuba and the Bahamas. The Keys 
are made up of over 1,700 islands encompassing approximately 103 square miles. They 
are broad, with little relief, have a shoreline length of 1,865 miles, and are inhabited 
from Soldier Key to Key West. Key Largo and Big Pine Key are the largest islands. The 
Keys are frequently divided into three regions: 1) the Upper Keys, north of Upper 
Matecumbe Key; 2) the Middle Keys, from Upper Matecumbe Key to the Seven Mile 
Bridge; and 3) the Lower Keys, from Little Duck Key to Key West. The Florida Keys 
National Marine Sanctuary encompasses approximately 3,668 square miles of 
submerged lands and waters between the southern tip of Key Biscayne and the Dry 
Tortugas Bank. North of Key Largo it includes Barnes and Card Sounds, and to the east 
and south the oceanic boundary is the 300-foot isobath. The Sanctuary also contains 
part of Florida Bay and the entire Florida Reef Tract, the largest reef system in the 
continental United States. The Sanctuary contains components of five distinct 
physiographic regions: Florida Bay, the Southwest Continental Shelf, the Florida Reef 
Tract, the Florida Keys, and the Straits of Florida. The regions are environmentally and 
lithologically unique, and together they form the framework for the Sanctuary’s diverse 
terrestrial and aquatic habitats. 
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4.4.11 Florida Reef Tract 
The Florida Reef Tract is an accurate band of living coral reefs paralleling the Keys. The 
reefs are located on a narrow shelf that drops off into the Straits of Florida. The shelf 
slopes seaward at a 0.06 degree angle into Hawk Channel, which is several miles wide 
and averages 50 feet deep. From Hawk Channel, the shelf slopes upward to a shallower 
area containing numerous patch reefs. The outer edge is marked by a series of bank 
reefs and sand banks that are subject to open tidal exchange with the Atlantic. The 
warm, clear, naturally low-nutrient waters in this region are conducive to reef 
development. 

4.4.12 Big Cypress Basin 
Big Cypress Swamp spans approximately 1,205 square miles (771,000 acres) from 
southwest of Lake Okeechobee to the Ten Thousand Islands in the Gulf of Mexico. The 
570,000-acre Big Cypress National Preserve was established by Public Law 93-440 in 
1974 to protect natural and recreational values of the Big Cypress watershed and to 
allow for continued traditional uses such as hunting, fishing, and oil and gas production. 
It was also established to provide an ecological buffer zone and protect Everglades 
National Park’s water supply. In 1988, Congress passed the Big Cypress National 
Preserve Addition Act which will add 146,000 acres to the preserve. 

4.4.13 Lower West Coast 
The Lower West Coast region covers approximately 4,000 square miles in Lee, Hendry, 
Glades, and Collier Counties and a portion of Charlotte County. This area is generally 
bounded by Charlotte County to the north, Lake Okeechobee and the EAA to the east, 
the Big Cypress National Preserve to the south, and the Gulf of Mexico to the west. The 
area is characterized by the sandy flatlands region of Lee County, which give way to 
sandy though more rolling terrain in Hendry County; and the coastal marshes and 
mangrove swamps of Collier County. The Caloosahatchee River sub-watershed includes 
an area of 550,900 acres in parts of Lee, Glades, Charlotte, and Hendry Counties. From a 
hurricane gate on the southwest shore of Lake Okeechobee at Moore Haven, the 
Caloosahatchee Canal drains westerly for about five miles through a very flat terrain 
into Lake Hicpochee. From there the canal joins the upper reach of the Caloosahatchee 
River. On its way to the Gulf of Mexico, the river is controlled by navigation locks at 
Ortona (15 miles downstream from Moore Haven) and at Olga near Fort Myers. 
Downstream from Ortona Lock, many tributaries join the river along its course to the 
Gulf. The Caloosahatchee River serves as a portion of the cross-state Okeechobee 
Waterway, which extends from Stuart on the east coast via the St. Lucie Canal, through 
Lake Okeechobee and the Caloosahatchee River to Fort Myers on the Gulf of Mexico. 
The river has been straightened by channelization through most of its 65-mile course 
from the Moore Haven Lock to Fort Myers. The J. N. "Ding" Darling National Wildlife 
Refuge Complex includes Pine Island NWR, Island Bay NWR, Matlacha Pass NWR, and 
Caloosahatchee NWR, all located on the lower west coast. The health of the estuarine 
ecosystem they embody is directly tied to the water quality, quantity and timing of 
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flows from the Caloosahatchee watershed and those watersheds which drain into the 
Caloosahatchee River (i.e. Kissimmee River and Lake Okeechobee watersheds). 

5.0 CERP Elements (U.S. Army Corps of Engineers, 1999) 

The Restudy Team formulated and evaluated 10 alternative comprehensive plans and 
more than 25 intermediate computer simulations. Alternative D-13R was selected as the 
Initial Draft Plan. Alternative D-13R along with the series of Other Project Elements, 
Critical Projects, water quality treatment facilities, and other modifications that further 
improve performance of the plan, comprise the recommended Comprehensive Plan. 
The estimated first cost of the recommended Comprehensive Plan is $7.8 billion; and 
the annual operation and maintenance costs, including adaptive assessment and 
monitoring, are $182 million. The plan includes the following structural and operational 
changes to the existing C&SF Project: 

5.1 Surface Water Storage Reservoirs 

A number of water storage facilities are planned north of Lake Okeechobee, in the 
Caloosahatchee and St. Lucie basins, in the EAA, and in the Water Preserve Areas of 
Palm Beach, Broward and Miami-Dade counties. These areas will encompass 
approximately 181,300 acres and will have the capacity to store 1.5 million acre-feet of 
water. 

5.2 Water Preserve Areas 

Multipurpose water management areas are planned in Palm Beach, Broward and 
Miami-Dade counties between the urban areas and the eastern Everglades. The WCAs 
will have the ability to treat urban runoff, store water, reduce seepage, and improve 
existing wetland areas. 

5.3 Manage Lake Okeechobee as an Ecological Resource 

Lake Okeechobee is currently managed for many, often conflicting, uses. The lake’s 
regulation schedule will be modified and plan features constructed to reduce the 
extreme high and low levels that damage the lake and its shoreline. Management of 
intermediate water levels will be improved, while allowing the lake to continue to serve 
as an important source for water supply. Several plan components and Other Project 
Elements are included to improve water quality conditions in the lake. A study is 
recommended to evaluate in detail the dredging of nutrient-enriched lake sediments to 
help achieve water quality restoration targets, important not only for the lake, but also 
for downstream receiving bodies. 

5.4 Improve Water Deliveries to Estuaries 
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Excess stormwater that is discharged to the ocean and the gulf through the 
Caloosahatchee and St. Lucie rivers is very damaging to their respective estuaries. The 
CERP will greatly reduce these discharges by storing excess runoff in surface and 
underground water storage areas. During times of low rainfall, the stored water can be 
used to augment flow to the estuaries. Damaging high flows will also be reduced to the 
Lake Worth Lagoon. 

5.5 Underground Water Storage 

Wells and associated infrastructure will be built to store water in the upper Floridian 
aquifer. As much as 1.6 billion gallons a day may be pumped down the wells into 
underground storage zones. The injected fresh water, which does not mix with the 
saline aquifer water, is stored in a “bubble” and can be pumped out during dry periods. 
This approach, known as aquifer storage and recovery, has been used for years on a 
smaller scale to augment municipal water supplies. Since water does not evaporate 
when stored underground and less land is required for storage, aquifer storage and 
recovery has some advantages over surface storage. The CERP includes aquifer storage 
and recovery wells around Lake Okeechobee, in the WCAs, and the Caloosahatchee 
Basin. 

5.6 Treatment Wetlands 

Approximately 35,600 acres of manmade wetlands, known as stormwater treatment 
areas, will be built to treat urban and agricultural runoff water before it is discharged to 
the natural areas throughout the system. Stormwater treatment areas are included in 
CERP for basins draining to Lake Okeechobee, the Caloosahatchee River Basin, the St. 
Lucie Estuary Basin, the Everglades, and the Lower East Coast. These are in addition to 
the over 44,000 acres of stormwater treatment areas already being constructed 
pursuant to the Everglades Forever Act to treat water discharged from the EAA. 

5.7 Improve Water Deliveries to the Everglades 

The volume, timing, and quality of water delivered to the south Florida ecosystem will 
be greatly improved. The Comprehensive Plan will deliver an average of 26 percent 
more water into Northeast Shark River Slough over current conditions. This translates 
into nearly a half million acre-feet of additional water reaching the slough, and is 
especially critical in the dry season. More natural refinements will be made to the 
rainfall-driven operational plan to enhance the timing of water sent to the WCAs, ENP, 
Holey Land, and Rotenberger Wildlife Management Areas. 

5.8 Remove Barriers to Sheetflow 

More than 240 miles of project canals and internal levees within the Everglades will be 
removed to reestablish the natural sheetflow of water through the Everglades. Most of 
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the Miami Canal in WCA 3 will be removed and 20 miles of the Tamiami Trail (U.S. Route 
41) will be rebuilt with bridges and culverts, allowing water to flow more naturally into 
ENP, as it once did. In the Big Cypress National Preserve, a north-south levee will be 
removed to restore more natural overland water flow. 

5.9 Store Water in Existing Quarries 

Two limestone quarries in northern Miami-Dade County will be converted to water 
storage reservoirs to supply Florida Bay, the Everglades, Biscayne Bay, and Miami-Dade 
County residents with water. The 11,000-acre area will be ringed with an seepage 
barriers to ensure that stored water does not leak or adjacent groundwater does not 
seep into the area. A similar facility will be constructed in northern Palm Beach County. 

5.10 Reuse Wastewater 

The recommended Comprehensive Plan includes two advanced wastewater treatment 
plants in Miami-Dade County capable of making more than 220 million gallons a day of 
the county’s treated wastewater clean enough to discharge into wetlands along 
Biscayne Bay and for recharging the Biscayne Aquifer. This reuse of water will improve 
water supplies to south Miami-Dade County as well as reducing seepage from the 
Northeast Shark River Slough area of the Everglades. Given the high cost associated with 
using reuse to meet the ecological goals and objectives for Biscayne Bay, other potential 
sources of water to provide freshwater flows to the central and southern bay will be 
investigated before pursuing reuse. 

5.11 Pilot Projects 

A number of technologies proposed in CERP have uncertainties associated with them --
either in the technology itself, its application, or in the scale of implementation. While 
none of the proposed technologies are untested, what is not known is whether actual 
performance will measure up to that anticipated in CERP. The pilot projects, which 
include wastewater reuse, seepage management, Lake Belt technology, and three 
aquifer storage and recovery projects are recommended to address uncertainties prior 
to full implementation of these components. 

5.12 Improve Fresh Water Flows to Florida Bay 

Improved water deliveries to Shark River Slough, Taylor Slough, and wetlands to the east 
of Everglades National Park will in turn provide improved deliveries of fresh water flows 
to Florida Bay. A feasibility study is also recommended to evaluate additional 
environmental restoration needs in Florida Bay and the Florida Keys. 

5.13 Southwest Florida 
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There are additional water resources problems and opportunities in southwest Florida 
requiring studies beyond the scope of the Restudy recommended Comprehensive Plan. 
In this regard, a feasibility study for Southwest Florida is being recommended to 
investigate the region’s hydrologic and ecological restoration needs. 

5.14 Comprehensive Integrated Water Quality Plan 

The CERP includes a follow-on feasibility study to develop a comprehensive water 
quality plan to ensure that CERP leads to ecosystem restoration throughout south 
Florida. The water quality feasibility study would include evaluating water quality 
standards and criteria from an ecosystem restoration perspective and recommendations 
for integrating existing and future water quality restoration targets for south Florida 
water bodies into future planning, design, and construction activities to facilitate 
implementation of the recommended Comprehensive Plan. Further, water quality in the 
Keys is critical to ecosystem restoration. The Florida Keys Water Quality Protection Plan 
includes measures for improving wastewater and stormwater treatment within the 
Keys. Implementation of the Keys Water Quality Protection Plan is critical for restoration 
of the south Florida ecosystem. 

Overall, CERP will capture and store much of the water that is now lost to the ocean and 
gulf. This will provide enough water in the future for both the ecosystem, as well as 
urban and agricultural users. It will continue to provide the same level of flood 
protection as it does at present for south Florida. The CERP is a system-wide solution for 
ecosystem restoration, water supply, and flood damage reduction. It is a necessary step 
towards a sustainable south Florida. 

6.0 DESCRIPTION OF LISTED SPECIES AND DESIGNATED CRITICAL HABITAT 

6.1 Affected Environment 

Southern Florida is characterized by highly productive agricultural regions and rapidly 
growing urban areas. These areas contain extensive aquatic and wetland ecosystems 
that are in serious states of decline, largely as a result of water management activities 
required to support the agricultural and urban systems. An expanding urban population 
occupies most of the higher elevation areas of the Lower East Coast. Extensive 
agricultural areas cover much of the interior of the peninsula north and south of Lake 
Okeechobee and along the western fringes of the Lower East Coast. Both urban and 
agricultural land uses require increasing levels of water supply and flood control. 

A channelized and degraded Kissimmee River is currently undergoing ecological 
restoration. A diked and highly regulated Lake Okeechobee has been reduced in area by 
half with the loss of extensive littoral wetlands. It now requires frequent regulatory 
water releases to maintain lowered water levels defined by water regulation schedules. 
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The regulatory releases severely damage the St. Lucie and Caloosahatchee estuarine 
ecosystems. 

The Everglades have also been reduced in area by half due to agricultural and urban 
expansion. The remaining Everglades ecosystem is in a continuing state of decline 
largely as a result of altered water regimes and degraded water quality, as evidenced by 
vegetation change, declining wildlife populations and organic soil loss. In contrast, the 
Big Cypress region, although modified from its natural condition through major man-
caused disturbances (eg. logging, oil and gas exploration, residential development, 
recreation uses and agriculture). is in relatively good condition as an ecosystem. At the 
downstream end of the system, Florida Bay, the Gulf of Mexico, and Biscayne Bay 
estuarine ecosystems experience altered salinity regimes due to decreased freshwater 
heads and inflows from the Everglades, with damaging effects on habitats, nursery 
grounds, and estuarine fauna. 

The situation throughout the project area can be attributed largely to a diminished 
capacity to retain the huge volume of water that once pooled and sheet flowed across 
the pre-drainage landscape. These waters are now either discharged in massive 
volumes through canal systems to tide or are stored at unnaturally high levels in 
remnant diked wetlands of the Everglades. In hindsight, many of these problems are 
now recognized to be unanticipated effects of the existing C&SF Project. 

6.2 Vegetative Communities 

The location of south Florida between temperate and subtropical latitudes, its proximity 
to the West Indies, the expansive wetland system of the greater Everglades, and the low 
levels of nutrient inputs under which the Everglades evolved, all combine to create a 
unique flora and vegetation mosaic. Today nearly all aspects of south Florida’s native 
vegetation have been altered or eliminated by the development, altered hydrology, 
nutrient inputs, and spread of exotics that have resulted directly or indirectly from a 
century of water management. 

Riparian plant communities of the Kissimmee River and its floodplain are recovering 
from channelization and drainage. The macrophyte communities of the diminished 
littoral zone of Lake Okeechobee are now contained within the Herbert Hoover Dike. 
They remain essential for the ecological health of the Lake but are stressed by extreme 
high and low lake levels and by the spread of exotics. Below the Lake, all of the pond 
apple swamp forest and most of the sawgrass plain of the northern Everglades have 
been converted to the EAA. Also eliminated is the band of cypress forest along the 
eastern fringe of the Everglades that was largely converted to agriculture after the 
eastern levee of the WCAs cut off this community from the remaining Everglades. The 
mosaic of macrophyte and tree island communities of the remaining Everglades within 
the WCAs and ENP is altered even in seemingly remote areas by changes in hydrology, 
exotic plant invasion, and/or nutrient inputs. 
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The problems of the Everglades extend to the mangrove estuary and coastal basins of 
Florida Bay, where the forest mosaics and submerged aquatic vegetation show the 
effects of diminished freshwater heads and flows upstream. These problems are 
exacerbated by sea level rise. The upland pine and hardwood hammock communities of 
the Atlantic coastal ridge, interspersed with wet prairies and cypress domes and 
dissected by “finger glades” water courses that flowed from the Everglades to the coast, 
remain only in small and isolated patches that have been protected from urban 
development. In contrast, much of the vegetation mosaic in Big Cypress Swamp to the 
west of the Everglades remains relatively intact. 

More detailed documentation of existing vegetation throughout the CERP project area is 
described in the Restudy (U.S. Army Corps of Engineers, 1999). Those systems include 
the Everglades peatland, the Everglades marl prairie and rocky glades, and the 
mangrove estuaries and coastal basins of Florida Bay and southern Biscayne Bay. For 
purposes of this BA, the following vegetative descriptions focus on the transition zones 
between coastal wetlands and nearshore habitats. 

The primary factors influencing the distribution of vegetation in the transition zone of 
freshwater and saltwater wetlands are hydropattern, salinity, previous disturbance and 
nutrient loading and soil type. The plant community can strongly influence wildlife 
composition and patterns of utilization. The plant community types in these areas 
include sawgrass glades, spike rush and beak rush flats, muhly prairie, cypress stands, 
native dominated forested wetlands, tree islands, mangrove flats, hydric hammocks, 
and exotic-dominated forests. Natural disturbances, such as fire, play an important role 
in maintaining a diverse mosaic of vegetation communities. Altered hydroperiods, 
wildfire suppression and human caused fires have disrupted the natural frequency and 
pattern of fires in the region. 

Invasive species present in the wetland transition zones include melaleuca (Melaleuca 
quinquenervia), Australian pine (Casuarina spp.), and Brazilian pepper (Schinus 
terebinthifolius), among others. The heaviest impacts from invasive species tend to 
occur in disturbed areas within the project area, such as abandoned farmland and lands 
in the immediate vicinity of roads and berms. Such areas are frequently dominated by 
nearly monotypic stands of invasive plants. Elsewhere, these invasive plants are present 
in smaller, but no less important numbers in tree islands, marshes, and mangrove 
forests as a result of long distance seed dispersal. 

The mangrove estuary between the freshwater Everglades and Florida Bay and southern 
Biscayne Bay supports a mosaic of mangrove forests, tidal creeks, salt marshes, coastal 
lakes, tropical hardwood hammocks, and coastal basins. Red mangrove (Rhizophora 
mangle) swamp dominates the landscape along with stands of buttonwood (Conocarpus 
erectus), black mangrove (Avicennia germinans) and white mangrove (Laguncularia 
racemosa). Tidal creeks dissect the mangrove forests and are often bordered by salt 
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marsh communities of black sedge (Schoenus nigricans) and cord grass (Spartina spp.). 
Tropical hardwood hammocks with canopy trees such as West Indian mahogany, 
Jamaica dogwood (Piscidia piscipula), strangler fig (Ficus aurea) and holly grow on 
elevated coastal embankments. 

The nearshore habitats, including coastal lakes and basins, support seasonally variable 
beds of submerged aquatic macrophytes that range from low-salinity communities of 
bladderwort and widgeon grass (Ruppia maritima), to marine seagrasses that include 
turtle grass (Thalassia testudinum), manatee grass (Syringodium filiforme), and shoal 
grass (Halodule wrightii). Additional species include star grass (Halophila engelmannii), 
paddle grass (Halophila decipiens), and Johnson's seagrass (Halophila johnsonii). 
Reduction in freshwater heads and flows from the Everglades, in concert with sea level 
rise, has caused community shifts in the submerged aquatic vegetation of the coastal 
lakes and basins and apparently has contributed to the filling in of tidal creeks. A 
salinity regime favoring an increased frequency of high salinity events and a decreased 
frequency of low salinity events in the coastal lakes and basins has resulted in the loss of 
the low-to-moderate salinity macrophyte communities that seasonal populations of 
migratory waterfowl once utilized. 

6.3 Federally Listed Species 

The Corps has coordinated the existence of federally listed species with NMFS, as 
appropriate. Specifically, coordination with NMFS includes listed fish, marine plants, and 
sea turtles at sea. Fifteen federally listed threatened and endangered species under 
NMFS purview are either known to exist or potentially exist within the project area and, 
subsequently, may be affected by the proposed action (Table 6-1). Many of these 
species have been previously affected by habitat impacts resulting from wetland 
drainage, alteration of hydroperiod, wildfire, and water quality degradation. 

Federally listed animal species that exist or potentially exist in the project area, include 
smalltooth sawfish (Pristia pectinata), green sea turtle (Chelonia mydas), hawksbill sea 
turtle (Eretmochelys imbricata), leatherback sea turtle (Dermochelys coriacea), Kemp’s 
ridley sea turtle (Lepidochelys kempii), and loggerhead sea turtle (Caretta caretta). 
Other federally threatened or endangered animal species that are known to exist or 
potentially exist in the project area, but which will likely not be of concern in this study 
due to the lack of suitable habitat in and within close proximity of the project area 
include, Gulf sturgeon (Acipenser oxyrinchus desotoi), blue whale (Balaenoptera 
musculus), fin whale (Balaenoptera physalus), humpback whale (Megaptera 
novaeangliae), sei whale (Balaenoptera borealis), sperm whale (Physeter 
macrocephalus), elkhorn (Acropora palmata), and staghorn (Acropora cervicornis) stony 
corals. 

A federally listed plant species that may occur in the project area includes Johnson’s 
seagrass (Halophila johnsonii). Johnson’s seagrass is a rare plant that has a very limited 
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distribution, often found in coarse sand and muddy substrates and in areas of turbid 
waters and high tidal currents. The species ranges from central Biscayne Bay to 
Sebastian Inlet. 

Table 6-1. Status of Threatened & Endangered Species Under NMFS Purview Likely to 
be Affected by CERP Projects – and the Corps Effects Determinations 

Common 
Name 

Scientific Name Status Agency May 
Affect, 
Likely to 
Adversely 
Effect 

May 
Affect, 
Not 
Likely to 
Adversely 
Effect 

No 
Effect 

Mammals 
Blue whale Balaenoptera 

musculus 
E Federal X 

Fin whale Balaenoptera 
physalus 

E Federal X 

Humpback 
whale 

Megaptera 
novaeangliae 

T Federal X 

Sei whale Balaenoptera 
borealis 

E Federal X 

Sperm whale Physeter 
macrocephalus 

E Federal X 

Reptiles 
Green sea 
turtle 

Chelonia mydas E Federal X 

Leatherback 
sea turtle 

Dermochelys 
coriacea 

E Federal X 

Hawksbill sea 
turtle 

Eretmochelys 
imbricata 

E Federal X 

Loggerhead 
sea turtle 

Caretta caretta T Federal X 

Kemp’s Ridley 
sea turtle 

Lepidochelys 
kempii 

E Federal X 

Fish 
Smalltooth 
sawfish* 

Pristia pectinata E Federal X 

Gulf 
sturgeon* 

Acipenser 
oxyrinchus desotoi 

T Federal X 

Invertebrates 
Elkhorn coral* Acropora palmata T Federal X 
Staghorn Acropora T Federal X 
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coral* cervicornis 
Plants 
Johnson’s 
seagrass* 

Halophila 
johnsonii 

E Federal X 

* Critical habitat designated for this species 
E: Endangered 
T: Threatened 

6.4 State Listed Species 

In addition to federally listed species, portions of project area contain habitat potentially 
suitable for two state-listed threatened species and nine species of special concern that 
are under NMFS purview. Threatened species include key silverside (Mendia 
conchorum), and pillar coral (Dendrogyra cylindricus). Species of special concern include 
Alabama shad (Alosa alabamae), dusky shark (Carcharhinus obscurus), mangrove rivulus 
(Rivulas marmoratus), opossum pipefish (Microphis brachyurus lineatus), sand tiger 
shark (Carcharias Taurus), speckled hind (Epinephelus drummondhayi), warsaw grouper 
(Epinephelus nigritus), and ivory bush coral (Oculina varicose). 

While habitats utilized by some of these animal species may be affected by CERP, 
construction impacts would be minimal and temporary, and not likely to adversely 
affect any protected species. The majority of protected species is outside of the 
projects’ zone of influence and therefore, is not likely to be adversely affected by 
project operations. Successful implementation of restoring existing wetlands will 
improve the overall functional capacity of affected habitats thus benefiting the species 
utilizing these areas. Therefore, no adverse effects are anticipated to state listed 
species, or species of concern as a result of this project. 

6.5 Designated Critical Habitat 

In addition to threatened and endangered species, the project area also includes or is 
adjacent to designated critical habitats for Johnson’s seagrass, Gulf sturgeon, smalltooth 
sawfish, elkhorn coral, and staghorn coral. Maps of critical habitat locations for these 
species are depicted in Figure 6-1 through Figure 6-5 
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Figure 6-1. Critical Habitat for the Johnson’s Seagrass 

As defined in the Code of Federal Regulations (50 CFR Part 226, Section 226.213, Vol. 65, 
5 April 2000), the Johnson’s seagrass critical habitat includes all land and water within 
the following boundary: Beginning at the easternmost tip of Turkey Point, Dade County, 
on the coast of Biscayne Bay; then southeastward along a straight line to Christmas 
Point at the southernmost tip of Elliott Key; then southwestward along a line following 
the shores of the Atlantic Ocean side of Old Rhodes Key, Palo Alto Key, Anglefish Key, 
Key Largo, Plantation Key, Windley Key, Upper Matecumbe Key, Lower Matecumbe Key, 
and Long Key; then to the westernmost tip of Middle Cape; then northward along the 
shore of the Gulf of Mexico to the north side of the mouth of Little Sable Creek; then 
eastward along a straight line to the northernmost point of Nine-Mile Pond; then 
northeastward along a straight line to the point of beginning. 
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Figure 6-2. Critical Habitat for the Gulf Sturgeon 

As defined in the Code of Federal Regulations (50 CFR Part 226, Vol. 68, 19 March 2003), 
the Gulf Sturgeon critical habitat portions in Florida includes Unit 9, Pensacola Bay 
System in Escambia and Santa Rosa Counties; Unit 10, Santa Rosa Sound in Escambia, 
Santa Rosa, and Okaloosa Counties; Unit 11, Florida Nearshore of Mexico Unit in 
Escambia, Santa Rosa, Okaloosa, Walton, Bay, and Gulf Counties: Unit 12, 
Chotawhatchee Bay in Okaloosa and Walton Counties; Unit 13, Apalachicola Bay in Gulf 
and Franklin Counties; and Unit 14, Suwannee Sound in Dixie and Levy Counties. 
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Figure 6-3.  Critical Habitat for the Smalltooth Sawfish – Charlotte Harbor Everglades
 
Unit
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Figure 6-4.  Critical Habitat for the Smalltooth Sawfish – 10,000 Islands 

As stated in the final rule published in the Federal Register on 2 September 2009, critical 
habitat consists of two coastal habitat units: the Charlotte Harbor Estuary Unit and the 
Thousand Islands/Everglades Unit. 
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Figure 6-5.  Critical Habitat for Elkhorn and Staghorn Corals 

In southeast Florida, staghorn coral has been documented along the east coast as far 
north as Palm Beach County in deeper (16 to 30 m) water and is distributed south and 
west throughout the coral and hard-bottom habitats of the Florida Keys, through 
Tortugas Bank. Elkhorn coral has been reported as far north as Broward and Miami-
Dade counties, with significant reef development and framework construction by this 
species beginning at Ball Buoy Reef in Biscayne National Park, extending discontinuously 
southward to the Dry Tortugas (CFR Vol. 73, No. 25, 02-06-08). 
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7.0 EFFECTS OF PROPOSED ACTION 

7.1 Species Biology and Effect Determination 

7.1.1 Elkhorn Coral (Acropora palmata) 

Elkhorn coral is a large, branching coral with thick and sturdy antler-like branches. The 
dominant mode of reproduction is asexual, with new colonies forming when branches 
break off of a colony and reattach to the substrate. Sexual reproduction occurs via 
broadcast spawning of gametes into the water column once each year in August or 
September. Individual colonies are both male and female (simultaneous 
hermaphrodites). Colonies are fast growing: branches increase in length by 2-4 inches 
(5-10 cm) per year, with colonies reaching their maximum size in approximately 10-12 
years. Elkhorn coral was formerly the dominant species in shallow water (3-16 ft (1-5 m) 
deep) throughout the Caribbean and on the Florida Reef Tract, forming extensive, 
densely aggregated thickets in areas of heavy surf. Coral colonies prefer exposed reef 
crest and fore reef environments in depths of less than 20 feet (6 m), although isolated 
corals may occur to 65 feet (20 m). Elkhorn coral is found on coral reefs in southern 
Florida, the Bahamas, and throughout the Caribbean. Its northern limit is the Biscayne 
Bay National Park and it extends south to Venezuela; it is not found in Bermuda. Since 
1980, populations have collapsed throughout their range from disease outbreaks with 
losses compounded locally by hurricanes, increased predation, bleaching, elevated 
temperatures, and other factors. 

7.1.2 Staghorn Coral (Acropora cervicornis) 

Staghorn coral is a branching coral with cylindrical branches ranging from a few 
centimeters to over 6.5 feet (2 m) in length. The dominant mode of reproduction for 
staghorn coral is asexual fragmentation, with new colonies forming when branches 
break off a colony and attach to the substrate. Similar to elkhorn coral, sexual 
reproduction occurs via broadcast spawning of gametes into the water column once 
each year in August or September. Individual colonies are both male and female. This 
coral exhibits the fastest growth of all known western Atlantic corals, with branches 
increasing in length by 4-8 inches (10-20 cm) per year. Staghorn coral has been one of 
the three most important Caribbean corals in terms of its contribution to reef growth 
and fish habitat. Staghorn coral occur in back reef and fore reef environments from 0-98 
feet (0-30 m) deep. The upper limit is defined by wave forces, and the lower limit is 
controlled by suspended sediments and light availability. Staghorn coral is found 
throughout the Florida Keys, the Bahamas, and the Caribbean islands. This coral occurs 
in the western Gulf of Mexico, but is absent from U.S. waters in the Gulf of Mexico. It 
also occurs in Bermuda and the west coast of South America. The northern limit is on 
the east coast of Florida, near Boca Raton. The greatest source of region-wide mortality 
for staghorn coral has been disease outbreaks, mainly of white band disease. Other, 
more localized losses have been caused hurricanes, increased predation, bleaching, 
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algae overgrowth, human impacts, and other factors. This species is also particularly 
susceptible to damage from sedimentation and is sensitive to temperature and salinity 
variation. 

7.1.3 Smalltooth Sawfish (Pristis pectinata) 

Smalltooth sawfish have been reported in the Pacific and Atlantic Oceans, and the Gulf 
of Mexico; however, the United States population is found only in the Atlantic Ocean 
and Gulf of Mexico. Historically, the United States population was common throughout 
the Gulf of Mexico from Texas to Florida, and along the east coast from Florida to Cape 
Hatteras. The current range of this species includes peninsular Florida, but is relatively 
common only in the Everglades region at the southern tip of the state. Juvenile sawfish 
use shallow habitats with a lot of vegetation, such as mangrove forests, as important 
nursery areas. Many such habitats have been modified or lost due to development of 
the coastal areas of Florida and other southeastern states. The loss of juvenile habitat 
likely contributed to the decline of this species. 

7.1.4 Gulf Sturgeon (Acipenser oxyrinchus desotoi) 

Gulf sturgeons inhabit coastal rivers from Louisiana to Florida during the warmer 
months, and the Gulf of Mexico and its estuaries and bays in the cooler months. 
Sturgeon are primitive fish characterized by bony plates, or "scutes," and a hard, 
extended snout; they have a heterocercal caudal fin. Adults range from 4-8 feet (1-2.5 
m) in length; females attain larger sizes than males. They are bottom feeders, and eat 
primarily macroinvertebrates, including brachiopods, mollusks, worms, and crustaceans. 
All foraging occurs in brackish or marine waters of the Gulf of Mexico and its estuaries; 
sturgeon do not forage in riverine habitat. Historically, Gulf sturgeon occurred from the 
Mississippi River east to Tampa Bay. Sporadic occurrences were recorded as far west as 
the Rio Grande River in Texas and Mexico, and as far east and south as Florida Bay. The 
sub-species’ present range extends from Lake Pontchartrain and the Pearl River system 
in Louisiana and Mississippi respectively, east to the Suwannee River in Florida. The 
species is anadromous: feeding in the winter months in the marine waters of the Gulf of 
Mexico including bays and estuaries, migrating in the spring up freshwater rivers to 
spawn on hard substrates, and then spending summers in the lower rivers before 
emigrating back out into estuarine/marine waters in the fall. 

7.1.5 Green Sea Turtle (Chelonia mydas) 

The green sea turtle weighs approximately 150 kg and lives in tropical and sub-tropical 
waters. Areas that are known as important feeding areas for the green turtles in Florida 
include the Indian River Lagoon, the Florida Keys, Florida Bay, Homosassa, Crystal River 
and Cedar Key. Green turtles occupy three habitat types: high energy oceanic beaches, 
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convergence zones in the pelagic habitat, and benthic feeding grounds in the relatively 
shallow, protected waters. Females deposit eggs on high energy beaches, usually on 
islands, where a deep nest cavity can be dug above the high water line. Hatchlings leave 
the beach and move in the open ocean. Green sea turtles forage in pastures of 
seagrasses and/or algae, but small green turtles can also be found over coral reefs, 
worm reefs, and rocky bottoms. 

7.1.6 Hawksbill Sea Turtle (Eretmochelys imbricata) 

The hawksbill sea turtle is a small to medium-sized marine turtle weighing up to 15 
kilograms in the United States. The hawksbill lives in tropical and sub-tropical waters of 
the Atlantic, Pacific, and Indian Oceans. Areas that are known as important feeding 
areas for hawksbill turtles in Florida include the waters near the Florida Keys and on the 
reefs off Palm Beach County. Hawksbill turtles use different habitat types at different 
stages of their life cycle. Post hatchlings take shelter in weed lines that accumulate at 
convergence zones. Coral reefs are the foraging habitat of juveniles, sub-adults, and 
adults. They are also known to inhabit mangrove-fringed bays and estuaries, particularly 
along the eastern shore where coral reefs are absent. Hawksbills feed predominantly on 
sponges and nest on low and high energy beaches, frequently sharing the high-energy 
beaches with green sea turtles. Nests are typically placed under vegetation. 

7.1.7 Leatherback Sea Turtle (Dermochelys coriacea) 

The leatherback sea turtle is the largest living turtle and weighs up to 700 kg. The 
leatherback lives in tropical and sub-tropical waters. Habitat requirements for juvenile 
and post-hatchling leatherbacks are virtually unknown. Nesting females prefer high-
energy beaches with deep unobstructed access. Leatherbacks feed primarily on jellyfish. 

7.1.8 Kemp’s Ridley Sea Turtle (Lepidochelys kempii) 

The Kemp’s ridley sea turtle is the smallest of all sea turtles and weighs up to 45 kg. This 
species is a shallow water benthic feeder consuming mainly algae and crabs. Juveniles 
grow rapidly. Juveniles and sub-adults have been found along the eastern seaboard of 
the United States and in the Gulf of Mexico. However, the major nesting beach for the 
Kemp’s ridley sea turtle is on the northeastern coast of Mexico. 

This species occurs mainly in coastal areas of the Gulf of Mexico and in the 
northwestern Atlantic Ocean. The post-pelagic stages are commonly found dwelling 
over crab-rich sandy or muddy bottoms. Juveniles frequent bays, coastal lagoons, and 
river mouths. 

7.1.9 Loggerhead Sea Turtle (Caretta caretta) 
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Loggerhead sea turtles inhabit the continental shelves and estuarine environments 
along the margins of the Atlantic, Pacific, and Indian Oceans. Females select high energy 
beaches on barrier strands adjacent to continental land masses for nesting. Steeply 
sloped beaches with gradually sloped offshore approaches are favored. After leaving the 
beach, hatchlings swim directly offshore and eventually are found along drift lines. They 
migrate to the near-shore and estuarine waters along the continental margins and 
utilize those areas as the developmental habitat for the sub-adult stage. Loggerheads 
are predators of benthic invertebrates. 

7.1.10 The Blue Whale (Balaenoptera musculus) 

The blue whale, a species of baleen and rorqual whale, can grow to lengths in excess of 
100 feet (30.48 meters) but are typically found up to 88 feet (26.8 m). Female blue 
whales tend to be slightly larger than their male counterparts. Sexual maturity is 
believed to be reached between ages 5-15 years. Blue whale’s mating and birthing 
events usually occur during the winter. Commercial whaling has led to the declination 
of this species. Populations today are estimated at about 3800-5255 whales. Threats to 
this population include vessel strikes, fisheries interactions, natural mortality, 
anthropogenic noise, competition, habitat degradation, and vessel disturbance. 

Three subspecies are recognized: the Northern Hemisphere blue whale (B.m. musculus), 
the Antarctic blue whale (B.m. intermedia), and the pygmy blue whale (B.m. 
brevicauda). Found across the globe, blue whales are separated into the North Atlantic, 
North Pacific, and Southern Hemisphere populations. There is also a “resident” 
population found in the northern Indian Ocean. In the North Atlantic population, most 
sightings are located off of eastern Canada. The southern border of the whales feeding 
range is thought to be near Massachusetts. The North Pacific population is thought to 
be divided into five subpopulations describing their location. These are southern Japan, 
northern Japan/Kurils/Kamchatka, Aleutian Islands, eastern Gulf of Alaska, and 
California/Mexico. The Southern Hemisphere whales are found mainly in high latitudes 
south of the Antarctic Convergence (B.m. intermedia) and also north of the Antarctic 
Convergence (B.m. brevicauda). 

It is possible that these whales travel into the Gulf of Mexico and the Caribbean but 
these occurrences are thought to be rare. 

7.1.11 Humpback Whale (Megaptera novaeangliae) 

Humpback whales are commonly identified by distinct coloration on their flukes. They 
are also known for their long pectoral fins. Females tend to be larger than males 
reaching lengths of up to 60 feet (18m). There is an estimated 20,000 whales found in 
the North Pacific, over 11,000 in the North Atlantic, and an approximate 25,000 whales 
in the Southern Hemisphere. Threats to humpbacks whales include entanglement, 
vessel strikes, whale watching harassment, and habitat disturbance. 
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During the summer, humpbacks can be found in areas of high latitude such as the Gulf 
of Maine and the Gulf of Alaska. Shallow waters are preferred when humpback whales 
are feeding and calving. The North Atlantic stock can usually be found along the whole 
east coast of US, Greenland, St. Lawrence, and Newfoundland/Labrador. During the 
winter, the whales migrate to the West Indies for mating and calving. The North Pacific 
stock has three populations of humpback whales: California/Oregon/Washington, 
Central North Pacific, and Western North Pacific. Whales found in the Southern 
Hemisphere are found near 20°S for breeding purposes. For feeding, the Southern 
Hemisphere whales travel to around 40°S and between 102°E and 110°W. 

Humpback whales have been reported in the central and eastern Gulf of Mexico in the 
winter when the whales migrate south. 

7.1.12 Sperm Whale (Physter macrocephalus) 

The sperm whale is an odontocete or toothed whale. Males of this species often grow 
larger than females reaching 52 ft (16m) while females may reach lengths of up to 36 
feet (11m). Sexual maturity for females is reached around 9 years of age and males 
reach maturity anywhere from 10-20 years of age. Today, there are between 200,000 
and 1,500,000 estimated sperm whales approximated from a few areas. Threats to this 
population include vessel strikes, entanglements, anthropogenic noise, and pollutants. 

Found across the world, they are often located in waters deeper than 600m. Migration 
patterns are not well known but sperm whales follow conditions that are favorable for 
feeding and breeding. In the Pacific U.S. waters, they are commonly found near the 
equator but also occur by Alaska, California, Washington, and Oregon. In the Atlantic, 
they are typically found north of Delaware and Virginia. Sperm whales are typically 
found far off shore. 

There are sperm whales present in the northern Gulf of Mexico year-round, but they are 
most commonly found there during the summer. This population is thought to have 
about 1300 individuals. Sperm whales may also be found far off the Florida coast during 
the winter. 

7.1.13 Finback Whale (Balaenoptera physalus) 

Fin whales, the second largest species of whale have a maximum length of 75-85 feet 
(22-26 m). Like other baleen whales, females tend to be larger than the males. Sexual 
maturity is reached from ages 6-10 for males and 7-12 for females. Distinguishing 
features include a unique coloration: the underside is a shade of white while the dorsal 
surface and sides are black or shades of brown-gray. The jaw is dark on the left side and 
white on the right. Commercial whaling led to the declination of this species. There is 
thought to be over 10,000 whales occupying U.S. waters, but global population 
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estimates are uncertain due to a small amount of surveys taken. Current threats to 
these whales worldwide include collisions with vessels, entanglement in fishing gear, 
reduction in prey abundance, habitat degradation, and disturbance from low-frequency 
noise. 

Fin whales can be found throughout the world but more commonly in temperate to 
polar latitudes. They typically inhabit deep, offshore waters. There are two identified 
subspecies of the fin whale found in the North Atlantic (B. p. physalus) and the Southern 
Ocean (B. p. quoyi). Another, unnamed subspecies can be found in the North Pacific. 

During the winter fin whales travel down to the coast of Florida and the Gulf of Mexico 
but they are uncommon in this area. 

7.1.14 Sei Whale (Balaenoptera borealis) 

The sei whale can grow to lengths of 40-60 feet (12-18m) and like most other baleen 
whales, females can be larger than the males. Sexual maturity is thought to be reached 
between 6-12 years of age. Similar to Bryde’s whale, they can be differentiated by a 
single ridge on their rostrum. Their coloration pattern is noted as dark on the dorsal 
side and light ventrally. Commercial whaling led to the declination of this species. A 
current estimate of the sei whale population is about 80,000 whales worldwide. Threats 
to this population include vessel strikes and fishing gear. 

Two subspecies are identified, B. b. borealis in the Northern Hemisphere and B. b. 
schlegellii in the Southern Hemisphere. Their distribution can include subtropical, 
temperate, and sub polar waters in the Atlantic, Pacific, and Indian oceans. During the 
summer they can be found areas such as the Gulf of Maine and Georges Bank in the 
western North Atlantic among other locations. During the winter, it is thought that the 
whales migrate to more tropical locations. However, their entire distribution and 
migration patterns are not well known. 

Sei whales have been noted in the northeast and southwest Gulf of Mexico. 

7.1.15 Johnson’s Seagrass (Halophila johnsonii) 

Johnson’s seagrass is a rare plant that may have the most limited distribution of any 
seagrass in existence. It frequently occurs in small isolated patches from centimeters to 
a few meters in diameter. Johnson’s seagrass appears to reproduce only through 
asexual branching. There are no known seed banks. The leaves are generally two to 
five centimeters in length, and the rhizome internodes rarely exceed three to five 
centimeters in length. Johnson’s seagrass prefers to grow in coastal lagoons in the 
intertidal zone, or deeper than many other seagrasses. It fares worse in the 
intermediate areas where other seagrasses thrive. The species has been found in coarse 
sand and muddy substrates and in areas of turbid waters and high tidal currents. 
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Johnson’s seagrass is more tolerant of salinity, temperature, and desiccation variation 
than other seagrasses in the area. It has a disjunct and patchy distribution along the 
east coast of Florida from central Biscayne Bay to Sebastian Inlet. The largest patches 
have been documented inside Lake Worth Inlet. The southernmost distribution is 
reported to be in the vicinity of Virginia Key in Biscayne Bay. 

7.2 Projects with “No Effect” Determination (Consultation Completed) 

Federally threatened or endangered species that are known to potentially exist within 
close proximity of CERP project areas, but which will not likely be of concern are 
discussed in detail below: 

7.2.1 Biscayne Bay Coastal Wetlands Project 

7.2.1.1 Project Summary 

The primary purpose of the Biscayne Bay Coastal Wetlands project is to redistribute 
freshwater runoff from the watershed away from the existing canal discharges and into 
the coastal wetlands adjoining Biscayne Bay to provide a more natural and historic 
overland flow through existing coastal wetlands. The Restudy identified a need to 
replace lost overland flow, rehydrate coastal wetlands and reduce point source 
freshwater discharges to Biscayne Bay using a system of pumps, and interconnections 
between coastal canals and operational changes to coastal structures (Figure 7-1). 

7.2.1.2 Existing Conditions 

Historically, freshwater runoff entered Biscayne Bay via overland flow from the 
Everglades through estuarine coastal wetlands and artesian up-wellings. The water 
quality in the late 1800s was low in nutrients, low in turbidity, and high in light 
transmittance; such conditions allowed an abundant coverage of seagrass beds. The 
Biscayne Bay water quality was still within natural conditions at the time the City of 
Miami was founded in 1896. As development progressed, canal networks were 
constructed for flood protection and prevention of aquifer saltwater intrusion. The 
canal network, a system of managed water, had replaced the natural sloughs. 
Freshwater flow into Biscayne Bay is now dominated by pulse-released direct canal 
discharges. 

7.2.1.3 Project Effects 

Construction includes building pumps, levees, canals and other structures that will 
displace existing natural areas. Diversion of canal discharges into coastal wetlands, as 
opposed to their direct discharge into the Bay, is expected to re-establish productive 
nursery habitat along the shoreline and reduce the abrupt freshwater discharges that 
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         are physiologically stressful to fish and benthic invertebrates in the bay near canal 
outlets. 
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Figure 7-1.  Biscayne Bay Coastal Wetlands Location Map 
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7.2.1.4 Status of ESA Consultation with NMFS 

By letter dated August 30, 2007, NMFS concurred with the Corps’ determination that 
implementation of the BBCW Acceler8 (initial phase of the project) may affect, but is not 
likely to adversely affect, smalltooth sawfish. By letter dated 3 November 2011, the 
NMFS concurred with the Corps’ determination that the BBCW project is not likely to 
adversely affect any listed species under NMFS’s purview and subsequently concurred 
with the Corps’ determination that proceeding with the project will not violate sections 
7(a)(2) and 7(d) pending completion of a recommended programmatic consultation for 
any remaining individual CERP projects. 

Smalltooth Sawfish and “May Affect, But Not Likely to Adversely Affect” 
Determination 

The smalltooth sawfish has the potential to be found within Biscayne Bay, and juveniles 
could potentially occur and feed in red mangrove wetlands. With the proposed project, 
the smalltooth sawfish may benefit as a result of the redistribution of freshwater runoff 
from the watershed away from the existing canal discharges into the coastal wetlands 
adjoining Biscayne Bay to provide a more natural and historic overland flow. With the 
expectation of improved wetland habitat, and the implementation of agency approved 
Sea Turtle and Smalltooth Sawfish Construction Conditions, the Corps has determined 
the smalltooth sawfish may be affected, but is not likely to be adversely affected, by the 
proposed project. 

Green Sea Turtle and “May Affect, But Not Likely to Adversely Affect” Determination 

Although green sea turtles are expected to be found foraging in nearshore seagrass 
habitats within Biscayne Bay, the increased freshwater flows associated with the 
Biscayne Bay Coastal Wetlands Phase I project may alter seagrass species composition 
but should not have an adverse effect on the overall biomass available for sea turtle 
feeding habits. Additionally, no green sea turtles would attempt to utilize areas for 
nesting purposes since there is no suitable habitat for nesting in the project area. With 
the expectation of improved nearshore habitat, no utilization of the project area for 
nesting purposes, and the implementation of agency approved Sea Turtle and 
Smalltooth Sawfish Construction Conditions, the Corps has determined the green sea 
turtle may be affected, but would not likely be adversely affected, by the proposed 
project. 

Hawksbill Sea Turtle and “May Affect, But Not Likely to Adversely Affect” 
Determination 

Although hawksbill sea turtles are expected to be found foraging near coral reef habitats 
within Biscayne Bay, the increased freshwater flows associated with Phase 1 of the 
Biscayne Bay Coastal Wetlands project may reduce nearshore salinity concentrations 
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but should not have an adverse effect on sponges or other food sources utilized by this 
species. Additionally, no hawksbill sea turtles would attempt to utilize areas for nesting 
purposes since there is no suitable habitat for nesting in the project area. With the 
expectation of improved nearshore habitat, no utilization of the project area for nesting 
purposes, and the implementation of agency approved Sea Turtle and Smalltooth 
Sawfish Construction Conditions, the Corps has determined the hawksbill sea turtle may 
be affected, but would not likely be adversely affected, by the proposed project. 

Leatherback Sea Turtle and “May Affect, But Not Likely to Adversely Affect” 
Determination 

Although leatherback turtles are expected to be found foraging in nearshore habitats 
within Biscayne Bay, the increased freshwater flows associated with the Biscayne Bay 
Coastal Wetlands Phase 1 project may reduce nearshore salinity concentrations but 
should not have an adverse effect on jellyfish or other food sources utilized by this 
species. Additionally, no leatherback sea turtles would attempt to utilize areas for 
nesting purposes since there is no suitable habitat for nesting in the project area. With 
the expectation of improved nearshore habitat, no utilization of the project area for 
nesting purposes, and the implementation of agency approved Sea Turtle and 
Smalltooth Sawfish Construction Conditions, the Corps has determined the leatherback 
sea turtle may be affected, but would not likely be adversely affected, by the proposed 
project. 

Kemp’s Ridley Sea Turtle and “May Affect, But Not Likely to Adversely Affect” 
Determination 

Although Kemp’s ridley sea turtles could be found foraging in nearshore habitats within 
Biscayne Bay, this species is not expected to be found within the direct area of influence 
associated with the Biscayne Bay Coastal Wetlands Phase 1 project. Additionally, no 
Kemp’s ridley sea turtles would attempt to utilize areas for nesting purposes since there 
is no suitable habitat for nesting in the project area. With the expectation of improved 
nearshore habitat, no utilization of the project area for nesting purposes, and the 
implementation of agency approved Sea Turtle and Smalltooth Sawfish Construction 
Conditions, the Corps has determined the Kemp’s ridley sea turtle may be affected, but 
would not likely be adversely affected, by the proposed project. 

Loggerhead Sea Turtle and “May Affect, But Not Likely to Adversely Affect” 
Determination 

Although loggerhead sea turtles are expected to be found foraging in nearshore habitats 
within Biscayne Bay, the increased freshwater flows associated with the Biscayne Bay 
Coastal Wetlands Phase 1 project may reduce nearshore salinity concentrations but 
should not have an adverse effect on crustaceans, mollusks or other invertebrate food 
sources utilized by this species. Additionally, no loggerhead sea turtles would attempt 
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to utilize areas for nesting purposes since there is no suitable habitat for nesting in the 
project area. With the expectation of improved nearshore habitat, no utilization of the 
project area for nesting purposes, and the implementation of agency approved Sea 
Turtle and Smalltooth Sawfish Construction Conditions, the Corps has determined the 
loggerhead sea turtle may be affected, but would not likely be adversely affected by the 
proposed project. 

Elkhorn Coral and “No Effect” Determination 

Elkhorn coral may be found outside the waters of Biscayne Bay, specifically within the 
offshore reef track in Biscayne National Park where salinities are stable (35 ppt) and 
more representative of open ocean conditions. The reef tract is approximately five to 
eight miles seaward of the shoreline. Anticipated salinity alterations resulting from 
project activities are not expected to occur beyond 1,500 meters from shore. Because 
the reef tract where elkhorn coral resides is several miles outside of any projected 
salinity changes, the Corps has determined the proposed project would have no effect 
on elkhorn coral. 

Elkhorn Coral Critical Habitat 

Salinities, due to project operations, will not be altered in the vicinity of critical habitat; 
therefore, the project would have no effect on critical habitat for elkhorn coral. 

Staghorn Coral and “No Effect” Determination 

Staghorn coral may be found outside the waters of Biscayne Bay, specifically within the 
offshore reef track in BNP where salinities are stable (35 ppt) and more representative 
of open ocean conditions. The reef tract is approximately five to eight miles seaward of 
the shoreline. Anticipated salinity alterations resulting from project activities are not 
expected to occur beyond 1,500 meters from shore. Because the reef tract where 
staghorn coral resides is several miles outside of any projected salinity changes, the 
Corps has determined the proposed project would have no effect on staghorn coral. 

Staghorn Coral Critical Habitat 

Salinities, due to project operations, will not be altered in the vicinity of critical habitat 
designated for staghorn coral; therefore, the project would have no effect on critical 
habitat for this species. 

Johnson’s Seagrass and “No Effect” Determination 

Johnson’s seagrass is not expected to be found within the project site since the 
southernmost distribution is reported to be in the vicinity of Virginia Key in Biscayne Bay 
(FR Vol. 63, No.177. 1998). Since the northernmost project limits are south of Virginia 
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Key, the U.S. Army Corps of Engineers has determined the project would have no effect 
on Johnson’s seagrass. 

Johnson’s Seagrass Critical Habitat 

Since the northernmost project limits are south of the known distribution area for this 
species, the project would have no effect on critical habitat for Johnson’s seagrass. 

7.2.2 C-111 Spreader Canal Western Project 

7.2.2.1 Project Summary 

The purpose of the C-111 SC Western project is to improve the quantity, timing, and 
distribution of water delivered to Eastern Florida Bay via Taylor Slough. It is anticipated 
that these improvements will be realized through the establishment of a hydraulic ridge 
between Taylor Slough and the C-111 Canal, which will reduce seepage from Taylor 
Slough, and from its headwaters. The project is also anticipated to resolve critical 
uncertainties related to the ability to reduce seepage losses from Taylor Slough, and 
resulting flood control responses of the drainage system. The project is designed to 
eliminate ecologically damaging flows through C-111 Basin to Barnes Sound and Florida 
Bay while improving habitat, functional quality of existing natural areas, and increase 
spatial extent where practicable. 

7.2.2.2 Existing Conditions 

As a consequence of past and current water management practices, land development 
and sea level rise, freshwater wetlands in the project area have been reduced in areal 
extent, altered and degraded. Currently much of this area is drained. Water elevations 
are generally held close to or below land surface in the northern project area, or starved 
of water as in the Model Lands area where water is diverted by drainage structures 
toward other basins. The current operation of the systems has resulted in an inland 
migration of saline conditions in both the groundwater and surface waters such that the 
expansion of moderate to high salinity zones have diminished the spatial extent of 
freshwater wetland habitats, and have allowed the landward expansion of saltwater and 
mangrove wetlands, including low-productivity, sparsely vegetated dwarf mangroves 
communities typical of the hypersaline “white zone.” Some wetlands have been 
impacted by invasive exotic vegetation as a result of physical disturbance and/or 
hydrologic isolation. 

7.2.2.3 Project Effects 

Implementation of the C-111 SC Western project would result in short-term impacts to 
and displacement of the natural environment. In addition, some temporary, short-term 
effects would likely occur during the construction phase of the project, including fill 
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placement for the canal plugs. The project is expected to have long-term positive effects 
that will contribute to the restoration of Everglades National Park and the adjacent 
southeast Florida ecosystem. 
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Figure 7-2. C-111 Spreader Canal Tentatively Selected Plan 
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7.2.2.4 Status of ESA Consultation with NMFS 

On 7 May 2009, the Corps requested concurrence with NMFS on its determination of 
may affect, but is not likely to adversely affect smalltooth sawfish and sea turtles. In 
addition, the Corps determined that the project would not modify critical habitat for 
elkhorn or staghorn coral. Critical habitat for the smalltooth sawfish had not been 
designated until after publication of the final PIR/EIS. After further discussion with 
NMFS, the Corps changed their determinations to no effect for each species and their 
designated critical habitat, and NMFS concurred by email on 6 August 2009. 
Construction is complete for this project; therefore, re-initiation is not required. 

Smalltooth Sawfish and “No Effect” Determination 

The smalltooth sawfish has the potential to be found within Florida Bay, and the 
juveniles could potentially occur and feed in coastal wetlands. With the proposed 
project, the smalltooth sawfish may benefit as a result of freshwater flows from Taylor 
Slough into the coastal wetlands adjoining Florida Bay to provide a more natural and 
historic overland flow. With the expectation of improved wetland habitat, and the 
implementation of agency approved Sea Turtle and Smalltooth Sawfish Construction 
Conditions, the Corps has determined the proposed project would have no effect on the 
smalltooth sawfish. 

Green Sea Turtle and “No Effect” Determination 

Although green sea turtles are expected to be found foraging in nearshore seagrass 
habitats within Florida Bay, the increased freshwater flows associated with Phase 1 of 
the C-111 SC project may alter seagrass species composition but should not have an 
adverse effect on the overall biomass available for sea turtle feeding habits. 
Additionally, no green sea turtles would attempt to utilize areas for nesting purposes 
since there is no suitable habitat for nesting in the project area. With the expectation of 
improved nearshore habitat, no utilization of the project area for nesting purposes, and 
the implementation of agency approved Sea Turtle and Smalltooth Sawfish Construction 
Conditions, the Corps has determined the proposed project would have no effect on the 
green sea turtle. 

Hawksbill Sea Turtle and “No Effect” Determination 

Although hawksbill sea turtles are expected to be found foraging near hardbottom 
habitats within Florida Bay, the increased freshwater flows associated with Phase 1 of 
the C-111 SC project may reduce nearshore salinity concentrations but should not have 
an adverse effect on sponges or other food sources utilized by this species. Additionally, 
no hawksbill sea turtles would attempt to utilize areas for nesting purposes since there 
is no suitable habitat for nesting in the project area. With the expectation of improved 
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nearshore habitat, no utilization of the project area for nesting purposes, and the 
implementation of agency approved Sea Turtle and Smalltooth Sawfish Construction 
Conditions, the Corps has determined the proposed project would have no effect on the 
hawksbill sea turtle. 

Leatherback Sea Turtle and “No Effect” Determination 

Although leatherback turtles are expected to be found foraging in nearshore habitats 
within Florida Bay, the increased freshwater flows associated with Phase 1 of the C-111 
SC project may reduce nearshore salinity concentrations but should not have an adverse 
effect on jellyfishes or other food sources utilized by this species. Additionally, no 
leatherback sea turtles would attempt to utilize areas for nesting purposes since there is 
no suitable habitat for nesting in the project area. With the expectation of improved 
nearshore habitat, no utilization of the project area for nesting purposes, and the 
implementation of agency approved Sea Turtle and Smalltooth Sawfish Construction 
Conditions, the Corps has determined the proposed project would have no effect on the 
leatherback sea turtle. 

Kemp’s Ridley Sea Turtle and “No Effect” Determination 

Although Kemp’s ridley sea turtles could be found foraging in nearshore habitats within 
Florida Bay, this species is not expected to be found within the direct area of influence 
associated with Phase 1 of the C-111 SC project. Additionally, no Kemp’s ridley sea 
turtles would attempt to utilize areas for nesting purposes since their main nesting 
location is on a single stretch of beach on the Gulf Coast of Mexico. With the 
expectation of improved nearshore habitat, no utilization of the project area for nesting 
purposes, and the implementation of agency approved Sea Turtle and Smalltooth 
Sawfish Construction Conditions, the Corps has determined the proposed project would 
have no effect on Kemp’s ridley sea turtle. 

Loggerhead Sea Turtle and “No Effect” Determination 

Although loggerhead sea turtles are expected to be found foraging in nearshore habitats 
within Florida Bay, the increased freshwater flows associated with Phase 1 of the C-111 
SC project may reduce nearshore salinity concentrations but should not have an adverse 
effect on crustaceans, mollusks or other invertebrate food sources utilized by this 
species. Additionally, no loggerhead sea turtles would attempt to utilize areas for 
nesting purposes since there is no suitable habitat for nesting in the project area. With 
the expectation of improved nearshore habitat, no utilization of the project area for 
nesting purposes, and the implementation of agency approved Sea Turtle and 
Smalltooth Sawfish Construction Conditions, the Corps has determined the proposed 
project would have no effect the loggerhead sea turtle. 

Elkhorn Coral and “No Effect” Determination 
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Elkhorn coral may be found outside the waters of Florida Bay, specifically within the 
offshore reef track of the Florida Keys where salinities are stable (35 ppt) and more 
representative of open ocean conditions. The reef tract is approximately 10 to 20 miles 
seaward of the shoreline. Anticipated salinity alterations resulting from project activities 
are not expected to occur beyond 1500 meters from shore. Because the reef tract 
where elkhorn coral resides is several miles outside of any projected salinity changes, 
the Corps has determined the proposed project would have no effect on elkhorn coral. 

Elkhorn Coral Critical Habitat 

Salinities, due to project operations, will not be altered in the vicinity of critical habitat; 
therefore, the project would have no effect on critical habitat for elkhorn coral. 

Staghorn Coral and “No Effect” Determination 

Staghorn coral may be found outside the waters of Florida Bay, specifically within the 
offshore reef track of the Florida Keys where salinities are stable (35 ppt) and more 
representative of open ocean conditions. The reef tract is approximately 10 to 20 miles 
seaward of the shoreline. Anticipated salinity alterations resulting from project activities 
are not expected to occur beyond 1500 meters from shore. Because the reef tract 
where staghorn coral resides is several miles outside of any projected salinity changes, 
the Corps has determined the proposed project would have no effect on staghorn coral. 

Staghorn Coral Critical Habitat 

Salinities, due to project operations, will not be altered in the vicinity of critical habitat 
designated for staghorn coral; therefore, the project would have no effect on critical 
habitat for this species. 

7.2.3 Site 1 Impoundment Project 

7.2.3.1 Project Summary 

The Site 1 Impoundment is a component of CERP, designed to capture and store local 
runoff during wet periods and then use that water to supplement water deliveries to 
the Hillsboro Canal during dry periods thus reducing demands for releases from Lake 
Okeechobee and the Arthur R. Marshall Loxahatchee National Wildlife Refuge (LNWR) 
(Figure 7-3). Constructing and operating the impoundment will reduce the need for 
releases from LNWR during the dry season to meet local water demands and will 
facilitate the maintenance of more natural, desirable, and consistent water levels within 
the LNWR. The impoundment will also reduce groundwater seepage from LNWR. The 
ability to achieve and maintain more natural hydroperiods and hydropatterns within 
LNWR by retaining more rainfall and inflows from upstream will enhance habitat 
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function and quality and will also improve native plant and animal species abundance 
and diversity. In addition, there will be benefits to the downstream estuaries as a result 
of reducing peak freshwater flows from local storm water runoff and pulsed releases 
from Lake Okeechobee. 

7.2.3.2 Existing Conditions 

Additional storage in the project area is needed to reverse declines in ecological 
function and productivity in the LNWR and WCA-2A and to provide an alternate source 
of water to meet water supply and water resource protection demands in the Lower 
East Coast Service Area 1. Regional adverse ecological conditions in the vicinity of the 
project area include prolonged unnatural and undesirable water levels (stages) during 
both wet and dry periods in LNWR and WCA-2A (natural areas). Although the primary 
function of these natural areas is water storage, these areas are also designated as 
wildlife refuges for the protection of fish and wildlife. The current managed hydrologic 
regime which results in too much water during wet periods and too little during dry 
periods is not conducive to attaining and preserving desirable fish and wildlife habitat 
functions. During severe dry periods, freshwater releases from the natural areas to meet 
municipal, industrial, and resource protection (prevention of salt water intrusion into 
the aquifer) demands in the project area (Lower East Coast Service Area 1) are not 
sufficient, resulting in the imposition of water shortage rules to curtail water use. In 
addition, discharges of excessive volumes of freshwater from the Hillsboro Canal into 
the Atlantic Intracoastal Waterway also adversely affect marine life in the estuarine area 
at the mouth of the Hillsboro Canal between the Hillsboro Inlet to the south and the 
Boca Raton Inlet to the north. 

In 2009, the Miami-Dade Limestone Products Association constructed a 1,000 foot long, 
18 foot deep slurry wall to reduce seepage between ENP and rock mine properties to 
the east of ENP. In July 2012, the Association completed construction of a 2 mile long, 
35 foot deep seepage wall in this same location south of Tamiami Trail. It is unknown 
whether this new test will effectively reduce seepage to the east, or whether the 
Association will construct an additional wall if this new test is effective. The association 
also has an “option” to construct an additional 5 miles of seepage wall south of the 2-
mile seepage wall if approved by committee and permitted. 

7.2.3.3 Project Effects 

The project includes construction of a 1,660-acre above-ground reservoir, an inflow 
pump station, gated discharge culvert, emergency overflow spillway and a seepage 
control canal with associated features. Construction impacts will be offset by improving 
habitat function and quality and restoring native plant and animal abundance and 
diversity in the LNWR, WCA-2A, and in the estuarine portion of the Hillsboro Canal, 
thereby increasing the spatial extent of functional habitats in those areas. The project 
will achieve these beneficial effects by reducing seepage and the amount of water 
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withdrawn from the natural system for water supply and aquifer protection in 
developed area of Palm Beach and Broward Counties. Some incidental level of flood 
damage reduction is also anticipated due to increased storage capacity for fresh water. 
Recreational opportunities are also provided, including boardwalks, viewing platforms, 
picnic shelters, canoe launches and information kiosks at two sites within the project 
footprint. 
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Figure 7-3.  Site 1 Impoundment Project Area Map 
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7.2.3.4 Status of ESA Consultation with NMFS 

On 16 February 2005, the Corps requested concurrence with NMFS on its determination 
of no effect on the smalltooth sawfish and opossum pipefish downstream of the project 
area. By letter dated 18 February 2005, NMFS concurred with the Corps’ no effect 
determination. Construction is on-going for this project; therefore, re-initiation is not 
required. 

Opossum Pipe Fish and “No Effect” Determination 

Opossum pipefish are not likely to inhabit or utilize waterways of the project site due to 
little or no existing emergent vegetation along the adjacent canals. Effects downstream 
are not anticipated as the recommend plan would improve water quality and salinity 
levels in estuarine environment. Therefore, no effect is anticipated to the listed species 
from Site 1 implementation. 

Smalltooth Sawfish and “No Effect” Determination 

Smalltooth sawfish are typically found in the southern Everglades and south tip of 
Florida and are not anticipated to be affected within the proposed project area or 
downstream reaches of the Hillsboro Canal. However, implementation of the Site 1 
project would reduce the freshwater, nutrient laden flows to the estuarine 
environment. Therefore, it is anticipated that no effect would be attributable to the 
proposed implementation of the Site 1 project and in fact, conditions for the species are 
expected to improve. 

Projects with “May Affect, But Not Likely to Adversely Affect” Determination 
(Consultation Summaries and New Information) 

Federally listed plant and animal species, including critical habitat, which may have the 
potential to be affected by CERP projects are discussed in detail below: 

7.2.4 Indian Driver Lagoon South Feasibility Project 

7.2.4.1 Project Summary 

The Indian-River Lagoon-South Project is a CERP Project that is located within Martin 
and St. Lucie Counties (Figure 7-4). The purpose of the project is to improve surface-
water management in the C-23/C-24, C-25, and C-44 basins for habitat improvement in 
the St. Lucie River Estuary and southern portions of the Indian River Lagoon. Project 
features include the construction and operation of four above ground reservoirs to 
capture water from the C-44, C-23, C-24, and C-25 canals for increased storage (130,000 
acre-ft), the construction and operation of four stormwater treatment areas to reduce 
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sediment, phosphorous, and nitrogen to the estuary and lagoon, the restoration of 
upland and wetland habitat, the redirection of water from the C-23/24 basin to the 
north fork of the St. Lucie River to attenuate freshwater flows to the estuary, muck 
removal from the north and south forks of the St. Lucie River and middle estuary; and 
the creation of oyster shell, reef balls and artificial submerged habitat near muck 
removal sites for added for habitat improvement. The project is expected to provide 
significant water-quality improvement benefits to both the St. Lucie River and Estuary 
and Indian River Lagoon by reducing the load of nutrients, pesticides, and suspended 
materials from basins runoffs. 

7.2.4.2 Existing Conditions 

The southern Indian River Lagoon estuary system has been degraded by heavy and 
rapidly occurring discharges of freshwater during the rainy season, and by an excessive 
accumulation of muck in estuary and lagoon bottoms. These stressors have reduced 
water clarity and exceeded the salinity tolerances of submerged vegetation and benthic 
animals. 

7.2.4.3 Project Effects 

Project features include building pumps, levees, canals and other structures that will 
displace existing natural areas. These features are required in order to operate and 
interconnect project features, provide a mechanism for re-directing freshwater 
discharges to the north fork of the St. Lucie River, and facilitate muck removal and 
habitat restoration actions inside the estuaries. Impacts due to construction of these 
features are offset by the redirection of flow and reduction of damaging high volume 
flows into the estuary during the wet season. 
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Figure 7-4. Indian River Lagoon South Project Area Map 
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7.2.4.4 Status of ESA Consultation with NMFS 

On 18 March 2002, NMFS concurred with the Corps’ determination that the project may 
affect, but is not likely to adversely affect, sea turtles, Johnson’s seagrass, and Johnson’s 
seagrass designated critical habitat (see note below). On 1 April 2003, the smalltooth 
sawfish (Pristis pectinata) was listed as endangered under the ESA. Construction is not 
complete and re-initiation of ESA Section 7 consultation with NMFS is required to 
evaluate any potential effects on the smalltooth sawfish due to project implementation. 
Consultation will focus exclusively on the species since the project is not located in 
designated critical habitat for smalltooth sawfish. 

(NMFS) Letter dated March 18, 2002 

Section 7 Coordination 
“Sea turtles and Johnson’s seagrass may occur within the Indian River Lagoon system. 
The NMFS Protected Resources Division concurs with the Corps’ determination that 
implementation of the preferred plan will not adversely affect listed species nor 
designated critical habitat under the Service’s purview. This concludes consultation 
responsibilities under Section 7 of the Endangered Species Act.” 

Additional Consultation and Request for Determination Concurrence 

Smalltooth Sawfish and “No Effect” Determination 

Smalltooth sawfish observations have been very rare throughout the St. Lucie estuary. 
By redirecting flows, removing muck, and restoring estuarine habitat, conditions are 
expected to benefit the habitat necessary to enhance recovery of the species. 
Therefore, the Corps determines that implementation of the proposed project will have 
no effect on smalltooth sawfish. 

7.2.5 Caloosahatchee River (C-43) West Basin Storage Reservoir Project 

7.2.5.1 Project Summary 

The Caloosahatchee River (C-43) West Basin Storage Reservoir Project is a CERP Project 
that is located within Hendry County (Figure 7-5). The purpose of the project is to 
improve the timing, quantity, and quality of freshwater flows to the Caloosahatchee 
River and Estuary. The project provides approximately 170,000 acre-feet of above-
ground storage volume in a two-cell reservoir. Major features of the project include 
external and internal embankments, and environmentally responsible design features to 
provide fish and wildlife habitat such as littoral areas in the perimeter canal and deep 
water refugia within the reservoir. The project contributes toward the restoration of 
ecosystem function in the Caloosahatchee Estuary by reducing the number and severity 
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of events where harmful amounts of freshwater from basin runoff and Lake 
Okeechobee releases are discharged into the estuary system. The project also helps to 
maintain a desirable minimum flow of freshwater to the estuary during dry periods. 
These two primary functions help to moderate unnatural changes in salinity that are 
detrimental to estuarine communities. 

7.2.5.2 Existing Conditions 

South Florida’s flood reduction system stores water in Lake Okeechobee during the 
annual dry season. Excess water is released when the lake rises to a level that threatens 
the integrity of the Herbert Hoover Dike and the health of the lake’s delicate ecosystem. 
The resulting, unnatural surges of freshwater to the Caloosahatchee River reduce 
estuarine salinity levels. Alternately, during the dry season when irrigation demands are 
high, water managers may release little or no water to the river. This causes an increase 
in salinity levels. Both high and low salinity levels can trigger die-offs of sea grasses and 
oysters, species that are indicators of the estuary’s overall health. 

7.2.5.3 Project Effects 

The C-43 West Basin Storage Reservoir will help ensure a more natural, consistent flow 
of freshwater to the estuary. To restore and maintain the estuary during the dry season, 
the project will capture and store basin stormwater runoff, along with a portion of 
water discharged from Lake Okeechobee. Managers will slowly release water into the 
Caloosahatchee, as needed to benefit the river and estuarine conditions. 
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Figure 7-5.  Caloosahatchee River (C-43) West Basin Storage Reservoir Site Map 
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7.2.5.4 Status of ESA Consultation with NMFS 

By letter dated 18 March 2002, NMFS stated that only the Gulf sturgeon could 
potentially be affected by the proposed action, but concluded that the project would 
not adversely affect the species. On 10 January 2007, the Corps submitted a revised BA 
to NMFS. By letter dated 20 July 2007, NMFS concurred with the Corps’ determination 
that the project may affect, but is not likely to adversely affect sea turtles and 
smalltooth sawfish. On 2 September 2009, NMFS designated critical habitat for 
smalltooth sawfish. Although the project site is not located within critical habitat, it is 
located upstream from smalltooth sawfish critical habitat. Since construction has not 
been completed for this project, the Corps is reinitiating Section 7 consultation to 
evaluate potential effects to designated critical habitat for smalltooth sawfish. 

Previous Consultation (10 January 2007) 

The smalltooth sawfish may benefit from indirect project impacts which include salinity 
regime improvements to the downstream Caloosahatchee Estuary. This potential 
beneficial effect is supported by findings in Simpfendorfer (2006); this study suggests 
that the species may travel upstream in the Caloosahatchee River in the spring when 
flow is limited. It is anticipated that the project may affect, but is not likely to adversely 
affect, the smalltooth sawfish, and will likely benefit the species. 

Sea turtles including loggerhead turtle, green turtle, leatherback turtle, Kemp’s ridley 
turtle, and hawksbill turtle are listed as endangered by NMFS with the exception of the 
loggerhead turtle, which is listed as threatened. These are marine species with a 
presence in south Florida waters and are known to utilize bays and estuarine habitats, 
such as the Caloosahatchee Estuary, for feeding and resting. Sea turtles may benefit 
from indirect project effects which include salinity regime improvements to the 
downstream Caloosahatchee Estuary. The project may affect, but is not likely to 
adversely affect, sea turtles and will likely benefit these sea turtle species. 

Additional Consultation and Request for Determination Concurrence 

Smalltooth Sawfish Critical Habitat 

With the capacity of storing excess water during the wet season, the C-43 Project will 
have the ability to provide supplemental freshwater flows, as needed, to regulate 
salinities and sustain the health and productivity of the Caloosahatchee River and 
Estuary. As a result of project implementation, salinities are expected to stabilize into 
preferred ranges for estuarine biota, including smalltooth sawfish. Since a more natural 
freshwater flow regime will be established through project restoration efforts with no 
physical changes to existing habitat, the Corps has determined that the C-43 Project will 
have no adverse effect on critical habitat for the smalltooth sawfish. 
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7.2.6 Picayune Strand Restoration Project 

7.2.6.1 Project Summary 

The Picayune Strand Restoration Project (PSRP) (Figure 7-6) involves the restoration of 
natural water flow across 85 square miles in western Collier County that were drained in 
the early 1960s in anticipation of extensive residential development. This subsequent 
development dramatically altered the natural landscape, changing a healthy wetland 
ecosystem into a distressed environment. The PSRP will restore wetlands in Picayune 
Strand and in adjacent public lands by reducing over-drainage, while restoring a natural 
and beneficial sheetflow of water to the Ten Thousand Islands National Wildlife Refuge. 
Project features include 83 miles of canal plugs, 227 miles of road removal, and the 
addition of pump stations (3) and spreader swales to aid in rehydration of the wetlands. 
Restoration benefits include wetland restoration and subsequent reemergence of 
foraging wading birds and native flora. In addition to restoring fresh water wetlands, 
the project will improve estuarine water quality by increasing groundwater recharge 
and reducing large and unnatural freshwater inflows. 

7.2.6.2 Existing Conditions 

Restoring the Picayune Strand entails plugging 48 miles of canals that were originally 
dug to provide flood protection for a sprawling residential area that was never built. 
Golden Gate Estates (GGE) was planned as an extensive residential subdivision by Gulf 
American Corporation (GAC) beginning in the 1950s. GAC constructed roads and canals 
in the 1960s and early 1970s, but the residential development failed before many of the 
planned houses were built. These roads and four large canals have over-drained the 
area resulting in the reduction of aquifer recharge, greatly increased freshwater point 
source discharges to the receiving estuaries to the south, invasion by upland vegetation, 
loss of ecological connectivity and associated habitat, and increased frequency of forest 
fires. The construction of Interstate 75, also known as Alligator Alley, split the GGE 
subdivision in half forming Northern Golden Gate Estates and Southern Golden Gate 
Estates. 

7.2.6.3 Project Effects 

Through PSRP, estuarine resources will be positively affected by the restoration of a 
more natural water flow regime. The features of PSRP Plan (Alternative 3D from 2004 
PIR/FEIS) will increase freshwater flows to Faka Union Bay, Pumpkin Bay, and 
Blackwater Bay. Under the current baseline conditions (Figure 7-7, 7-8, and 7-9), 
freshwater enters the estuaries through the Faka Union Canal. Faka Union Bay and 
Santina Bay are most affected by this point discharge. The salinities in these areas are 
low and in other nearby estuaries are higher. After the PSRP is implemented, the 
freshwater discharge will be distributed more evenly to the coastal estuaries. It was 
estimated in the 2004 PIR/FEIS that in Faka Union Bay the restoration is estimated to 
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match natural conditions by over 80 percent in the wet season and by over 60 percent 
in the dry season. In Pumpkin Bay, flows will meet natural conditions by less than 50 
percent; however, there will still be an increase of freshwater flows over current 
conditions. In Blackwater Bay, during the critical wet season months flows will match 
natural conditions by over 60 percent (PSRP PIR/FEIS 2004). Since, salinity is important 
to the smalltooth sawfish and freshwater input appears to be an important element of 
their habitat (Simpfendorfer et al. 2011), the PSRP should be beneficial to the 
smalltooth sawfish and may increase available habitat in southwestern Florida. 
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Figure 7-6.  Picayune Strand Restoration Project Site Map 
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7.2.6.4 Status of ESA Consultation with NMFS 

On 20 October 2004, the Corps requested concurrence with NMFS on its no effect 
determination on the smalltooth sawfish, the green sea turtle, Kemp’s ridley sea turtle 
and the loggerhead sea turtle. As stated in the BA published in the 2004 Final PIR/EIS, 
NMFS concurred with the Corps’ effect determination for those species. This project is 
intended to re-establish sheetflow to the Ten Thousand Islands National Wildlife Refuge, 
which on 27 August 2009, was designated as critical habitat for the smalltooth sawfish; 
therefore, re-initiation of consultation with NMFS to evaluate potential effects is 
required, and an evaluation of potential effects are discussed below. 

Sea Turtles, Smalltooth Sawfish, and “No Effect” Determination 

The hydrologic restoration of SGGE under the recommended plan would redistribute 
freshwater flows from the Faka Union Canal system to other parts of Study Area 
estuaries and bays within the Ten Thousand Islands Region. Reestablishing a more 
natural hydrology would restore the slow year-round influx of freshwater needed to 
maintain the salinity in the natural range that is optimal for estuarine organisms. The 
only truly estuarine endangered species found in the region is the smalltooth sawfish. 
Improvements in estuarine salinity gradients will in turn benefit estuarine secondary 
productivity, which will benefit the sawfish by favoring development of forage fish and 
invertebrate communities. No effects are expected on marine turtles, which are not 
normally present in the inner estuaries, although the lower Ten Thousand Islands region 
is an important habitat for the endangered Kemp’s ridley sea turtle. The Faka Union 
Canal weir #1 that is just north of US Highway 41 will remain in place as a barrier to salt 
water intrusion. It will act as a barrier to any upstream movement of these species thus 
protecting them during construction. Implementation of the recommended plan should 
have a favorable impact on estuarine habitats used by the smalltooth sawfish and sea 
turtles. 

Additional Consultation and Request for Determination Concurrence 

Smalltooth Sawfish Critical Habitat 

By re-establishing sheetflow to the downstream estuaries, including the Ten Thousand 
Islands National Wildlife Refuge, salinities are expected to stabilize into a preferred 
range for estuarine biota, including the smalltooth sawfish. Since all construction 
activities are well outside of designated critical habitat, and a more natural freshwater 
flow regime will be established through project restoration efforts, the Corps has 
determined that the PSRP will have no adverse effect on designated critical habitat for 
the smalltooth sawfish. 
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Figure 7-7. Baseline vs. Future conditions for average annual salinity 

Figure 7-8. Baseline vs. Future with project conditions for dry season mean 
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Figure 7-9. Baseline vs. Future with project conditions for wet season mean 

7.2.7 Everglades National Park Seepage Management Project 

7.2.7.1 Project Summary 

The project as envisioned (U.S. Army Corps of Engineers. 1999) is composed of three 
components: L-31N Improvements for Seepage Management (Component FF), S-356 
Structures (Component V), and Bird Drive Recharge Area. These three components 
would work to improve water deliveries to Northeast Shark River Slough (NESRS) and 
restore wetland hydroperiods and hydropatterns in Everglades National Park (ENP) via 
seepage management. The CERP L-31N Improvements for Seepage Management and S-
356 Structures components included relocating and enhancing L-31N, groundwater 
wells, and sheetflow delivery system adjacent to ENP. More detailed planning, design, 
and pilot studies were to be conducted to determine the appropriate technology to 
control seepage from ENP. Also included was a feature to relocate the Modified Water 
Deliveries Structure S-357 to provide more effective water deliveries to ENP. In 2009, 
the Miami-Dade Limestone Products Association constructed a 1,000 foot long, 18 foot 
deep slurry wall to reduce seepage between ENP and rock mine properties to the east of 
ENP. In July 2012, the Association completed construction of a 2 mile long, 35 foot deep 
seepage wall in this same location south of Tamiami Trail. It is unknown whether this 
new test will effectively reduce seepage to the east, or whether the Association will 
construct an additional wall if this new test is effective. The Association also has an 
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“option” to construct an additional 5 miles of seepage wall south of the 2-mile seepage 
wall if approved by committee and permitted. 

This project has recently been incorporated into CEPP. The project details and species 
effects determination are discussed in Section 7.2.8. 

7.2.8 Central Everglades Planning Project 

7.2.8.1 Executive Summary 

Consistent with CERP, the goal of CEPP is to improve the quantity, quality, timing and 
distribution of water in the Northern Estuaries, WCA 3, and ENP in order to restore the 
hydrology, habitat and functions of the natural system. The project area includes 
Northern Estuaries (St. Lucie River and Indian River Lagoon and the Caloosahatchee 
River and Estuary), Lake Okeechobee, a portion of the Everglades Agricultural Area, the 
Water Conservation Areas; Everglades National Park, the Southern Estuaries (Florida Bay 
and Biscayne Bay), and the Lower East Coast. 

Species and critical habitat identified during informal consultation as potentially 
affected by the proposed CEPP project includes fifteen federally listed threatened or 
endangered species; along with designated critical habitat for Johnson’s seagrass, 
elkhorn coral, staghorn coral, and the smalltooth sawfish. 

Based on the information contained in this section of the Programmatic BA, the Corps 
has determined that implementation of the CEPP Recommended Plan may affect, but is 
not likely to adversely affect smalltooth sawfish, green sea turtle, hawksbill sea turtle, 
leatherback sea turtle, Kemp’s ridley sea turtle, and loggerhead sea turtle. Potential 
effects are minimized through the overall project restoration opportunities; the 
expectation of improved water quality and deliveries to coastal and nearshore habitats; 
and the inclusion of project commitments and conservation measures described herein. 

Other federally threatened or endangered species that are known to exist or potentially 
exist within close proximity of the project area, but which will not likely be of concern in 
this study due to the lack of suitable habitat include Johnson’s seagrass, blue whale, 
finback whale, humpback whale, sei whale, sperm whale, elkhorn coral, and staghorn 
coral. 

7.2.8.2 INTRODUCTION 

The federal action evaluated in this section of the Programmatic BA is CEPP, which 
contains features designed to improve the flow of water through the system by 
constructing, modifying, or removing existing levees, canals, culverts, and pump 
stations. The goal of the Recommended Plan is to improve the quantity, quality, timing 
and distribution of water in the Northern Estuaries, WCA 3, and ENP in order to restore 
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the hydrology, habitat and functions of the natural system. Improvements to native 
flora and fauna, including threatened and endangered species, will occur as a result of 
the restoration of hydrologic conditions. 

7.2.8.3 CONSULTATION SUMMARY 

The Corps has coordinated with NMFS pertaining to potential action effects on listed 
species under their purview by letter dated 10 January 2012. In a letter dated 23 
January 2012, NMFS provided concurrence with the Corps finding of listed species that 
may be encountered or adjacent to the action area. Federally listed species under the 
purview of NMFS include blue whale (Balaenoptera musculus), finback whale 
(Balaenoptera physalus), humback whale (Megaptera novaeangliae), sei whale 
(Balaenoptera borealis), sperm whale (Physeter macrocephalus), green sea turtle 
(Chelonia mydas), hawksbill sea turtle (Eretmochelys imbricata), Kemp’s ridley sea turtle 
(Lepidochelys kempii), leatherback sea turtle (Dermochelys coriacea), loggerhead sea 
turtle (Caretta caretta), Gulf sturgeon (Acipenser oxyrinchus desotoi), smalltooth sawfish 
(Pristis pectinata), elkhorn coral (Acropora palmata), staghorn coral (Acropora 
cervicornis), and Johnson’s seagrass (Halophila johnsonii). In addition, the action study 
area contains designated critical habitat for smalltooth sawfish, elkhorn coral, staghorn 
coral, and Johnson’s seagrass. 

7.2.8.4 PROJECT DESCRIPTION 

7.2.8.4.1 Project Authority 

The Water Resources Development Act (WRDA) of 2000 provided authority for the CERP 
in Section 601(b)(1)(A). Specific authorization for the CEPP will be sought under Section 
601(d) as a future CERP project. The purpose of the CEPP is to improve the quantity, 
quality, timing, and distribution of water flows to the central Everglades and 
downstream estuaries. 

7.2.8.4.2 Description of Proposed Project 

The proposed project incorporates restoration components primarily intended to 
benefit freshwater wetlands and estuarine resources by distributing freshwater flows 
through WCA 3A, WCA 3B and ENP. The project would decrease the large pulses of Lake 
Okeechobee water that currently are sent east to the St. Lucie and west to the 
Caloosahatchee estuaries and send this water southward through Everglades 
Agricultural Area canals to flowage equalization basins (FEB). This reduction of the 
existing high flows to the St. Lucie and Caloosahatchee estuaries would help restore 
these estuaries. The FEBs would deliver water to existing stormwater treatment areas, 
which would reduce phosphorus concentrations in the water. The treated water would 
be released at the northwestern end of WCA 3A to flow through and restore much of 
WCA 3A, WCA 3B, ENP, and Florida Bay. Several existing levees, canals, and culverts, 
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and pump stations would be constructed, modified, or removed to improve the flow of 
water through the system. Specific project features of the tentatively selected plan, 
Alternative 4R, are summarized in Figure 7-10. 

7.2.8.4.3 Project Goals, Objectives, and Performance Measures 

Consistent with WRDA 2000, CERP included goals for enhancing economic values and 
social well being with specific objectives towards improving other project purposes of 
the C&SF project, including agricultural, municipal and industrial water supply. Section 
601(h) of WRDA 2000 states “the overarching objective of the Plan is the restoration, 
preservation, and protection of the South Florida ecosystem while providing for other 
water-related needs of the region, including water supply and flood protection”. 

These same objectives apply to CEPP study efforts. Specifically, the goal of the CEPP is to 
improve the quantity, quality, timing and distribution of water in the Northern Estuaries, 
WCA 3, and ENP in order to restore the hydrology, habitat and functions of the natural 
system. Identified below, are the goals and objectives of CEPP, and CERP (Table 7-1). 

Table 7-1. Goals and Objectives of CERP and CEPP 
CERP GOAL: Enhance Ecological Values 

CERP Objective CEPP Objective 
Increase the total spatial 
extent of natural areas 
Improve habitat and 
functional quality 

Restore seasonal hydroperiods and freshwater 
distribution to support a natural mosaic of wetland and 
upland habitat in the Everglades System 
Improve sheetflow patterns and surface water depths 
and durations in the Everglades system in order to reduce 
soil subsidence, the frequency of damaging peat fires, the 
decline of tree islands, and salt water intrusion 
Reduce high volume discharges from Lake Okeechobee to 
improve the quality of oyster and SAV habitat in the 
northern estuaries 

Improve native plant and 
animal species abundance 
and diversity 

Reduce water loss out of the natural system to promote 
appropriate dry season recession rates for wildlife 
utilization 
Restore more natural water level responses to rainfall to 
promote plant and animal diversity and habitat function 

CERP GOAL: Enhance Economic Values and Social Well Being 
Increase availability of fresh 
water 
(agricultural/municipal & 

Increase availability of water supply to the Lake 
Okeechobee Service Area 
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industrial) 
Reduce flood damages 
(agricultural/urban) 
Provide recreational and 
navigation opportunities 
Protect cultural and 
archeological resources and 
values 

7.2.8.5 Project Location 

The study area for CEPP encompasses the Northern Estuaries (St. Lucie River and Indian 
River Lagoon and the Caloosahatchee River and Estuary), Lake Okeechobee, a portion of 
the Everglades Agricultural Area, the Water Conservation Areas; Everglades National 
Park, the Southern Estuaries (Florida Bay and Biscayne Bay), and the Lower East Coast. A 
description of each region is summarized in Table 7-2, and a map of the study area is 
presented in Figure 7-10. 
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Table 7-2: Description of CEPP Study Area Regions 
CEPP Study 
Area Region 

Description of the Study Area Region 

Lake Lake Okeechobee is a large, shallow lake (surface area ~73 square miles) 30 
Okeechobee miles west of the Atlantic coast and 60 miles east of the Gulf of Mexico. It is 

the principal water supply reservoir for south Florida, is used for navigation, 
flood control, and recreation. It is impounded by a system of levees, with 6 
outlets: St. Lucie Canal eastward to the Atlantic Ocean, Caloosahatchee 
Canal/River westward to the Gulf of Mexico, and four agricultural canals 
(West Palm Beach, Hillsboro, North New River and Miami). 

Northern Lake Okeechobee discharges into the 2 Northern Estuaries. The St. Lucie 
Estuaries Canal feeds into the St. Lucie Estuary, part of a larger system, the Indian River 

Lagoon (designated an Estuary of National Significance and is part of the U.S. 
Environmental Protection Agency (USEPA)-sponsored National Estuary 
program). The Caloosahatchee Canal/River feeds into the Caloosahatchee 
Estuary to the west. 

Everglades The EAA is ~700,000 acres in size and is immediately south of Lake 
Agricultural Okeechobee. Much of this rich, fertile land is devoted to sugarcane 
Area (EAA) production, and is crossed by a network of canals that are strictly maintained 

to manage water supply and flood protection. 
Water The WCAs, WCA 1 (Loxahatchee National Wildlife Refuge), WCA 2, and, WCA 
Conservation 3 (the largest of the three) are situated southeast of the EAA and are ~1,350 
Areas (WCAs) square miles (~40 miles wide and 100 miles long) from Lake Okeechobee to 

Florida Bay. Provides floodwater retention, public water supply, and are the 
headwaters of Everglades National Park. 

Everglades ENP was, established in 1947, covering ~2,353 square miles (total elevation 
National Park changes of only 6 feet from its northern boundary of Tamiami Trail south to 
(ENP) Florida Bay). Landscape includes sawgrass sloughs, tropical hardwood 

hammocks, offshore coral reefs, mangrove forest, lakes, ponds, and bays. 
Southern Florida Bay comprises a large portion of ENP, and is a shallow estuarine 
Estuaries system (average depth less than 3 feet). Florida Bay is the main receiving 

water of the greater Everglades, heavily influenced by changes in timing, 
distribution, and quantity of freshwater flows into the southern estuaries. 

Lower East The LEC encompasses Palm Beach, Broward, and Miami-Dade Counties, the 
Coast (LEC) most densely populated area in Florida. Water levels in this area are highly 

controlled by the Central and Southern Florida (C&SF) water management 
system to prevent overdrainage and manage saltwater intrusion at the 
shoreline, provides flood control and water supply. Only portions of the LEC 
adjacent to the natural areas and susceptible to seepage will be considered in 
CEPP planning. 
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Figure 7-10:  Central Everglades Planning Project Study Area 

7.2.8.6 Model Description 

The CEPP planning model was specifically developed to evaluate project alternatives 
within CEPP domain. The primary areas to be evaluated include the northern estuaries 
(St. Lucie River and Indian River Lagoon and the Caloosahatchee River and Estuary), the 
Water Conservation Areas (WCA 3A and 3B) and ENP. Performance measures (PM) are 
used to make the correlation between hydrologic output and ecosystem functions and 
evaluate the degree to which proposed alternative plans will meet restoration 
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objectives. Performance measure scores are generated from hydrologic models. Each 
PM has a predictive metric and a desired target representative of historical conditions or 
pre-drainage hydropatterns within the study area. The desired targets are based on 
hydrologic requirements necessary to meet empirical or theoretical ecological 
thresholds. 

7.2.8.6.1 Hydrologic Models 

The performance measures are hydrologic metrics based on output from regional 
hydrologic models. These models provide daily, detailed estimates of hydrology across 
the 41-year period of record (January 1965 – December 2005. The regional models 
proposed as the primary tools for the CEPP assessment include the Regional Simulation 
Model Basins (RSMBN) version 2.3.2 and the South Florida Regional Simulation Model 
Glades LECSA Implementation (RSMGL) version 2.3.2. These models were developed by 
the Hydrologic and Environmental Systems Modeling Department of the South Florida 
Water Management District (SFWMD). 

The RSMBN is a link-node model designed to simulate the transfer of water from a pre-
defined set of watersheds, lakes, reservoirs or any “water body” that receives or 
transmits water to another adjacent water body. The model domain covers Lake 
Okeechobee and four major watersheds related to the northern portion of the project 
area: Kissimmee, Lake Okeechobee, St. Lucie River, Caloosahatchee River and the 
Everglades Agricultural Area. 

The RSMGL is a sub-regional model which includes Palm Beach, Broward, and Miami-
Dade Counties, the WCAs, ENP, and Big Cypress National Preserve (BCNP). The model 
uses historical and modeled boundary condition data for the purpose of defining flows 
at water control structures, tidal stages, etc. RSMGL simulates hydrology on a daily 
basis using climatic data for the January 1965 – December 2005 period of record, which 
includes both drought and wet periods. The RSMGL simulates major components of 
south Florida’s hydrology including evapotranspiration, infiltration, overland and 
groundwater flow, canal flow, canal-groundwater seepage, levee seepage and 
incorporates current or proposed water management control structures and operational 
rules. 

Performance measures targets were primarily based on output from the Natural System 
Model (NSM) version 4.6.2, which simulates the hydrologic response of a pre-drained 
Everglades. The NSM has been used as a planning tool in several Everglades restoration 
projects. 

7.2.8.7 Description of Project Performance Measures 

Rehydration within the Greater Everglades would improve habitat for fish and wildlife 
resources within the project area. In order to evaluate potential impacts to these 
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resources, performance measures and ecological targets were developed for indicator 
species and their habitats. Ecological targets are designed to support the intention of 
the performance measures. Performance measures and ecological targets relative to the 
evaluation of impacts to threatened and endangered species in estuarine or nearshore 
habitats are identified below. 

To make the correlation between hydrologic output and ecosystem functions, the 
project team utilized PMs developed from the Northern Estuaries; the Greater 
Everglades Ridge; and Slough Conceptual Ecological Models (CEMs) (Barnes 2005, 
Ogden 2005a, Sime 2005). Conceptual ecological models, as used in the Everglades 
restoration program, are non-quantitative planning tools that identify the major 
anthropogenic drivers and stressors on natural systems, the ecological effects of these 
stressors, and the best biological attributes or indicators of these ecological responses 
(Ogden et al. 2005b). 

7.2.8.7.1 Northern Estuaries Performance Measure - Salinity Envelopes 

Caloosahatchee Estuary - PM 6.1 Low Flow Targets and PM 6.2 High Flow Targets 

Overall restoration goals include; re-establishment of a salinity range favorable to 
juvenile marine fish, shellfish, oysters and submerged aquatic vegetation (SAV), re-
establishment of seasonally appropriate freshwater flows of favorable quality that 
maintain low salinities in the upper estuary and re-establishment of more stable 
salinities and ranges in the lower estuary. 

Targets are based on freshwater discharges from to C-43 canal at the S-79 structure 
where the mean monthly inflow should be maintained between 450 and 2,800 cubic 
feet per second (cfs). Targets were developed to reduce minimum discharge and 
mediate high flow events to the estuary to improve estuarine water quality and protect 
and enhance estuarine habitat and biota. Ultimately, the low flow target is no months 
during October to July when the mean monthly inflow from the Caloosahatchee 
watershed, as measured at S-79, falls below a low-flow limit of 450 cfs (C-43 basin 
runoff and Lake Okeechobee regulatory releases). Ultimately, the high flow target is no 
months with mean monthly flows greater than 2,800 cfs, as measured at the S-79, from 
Lake Okeechobee regulatory releases in combination with flows from the 
Caloosahatchee River (C-43) basin. 

St. Lucie Estuary - PM 6.1 Low Flow Targets and PM 6.2 High Flow Targets 

Overall restoration goals include maintaining a salinity range favorable to fish, benthic 
invertebrates, oysters and SAV. This requires addressing high volume, long duration 
discharge events from Lake Okeechobee, the C-44, C-23 and C-24 watersheds. The flow 
targets are designed to result in a favorable salinity envelop in the mid estuary of 8 to 25 
psu salinity. For the CEPP the flow targets for the St. Lucie Estuary focus on flows from 
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Lake Okeechobee only. This is due to the fact that the watershed flow targets are being 
addressed in the Indian River Lagoon South Project which is included in the 2050 base 
conditions. Full restoration targets are estimated to be 31 months where mean flow is 
less than 350 cubic feet per second (cfs) and 0 Lake Okeechobee regulatory discharge 
events (14 day moving averages > 2000 cfs). 

7.2.8.7.2 Spatial Extent of Performance Measures 

Performance measures within the northern estuaries will be used to measure the 
suitability for oyster and submerged aquatic vegetation habitat based on target flows 
from structures S-79 and S-80. CEPP will improve conditions for estuarine and marine 
resources throughout the northern estuaries by restoring more natural timing, volume, 
and duration of freshwater flows to the Caloosahatchee and St. Lucie estuaries with the 
potential to provide a more appropriate range of salinity conditions by reducing 
extreme salinity fluctuations. Performance measure scores within the northern 
estuaries will be generated from the RSMBN at S-79 and S-80. Calculation of habitat 
benefits achieved by each of the project alternatives is restricted to portions of the 
estuary where changes in salinity in relation to freshwater flows at S-79 and S-80 can be 
reasonably predicted. 

For analytical purposes, the areas within the Caloosahatchee and St. Lucie Estuary 
systems that have the potential to be beneficially affected by the project are assumed to 
encompass the entire system which is approximately 85,973 acres (70,979 acres for the 
Caloosahatchee Estuary (Zone CE-1) (Figure 7-11) and 14,994 acres for the St. Lucie 
Estuary (Zone SE-1) (Figure 7-12)). 
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Figure 7-11: Estimate of the Maximum Area of Potential Ecological Benefit for the 
Caloosahatchee Estuary (Zone CE-1) 
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Figure 7-12.  Estimate of the Maximum Area of Potential Ecological Benefit for the St. 
Lucie Estuary (Zone SE-1) 
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7.2.8.7.3 Southern Estuaries 

CEPP Hydrological Model 

A desired result of restored hydroperiods through CEPP is to increase densities of small 
fishes and macroinvertebrates throughout the Everglades, especially in the southern 
Everglades. Because small fishes are the most abundant vertebrates in the Everglades 
and are consumed by apex predators, the Trophic Hypothesis predicts that an increase 
in density of small fish will benefit higher trophic-level predators such as wading birds, 
reptiles, and larger fish that depend on them as a food source. This CEPP model 
(Cantano and Trexler, 2013) compares freshwater fish densities in the Water 
Conservation Areas (3-A and 3-B), Shark River Slough, and Taylor Slough of existing 
conditions against future without project conditions, and CEPP alternatives. 

Results of these model comparisons (Table 7-3) agree that abundance of both small 
fishes and largemouth bass would increase under the CEPP hydrological model scenarios 
compared to the Existing Conditions Baseline (ECB) hydrology or the 2050 future 
conditions without CERP (2050FWO). The increased fish productivity under CEPP is 
linked to longer hydroperiods and reduced severity of drying events in regions south of 
the L-5 canal (WCA 3A, WCA 3B, Shark River Slough, Southern Marl Prairies, Taylor 
Slough). CEPP alternative scenarios 3 and 4 yielded the greatest benefits for fish 
production. There were relatively small differences between these two scenarios in the 
predicted benefits on small fish density and largemouth bass CPUE. Fishes are a system-
wide indicator of the ecological functioning of the Greater Everglades because of their 
significance in trophic interactions among wildlife (Doren et al. 2009). Therefore, 
restoring hydrology under CEPP may have ecological benefits for the Everglades 
ecosystem. 

Table 7-3.  Percent change in average fish density per m² between Existing Conditions 
Baseline (ECB) and 2050 conditions without CERP (2050FWO). 

Region CEPP1 CEPP2 CEPP3 CEPP4 
ECB FWO ECB FWO ECB FWO ECB FWO 

2A 0.70 -12.96 0.70 -12.96 0.70 -12.96 0.71 -12.95 
3A 5.46 9.36 4.75 8.62 4.46 8.31 5.20 9.08 
3B -0.43 4.87 2.59 8.04 1.25 6.64 -1.30 3.96 
LOX -2.71 -0.46 -2.71 -0.46 -2.71 -0.46 -2.71 -0.46 
SMP 16.05 18.42 14.85 17.20 28.65 31.28 27.45 30.05 
SRS 13.39 16.04 13.64 16.30 18.66 21.44 20.48 23.30 
TS 0.04 0.55 -0.11 0.39 0.05 0.56 -0.01 0.49 
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Pink Shrimp Model 

A pink shrimp model developed for CEPP by the NMFS (Browder 2013) simulates 
growth, survival, and potential harvests from a specified monthly cohort, as a function 
of salinity and temperature. Coefficients for functional relationships were determined 
from laboratory trials with 2000 juvenile shrimp from Florida Bay. Treatments ranged 
from 2-55 ppt and18-33°C for salinity and temperature, respectively. Daily salinity was 
calculated for CEPP and future without project scenarios using a period of record from 
1965-2005, and daily water temperature was used from the year 2007. 

Although small (3.5-6.8%), results from Whipray to Johnson Key basins in Florida Bay 
produced a greater potential harvest of shrimp compared to a future without project 
scenario. This implies that conditions with CEPP implemented have the potential to 
improve the productivity of estuarine and nearshore biota in areas of Florida Bay (Figure 
7-13). 
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Figure 7-13. Lift of Alternative 4R over Future Without Project Conditions 

7.2.8.8 Recommended Plan Elements 

Features in the Everglades Agricultural Area include construction of the 14,000 acre A-2 
FEB (perimeter levees, internal distribution channels, inlet structures, outlet structures, 
and channels connecting the FEB to the Miami Canal north of S-8. Operation of the A-2 
FEB would be integrated with the operation of the A-1 FEB, a state-funded and state-
constructed FEB. 
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Conveyance features in WCA 2A and northern WCA 3A include: a gated spillway to 
deliver water from the L-6 Canal to the L-5 Canal, a new gated spillway to deliver water 
from STA 3/4 to the L-5 Canal, enlarge ~13.6 miles of the L-5 Canal, degrade ~2.9 miles 
of the southern L-4 Levee, a 200 cfs pump station to move water within the L-4 Canal to 
maintain Tribal water supply deliveries west of the L-4 Canal, gated culverts to deliver 
water from the Miami Canal (south of the S-8 Pump Station) and the L-5 Canal to the L-4 
Canal, and backfill ~13.5 miles of the Miami Canal and include upland mounds between 
a point 1.5 miles south of the S-8 Pump Station and Interstate Highway I-75. 

Additional conveyance features would be located in southern WCA 3A, WCA 3B, and the 
northern edge of ENP: a 1,000 cfs gated spillway adjacent to S-333, a 500 cfs gated 
culvert in L-67A Levee and an associated 6,000 foot gap in L-67C Levee, a flowway 
through the western end of WCA 3B (2 gated culverts in L-67A Levee, removal of ~8 
miles of L-67C Levee, removal of ~4.3 miles of L-29 Levee, construct new ~8.5 mile 
levee), a gated spillway in L-29 Canal to control water movement in the L-29 Canal and 
provide access to the L-29 Levee, remove ~5.5 miles of the L-67 Extension Levee, 
remove ~6 miles of Old Tamiami Trail between Tram Road and L-67 Extension Levee, 
and remove spoil mounds along the northwestern side of the L-67A Canal adjacent to 
the new structures in the L-67A Levee, and incidental remove vegetation along 
agricultural ditches. 

Features primarily for seepage management along the eastern edge of ENP include a 
new 1,000 cfs pump station to replace the existing temporary S-356 pump station and a 
~4 mile long, 35 feet deep tapering seepage barrier cutoff wall along the L-31N Levee 
just south of Tamiami Trail. 
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Figure 7-14. Project Features of the CEPP Recommended Plan 

7.2.8.9 DESCRIPTION OF LISTED SPECIES AND DESIGNATED HABITAT 

7.2.8.9.1 Affected Environment 

The project area encompasses the Northern Estuaries (St. Lucie River and Indian River 
Lagoon and the Caloosahatchee River and Estuary), Lake Okeechobee, a portion of the 
Everglades Agricultural Area, the Water Conservation Areas, Everglades National Park, 
the Southern Estuaries (Florida Bay and Biscayne Bay), and the Lower East Coast. For 
the purpose of evaluating environmental effects related to marine and estuarine 
species, this section focuses on estuarine, coastal, and nearshore habitats within the 
project area. 
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Northern Estuaries 

The Northern Estuaries are composed of two different systems that receive discharges 
from Lake Okeechobee. The eastern portion is composed of the St. Lucie Canal which 
feeds into the St. Lucie Estuary, part of a larger system known as the Indian River 
Lagoon. It has been designated an Estuary of National Significance and is part of the 
U.S. Environmental Protection Agency-sponsored National Estuary program. The 
western portion is composed of the Caloosahatchee Canal and River, and the 
Caloosahatchee Estuary. 

Everglades National Park 

Everglades National Park (ENP) is located to the south of the Water Conservation Areas, 
and is the third largest National Park in the continental U.S. The ENP covers 
approximately 2,353 square miles and is extremely low and flat, with total elevation 
changes of only 6 feet from Tamiami Trail south to Florida Bay. Established in 1947, ENP 
possesses a unique landscape comprised of sawgrass sloughs, tropical hardwood 
hammocks, offshore coral reefs, mangrove forest, and lakes, ponds and bays. 

Southern Estuaries 

Biscayne Bay, a shallow tidal sound, approaches 300 square miles in size. Although the 
northern and central portions have been greatly affected by development and human 
encroachment, the southern portion of the Bay includes Biscayne National Park with 
Card and Barnes Sounds having been designated part of the Florida Keys National 
Marine Sanctuary. Florida Bay comprises a large portion of Everglades National Park, 
and is a shallow estuarine system with an average depth of less than three feet. Florida 
Bay is the main receiving water of the greater Everglades system and is heavily 
influenced by changes in the timing, distribution and quantity of freshwater flows into 
the estuaries. 

Lower East Coast 

The Atlantic Coastal Ridge, generally referred to as the Lower East Coast (LEC) Area, is 
mostly urbanized and encompasses Palm Beach, Broward and Miami-Dade Counties. 
The LEC is the most densely populated area in Florida, and includes the population 
centers of West Palm Beach, Fort Lauderdale and Miami. Water levels in this area are 
tightly controlled near the shoreline to prevent over-drainage and manage saltwater 
intrusion, and the entire area is dependent upon operation of the C&SF system for flood 
control and water supply. 

Vegetative Communities (Estuarine/Marine) 
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The Everglades landscape is dominated by a complex of freshwater wetland 
communities that includes open water sloughs and marshes, dense grass- and sedge-
dominated marshes, forested islands, and wet marl prairies. The primary factors 
influencing the distribution of dominant freshwater wetland plant species of the 
Everglades are soil type, soil depth, and hydrological regime (FWS 1999). These 
communities generally occur along a hydrological gradient with the slough/open water 
marsh communities occupying the wettest areas (flooded more than nine months per 
year), followed by sawgrass marshes (flooded six to nine months per year), and wet 
marl prairie communities (flooded less than six months per year) (FWS 1999). The 
freshwater wetlands of the Everglades eventually grade into intertidal mangrove 
wetlands and subtidal seagrass beds in the estuarine waters of Florida Bay. 

Development and drainage over the last century have dramatically reduced the overall 
spatial extent of freshwater wetlands within the Everglades, with approximately half of 
the pre-drainage 1.2 million hectares of wetlands being converted for development and 
agriculture (Davis and Ogden 1997). Alteration of the normal flow of freshwater 
through the Everglades has also contributed to conversions between community types, 
invasion by exotic species, and a general loss of community diversity and heterogeneity. 
Vegetative trends in ENP have included a substantial shift from the longer hydroperiod 
slough/open water marsh communities to shorter hydroperiod sawgrass marshes (Davis 
and Ogden 1997; Armentano et al. 2006). In addition, invasion of sawgrass marshes and 
wet prairies by exotic woody species has led to the conversion of some marsh 
communities to forested wetlands (Gunderson 1997). 

The estuarine communities of Florida Bay have also been affected by upstream changes 
in freshwater flows through the Everglades. A reduction in freshwater inflows into 
Florida Bay and alterations of the normal salinity balance have affected mangrove 
community composition and may have contributed to a large-scale die-off of seagrass 
beds (FWS 1999). For purposes of this biological assessment, descriptions will focus on 
vegetative types encountered in estuarine systems. 

Northern Estuaries 

Submerged aquatic vegetation (SAV) is one of the most important vegetation 
communities of the St. Lucie River and Indian River Lagoon and the Caloosahatchee 
River and Estuary. The SAV converts sunlight into food for fish, sea turtles, manatees, 
and a myriad of invertebrates, among other species. Seagrass meadows improve water 
quality by removing nutrients, dissipating the effects of waves and currents, and by 
stabilizing bottom habitats thereby reducing suspended solids within the water column. 
Seagrass beds support some of the most abundant and diverse fish populations in the 
Indian River Lagoon. Seagrass and macro algae (collectively referred to as SAV) are 
highly productive areas and are perhaps the most important habitat of the Indian River 
Lagoon (IRL CCM, 1996). Many commercial and recreational fisheries (i.e. clams, 
shrimp, lobster, fish) are associated with healthy seagrass beds (US Fish and Wildlife 
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Service (FWS 1999). Currently, many SAV beds are stressed and have been reduced or 
eliminated from their former areas by extreme salinity fluctuations, increased turbidity, 
sedimentation, dredging, damage from boats, and nutrient enrichment which causes 
algal blooms that, in turn, restrict light penetration. 

Upper Caloosahatchee River and Estuary 

In terms of distribution and abundance, tape grass (Vallisneria americana) has been the 
dominant species in the upper Caloosahatchee River and Estuary, colonizing littoral 
zones in water less than one meter in depth (Chamberlain and Doering 1998a). In the 
early 1990s, SAV covered approximately 1,000 acres and about 60% of the coverage 
occurred within an 8-kilometer (km) stretch between Beautiful Island and the Fort 
Myers Bridge (Hoffacker 1994). Total longitudinal cover ranged from 14 to 32 km 
upstream from Shell Point (Chamberlain and Doering 1998b). Tape grass can typically 
tolerate salinities of 3 to 5 practical salinity units (psu) with few long-term effects if light 
conditions are sufficient (Haller et al. 1974, French and Moore 2003, Jarvis and Moore 
2008). Dramatic declines in Tape grass were observed beginning in late 2006 as a result 
of salinities exceeding the species’ tolerance (Bourn 1932, Haller et al. 1974, Doering et 
al. 1999, Kraemer et al. 1999, Doering et al. 2001). During this period widgeon grass 
(Ruppia maritime) was the dominant species although it never achieved even the 
minimum abundance recorded for Tape grass (Burns et al. 2007). 

Lower Caloosahatchee River and Estuary 

Historically, two species of SAV have been routinely reported during surveys in the 
lower Caloosahatchee River Estuary upstream of Shell Point. These include shoal weed 
(Halodule beuadettei), shoal grass (Halodule wrightii) and turtle grass (Thalassia 
testudinum) (Chamberlain and Doering 1998a, Wilzbach et al. 2000, Burns et al. 2007). 
In more recent reports, manatee grass (Syringodium filiforme) has been reported in San 
Carlos and Tarpon Bays (Wilzbach et al. 2000, Burns et al. 2007). Shoal grass coverage, 
described as abundant, has been at 300 acres; about 75% of this occurred between 2 
and 8 kilometers (km) upstream of Shell Point (Chamberlain and Doering 1998b). 

From 2004 to 2008, the lower estuary was dominated by shoal grass. Although widgeon 
grass was observed occasionally (Burns et al. 2007); only very low densities were found 
in the lower estuary when surveys were searching specifically for it. High salinity 
fluctuations with tides and shading by shoal grass may limit its growth. Low salinities 
during higher rainfall periods and discharge events observed since 2004 likely prevented 
the survival of seagrass species including turtle grass (Burns et al. 2007). Water clarity 
was poor in 2004 and 2005 preventing SAV growth in waters greater than 0.7 meter 
deep. Water clarity conditions improved in 2007 and were sufficient for growth down 
to 1.2 meters. 
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Hurricane effects lowering SAV abundance in 2005 and 2006 and subsequent shoal 
grass recovery in 2007 were evident with cover in 2007 exceeding 2004 levels. Salinities 
of 1 psu or less occurred each year from 2004 to 2006. The large drop in cover and 
density in fall 2007 prior to the usual winter dieback could have been caused by grazing. 

St. Lucie Estuary 

The SAV communities in the St. Lucie Estuary and Southern Indian River Lagoon include 
seagrass and macro algae. The estuaries support six species of seagrass including shoal 
grass, manatee grass, turtle grass, paddle grass (Halophila decipiens), star grass 
(Halophila engelmannii) and the threatened Johnson’s seagrass (Halophila johnsonii). 
Johnson’s seagrass was listed as threatened under ESA in 1998, and critical habitat was 
designated in 2000. The species has a very limited distribution along the east coast of 
Florida from central Biscayne Bay to Sebastian Inlet. Major threats include propeller 
scarring, dredging, sedimentation and degraded water quality. Shoal grass and manatee 
grass are the dominant canopy species in the lagoon (Thompson 1978, Dawes et al. 
1995, Morris et al. 2000). While all of these species are most successful in salinities 
greater than 20 psu, shoal grass can tolerate a wide range of salinity and salinity 
variations. However, manatee grass is not as tolerant of low salinities or widely varying 
salinities (Irlandi 2006). 

SAV distribution has been mapped in the St. Lucie Estuary and the Southern Indian River 
Lagoon every two to three years since 1986, including annual mapping from 2005 
through 2007 to help assess hurricane impacts. Historic SAV maps show SAV extending 
throughout the estuary. In 2007, very sparse (< 10% cover in most areas) SAV was 
present in the lower and middle estuary, but not in either of the forks. Three seagrass 
species occurred within the estuary: shoal grass, Johnson’s seagrass and paddle grass. 
The majority of the SAV occurred in small isolated patches. The dominant SAV species 
in 2007 was Johnson’s seagrass. It also extended farther upstream than any other SAV 
species. 

This region was impacted by hurricanes and associated freshwater discharges in 2004 
and 2005. Following the hurricanes, observed impacts to Southern Indian River Lagoon 
SAV communities included large coverage and density declines and smaller direct 
impacts due to burial by shifting bottom sediments. Lush manatee grass beds were 
documented through 2004, however, low salinities and associated poor water quality 
following the 2004 and 2005 hurricanes greatly impacted manatee grass in the area. 
The hurricanes also altered bathymetry on the east and west edges of the estuary, 
covering seagrasses. The steepest decline in percent occurrence of manatee occurred in 
2005 after Hurricane Wilma. Johnson’s seagrass followed by shoal grass colonized the 
former manatee grass habitat and recruited throughout the site. Available data 
indicates a clear trend toward recovery of the manatee grass beds. 

Southern Estuaries 
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Nearly all aspects of south Florida’s native vegetation have been affected by 
development, altered hydrology, nutrient inputs, and spread of non-native species that 
have resulted directly or indirectly from a century of water management. Habitat types 
that dominate the southern coastal regions within the project area include submerged 
aquatic vegetation (primarily seagrasses and algae), mangrove forests, saline emergent 
wetlands, freshwater wetlands, and non-native dominated wetlands (primarily wetlands 
dominated by Australian pine, Casaurina spp. or Brazilian pepper, Schinus 
terebinthifolius). 

The estuarine communities of south Florida have been affected by upstream changes in 
freshwater flows through the Everglades. A reduction in freshwater inflows into Florida 
Bay and alterations of the normal salinity balance have affected mangrove community 
composition and may have contributed to a large-scale die-off of seagrass beds (FWS 
1999). Mangrove communities occur within a range of salinities from 0 to 40 practical 
salinity units (psu). Florida Bay experiences salinities in excess of 40 psu on a seasonal 
basis. Implementing CEPP will provide increased freshwater flows to Florida Bay and the 
Southwest Coast, thereby aiding to lower salinities levels within these areas to better 
encompass mangrove salinity tolerance range. 

Mangroves 

Mangrove communities are forested wetlands occurring in intertidal, low-wave-energy, 
estuarine and marine environments. Within the project area, extensive mangrove 
communities occur in the intertidal zone of Florida Bay. Mangrove forests have a dense 
canopy dominated by four species: red mangrove (Rhizophora mangle), black mangrove 
(Avicennia germinans), white mangrove (Laguncularia racemosa), and buttonwood 
(Conocarpus erectus). Mangrove communities occur within a range of salinities from 0 
to 40 parts per thousand (ppt). Florida Bay experiences salinities in excess of 40 ppt on 
a seasonal basis. Declines in freshwater flow through the Everglades have altered the 
salinity balance and species composition of mangrove communities within Florida Bay. 
Changes in freshwater flow can lead to an invasion by exotic species such as Australian 
pine (Casuarina equisetifolia) and Brazilian pepper (Schinus terebinthifolius). 

The mangrove species found in the Biscayne Bay area are the red mangrove (Rhizophora 
mangle); the black mangrove (Avicennia germinans); the white mangrove (Laguncularia 
racemosa); and the buttonwood (Conocarpus erectus). Most of the mangrove habitat in 
the project area can be sub-divided into four forest types (Gaiser and Ross, 2003). 
Closest to the bay shoreline is the coastal mangrove forest, whose canopy is comprised 
mainly of red and black mangroves exceeding 30 feet in height. Landward of this zone is 
the interior mangrove forest that is dominated by black and white mangroves 
approximately 15-30 feet tall, with an understory of red mangroves. Adjacent to and 
landward of the interior mangrove forest is the transitional mangrove forest. This 
vegetative type is dominated by white mangroves, approximately 7-15 feet high, with 

Page 159 of 319



 
 

 
  
  

 
 

 
  

  
  

   
 
 
  

  
   

    
  

   
   

 
  

 
   

 
      

  
 

 
   

   
  

 
 

   
 

 
      

   
 

 
   

 
 
 

 

 
 

 
 

 
 


 

           
        
      

         
         
          

         
    

     
    
             

        
        

         
      

  

     
        

   
     

     
      
        

        
          

 
      
    

    

red and black mangroves, and buttonwood found emerging from the canopy. The most 
landward forest type is the dwarf mangrove forest, which is dominated by red 
mangroves generally less than 6 feet in stature. 

Seagrass Beds 

Seagrasses are submerged vascular plants that form dense rooted beds in shallow 
estuarine and marine environments. This community occurs in subtidal areas that 
experience moderate wave energy. Within the project area, extensive seagrass beds 
occur in Florida Bay. The most abundant seagrasses in south Florida are turtle grass 
(Thalassia testudinum), manatee grass (Syringodium filiforme), and shoal grass 
(Halodule wrightii). Additional species include star grass (Halophila engelmannii), 
paddle grass (Halophila decipiens), and Johnson's seagrass (Halophila johnsonii). 
Widgeon grass may also occur in seagrass beds in areas of low salinity. Seagrasses have 
an optimum salinity range of 24 to 35 ppt, but can tolerate considerable short term 
salinity fluctuations. Large-scale seagrass die-off has occurred in Florida Bay since 1987, 
with over 18% of the total bay area affected. Suspected causes of seagrass mortality 
include high salinities and temperatures during the 1980s and long-term reductions of 
freshwater inflow to Florida Bay (RECOVER 2009). 

Federally Listed Species (Under NMFS Purview) 

Fifteen federally listed threatened and endangered species under NMFS purview are 
either known to exist or potentially exist within the project area and, subsequently, may 
be affected by the proposed action (Table 7-4). These marine species include the 
smalltooth sawfish (Pristia pectinata), green sea turtle (Chelonia mydas), hawksbill sea 
turtle (Eretmochelys imbricata), leatherback sea turtle (Dermochelys coriacea), Kemp’s 
ridley sea turtle (Lepidochelys kempii), and the loggerhead sea turtle (Caretta caretta). 
Other federally threatened or endangered species that are known to exist or potentially 
exist in the project area, but which will likely not be of concern in this study due to the 
lack of suitable habitat in and within close proximity of the project area include, 
Johnson’s seagrass (Halophila johnsonii), the Gulf sturgeon (Acipenser oxyrinchus 
desotoi), blue whale (Balaenoptera musculus), fin whale (Balaenoptera physalus), 
humpback whale (Megaptera novaeangliae), sei whale (Balaenoptera borealis), sperm 
whale (Physeter macrocephalus), and the elkhorn (Acropora palmata), and staghorn 
(Acropora cervicornis) stony corals. 

Table 7-4: Status of Threatened & Endangered Species Under NMFS Purview Likely to 
be Affected by CEPP – and the Corps’ Effects Determinations 

Common 
Name 

Scientific Name Status Agency May 
Affect, 
Likely to 
Adversely 
Effect 

May 
Affect, 
Not 
Likely to 
Adversely 

No 
Effect 
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Effect 
Mammals 
Blue whale Balaenoptera 

musculus 
E Federal X 

Fin whale Balaenoptera 
physalus 

E Federal X 

Humpback 
whale 

Megaptera 
novaeangliae 

T Federal X 

Sei whale Balaenoptera 
borealis 

E Federal X 

Sperm whale Physeter 
macrocephalus 

E Federal X 

Reptiles 
Green sea 
turtle 

Chelonia mydas E Federal X 

Leatherback 
sea turtle 

Dermochelys 
coriacea 

E Federal X 

Hawksbill sea 
turtle 

Eretmochelys 
imbricata 

E Federal X 

Loggerhead 
sea turtle 

Caretta caretta T Federal X 

Kemp’s Ridley 
sea turtle 

Lepidochelys 
kempii 

E Federal X 

Fish 
Smalltooth 
sawfish* 

Pristia pectinata E Federal X 

Gulf 
sturgeon* 

Acipenser 
oxyrinchus desotoi 

T Federal X 

Invertebrates 
Elkhorn coral* Acropora palmata T Federal X 
Staghorn 
coral* 

Acropora 
cervicornis 

T Federal X 

Plants 
Johnson’s 
seagrass* 

Halophila 
johnsonii 

E Federal X 

* Critical habitat designated for this species 
E: Endangered 
T: Threatened 

State Listed Species 
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Portions of project area contain habitat potentially suitable for two state-listed 
threatened species and nine species of special concern that are under NMFS purview 
(see Section 6.4). The majority of protected species is outside of the projects’ zone of 
influence and therefore, is not likely to be adversely affected by project operations. 
Successful implementation of restoring existing wetlands will improve the overall 
functional capacity of affected habitats thus benefiting the species utilizing these areas. 
Therefore, no adverse impacts are anticipated to state listed species, or species of 
concern as a result of this project. 

Designated Critical Habitat (Under NMFS Purview) 

NMFS has designated critical habitat for Johnson’s seagrass, the Gulf sturgeon, 
smalltooth sawfish, elkhorn coral, and staghorn coral (see Figures 6.1 – 6.5). Critical 
habitat is not contained within the study area for the Gulf sturgeon; therefore, no effect 
is anticipated. Critical habitat for Johnson’s seagrass, along with elkhorn and staghorn 
corals does exist within the study action area but is unlikely to be affected by CEPP. 

7.2.8.9.2 EFFECTS OF PROPOSED ACTION 

Species Biology and Effect Determination 

A description of the biology and distribution of threatened and endangered species 
potentially occurring in the project area that are under NMFS purview is contained in 
Section 7.0. 

“No Effect” Determination 

Federally threatened or endangered species that are known to potentially exist within 
close proximity of the project area, but which will not likely be of concern are discussed 
below: 

Gulf Sturgeon and “No Effect” Determination 

Although historical records indicate that the Gulf sturgeon ranged from the Mississippi 
River east to Tampa Bay and south to Florida Bay, the present range extends from Lake 
Pontchartrain and the Pearl River system in Louisiana and Mississippi, and east to the 
Suwannee River in Florida. Since all project effects will occur south of any known species 
locale, the Corps has determined the proposed project would have no effect the Gulf 
sturgeon nor its designated critical habitat. 

Blue, Finback, Humpback, Sei and Sperm Whales and “No Effect” Determination 

Although ocean whales have been reported migrating along the Florida coastlines of the 
Gulf of Mexico and Atlantic Ocean seeking warmer waters during the winter months, 
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they are typically found far off shore, away from any potential influences of the 
proposed project. Since project effects are anticipated to be limited to land-based 
wetlands, estuarine systems and near shore habitats, the Corps has determined the 
proposed project will have no effect the blue, finback, humpback, sei or sperm whales. 

Elkhorn Coral, Staghorn Coral and “No Effect” Determination 

Elkhorn and staghorn corals may be found offshore of bay habitats including Biscayne 
and Florida Bay outer reef tracts where salinities are stable (35 ppt) and representative 
of open ocean conditions. The reef tract is approximately 10 to 20 miles seaward of the 
shoreline. Anticipated salinity alterations resulting from project activities are not 
expected to occur beyond 1500 meters from shore. Because the reef tract where 
elkhorn and staghorn coral resides is several miles outside of any projected salinity 
changes, the Corps has determined the proposed project would have no effect on 
elkhorn or staghorn corals. 

Elkhorn Coral and Staghorn Coral Critical Habitat 

Project restoration efforts are expected to focus on wetland and estuarine habitats and 
will not extend offshore into the vicinity of critical habitat; therefore, the project would 
have no effect on designated critical habitat for elkhorn or staghorn coral. 

Johnson’s Seagrass and “No Effect” Determination 

Johnson’s seagrass has a disjunct and patchy distribution along the east coast of Florida 
from central Biscayne Bay to Sebastian Inlet. The largest patches have been 
documented inside Lake Worth Inlet including the mouth of the St. Lucie Inlet. Because 
Johnson’s seagrass potentially benefits from the project as a result of fewer high-
volume freshwater discharges from Lake Okeechobee, the Corps has determined the 
project would have no effect on Johnson’s seagrass. 

Johnson’s Seagrass Critical Habitat 

The project area includes designated critical habitat for Johnson’s seagrass in the St. 
Lucie estuary. Implementation of the project would result in fewer high volume 
freshwater discharges from Lake Okeechobee and therefore, may benefit seagrasses in 
the St. Lucie estuary, including Johnson's seagrass. As a result, the Corps has 
determined that implementation of the project will not destroy or adversely modify 
designated critical habitat and will have no adverse effect on critical habitat 

“May Effect” Determination 

The proposed project would improve the quality, quantity, timing, and distribution of 
flows to the Greater Everglades, including the coastal areas of the southern estuaries 
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and Florida Bay. Subsequently, the project will provide significant beneficial effects to 
listed plant and animal species such as sea turtles, estuarine fishes, and seagrasses. 
Federally listed species under the purview of the NMFS which may have the potential to 
be affected by CEPP include the green sea turtle, hawksbill sea turtle, leatherback sea 
turtle, Kemp’s ridley sea turtle, the loggerhead sea turtle, the smalltooth sawfish, and is 
discussed below: 

Green Sea Turtle and “May Affect” Determination 

The green sea turtle weighs approximately 150 kilograms and lives in tropical and sub-
tropical waters. Areas that are known as important feeding areas for the green turtles 
in Florida include the Indian River Lagoon, the Florida Keys, Florida Bay, Homosassa, 
Crystal River and Cedar Key. Green turtles occupy three habitat types: high energy 
oceanic beaches, convergence zones in the pelagic habitat, and benthic feeding grounds 
in the relatively shallow, protected waters. Females deposit eggs on high energy 
beaches, usually on islands, where a deep nest cavity can be dug above the high water 
line. Hatchlings leave the beach and move in the open ocean. Green sea turtles forage 
in pastures of seagrasses and/or algae, but small green turtles can also be found over 
coral reefs, worm reefs, and rocky bottoms. 

Although green sea turtles are expected to be found foraging in nearshore seagrass 
habitats within Florida Bay, the increased freshwater flows associated with CEPP may 
alter seagrass species composition but should not have an adverse effect on the overall 
biomass available for sea turtle feeding habits. Additionally, no green sea turtles would 
attempt to utilize areas for nesting purposes since there is no suitable habitat for 
nesting in the project area. With the expectation of improved nearshore habitat, no 
utilization of the project area for nesting purposes, and the implementation of agency 
approved Sea Turtle and Smalltooth Sawfish Construction Conditions, the Corps has 
determined green sea turtle may be affected, but is not likely to be adversely affected, 
by the proposed project. 

Hawksbill Sea Turtle and “May Affect” Determination 

The hawksbill sea turtle is a small to medium-sized marine turtle weighing up to 15 
kilograms in the United States. The hawksbill lives in tropical and sub-tropical waters of 
the Atlantic, Pacific, and Indian Oceans. Areas that are known as important feeding 
areas for hawksbill turtles in Florida include the waters near the Florida Keys and on the 
reefs off Palm Beach County. Hawksbill turtles use different habitat types at different 
stages of their life cycle. Post hatchlings take shelter in weed lines that accumulate at 
convergence zones. Coral reefs are the foraging habitat of juveniles, sub-adults, and 
adults. They are also known to inhabit mangrove-fringed bays and estuaries, 
particularly along the eastern shore where coral reefs are absent. Hawksbills feed 
predominantly on sponges and nest on low and high energy beaches, frequently sharing 
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the high-energy beaches with green sea turtles. Nests are typically placed under 
vegetation. 

Although hawksbill sea turtles are expected to be found foraging near hardbottom 
habitats within Florida Bay, the increased freshwater flows associated with CEPP may 
reduce nearshore salinity concentrations but should not have an adverse effect on 
sponges or other food sources utilized by this species. Additionally, no hawksbill sea 
turtles would attempt to utilize areas for nesting purposes since there is no suitable 
habitat for nesting in the project area. With the expectation of improved nearshore 
habitat, no utilization of the project area for nesting purposes, and the implementation 
of agency approved Sea Turtle and Smalltooth Sawfish Construction Conditions, the 
Corps has determined hawksbill sea turtle may be affected, but is not likely to be 
adversely affected, by the proposed project. 

Leatherback Sea Turtle and “May Affect” Determination 

The leatherback sea turtle is the largest living turtle and weighs up to 700 kilograms. 
The leatherback lives in tropical and sub-tropical waters. Habitat requirements for 
juvenile and post-hatchling leatherbacks are virtually unknown. Nesting females prefer 
high-energy beaches with deep unobstructed access. Leatherbacks feed primarily on 
jellyfish. 

Although leatherback turtles are expected to be found foraging in nearshore habitats 
within Florida Bay, the increased freshwater flows associated with the CEPP may reduce 
nearshore salinity concentrations but should not have an adverse effect on jellyfishes or 
other food sources utilized by this species. Additionally, no leatherback sea turtles 
would attempt to utilize areas for nesting purposes since there is no suitable habitat for 
nesting in the project area. With the expectation of improved nearshore habitat, no 
utilization of the project area for nesting purposes, and the implementation of agency 
approved Sea Turtle and Smalltooth Sawfish Construction Conditions, the Corps has 
determined leatherback sea turtle may be affected, but would not likely be adversely 
affected, by the proposed project. 

Kemp’s Ridley Sea Turtle and “May Affect” Determination 

The Kemp’s ridley sea turtle is the smallest of all sea turtles and weighs up to 45 
kilograms. This species is a shallow water benthic feeder consuming mainly algae and 
crabs. Juveniles grow rapidly. Juveniles and sub-adults have been found along the 
eastern seaboard of the United States and in the Gulf of Mexico. However, the major 
nesting beach for the Kemp’s ridley sea turtle is on the northeastern coast of Mexico. 
This species occurs mainly in coastal areas of the Gulf of Mexico and in the 
northwestern Atlantic Ocean. The post-pelagic stages are commonly found dwelling 
over crab-rich sandy or muddy bottoms. Juveniles frequent bays, coastal lagoons, and 
river mouths. 

Page 165 of 319



 
 

 
   

  
    

   
 

  
  

    
   

 
  

 
  

    
 

  
  
    

 
   

 
  

     
  

 
 
 
 
 

   
  

 
  

 
  

  
  

  
 
 

   
  


 

       
        

         
        

    
          
    
       
  

       
           
         

         
          

        
            

  

        
     

    
          

          
          

        
        

       
      

     
        

      
        

           
         
         

        

Although Kemp’s ridley sea turtles could be found foraging in nearshore habitats within 
Florida Bay, this species is not expected to be found within the direct area of influence 
associated with CEPP. Additionally, no Kemp’s ridley sea turtles would attempt to utilize 
areas for nesting purposes since their main nesting location is on a single stretch of 
beach on the Gulf Coast of Mexico. With the expectation of improved nearshore 
habitat, no utilization of the project area for nesting purposes, and the implementation 
of agency approved Sea Turtle and Smalltooth Sawfish Construction Conditions, the 
Corps has determined Kemp’s ridley sea turtle may be affected, but would not likely be 
adversely affected, by the proposed project. 

Loggerhead Sea Turtle and “May Affect” Determination 

Loggerhead sea turtles inhabit the continental shelves and estuarine environments 
along the margins of the Atlantic, Pacific, and Indian Oceans. Females select high energy 
beaches on barrier strands adjacent to continental land masses for nesting. Steeply 
sloped beaches with gradually sloped offshore approaches are favored. After leaving 
the beach, hatchlings swim directly offshore and eventually are found along drift lines. 
They migrate to the near-shore and estuarine waters along the continental margins and 
utilize those areas as the developmental habitat for the sub-adult stage. Loggerheads 
are predators of benthic invertebrates. 

Although loggerhead sea turtles are expected to be found foraging in nearshore habitats 
within Florida Bay, the increased freshwater flows associated with CEPP may reduce 
nearshore salinity concentrations but should not have an adverse effect on crustaceans, 
mollusks or other invertebrate food sources utilized by this species. Additionally, no 
loggerhead sea turtles would attempt to utilize areas for nesting purposes since there is 
no suitable habitat for nesting in the project area. With the expectation of improved 
nearshore habitat, no utilization of the project area for nesting purposes, and the 
implementation of agency approved Sea Turtle and Smalltooth Sawfish Construction 
Conditions, the Corps has determined loggerhead sea turtle may be affected, but would 
not likely be adversely affected, by the proposed project. 

Smalltooth Sawfish and “May Affect” Determination 

Smalltooth sawfish (Pristia pectinata) have been reported in the Pacific and Atlantic 
Oceans, and the Gulf of Mexico; however, the United States population is found only in 
the Atlantic Ocean and Gulf of Mexico. Historically, the United States population was 
common throughout the Gulf of Mexico from Texas to Florida, and along the east coast 
from Florida to Cape Hatteras. The current range of this species includes peninsular 
Florida, with some regularity only in south Florida from Charlotte Harbor to Florida Bay. 
Juvenile sawfish use shallow habitats with a lot of vegetation, such as mangrove forests, 
as important nursery areas. Many such habitats have been modified or lost due to 
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development of the coastal areas of Florida and other southeastern states. The loss of 
juvenile habitat likely contributed to the decline of this species. 

Although the main Florida population resides in the Caloosahatchee River and adjacent 
Charlotte Harbor estuaries, smalltooth sawfish have the potential to be found in the 
southern estuaries where the juveniles could potentially occur and feed in red 
mangrove wetlands. By implementation of the proposed project, the smalltooth 
sawfish may benefit from increased freshwater flows into the coastal wetlands adjoining 
Florida Bay, which would provide more natural and historic overland flows. 

Discharging large volumes of freshwater from Lake Okeechobee to the Caloosahatchee 
River during the wet season significantly reduces salinities and increases nutrient 
loading; all of which has a profound adverse effect on estuarine flora and fauna. As a 
result, the smalltooth sawfish may benefit from the project’s ability to reduce excessive 
freshwater flows by improving the salinity regime throughout the Caloosahatchee 
estuary. With the expectation of improved wetland habitat, and the implementation of 
agency approved Sea Turtle and Smalltooth Sawfish Construction Conditions, the Corps 
has determined the proposed project may affect, but is not likely to adversely affect, 
smalltooth sawfish. 

Smalltooth Sawfish Critical Habitat 

Critical habitat includes two areas (units) located along the southwest coast of 
peninsular Florida. The northern unit is the Charlotte Harbor Estuary Unit and the 
southern unit is the Ten Thousand Islands/Everglades (TTI/E) Unit (Figures 6.3-6.4). The 
units encompass portions of Charlotte, Lee, Collier, Monroe, and Miami-Dade Counties. 
By reducing the number and severity of freshwater pulses to the Caloosahatchee River 
and estuary, CEPP has the potential of having a beneficial effect to the Caloosahatchee’s 
portion of designated sawfish critical habitat. Since a more natural freshwater flow 
regime will be established through project restoration efforts, the Corps has determined 
that CEPP will have no adverse effect on critical habitat for the smalltooth sawfish. 

7.2.8.10 CONCLUSION (CEPP) 

The Corps, Jacksonville District, acknowledges the potential existence of fifteen federally 
listed threatened and endangered species under NMFS purview within the boundaries 
of the CEPP study area. Based on available information, it is evident that green sea 
turtle (Chelonia mydas), hawksbill sea turtle (Eretmochelys imbricata), leatherback sea 
turtle (Dermochelys coriacea), Kemp’s ridley sea turtle (Lepidochelys kempii), loggerhead 
sea turtle (Caretta caretta) and smalltooth sawfish (Pristia pectinata), resides, travels, 
and/or forages within the study area. Although project related impacts through 
restoration efforts will ultimately benefit estuarine and nearshore communities and 
associated biota, these species could be affected by the implementation of CEPP. 
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Other federally threatened or endangered species that are known to exist or potentially 
exist in the CEPP project area, but which will likely not be of concern in this study due to 
the lack of suitable habitat in and within close proximity of the project area include, 
Johnson’s seagrass (Halophila johnsonii), Gulf sturgeon (Acipenser oxyrinchus desotoi), 
blue whale (Balaenoptera musculus), fin whale (Balaenoptera physalus), humpback 
whale (Megaptera novaeangliae), sei whale (Balaenoptera borealis), sperm whale 
(Physeter macrocephalus), elkhorn (Acropora palmata), and staghorn (Acropora 
cervicornis) stony corals. 

8.0 CONSERVATION MEASURES (CERP) 

The Corps acknowledges the potential usage and occurrence of the previously discussed 
threatened and endangered species and/or critical habitat within the CERP study area. 
In recognition of this, disturbance to listed species will be minimized or avoided by 
implementing the Sea Turtle and Smalltooth Sawfish Construction Conditions dated 
March 23, 2006. 

9.0 CONCLUSION (CERP) 

The Corps, Jacksonville District, acknowledges the probable existence of fifteen federally 
listed threatened and endangered species under NMFS purview within the boundaries 
of the CERP study area. Based on available information, it is evident that smalltooth 
sawfish (Pristia pectinata), green sea turtle (Chelonia mydas), hawksbill sea turtle 
(Eretmochelys imbricata), leatherback sea turtle (Dermochelys coriacea), Kemp’s ridley 
sea turtle (Lepidochelys kempii), and loggerhead sea turtle (Caretta caretta) resides, 
travels, and/or forages within the study area and could be affected by CERP 
implementation. 

Other federally threatened or endangered species that are known to exist or potentially 
exist in the CERP project area, but which will likely not be of concern in this study due to 
the lack of suitable habitat in and within close proximity of the project area include, 
Johnson’s seagrass (Halophila johnsonii), the Gulf sturgeon (Acipenser oxyrinchus 
desotoi), blue whale (Balaenoptera musculus), fin whale (Balaenoptera physalus), 
humpback whale (Megaptera novaeangliae), sei whale (Balaenoptera borealis), sperm 
whale (Physeter macrocephalus), and the elkhorn (Acropora palmata), and staghorn 
(Acropora cervicornis) stony corals. 

The Corps recognizes that until completion of the CERP there are few opportunities 
within the current constraints of the C&SF system to completely avoid effects to listed 
species. However, the purpose of CERP is to improve the quantity, quality, timing, and 
distribution of water flows to the central Everglades and downstream estuaries. The 
Corps will continue discussions with U. S. Fish and Wildlife Service (FWS), NMFS and Fish 
and Wildlife Conservation Commission (FWC) in the event of CERP project modifications. 
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This document is being submitted for formal consultation with the NMFS pursuant to 
Section 7 of the Endangered Species Act. 
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APPENDIX 1: STANDARD PROTECTION MEASURES 

SEA TURTLE AND SMALLTOOTH SAWFISH CONSTRUCTION CONDITIONS 

The permittee shall comply with the following protected species construction conditions: 

a.		 The permittee shall instruct all personnel associated with the project of the potential 
presence of these species and the need to avoid collisions with sea turtles and 
smalltooth sawfish. All construction personnel are responsible for observing water-
related activities for the presence of these species. 

b.		 The permittee shall advise all construction personnel that there are civil and criminal 
penalties for harming, harassing, or killing sea turtles or smalltooth sawfish, which are 
protected under the Endangered Species Act of 1973. 

c.		 Siltation barriers shall be made of material in which a sea turtle or smalltooth sawfish 
cannot become entangled, be properly secured, and be regularly monitored to avoid 
protected species entrapment. Barriers may not block sea turtle or smalltooth sawfish 
entry to or exit from designated critical habitat without prior agreement from the 
National Marine Fisheries Service’s Protected Resources Division, St. Petersburg, Florida. 

d.		 All vessels associated with the construction project shall operate at “no wake/idle” 
speeds at all times while in the construction area and while in water depths where the 
draft of the vessel provides less than a four-foot clearance from the bottom. All vessels 
will preferentially follow deep-water routes (e.g., marked channels) whenever possible. 

e.		 If a sea turtle or smalltooth sawfish is seen within 100 yards of the active daily 
construction/dredging operation or vessel movement, all appropriate precautions shall 
be implemented to ensure its protection. These precautions shall include cessation of 
operation of any moving equipment closer than 50 feet of a sea turtle or smalltooth 
sawfish. Operation of any mechanical construction equipment shall cease immediately 
if a sea turtle or smalltooth sawfish is seen within a 50-ft radius of the equipment. 
Activities may not resume until the protected species has departed the project area of 
its own volition. 

f. Any collision with and/or injury to a sea turtle or smalltooth sawfish shall be reported 
immediately to the National Marine Fisheries Service’s Protected Resources Division 
(727-824-5312) and the local authorized sea turtle stranding/rescue organization. 

g. Any special construction conditions, required of your specific project, outside these 
general conditions, if applicable, will be addressed in the primary consultation. 

Revised: March 23, 2006 
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A. INTRODUCTION 

The purpose of a Biological Assessment (BA) is to evaluate the potential effects of a federal action on both 
listed species and those proposed for listing, including designated and proposed critical habitat, and to 
determine whether the continued existence of any such species or its habitat is likely to be adversely 
affected by the federal action. The BA is used also in determining whether formal consultation or a 
conference is necessary [50 CFR Section 402.12(a)]. This determination is made by: 

•	 Reviewing the results of an on-site inspection of the area affected by the federal action to 
determine if listed or proposed species are present or occur seasonally. 

•	 Reviewing relevant literature and opinions of recognized experts on the potential effects of the 
proposed project on affected species. 

•	 Analyzing the effects of the federal action on potentially affected species and their habitats, 
including consideration of cumulative effects, and the results of any related studies. 

•	 Analyzing alternative actions for the proposed project considered by the federal agency (50 CFR 
Section 402.12(f)). 

A.1 Consultation Summary for Loxahatchee River Watershed Restoration Project 

The U. S. Fish and Wildlife Service (FWS) provided a list of potentially affected ESA-listed species on April 
20, 2017. The FWS participated as a member on the Loxahatchee River Watershed Restoration Project 
(LRWRP) PDT throughout project planning. FWS did not provide any Planning Aid Letters (PALs) during the 
planning period. FWS provided a draft Fish and Wildlife Coordination Act (FWCA) report that provides a 
detailed summary of consultation on the Loxahatchee River Watershed Restoration Project (LRWRP) from 
initiation of consultation through 2018 to USACE on February 1, 2019. 

A.2 Study Area 

The LRWRP project area is approximately 480,000 acres (753 square miles) and is located in northern Palm 
Beach County and southern Martin County. The project area includes all of the Loxahatchee River 
watershed and limited portions of the St. Lucie River watershed (Figure A-1). The 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-8 Canal and Lake 
Okeechobee, and on the east by the Loxahatchee River Estuary and Lake Worth Lagoon. The Northwest 
Fork of the Loxahatchee River (NWFLR) is surrounded by several natural areas and receives water from 
multiple tributaries (Figures A-2 and A-3). The area is characterized as highly urbanized in the eastern 
portion, transitioning to extensive natural areas to the west and north. Restoration project features are 
summarized in Table A-1. Central and Southern Florida (C&SF) Project features within the study area 
include the L-8 Canal, the east and west legs of the C-18 Canal, and the C-51 Canal. Transportation 

infrastructure within the project area includes the Florida Turnpike and Interstate 95, as well as several 
major east/west county and state roadways (Indiantown Road [SR 706], PGA Boulevard [SR 708], Beeline 
Highway [SR 710], and Northlake Boulevard). The drainage and transportation infrastructure and other 
development within the watershed have resulted in lowered groundwater levels and altered drainage 
patterns and flow regimes within the natural and less developed areas. 
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Table A-1. Loxahatchee River Watershed Restoration Project features. 

LRWRP 
Study Area 

Region Description of the Study Area Region 
Jonathan Jonathan Dickinson State Park (JDSP) is located in the northeast section of the project area 
Dickinson State within Martin and Palm Beach Counties and is comprised of 11,471 acres. The park contains 
Park portions of two branches of the Loxahatchee River and its upstream tributaries (Northwest 

Fork, upper reaches of the North Fork, Cypress Creek, Moonshine Creek, Hobe Grove Ditch, 
Wilson’s Creek, and Kitching Creek). 

Northwest Fork 
of the 
Loxahatchee 
River 

The Northwest Fork of the Loxahatchee River (NWFLR), 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 NWFLR receives 
additional input from the other major tributaries of the Loxahatchee River: Cypress 
Creek/Ranch Colony Canal, Hobe Grove Ditch, and Kitching Creek. A cypress river swamp 
community historically dominated the floodplain of the Loxahatchee River with freshwater 
stream swamps and cypress communities present upstream from river mile 6.5 and 
dominant within the floodplain above river mile 8.0. 

Pal-Mar Pal-Mar comprises more than 37,000 acres in southern Martin and northern Palm Beach 
counties, and forms a linkage between J.W. Corbett WMA and JDSP. Cypress Creek 
historically drained the Pal-Mar area. Due to the transformation of the historic creek into the 
Cypress Creek Canal and the diversion of water from the historic creek into the Ranch Colony 
Canal, flows into the creek have been greatly altered and it is no longer a receiving body of 
Pal-Mar surface water. Western Pal-Mar is primarily a natural area and occurs as a mosaic of 
wetland/upland communities including depression marsh, wet prairie, dome and strand 
swamps, pine flatwoods and sloughs. Northern and eastern Pal-Mar have been converted to 
agricultural use and are drained by a network of ditches, which resulted in hydrological 
changes and drying out the areas. 

J.W. Corbett J.W. Corbett WMA encompasses approximately 62,000 acres and is located in the northwest 
WMA section of the project area. It contains extensive hydric/mesic flatwoods, depression 

marshes, wet prairies, strand and dome swamps and hydric/mesic hammocks. An intact 
Everglades sawgrass marsh ecosystem occurs along the southern boundary of J.W. Corbett 
WMA, and is considered a remnant portion of the Greater Everglades ecosystem. 

Loxahatchee Loxahatchee Slough was historically one of the most prominent flow ways in the study area 
Slough and contained a large portion of the historic headwaters of the Northwest and Southwest 

Forks of the Loxahatchee River. The 11,000 acre site is the single most ecologically-diverse 
tract of protected land in Palm Beach County, including nine distinct community types. The 
slough used to extend continuously to what is now Loxahatchee National Wildlife Refuge, 
but has been cut off by the levees that surround the Refuge and by the C-51 and C-18 canals. 
These features have altered historic drainage patterns in this area and have allowed for 
extensive invasions by melaleuca. 

Grassy Waters The southern half of the historical Loxahatchee Slough has been impounded to form the 
Preserve Grassy Waters Preserve (GWP). The GWP is a managed wetland ecosystem, approximately 

12,800 acres (20 square miles), which is owned and operated by the City of West Palm 
Beach, and is also known as the West Palm Beach Water Catchment Area. GWP serves as a 
surface water catchment, groundwater recharge and storage system for public water supply. 
The City’s management of the GWP as an element of the water supply system has protected 
and sustained most of this system in a high quality wetland condition. The wetlands within 
this catchment area include a mosaic of undrained wet prairies (sawgrass and spikerush), 
sloughs and cypress and other tree islands. 
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Figure A-1. LRWRP sub-watersheds and structures. 
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   Figure A-2. Natural areas in the LRWRP project area. 
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     Figure A-3. Expanded view of natural area boundaries near the Loxahatchee River and estuary. 
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A.3 Project Purpose and Need 

The purpose of LRWRP is to restore and sustain the overall quantity, quality, timing, and distribution of 
freshwater to the Northwest Fork of the Loxahatchee River (NWFLR), which is federally designated as a 
“Wild and Scenic River”, for current and future generations. This project also seeks to restore, sustain, 
and reconnect the historic headwaters for the river, which includes Jonathan Dickinson State Park (JDSP), 
Pal Mar East/Cypress Creek, Dupuis Wildlife and Environmental Management Areas, J.W. Corbett Wildlife 
Management Area (WMA), Grassy Waters Preserve (GWP), Loxahatchee Slough, the last remaining 
riverine cypress stands in southeast Florida in the Loxahatchee River, and the Loxahatchee River Estuary. 

The LRWRP seeks to address these goals by developing alternatives that will capture, store, and 
redistribute water currently lost to tide; rehydrate headwater natural areas that have been hydrologically 
impacted by excessive draining and water diversions; reduce peak discharges to the project’s estuarine 
systems; improve timing and distribution of water from the upstream watershed to increase the resiliency 
of freshwater riverine habitats to future sea-level changes; and reestablish connections among natural 
areas that have become spatially and/or hydrologically fragmented. If implemented, these actions will 
help restore more natural water deliveries, promote improved health and functionality of wetland and 
upland areas, and increase the quantity and quality of habitat available for native wildlife and vegetation. 

A.3.1 CERP and LRWRP Goals and Objectives 

Section 601(h) of WRDA 2000 states “[t]he overarching objective of the Plan is the restoration, 
preservation, and protection of the South Florida Ecosystem while providing for other water-related 
needs of the region, including water supply and flood protection”. These same objectives apply to the 
LRWRP study efforts (Table A-2). 

Table A-2. Goals and objectives of CERP and LRWRP. 

CERP Goal: Enhance Ecological Values – 
CERP Objective LRWRP Objective 

Increase the total spatial extent of 
natural areas Objective 3: Increase natural area extent of wetlands. 

Improve habitat and functional 
quality 

Objective 1: Restore wet and dry season flows of water to the National 
Wild and Scenic Northwest Fork of the Loxahatchee River and the river 
floodplain. 

Objective 2: Restore oysters, seagrass and other estuarine communities in 
the Loxahatchee River Estuary. 

Objective 4: Restore connections between Corbett WMA, Pal-Mar/Cypress 
Creek basin, Loxahatchee Slough, Grass Waters Preserve and Loxahatchee 
River to improve hydrology, sheetflow, hydroperiods, natural storage, and 
vegetation communities. 

Improve native plant and animal 
species abundance and diversity 

Objective 5: Restore native plant and animal species abundance and 
diversity in Loxahatchee River watershed natural areas, river, and estuary. 
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CERP Goal: Enhance Economic Values and Social Well Being – 
Increase availability of fresh water 
(agricultural/municipal & 
industrial) 

No corresponding objective. Potential incidental benefit to increase 
availability of water supply. 

Reduce flood damages 
(agricultural/urban) No corresponding objective. Potential incidental benefit. 

Provide recreational and 
navigation opportunities 

No corresponding objective, but project will provide recreational 
opportunities consistent with ecosystem restoration. 

Protect cultural and archeological 
resources and values 

No corresponding objective, but project will protect cultural and 
archeological resources and values. 

A.3.1.1 Background 

The NWFLR is one of Florida’s two federally designated Wild and Scenic Rivers and supports one of the 
last vestiges of native cypress floodplain swamp in southeast Florida. The river originates in both the 
Loxahatchee and the Hungryland Sloughs, located south of and west of the NWFLR. The Loxahatchee 
Slough, once a branch of the Everglades, was characterized by both sawgrass and ridge and slough 
habitats characteristic of the Greater Everglades. The C&SF Project cut off this connection and had 
unintended consequences of altering the hydrology of the Loxahatchee Slough and River (McVoy et al. 
2011). Downstream from these sloughs, the Northwest Fork receives additional input from the other 
major tributaries of the Loxahatchee River: Cypress Creek/Cypress Creek Canal, Hobe Grove Ditch, and 
Kitching Creek. A cypress river swamp community historically dominated the floodplain of the 
Loxahatchee River, with freshwater stream swamps and cypress communities present in the floodplain 
upstream from river mile 6.5 and dominant within the floodplain above river mile 8.0. Between 1957 and 
1958, the C-18 Canal and S-46 Structure, components of the C&SF Project, were constructed, cutting off 
the NWFLR from its watershed and channelizing the Southwest Fork of the Loxahatchee River. The flood 
control improvements resulted in reduced flows to the Northwest Fork by diverting freshwater that 
formerly flowed naturally to the Northwest Fork to the Southwest Fork. SFWMD constructed the G-92 
structure in the early 1980s to divert water from the C-18 to the Northwest Fork. However, altered 
drainage patterns and lowered groundwater levels due to canals, roads, and levees in many upper 
watershed natural areas still limit dry season flows in the river. The stabilization of Jupiter Inlet, coupled 
with diminished freshwater flows, further accelerated changes in the riverine SAV and floodplain plant 
communities, and ecological integrity, by allowing saltwater movement further into the Loxahatchee 
estuary. 

Collectively, the freshwater flow reductions facilitated the upstream movement of saltwater, which 
contributed to the substantial mortality of cypress trees and upstream encroachment by mangroves 
within the lower portions of the river. The freshwater portion of the river closest to tidal influence remains 
very vulnerable to future sea-level changes that may increase salinity effects. Additionally, natural 
wetlands upstream have developed degraded structure and function due to altered hydroperiods that 
have resulted from increased drainage and reduced connectivity. 

A.3.2 Plan Features 

The primary focus of the LRWRP is to restore flows to the river. USACE, SFWMD, and planning partners 
developed a recommended Tentatively Selected Plan (TSP) that includes the elements of Alt 5R, which is 
cost effective and a best buy according to USACE planning criteria; this alternative provides more than 
8,000 annual habitat units (HUs) over the future without project (FWO) for both the river/estuary 
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performance, and was cost effective for watershed/connectivity among the four evaluated plans (Error! 
Reference source not found.). No other alternative in the focused array of alternatives is cost effective for 
both river performance and watershed performance. The TSP will achieve 91% of dry-season flow targets 
to the Loxahatchee River 91% of the time compared to the FWO that achieves 65% of dry-season flow 
targets. Many stakeholders recommended that a spreader canal be added to Flow-way 3 to increase the 
watershed habitat units; in a future analysis the spreader canal’s cost-benefit ratio and contribution to 
project objectives will be evaluated. The USACE reviewed the performance and relative cost effectiveness 
of merging the natural storage of Alt 13 to Alt 10. The review of incremental benefit and costs of added 
Alt 13 natural storage features to Alt 10 demonstrated the resulting combination is still not cost effective 
for wetland benefits, and less cost effective for river benefits. 

Figure A-4. Tentatively Selected Plan – Alt 5R. 

The components of Alt 5R, the TSP, are organized into three geographic areas, or flow-ways. The flow-
ways are shown in Figure A-5, and their features are described in the following sections. 
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Figure A-5. General location of flow-ways. 

A.3.2.1 Flow-way 1 

Flow-way 1 is located in the southeast and southernmost portion of the project area. This flow-way uses 
the M-Canal and C-18 Canal to route water from upstream project area basins to the Loxahatchee River. 

A pump station will deliver up to 75 cfs to the M-Canal from Indian Trail Improvement District (ITID) Lower 
M-1 Basin when M-1 Basin canal stage conditions allow. Operations of the M-1 Basin allow for water to 
be pumped to the M Canal when stages in the M-1 Canal are above 17.0 ft NGVD29 (15.5 NAVD88) in the 
dry season and 15.0 ft NGVD29 (13.5 NAVD88) in the wet season. 

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 NWFLR. The structure will be 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. The operable structure will pass up to 150 cfs through two 60-inch 
diameter culvert barrels with a total length of 240 ft. 

The GWP Triangle is located northwest of the intersection of Beeline Highway (SR-710) and Northlake 
Boulevard. Hydrologic restoration of this area will be accomplished through earth work and strategic 
construction of a natural conveyance feature, a shallow swale with gentle slopes, running in an east to 
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west direction, which will allow water discharged from G-161 to be spread westward to help improve the 
hydroperiod in the area. The shallow swale will allow for a hydrologic connection between the western 
and eastern portions of the triangle. When water levels are high in the western triangle (or vice versa), 
this shallow swale will facilitate connectivity and equalization of the triangle hydrology, enabling storage 
and hydroperiod improvement. This provides flexibility to the system and improves the wetland storage 
capability. Water will move from the GWP Triangle to the C-18 Canal under a railroad bridge and through 
an existing culvert beneath the Beeline Highway. 

The G-160 structure is a reinforced concrete spillway designed to enhance delivery of the restoration flows 
to the NWFLR while maintaining water elevations within the Loxahatchee Slough. 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 2,000 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. 

A.3.2.2 Flow-way 2 

Flow-way 2 is located in the west central portion of the project area. Its primary canal conveyances are 
the M-O and C-18W Canals. Features in Flow-way 2 capture water from ITID and the J.W. Corbett WMA 
that otherwise would be delivered outside the Loxahatchee River Watershed, and redirect this water 
northward to the NWFLR to achieve restoration flow targets. The C-18W Reservoir and four ASR wells will 
store some of this water to be released during the dry season and establish a more natural seasonal timing 
of delivery to the river. 

A new M-O Connector Canal will link the eastern terminus of the M-O Canal, along the eastern border of 
the J.W. Corbett WMA, to the planned Seminole-Pratt Whitney Road culverts. The 3,500 feet long canal 
will bring excess water from the ITID upper basin to the culverts. Due to the topography of the area, water 
will need to be pumped from the M-O Canal to this connector canal. 

Two 36-in gated culvert structures will replace an existing sheet pile weir at the eastern edge of the J.W. 
Corbett WMA. The operable structure will help control discharges towards the reservoir while 
simultaneously providing improved ecological conditions within the J.W. Corbett WMA due to the 
operational flexibility during the wet and dry seasons and minimizing the likelihood that existing nearby 
berms would need to be modified. 

A multi-barrel culvert crossing under Seminole-Pratt Whitney Road will be sized to carry the overflow 
discharge from the new J.W. Corbett WMA operable structure and the M-O connector to the new seepage 
canal for the C-18W Reservoir. The water will be pumped from the seepage canal into the reservoir at a 
rate of 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. 

The C-18W Reservoir is a 9,500 ac-ft aboveground reservoir on approximately 1,600 acres of a 1,920 acre 
former citrus grove. The reservoir 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 for delivery to Lainhart Dam and the Loxahatchee River 
downstream. The embankment height will be approximately 18.5 ft above natural ground elevation with 
a normal design pool depth of approximately 7.5 ft and a normal pool elevation of 27.5 ft NAVD88. 
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The main inflow/discharge canal for the C-18W Reservoir is located between the C-18W Canal and the 
northern embankment of the reservoir. A 300 cfs inflow pump station will bring available water into the 
reservoir from the C-18W Canal. The reservoir will have two main outflow structures 1) a gated culvert 
discharge structure for normal operations; and 2) an emergency overflow spillway. Both will be along the 
northern side of the reservoir. The normal discharge structure will include dual 48-in diameter culverts 
that discharge 300+ cfs, depending on the stages within the reservoir. The proposed overflow structure 
will be a 50 ft wide concrete spillway crest at an elevation lower than the embankment elevation. 

The seepage management system design for the C-18W Reservoir will vary depending on location. A soil-
bentonite slurry seepage cut-off wall will be installed adjacent to the residential community to the south, 
the proposed development to the east, and the FWC Palm Beach County Shooting Sports Park to the 
northwest. The total length for all seepage wall segments is approximately 2.5 miles. Other areas adjacent 
to the reservoir will maintain seepage through the use of seepage collection canals. The western seepage 
canal will receive water from the J.W. Corbett WMA operational structure and the M-O Connector Canal 
in addition to seepage from the reservoir. A 250 cfs pump station in this western canal will pump canal 
water into the C-18W Reservoir. 

A four well 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 source of 
surface water for aquifer recharge will be a canal along the western margin of the C-18W Reservoir or 
directly from the C-18W Reservoir. Each well will pump surface water into the Floridan Aquifer System at 
5 million gallons per day (MGD). Water will be recovered at a rate of 5 MGD and discharged into the C-18 
Reservoir, for subsequent distribution into the C-18W Canal. 

A.3.2.3 Flow-way 3 

Flow-way 3 is located the northern portion of the project area, within southern Martin County, and 
consists of the watersheds within the northern portion of the project study area. Flow-way 3 actions 
include installing plugs, backfill, and adding water control structures in canals and ditches to reduce 
overdrainage, restore water levels in semi-drained wetlands, and restore base flow to the NWFLR. A flow-
through wetland will capture pulsed discharges of water from northern and western agricultural areas 
and retain the water for on-site benefits and for improved timing of release to the river. Pumps and berm 
improvements will ensure that nearby residential and agricultural areas will not be adversely impacted by 
the changed hydrology of the restored wetlands. 

Pal-Mar East (Nine Gems): On the Pal-Mar East property, internal drainage canals will be filled and small 
drainage pipes and culverts will be removed to reduce drainage and improve hydroperiods and ecology 
within the area. Minor improvements to existing berms 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. 

The existing canal along south & west sides of Pal-Mar East will be [plugged or backfilled. This will improve 
connectivity of Culpepper with Nine Gems and allow water to flow from Culpepper to Nine Gems rather 
than being captured in the existing canal. This canal provides drainage for Thomas Pepper Farm, so 
alternative drainage for the farm will be required. 

Thomas Pepper Farm: The Thomas Pepper farm is located to the west of Pal-Mar East Property and Pratt 
Whitney Road (SR-711). Because the canal and ditch removals for restoration of Pal-Mar East will disrupt 
the existing drainage for the farm, an existing drainage ditch that runs along the northern boundary of 
Pal-Mar will be deepened and/or widened to handle additional flow from the pepper farm. A new culvert 
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and pump will be required to re-route the farm’s drainage under Pratt-Whitney Road and into the newly 
expanded drainage canal. 

Cypress Creek Canal (also known as Ranch Colony Canal): Modifications to four Culpepper control 
structures include increasing the inlet control elevations and making the structures operable to achieve a 
more desirable hydroperiod within the Culpepper property of Pal-Mar East, while simultaneously reducing 
discharges into the Cypress Creek Canal. 

Berm improvements along the Cypress Creek Canal and along the eastern border of Pal-Mar East (western 
border of the Ranch Colony Community) will provide a uniform 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. 

A new control structure near the eastern end of the Cypress Creek Canal will improve management of 
water elevations within the canal during the wet and dry season. The structure will be 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. During the dry season, the gates will hold additional water in the canal, 
assisting in the improvement of groundwater levels by reducing groundwater draw down in Pal-Mar East 
and the Cypress Creek Natural Area. During the wet season, the gates will help maintain restoration target 
states in Pal-Mar East and the Cypress Creek Natural Area. The gates will open to allow high volume flows 
to pass without causing adverse flooding to nearby private property. The design will maintain or improve 
the current flood protection for the surrounding developments. 

Gulfstream West: The Gulfstream West flow-through marsh feature will pump water from the existing 
Hobe St. Lucie Conservancy District (HSLCD) drainage canal into a series of collection ditches and spreader 
berms that will promote sheetflow and re-hydration of the 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. A perimeter levee will ensure water is held on-site. A 250 cfs pump will 
discharge runoff from Thomas Pepper Farm, HSLCD and Pal-Mar East into the flow through marsh. The 
existing HSLCD discharge canal will be straightened and used as a bypass canal if runoff exceed 250 cfs or 
when water elevations within the flow-through marsh exceed an average depth of 3 feet. 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 Cypress Creek Canal structure. 

Gulfstream East and Moonshine Creek: The existing drainage ditches in Gulfstream East will be filled and 
the site will be re-graded to the historical topography. The Hobe Grove Ditch and Moonshine Creek are 
partially separated due to heavy vegetation and sediment. The proposed feature will 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 
7.5 ft NGVD29 (6 ft NAVD88). 

Kitching Creek: A spreader swale will 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. A sheet pile weir will be constructed in the ditch upstream of 
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the main Kitching Creek channel at elevation 12.0 ft NGVD to aid in the dispersion of water into the 
spreader system. 

Mack Dairy Spreader Swale: The Mack Dairy Spreader Swale will extend approximately 3,500 feet south 
from the Cypress Creek Canal, parallel to Mack Dairy Road. It will have an average depth of 3 feet, bottom 
width of 5 feet, 3H:1V side slopes, and the western edge of the spreader will be higher elevation than the 
eastern edge. A 50 cfs pump station will send water from the Cypress Creek Canal into the spreader swale. 
This spreader swale will assist in distributing water in a southerly direction, then allowing the natural 
topography to cause the water to flow east across the Cypress Creek Natural Area toward the Loxahatchee 
River, restoring historical flow patterns. The easterly forks of Cypress Creek will be re-graded to maintain 
low flow velocities and promote native vegetation. 

A.3.3 Project Authority 

The Water Resources Development Act of 2000 (WRDA 2000) was authorized on Dec 11, 2000 (Public Law 
No. 106-541, 106th Congress). Title VI, Section 601 of the Act provides for and guides modifications to the 
Central and Southern Florida project and describes authorizations specific to the CERP. Section 601(b)(A) 
“Comprehensive Everglades Restoration Plan Approval” provides authority for CERP. 

(b) Comprehensive Everglades Restoration Plan Approval – (A) IN GENERAL. —Except as modified by this 
section, the Plan is approved as a framework for modifications and operational changes to the Central 
and Southern Florida Project that are needed to restore, preserve, and protect the South Florida 
ecosystem while providing for other water-related needs of the region, including water supply and flood 
protection. The Plan shall be implemented to ensure the protection of water quality in, the reduction of 
the loss of fresh water from, and the improvement of the environment of the South Florida ecosystem 
and to achieve and maintain the benefits to the natural system and human environment described in the 
Plan, and required pursuant to this section, for as long as the project is authorized. 

Section 601(d) “Authorization of Future Projects” provides the authority for the preparation of the Project 
Implementation Report. 

(1) IN GENERAL- Except for a project authorized by subsection (b) or (c), any project included in the Plan 
shall require a specific authorization by Congress. 

(2) SUBMISSION OF REPORT- Before seeking congressional authorization for a project under paragraph 
(1), the Secretary shall submit to Congress— 

(A) a description of the project; and 

(B) a project implementation report for the project prepared in accordance with subsections (f) and (h). 

A.4 Description of Existing Conditions, Listed Species, and Designated Critical Habitat 

This section describes existing conditions within the action area and provides a brief description of each 
region of the study area. 
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A.4.1 Existing Conditions 

The Loxahatchee River Watershed drains an area of approximately 240 square miles, much of which is 
undeveloped sloughs and wetlands. In the upper portion of the watershed, nearly half of the drainage 
basin is comprised of wetlands. Agricultural and forested uplands in the northern area of the basin 
comprise one quarter of the watershed. The remaining quarter is developed urban areas (SFWMD 2006). 
There are two dominant topographical features within the project area -- a ridge along the eastern project 
boundary referred to as the Atlantic Coastal Ridge, and a lower plain, known as the Osceola Plain, which 
originates at the southern extent of what is now the L-8 Basin and extends north of the project study area. 
Both of these features played a significant historic role in subtly directing surficial flows to various natural 
systems. The construction of the L-8 levee and borrow canal essentially severed these areas from the 
historic Everglades. 

The Atlantic Coastal Ridge comprises broad, low dunes and ridges with elevations typically ranging from 
10 to 25 feet National Geodetic Vertical Datum 1929 (NGVD 29). This ridge area ranges from two to four 
miles in width from its northern edge within the project study area to its southern edge in Miami. Within 
the project study area, the Atlantic Coastal Ridge is a relatively continuous topographical feature, with 
distinct slopes to the southern extent of the Indian River Lagoon and gradually west to the Loxahatchee 
River Estuary. The highest elevation in the project study area, 86 feet, is located along the Atlantic Coastal 
Ridge within JDSP. Just south of the Loxahatchee River Estuary in the area that is north of what is now 
Donald Ross Road, the ridge is nondescript. Freshwater flows from the western extent of the project study 
area reached the LWL to the east of the ridge through this low area. 

The Osceola Plain is the second dominant topographical feature within the project study area. It consists 
of a subtle plain located within what is now the Pal-Mar and L-8 Basins. This plain generally originates 
north of the southern portion of the project study area and east of what is now the L-8 Canal. The plain 
begins at an elevation of 16 to 20 feet in the southern portion of the L-8 Basin where it continues north 
to an elevation of approximately 21 to 25 feet and then 26 feet and greater just north of the northern 
project study area. Within the plain, there are also slight variations in topography. In some instances, 
nondescript depressions provide an east to west linear variation in topography. One such depression is 
located almost exactly where the west leg of the C-18 Canal exists today and provided flows from the 
eastern extent of the plain, now the L-8 Basin, to the Loxahatchee Slough and ultimately the Northwest 
and Southwest Forks of the Loxahatchee River. 

Key natural areas of the project area include Jonathan Dickinson State Park (JDSP), Cypress Creek, Pal-
Mar, J.W. Corbett WMA, Dupuis Management Area, Loxahatchee Slough and Grassy Water Preserve 
(GWP) Water Catchment Area. These key areas are a mosaic of upland and wetland systems comprised of 
at least nine major habitat types. The seven wetland habitat types include freshwater depression marsh, 
dome swamp, floodplain swamp, strand swamp, hydric hammock, wet prairie, and hydric flatwoods. The 
two upland habitat types include mesic flatwoods and mesic hammock communities. The project area 
includes the Loxahatchee National Wild and Scenic River and the Loxahatchee Estuary. The Loxahatchee 
Estuary’s central embayment is located at the center of three major tributaries: the Northwest Fork, the 
Southwest Fork and the North Fork of the Loxahatchee River. 

JDSP – JDSP is located in the northeast section of the project area within Martin and Palm Beach Counties 
and is comprised of 11,471 acres. The park contains portions of several branches of the Loxahatchee River 
and its upstream tributaries (Northwest Fork, upper reaches of the North Fork, Cypress Creek, Moonshine 
Creek, Hobe Grove Ditch, Wilson’s Creek, and Kitching Creek). 
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Cypress Creek – The NWFLR, one of Florida’s two federally-designated Wild and Scenic Rivers, is a natural 
river channel that originates in the Loxahatchee and Hungryland Sloughs 
(https://www.rivers.gov/rivers/loxahatchee.php). Downstream from these sloughs, the NWFLR receives 
additional input from the other major tributaries of the Loxahatchee River: Cypress Creek/Ranch Colony 
Canal, Hobe Grove Ditch, and Kitching Creek. A cypress river swamp community historically dominated 
the floodplain of the Loxahatchee River with freshwater stream swamps and cypress communities present 
upstream from river mile 6.5 and dominant within the floodplain above river mile 8.0 (Error! Reference 
source not found.). 

Pal-Mar – Pal-Mar encompasses more than 37,000 acres in southern Martin and northern Palm Beach 
counties, and forms a linkage between J.W. Corbett WMA and JDSP. Cypress Creek historically drained 
the Pal-Mar area as well as the Cypress Creek sub-basin and the agricultural areas. Due to the 
transformation of the historic creek into the Cypress Creek Canal and the diversion of water from the 
historic creek into the Ranch Colony Canal, flows into the creek have been greatly altered and it is no 
longer a receiving body of Pal-Mar surface water. Pal-Mar is primarily a natural area and most of western 
Pal-Mar occurs as wetland/upland communities including depression marsh, wet prairie, dome and strand 
swamps, pine flatwoods and sloughs. The wetlands and uplands in western Pal-Mar are primarily intact, 
though several small parcels within Pal-Mar have been developed for agricultural use. However, the 
Groves Basin, also known as Pal-Mar East, has undergone significant hydrological changes. More than 90 
percent of this area has been converted to agricultural use and most of the historic wetlands in this area 
are overdrained and have converted to uplands. The loss of these wetlands has further altered the 
hydrology of Cypress Creek and the NWFLR. 

J.W. Corbett WMA – J.W. Corbett WMA encompasses approximately 62,000 acres and is located in the 
northwest section of the project area. It contains extensive hydric/mesic flatwoods, depression marshes, 
wet prairies, strand and dome swamps and hydric/mesic hammocks. An intact Everglades sawgrass marsh 
ecosystem occurs along the southern boundary of J.W. Corbett WMA, and is considered a remnant portion 
of the Greater Everglades ecosystem. 

Dupuis Management Area – The DuPuis Management Area is a 21,875-acre multi-use natural area located 
in northwestern Palm Beach and southwestern Martin counties. The property is interspersed with 
numerous ponds, wet prairies, cypress domes, pine flatwoods and remnant Everglades marsh. The area 
provides miles of hiking and horseback trails, an equestrian center, graded vehicle roads, backpack and 
group campsites and seasonal hunting. Prior to SFWMD acquisition in 1986, the property was a ranch for 
Dutch white-belted cattle, sheep and goats. By 2001, more than 6,500 acres of wetlands on DuPuis were 
restored through a three-step program. Land managers plugged old drainage ditches, repaired a levee at 
the southern boundary to restore former Everglades marsh, and reconnected a portion of the flow from 
the adjacent J.W. Corbett Wildlife Management Area. 

Loxahatchee Slough – The Loxahatchee Slough was historically one of the most prominent flow ways in 
the study area and contained a large portion of the historic headwaters of the Northwest and Southwest 
Forks of the Loxahatchee River. The 11,000 acre site is the single most ecologically-diverse tract of 
protected land in Palm Beach County, including nine distinct community types, the largest of which are 
comprised of oak hammock and slough habitats. The slough used to extend all the way to what is now 
Loxahatchee National Wildlife Refuge, but has been cut off by the levees that surround the Refuge and by 
the C-51 and C-18 canals. These features have altered historic drainage patterns in this area and have 
promoted the spread of the invasive exotic tree melaleuca. 
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GWP/ Water Catchment Area – The southern half of the historical Loxahatchee Slough was impounded 
to form the Grassy Waters Preserve (GWP). GWP, also known as the West Palm Beach Water Catchment 
Area, is a 12,800 acres (20 square miles) managed wetland ecosystem, which is owned and operated by 
the City of West Palm Beach. GWP serves as a surface water catchment, groundwater recharge and 
storage system for public water supply. The City’s management of the GWP as an element of the water 
supply system has protected and sustained most of this system in a high quality wetland condition. The 
wetlands within this catchment area include wet prairies (sawgrass and spikerush), sloughs and cypress 
and other tree islands configured in a remarkably natural mosaic, and these wetlands are functioning at 
very high levels. 

The hydrologic conditions in the tributary basins of the Loxahatchee Estuary have been altered by the 
construction of canals, channelization of natural waterways, drainage and/or impoundment of wetlands, 
and increased groundwater withdrawals. The construction of the C-18 Canal and the S-46 Discharge 
Structure has resulted in increased (sometimes excessive) discharges into the estuary. Lack of storage in 
those tributary basins results in periods of excessive freshwater inflow, followed by periods of insufficient 
freshwater inflow. The net result is an unnatural oscillation of salinity conditions. Large pulsed releases 
cause impacts to seagrasses, shellfish populations, and other fish and invertebrate communities residing 
in the estuary. 

The diverse ecosystem encompassing the project area supports invertebrate and vertebrate taxa. Aquatic 
macro invertebrates form a vital link between the algal and detrital food web base of freshwater wetlands 
and the fishes, amphibians, reptiles, and wading birds that feed upon them. Important macro 
invertebrates of the freshwater aquatic community include crayfish (Procambarus alleni), riverine grass 
shrimp (Palaemonetes paludosus), amphipods (Hyallela aztecus), Florida apple snail (Pomacea paludosa), 
Seminole ramshorn (Planorbella duryi), and numerous species of aquatic insects (USACE 1999). 

Small freshwater marsh fishes are also important processors of algae, plankton, macrophytes, and macro 
invertebrates. Marsh fishes provide an important food source for wading birds, amphibians, and reptiles. 
Common small freshwater marsh species include the native and introduced golden topminnow (Fundulus 
chrysotus), least killifish (Heterandria formosa), Florida flagfish (Jordenella floridae), golden shiner 
(Notemigonus crysoleucas), sailfin molly (Poecilia latipinna), bluefin killifish (Lucania goodei), oscar 
(Astronotus ocellatus), eastern mosquitofish (Gambusia holbrookii), and small sunfishes (Lepomis spp.) 
(USACE 1999). The density and distribution of marsh fish populations fluctuates with seasonal changes in 
water levels. Populations of marsh fishes increase during extended periods of continuous flooding during 
the wet season. As marsh surface waters recede during the dry season, marsh fishes become concentrated 
in areas that hold water through the dry season. Concentrated dry season assemblages of marsh fishes 
are more susceptible to predation and provide an important food source for wading birds (USACE 1999). 

Numerous fishes occur in sloughs and canals. Common species include largemouth bass (Micropterus 
salmoides), bluegill (Lepomis macrochirus), redear sunfish (Lepomis microlophus), black crappie (Pomoxis 
nigromaculatus), Florida gar (Lepisosteus platyrhincus), threadfin shad (Dorosoma petenense), gizzard 
shad (Dorosoma cepedianum), yellow bullhead (Ameiurus natilis), white catfish (Ameiurus catus), bowfin 
(Amia calva), and tilapia (Tilapia spp.) (USACE 1999). These fishes are important forage for many species 
such as wading birds, alligators, otters, raccoons, and mink. 

The freshwater wetland complex supports a diverse assemblage of reptiles and amphibians. Common 
amphibians include the greater siren (Siren lacertina), Everglades dwarf siren (Pseudobranchus striatus), 
two-toed amphiuma (Amphiuma means), pig frog (Lithobates grylio), southern leopard frog (Lithobates 
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sphenocephala), Florida cricket frog (Acris gryllus), southern chorus frog (Pseudacris nigrita), squirrel tree 
frog (Hyla squirela), and green tree frog (Hyla cinerea) (USACE 1999). Amphibians represent an important 
forage base for wading birds, alligators, and larger predatory fishes. Common reptiles of freshwater 
wetlands include the American alligator (Alligator mississippiensis), snapping turtle (Chelydra serpentina), 
striped mud turtle (Kinosternon bauri), mud turtle (Kinosternon subrubrum), cooter (Chrysemys floridana), 
Florida chicken turtle (Deirochelys reticularia), Florida softshell turtle (Apolone ferox), cooters (Pseudemys 
spp.), water snakes (Nerodia spp.), mud snake (Francia abacura), eastern ratsnake (Pantherophis 
obsoletus), and Florida cottonmouth (Agkistrodon piscivorus) (USACE 1999). 

Current eBird reports indicate 304 and 396 resident and migratory bird species have been observed in 
Martin and Palm Beach counties, respectively. Project implementation would benefit all bird species by 
committing lands to the project instead of the uncertainty of future development. Project features that 
are also top birding hot spots in Martin County include JDSP (189 observed species), DePuis WEA (156 
observed species), and Hungryland WEA (110 observed species) (eBird https://ebird.org/region/US-FL-
085?yr=all&m=&rank=mrec, accessed September 26, 2018). Project features that are also top birding hot 
spots in Palm Beach County include Loxahatchee National Wildlife Refuge (244 observed species), 
Loxahatchee Slough (168 observed species), J. W. Corbett WMA (167 observed species), and Grassy 
Waters Nature Preserve (127 observed species) (eBird https://ebird.org/region/US-FL-
099?yr=all&m=&rank=mrec, accessed September 26, 2018). Restoring wetlands across the project area 
would have moderate to major long-term beneficial effects for numerous species. Aquatic invertebrate 
and fish populations would increase, resulting in increased foraging opportunities for the variety of 
species that forage on aquatic prey. Wading birds would be benefited by increased foraging habitat 
dispersed across the landscape. Increased wetland acreage would produce moderate to major long-term 
benefits for the variety of raptors, including osprey, bald eagle, and snail kites, plus cormorants, anhingas, 
and other birds that forage on aquatic invertebrates, fish, and herptiles. Waterfowl would likely be 
attracted to the reservoir, although its productivity would be limited since a broad littoral zone of 
emergent vegetation is not planned for the reservoir perimeter. Forested or upland bird species (turkey, 
bobwhite quail, and songbirds) may lose habitat within areas that shift from mesic to hydric flatwoods. 
The conversion of uplands, such as fallow citrus groves, to wetlands or agriculture to water storage 
features would reduce available habitat for some insectivorous or frugivorous birds such as mourning and 
ground doves, and sparrows that forage in these habitats. 

The freshwater wetlands of the Everglades are noted for their abundance and diversity of colonial wading 
birds. Common wading birds include the white ibis (Eudocimus albus), glossy ibis (Plegadus falcenellus), 
great egret (Ardea albus), great blue heron (Ardea herodias), little blue heron (Egretta caerulea), 
tricolored heron (Egretta tricolor), snowy egret (Egretta thula), green heron (Butorides virescens), cattle 
egret (Bubulcus ibis), black-crowned night heron (Nycticorax nycticorax), yellow-crowned night heron 
(Nycticorax violacea), roseate spoonbill (Platalea ajaja), and wood stork (Mycteria americana) (USACE 
1999). 

Mammals that are well-adapted to the aquatic and wetland conditions of the freshwater marsh complex 
include the rice rat (Oryzomys palustris natator), round-tailed muskrat (Neofiber alleni), and river otter 
(Lotra canadensis). Other mammals that may occur transitorily in freshwater wetlands include the white-
tailed deer (Odocoileus virginianus), Florida panther (Puma concolor coryi), bobcat (Lynx rufus), and 
racoon (Procyon lotor). 

The Loxahatchee estuary supports fish and wildlife species found in estuarine and marine habitats. 
Seagrasses, macroalgae, and other submerged aquatic vegetation provide important habitat and nursery 
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grounds for several fish species. Many fish species spend part or all of their life in the estuary. Common 
recreational and commercial fish species include mutton snapper (Lutjanus analis), yellowtail snapper 
(Ocyurus chrysurus), lane snapper (Lutjanus synagris), yellowtail parrot fish (Sparisoma rubripinne), gag 
grouper (Mycteroperca microlepis), pinfish (Lagodon rhomboids), tarpon (Megalops atlanticus), common 
snook (Centropomus undecimalus), crevalle jack (Cranx hippos), spotted sea trout (Cynoscion nebulosus), 
redfish (Sciaenops ocellatus), mullet (Mugil spp.), and sheepshead (Archosargus probatocephalus). The 
estuary supports several important estuarine commercial species: blue crabs, stone crabs, hard clams, 
and oysters. Submerged aquatic vegetation and algal communities are also common foraging areas for 
the green sea turtle. The estuary provides forage for wading birds and seabirds (gulls, terns, pelicans, and 
others), and marine mammals (manatees and Atlantic bottlenose dolphin [Tursiops truncates]). 

A.4.2 Federally Listed Species 

The USACE coordinated with NMFS to assess potential affects to federally-listed marine species, listed 
fish, whales, and sea turtles at sea, which are listed animals and plants not regulated by USFWS, and which 
are covered under the CERP Programmatic Biological Opinion (Table A-3). Johnson’s seagrass occurs in 
the Loxahatchee estuary. Gulf sturgeon and smalltooth sawfish are estuarine fish. Sea turtles are pelagic 
but may nest on beaches. Southeast Florida shallow-water habitat offshore of Martin and Palm Beach 
counties includes the coral communities of the northern florida reef tract, marine benthos of nearshore 
benthic habitat in 0 m to 10 m depth offshore. Martin County has a lower diversity and density of stony 
corals and deep water corals as well as different fish species, a mix of temperate and tropical species, than 
Palm Beach County. 

Table A-3. Federally listed species managed by NOAA - NMFS. 

Group Common Name Scientific Name 
Federal 
Status 

USACE 
Determination 

of Project 
Effect 

Rationale for 
Determination 

Fish Gulf sturgeon Acipenser oxyrinchus 
desotoi 

E, CH NE CERP 2013 1 

Fish smalltooth sawfish Pristia pectinata E, CH NE CERP 2013 
Reptile green turtle Chelonia mydas T NE CERP 2013 
Reptile hawksbill turtle Eretmochelys imbricata E NE CERP 2013 
Reptile Kemp’s ridley turtle Lepidochelys kempii E NE CERP 2013 
Reptile leatherback turtle Dermocheylys coriacea E NE CERP 2013 
Reptile olive ridley turtle Lepidochelys olivacea T NE CERP 2013 
Coral elkhorn coral Acropora palmata T, CH NE Not within 

project area 
Coral staghorn coral Acropora cervicornis T, CH NE Not within 

project area 
Coral (boulder) star coral Montastraea (Orbicella) 

franksii 
T NE Not within 

project area 
Coral mountainous star 

coral 
Montastraea (Orbicella) 
faveolata 

T NE Not within 
project area 

Coral pillar coral Dendrogyra cylindrus T NE Not within 
project area 
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Group Common Name Scientific Name 
Federal 
Status 

USACE 
Determination 

of Project 
Effect 

Rationale for 
Determination 

Coral rough cactus coral Mycetophyllia ferox T NE Not within 
project area 

Coral lobed star coral Montastraea (Orbicella) 
annularis 

T NE Not within 
project area 

Plant Johnson’s seagrass Halophila johnsonii T; CH MANLAA CERP 2013 
Notes: E: Endangered, T: Threatened, CH: Critical Habitat; Pr E: Proposed Endangered; Pr CH: Proposed Critical 
Habitat. 1: Determination covered in NMFS CERP programmatic consultation 12/17/2013. 

FWS provided a list of federally-listed threatened and endangered species that are either known to exist 
or potentially exist within the project area and, therefore, may be affected by the proposed project (FWS 
2017) (Table A-3). FWS added red-cockaded woodpecker to the list of potentially affected species in the 
Fish and Wildlife Coordination Act report transmitted to USACE on February 1, 2019. 

Table A-4. Federally listed species managed by USFWS. 

Group Common Name 
Scientific 

Name 
Federal 
Status 

USACE 
Determination 

of Project 
Effects 

Rationale for 
Determination 

Mammals Florida manatee Trichechus 
manatus 

Threatened MANLAA Restoration of 
freshwater 
discharge patterns 
to LR and St. Lucie 
estuary will have a 
beneficial effect 
on manatee 
habitat and the 
population. 

Mammals Florida manatee Trichechus 
manatus 

Critical 
Habitat 

MANLAA Designated critical 
habitat not 
affected by project 
construction; 
beneficial effects 
with improved 
riverine hydrology. 

Mammals Florida panther Puma 
(=Felis) 
concolor 
coryi 

Endangered NE Project area is not 
within the primary 
or secondary 
concentration 
areas. 

Mammals Florida bonneted bat Eumops 
floridanus 

Endangered MANLAA Colonial. Roosts in 
cliff crevices, tree 
cavities and 
buildings; tree 
removal could 
reduce roosting 
habitat; 
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Group Common Name 
Scientific 

Name 
Federal 
Status 

USACE 
Determination 

of Project 
Effects 

Rationale for 
Determination 

restoration of 
hydrologic 
patterns to 
freshwater 
wetlands could 
improve insect 
population and 
foraging 
opportunities; pre-
construction 
surveys to avoid 
construction-
related impacts 
will be conducted. 

Birds Audubon's crested 
caracara 

Polyborus 
plancus 
audubonii 

Threatened MA Restoration of 
hydrologic 
patterns to 
freshwater 
wetlands; 
reduction of 
agricultural land; 
pre-construction 
surveys will be 
conducted to 
identify nest trees; 
ongoing surveys as 
needed during 
construction. 

Birds Everglade snail kite Rostrhamus 
sociabilis 
plumbeus 

Endangered MANLAA Restoration of 
hydrologic 
patterns to 
freshwater 
wetlands; 
increased foraging 
area in 
Loxahatchee 
Slough and Pal-
Mar, additional 
water from 161 
through GWP to 
river not expected 
to alter 
hydroperiods; 
improved foraging 
opportunities. 

Birds Everglade snail kite Rostrhamus 
sociabilis 
plumbeus 

Critical 
Habitat 

NE Outside Final 
Critical Habitat. 

Page 202 of 319



   
 
 

 
 

 
 
 

   
 

   

 
 
 

 
 

 
 

  

 
 
 

 
 
 

 

 
 
 

  

 
 
 

 
 

 
 

  
 

 
 

  
 

 
 
 
 

 
 

 
  

 
 

  

 
 

 

 

 

 
 

  
   

 

 
 

 

 

 

  

 

  

 

Group Common Name 
Scientific 

Name 
Federal 
Status 

USACE 
Determination 

of Project 
Effects 

Rationale for 
Determination 

Birds Wood stork Mycteria 
americana 

Threatened MANLAA Restoration of 
hydrologic 
patterns to 
freshwater 
wetlands; 
consistent with 
natural flow 
regimes 
(Loxahatchee 
Slough, Nine 
Gems);no adverse 
effects to 
recession rates; Alt 
5 does not change 
Culvert 10-A 
conditions; 
increase in 
freshwater piscine 
populations; 
improved foraging 
opportunities; 
crayfish eversion 
of contaminated 
soils will be 
avoided by 
maintaining 
impoundment 
water depth of ≥6 
inches to prevent 
stork 
bioaccumulation 
of contaminants; 
volitional 
avoidance. 

Birds Red-cockaded 
woodpecker 

Picoides 
borealis 

Endangered NE Existing 
populations are 
located within 
protected natural 
areas. No adverse 
effects to existing 
habitat and/or 
populations are 
anticipated 

Reptiles Eastern indigo snake Drymarchon 
corais 
couperi 

Threatened MA Restoration of 
hydrologic 
patterns to 
freshwater 
wetlands 
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Group Common Name 
Scientific 

Name 
Federal 
Status 

USACE 
Determination 

of Project 
Effects 

Rationale for 
Determination 

(primarily seasonal 
depression 
marsh); increased 
area of freshwater 
marsh edges 
(foraging habitat); 
areal loss from 
MECCA 
impoundment; 
Standard 
protection and 
conservation 
measures will be 
implemented 
during 
construction. 

Flowering 
Plants 

Okeechobee gourd Cucurbita 
okeechobee 
nsis 

Endangered NE Not known to 
occur in project 
area. 

Notes: FWS species list cited in letter re Loxahatchee River Watershed Restoration Project, April 20, 2017; 
red-cockaded woodpecker included in FWCAR dated February 1, 2019; E: Endangered, T: Threatened, SC: 
Species of Special Concern, SA: Similarity of Appearance, CH: Critical Habitat; Pr E: Proposed Endangered; 
Pr CH: Proposed Critical Habitat. 

A.4.3 Designated Critical Habitat 

Designated critical habitat for Florida manatee occurs within the project area. A map of critical habitat 
locations is provided within the manatee effects determination section. 

A.5 Effects Determinations 

Species were evaluated based on the existing conditions, which includes ongoing operations of 
constructed water management facilities and features, and the Future Without Project (FWO) conditions. 

A.5.1 “No Effect” Determinations 

USACE reviewed the species’ life history requirements and made a determination that the project will 
have no effect on Florida panther, red-cockaded woodpecker, or Okeechobee gourd, as discussed in the 
following sub-sections. 

The National Marine Fisheries Service provided the CERP Programmatic Letter of Concurrence (December 
17, 2013) in response to the USACE’ determinations of No Effect for species that occur within the project 
area. 
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A.5.1.1 Florida Panther 

USACE has determined that the LRWRP will have no effect on Florida panther. The LRWRP project area is 
not within the panther focus zone (primary, secondary, dispersal zones and dispersal/expansion areas) of 
Florida panther habitat as shown on the revised Panther Key and Panther Focus Area Map used in 
determining effects to the Florida panther (USFWS 2007). Using the effects determination key, the Project 
is greater than 1 acre in size and will have a net increase and/or change in vehicle traffic patterns or other 
identifiable effects to panthers or their habitat during intermittent construction projects. The FWC 
Panther Sightings Map indicates that the nearest sighting to the LRWRP project area was at Allapattah 
Falls in November 2015 (https://public.myfwc.com/hsc/panthersightings/ MapPoints.aspx, accessed 
September 5, 2018) (Figures A-6, A-7, A-8). 

The panther, also known as cougar, mountain lion, puma and catamount, was once widely distributed in 
North and South America, but it is now generally extirpated in the eastern United States. In Florida, the 
subspecies known as the Florida panther, one of 30 cougar subspecies, has a restricted range centered in 
southwest Florida. The population estimate for the areas south of the Caloosahatchee River identified as 
suitable breeding habitat based on a habitat analysis by Kautz et al. (2006) is 120 to 230 adult and subadult 
Florida panthers (FWC 2017). Preferred habitat consists of cypress swamps, pine and hardwood hammock 
forests. Males have a home range of up to 400 square miles and females about 50 to 100 square miles. 
The main diet of the Florida panther consists of white-tailed deer, wild hog, rabbit, raccoon, armadillo and 
birds. The main survival threats to the Florida panther include habitat loss due to human development 
and population growth, collision with vehicles, parasites, feline distemper, feline alicivirus (an upper 
respiratory infection), and other diseases. 

Figure A-6 Florida panther consultation zones in south Florida (source: Kautz et al. 2006). 
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Figure A-7. Florida panther observation in LRWRP project area (source: FWC, accessed October 17, 
2018). 

Figure A-8. Florida panther observation ID2759 (source: FWC, accessed October 17, 2018). 
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A.5.1.2 Red-cockaded Woodpecker 

USACE has determined that the LRWRP would have no effect on red-cockaded woodpecker because the 
known populations occur within protected natural areas in the project area, and the TSP is not projected 
to change the habitats where known populations occur. 

Red-cockaded woodpeckers often nest in wet pine flatwood and formerly occurred in JDSP and other 
locations within the project area. In 1999, only about 25 clans composed of two to eight individuals were 
known to occur within J.W. Corbett WMA. Since 2006, 92 of these birds have been relocated from public 
land in Florida and Georgia to the Dupuis WMA in the western watershed. An average of 45% of these 
woodpeckers have stayed in the area for a least one year. Additionally, the number of breeding pairs and 
young produced has increased, and in 2015 12 breeding pairs produced 17 fledglings 
(http://www.ces.fau.edu/dupuis/wildlife-studies.php). The most unprotected area for the red-cockaded 
woodpecker is Pal-Mar, which creates a corridor from J.W. Corbett WMA to JDSP (TCRPC, 1999). No 
adverse effects to red-cockaded woodpeckers are anticipated due to their occurrence on already-
protected conservation lands. 

RCWs were once considered common throughout the longleaf pine ecosystem, which covered 
approximately 90 million acres before European settlement. Historical population estimates are 1-1.6 
million "groups", the family unit of RCWs. The birds inhabited the open pine forests of the southeast from 
New Jersey, Maryland and Virginia to Florida, west to Texas and north to portions of Oklahoma, Missouri, 
Tennessee and Kentucky. 

The red-cockaded woodpecker makes its home in mature pine forests. Longleaf pines (Pinus palustris) are 
most commonly preferred, but other species of southern pine are also acceptable. While other 
woodpeckers bore out cavities in dead trees where the wood is rotten and soft, the red-cockaded 
woodpecker is the only one which excavates cavities exclusively in living pine trees. Cavities are excavated 
in mature pines, generally over 80 years old. The older pines favored by the red-cockaded woodpecker 
often suffer from a fungus called red heart disease which attacks the center of the trunk, causing the inner 
wood, the heartwood, to become soft. Cavity excavation takes one to six years. 

The longleaf pine ecosystem initially disappeared from much of its original range because of early (1700s) 
European settlement, widespread commercial timber harvesting and the naval stores/turpentine industry 
(1800s). Early to mid-1900 commercial tree farming, urbanization and agriculture contributed to further 
declines. Much of the current habitat is also very different in quality from historical pine forests in which 
RCWs evolved. Today, many southern pine forests are young and an absence of fire has created a dense 
pine/hardwood forest. 

The aggregate of cavity trees is called a cluster and may include 1 to 20 or more cavity trees on 3 to 60 
acres. The average cluster is about 10 acres. Cavity trees that are being actively used have numerous, 
small resin wells which exude sap. The birds keep the sap flowing apparently as a cavity defense 
mechanism against rat snakes and possibly other predators. The typical territory for a group ranges from 
about 125 to 200 acres, but observers have reported territories running from a low of around 60 acres, to 
an upper extreme of more than 600 acres. The size of a particular territory is related to both habitat 
suitability and population density. 

The red-cockaded is a territorial, non-migratory species. The RCWs social system is more complex than 
most species of birds; individuals live in groups normally consisting of a breeding pair and zero to four 
male (rarely female) offspring from previous years. These offspring, known as "helpers" assist in 
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incubating eggs and brooding and feeding nestlings produced by the breeding pair. The RCW social system 
is referred to as a cooperative breeding system, that is, the breeding pair receives assistance from 
offspring in the raising of young. 

In mid-April, the female RCW usually lays a clutch of three to five white eggs in the breeding male’s roost 
cavity. Eggs hatch after 10-12 days of incubation (among the shortest incubation in birds) and nestlings 
fledge from the nest cavity 24-27 days after hatching. RCW nestlings are altricial, that is, they do not have 
feathers when hatched and their eyes are not open. They require a lot of care from parents and helpers 
who will feed the nestlings and clean the cavity of waste during the nestling period. In contrast, quail are 
precocial; they hatch fully feathered and are able to feed themselves when led to food by the parent. 

After fledging, the young birds continue to be fed by adults for up to six months at which time the majority 
of fledglings disperse from the territory where they hatched. Mortality is high (68%) for female fledglings 
as they disperse to search for breeding vacancies. Male fledglings either disperse or remain on their natal 
territory to become helpers. Annual mortality is also high (57%) for male fledglings. 

Although re-nesting may occur if a clutch or brood is lost, RCWs typically have only one successful nesting 
attempt annually. Double brooding (two successful nests in one breeding season) has been documented 
but is extremely rare. 

A.5.1.3 Okeechobee Gourd 

USACE has determined that the LRWRP would have no effect on Okeechobee gourd because the known 
populations around Lake Okeechobee do not occur within the project area, and the TSP is not projected 
to change Lake Okeechobee water surface elevations where known populations occur. 

The Okeechobee gourd is a climbing annual or perennial vine with heart to kidney-shaped leaves. The 
cream-colored flowers are bell-shaped and the light green gourd is globular or slightly oblong. Historically, 
the Okeechobee gourd was found on the southern shore of Lake Okeechobee in Palm Beach County and 
in the Everglades. Currently, this species is limited to two disjunct populations, one along the St. Johns 
River in Volusia, Seminole, and Lake counties in northern Florida and 11 sites along the southeastern shore 
of Lake Okeechobee, including Torry Island, Ritta Island, Kreamer Island, Bay Bottom Dynamite Hole 
Island, South Shore Dynamite Hole Island, and the southern shore of the Lake Okeechobee Rim Canal in 
south Florida (Walters et al. 1992, USFWS 1999). The conversion of the pond apple forested swamps and 
marshes for agricultural purposes as well as water-level regulation of Lake Okeechobee have been the 
principal causes of the reduction in both the range and population size of the Okeechobee gourd. 

A.5.2 “May Affect, Not Likely to Adversely Affect” Determinations 

The USACE recognizes that various types and levels of effect may occur to listed species while components 
of the Central and South Florida (C&SF) system /LRWRP are in development. While the USACE and its non-
federal project sponsors will comply with construction and conservation recommendation for listed 
species, possible project-related effects are assessed in the following sub-sections. Overall, the proposed 
project would improve the quantity, quality, timing, and distribution of freshwater flows to the Northwest 
Fork of the Loxahatchee River and improve the hydroperiod of wetland areas in the surrounding 
watershed. The USACE has determined that LRWRP may affect but is not likely to adversely affect 
(MANLAA) federally listed species occurring within the project area including Florida manatee, Everglade 
snail kite but not its critical habitat, wood stork and Florida bonneted bat. 
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A.5.2.1 Florida Manatee 

USACE has determined that the LRWRP may affect but is not likely to affect Florida manatee individuals 
and designated critical habitat. Manatees do not occur in areas where construction will occur because 
they are blocked from moving further upstream in the river by the Masten dam, the first movement 
barrier located in the distal NWFLR, downstream from construction features. Post-construction, higher 
volume and seasonally-stabilized flows to the river are expected to increase the area of depth suitable 
usable habitat and provide improved seagrass foraging, therefore, the project will likely provide long-term 
beneficial effects. 

The Florida manatee was listed as endangered throughout its range for both the Florida and Antillean 
subspecies (T. manatus latirostris and T. manatus manatus) in 1967 (32 CFR Section 4061) and received 
Federal protection with the passage of the ESA in 1973. Manatees were reclassified to threatened in 2017 
(Federal Register April 5, 2017; reclassification effective May 5, 2017). Manatees are a subtropical , 
herbivorous aquatic mammal occurring in the shallow coastal waters, rivers, and springs of Florida. They 
tolerate salinity extremes and use freshwater, brackish, and marine habitats. Manatees move, usually in 
small groups, throughout the coastal waters, estuaries, bays, and rivers of both coasts of Florida when the 
water is warm; however, they have low cold tolerance and congregate in warm water sites—warm springs 
and outfall canals associated with electric generation facilities—in peninsular Florida during the winter 
(Hartman 1979). They prefer water depths of three to seven feet (one to two meters). 

In the LRWRP project area, manatees occur commonly in the Jupiter Inlet, ranging upstream to the 
upstream barriers of the Masten dam, which is a movement barrier except during flooding. Seagrass in 
the Loxahatchee estuary fluctuates in distribution and density depending on ambient salinity. Seagrasses 
have an optimum salinity range of 24 to 35 psu, and can tolerate considerable short-term salinity 
fluctuations, but seagrass distribution and vigor has been impaired in the estuary due to long-term 
reductions of freshwater flow. The TSP will reduce the number and severity of high volume freshwater 
discharges to the river and estuary and improve seasonal inflow deliveries; these flow changes may 
potentially improve growing conditions for seagrass and, thus, provide additional forage for manatees. 

Manatees also use canals as a source of freshwater and resting sites, and may depend on the deep canals 
as a cold-weather refugium. Florida manatees have access to numerous canals within the CERP project 
area; however, the project will not affect these (Error! Reference source not found.). Florida manatee 
mortality generally results from human-related causes such as collision with boats and barges, 
entrapment in flood gates and canal locks, entanglement or ingestion of fishing gear, and through loss of 
habitat and pollution. Most reported mortality was related to natural or undetermined causes (FWC 
2013). 
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      Figure A-9. Florida manatee access to canals in south Florida. 
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A.5.2.2 Florida Manatee Critical Habitat 

Critical habitat for any species is described as the specific area within the geographic area occupied by the 
species (at the time it is listed under the provisions of section 4 of the Act) on which are found those 
physical or biological features (i.e. constituent elements) essential to the conservation of the species and 
which may require special management considerations or protection. Critical habitat for the Florida 
manatee was designated in 1976 (50 CFR 17.95). Critical habitat surrounding the project area 
encompasses the coast of Palm Beach and Martin counties, the Loxahatchee River and its headwaters (“all 
of Lake Worth, from its northernmost point immediately south of the intersection of U.S. Highway 1 and 
Florida State Highway A1A southward to its southernmost point immediately north of the town of 
Boynton Beach, Palm Beach County; the Loxahatchee River and its headwaters, Martin and West Palm 
Beach Counties; that section of the intracoastal waterway from the town of Seawalls Point, Martin County 
to Jupiter Inlet, Palm Beach County; the entire inland section of water known as the Indian River, from its 
northernmost point immediately south of the intersection of U.S. Highway I and Florida State Highway 3, 
…”), and portions of various canals (Figure 10). No specific primary or secondary constituent elements 
were included in the critical habitat designation. However, researchers agree that essential habitat 
features for the Florida manatee include seagrasses for foraging, shallow areas for resting and calving, 
channels for travel and migration, warm water refuges during cold weather, and fresh water for drinking 
(FWS 2001). 

Figure A-10. Florida manatee critical habitat. 
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A.5.2.3 Everglade Snail Kite 

USACE has determined that the LRWRP may affect but is not likely to adversely affect Everglade snail kite 
and would have no effect on its Critical Habitat. The Florida and Cuban subspecies of the Everglade snail 
kite (R. sociabilis plumbeus) initially was listed as endangered in 1967 due to its restricted range and highly 
specific diet (FWS 1999). Its survival is directly tied to the hydrology, water quality, vegetation composition 
and structure within the freshwater marshes that it inhabits (Martin et al. 2008, Cattau et al. 2008). 

A wide-ranging, New World raptor, the snail kite is found primarily in lowland freshwater marshes in 
tropical and subtropical America from Florida, Cuba, and Mexico, and south to Argentina and Peru (FWS 
1999). The Florida population of snail kites is best viewed as a spatially-structured population, distributed 
among a network of heterogeneous wetland units in central and southern Florida (Bennetts et al. 1998, 
Martin et al. 2007). Kites use the entire spatial extent of their range, exhibiting interchange among 
wetland units (Bennetts et al. 1998, Martin et al. 2007, Meyer et al. 2011). Although previously occurring 
around freshwater marshes over considerable areas of peninsular Florida, the range has decreased, and 
snail kites are found presently primarily in the Kissimmee Valley, St. Johns River headwaters, Lake 
Okeechobee, Loxahatchee National Wildlife Refuge, Water Conservation Areas 2A, 2B, 3A, 3B, in Broward, 
Palm Beach and Dade counties; and sections of Big Cypress National Preserve and Everglades National 
Park, in Collier and Monroe counties (Florida Natural Areas Inventory 2001). Since at least 2006, some 
kites have nested in Hungryland Slough and Grassy Waters Preserve, Martin County (USFWS 2018 and 
FWC 2018, unpublished data). Snail kites are highly nomadic and mobile, and move widely throughout the 
primary wetlands of the central and southern portions of Florida tracking favorable hydrologic conditions 
and forage availability. 

The Everglade snail kite has a highly specialized diet typically composed of apple snails (Pomacea 
paludosa), which are found in palustrine, emergent, long-hydroperiod wetlands (freshwater marshes and 
littoral zones). Thus, the Everglade snail kite’s survival is directly dependent on the hydrology and water 
quality of its habitat (FWS 1999). Suitable foraging habitat for the Everglade snail kite is typically a 
combination of low profile marsh and a mix of shallow open water. Shallow wetlands with emergent 
vegetation such as spike rush (Eleocharis spp.), maidencane, sawgrass, and other native emergent wetland 
plant species provide good foraging habitat as long as the vegetation is not too dense to locate apple 
snails. Suitable foraging habitats are often interspersed with tree islands or small groups of scattered 
shrubs and trees which serve as perching and nesting sites. 

Nesting substrates include small trees such as willow, cypress (Taxodium spp.), and pond apple, and 
herbaceous vegetation such as sawgrass, cattail, bulrush (Scirpus validus), and reed (Phragmites australis). 
Snail kites appear to prefer woody vegetation for nesting when water levels are adequate to inundate the 
site, while nests are placed more frequently in herbaceous vegetation during periods of low water when 
there is no standing water beneath willow stands (which tend to grow to at higher elevations) (FWS 1999). 
Nest collapse is rare in woody vegetation but common in non-woody vegetation, especially on lake 
margins (FWS 1999). To deter predators, nesting almost always occurs over water (Sykes et al. 1995). 

Snail kite courtship extends typically from late November through early June, and nesting primarily occurs 
from December to July, with a peak in February-June, but can occur year-round (FWS 1999). Snail kites 
construct nests using dry plant material and dry sticks, primarily from willow and wax myrtle (Sykes 1987), 
with a lining of green plant material that aids in incubation (FWS 1999). Snail kites will lay between one 
and five eggs with an average of about three eggs per nest (Beissinger 1988, Sykes 1995). Each egg is laid 
at about a two-day interval with incubation generally commencing after the second egg is laid (Sykes 
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1987). Incubation, by both parents, is typically 24 to 30 days (Beissenger 1983), with February, March, and 
April identified as the most successful months for hatching (Sykes 1987). Hatching success is variable 
between years and between watersheds, but averages 2.3 chicks/nest (FWS 1999, Cattau et al. 2008). 
Snail kites may nest more than once within a breeding season and have been documented to renest after 
both failed and successful nesting attempts (Sykes 1987, Beissinger 1988). Chicks fledge at approximately 
9 to 11 weeks of age (Beissenger 1988). 

Core foraging areas range from less than a few hundred meters up to 6 kilometers from the nest 
(Beissenger 1988, FWS 1999). Snail kites’ reliance on the area immediately around the nest for foraging 
and capturing sufficient prey to feed nestlings during the two months of the nestling period make them 
vulnerable to rapidly changing hydrologic conditions. When apple snails are not abundant or ecological 
and hydrologic conditions are unfavorable, adults may abandon the nest altogether (Sykes et al. 1995). 
Predation on nests is also higher when water levels are low. The persistence of the Everglade snail kite in 
Florida depends upon maintaining hydrologic conditions that support the specific vegetative communities 
that comprise their habitat along with sufficient apple snail availability across their range each year 
(Martin et al. 2008). 

Apple snail egg production is maximized when dry season low water levels are >10 cm -- <50 cm 
(previously suggested as 40 cm) (Darby et al. 2002, FWS 2010). Water depths outside this range can 
significantly affect apple snail recruitment and survival. If water levels are <10 cm, apple snails cease 
movement and may become stranded, hence, they are not only unavailable to foraging snail kites, they 
are also unable to successfully reproduce. Depending upon the timing and duration of the dry down, apple 
snail recruitment can be significantly affected by the truncation of annual egg production and stranding 
of juveniles (Darby et al. 2008). Since apple snails have a 1.0 to 1.5-year life span, they only have one 
opportunity (i.e. one dry season) for successful reproduction (Hanning 1979, Ferrer et al. 1990, Darby et 
al. 2008). Egg cluster production may occur from February to November (Odum 1957, Hanning 1979, 
Darby et al. 1999); however, approximately 77% of apple snail egg cluster production occurs between 
April and June and dry downs during peak apple snail egg cluster production substantially reduce 
recruitment (Darby et al. 2008). Larger apple snails survive dry downs better than smaller apple snails – 
approximately 70% of large pre-reproductive adults survived a 12-week dry down compared to <50% of 
small snails after 8 weeks dry (Kushlan et al. 1975, Darby et al. 2008). 

A strong relationship exists between annual minimum stage, apple snail production, and juvenile snail kite 
survival rate (Martin et al. 2007, Cattau et al. 2008). Estimated juvenile survival rates for years when water 
levels fell below 10 cm was substantially lower compared to years where estimated water depths stayed 
above 10 cm (Cattau et al. 2008). Juvenile kites forage nearby their nests; if water levels within these 
marshes become too low to support apple snail reproduction and, thus, kite foraging, juvenile kite survival 
will be diminished. 

Generally, under a normal natural hydrologic regime, emergent marsh, slough, and wet prairie habitats 
have high water levels during the wet season (July – October) then slowly dry out until the next wet 
season. Under altered management conditions, where water managers maintain high water levels and 
extended hydroperiods in an area instead of allowing water level draw down to emulate natural systems, 
the plant community may shift from vegetated herbaceous wetlands to open water sloughs (cf the 
example of WCA 3A per Zweig and Kitchens 2008). Shifts from one vegetation type to another may occur 
in a relatively short period (1 to 4 years) following hydrologic alteration (Armentano et al. 2006, Zweig 
and Kitchens 2008, Sah et al. 2008). 
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Plant community shifts to communities with a higher proportion of open water directly affect snail kites 
by reducing the amount of suitable foraging and nesting habitat, and reducing prey abundance and 
availability. Wetter conditions reduce the amount of woody vegetation available for nesting and perch-
foraging. Prolonged hydroperiods reduce emergent vegetation available to apple snails (Turner 1996, 
Darby et al. 1999). Ongoing research indicates that plant communities can be adverse affected by water 
regimes that cause: 1) prolonged high water levels that suppress vegetative growth during what should 
be the dry season; 2) prolonged low water levels during the snail kite’s breeding season in the early spring 
and summer wet season; and 3) rapid recession rates of water depth from wet to dry conditions that 
impair apple snail reproduction and, thus, kite foraging. Operational patterns have, therefore, been 
developed for some water management projects like ERTP that establish both a recession rate (e.g., 0.05 
feet per week between January 1 and June 1 (ERTP PM D)) and a low water level criterion. 

Numerous observations of snail kites (including some photos clearly documenting foraging) in the project 
area have been reported to eBird (https://ebird.org/map/) (Figure A-11. 11). 

Figure A-11. Snail kite eBird observation records. 

Annual nesting effort in Florida is tracked by collaborative inter-agency effort. Nesting effort varies inter-
annually and is influenced by cyclical hydrologic regimes maintaining preferred habitat and forage 
availability (Figure A-12). The Everglade snail kite population in Florida has progressively and dramatically 
decreased since 1999: ~50% from 3,400 kites in 2000 to 1,700 kites in 2002; and decreased ~50% again 
between 2006 and 2008 to ~685 kites(Martin et al. 2006, Cattau et al. 2008, 2009). Each decline coincided, 
in part, with a severe regional drought throughout the southern portion of the Everglade snail kite’s range 
(Martin et al. 2008, Cattau et al. 2008). 
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Figure A-12. Snail kite nesting in LRWRP area between 1996-2017. 

Snail kites nested in Pal-Mar and Grassy Waters Preserve in the LRWRP project area on various substrates 
including cypress, pond apple, wax myrtle, Typha spp., Salix spp., and others in Pal-Mar; and wax myrtle, 
sabal palm tree, palmetto, cypress/sawgrass, cypress/wax myrtle, cypress/cabbage palm, cypress, 
cabbage palm, cypress/air plant, and melaleuca in Grassy Water Preserve (Figure A-13). The City of West 
Palm Beach Grassy Water Preserve operational scenario is planned to change to store more water over 
longer hydroperiods, which may change plant communities to more herbaceous dominants and reduce 
habitat attractiveness to kites. Pal-Mar is managed for multiple fish and wildlife species and water regimes 
are not targeted specifically for kite management. 
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Figure A-13. Snail kite nesting in LRWRP area between 1997-2018. 

Both short-term natural disturbances (i.e. drought) and long-term habitat degradation limit the Everglade 
snail kite’s reproductive ability. To date, most concern and interest regarding potential impacts to 
Everglade snail kites have focused on the higher water levels and hydroperiods, resulting in the conversion 
of wet prairies to sloughs within WCA 3A (Zweig 2008). A similar scenario may emerge in Grassy Waters 
Preserve if planned operational changes result in raising the water level and extending the hydroperiod. 
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Periphyton is a primary component of invertebrate diets, including apple snails. In addition to the 
potential for increased foraging opportunities, changes in vegetation resulting in expansion of wet prairie 
and increases in emergent vegetation would also provide habitat structure critical for apple snail aerial 
respiration and egg deposition (Turner 1996, Darby et al. 1999). Apple snails tend to avoid areas where 
water depths are greater than 50 cm (Darby et al. 2002). Avoidance of deeper depths may be related to 
the type and density of vegetation in deeper water areas, food availability, or energy requirements for 
aerial respiration (van der Walk et al. 1994, Turner 1996, Darby 1998, Darby et al. 2002). Water-lily sloughs 
support lower apple snail densities as compared with wet prairies (Karunaratne et al. 2006). Limited food 
quality and lack of emergent vegetation in sloughs may account for the lower densities. Research indicates 
that apple snails depend upon periphyton for food (Rich 1990, Browder et al. 1994, Sharfstein and 
Steinman 2001), which may be limited within deeper water environments. Karunaratne et al. (2006) 
observed little or no submerged macrophytes and epiphytic periphyton in the sloughs they studied in 
WCA 3A. In contrast, species commonly encountered within wet prairie habitat (i.e. Eleocharis spp., 
Rhynchospora tracyi, Sagittaria spp.), along with sawgrass that grows within the ecotones between the 
two vegetative communities, support abundant populations of epiphytic periphyton (Wetzel 1983, 
Browder et al. 1994, Karunaratne et al. 2006). A reduction in the number of available emergent stems for 
egg deposition would also contribute to the observed lower snail densities within sloughs. Drying events 
are needed to maintain the emergent plant species characteristic of typical apple snail habitat (Wood and 
Tanner 1990, Davis et al. 1994). As shown by Darby et al. (2008), apple snails can survive these events and 
it is the timing and duration of the dry down event that are critical determinants of apple snail survival 
and recruitment. 

A.5.2.4 Snail Kite Species Effect Determination 

The USACE has determined that implementation of Alt 5R may affect but is not likely to adversely affect 
Everglade snail kite. Increased wetland acreage within the project area with improved hydroperiods as a 
result of LRWRP implementation would have a beneficial effect on Everglade snail kite and apple snail 
habitat. The broad scale changes in quantity, timing, and distribution of water under LRWRP are 
anticipated to improve apple snail production in some areas and result in improved foraging 
opportunities. The project cannot influence water management in Grassy Waters Preserve and 
Hungryland Slough, where snail kites have been nesting recently. 

A.5.2.4.1 Snail Kite Critical Habitat 

Critical habitat for the Everglade snail kite was designated September 22, 1977 (42 FR 47840 47845) and 
includes areas of land, water, and airspace within portions of the St. Johns Reservoir, Indian River County; 
Cloud Lake Reservoir, St. Lucie, County; Strazzulla Reservoir, St. Lucie County; western portions of Lake 
Okeechobee, Glades and Hendry counties; Loxahatchee National Wildlife Refuge (WCA 1), Palm Beach 
County; WCA 2A, Palm Beach and Broward counties; WCA 2B, Broward County; WCA 3A, Broward and 
Miami-Dade counties; and ENP to the Miami-Dade/Monroe County line (Figure A-14). The designated 
area encompasses approximately 841,635 acres (340,598 hectares). Because this was one of the first 
critical habitat designations under the ESA, no primary constituent elements were defined. The LRWRP 
project area lies north of WCA-1, the nearest parcel designated as critical habitat. Although the LRWRP 
lies outside critical habitat, the project objective is to re-hydrate and normalize the hydrologic water 
regime in parcels that have been ditched, drained, re-graded or otherwise altered, which is expected to 
result in long-term beneficial effects for snail kites. 
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Figure A-14. Critical habitat for Everglade snail kite. 

A.5.2.4.2 Snail Kite Critical Habitat Effect Determination 

The USACE has determined that implementation of LRWRP Alt 5R would have no effect on Everglade snail 
kite designated critical habitat since WCA1, the nearest critical habitat unit, lies south of the project area. 

A.5.2.5 Wood Stork 

USACE determined that the project may affect but is not likely to adversely affect the wood stork. No 
critical habitat has been designated for the wood stork; therefore, none will be affected. 

The LRWRP features are intended to restore hydroperiods and hydropatterns to resemble pre-drainage 
(late 1800s or later) conditions. Hydrologic changes associated with implementation of the project are 
expected to provide an overall net benefit for wood stork foraging suitability throughout the study area. 
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The eastern half of the study area is overlapped by a continuous band of wood stork core foraging areas. 
Increased forage availability could lead to higher chick survivability, increased colony size, or 
establishment of additional colonies. The improvement in foraging habitat does not, however, increase 
the likelihood that new nesting colonies will establish unless suitable nesting habitat becomes available. 

The wood stork is found from northern Argentina, eastern Peru and western Ecuador north to Central 
America, Mexico, Cuba, Hispaniola, and the southeastern United States (Chesser et al. 2018). In the United 
States, wood storks were historically known to nest in all coastal states from Texas to South Carolina 
(Wayne 1910, Bent 1926, Howell 1932, Oberholser 1938, Cone and Hall 1970). The population segment 
that breeds in the southeastern United States was federally listed as endangered on February 28, 1984. 
Wood storks are colonial nesting wading birds and nesting colonies occur in all southern Florida counties 
except Okeechobee County. Two nesting colonies occur within the LRWRP project area: Ballen Isles and 
Palm Beach County Solid Waste Authority (SWA), both in eastern Palm Beach County (Figure A-15. ). The 
Ballen Isles colony is at the Ballen Isles Country Club on an island in a stormwater pond on the east course. 
The SWA colony is east of the eastern boundary of Grassy Waters Preserve on a finger island in the SWA 
stormwater pond complex. Neither colony would be affected by project construction. 

The USFWS established a core foraging area radius of 18.6 miles for wood stork colonies in south Florida. 
Applying this radius, the core foraging area of four colonies - the two colonies - Wakodahatchee and Lox 
NC-4 - in Palm Beach County south of the study area, the Sewal Point MC2 Bird Island, Martin County, and 
the North Fork St. Lucie River colony, St. Lucie County, north of the study area, all overlap features of the 
LRWRP study area. 

The Alt 5R project features to be constructed include a variety of ditch plugs, backfilling ditches, weirs to 
control water discharge, land re-grading to historic topography, construction of flow-through marsh, 
construction of a 9,500 ac-ft reservoir surrounded by a levee, and dispersed overland and ditch water 
delivery to the Loxahatchee River. The hydrologic effects of the proposed project are expected to benefit 
existing drained wetlands by improving their hydrologic regimes, and to restore or recreate historic 
wetland areas, although the stages and hydroperiod durations are generally undefined in the parcels to 
be restored by the LRWRP. Of key importance is the restoration of and increase in acreage of short 
hydroperiod wetlands (e.g., depressional marshes) that provide optimal foraging during the nesting 
season, which is linked to wood stork population recovery and management. 

Wood storks forage using tactilocation in depths ranging to 5 to 25 cm, rarely to 40 centimeters (Coulter 
and Bryan 1993, Gawlik 2002) on small (2-25 cm in length) fish (commonly sunfishes (Centrarchidae), 
yellow bullhead (Italurus natalis), marsh killifish (Fundulus confluentus), flagfish (Jordenella floridae) and 
sailfin molly (Poecilia latipinna) and others), crustaceans, amphibians, reptiles, mammals, birds, and 
arthropods (Kahl 1964, Ogden et al. 1976, Coulter 1987). Typical foraging sites include palustrine marshes, 
ponds, hardwood and cypress swamps, narrow tidal creeks or shallow tidal pools, and artificial wetlands 
such as stock ponds, shallow, seasonally flooded roadside or agricultural ditches, and managed 
impoundments (Coulter et al. 1999, Coulter and Bryan 1993, Herring and Gawlik 2007). 

Hydrologic and environmental characteristics significantly affect fish density and, thus, foraging habitat 
suitability. Within the wetland systems of southern Florida, the annual hydrologic pattern is very 
consistent, with water levels rising over three feet during the wet season (June-September), and then 
receding gradually during the dry season (October-May). Wood storks rely upon short hydroperiod 
wetlands (i.e. marl prairies) for pre-breeding foraging. 
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Figure A-15. Location of wood stork colonies and core foraging areas in Florida between 2001-2017 
(source: USFWS 2018 file records, unpublished data). 

Wood storks nest during the dry season, and rely on the drying wetlands to concentrate prey items in the 
ever-shallowing wetlands (Kahl 1964). Hydrologic patterns that produce a maximum number of patches 
with high prey availability (i.e. high water levels at the end of the wet season and low water levels at the 
end of the dry season) are necessary for high reproductive outputs (Gawlik 2002, Gawlik et al. 2004). 
Implementation of LRWRP would increase the area of depressional wetlands, which are wetland habitats 
that would support prey densities conducive to successful wood stork foraging and nesting. 
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Foraging site suitability varies with water levels during the wood stork nesting period; a particular site 
may be suitable for wood stork foraging only for a short period when water depths have suitably 
concentrated prey for efficient stork foraging (Gawlik 2002, Gawlik et al. 2004). The core foraging area in 
south Florida is 18.6 miles (30 kilometer radius, FWS 2010) surrounding a nest site. Wetlands are 
progressively suitable for foraging based on their hydroperiods, with the short hydroperiod wetlands 
being used early in the season, the mid-range hydroperiod sites being used during the middle of the 
nesting season, and the longest hydroperiod areas being used later in the season (Kahl 1964, Gawlik 2002). 
Although the short hydroperiod wetlands support fewer fish and lower fish biomass per unit area than 
long hydroperiod wetlands, these short hydroperiod wetlands were historically more extensive and 
provided foraging areas for wood storks during colony establishment, courtship and nest-building, egg-
laying, incubation, and the early stages of nestling provisioning. 

Short hydroperiod wetlands help increase body condition and restoration of this wetland regime would 
encourage wood storks and other wading birds to initiate nesting earlier than they do now (November 
versus February), and improve nesting success by reducing potential for nest abandonment, increasing 
juvenile survival, and allow juveniles to fledge prior to end of dry season/start of wet season when food 
availability declines within core foraging areas. The greatest energy demands occur during the middle of 
the nestling period, when nestlings are 23 to 45 days old (Kahl 1964). Although the short hydroperiod 
wetlands support fewer fish and lower fish biomass per unit area than long hydroperiod wetlands, these 
short hydroperiod wetlands were historically more extensive and provided foraging areas for wood storks 
during colony establishment, courtship and nest-building, egg-laying, incubation, and the early stages of 
nestling provisioning. This period corresponds to the greatest periods of nest failure (i.e. 30 % and 8%, 
respectively, from egg laying to hatching and from hatching to nestling survival to two weeks) (Rodgers 
and Schwikert 1997). Hydrologic patterns that produce a maximum number of patches with high prey 
availability (i.e. high water levels at the end of the wet season and low water levels at the end of the dry 
season) are necessary for high reproductive outputs (Gawlik 2002, Gawlik et al. 2004). Depending upon 
the elevation and microtopography throughout the project area, implementation of LRWRP will produce 
a variety of wetland habitats that would support prey densities conducive to successful wood stork 
foraging and nesting. 

A.5.2.6 Florida Bonneted Bat 
The USACE has made a determination of may affect, not likely to adversely affect, based on the location 
of the project outside the current Florida bonneted bat (FBB) consultation area. The counties within the 
current USFWS FBB consultation area include: Charlotte, Lee, Collier, Monroe, Miami-Dade and portions 
of Highlands, Okeechobee, Osceola, Polk, Sarasota, De Soto, Glades, Henry and Broward counties 
(USFWS 2018). Although the LRWRP project area does not occur within the present consultation area, 
the consultation area has been expanding as more knowledge is gained about the bat’s distribution and 
life history requirements in Florida and USACE anticipates that the bat will be found in other counties in 
the future (Figure A-16. ). 

The FBB (also known as the Florida mastiff bat) is the largest bat species in Florida. Individuals are around 
6.5 inches (16.5 centimeters) long with a wingspan of 20 inches (51 centimeters). The pelage color varies 
from black to brown to grayish or cinnamon brown. The diet consists generally of flying insects. 
Information on reproduction and demography is sparse. The Florida bonneted bat has low fecundity; litter 
size is one, however, females are apparently polyestrous and litters may be produced during the summer 
and also during January and February (Best 1997, Timm and Genoways 2004, Belwood 1992, FBC 2005, p. 
Timm and Arroyo-Cabrales 2008, (Belwood 1981). 
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Florida bonneted bats occur in at least 14 counties in southwest Florida, and information about the bat’s 
range has been increasing with increased number of surveys. Bats have been detected foraging in a variety 
of habitats including semitropical forests with tropical hardwood, pineland, and mangroves, and in man-
made areas such as golf courses and neighborhoods (Robson 1989). They also use artificial roosts such as 
bat houses. Several FWC-managed areas in south Florida have built bat houses to increase roosting site 
availability. Bats produce ultrasonic echolocation vocalizations during flight. 

The recommended survey method for determining FBB presence is use of automated ultrasonic and sonic 
monitoring. Automated ultrasonic acoustical recording equipment allows documentation of bat activity 
via recording calls, which can then be analyzed to identify activity type (foraging, commuting, roost 
proximity), activity level, and species identification. FBB echolocation calls are of lower frequencies than 
all other species in Florida and are audible to humans, which makes automated recording systems 
particularly effective at detecting the FBB. 

No records for the species occurrence within the action area [Tim Breen, FWS South Florida Ecological 
Services Field Office, email communication, October 18, 2018]. Surveys to protocol (echolocation surveys 
or other as recommended at the time of construction will be conducted to quantify potential construction 
impacts as a result of specific project features. Any actions that occur in areas known to be occupied by 
the Florida bonneted bat and result in the removal of potential roost sites (i.e., snags, trees) or impact 
foraging habitat (i.e., filling in of canals and ditches) are likely to have direct and indirect adverse effects 
to the FBB and its habitat. Such impacts would be quantified in the future depending on the results of 
acoustic surveys preceding construction. FBBs are known to forage along wetlands and open water and 
roost within pine flatwoods and other forested habitats. The project may benefit the FBB by an 
improvement in foraging conditions by increasing the extent of and production of flying insects (adults of 
insect species that rely on aquatic habitat for maturation of larval instars) existing wetlands. 
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    Figure A-16. 2017 Florida bonneted bat consultation area (source: USFWS 2017). 
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A.5.3 “May Affect” Determinations 

The USACE has assessed possible project-related effects and has determined that LRWRP may affect 
federally listed species occurring within the project area including Audubon’s crested caracara and eastern 
indigo snake. 

A.5.4 Aububon’s Crested Caracara 

USACE has determined that the LRWRP may affect Audubon’s crested caracara. While some areas of 
improved pasture and hydrologically impaired sparse forest or cypress domes will become wetter as pre-
development hydrologic regimes are restored within the project area, these areas will be available to 
caracara for all life requirements. To comply with the MBTA, pre-construction surveys will be conducted 
to locate and monitor caracara nests, and monitoring will be ongoing during project construction. 

The overall range of the crested caracara is from Florida, southern Texas, southwestern Arizona, and 
northern Baja California, through Mexico and Central America to Panama, including Cuba and the Isle of 
Pines. It is accidental in Jamaica. Other subspecies range into South America as far as Tierra del Fuego and 
the Falkland Islands (Stevenson and Anderson 1976). The majority of Florida’s crested caracara population 
presently occurs on large cattle ranches with improved pastures and scattered cabbage palms (Sabal 
palmetto), and in lightly wooded areas with saw palmetto (Serenoa repens), cypress (Taxodium spp.), and 
scrub oaks (Quercus geminata, Q. minima, Q. pumila) with more limited stretches of open grassland (U.S. 
Fish & Wildlife Service, n.d.). In south-central Florida, caracaras prefer to nest in cabbage palms 
surrounded by open habitats with low ground cover and low density of tall or shrubby vegetation and 
caracara home ranges are strongly associated with improved pasture (Humphrey and Morrison 1997). 
Within these habitats, caracaras typically nest during a nesting season that typically continues from 
September through June with a concentration during November to April (Morrison 1998). 

Caracaras are non-migratory and home ranges average approximately 1,200 ha (approximately 3,000 
acres), corresponding to a radius of two to three kilometers (1.2 to 1.9 miles) surrounding the nest site 
(Morrison and Humphrey 2001). Foraging typically occurs opportunistically throughout the home range 
during nesting and non-nesting seasons, within a variety of habitats including improved pastures, adjacent 
to dwellings and farm buildings, newly plowed or burned fields, agricultural lands, including sod and cane 
fields, citrus groves, dairies, and wetland habitats. This large raptor is a dietary generalist and 
opportunistic feeder. Prey species include invertebrates such as crayfish, beetles, grasshoppers and small 
mammals, amphibians, reptiles, fish, and birds (Morrison 1996, 1998, 2012). 

Of further concern for caracara conservation is the focus of management on ranches recently acquired by 
public agencies, which favors wetland restoration rather than maintaining improved pasture and other 
upland habitats. For example, the Comprehensive Everglades Restoration Plan (CERP, USACE 1999) 
envisioned construction of reservoirs covering about 9,000 ha and stormwater treatment areas (filter 
marshes) covering about 4,750 ha in the Lake Okeechobee watershed. The final designs are undetermined 
at this time, but such plans would convert large acreages of improved pasture and other uplands within 
much of the central core of the caracara’s current Florida range to reservoirs and deep water marshes. 
Although the project might restore some upland/wetland mosaics in the region and, perhaps provide 
some suitable foraging habitat for caracaras, the projected widespread loss of upland habitats used by 
caracaras for nesting will not favor the population’s long- term persistence and represents a contradictory 
outcome for a restoration project (Morrison 2006). 
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Caracara nesting within the project area is limited in comparison to the counties to the north and 
northwest where the majority of nesting currently occurs (Error! Reference source not found.). 

Figure A-17. Caracara nesting locations from 2003-2013 (USFWS 2018, unpublished data). 

Cornell University’s eBird records show that caracaras are widely distributed and seen flying, foraging, 
and roosting in the LRWRP study area; however, most of these sightings are opportunistic observations 
along linear transportation corridors and do not necessarily reflect overall habitat use (Figure A-18). The 
observations suggest caracara are using a broad range of habitats within the project area. 
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Figure A-18. eBird caracara observations in study area (accessed 19 July 2018). 

A.5.4.1 Eastern Indigo Snake 

The USACE has made a determination of may affect based on the probable occurrence of eastern indigo 
snake in the project area and the potential for construction-related adverse effects throughout the 
construction period and the reduction in presently accessible upland habitat. Indigo snakes are likely to 
occur within construction zones and standard construction protection measures would be implemented 
to conserve indigo snakes. 

Eastern indigo snakes inhabit pine flatwoods, hardwood forests, moist hammocks, and areas that 
surround cypress swamps. They can be found throughout peninsular Florida and southeastern Georgia, 
and are presumed to occur in the LRWRP project area (Florida Museum of Natural History, n.d., Moler 
1992) (Figure A-19). Potentially adverse effects may result from construction including the C-18W 
Reservoir on potentially suitable habitat (former citrus grove). 

The eastern indigo snake is a non-venomous, bluish-black colored snake that can reach lengths of eight 
feet (2.4 meters). Its chin, cheek, and throat are mostly red or brown, but can also be white or black. Most 
indigo snakes have smooth scales, although adults do have keels (ridges) on the front of some of their 
scales (Florida Natural Areas Inventory 2001). The Eastern indigo snake’s diet primarily consists of a variety 
of species, including small mammals, birds, toads, frogs, turtles and their eggs, lizards, and small alligators. 

Indigo snakes begin breeding between the months of November and April and nest between the months 
of May and August. Females lay 4-12 eggs yearly or bi-yearly, with the eggs hatching 90 days after being 
laid. Since the indigo snake is a commensal of the gopher tortoise, females usually deposit their eggs in 
gopher tortoise burrows. Females may have the ability to hold sperm, which would allow them to defer 
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fertilization of an egg. Parthenogenesis may also be possible with eastern indigo snakes, as some virginal 
snakes have been seen laying eggs (Kendrick and Mengak 2010). 

The main threats facing the eastern indigo snake are habitat destruction, fragmentation, and degradation. 
Habitat destruction is caused mainly by the extension of urban development in their habitat. Indigo snakes 
lose more than 5% of their habitat each year in Florida (Kendrick and Mengak 2010). As a species that 
often occupies gopher tortoise burrows, indigo snakes face being injured by people hunting for 
rattlesnakes in the burrows, which can cause mortality to other species in the burrow including eastern 
indigo snakes. Habitat fragmentation is also a threat as increased housing and road development creates 
fragmented habitats that are incapable of supporting a viable population. Other threats include 
pollutants, vehicle strikes, captures for domestication, and intentional killings (Florida Natural Areas 
Inventory 2001, Kendrick and Mengak 2010). 

Figure A-19. Eastern indigo snake occurrence area. 

A.6 Cumulative Effects 

Cumulative effects include the effects of future state, tribal, local, or private actions reasonably certain to 
occur in the action area considered in this Biological Assessment. Cumulative effects are defined in 40 CFR 
1508.7 as those effects that result from: 

“the incremental impact of the action when added to other past, present, and 
reasonably foreseeable future actions regardless of what agency (Federal or non-
Federal) or person undertakes such other actions. Cumulative impacts can result 
from individually minor but collectively significant actions taking place over a 
period of time.” 
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Cumulative effects for the proposed action were assessed in accordance with guidance provided by the 
President’s Council on Environmental Quality (CEQ). The primary goal of cumulative effects analysis is to 
determine the magnitude and significance of the environmental consequences of the proposed action in 
the context of the cumulative effects of other past, present, and future actions. The following discussion 
summarizes past, present, and projected USACE efforts that cumulatively affect the regional environment 
of south Florida. Further, other Federal, State, and local agencies, as well as numerous non-governmental 
organizations, are all working towards similar restoration goals. The LRWRP is expected to contribute to 
a net beneficial cumulative impact on the regional ecosystem. 

CERP contains components that include approximately 217,000 acres of new reservoirs and wetlands 
restoration areas. A number of operational components have also been identified in CERP and will, in 
most cases, occur in conjunction with related construction features. The operational features in LRWRP 
include retaining water in C-18W Reservoir for timely environmental water supply deliveries to the 
Loxahatchee River estuary. 

CERP projects would increase the supply of freshwater for the Everglades and south Florida ecosystem. 
Large areas within the study area would be used to increase water storage resulting from CERP projects 
for the overall gain and long term benefit of the regional system. These project features would provide 
important storage functions and are essential to the overall restoration of the freshwater marshes and 
the estuaries of the greater Everglades ecosystem. Project components in the area, especially storage, 
seepage control, and redirection of point source canal flows to overland flow will act to restore more 
natural freshwater flows to the northern and southern estuaries, reduce seepage losses from the 
Everglades, improve recharge of the Biscayne aquifer, and should result in other beneficial environmental 
effects. 

Construction has begun on the first generation of CERP project modifications already authorized by 
Congress. These include the Indian River Lagoon-South Project, the Picayune Strand Restoration Project, 
and the Site 1 Impoundment Project. The second generation of CERP projects for Congressional 
authorization includes the Biscayne Bay Coastal Wetlands Project, Broward County Water Preserve Areas 
Project, the Caloosahatchee River (C-43) West Basin Storage Reservoir, and the C-111 Spreader Canal 
Western Project. These projects will result in significant environmental benefits to the CERP project area, 
improving the quantity, quality, timing and delivery of water to the natural system. 

Non-CERP projects assumed to be in the future without project condition for CERP, which incorporate 
similar restoration goals of improving flow and water quality to the Everglades, include Loxahatchee 
Slough Restoration (Palm Beach County); Jones Creek Restoration (Palm Beach County); Jupiter Farms 
Water Quality Improvements (South Indian River Water Control District and SFWMD); Riverbend Park 
Hydrologic Restoration (Palm Beach County); Pine Glades (Palm Beach County); Hungryland Slough (Palm 
Beach County); and Cypress Creek Restoration (Palm Beach County). Additional information on these 
projects can be found in the Loxahatchee River Preservation Initiative website (Loxahatchee River 
Preservation Initiative 2014). 

The C&SF Flood Control Project has numerous water management structures consisting of culverts, 
spillways, and pump stations that have specified operating criteria for managing or regulating water levels 
for Congressionally-authorized project purposes. Regulation schedules have been, and will continue to 
be, designed to balance multiple, and often competing, project purposes and objectives. Managing for 
better performance of one objective often lessens the effectiveness of performance of competing 
objectives. For example, for Lake Okeechobee, higher regulation schedules tend to benefit water supply, 
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but may increase the risk to public health and safety, and can harm the ecology of the lake. By contrast, 
lower lake schedules may produce lake levels more desirable for the lake ecology and improved flood 
protection, but reduce water supply potential. 

A.7 Conservation Measures 

The USACE acknowledges the potential occurrence of the previously discussed threatened and 
endangered species and/or critical habitat within the LRWRP study area. USACE will review the FWS 
Biological Opinion when it is received and discuss recommended conservation measures in consultation 
with FWS. To achieve a determination of may affect, not likely to affect for those species where potential 
project-related adverse effects were identified, USACE will implement best management practices and 
published or recommended conservation measures during construction, conduct pre-construction 
surveys for species and general or species-specific habitat monitoring during construction to identify the 
presence of individuals and populations. USACE and its contractors would follow all standard construction 
measures and protection measures for species during and post construction. 

To avoid and minimize adverse effects on species during construction activities USACE will be follow and 
coordinate with the Service applicable listed species guidelines and conservation measures and will 
implement construction measures as necessary: 

•	 Habitat Management Guidelines for the Wood Stork in the Southeast Region (USFWS 2009). 

•	 Standard Manatee Construction Conditions for In-water Work (FWC 2011). 

•	 Standard Protection Measures for the Eastern Indigo Snake (USFWS 2004). 

•	 Draft Standard Survey Protocol and Standard Protection Measures for the Bonneted Bat (USFWS 
n.d.). 

•	 Audubon’s crested caracara monitoring – a monitoring plan will be developed in consultation with 
USFWS. 

The USACE will implement an Environmental Protection Plan and require associated training for 
employees and Contractors. Due to the probability that threatened and endangered species may be 
present in construction sites, contractors will be trained on how to identify each species. Educational signs 
with pictures of each federally-listed species will be posted to inform the contractors about these species. 

The USACE will record the presence of any state-listed or federally-listed threatened or endangered 
species and species of concern observed at construction sites during construction activities, including the 
location sighted. The logs will be provided to the USFWS for the federally-listed species and to the FWC 
for the state-listed species on a monthly basis during construction. 

The USACE will follow the recommendations to protect bald eagles and other migratory birds from 
electrocution related to new overhead electrical lines in: Suggested Practices for Raptor Protection on 
Powerlines: The State of the Art in 1996 (Avian Powerline Interaction Committee). 

The USACE will survey all structures to be demolished for nesting barn owls within three days prior to the 
demolition. If any nesting birds are found, all demolition work at the structure will cease until the juvenile 
birds fledge. 
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Monitoring for listed species that could occur in or around the project area during construction would be 
specified in the contract specifications. Additional mitigation measures, if necessary, will be determined 
in consultation with USFWS. 

A.8 Conclusions 

This BA was prepared with the best available scientific and commercial information. The USACE recognizes 
the need for re-initiation of consultation if modifications to the project are made and/or additional 
information involving potential effects to listed species becomes available. The USACE commits to 
maintain ongoing communications with the FWS, NMFS, and FWC in the event of project modifications. 
This biological assessment document is being submitted to support a request for formal consultation with 
the FWS pursuant to Section 7 of the ESA. 

Federally Listed Species: The USACE acknowledges the possible to probable existence of federally-listed 
threatened, endangered, and candidate species as identified in the USFWS letter defining potentially 
affected species (2017), supplemented by the inclusion of red-cockaded woodpecker in the FWCAR 
(received February 1, 2019) within the boundaries of the LRWRP study area. 

The conversion of agricultural land to a reservoir and other project features may result in a loss of habitat 
for the Eastern indigo snake, Florida panther, and crested caracara. However, increased water flows 
through wetlands would indirectly increase foraging habitat for the panther as some of its prey eats fish. 
Soils in this area are mixed, with expanses of hydric soils that support wetlands, which is not typically the 
type of area the snakes are found in; however, connectivity would be improved among parcels and indigo 
snakes would still be able to access relatively large areas of undeveloped and agricultural land in the 
project area to maintain their population. 

Within the Greater Everglades, altered hydrology has led to degradation of the native vegetation 
communities, such as tree islands, sawgrass marsh mosaic, and marl prairies, and the expansion of 
undesirable cattail monocultures. As habitats have been degraded, abundance and diversity of wildlife 
populations have been affected as well. Restoration of sheetflow and historic hydropatterns within 
various parcels will result in beneficial shifts toward more desirable vegetation communities, landscape 
patterns, and fish and wildlife populations. 

Wood storks would benefit from increased freshwater sheetflow due to an increased foraging base in 
several parcels. Everglades snail kite would likely benefit from increased periodicity in marshes, leading 
to increased apple snail production. There would be no effect on Everglade snail kite designated critical 
habitat since it lies south of the project area and would not be modified by the project. Landuse changes 
including a new reservoir may negligibly affect caracara foraging availability, but some beneficial effects 
will accrue because the project lands are in public ownership and would not be developed in the future. 

Changes in hydrology of the freshwater systems cause unacceptable salinity fluctuations in the 
Loxahatchee estuary. Implementation of LRWRP would improve the production of estuarine flora and 
fauna by moderating unnatural shifts in salinity through improvements to freshwater delivery. These 
improvements directly benefit Florida manatee and its critical habitat with increased freshwater flows to 
the estuary. 
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 A.4 Endangered Species Act Biological Opinions 
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	 A.4.1	 National Marine Fisheries Service Comprehensive Everglades Restoration Plan Endangered 
Species Act Programmatic Biological Opinion 

National Marine Fisheries Service provided the USACE with the Endangered Species Act 
Programmatic Biological Opinion for the CERP on December 17, 2013. No further consultation 
with NMFS is required. 
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Mr. Eric Summa 
Chief, Environmental Branch 
Jacksonville District Corps of Engineers 
P.O. Box 4970 
Jacksonville, Florida 32232-0019 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Southeast Regional Office 
263 13\hAvenue South 
SI. Petersburg, Florida 33701-5505 
http://sero.nmfs.noaa.gov 

Di e 17 2013 

F/SER3l:SJAIKJ) 

Re: Comprehensive Everglades Restoration Plan Programmatic Consultation 

Dear Mr. Summa: 

This responds to your July 2, 2013, Biological Assessment (BA) for the Comprehensive 
Everglades Restoration Plan (CERP) program received from the U.S. Army Corps of Engineers 
(USACE) requesting National Marine Fisheries Service (NMFS) concurrence with program and 
project-effect determinations submitted pursuant to Section 7 of the Endangered Species Act 
(ESA). You have determined that of the projects reasonably expected to be implemented as part 
of the CERP, only the following projects may directly affect, but are not likely to adversely 
affect through construction impacts, listed species and their critical habitats under NMFS's 
purview: Biscayne Bay Coastal Wetlands (BBCW); Indian River Lagoon South (IRL-S); 
Caloosahatchee River (C-43) West Basin Storage Reservoir; Picayune Strand Restoration 
Project; and the Central Everglades Planning Project (CEPP). Further, you determined that all 
the CERP program components that will change freshwater flow and storage across south 
Florida and thus affect salinity and aquatic resources in several coastal estuaries and bays 
inhabited by NMFS's listed species, may affect, but are not likely to adversely affect green, 
hawksbill, Kemp's ridley, leatherback, or loggerhead sea turtles and their respective critical 
habitat, smalltooth sawfish and its critical habitat, or Johnson's seagrass and its critical habitat 
In addition, you determined that the proposed action would not affect Gulf sturgeon, elkhom or 
staghom corals and their critical habitat, or blue, finback, humpback, se~ or sperm whales. We 
have also determined that the proposed action may affect, but is not likely to adversely affect 
seven coral species, and would have no effect on the loggerhead critical habitat currently 
proposed to be listed as threatened or endangered in the action area of the program. Our findings 
on the program and each of the project's potential effects are based on the project descriptions in 
this response. Changes to the proposed actions for any of these projects may negate our findings 
and may require reinitiating consultation. An acronyms and abbreviation list is provided at the 
end of this document. 

1.0 Consultation History 
Between 2002 and 2011 , NMFS and USACE consulted informally on several individual project 
components of the CERP program. In its November 3, 2011, letter concurring with USACE that 
the BBCW project is not likely to adversely affect any listed species, NMFS recommended that 
consultation should be conducted on the combined effects of the CERP program (SER-2010-
2615). In the BBCW informal concurrence letter, NMFS indicated that 13 CERP projects were 

_,...,·-~ 

• ~":> ,,,._,.'!' 
<>,,;;;;;..,cP' 

http:http://sero.nmfs.noaa.gov
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in various stages of construction or planning. Of those 13 projects, seven were determined to 
potentially affect species and/or critical habitat under NMFS's purview through construction 
impacts, due to their presence in the action areas of the projects or due to change in water flows. 
These 13 projects were the BBCW, C-111 Spreader Canal, Site l lmpoundment, IRL-S, C-43 
West Basin Storage Reservoir, Picayune Strand Restoration Project, and Everglades National 
Park (ENP) Seepage Management. The other six projects have either been constructed or would 
have no construction effects on listed species or designated critical habitat including the L-31N 
Seepage Management Pilot Project, C-111 South Dade, Water Conservation Area 3A, 
Decompartmentalization (Decomp) and Sheet Flow Enhancement, Broward County Water 
Preserve Area, Lake Okeechobee Watershed, and Everglades Agricultural Area (EAA) Storage 
Restoration, though all these projects contribute to the overarching restoration objectives of the 
CERP program and these program-level effects are evaluated in this consultation. 

USACE submitted a Programmatic BA on July 2, 2013, which included the seven projects as 
well as a more recently developed CERP project that may affect listed species and critical 
habitat, the CEPP, and provided specific evaluations of potential effects to threatened and 
endangered species and critical habitats within the purview of NMFS. This consultation on the 
CERP program evaluates the effects of all individual projects reasonably expected to be 
implemented over the course of the program, including the additive effects of the project 
components on Florida habitats and resources, and whether listed species or critical habitats 
under NMFS' s purview maybe adversely affected. 

Because the program components and individual projects included in CERP that may affect 
NMFS' s resources are sufficiently identified and described, including their likely locations, to 
determine and evaluate potential routes of effects, we are not recommending second tier 
consultation procedures in the future to validate effects predictions for these projects. Rather, 
any changes to individual projects covered by this consultation, or additional projects added to 
CERP, will be evaluated for potential needs to reinitiate consultation. 

2.0 Interrelated or Interdependent Activities 
As defined in ESA implementing regulations, effects of agency actions, including programs, 
include the effects of all activities that are either interrelated or interdependent with the action 
undergoing consultation (i.e. CERP). An interrelated activity is an activity that is part of the 
proposed action and depends on the proposed action for its justification. An interdependent 
activity is an activity that has no independent utility apart from the action under consultation. 
NMFS recognizes that there are numerous activities being implemented across south Florida by 
state, local, and conservation entities that share similar goals with CERP, and may augment the 
benefits of Everglades restoration. Some non-CERP projects were assumed to be completed in 
the CEPP (system-wide) modeling, acknowledging that full restoration benefits of CEPP would 
not be achieved without the completion and operation of these projects [C-111 South Dade, 
Central and South Florida (C&SF) C-51, Kissimmee River Restoration, South Florida Water 
Management District Restoration Strategies]. These projects are all located inland and would not 
have direct construction impacts on NMFS species (project locations can be found 
http://www.evergladesplan.org/pm/projects/landinELprojects.aspx). The goals of the non-CERP 
projects mentioned here have the same restoration goals as CERP, to improve the quality, 
quantity, timing, and distribution of freshwater flows to the estuaries and south Florida 

http://www


Page 240 of 319

ecosystem. These projects are not interrelated or interdependent since they each provide 
restoration be,:iefits on their own. 

The most closely associated project we evaluated is the Lake Okeechobee Regulation Schedule 
(LORS 2008), which regulates the freshwater flows that are released from Lake Okeechobee to 
the St. Lucie and Caloosahatchee estuaries. This is a legally separate project from CERP, with 
different National Environmental Policy Act (NEPA) documentation and consultation with 
NMFS and other agencies (SER-1999-1473; SER-1999-1111; SER-2005-4702; SER.:2006-4089; 
SER-2012-2653; SER-2007-4580). NMFS received a supplemental BA from the USACE in 
January 2013, due to the need for consultation on sawfish critical habitat and Johnson's seagrass 
critical habitat (SER-2013-10229). LORS only restricts the water flows that would come from 
Lake Okeechobee if the water level is too low in the lake (ecological aqd public W(,lter supply 
purposes) or too high in the lake (flood control purposes). CERP would operate within the 
operational restrictions of LORS 2008, and if LORS changes there would be a new 
Environmental Impact Statement (EIS) and thus, new consultation. Therefore, LORS is tiot 
interrelated or interdependent since it operates separately from CERP and CERP is designed to 
add to the benefits of LORS by further improving releases of freshwater flows from Lake 
Okeechobee. 

3.0 Description of CERP (Proposed Action and Action Area) 
The purpose of CERP (originally called the Restudy) was to evaluate and determine the 
feasibility of modifying the C&SF project to provide ecosystem restoration and to provide for 
other water related needs of the region, such as agriculture. The C&SF project was authorized. in 
1948 and is a multi-purpose project that provides flood control; water supply for municipal, 
industrial, and agricultural uses; prevention of saltwater intrusion; water supply for Everglades 
National Park; and protection of fish and wildlife resources through an extensive system of 
canals, levees, pumps, and other structures. However, the C&SFproject also had significant 
unintended adverse impacts on environments of south Florida, notably the Everglades. The 
Restudy investigated s tructural and operational changes to the C&SF project with the goal of 
improving the quality of the environment; improving protection of the aquifer; improving the 
integrity~ capability, and conservation of urban and agricultural water supplies; and improving 
other water-related purposes. 

A reconnaissance report for the Restudy was completed in 1994, with the feasibility study 
beginning in 1995. The Water Resources Development Act (WRDA) 1996 provided specific 
congressional direction stating that the feasibility report and programmatic EIS would need to be 
complete by 1999. CERP was authorized under WRDA in 2000. It is a joint South Florida 
Water Management District and US ACE project with the goal of restoring the quality, quantity, 
timing, and distribution of water throughout the south Florida ecosystem. The CERP program's 
goal is to help restore the historic freshwater flows as shown in Figure l. 
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Figure 1. CERP Expectations of Restored Flows through south Florida (figure extracted from 
CEPP powerpoint presentations) 

The CERP study area and thus the action area for this consultation encompasses approximately 
18,000 square miles from Orlando to the Florida Reef Tract, within multiple counties including: 
Monroe, Miami-Dade, Broward, Collier, Palm Beach, Hendry, Martin, St. Lucie, Glades, Lee, 
Charlotte, Highlands, Okeechobee, Osceola, Orange, and Polk, depicted in Figure 2. The study 
regions of CERP are described in Table 1 and include Lake Okeechobee, EAA, the Water 
Conservation Areas (WCA), the majority of ENP, Florida Bay, the majority of Big Cypress 
National Preserve, coastal estuaries, and urban and agricultural areas along Florida's east coast, 
south of St. Lucie Canal. Descriptions of the action area and further descriptions in the rest of 
this section are taken from the CERP Programmatic BA. 
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Table 1. Description of CERP Study Res?ions 
CERP Study Description of the Study Area Region 
Area Resti.on 
Lake 
Okeechobee 

Northerµ 
Estuaries 

EAA 
(Everglades 
agricultural 
area) 
WCAs 

(Water 
conservation 
areas) 

ENP 
(Everglades 
National 
Park) 

Southern 
Estuaries 

Lower East 
Coast 

Lake Okeechobee is a large, shallow lake (surface area approximately 73 
square miles) 30 miles west of the Atlantic coast and 60 miles .east of the Gulf 
of Mexico. It is the principal water supply Teservoir for south Florida and is 
used for navigation, flood control, and recreation. It is impounded by ~system 
of lev.ees, with 6 outlets: St. Lucie Canal eastward to the Atlantic Ocean. 
Caloosahatchee Canal/River westward to the Gulf of Mexico, and four 
agricultural canals (West Palm Beach. Hillsboro, North New River and 
Miami). 
Lake Okeechobee discharges into the 2 Northern Estuaries. The St. Lucie 
Canal feeds into the St. Lucie Estuary, which is part of a larger system, the 
Indian River Lagoon (designated an Estuary of National Significance and is 
part of the U.S. Environmental Protection Agency - sponsored National 
Estuary program). The Caloosahatchee Canal/River feeds into the 
Caloosahatchee Estuary to the west. 
The EAA is approximately 700,000 acres in size and is immediately south of 
Lake Okeechobee. Much of this rich, fertile land is devoted to sugarcane 
production, and is crossed by a network of canals that are strictly maintained to 
manage water supply and flood protection. 
The WCAs, WCA 1 (Loxahatchee National Wildlife Refuge), WCA 2, and, 
WCA 3 (the largest of the three) are situated southeast of the EAA and are 
approximately 1,350 square miles (approximately 40 miles wide and 100 miles 
long) from Lake Okeechobee to Florida Bay. Provides floodwater retention, 
public water supply, and are the headwaters of Ev.erglades National Park. 
ENP was established in 1947, covering approximately 2;353 square miles 
(total elevation changes of only 6 feet from its northern boundary of Tamiami 
Trail south to Florida Bay). Landscape includes sawgrass sloughs, tropical 
hardwood hammocks, offshore coral reefs, mangrove forest, lakes, ponds, and 
bays. 
Florida Bay comprises a large portion of ENP, and is a shallow estuarine 
system (average depth less than 3 feet). Florida Bay is the main receiving 
water of the greater Everglades heavily influenced by changes in timing, 
distributfon, and quantity of freshwater flows into the southern estuaries. 
The Lower East Coast encompasses Palm Beach, Broward, and Miami-Dade 
counties, the most densely populated area in Florida. Water levels in this area 
are highly controlled by the C&SF water management system to prevent 
overdrainage and manage saltwater intrusion at the shoreline, provides .flood 
control and water supply. 

As discussed, the action area covers a large portion of south Florida Nearly all aspects of south 
Florida's native vegetation have been affected by development, altered hydrology, nutrient 
inputs, and spread of non-native species that have resulted directly or indirectly from a century of 
water management. Habitat types that dominate the southern coastal regions within the project 
area include submerged aquatic vegetation (SA V) (primarily seagrasses and algae), mangrove 
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forests , saline emei:gent wetlands, freshwater wetlands, and non-native dominated wetlands 
(primarily wetlands dominated by Australian pine, (Casitarina equisetifolia), or Brazilian 
pepper, (Schinus terebinthifolius)). 

The estuarine communities of south Florida have been affected by upstream changes in 
freshwater flows through the Everglades as a result of the C&SF project. A reduction in 
freshwater inflows into Florida Bay and alterations of the normal salinity balance have affected 
mangrove community composition and may bave contributed to a large-scale die-off of seagrass 
beds (FWS 19991 

). 

Mangrove communities occur within a range of salinities from 0 to 40 practical salinity units 
(psu). Florida Bay experiences salinities in excess of 40 psu on a seasonal basis. Implementing 
CEPP will provide increased freshwater flows to Florida Bay and the southwest coast, thereby 
contributing to lower salinity levels within these areas to better encompass the mangrove salinity 
tolerance range. In addition, past changes in freshwater flow (from historic conditions) can lead 
to an invasion by exotic species such as Australian pine and Brazilian pepper. 

All CERF projects are expected to improve freshwater flows throughout the south Florida 
ecosystem. Section 2 (Existing and Fu~e Conditions) in the CEPP Project Implementation 
Report (PIR)/EIS explains in detail the current conditions of the south Florida ecosystem, 
including the vegetation, invasive species, threatened and endangered species. etc. Structural 
features currently in south Florida are depicted in Figure 3. 

1 U.S . Fish and Wildlife Service. 1999. South Florida M1.1!ti-Species Recovery Plan. Southeast Region, Atlanta, 
Georgia, USA. 
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NOTTO 
SCALE 

Figure 3. Current Structural Features in South Florida with Locations of EAA, WCAs, and ENP 

Overall, freshwater flow improvements from the existing conditions is needed due to current 
freshwater flow conditions where approximate! y 1. 7 billion gallons of water goes straight to tide 
through the extensive system of built canals and levees, rather than allowing sheetflow 
throughout the central part of the state (Figure 3 and Figure 4). More freshwater throughout 
south Florida will allow for rehydration of wetlands, marl prairies, and ultimately help regulate 
the salinity regimes in the estuaries by reducing the amount of harmful freshwater pulse releases 
from Lake Okeechobee and salt water intrusion. These freshwater improvements will then allow 
for more wading birds, fish, and many other species to thrive throughout south Florida. 
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Figure 4. Existing and Future with Project Flows. Blue arrows indicate more water flowing 

throughout the areas. The box in Figure 2 depicts the same region shown in this figure. (Figure 
extracted from CEPP PIR/EIS Appendix G - Benefits Analysis) 

Below is a detailed decription of all of the proposed actions covered under CERP, an explanation 
of the major components of CERP, and and an evaluation of the effects anticipated from the 
completion of CERP. 

3.1 Major Components of CERP 
CERP consists of structural and operational changes to the C&SF Project and defines 
components as conceptual project features (or options) intended to achieve a particular planning 
objective or set of planning objectives. They include both structural measures, such as 
reservoirs, pump stations, and canals, and nonstructural measures, such as reservoir operating 
schedules. One or more components are combined as features of specific projects to be 
implemented. 

Components were developed by sub-regions and were optimized at the sub-regional level and 
then grouped with other components to form alternative Comprehensive Plans. The Restudy 
Team formulated and evaluated 10 alternative comprehensive plans. Alternative D-13R was 
selected as the Initial Draft Plan. Alternative D-13R, which is comprised of forty-nine 
operational and structural features or components, along with the series of Other Project 
Elements, Critical Projects, water quality treatment facilities, and other modifications that further 
improve performance of the plan, comprise the recommended Comprehensive Everglades 
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Restoration Plan. The following subsections (3.1.l through 3.1.14) describe the structural and 
operational changes to the existing C&SF Project as part of the CERP. 

3.1.1 Surface Water Storage Reservoirs 
A number of water storage facilities are planned north of Lake Okeechobee, in the 
Caloosahatchee and St. Lucie basins, in the EAA, and in the Water Preserve Areas of Palm 
Beach, Broward, and Miami-Dade counties. These areas will encompass approximately 181,300 
acres and will have the capacity to store 1.5 million acre-feet of water. 

3.1.2 Water Preserve Areas 
Multipurpose water management areas are planned in Palm Beach, Broward, and Miami-Dade 
counties between the urban areas and the eastem Everglades. The WCAs will have the ability to 
treat urban runoff, store water, reduce seepage, and improve existing wetland areas. 

3.1.3 Manage Lake Okeechobee as an Ecological Resource 
Lake Okeechobee is currently managed for many, often conflicting uses. The lake's regulation 
schedule will be modified and plan features constructed to Ieduce the extreme high and low 
levels that damage the lake and its shoreline. Management of intermediate water levels will be 
improved, while allowing the lake to continue to serve as an important source for water supply. 
Several plan components and Other Project Elements are included to improve water quality 
conditions in the lake. A study is recommended to evaluate in detail the dredging of nutrient
enriched lake sediments to help achieve water quality restoration targets, important not only for 
the lake, but also for downstream receiving bodies. 

3.1.4 Improve Water Deliveries to Estuaries 
Excess stonnwater that is discharged to the ocean and the gulf through the Caloosahatchee and 
St. Lucie Rivers is very damaging to their respective estuaries. The CERP will greatly reduce 
these discharges by storing excess runoff in surface and underground water storage areas. 
During times of low rainfall, the stored water can be used to augment flow to the estuaries. 
Damaging high flows will also be reduced to the Lake Worth Lagoon. 

3.1.S Underground Water Storage 
Wel1s and associated infrastructure will be built to store water in the upper Floridian aquifer. As 
much as 1.6 billion gallons a day may be pumped down the wells into underground storage 
zones. The injected fresh water, which does not mix with the saline aquifer water, is stored in a 
"bubble" and can be pumped out during dry periods. This approach, known as aquifer storage 
and recovery, has been used for years on a smaller scale to augment municipal water supplies. 
Since water does not evaporate when stored underground and less land is required for storage, 
aquifer storage and recovery has some advantages over surface storage. CERP includes aquifer 
storage and recovery wells around Lake Okeechobee, in the WCAs, and the Caloosahatchee 
Basin. 

3.1.6 Treatment Wetlands 
Approximately 35.,600 acres of man-made wetlands, known as stonnwater treatment areas, will 
be built to treat urban and agricultural runoff water before it is discharged to the nat\,lral areas 
throughout the system. Stormwater treatment areas are included in CERP for b~ins draining to 
Lake Okeechobee, the Caloosahatchee River Basin, the St. Lucie Estuary Basin, the Everglades, 
and the Lower East Coast. These are in addition to the over 44,000 acres of stormwater 
treatment areas already being constructed pursuant to the Everglades Forever Act to treat water 
discharged from the EAA. 
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3.1.7 Improve Water Deliveries to the Everglades 
The volume, timing, and quality of water delivered to the south Florida ecosystem will be greatly 
improved. CERP will deliver an average of 26 percent more water into Northeast Shark River 
Slough over current conditions. This translates into nearly a half million acre-feet of additional 
water reaching the slough, and is especially critical in the dry season. More natural refinements 
will be made to the rainfall-driven operational plan to enhance the timing of water sent to the 
WCAs, ENP, Holey Land, and Rotenberger Wildlife Management Areas . 

3.1.8 Remove Barriers to Sbeetflow 
More than 240 miles of project canals and internal levees within the Everglades will be removed 
to reestablish the natural sheetflow of water through the Everglades. Most of the Miami Canal in 
WCA 3 will be removed and 20 miles of the Tamiami Trail (U.S. Route 41) will be rebuilt with 
bridges and culverts, allowing water to flow more naturally into ENP, as it once did. In the Big 
Cypress National Preserve, a north-south levee will be removed to restore more natural overland 
water flow. 

3.1.9 Store Water in Existing Quarries 
Two limestone quarries in northern Miami-Dade county will be converted to water storage 
reservoirs to supply Florida Bay, the Everglades, Biscayne Bay, and Miami-Dade county 
residents with water. The 11,000-acre area will be ringed with seepage barriers to ensure that 
stored water does not leak or adjacent groundwater does not seep into the area A similar facility 
will be constructed in northern Palm Beach county. 

3.1.10 Reuse Wastewater 
CERP includes two advanced wastewater treatment plants in Miami-Dade county capable of 
making more than 220 million gallons a day of the county's treated wastewater clean enough to 
discharge into wetlands along Biscayne Bay and for recharging the Biscayne Aquifer. This reuse 
of water will improve water supplies to south Miami-Dade county as well as reducing seepage 
from the Northeast Shark River Slough area of the Everglades. Given the high cost associated 
with using reuse to meet the ecological goals and objectives for Biscayne Bay, other potential 
sources of water to provide freshwater flows to the central and southern bay will be investigated 
before pursuing reuse. 

3.1.11 Pilot Projects 
A number of technologies proposed in CERP have uncertainties associated with them - either in 
the technology itself, its application, or in the scale of implementation. While none of the 
pr0posed technologies are unteste~ what is not known is whether a~tual performance will 
measure up to that anticipated in CERP. The pilot projects, which include wastewater reuse, 
seepage management, Lake Belt technology, and three aquifer storage and recovery projects are 
recommended to address uncertainties prior to full implementation of these components. 

3.1.12 Improve Fresh Water Flows to Florida Bay 
Improved water deliveries to Shark River Slough, Taylor Slough, and wetlands to the east of 
ENP will in tum provide improved deliveries of fresh water flows to Florida Bay. A feasibility 
study is also recommended to evaluate additional environmental restoration needs in Florida Bay 
and the Florida Keys. 
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3.1.13 Southwest Florida 
There are additional water resource problems and opportunities in southwest Florida requiring 
studies beyond the scope of the CERP. In this regard, a feasibility study for Southwest Florida is 
being recommended to investigate the region's hydrologic and ecological restoration needs. 

3.1.14 Comprehensive Integrated Water Quality Plan 
The CERP includes a follow-on feasibility study co develop a comprehensive water quality plan 
to ensure that CERP leads to ecosystem restoration throughout south Florida. The water quality 
feasibility study would include evaluating water quality standards and criteria from an ecosystem 
restoration perspective and recommendations for integrating existing and future water quality 
restoration targets for south Florida water bodies into future planning, design, and construction 
activities to facilitate implementation of CERP. Further, water quality in the Keys is critical to 
ecosystem restoration. The Florida Keys Water Quality Protection Plan includes measures for 
improving wastewater and storm water treatment within the Keys. Implementation of the Keys 
Water Quality Protection Plan is critical for restoration of the south Florida ecosystem. 

The CERP program's projects will remove over 240miles of internal levees in the Everglades to 
help the recovery of natural volumes of water to rehydrate preexisting wetlands. Water storage
and water quality treatment are part of the overall project design to improve ecosystem and urban 
water supply needs within south Florida. Providing adequate flows throughout the system wil1 
help recharge the surficial aquifer, protecttng it from saltwater intrusion and also providing for 
public water supply and other users in the lower east coast. All CERP projects have the same 
goal of improving the quality, quantity, timing, and distribution of freshwater flows throughout 
south Flonda for the purpose. of restoring the Everglades ecosystem. It will take more than 30 
years to construct all of the elements and proj-ects of CERP. 

CERP plans to provide benefits to the estuaries by reducing harmful freshwater releases from 
Lake Okeechobee into the Caloosahatchee and St. Lucie River estuaries. The benefits would 
include improved seagrass beds as well as other SAV, thereby also improving species conditions 
that depend upon those resources (i.e. manatee, oysters, etc.). Increased freshwater flowing into 
the southern coastal systems (i.e. Florida and Biscayne Bays) would also improve habitat for 
listed species in the area. 

4.0 CERP Evaluation and Reporting 
Throughout the project implementation proeess, system-wide analyses will continue. A 
feedback loop will be established so that each PlR is evaluated for its contribution to the overall 
system and that the Comprehensive Plan is revised as necessary to reflect new information 
developed during the project development process. As part of this effort, the REstoration 
COordination VERification (RECOVER) team is responsible for linking science and the tools of 
science to a set of system-wide planning, evaluation, and assessment tasks . Their objectives are 
·to evaluate and assess CERP' s performance periodically, refine, and improve the plan during 
implementation, and en.sure that a system-wide perspective is maintained throu,ghout the 
restoration program. 

The CERP program includes an adaptive management plan as well as an extensive monitoring 
and assessment plan (MAP). Monitoring results are reported to the RECOVER team of 
scientists who put together a system status report every four to five years. The MAP program 
provid.es documentation of the status and trends of the key indicator species of the south Aorida 
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ecosystem, as well as addresses the key questions and uncertainties about achieving ecosystem 
restoration goals. A comprehensive understanding of the system enables the successful use of 
adaptive management principles to track and guide restoration activities to ultimately achieve 
restoration success (CERP reports are available on www .evergladesplan.org). These reports are 
distributed to all agencies and provide indicators such as salinity changes and changes in SA V as 
results that can be extrapolated to determine whether conditions for NMFS species have 
improved. 

Performance measures were used in the CEPP modeling which includes other CERP projects 
within its modeling assumptions. These performance measures are described in detail in the 
CEPP PIR/EIS Appendix G - Benefits Model. The performance measures were split up by 
Northern Estuaries, Greater Everglades, and the Southern Coastal Systems. The RECOVER 
system-wide evaluation (CEPP PIR/EIS Annex E) analyzes the modeling results from CEPP in 
the same format, allowing for an evaluation of the estuaries, central Florida, and the southern 
estuaries. These effects are described in the Section 6.0 (Program Effects to Species) of this 
consultation. 

5.0 CERP Projects Included in this Consultation 
The projects included in the final recommended CERP are described in detail at 
http://evergladesplan.org/pm/projects/project list.aspx. WRDA 2000 approved CERP as a 
framework for modifications to the C&SF project needed to restore the south Florida ecosystem 
and to provide for the other water-related needs of the region. WRDA 2000 also authorized 
construction of four pilot projects from CERP and implementation of ten initial projects needed 
to provide, in the short term, system-wide water quality and flow distribution benefits as well as 
an adaptive assessment and monitoring program subject to conditions. Authorization for the 
remaining components of the CERP occurs through subsequent WRDA legislation, after 
completion of PIR.s. 

In addition, Acceler8, a major initiative for Everglades restoration, was launched in 2005 to 
accelerate the pace of funding, design, and construction for eight environmental restoration 
projects. Seven of the ten congressionally authorized CERP projects are included in this 
initiative. These projects were recommended to Congress for initial authorization because the 
scientists and engineers engaged in the C&SF Restudy considered that they would provide 
immediate and significant restoration benefits. 

The following CERP projects are either authorized by Congress and/or will be constructed 
entirely or in part by Acceler8 are the: 

• C-44 Basin Storage Reservoir 
• EAA Storage Reservoir - Phase l 
• Site l Impoundment (to be dedicated as the Fran Reich Preserve) 
• WCA-3N3B Levee Seepage Management 

• C-9 Impoundment and Stonnwater Treamtment Area (STA) - recently added to the 
Long-Term Plan 

• C-11 Impoundment and STA- recently added to the Long-Term Plan 
• C-111 N Spreader Canal 
• Taylor Creek/Nubbin Slough ST As Project 

http://evergladesplan.org/prnlprojects/project
http:www.evergladesplan.org
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• Raise and Bridge East Portion of Tamiami Trail and Fill Miami Canal 
• North New River Improvement 

In addition, the Acceler8 initiative will advance restoration benefits by constructing the 
following projects: 

• Acme Basin B Discharge Project - programmatic authorization in WRDA 2000 and 
recently added to the Long-Term Plan 

• Biscayne Bay Coastal Wetlands Project - Phase I 
• Picayune Str~d Restoration Project (formerly Southern Golden Gate Estates) 
• C-43 West Reservoir Project 
• Three STA expansions in the EAA as part of the Long-Term Plan 

The CEPP project is a new project (2013) and is awaiting Congressional approval to begin 
detailed planning, construction, and implementation. Completed consultation is needed for 
CEPP approval, and this project is described in detail below. Because this project is more recent, 
modeling results encompass other CERP projects, presenting a programmatic view of CBRP plus 
CEPP project effects. 

S.1 Consultation Overview 
Table 2 lists proposed and listed threatened (T) and endangered (E) species, along with 
designated or proposed critical habitat under the jurisdiction of NMFS that we believe may occur 
in or near the action area and may be affected by the project. 

T bl 2 Statu f S a e . so 1pec1es an d Th . C "ti al H b "t (CH) . th P . t d A f A e1r rl c a a at m e roJec an C IOJI rea 
Species Name Scientific Name Status 

Turtles 
Green sea turtle Chelonia mydas.! T 
HawksbiH sea turtle Eremwchelys imbricata E 
Kemp's ridley sea turtle Lepidochelys kempii E 
Leatherback sea turtle Dennochelys coriacea E 
Loggerhead sea turtle Caretta carettaJ T 

Fish 
Smalltooth sawfish Prist~ pectinata4 E,CH 
Gulf Sturgeon Acipenser oxyrinchus desotoi E,CH 

Seae:rass 
Johnson's seae:rass Halophila johnsonii T,CH 

Invertebrates 
Elkhorn coral Acropora palmata' T,CH 
Stas!hom coral Acropora cervicornis0 T,CH 
Elliptical star coral Dichocoenia stokesii Proposed T' 

2 Green turtles arc listed as threatened except for the Florid.a and Pacific coast of Mexico breeding populations, which are listed as endangered 
3 Northwest Atlantic Ocean distinct population segment (DPS). 
4 U.S. DPS 
s Proposed listing change from threatened to endangered on December 7, 2012 
6 Propesed listing change from threatened to endangered on December?, 2012 
7 Corals proposed to be listed as threat.ened on December 7, 2012 (77 Fed. Reg. 73220) 
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Species Name Scientific Name Status 
Lamarck's sheet coral ARaricia lamarcki Proposed T 
Star coral Montastraeafranksi ProposedE11 

Mountainous star coral Montastraea faveolata Proposed E 
Pillar coral Dendrogyra cylindrus Proposed E 
Rough cactus coral Mycetophyllia ferox Proposed E 
Boulder star coral Montastraea annularis Proposed E 

Proposed critical habitat for the loggerhead sea turtle is within the action area, however, there are 
no routes of adverse effects to this habitat. No projects will be constructed in these babitats. The 
proposed units closest to the action area of the project are units 21-29, consisting of nearshore 
reproductive critical habitat defined as nearshore waters adjacent to nesting beaches that are used 
by hatchlings to egress to the open- water environment as well as by nesting females to transit 
between beach and open water during the nesting season (see 
http://www.nmfs.noaa.gov/pr/species/criticalhabitat loggerhead.htm). The increased freshwater 
flows would likely not extend out into the ocean to effect this habitat, and even if it did, it would 
have no effect on the essential features of these units, which consist of lack of structures or 
conditions that would inhibit use of the habitat and ingress and egress to and from the beaches. 
Thus, loggerhead critical habitat will not be considered further in this consultation. 

We reviewed all the projects included in the recommended CERP and authorized as a restoration 
framework by Congress in WRDA 2000 (Table 3). The level of specificity of project 
description, location, and objectives allowed us to make ESA effects determinations for all 
projects, including those not yet authorized. In many cases, we were able to conclude that 
projects would not have any direct effects on listed species or critical habitats, for example 
through construction interactions or noise, because the projects will be built outside of the ranges 
of NMFS's listed species and critical habitats. Those projects and reasoning are discussed 
below. We also evaluated the projects' potential effects individually and additively 
(pro grammatically) on habitats and aquatic resources used by NMFS species, primarily through 
the alteration of freshwater flow regimes across south Florida and into coastal habitats, which is 
one of the main goals of the CERP program. 

CERP projects that may overlap with species or critical habitats under NMFS purview, and may 
affect these resources through construction activity include: IRL-S, Picayune Strand Restoration 
Project, BBCW Project, C-43 West Basin Storage Reservoir, C-111 Spreader Canal Western 
Project, and CEPP (the ENP Seepage Management Project has been incorporated into CEPP). 
The Florida Keys Tidal Restoration project is a project that may affect NMFS 's listed species 
and would need separate NMFS consultation because no known plans exist for the project at this 
time or are expected in the foreseeable future. 

Table 3 summarizes CERP projects in terms of their capacity to have potential direct effects 
through construction activities on NMFS species or critical habitats. Some projects were 
consulted on individually in the past and for most, construction is already complete. Potential 
impacts to sawfish critical habitat, which was designated after the project was already built or 

8 Corals proposed to be listed as endangered on December7, 2012 (77 Fed. Reg. 73220) 

http://www.nmfs
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consulted on, are evaluated here. Similarly, whether any of the past projects consulted on and/or 
completed may affect the seven species of corals proposed to be Listed, was also evaluated. 
Below we describe the previous consultations, including any new information about the projects 
and anticipated effects. Program effects to species are evaluated in Section 6.0 (Program Effects 
to Species) and the project effects are equal to or less than detenninations made on the program 
(meaning that each project has a may affect, not likely to adversely affect determination or less). 

Table 3. CERP projects from Evergladesplan.org and determination of capacity for direct 
(constru~tion) effects on NMFS species or their Critical Habitat (CH) 
http://evere.ladesplan.orwpm/projects/project_list.aspx 

Project Name and PCTS #if Applicable 
Potential to Affect NMFS species or 

CH 
Acme Basin B Discharge No Effect 
Aquifer Stora2e and Recovery Regional Study No Effect 
Big Cypress - L-28 Interceptor Modifications No Effect 

Johnson's seagrass, elkhorn & 
Biscayne Bay Coastal Wetlands (SER-2010-2615) staghom coral, sea turtles, smalltooth 

sawfish 
Broward Co. Secondary Canal System No Effect 
Broward County Water Preserve Areas No Effect 
C-1 l1 Spreader Canal (SER-2009-3680) No Effect 
C-4 Control Structures No Effect 
C-43 AQuifer Storage and Recovery Pilot (SER-'2004-l548) No Effect 

C-43 West Basin Storage Reservoir Project (SER-2007-2630) 
Gulf sturgeon, sea turtles, smalltooth 

sawfisb&CH 
CaJoosaflatchee Back Pumpin2. with Stormwater Treatment No Effect 
Caloosahatchee River West Basin Storage Reservoir Project No Effect 

Smatltooth sawfish & CH, sea turtles 

Central Everglades Planning Project 
& CH. elkhom & staghorn coral CH, 

Johnson's seagrass & CH, marine 
mammals 

Central Lake Belt Stora2e Area No Effect 
Everglades Agricultural Area Storage Reservoirs No Effect 
Everglades National Park Seepage Management (now part of 

No Effect 
CEPP) 

Smalltooth sawfish & CH, sea turtles 
Florida Keys Tidal Restoration & CH, elkhom & staghom coral CH, 

Johnson's seagrass & CH 
Flows to Northwest and Central Water Conservation Area 3A No Effect 
Henderson Creek - Belle Meade Restoration No Effect 
Hillsboro Aquifer Storage and Recovery and Pilot No Effect 
Indian River La_goon South Sea turtles,. Johnson's sea2(ass & CH 
L-31N (L-30) Seepage Management Pilot No Effect 
Lake Belt In 2(ound Reservoir Technolo2v Pilot No Effect 
Lake Okeechobee Aquifer Storage and Recovery and Pilot No Effect 
Lake Okeechobee Watershed No Effect 
Lakes Park Restoration No Effect 
Loxahatchee National Wildlife Refuge Internal Canal No Effect 
Structures 

http://evergladesplan.orwprnlpro.iects/project
http:Evergladesplan.org
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Project Name and PCTS #if Applicable 
Potential to Affect NMFS species or 

CH 
Loxahatchee River Watershed Restoration Project No Effect 
Loxahatchee River Watershed Restoration Aquifer Storage and No Effect 
Recoverv 
Melaleuca Eradication and Other Exotic Plants No Effect 
Miccosukee Tribe Water Mana~ement Plan No Effect 
Modify Holey Land WiJdlife Management Area Operation Plan No Effect 
Modify Rotenberger Wildlife Management Area Operation No Effect 
Plan 
North Lake Belt Storage Area No Effect 
Palm Beach. County Agriculture Reserve Reservoir No Effect 
Picayune Strand Restoration Project Smalltooth sawfish & CH, ·Sea turtles 
Restoration of Pineland and Hardwood Hammocks in C-1 l l 

No Effect 
Basin 
Site l Impoundment (SER-2005-71 12) No Effect 
South Miami-Dade Reuse No Effect 
Strazzulla Wetlands No Effect 
Wastewater Reuse Technolo2v Pilot No Effect 
Water Conservation Area 3 Decompartmentalization & No Effect 
Sheetflow Enhancement- Part 1 (Decomp) 
Water Conservation Area 2B Flows to ENP No Effect 
West Miami-Dade Reuse No Effect 
Winsberg Farm Wetlands Restoration No Effect 
Water Ppreserve Area Conveyance No Effect 

5.2 CERP Projects with No Potential to Directly Affect Listed Species or Critical 
Habitats 

Projects listed as No Effect in Table 3 are not expected to have any effects on NMFS species due 
to construction activities. A review of the documentation for these projects on 
evergladesplan.org reveals that they are inland projects that do not consist of any construction or 
dredging in or near the estuaries or the coastline of Florida (all construction will be on or from 
the uplands), or in any designated critical habitat, and therefore would not directly impact NMFS 
species or their critical habitat. However, they all have and contribute additively to the 
overarching program objectives of CERP, to improve the quality, quantity, timing, and 
distribution of water flows throughout the south Florida ecosystem for restoration purposes. 

5.3 CERP Projects that Have Prior Individual Consultations: Project Descriptions, 
Summary of Prior Consultation Conclusions, and Evaluation of New Information 

As discussed above, between 2002 and 2011, NMFS and USACE consulted informally on 
several incJividual projects of the CERP program. In a November 3, 2011, letter of concurrence, 
NMFS summarized that at time 13 CERP projects were in various stages of construction or 
planning. Of those 13 projects, seven were determined to potentially affect species and/or 
critical habitat under NFMS 's purview through construction impacts. due to their presence in the 
action ar·eas of the projects. None of the projects were found likely to have adverse effects on 
NMFS listed species or critical habitats. These previous individual consultations and their 
effects conclusions are summarized below. Any new information or new species and critical 
habitat evaluations relevant to construction impacts of the.se projects is discussed below. Direct 

http:evergladesplan.org
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construction would not take place in coral reef or hard bottom communities, thus elkhom and 
staghorn corals, and the seven coral species proposed to be listed, Will not be affected by 
construction activities. The program-level impacts of all CERP projects from changes in 
freshwater flow and hydrology, including the projects in this section that have had previous 
section 7 consultations, are evaluated in section 6.0. The previous section 7 concurrence letters 
for these projects are included as attachments to this programmatic consultation. 

5.3.1 C4 111 Spreader Canal 
The C-111 Spreader Canal Western Project is an enhancement to the 1994 C-111 General 
Reevaluation Report. Its goal is to improve ENP .conditions by establishing more natural water 
flows in Taylor Slough. This, in turn. will improve the timing, distribution, and quantity of 
water in Florida Bay. The western project also has features that will jumpstart environmental 
restoration in the Southern Glades and Model Lands. These areas form a contiguous habitat 
corridor with ENP, Biscayne National Park, Crocodile Lakes National Wildlife Refuge, the north 
Key Largo Conservation and Recreational Lands purchases, John Pennekamp State Park, and the 
National Marine Sanctuary. It is estimated that about 252,000 acres of wetlands and coastal 
habitat may be affected by the proposed project (Figure 5). 
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Figure 5. C-111 Spreader Canal Project Area 

The C-111 Spreader Canal Western Project will create a nine-mile hydraulic ridge adjacent to 
ENP that will keep more of the natural rainfall and water flows within Taylor Slough. The 
hydraulic ridge will be created by constructing a 590-acre above-ground detention area in the 
Frog Pond area by installing two 225 cubic feet per second pump stations, and integrating other 
project features. The project will also begin restoration of the Southern Glades and Model Lands 
with an ope.rable structure in the lower C-111 canal, incremental operational changes at the S-
18C structure, a plug at S-20A, operational changes at the S-20 structure, and construction of 
earthen plugs at the C-110 canal 
(http://www.evergladesplan.org/docs/fs_cllljuly_2013_508.pdf). 

On May 7, 2009, the USACE requested concurrence with NMFS on its determination of may 
affect, but is not likely to adversely affect smalltooth sawfish and sea turtles. In addition, the 
USACE determined that the project would not modify critical habitat for elkhom or staghorn 

http://www
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coral. Critical habitat for the smalltooth sawfish had not been designated until after publication 
of the final PIR/EIS. After further discussion with NMFS, and as described in their BA, the 
USACE changed their determinations to no effect for all species currently listed, including 
elkhorn and staghorn corals, and their designated critical habitat. Consultation on this individual 
project was concluded in 2009 with a no effect determination on all listed species under NMFS 
purview. Construction on this project is complete. We have no new information that requires 
revisiting the previous consultation conclusions. 

5.3.2 Site 1 lmpoundment 
The Site 1 Impoundment (Figure 6) is designed to capture and store local runoff during wet 
periods and then use the water to supplement water deliveries to the Hillsborough Canal during 
dry periods, thus reducing demands for releases from Lake Okeechobee and the Arthur R. 
Marshall Loxahatchee National Wildlife Refuge (LNWR). Constructing and operating the 
impoundment will reduce the need for releases from LNWR during the dry season to meet local 
water demands and will facilitate the maintenance of more natural, desirable, and consistent 
water levels within the LNWR. The impoundment will also reduce groundwater seepage from 
LNWR. The ability to achieve and maintain more natural hydroperiods and hydropattems within 
LNWR by retaining more rainfall and inflows from upstream will enhance habitat function and 
quality, also improving native plant and animal species abundance and diversity. In addition, 
there will be benefits to the downstream estuaries as a result of reducing peak freshwater flows 
from local stormwater runoff and large pulse releases from Lake Okeechobee. 

L[GENI) 
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Figure 6. Site 1 Impoundrnent Project Area and Features 

Consultation on this individual project was completed in 2005 with a no effect determination on 
smalltooth sawfish. Construction is currently ongoing for this project. This project is not 
located within smalltooth sawfish critical habitat and will not have any effect on other listed 
species or critical habitats, given its location, other than its contribution to the program effects on 
freshwater flows and hydrology, discussed in Section 6.0 below. 
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5.3.3 Caloosahatchee River (C-43) West Basin Storage Reservoir 
The C-43 project purpose is to improve the timing, quantity, and quality of freshwater flows to 
the Caloosahatchee River estuary. The project provides approximately 170,000 acre-feet of 
above-ground storage volume in a two-cell reservoir. Major features of the project include 
external and internal embankments, and environmentally responsible design features to provide 
fish and wildlife habitat such as littoral areas in the perimeter canal and deep water refugia 
within the reservoir. The project contributes toward the restoration of ecosystem function in the 
Caloosahatchee estuary by reducing the number and severity of events where harmful amounts 
of freshwater from basin runoff and Lake Okeechobee releases are discharged into the estuary 
system. The project also helps to maintain a desirable minimum flow of freshwater to the 
estuary during dry periods. These two primary functions help to moderate unnatural changes in 
salinity that are detrimental to estuarine communities (Figure 7). 

Figure 7. C-43 Project Location and Features 

Consultation on this project was completed in 2007 with the conclusion of may affect, not likely 
to adversely affect sea turtles and smalltooth sawfish. We have no new information requiring 
that the previous consultation conclusions be revisited. However, critical habitat for the 
smalltooth sawfish was designated in 2009. This project is located upstream from critical habitat 
and therefore needs to be considered in the evaluation of program level effects below. 

5.3.4 Biscayne Bay Coastal Wetlands 
The BBCW project is located in coastal wetlands adjacent to Biscayne Bay in Miami-Dade 
county (Figure 8). 
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Figure 8. Biscayne Bay Coastal Wetlands Project Location and Features 

The primary project purpose is to redistribute freshwater runoff from the watershed adjoining 
Biscayne Bay to provide a more natural and historic overland flow through existing coastal 
wetlands. CERP identified a need to replace lost overland flow, rehydrate coastal wetlands, and 
reduce point source freshwater discharges to Biscayne Bay using a system of pumps and 
interconnections between coastal canals and operational changes to coastal structures. 

Consultation on this specific project was completed November 3, 2011, with a may affect, not 
likely to adversely affect determination for smalltooth sawfish and other listed species under 
NMFS purview. NMFS concurred with the USACE's determination that the BBCW project is 
not likely to adversely affect any listed species pending completion of a recommended 
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programmatic consultation for any remaining individual CERP projects .. We have no new 
information that requires revisiting the prior effects determinations on listed species from 
construction activities. 

5.3.5 Indian River Lagoon South 
The IRL-S project is located in Martin and St. Lucie counties. The purpose is to improve 
surface-water management in the C-23/C-24, C-25, and C-44 basins for habitat improvement in 
the St. Lucie River Estuary and southern portions of the Indian River Lagoon. Project features 
include (1) the construction and operation of four above-ground reservoirs to capture water from 
the C-44, C-23~ and C-25 canals for increased storage (130,000 acre-feet), (2) the construction 
and operation of four stormwater treatment areas to reduce the introduction of sediment, 
phosphorus, and nitrogen into the estuary and lagoon, (3) the restoration of upland and wetland 
habitat, (4) the redirection of water from the C-23/24 basin to the north fork of the St. I.;ucie 
River to attenuate freshwater flows to the estuary,(5) muck removal from the north and south 
forks of tbe St. Lucie River and middle estuary, and (6) the creation of oyster shell, reef balls, 
and artificial submerged habitat near muck removal sites for added habitat improvement. The 
project is expected to provide significant water quality improvement benefits to both the St. 
Lucie River and estuary and Indian River Lagoon by reducing the load of nutrients, pesticides, 
and suspended materials from basin runoff (Figure 9). 
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Figure 9. Indian River Lagoon South Project Location and Features 

Consultation was complete in 2002, determining that the project may affect, but is not likely to 
adversely affect sea turtles, Johnson's seagrass, and Johnson's seagrass critical habitat. The 
small tooth sawfish was listed after this project's consultation and needs to be considered in this 
consultation. The project is not located in sawfish critical habitat. Project features include 
building pumps, levees, canals, and other structures. These features are required in order to 
operate and interconnect project features, provide a mechanism for re-directing freshwater 
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discharges to the north fork of the St. Lucie River, and facilitate muck removal and habitat 
restoration actions inside the estuaries. 

Smalltooth sawfish may be adversely affected by being temporarily unable to use the site for 
foraging and shelter due to avoidance of constmction activities, related noise, and physical 
exclusion from areas blocked by turbidity curtains. Muck removaJ has not yet been completely 
designed for this project, therefore we are including measures to reduce any risk to NMFS's 
species. Constmction will include minor dredging of muck by a mechanical dredge along with 
upland construction projects. All construction will be limited to daylight hours only to help 
construction workers spot sea turtles near the project areas and avoid interactions with these 
species. These effects will be insignificant, given the small area anticipated to be dredged and 
the short, daylight-only construction time limited likely needed to complete the task. The 
USACE will be required to follow NMFS's Sea Turtle and SmalltoothSawfish Construction 
Conditions, which requii:e work to stop if a protected species is seen within 50 feet of operating 
consttuction equipment Additionally, turbidity controls wiH enclose the project site and be 
removed after construction which will not appreciably block use of the area by ESA-listed 
species, but will help prevent these species from getting close to the active construction site. The 
construction activies have not changed from previous consultation conclusions and will not 
impact foraging or refuge habitat for smalltooth sawfish. Thus we believe that effects to this 
species from construction activity are discountable. Once a muck removal plan is developed, 
USACE will provide this to NMFS in ord~r to assure thal the above measures are followed. 

5.3.6 Picayune Strand RestQration 
The Picayune Strand project involves restoration of natural water flow across 85 square miles in 
western Collier county that were drained in the early 1960s in anticipation of extensive 
residential development. The subsequent development dramatically altered the natural 
landscape, changing a heaJthy wetland ecosystem into a distressed environment. The goal is to 
restore wetlands in Picayune Strand and in adjacent public lands by reducing over..,drainage 
while restoring a natural and beneficial sheetflow of water to the Ten Thousand Islands National 
Wildlife Refuge. Project features include 83 miles of canal plugs, 227 miles of road removal, 
and the addition of pump stations and spreader swales to aid in rehydration of the wetlands. 
Restoration benefits include wetland restoration and subsequent reemergence of foraging wading 
birds and native flora. In addition to restoring freshwater wetlands, the project will improve 
estuarine water quality by increasing groundwater recharge and reducing large and unnatural 
freshwater inflows. 

On October 20, 2004, the USACE requested concurrence from NMFS on its no effect 
determination on smalltooth sawfish , green sea turtle, Kemp's ridley sea turtle, and leggerhead 
sea turtle. Re-initiation of consultation is needed since smalltooth sawfish critical habitat was 
designated after the original consultation was completed. 

A recent potential project feature would remove up to two acres of mangrove habitat 
approximately one-half mile north of the smalltooth sawfish criticaJ habitat along the Faka Union 
CanaJ (Figure 10). These effects will be discountable because the mangroves are likely located 
above the Mean High Water Line and inaccessible to sawfish. because they are only hydrated 
during extreme storm events. 
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T~e mangroves are located west of the Faka Union Canal and all construction would take place 
from upland areas. 
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Figure 10. Picayune Strand Project Area and Potential Manatee Mitigation Feature with Smalltooth Sawfish Critical Habitat 
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5.4 Central Everglades PJanning Project (CEPP) 
CEPP is being described in detail in this document because the USACE is currently seeking 
authorization to construct new projects to achieve CEPP' s goals, and authorization is contingent 
upon completion of consultation. As discussed below, CEPP assumes that some CERP projects 
are already completed, including some that have previous consultation hi-stories, and some 
projects to be constructed in the future. 

The purpose of CEPP is to propose implementation of a new set of components of CERP. Since 
the CERP framework and initial projects were approved through WRDA 2000, three projects 
were authorized in the 2007 WRDA and proceeded into construction (IRL-South, Picayune 
Strand, and Site l Impoundment) and a fourth project, Melaleuca and Other Exotic Plants 
Biological Controls, was implemented under the programmatic authority in WRDA 2000. 
Despite this progress, ecological conditions and functions within the central portion of the 
Everglades ridge and slough community continue to decline due to lack of sufficient quantities of 
freshwater flow into the central Everglades and timing and distribution problems. To respond to 
this concern, the USACE and the South Florida Water Management District initiated CEPP in 
November of 2011 to evaluate alternatives for restoring ecosystem conditions in the central 
portion of the Everglades and opportunities for providing for other water-related needs in the 
region. 

This project incorporates restoration components primarily intended to benefit freshwater 
wetlands and estuarine resources by distributing freshwater flows through WCA 3A, 3B, and 
ENP. The CEPP project assumes that the following CERP projects are complete: (1) IRL-S, (2) 
Picayune Strand Restoration Project, (3) Site 1 Impoundment Project, (4) BBCW Project, (5) C-
43 West Basin Storage Reservoir, and (6) C-111 Spreader Canal Western Project. CEPP 
encompasses ENP Seepage Management within its project, therefore combining the two. 
Because all CERP projects expected to potentially affect NMFS species or their critical habitat 
are assumed to be complete prior to implementation of CEPP, the modeling analysis for CEPP is 
inclusive of the programmatic effects of individual CERP projects effects. 

CEPP would decrease the large freshwater pulse releases from Lake Okeechobee that current! y 
are sent east to the St. Lucie and west to the. Caloosahatchee estuaries, instead sending the water 
southward through the BAA canals to flowage equalization basins (similar to stormwater 
treatment areas). The reduction of existing high flows to the estuaries would help restore them 
by regulating the salinity regimes in a more favorable manner for listed and non-listed species. 
The flowage equalization basins would deliver water to existing stormwater treatment areas, 
which would reduce phosphorus concentrations in the water, and then the treated water would be 
released at the northwestern end of WCA 3A to flow through and restore much of WCA 3A, 3B, 
ENP, and Florida Bay. Several existing levees, canals, culverts, and pump stations would be 
constructed, modified, or removed to improve the flow of water through the system (Figure 11 ). 

28 
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Figure 11. Central Everglades Planning Project Features 

Consultation for six of these CERP projects were previously conducted. In its BA, the USACE 
determined CEPP would have no effect on corals or listed whales, due to these species' habitats 
outside of the expected extent of impacts of this project. The USACE determined, and NMFS 
concurs, that CEPP's construction activities may affect, but are not likely to adversely affect, 
green, hawksbill, leatherback, Kemp's ridley, and loggerhead sea turtles, and smalltooth sawfish. 
If they would be in the inland action areas of these projects, which is unlikely, these species 
would be expected to be foraging or migrating through project construction areas, but their 
mobility, and implementation of NMFS' sea turtle and sawfish construction conditions, will 
allow them to avoid any adverse effects from construction. 

The program-level effects of CEPP through changes in freshwater flow and hydrology are 
discussed in Section 6.0. 

6.0 CERP Program Effects on Listed Species or their Critical Habitat 
NMFS has considered all routes of effects that CERP could have on listed species and critical 
habitat and determined that species and critical habitats may be affected through either impacts 
of construction activities or through changes to freshwater hydrologic flows. As described 
above, NMFS has previously consulted on all potential projects that may have construction 
impacts, with the exception of the Florida Keys Tidal Restoration Project which is not covered 
by this consultation and some components of CEPP, which are evaluated above. NMFS has 
determined that effects from construction, both individually and additively, would be 
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discountable or insignificant. All construction projects -in the ranges oflisted species or critical 
habitats will use floating turbidity curtains around all in-water construction areas and will follow 
NMFS's 2006 Sea Turtle and Smalltooth Sawfish Construction Conditions. The mobility of 
species that may be in the action area of construction activities allows them to avoid construction 
impacts. 

As discussed below, CERP's program effects to freshwater hydrologic flows, individually and 
additively, would have solely beneficial effects to NMFS listed species and critical habitats. 
Potential effects would result from change in freshwater flows and alteration of salinity through 
the south Florida ecosystem. The Recovery Plans for some NMFS species indicate that restoring 
more natural freshwater flows would be a conservation measure for the species. CERP program 
effects are meant to be beneficial in nature to help restore the historic/more natural quality, 
quantity, timing, and distribution of freshwater flows throughout south Florida. 

6.1 CEPP Modeling Evaluations and Key Findings 
Modeling that was completed for CEPP includes the existing (current in 2010 when the project 
began) conditions, the Future Without Project (FWO), and CEPP. The FWO project 
assumptions contains all CERP projects listed in this consultation with the exception of the 
Florida Keys Tidal Restoration Project. CERP projects are also included in the CEPP Preferred 
Alternative modeling which provides an additive evaluation of program effects. Therefore, all 
discussion of CEPP modeling is an evaluation of the CERP program. 

Evaluations of CEPP were performed using performance measures, independent analysis of the 
RECOVER system-wide evaluation (CEPP PIR/EIS Amiex E), and a benefits model analysis 
(CEPP PlR/ElS Appendix G), as well as best professional judgment. This consultation is 
reiterating the key findings, however, a more detailed analysis of CEPP performance measures 
and modeling can be found in the CERP Programmatic BA or is located in the CEPP PIR/EIS 
located on www.evergladesplan.org. Modeling assumptions are explained in more detail in 
Section 2, Table 2-2 in the CEPP PIR/EIS. 

The RECOVER system-wide evaluation was completed on Alternatives 1-4 of CEPP and not on 
the preferred Alternative (Alt 4R2). RECOVER recommendations were incorporated into 
Altemative4R to improve performance in the St. Lucie Estuary, Water Conservation Area 2, and 
Biscayne Bay. Because most of the changes to CEPP Alternative 4R2 (preferred alternative) 
were limited to the southern end of the system, RECOVER scientist models were only rerun to 
determine Florida Bay benefits and to understand potential effects on Biscayne Bay. RECOVER 
scientists agree thatAlternative 4R2 results to Biscayne Bay improved over Alternatives 1-4 for 
increased freshwater flows. 

6.1.1 Northern Estuary Modeling 
The northern estuary restoration goals include re-establishment of a salinity range favorable to 
juvenile marine fish, shellfish, oysters, and SA V, re--establishment of seasonally appropriate 
freshwater flows of favorable quality that maintain low salinities in the upper estuary and re
establishment of more stable salinities and ranges in the lower estuary. 

ln the Caloosahatchee, targets were based on freshwater discharges from C-43 canal at the S-79 
structure where the mean monthly inflow should be maintained between 450 and 2,800 cubic 
feet per second ( cfs ). Targets were developed to reduce minimum discharge and mediate high 
flow events to the estuary to improve esruarine water quality and protect and enhance estuarine 
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habitat and biota. Ultimately, the low flow target is no months during October to July when the 
mean monthly inflow from the Caloosahatchee watershed, as measured at S-79, falls below a 
low-flow limit of 450 cfs (C-43 basin runoff and Lake Okeechobee regulatory releases). 
Ultimately, the high flow target is no months with mean monthly flows greater than 2,800 cfs, as 
measured at the S-79, from Lake Okeechobee regulatory releases in combination with flows 
from the Caloosahatchee River (C-43) basin. 

The St. Lucie Estuary restoration requires addressing high volume, long duration discharge 
events from Lake Okeechobee, the C-44, C-23, and C-24 watersheds. The flow targets are 
designed to result in a favorable salinity envelop in the mid estuary of 8 to 25 psu salinity. Only 
discharges from Lake Okeechobee were included in the St. Lucie Estuary flow targets. This is 
due to the fact that the watershed flow targets are being addressed in the IRL-S Project which is 
included in the 2050 base conditions. Full restoration targets are estimated to be 31 months 
where mean flow is less than 350 cfs and 0 Lake Okeechobee regulatory discharge events (14 
day moving averages > 2000 cfs). 

Performance measures within the northern estuaries were used to measure the suitability for 
oyster and SAV habitat based on target flows from structures S-79 and S-80. CEPP will improve 
conditions for estuarine and marine resources throughout the northern estuaries by restoring 
more natural timing, volume, and duration of freshwater flows to the Caloosahatchee and St 
Lucie estuaries with the potential to provide a more appropriate range of salinity conditions by 
reducing extreme salinity fluctuations. Performance measure scores within the northern estuaries 
were generated from the model at S-79 and S-80. Calculation ofhabitat benefits achieved by 
each of the project alternatives is restricted to portions of the estuary where changes in salinity in 
relation to freshwater flows at S-79 and S-80 can be reasonably predicted. 

Modeling results indicate that CEPP would reduce the number of high flow events in both 
estuaries, thereby improving habitat for oyster and SA V. The low flow reductions were 
minimal , however, the RECOVER scientists state that the results provide indication that CEPP is 
moving restoration in the right direction. 

6.1.2 Southern Coastal Systems Modeling 
A desired result of restored hydroperiods through CEPP is to increase densities of small fishes 
and macroinvertebrates throughout the Everglades, especially in the southern Everglades. 
Because small fishes are the most abundant vertebrates in the Everglades and are consumed by 
large predators, the Trophic Hypothesis predicts that an increase in density of small fish will 
benefit higher trophic-level predators such as wading birds, reptiles, and larger fish that depend 
on them as a food source. This CEPP model (Cantano and Trexler, 20139

) compares freshwater 
fish densities in the WCA 3A and 3B, Shark River Slough, and Taylor Slough of existing 
conditions against FWO and CEPP. 

Results of these model comparisons agree that abundance of both small fishes and largemouth 
bass would increase under the CEPP hydrologic model scenarios compared to the Existing 

9 Catano, C. and J. Trexler. 2013. CEPP Model Comparison of Predicted Freshwater Fish Densities, Draft 3.0. 
Comprehensive Everglades Restoration Plan, Restoration Coordination and Verification (RECOVER). U.S. Army 
Corps of Engineers, Jacksonville District:, Jacksonville, Florida, USA and South Florida Water Management 
District, West Palm Beach, Florida, USA. 

31 



Page 269 of 319

Conditions hydrology or the FWO. The increased fish productivity under CEPP .is linked to 
longer hydroperiods and reduced severity of drying events in regions south of the L-5 canal 
(WCA 3A, WCA 3B, Shark River Slough, Southern Marl Prairies., Taylor Slough). CEPP 
Alternative 4 yielded the greatest benefits for fish production. There were relatively small 
differences between these two scenarios in the predicted benefits on small fish density and 
largemouth bass. 

RECOVER evaluations determined that the model-predicted salinity improvements in Florida 
and Biscayne Bays translated to a noticeable increase in abundance of juvenile spotted trout, 
pink shrimp, juvenile crocodiles~ and SA V. Salinity improvements from CEPP over the existing 
conditions and FWO include a more stable salinity regime for marine species in the estuaries due 
to a reduction in large freshwater pulse releases from Lake Okeechobee with CERP features such 
as more water storage, decreased acreage of levees acting as barriers to sheetflow, and increased 
overland freshwater flows throughout south Florida (CEPP PIR/EIS Anrtex E - RECOVER 
System-wide Evaluation). 

6.2 Sea Turtles 
There are five species of sea turtles (green, hawks bill, Kemp's ridley, leatherback, and 
loggerhead) that may be affected within the action area due to habitat alteration. Although these 
species may be present in the action area, adverse effects would not be expected to occur to them 
or their habitat due to the alteration of freshwater flows. On the contrary, increased freshwater 
flows to the estuaries would potentially benefit the species by better regulating the frequency of 
high volume freshwater discharges as well as regulating low flow events from Lake Okeechobee 
to the Caloosahatchee and St. Lucie River estuaries. Increased freshwater flows to the estuaries 
due to CERP are expected to regulate the salinity regime within the estuaries, thereby 
beneficially affecting seagrass foraging habitat. This beneficial regulation of salinity regimes is 
documented in the RECOVER system-wide evaluation, as well as the Habitat Modeling for 
CEPP (CEPP PIR/EIS Annex E and G). CERP expects to increase freshwater flows to Florida 
Bay; however, this would not alter the foraging base for the leatherback and is therefore unlikely 
to be impacted by activities in the proposed action. Based on the above discussion, we consider 
the potential for impacts to sea turtles to be discountable and they are not likely to be adversely 
affected by the program. 

6.3 Smalltooth Sawfish and its Critical Habitat 
Small tooth sawfish and its critical habitat are within the action area that may be affected by the 
programmatic effects of CERP on freshwater flow and hydrology, The critical habitat consists 
of two units: the Charlotte Harbor Estuary Unit (CHEU) located in Charlotte and Lee Counties, 
which comprises approximately 221,459 acres (346 mi2) of coastal habitat; and the Ten 
Thousand Islands/Everglades Unit, located in Collier, Monroe, and Miami-Dade Counties, which 
comprises approximately 619,013 acres (967 mi2) of coastal habitat. The essential features of 
critical habitat are red mangroves and shallow, euryhaline waters less than 3 feet mean lower low 
water (MLLW). The only essential feature of critical habitat that would be affected by the 
proposed action is mangroves. NMFS has identified the following potential effects to smalltooth 
sawfish and its critical habitat, and concluded they will not likely be adversely affected by the 
program. 

The goal and expectation of CERP is to decrease large freshwater pulse releases from Lake 
Okeechobee to the estuaries , and specific to the sawfish, the Caloosahatchee estuary which 
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contains critical habitat. The change in freshwater flows throughout central and south Florida 
would benefit the sawfish with more stable salinity regimes in the estuaries as well as providing 
more historic overland flows to Ten Thousand Islands and Florida Bay, thereby improving 
mangrove wetland habitat10

• 

The ideal salinity range for sawfish is 18- 30 parts per thousand (ppt) (Poulakis et al 2011 11
). 

CEPP used salinity envelopes in their model by range of tolerability for tape grass (Vallisneria 
Americana) and oysters, which have a similar range to sawfish at 16-28 psu, with this range 
considered beneficial and less hannful to estuarine flora and fauna (USACE 2013 Appendix E 12

). 

CEPP modeling results indicate that at Shell Point (Figure 12), which is within sawfish critical 
habitat, salinity is increased within the ideal range for oysters (16-28) from existing conditions at 
8,569 psu to 9,870 psu with CEPP due to the reduction of freshwater pulse releases from Lake 
Okeechobee. Since the sawfish range is similar to the oyster, this increase in salinity at Shell 
Point (lower estuary) would benefit the smalltooth sawfish and its critical habitat as the salinity 
is better than current conditions. 

The salinity regimes also improved at Cape Coral (middle estuary) from existing conditions to 
the FWO, and then im roved more with CEPP (Table 4). 

Figure 12. Salinity collection points in the Caloosahatchee Estuary used in CEPP Analysis. The 
red dots indicate where information was collected. 

10 httj?://www.evergladesplan.org/pm/recover/recover docs/et/ne pm salinityenvelopes.pdf pg 9 
11 Poulakis, G.R., Stevens, P.W., Timmers, A.A., Wiley, T.R., and Simpfendorfer, C.A. (2011). Abiotic affinities 
and spatiotemporal distribution of the endangered smalltooth sawfish, Pristis pectinata, in a south-western Florida 
nursery. Marine and Freshwater Research. Available online (www.publish.csiro.au/joumal/mfr) 
12 USACE 2013. Draft Project Implementation Report and Environmental Impact Statement for the Central 
Everglades Planning Project. Appendix E - RECOVER System-wide Evaluation. Jacksonville, FL. 
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Table 4. Distribution of daily average salinity modeled at Cape Coral Bridge. Table extracted 
f An E RECOVER t 'd I ti fCEPP rom nex ., sys em-w1 e eva ua ODO . 

Salinity ranees Existin2 Conditions FWO CEPP 
<16 psu 8596 8461 8025 

16-28 psu 5640 6404 6772 
>28 733 110 178 

Implementation of CERP could benefit the smalltooth sawfish and its critical habitat with more 
stable salinity regimes in the estuaries as described above, and is consistent with the objectives of 
the Sawfish Recovery Plan13

, which states that one of the causes of sawfishdecline was the 
diversion of freshwater runoff to the coast and throughout Ten Thousand Islands. CERP goals 
are in line with conservation aspects in the recovery plan to minimize or eliminate the disruption 
of natural and historic freshwater flow regimes (including timing, distribution, quality, and 
quantity) and maintain or restore water quality to ensure long term viability of sawfish. The 
potential restored hydrology provided by CERP would increase the periodic inundation of the 
downstream mangrove wetlands, which depend on this periodic inundation; the lack of 
freshwater from upstream sources contributes to their degradation. Based on the above 
discussion, we consider the potential programmatic effects to smalltooth sawfish and its critical 
habitat from freshwater flow to be beneficial and are therefore not likely to be adversely affected. 

6.4 Johnson's Seagrass 
Johnson's seagrass and its critical habitat have the potential to be affected within the action area 
in the St. Lucie estuary as well as the southern estuaries. The essential features of Johnson's 
seagrass critical habitat are: (1) adequate water quality; (2) adequate salinity levels; (3) adequate 
water transparency; and (4) stable, unconsolidated sediments that are free from physical 
disturbance. All four essential features must be present in an area for it to function as critical 
habitat for Johnson's seagrass. 

Based on a study by Vimstein (199?1 4
) in the Indian River Lagoon area (CERP project), the 

reduced high volume discharge to the northern estuaries due to implementation of CERP would 
benefit seagrass due to decreased siltation, increased water clarity, and more stable salinity 
envelopes, thus also beneficially affecting the features of Johnson's critical habitat. In the 
RECOVER annual report (20091

\ the Interim Goals on Seagrass section suggest that Johnson's 
seagrass is expected to expand with improved salinity conditions. Analysis performed by the 
RECOVER team in 2013 for CEPP revealed that salinity envelopes for seagrasses improved with 
CEPP in the northern estuaries, Florida Bay, and Biscayne Bay. Based on the above discussion, 
we consider the potential for impacts to Johnson's seagrass and its critical habitat to be beneficial 
and this species is not likely to be adversely affected. 

6.5 Corals 
Elkhorn and staghom coral and their critical habitat occur on the Atlantic side of Florida and 
have the potential to be affected by CERP. For elkhom and staghom coral, the physical feature 

13 NMPS. 2009. Recovery Plan for Smalltooth Sawfish (Pristis pectinata). 
14 Virnstein, R.W., L.J. Morris, J .D. Miller, and R. Miller-Myers. 1997. Distribution and abundance ofHalophila 
jolu1sonii in the Indian River Lagoon. St. Johns River Water Management District Technical Memorandum #24. 
November 1997. 14 pp. 
is USACE, 2009. RECOVER: 2009 System Status Report. 
http://www.evergladesplan.org/pm/ssr 2009/ssr main.aspx 
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of critical habitat essential to the conservation of the species is substrate of suitable quality and 
availability, in water depths from the mean high water line to 30 meters, to support successful 
larval settlement, recruitment, and reattachment of fragments. Substrate of suitable quality and 
availability means consolidated hardbottom or dead coral skeletons free from fleshy macroalgae 
and sediment cover. 

Proposed listed species of corals include the elliptical star coral, Lamarck's sheet coral, star 
coral, mountainous star coral, pillar coral, rough cactus coral, and boulder star coral that are 
located on the Atlantic and Caribbean side of Florida could also have the potential to be affected 
by CERP. Program effects include alteration of habitat due to changes in freshwater distribution 
throughout south Florida. Habitat suitability and quality are factors impacting recovery of the 
two listed species (http://sero.nmfs.noaa.gov/pr/esa/acropora.htm). Although the action area of 
CERP encompasses the shoreline, effects from freshwater flow alterations are not expected to 
reach the proximity of corals and their critical habitat. However, the southern estuaries are 
expected to receive more overland freshwater flows, thereby providing more stable salinity 
regimes within the southern coastal systems (see Section 6.1.2, Annex E of the CEPP PIR/EIS or 
Appendix G - Benefits Model of the CEPP PIR/EIS). Based on the above discussions, we 
consider the potential for impacts to corals and their critical habitat to be beneficial and are not 
likely to be adversely affected. 

7 .0 Conclusion and Next Steps 
Based on our analysis, we concur with the USACE's determination that CERP is not likely to 
adversely affect any listed species or their designated critical habitat under our purview. CERP 
system-wide evaluation reports are provided to all agencies every four to five years and will be 
reviewed by NMFS. All reports are posted to the web: 
http://www.evergladesplan.org/pm/recover/assess team.aspx. Because this is an ongoing action 
and involves assumptions about future individual projects, USACE has a continuing duty to 
ensure the program and its effects are not modified in a way that requires reinitiation of 
consultation, or that reinitiation is required due to new species listings or critical habitat 
designations in the future. As part of this responsibility, USACE will review all projects covered 
by this consultation as authorization to construct them is sought, to ensure that their locations and 
construction activities are not different than as evaluated in this consultation to the ·extent it 
requires additional consultation with NMFS. 

This concludes the USACE's consultation responsibilities under the ESA for species under 
NMFS's purview. Consultation must be reinitiated if a take occurs or new information reveals 
effects of the action not previously considered, or the identified action is subsequently modified 
in a manner that causes an effect to the listed species or critical habitat in a manner or to an 
extent not previously considered, or if a new species is listed or critical habitat designated that 
may be affected by the identified action. 

3.5 
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Additional relevant information is enclosed for your review. We look forward to further 
cooperation with you on other projects to ensure the conservation of our threatened and 
endangered marine species and designated critical habitat. 

If you have any questions on this consultation, please contact Kay Davy, consultation biologist, 
at (727) 415-9271, or by e-mail at kay.davy@noaa.gov. 

Sincerely, 

Roy E. Crabtree, Ph.D. 
Regional Administrator 

Enc.: 1. Sea Turtle and Smalltooth Sawfish Construction Conditions (Revised March 23, 2006) 
2. PCTS Access and Additional Considerations for ESA Section 7 Consultations 
(Revised June 11, 2013) 
3. Prior NMFS Concurrence Documentation for CERP Projects 

cc: F/SER4 - Kay Davy 

File: 1514-22.F.4 

36 

mailto:kay.davy@noaa.gov


Page 274 of 319

BA 
C-43 
C&SF 
CEPP 
CERP 
CH 
cfs 
EAA 
EIS 
ENP 
ESA 
FWO 
lRL-S 
LNWR 
LORS 
MAP 
NEPA 
NMFS 
PIR 
Psu 
RECOVER 
SAY 
STA 
USA CE 
WCA 
WRDA 

ACRONYMS AND ABBREVIATIONS 

Biological Assessment 
Caloosahatchee River Project(C-43) 
Central and Soulh Florida 
CemraJ Everglades Planning Project 
Comprehensive Everglades Restoration Plan 
Critical Habitat 
Cubic Feet per Second 
Everglades Agricultural Area 
Environmental Impact Statement 
Everglades National Park 
Endangered Species Act 
Future Without Project 
Indian River Lagoon South Feasibility Study 
Loxahatchee National Wildlife Refuge 
Lake Okeechobee Regulation Schedule 
Monitoring and Assessment Plan 
NationaJ Environmental Policy Act 
National Marine Fisheries Service 
Project lmplement.ation Reports 
Pratical Salinity Units 
REstoration COordination VErification 
Submerged Aquatic Vegetation 
Stonnwater Treatment Area 
U.S. Anny Corps of Engineers 
Water Conservation Areas 
Water Resources Development Act 

37 



Page 275 of 319

SEA TURTLE AND SMALL TOOTH SA wFISH CONSTRUCTION CONDITIONS 
(REVISED MARCH 23, 2006) 



Page 276 of 319

UMTED STATES DEPARTMENI' OF COMMERCE 
National Oceanic and Atmospheric AdmiaJstratioo 
NATIONAL MARINE FISHERIES SERVICE 
Southeast Regional Office 
263 13th Avenue South 
St. Petersburg, FL 33701 

SEA TURTLE AND SMALLTOOm SA WFISH CONSTRUCfiON CONDITIONS 

The pcrmittce shall comply with the following protected species construction conditions: 

a. The pennittee shall instruct all personnel associated with the project of the potential presence of 
these species and the need to avoid collisions with sea turtles and smalltooth sawfish. All 
construction personnel are responsible for observing water-related activities for the presence of 
these species. 

b. The permittee shall advise all construction persoMel that there are civil and criminal penalties for 
harming, harassing, or killing sea turtles or smalltooth sawfish, which are protected under the 
Endangered Species Act of 1973. 

c. Siltation bamers shall be made of material in which a sea turtle or small tooth sawfish cannot 
become entangled, be properly secured, and be regularly monitored to avoid protected species 
entrapment. Barriers may not block sea turtle or smalltooth sawfish entry to or exit from 
designated critical habitat without prior agreement from the National Marine Fisheries Service's 
Protected Resources Division, St. Petersburg, Florida. 

d. All vessels associated with the comtruction project shall operate at "no wake/idle" speeds at aJI 
times while in the construction area and while in water depths where the draft of the vessel 
provides less than a four-foot clearance from the bottom. All vessels will pn:fcrentially follow 
deep-water routes (e.g., marked channels) whenever possible. 

e. If a sea turtle or small tooth sawfish is seen within 100 yards of the active daily 
construction/dredging operation or vessel movement, all appropriate precautions shall be 
implemented to ensure its protection. These precautions shall include cessation of operation of 
any moving equipment closer than SO feet of a sea turtle or smalltooth sawfish. Operation of any 
mechanical construction equipment shall cease immediately if a sea turtle or smalltooth sawfish is 
seen within a SO-ft radius of the equipment Activities may not resume until the protected species 
bas departed the project area ofits own volition. 

f. Any collision with and/or injury to a sea turtle or smalltooth sawfish shall be reported 
immediately to the National Marine Fisheries Service's Protected Resources Division (727-824-
S312) and the local authorized sea turtle strandingi'rescue organization. 

g. Any special construction conditions, required of your specific project, outside these general 
conditions, if applicable, will be addressed in the primary consultation. 

Revised: March 23, 2006 
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CONSUL TA TIO NS (REVISED JUNE 11, 2013) 
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PCTS Access and Additional Considerations for ESA Section 7 Consultations 
(Revised 7-15-2009) 

Public Consultation Tracking System CPCTS) Guidance: PCTS is an online query system at 
https://pcts.nmfs.noaa.gov/ that allows federal agencies and U.S. Anny Corps of Engineers' 
(COE) permit applicants and their consultants to ascertain the status ofNMFS' Endangered 
Species Act {ESA) and Essential Fish Habitat (EFH) consultations, conducted pursuant to ESA 
section 7, and Magnuson-Stevens Fishery Conservation and Management Act's (MSA) sections 
30S(b)2 and 305(b)(4), respectively. Federal agencies are required to enter an agency-specific 
usemame and password to query the Federal Agency Site. The COE "Permit Site" (no password 
needed) allows COE pennit applicants and consultants to check on the ~t status of Clean 
Water Act section 404 pennit actions for which NMFS has conducted, or is in the process of 
conducting, an ESA or EFH consultation with the COE. 

For COE-pennitted projects, click on "Enter Corps Permit Site.'' From the "Choose Agency 
Subdivision (Required)" list, pick the appropriate COE district. At "Enter Agency Pennit 
Number' type in the COE district identifier, hyphen, year, hyphen, number. The COE is in the 
processing of converting its pennit application database to PCTS-compatible "ORM." An 
example permit number is: SAJ-2005-000001234-IPS-l. For the Jacksonville District, which 
has already converted to ORM, pennit application numbers should be entered as SAJ (hyphen), 
followed by 4-digit year (hyphen), followed by· pennit application nwneric identifier with no 
preceding zeros. For example: SAJ-2005-123; SAJ-2005-1234; SAJ-2005-12345. 

For inquiries regarding applications processed by COE districts that have not yet made the 
conversion to ORM (e.g,, Mobile District), enter the 9-digit nwneric identifier~ or convert the 
existing COE-assigned application nwnber to 9 numeric digits by deleting all letters, hyphens, 
and commas; converting the year to 4-digit fonnat (e.g., -04 to 2004); and adding additional 
zeros in front ofthe numeric identifier to make a total of9 numeric digits. For example: ALOS-
982-F converts to 200500982; MS05-0440l-A converts to 200504401. PCTS questions should 
be directed to Eric Hawk at Eric.Hawk@noaa.gov. Requests for username and password should 
be directed to PCTS.Usersupport@noaa.gov. 

EFH Recommendations: In addition to its protected species/critical habitat consultation 
requirements with NMFS' Protected Resources Division p~suant to section 7 of the ESA, prior 
to proceeding with the proposed action the action agency must also consult with NMFS' Habitat 
Conservation Division (HCD) pursuant to the MSA requirements for EFH consultation (16 
U.S.C. 1855 (b)(2) and 50 CFR 600.905-.930, subpart K). The action agency ·should also ensure 
that the applicant understands the ESA and EFH processes; that ESA and EFH consultations are 
separate, di-stinct, and guided by different statutes, goals, and time lines for responding to the 
action agency; and that the action agency will (and the applicant may) receive separate 
consultation correspondence on NMFS letterhead from HCD regarding their concerns and/or 
finalizing EFH consultation. 

Marine Manunal Protection Act <MMPA> Recommendations: The ESA section 7 process does 
not authorize incidental takes oflisted or non-listed marine mammals. If such takes may occur 
an incidental take authorization under MMPA section 101 (a)(S) is necessary. Please contact 
NMFS' Permits, Conservation, and Education Division at (301) 713-2322 for moreinfonnation 
regarding MMP A permitting procedures. 

mailto:PCTS.Usersupport@noaa.gov
mailto:Eric.Hawk@noaa.gov
http:https://pcts.nmfs.noaa.gov
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NMFS•s PRIOR CONCURRENCE 
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Biscayne Bay Coastal Wetlands 
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Ms. Rebecca S. Griffith 
Environmental Branch 
Planning Division 
Jacksonville District Corps of Engineers 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

UNITED BTATBll ICl&PAR'TMENT OF CCNalJIERCE 
N8tlanal ace.n10 end Atrnoapherio Adrnlnla"-tlon 
NATIONAL MARll'E FlSHERIES SERVICE 
Southeast Regional Office 
263 13th A venue South 
St Petersburg, FL 33701-5505 
(727) 824-5312, FAX (727) 824-5309 
http://sero.nmfs.noaa.gov 

NOV 0 3 2011 
F/SER3l :AL 

Re: Biscayne Bay Coastal Wetlands (BBCW) Project and Recommendation for Programmatic 
Consultation on the Comprehensive Everglades Restoration Plan and Implementation 

Dear Ms. Griffith: 

This responds to your June 16, 20 l 0, letter and October 2008 biological assessment (BA) 
regarding the subject Corps of Engineers' (COE) project located in coastal wetlands adjacent to 
Biscayne Bay in Miami-Dade County, Florida .. The BBCW project is a component of the larger 
Comprehensive Everglades Restoration Plan (CERP). The primary purpose of the BBCW 
project is to redistribute freshwater runoff from the watershed away from the existing canal 
discharges and into the coastal wetlands adjoining Biscayne Bay to provide a more natural and 
historic overland flow of freshwater through existing coastal wetlands (BA, page A4-5). The 
proposed BBCW project will include pumps, a spreader canal, canal staging, and several culvert 
structures to manage freshwater flows for optimal restoration opportunities to adjacent 
freshwater and saltwater wetlands. You determined that the proposed activity may affect, but is 
not likely to adversely affect smalltooth sawfish and five species of sea turtles (loggerhead, 
leatherback, green, hawksbill, and Kemp's ridley), and requested the National Marine Fisheries 
Service's (NMFS) concurrence, pursuant to Section 7 of the Endangered Species Act (ESA). In 
addition, you determined that the proposed activity would not affect Johnson's seagrass, elkhom 
coral, or staghom coral. 

Consultation History 

By letter dated June 18, 2007, the COE submitted a BA and request for ESA Section 7 
consultation with NMFS on the BBCW Acceler8 project. By letter dated August 30, 2007, 
NMFS concurred with the COE's determination that implementation of the BBCW Acceler8 
project may affect, but is not likely to adversely affect, smalltooth sawfish. The Project 
Implementation Report (PIR), Environmental Impact Statement (EIS), and BA are written for 
this project only. However, the BBCW is part of the larger CERP program evaluated in a 
programmatic EIS, and as such, NMFS requested additional information from the COE (via 
phone and e-mail on I 0/3/11, l 0/17 /11 , and I 0/20/11) which was received via e-mail on 

http:http://sero.nmfs.noaa.gov
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10/17/11, 10/19/11, 10/20/11, and 10/26/1 l. The purpose of our request was to assess the need 
for a programmatic BSA Section 7 consultation that would evaluate the potential effects of the 
CERP program on listed species and designated critical habitat under NMFS' purview. A 
summary of the CERP projects is provided below under Conclusion and Next Steps. The Project 
Description and the Effects Analysis below pertain only to the BBCW project. 

To evaluate potential effects of the CERP program on listed species and critical habitat under our 
purview, NMFS sought additional information on the CERP program and individual projects on 
the CERP' website (http://www.evergladesplan.org/pm/projects/landing projects.aspx). Based 
on our review, there are 13 CERP projects in various stages of plC\lllling and/or construction. Of 
these, NMFS determined that seven of the projects may affect listed species and/or designated 
critical habitat under our purview; one of those projects is the subject of this consultation. The 
other six projects have either been constructed or would have no effect on listed species or 
designated critical habitat under our purview. The .status of these projects is summarized below: 

• C-111 Spreader Canal: On 7 May 2009, the COE requested concurrence with NMFS on 
its determination of may affect, but is not likely to adversely affect small tooth sawfish 
and sea turtles. In addition, the COE determined that the project would not modify 
critical habitat for elkhom or staghom coraL Critical habitat for the small tooth sawfish 
had not been designated until after publication of the final PIR/EIS. After further 
discussion with NMFS, the .COE changed their determinations to no effect for each 
species and their designated critical habitat, and NMFS concurred by email on 6 August 
2009. Per COE, construction is complete for this project; therefore, reinitiation is not 
required. 

• Site l Impoundment: On 16 February 2005, the COE requested concurrence with NMFS 
on its determination of no effect on the small tooth sawfish and opossum pipefish 
downstream ofthe project area. By letter dated 18 February 2005, NMFS concurred with 
the COE's no effect determination. Per COE, construction is complete for this project. 

• Indian River Lagoon South Feasibility Study: On 18 March 2002, NMFS concurred with 
the CO E's determination of may affect. but is not likely to adversely affect sea turtles, 
Johnson' s seagrass, and Johnson's seagrass designated critical habitat. The COE stated 
that construction is not complete and reinitiation of ESA Section 7 consultation with 
NMFS is needed to evaluate potential effects on sm,alltooth sawfish (e-mail from Bradley 
Tarr, COE, 10-20-11 ). The project is not located in designated critical habitat for 
smalltooth sawfish. 

• Caloosahatchee River CC-43) West Basin Storage Reservoir: By letter dated 18 March 
2002, NMFS stated that only the Gulf sturgeon could potentially be affected by the 
proposed action, but concluded that the project would not adversely affect the species. 
On 10 January 2007, the COE submitted a revised BA to the FWS and NMFS. NMFS 
concurred with the COE's detennination of"may affect~ but is not likely to adversely 
affect" sea turtles and small tooth sawfi.sb by letter dated 20 July 2007. NMFS designated 
critical habitat for stnalltooth saw.fish on September 2, 2009. Although the project site is 
not located within critical habitat, it is located upstream from smalltooth sawfish critical 

http://www.evergladesplan.org/pm/projects/landing
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habitat. If construction has not been completed for this project, NMFS recommends that 
the COE reinitiate Section 7 consultation and address its effects in a programmatic 
consultation as we believe the project may affect downstream designated critical habitat 
for· small tooth sawfish. 

• Picayune Strand Restoration Proiect: On 20 October 2004, the COE requested 
concurrence with NMFS on its detennination of may affect, but is not likely to adversely 
affect the smalltooth sawfish, the gr¢en sea turtle, Kemp's ridley sea turtle and the 
loggerhead sea turtle. As stated in the Biological Assessment published in the final 
PIR/EIS, NMFS concurred with the COE's effect determination for those species. This 
project intends to re-establish sheetflow to the Ten Thousand Islands, which has been 
designated as critical habitat for the smalltooth sawfish; therefore, re-initiation of 
consultation with NMFS is required and effects should be evaluated .programmatically 
along with the other projects that have the potential to affect critical habitat. 

• Everglades National Park CENP) Seepage Management Project: As envisioned, this 
project is comprised of three components: L-3 lN Improvements for Seepage 
Management, S-356 Structures, and Bird Drive Recharge Area. These three components 
would work to improve freshwater deliveries to Northeast Shark River Slough and restore 
wetland hydro.periods and hydropatterns in ENP via seepage management. Planning 
efforts proceeded up to the formulation of an initial array of alternatives; however, the 
project is on hold until related projects. can develop the best possible solutions for 
seepage management out ofENP. Therefore, ESA consultation on this project should be 
included in the proposed programmatic consultation no later than when the project 
planning resumes. 

Based on the preceding, it is evident that some of the projects listed above (e.g., Indian River 
Lagoon South, C-43, Picayune Strand, and ENP) may affect one or more listed species or critical 
habitats under NMFS jurisdiction, and may have additive effects. Therefore, we recommend that 
the COE request a programmatic consultation with NMFS in order to assess potential effects of 
the CERP program on listed species and designated critical habitat under our purview. In the 
interim, we concur with the COE's determination that implementation of the RBCW project may 
affect, but is not likely to adversely affect smalltooth sawflsh and sea turtles and that proceeding 
with this project pending completion of the programmatic consultation will not violate ESA 
sections 7(a)(2) or 7(d). Our project specific effects analysis on the BBCW project in support of 
that conclusion is included below. 

BBCW Project Description and Effects Analysis 

Based on discussions with the SFWMD, we understand that the Deering Estate and Cutler Flow 
Way components of the BBCW Acceler8 project are near completion (John Shaffer, SFWMD 
Project Manager, pers. comm. by telephone to Audra Livergood, NMFS, August S, 2010). Jn 
addition, four culverts have been installed within the L-3 lE component of the Acceler8 project. 
No mangrove impacts are proposed for the Deering Estate component of AccelerS or BBCW 
Phase I . However, filling of mosquito ditches in the Cutler Flow Way will entail several acres 
of mangrove impacts. Mangrove impacts are also proposed under the L-31 E component of the 
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BBCW Phase l project. Both of these components (including mangrove impacts) are discussed 
in gr~ater detail below. 

As described in the BA, the BBCW project objectives .are to: 

• Re-establish productive nursery habitat along the shoreline~ 
• Redistribute freshwater flow to minimize point source discharges to improve 

freshwater and estuarine habitat; 
• Enhance and improve quantity, quality, timing, and distribution of freshwater to 

Biscayne Bay, including Biscayne National Park~ 
• Preserve and restore spatial extent of natural coastal glades habitat; 
• Re-establish connectivity between the BBCW, C-111 Basin, Model Lands, and 

adjacent basins; and 
• Restore nearshore and tidal wetland salinity regimes. 

The goal of the project is to rehydrate coastal wetlands and reduce point source freshwater 
discharges into Biscayne Bay by replacing lost overland flow and partially compensating for the 
reduction in groundwater seepage by redistributing, through a spreader system, available surface 
water entering the area from regional canals. The proposed reqistribution of freshwater across a 
broad front is expected to restore or enhance tidal wetlands and nearshore bay habitat. Diversion 
of canal discharges into coastal wetlands, as opposed to their direct discharge into Biscayne Bay, 
is expected to re-establish productive nursery habitat along the shoreline and reduce abrupt 
freshwater discharges that are physiologically stressful to fish and benthic inve.rtebrates in 
Biscayne Bay near the eanal discharge points (BA, page A4-8). 

The project area is approximately 11,000 acres and is located in southeast Miami-Dade Coqnty, 
Florida (figures attached). It is comprised of three components: (1) the Deering Estate, (2) the 
Cutler Wetlands C-1 Flow Way, and (3) the L-3 lE Culverts. The Deering Estate includes the 
Power's Addition Parcel, also known as the Cutler Glade Rehydration Area. Features of this 
component include an extension of the C-1 OOA Spur Canal, construction of a freshwater· wetland 
on the Power's Addition Parcel, and delivery of freshwater under Old Cutler Road to the Cutler 
Drain and to the coastal wetlands along Biscayne Bay. The Spur Canal extension and freshwater 
wetland Would run approximately 500 feet through the Power's Addition Parcel. The pump 
station required to move the water is located on the Power's Addition Parcel and has 100 cubic 
feet per second total capacity. The· pump would discharge to a surcharge chamber and then to a 
60-inch-diameter discharge pipe running under Old Cutler Road and to the outlet structure on the 
east side of Old Cutler Road. No other structures are proposed downstream of the outlet 
s~cture as the Cutler Drain is found immediately east of the roadway. Based on Table A4-2 in 
the BA, no mangrove impacts are anticipated from this component of the project. 

The second component of the project is the Cutler Wetlands C-1 Flow Way. Features of this 
component include a pump station, a conveyance canal, culverts for roadway and canal 
crossings, and a spreader canal. This component also includes plugging and filling of mosquito 
ditches found in the saltwater wetlands east of the L-3 l E Levee and Canal. According to the 
BA, the intent is to discourage the channelization of freshwater deliyered to the area by the 
spreader canals. CWTently, the mangrove wetlands that have been impacted by mosquito ditches 
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are not receiving adequate amounts of freshwater, especially during times of drought. The 
plugging and filling of the ditches should helP' alleviate the channelization of freshwater and 
should restore a more natural flow of freshwater to rehydrate these wetlands. Based on Table 
A4-2 in the BA, the COE estimates 2.1 acres of mangroves would be impacted by 
filling/plugging approximately 2,500 linear feet of mosquito ditches. In addition to 
filling/plugging of mosquito ditches and rehydrating the wetlands, this component also includes 
removal of exotic vegetation. 

The third component of the project is th.e L-3 l'E Culverts. This component is divided into the L-
31 North area (described in the BA as the portion of the project between the C-1 Canal to the 
north and the Military Canal to the south) and the L-31 South area (described in the BA as the 
portion of the project between the Military Canal to the north and the North Canal to the south). 
Features of 1this component include installing structures that would isolate the L-3 lE Canal from 
the major discharge canals (C-102 Canal and the Military Canal) as well as gated riser culverts 
(L-3 lE Culverts) that would deliver water from the L-31E Canal, through the L-3 IE Levee, and 
discharge freshwater into the saltwater wetlands to the ·east. In addition, a pump station would be 
constructed to mimic the intent of the L-3 lE Culverts by pumping water over the L-31E Levee 
and delivering it to the saltwater wetlands. The L-31E component involves the installation often 
culverts (five in the L-31 North area and five in the L-31 South area). The culverts would 
gravity discharge to the east at the edge of the wetlands. Flap gates would be installed on the 
culverts to prevent saltwater intrusion during periods of high tide when the tail water elevation 
could exceed the headwater elevation. The purpose of the culverts is to rehydrate the adjacent 
saltwater wetlands and restore a mo~natural flow of freshwater into Biscayne Bay. Based on 
Table A4-2 in the BA; the COE proposes approximately 3 acres of mangrove impacts from the 
L-3 lE component (via installation ofpwnps, culverts, and the spreader canal). ln addition to 
installing culverts to benefit saltwater wetlands (i.e., mangrove-dominated wetlands), L-31 E 
includes a freshwater wetland component. The freshwater wetland component includes two 
pump stations, a spreader canal, a small benn, and a seepage collector ditch. Once filled, the 
spreader canal would deliver overland freshwater flows to the freshwater wetland. To help 
alleviate flooding concerns to the west of the spreader canal, a small berm and seepage collector 
ditch would be constructed ·immediately to the west of the spreader canal. 

In.summary, the proposed action may involve construction impacts to approximately 5.1 acres of 
mangrove habitat (2.1 acres in the Cutler C-1 Flow Way and 3 acres in the L-3 lE component). 
The BA states the project will adhere to the NMFS' March 23, 2006, Sea Turtle and Smalltooth 
Sawfish Construction Conditions (enclosed). 

The project is located south of the known range of Johnson's seagrass; therefore, NMFS believes 
the project would have no effect on Johnson' s seagrass. Two listed species of coral, elkhom 
coral (Acropora palmata) artd staghorn coral (Acropora cervicornis), are known to occur within 
the waters of Biscayn~ Bay and Biscayne National Park. However, NMFS believes there would 
be no effect on these species because they are not found within or near the project area. There is 
no designated critical habitat under NMFS' purview within the project area. 

Five species of sea turtles (loggerhead, green, Kemp's ridley, hawksbill, and leatherback) and 
smalltooth sawfish, protected by the ESA and under NMFS' purview, are known to occur within 
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or near the project area (in Biscayne Bay). NMFS believes smalltooth sawfish and sea turtles 
may be affected by the proposed worlc. Potential direct effects from the proposed action include 
adverse effects resulting from construction activities in red mangroves and nearshore waters. 
Potential indirect effects include habitat loss and/or alteration. 

NMFS befieves that direct effects from the proposed action are extremely unlikely to occur and 
therefore discountable. Smalltooth sawfish and sea turtles are highly mobile and likely to move 
away from the work area during construction. In addition, the applicant has agreed to follow the 
enclosed construction conditions. 

NMFS believes smalltooth sawfish may be indirectly affected by habitat loss and/or alteration. 
The Cutler Flow Way segment of the project proposes approximately 2.1 acres of mangrove 
impacts via backfilling and plugging of mosquito ditches. In addition, the L-31 E component of 
the project proposes approximately 3 acres of construction-related mangrove impacts associated 
with the installation of pumps, culverts, and the spreader canal. Combined, these two 
components propose approximately 5.1 acres of construction-related mangrove impacts. NMFS 
believes the 2.1 acres of mangroves within the Cutler Flow Way segment are inaccessible to 
sawfish because these mangroves are impounded (i.e., they are not tidally connected to Biscayne 
Bay). Therefore, we believe the proposed action would only affect '.3 acres of red mangrove 
habitat that is potentially utilized by sawfish. While NMFS acknowledges that approximately 3 
acres of red mangroves. may be adversely affected du.ring construction, we believe that the 
overall project purpose (i.e., rehydrating coastal wetlands and restoring a more natural flow of 
freshwater into Biscayne Bay) may benefit smalltooth sawfish. The. mangroves in this area exist 
within a hypersaline re~me. Most juvenile smalltooth sawfish have an affinity for salinity 
between l8 and 30 psu. The proposed action would not permanently alter the salinity regime 
such that it would fall outsjde of this range; however, during extremely Wet periods, salinity in 
the nearshore environment may fall below 18 psu for a short duration until the freshwater from 
land mixes with the nearshore waters of the bay (personal conununication, Bradley Tarr, COE, 
October 28, 2011 ). NMFS believes juvenile small tooth sawfish that potentially utilize red 
mangroves in the project area would be able to physiologically tolerate salinities below 18 psu 
for a short duration. In a recent study, juvenile smalltooth sawfish were captured at the mouth of 
the Caloosahatchee River during a period of low salinity (between 3.1~9.0 psu) caused by 
'increased freshwater flow. These individuals remained in the study area for as long as 473 days.2 

Based on these findings, PoulakiS· et al. 2011 conclude "the water conditions observed during the 
capture of these sawfish probably does not reflect an affinity for low salinity, but rather a 
tolerance, because they remained in the river rather than egressing to the open bay to find higher 
salinities." Based on the preceding, NMFS believes juvenile sawtlsh that may be found in the 
project area are likely to tolerate a temporary reduction in salinity (below 18 psu) for a short 
duration and are not likely to be adversely affected. 

1 Poulakis, G.R., Stevens, P. W., Timmers, A.A., Wiley, T.R., and Sitnpendorfer, C.A. (2011). Abiotic affinities and 
spatiotemporal distribution of the endangc,red smaUtooth sawfish, Pristis pectinata, in a south-western Florida 
nursery. Marine and Freshwater Research. Available online (www.oublish.csiro.au/joumalJmfr) [published onUne 12 
August 2011]. 
2 Simpendorfer, C.A., Yeiser, B.G., Wiley, T.R., Poulakis, G.R., Stevens. P.W .. and Heupel, M.R. (2011), 
Environmental influences on the spatial ecology of juvenile small tooth sawfish (Pristis pectinata): results from 
acoustic monitoring. PtoS ONE 6; e 16918. Doi: l 0.137J/JOURNAL.PONE.0016918, 

www.publish.csiro.au/jouroal/mfr
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The proposed installation of culverts would rehydrate mangrove wetlands by restoring a more 
natural flow of freshwater to these wetlands and Biscayne Bay. NMFS believes the restoration 
of more natural freshwater flows to the mangroves and the bay may provide an ecologjcal benefit 
to Biscayne Bay and small tooth sawfish that potentially utilize red mangrove habitat in this area. 
In addition, the Cutler Flow Way component also proposes the removal of exotic vegetation, 
which may indirectly benefit coastal wetlands. NMFS believes the project may have a net 
benefit on smalltooth sawfish by rehydrating mangrove wetlands, enhancing..coastal wetland 
function, and reducing harmful point source discharges from the major conveyance canals. We 
believe indirect effects due to habitat loss/alteration from the project are insignificant. 

In addition to smalltooth, sawfish, NMFS believes the project may affect sea turtles by habitat 
alteration. Foraging habitat for several sea turtle species (e.g., loggerhead, green~ and Kemp's 
ridley) is present in the project area. NMFS believes there is the potential for changes in the 
species composition of seagrasses In the project area due to an increase in the amount of 
freshwater delivery to the coastal wetlands and nearshore waters of the project area. However, 
we concur with the FWS (November 18, 2009, concurrence letter from FWS to the COE for the 
BBCW project) that lowering salinities in the nearshor.e waters ofthe project area is not 
anticipated to reduce seagrass abundance in the project area; therefore, we believe the project is 
not likely to adversely affect sea turtles due to potential chang~s in their foI"llging habitat. 
Moreover, the proposed action may indirectly benefit sea turtles by minimizing hannful 
freshwater pulse releases and point-source discharges from the major conveyance canals, which 
may improve nearshore water quality and nearshore foraging habitat. 

Conclusion and Next Steps 

Based on our analysis, we concur with the CO E's detennination that the BBCW project is not 
likely to adversely affect any listed species under our purview and we concur with COE's 
detennination that proceeding with the project will not violate sections 7(a)(2) and 7(d) pending 
completion of the recommended programmatic consultation. Be advised that the consultation on 
this particular project must be reinitiated if a take occurs or new infonnation reveals effects of 
the action not previously considered, or the identified action is subsequently modified in a 
manner that causes an effect to listed species or critical habitat in a manner or to an extent not 
previously considered, or if a new species is listed or critical habitat designated that may be 
affected by the identified action. 
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We have enclosed additional information on other statutory requirements that may apply to this 
action, as well as information on NMFS' Public Consultation Tracking System (PCTS) that 
allows you to track the status of ESA consultations. We look forward to further cooperation with 
you on other projects to ensure the consexvation of our threatened and endangered marine species 
and designated critical habitat .If you have any questions on this consultation or PCTS, please 
contact Audra Livergood at (954) 356-7100, or by e-mail at Audra.Livergood@noaa.gov. 

Enclosures (2) 

File: 1514~22.F.4 
Ref: l/SER/2010/02615 

~-

Sincerely, 

R.oy R Crabtree, Ph.D. 
Regional Administrator 

mailto:Audra.Livergood@noaa.gov
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UNITED STATES DEPARl'MENT OF COMMERCE 
National Ocanfc and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Southeast Regional Office 
263 13th Avenue South 
St. Petersburg, FL 33701 

SEA TIJRTLE AND SMALLTOOTH SAWFISH CONSTRUCilON CONDITIONS 

The pennittee shall comply with the following protected species construction conditions: 

a. The pennittee shall instruct all persoMcl associated with the project of the potential presence of 
these species and the need to avoid collisions with sea turtles and smalltooth sawfish. All 
construction persoMcl are responsible for observing water-related activities for the presence of 
these species. 

b. The pennittee shall advise all construction personnel that there are civil and criminal penalties for 
harming, harassing, or killing sea turtles or smalltooth sawfish, which are protected under the 
Endangered Species Act of 1973. 

c. Siltation barriers shall be made of material in which a sea turtle or smalltooth sawfish cannot 
become entangled, be properly seemed, and be regularly monitored to avoid protected species 
entrapment. Barriers may not block sea turtle OT smalltooth sawfish entry to or exit from 
designated critical habitat without prior agreement from the National Marine Fisheries Service's 
Protected Resources Division, St. Petersburg, Florida. 

d. All vessels associated with the conmuction project shall operate at "no wake/idle" speeds at all 
times while in the construction area and while in water depths where the ckaft of the vessel 
provides less than a four-foot clearance from the bottom. All vessels will preferentially follow 
~water routes (e.g., marked channels) whenever possible. 

e. If a sea turtle or smalltooth sawfish is seen within 100 yards of the active daily 
construction/dredging operation or vessel movement, all appropriate precautions shall be 
implemented to ensure its protection. These JRCSUtions shall include cessation of operation of 
any moving equipment closer than 50 feet of a sea turtle or smalltooth sawfisb. Operation of any 
mechanical construction equipment shall cease immediately if a sea turtle or smalltooth sawfish is 
seen within a SO-ft radius of the equipment. Activities may not resume until the protected species 
has departed the project area of its own volition. 

f. Any collision with and/or injury to a sea turtle OT smalltooth sawfish shall be reported 
immediately to the National Marine Fisheries Service's Protected Resources Division (727-824-
5312) and the local authorized sea turtle strandindrescue organization. 

g. Any special construction conditions, required of your specific project, outside these general 
conditions, if applicable, will be addressed in the primary consultation. 

Revised: March 23, 2006 

http:authori7.ed


Page 295 of 319

PCTS Access and Additional Considerations for ESA Section 7 Consultations 
(Revised 7-15-2009) 

Public Consultation Tracking System CPCTS) Guidance: PCTS is an online query system at 
bttps://pcts.nmfs.noaa.gov/ that allows federal agencies and U.S. Anny Corps of Engineers' 
(COE) permit applicants and their consultants to ascertain the status ofNMFS' Endangered 
Species Act (ESA) and Essential Fish Habitat (EFH) consultations, conducted pursuant to ESA 
section 7, and Magnuson-Stevens Fishery Conservation and Management Act's (MSA) sections 
305(b)2 and 305(b)(4), respectively. Federal agencies are required to enter an agency-specific 
usemame and password to query the Federal Agency Site. The COE ''Permit Site" (no password 
needed) allows COE permit applicants and consultants to check on the current status of Clean 
Water Act section 404 permit actions for which NMFS has conducted, or is in the process of 
conducting, an ESA or EFH consultation with the COE. 

For COE-permitted projects, click on "Enter Corps Pennit Site.•• From the "Choose Agency 
Subdivision (Required)" list, pick the appropriate COE district. At ''Enter Agency Permit 
Number" type in the COE district identifier~ hyphen, year, hyphen, number. The COE is in the 
processing of converting its permit application database to PCTS-cornpatible "ORM." An 
example permit number is: SAJ-2005-000001234.IPS-l. For the JacksonvilleDistrict, which 
has already converted to ORM, permit application numbers should be entered as SAJ (hyphen), 
followed by 4-digit year (hyphen), followed by permit application numeric identifier with no 
preceding zeros. For example: SAJ-2005-123; SAJ-2005-1234; SAJ-2005-12345. 

For inquiries regarding applications processed by COE districts that have not yet made the 
conversion to ORM (e.g., Mobile District), enter the 9-digit numeric identifier, or convert the 
existing COE-assigned application nwnber to 9 numeric digits by deleting all letters, hyphens, 
and commas; converting the year to +digit format (e.g., -04 to 2004); and adding additional 
zeros in front of the numeric identifier to make a total of 9 numeric digits. For example: ALOS-
982-F converts to 200500982; MSOS .. 04401-A converts to200504401. PCTS questions should 
be directed to Eric Hawk at Eric.~awk@noaa.gov. Requests forusername and password should 
be directed to PCTS.Usersupport@noaa.gov. 

EFH Recommendations: In addition to its protected species/critical habitat consultation 
requirements with NMFS' Protected Resources Division pursuant to section 7 of the ESA, prior 
to proceeding with the proposed action the action agency must also consult with NMFS' Habitat 
Conservation Division (HCD) pursuant to the MSA requirements for EFH consultation (16 
U.S.C. 1855 (b)(2) and SO CFR 600.905-.930, subpart K). The action agency should also ensure 
that the applicant understands the ESA and EFH processes; that ESA and EFH consultations are 
separate, distinct, and guided by different starutes, goals, and time lines for responding to the 
action agency; and that the action agency will (and the applicant may) receive separate 
consultation correspondence on NMFS letterhead from HCD regarding their concerns and/or 
finalizing EFH consultation. 

Marine Mammal Protection Act CMMPA> Recommendations: The ESA section 7 process does 
not authorize incidental takes of listed or non-listed marine mammals. If such takes may occur 
an incidental take authorization under MMP A section 101 (a)(S) is necessary. Please contact 
NMFS, Permits, Conservation, and Education Division at(301) 713-2322 for rnoreinfonnation 
regarding MMP A permitting procedures. 

mailto:PCTS.Usersupport@noaa.gov
mailto:Eric.Hawk@noaa.gov
http:https://pcts.nmfs.noaa.gov


Page 296 of 319

Picayune Strand Restoration Project 



Page 297 of 319

Section 11 Environmental Compliance 

Everglade snail kite, eastern indigo snake; American crocodile and West Indian 
manatee critical habitat. The proposed project would have "no effect" on 
everglade snail kite critical habitat and American crocodile critical habitat. 
Corps and Service biologists have agreed that there is insufficient information at 
this project phase to make a determination regarding effects on wood stork, West 
Indian manatee and Florida Panther. By letter dated October 20, 2004, the 
Service concurred with these determinations. A copy of the Biological 
Assessment for listed species found on proposed project lands is included in 
Appendix D. Coordination has concluded for the planning (feasibility-stage) of 
the project in 2004, but will continue, if the project is approved and funds are 
provided to continue through detailed design and construction, throughout the 
project life. No construction will begin until det.erminations of effects are 
coordinated with the Service for the three species of ongoing concern and 
concurrence is reached. It is the expectation of Corps and Service biologists that 
with detailed analysis, availability of pre-construction surveys, and final 
coordination of listed species conservation measures, concuiTence may be 
reached early in the d~tailed design phase. 

Initial informal consultation on marine species with the National Marine 
Fisheries Service (NMFS) began on May 25, 2001. Informal consultation was 
updated in an email exchange and a February 10, 2004 phone conversation. 
NOAA fisheries indicated its concurrence with a Corps information 
determination of no effect on listed marine species. 

Section 9.6 of this report has additional information on both marine and upland 
listed species. With receipt of Service concurrence with current effect 
determinations, the Project is in compliance with the ESA for feasibility phase 
activities. Full compliance will be achieved when determinations on the 
manatee, Florida panther and wood stork are re-coordinated with the Service in 
a new BA, and Service concurrence is received. 

11.3 FISH AND WILDLIFE COORDINATION ACT OF 1958, AS 
AMENDED 

Consultation was initiated with FWS on February 26, 1999 in a Scope of Work 
(SOW) requesting a Planning Aid Letter (PAL) for the SGGE project. Several 
planning aid letters (PALs) have been received by the Corps (ref. Appendix D) 
Further coordination with the U.S. Fish and Wildlife Service resulted in the 
submission to the Corps of a draft Coordination Act Report (dCAR) dated 
February 2, 2004 and a Final report (FCAR) on September 22; 2004. The FCAR 
included 16 recommendations to assure that the objectives of the project would 
be achieved. The FWS stated that the proposed project, as described, should 
provide significant hydrologic improvements and enhancement of wetland 

Final Project Implementation Report & EIS 
Picayune Strand Restoration (formerly SGGE) 11-2 

September 2004 
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Kremer, John G SAJ 
From: David Bernhart [David.Bernhart@noaa.gov] 

Sent: Friday, August 10, 2001 9:04 AM 

To: David Dale 

Cc: Kremer John G SAJ; Eric Hawk; Jennifer Lee 
Subject: Re: Southern Golden Gate Estates (SGGE) project 

08-10-01 ESA phone consultation with David Bernhart of NMFS: 
At approximately 1015 hrs on the above date I talked to David to explain the SGGE project. 
David stated that he was not aware of any listed marine species able to move up the Fahka 
Union Canal over the existing weir to the SGGE construction sites. Also since the project 
intent is to eliminate fresh water point source surges and restore the pre-alteraton overland 
flows which will emulate a natural hydrology he could see no negative indirect effects to 
listed species. He agreed that a no effects call in the EA would be justfied. 

Good morning, John, 

David's points on EFH consultation are directly applicable to ESA consultation as well. The 
adverse effect vs. net benefit is especially important. If there will be any adverse effect to a 
listed species, you need to consult, even if the outcome of that consultation is that the 
action will produce a net benefit. If the project will only produce beneficial results for ESA
listed species, then no consultation is required, but you should note in your NEPA 
documents that you've made these determinations. 

l can send you a species Hst if you like. It sounds like there are none of our listed species 
present near the construction site. The 10,000 Islands (is this the affected downstream 
area?) are a very important habitat for endangered Kemp's rldley sea turtles, the proposed 
to be listed as endangered smalltooth sawfish, and several candidate species of fish . Please 
consider possible direct and indirect effects to these critters. If you need additional 
assistance, please call at 727-570-5312. 

-DB 

David Dale wrote: 

John" a couple points you may want to consider for this project and 
others in the future: 

1. Even if an EFH or ESA Consultation is not required, you may want to 
note that finding in the NEPA document. 

2. NMFS has a division of labor regarding habitat issues and T&E 
issues. EFH Consultations and NEPA or FWCA coordination's are handled 
by the Habitat Conservation Division (which I am in). ESA Consultations 
are handled by the Protected Resources Division. I'm copying David 
Bernhart of that Division with this response, you will want to get a 
response from them regarding your need to Consult. 

3. Regarding EFH: Even proje.cts that have a net positive effect on EFH 
S/lO/cffill require EFH Consultation if they may adver.$ely impact designated 
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.EFH to implement them. For example, filling mud bottoms to an elevation 
to create saltmarsh results in a negative effect on mud bottoms but a 
positive effect on emergent wetlands and would generally be considered a 
net positive effect. 

In this case I think all the implementing features of the project are 
well upstream of any designated EFH (depending where the canal is 
plugged) thus all the effects on EFH would be positive and consultation 
would not be required. 

4. We've been asked to prepare EFH Assessments for FWCA Reports but it 
ts our policy that we will not prepare EFH Assessments on behalf of 
another agency because it is our responsibility to review the Assessment 
and provide Conservation Recommendations. In essence, it would create a 
case where we are reviewing our own work and would create a conflict of 
interest. Also, EFH Assessments include the views of the Federal action 
agency which would not be appropriate for NMFS to provide. Bottom line 
is that the Magnuson-Stevens Act clearly puts that responsibility on the 
Federal action agency. 

If this did nothing but confuse you give me a call! 

David 
727.570.5311 

"Kremer, John G SAJ'' wrote: 

> 
> 
> David, 
> Kim Dryden gave me your name as the NOAA biologist to contact about 
> Essential Fish Habitat and any potential listed species for the SGGE 
> project. Essentially what this project will do is reduce the Fahka 
> Union Canal fresh water flows and storm surges to almost nothing. 
> Instead broad slow moving sheetflow will be reestablished to the SGGE 
> landscape. These waters will flow through culverts under US 41 and 
> reach tide along a broad front which mimics the natural system that 
> existed prior to this 1960 's real estate development debacle. 
> 
> At this time I have come across no Information indicating that 
> returning the SGGE landscape to a more natural system would have 
> adverse effects on any EFH or listed aquatic species. If you have any 
> information to the contrary please let me know. 
> 
>This project is on a very tight schedule to make the WRDA 2002 
> congressional funding cycle. There is a lot of federal, state, and 
> local political pressure to meet this deadline. I will be attending a 
> meeting of the Interagency Team on 15 Aug 01 at the SFWMD Naples 
> office. You are welcome to attend and present any information you 
> have. If you are unable to attend please send your comments to me 
> before 14 Aug 01 and I will present them. 

8/10/CJ1. 
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> Should I not hear from you in the next week I will assume you have no 
· > input and the Corps will proceed with a "no effects" determination 
> for this project. 
> 
>Thanks, 
> John Kremer 
> (904)232-3551 
> 
> 

8/10/01 
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08-10-01 ESA phone consultation with David Bernhart ofNMFS: 
At approximately 1015 hrs on the above date I talked to David to explain the SGGE project. 
David stated that he was not aware of any listed marine species able to move up the Fahka Union 
Canal over the existing weir to the SGGE construction sites. Also since th.e project intent is to 
eliminate· fresh water point source surges and restore th.e pre-alteraton overland flows which will 
emulate a natural hydrology he could see no negative indirect effects to listed species. He agreed 
that a no effects call in the EA would be justfied. 

Email communication: 

Good morning, John, 
David's points on EFH consultation are directly applicable to ESA consultation as well. The 
adverse effect vs. net benefit is especially important. If there will be any adverse effect to a listed 
species, you need to consult, even if the outcome of that consultation is that the action will 
produce a net benefit. If the project will only produce beneficial results for ESA-listed species, 
then no consultation is required, but you should note in your NEPA docUtnents that you've made 
these determinations. 
I can send you a species list if you like. It sounds like there are none of our listed species present 
near the construction site. The 10,000 Islands (is this the affected downstream area?) are a very 
important habitat for endangered Kemp's ridley sea turtles, the proposed to be listed as 
endangered smalltooth sawfisb, and several candidate species of fish. Please consider possible 
direct and indirect effects to these critters. If you need additional assistance, please call at 727-
570-5312. 
-DB 
David Dale wrote: 

John, a couple points you may want to consider for this project and 
others in the future: 

1. Even if an EFH or ESA Consultation is not required, you may want to 
note that finding in the N,EP A document. 

2. NMFS has a division oflabor regarding habitat issues and T&E 
issues. EFH Consultations and NEPA or FWCA coordination's are handled 
by the Habitat Conservation Division (which I am in). ESA Consultations 
are handled by the Protected Resources Division. I'm copying David 
Bernhart of that Division with this response, you will want to get a 
response from them regarding your need to Consult. 

3. Regarding BFH: Even projects that have a net positive effect on EFH 
still require EFH Consultation if they may adversely impact designated 
EFH to implement thetn. For example, filling mud bottoms to an elevation 
to create saltmarsh results in a negative effect on mud bottoms but a 
positive effect on emergent wetlands and would generally be considered a 
net positive effect. 

In this case I think all the implementing features of the project are 
well upstream of any designated EFH (depending where the canal is 
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plugged) thus all the effects on EFH would be positive and consultation 
would not be required. 

4. We've been asked to prepareEFH Assessments for FWCA Reports but it 
is our policy that we will not prepare EFH Assessments on behalf of 
another agency because it is our responsibility to review the Assessment 
and provide Conservation Recommendations. In essence, it would create a 
case where we arc reviewing our own work and would create a conflict of 
interest. Also. EFH Assessments include the views of the Federal action 
agency which would not be appropriate for NMFS to provide. Bottom line 
is that the Magnuson-Stevens Act clearly puts that responsibiHty on the 
Federal action agency. 

lfthis did nothing but confuse you give me a caltl 

David 
727 .570.531 l 

"Kremer, John G SAJ" wrote: 

> 
> 
> David, 
>Kim Dryden gave me yomname as the NOAA biologist to contact about 
> Essential Fish Habitat and any potential listed species for the SGGE 
>project. Essentially what this project will do lS reduce the Fahka 
> Union Canal fresh water flows and storm surges to al.most nothing. 
> Instead broad slow moving sheetflow will be reestablished to the SGGE 
> landscape. These waters will flow through culverts Wlder US 41 and 
>reach tide along a broad front which mimics the natural system that 
> existed prior to tltis 1960 's real estate development debacle. 
> 
> At tbis time 1 have come across no information indicating that 
> returning the SGGE landscape to a more natural system would have 
>adverse effects on any EFR or listed aquatic species. If you have any 
> infonnation to the contrary please let me know. 
> 
> This project is on a very tight schedule to make the WRDA 2002 
> congressional funding cycle. There is a lot of federal, state, and 
> local political pressure to meet this deadline. I will be attending a 
> meeting of the InteragencyTeam on 15 Aug Ol at the SFWMD Naples 
> office. You are welcome to attend and present any infonnation you 
> have. If you are unable to attend please send your comments to me 
> before 14 Aug 0 l and I will present them. 
> 
> Should I not hear from you in the next week I wilt assume you have no 
> input and the Corps will proceed with a .. no effects" determination 
> for this project. 
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> 
> Thanks, 
> John Kremer 
> (904)232-3551 
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Estuary Selections Pagel of 1 

Estuary selections by estuary: 
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United States Department of Commerce 
National Oceanic and Atmospheric Administration 

National Marine Fisheries Service 
Southeast Fisheries Science Center 

Galveston Laboratory 
4700 Avenue U 

Galveston, TX 77551·5997 
( 409) 766-3500 

http://galveston.ssp.nmfs.gov/efh/estuaries.asp?Estuary_name=Ten+Thousand+Islands&B... 2/10/2003 

http://galveston.ssp.nmfs.gov/efh/estuaries.asp?Estuary_name=Ten+Thousand+lslands&B
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F1LE # 

Mr. John R. Hall 
Stuart Regulatory Office 
Jacksonville District Corps of Engineers 
2i 8 Atlanta A vc. 
Stuart, Florida 34994 

Dear Mr. Hall: 

UNITED STATES DEPARTMENT OF COMMERCE 
Natlonal Oceanic and Atmospher ic Administration 
NA TIONAl MARINE FISHERIES SERVICE 

Southeast Regional Office 
9721 Executive Center Drive North 
St. Petersburg, FL 33702 
(727) 570-5312; FAX 570-5517 
htfp://caltlera.SCl"O.lltn fS. \!OV 

JAN 3 2002 F/SER3:BH:mdh 

This is in reference lo the Anny Corps ofEngineers' (COE) peJmit application number 
200101177 (IP-TA). The proposed project consists of the restoration of aquatic habitat at Spoil 
lsland., SL-15, in the Indian River Lagoon, St. Lucie County, Florida. This project includes the 
construction of a temporary work platform, the dredging of 0.61 acres of mangroves to create 
nushing channels, the removal of exotic vegetation, and the regrading of the island to create 
approximately 3.28 acres of submerged aquatic vegetation and 4.74 acres of mangroves. The 
National Marine Fisheries Service (NMFS) consultation number for this project is 
l/SER/2001/01161~ please refer to this number ih filture correspondence on this project. 

Five species of sea turtles (loggerhead, green, Kemp's rldley, hawksbill, and leatherback). 
Johnson's seagrnss. and designated Johnson's seagrass critical habitat protected by the 
Endangered Species Act (ESA) can be found in or near the action area. Construction methods 
used for docks (e.g., pile driving or jetting-in and construction barge anchoring) and small scale 
dredging have not been shown to adversely affect sea turtles, which are higl'tly mobile and may 
be frightened away from the project area by construction activity and noise; therefore, the 
chances of the proposed action affecting sea turtles is discountable. 

Seagrass surveys of the area indicate that Johnson's scagrass can be found in the action area. 
l\MFS believes that the only parts of this project likely to affect Johnson's seagrass nre the 
construction of the temporary work platform and the construction of the flushing channels. 
However, the applicant has stated that they wi ll site the platfonn and flushing channels in areas 
devoid of Johnson's seagrass. Therefore, NMFS believes that any effects that the proposed 
action will have on Johnson 's seagrass will be insignificant. In conclusion, NMFS believes thaL 
the proposed action is not likely to adversely affect species protected by tile ESA under its 
purview. 

This concludes the CO E's consultation responsibilities under section 7 of the ESA for tl1e 
proposed project. Be advised that 50 CFR 402.16 requires that consultation be 

http:caldera.sero.nm
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reinitiated if a take occurs or new information reveals effects of the action not previously 
considered, or the identified action is subsequently modified in a manner that causes an effect to 
the listed species or critical habitat in a manner or to an extent not previously considered, or if a 
new species is listed or critical habitat designated that may be affected by the identified action. 

We are copying our Habitat Conservation Division (HCD) with th.is letter, in case HCD has any 
habilal concerns pursuant to the section 305 essential fish habitat consultation requirements of 
the Magnuson-Stevens Fishery Conservation and Management Act (50 CFR 600.905-600.930, 
subpart k). HCD may be reached at (904) 232-2580, extension 121. 

If you have any questions, please contact Mr. Robert Hoffman, fishery biologist, at the number 
listed above. 

cc: F/PR3 
F/SER45 - George Getsinger 

O:\section7\informal\.sl 15.wpd 
IS l4.22fl 

SincUely yours, . 

4~;\0 .~~ 
~ Joseph Ff. Powers, Ph.D. r I Acting Regional Adminisirator 
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FILE# 

Mr. James C. Duck 
Chief. Planning Division 
Army Corps of Engineers1 Jacksonville District 
P.O. Box 4970 
Jacksonville, FL 32232-0019 

Dear Mr. Duck: 

UNITED STATES DEPARTMENT CF COMMERCE 
Nationa' Oceanic and Atmospheric Administration 
NP. TIDNAL MARINE FISHERIES SERVICE 
:southeast Regional Office 
9721 Executive Center Drive North 
St. Petersburg, FL 33702 
(727) 570-5312; FAX (727) 570-5517 
http://caldera.sero.nmtS.gov 

~AR 18 ml F/SER3:EGH 

This responds to Mr. Stephen Traxler's February 12, 2002, telephone request to Mr. Eric Hawk 
of my staff for a written response from the National Marine Fisheries Service (NMFS) to your 
May 25, 200t, letter requesting informal consu1tation, pursuant to section 7 of the Endangered 
Species Act (ESA), on the potential effects of the indian River Lagoon Restoration Integrated 
Feasibility Study. On June 12, 2001, Mr. Hawk advised Mr. Traxler ofNMFS' concurrence with 
the Corps' determination that the study would not likely adversely affect listed species under 
NMFS ' purview. We assigned consultation number I/SER/2001/00697 to !his action. 
Additional details on the project were submitted by Mr. Traxler on February 17, 2002, and are 
incorporated herein by reference (Draft IRL-South Feasibility Report and Supplemental EIS, 
October 200l: Recommended Plan [Section 8: Construction Features)). 

NMFS Protected Resources Division (PRD) has reviewed the proposed action, a restoration 
project whose primary goal is reestablishing a stabfo salinity regime in the St. Lucie Estuary. The 
recommended plan is a combination of components and operational rules that will help lead to a 
healthy, sustainable estuarine and watershed ecosystem. The components in the preferred plan 
include construction of reservoirs and storm water treatment areas, and rehydration of impacted 
agricultural lands. These components will attenuate and treat the high freshwater flows to the SL 
Lucie Estuary. In addition, the preferred plan bas proposed muck management, artificial habitats, 
and floodplain restoration in the north fork of the St. Lucie Estuary. 

PRD has reviewed the construction features of the various components of the preferred plan, 
including: C-44 West Reservoir and Storm.water Treatment Areas, C-44 East Stormwater 
Treatment Area, Palmar Complex - Natural Storage and Treatment Area, C-23 North Reservoir, 
C-23 South Reservoir, C-23/C-24 Stormwater Treatment Area, Allapattah Complex - Natural 
Storage and Treatment Area1 Cypress Creek Complex - Natural Storage and Treatment Area, C-
23/C-44 Stormwater Treatment Area and Diversion Canal, C-25 Reservoir and Stonnwatcr 
Treatment Area, Muck Remediation and Artificial Habitat (Creation), and North Fork Floodplain 
Restoration. The planned removal of approximately 5.5 million cubic yards of fine-grained ...... ~ 

l.i ~ 

!~~\ 
\~1 

-.;"'" "'~ 

http:http://caldera.sero.nmts.gov
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material ( .. muck") from the bottom of the St. Lucie River will create an additional 2.650 acres of 
substrate suitable for colonization bybenthic organisms. In addition, six sites in the middle 
estuary, each approximately 15 acres in area, have been id en ti tied for creation of oyster habitat. 
Oysters are a desirable species because they are excellent at filtering fine sediments and nutrients 
in the water column. A total of 90 acres of artificial habitat will be c reated: 60 acres of oyster 
shell hash, 24 acres ofprefabticated reefballs. and 6 acres of artific.ial submerged aquatic 
vegetation. 

Sea turtles and Johnson's seagrass may occur within the Indian River Lagoon system. PRD 
concurs with the Corps' determirtation that implementation of the preferred plan will not 
adversely affect listed species nor design_ated critical habitat under NMFS' purview. PRD 
believes that implementation of the plan will lead to improvement of foraging and developmental 
habitat for federally listed species and candidate species under NMFS' purview by reducing the 
loads of nutrients, pesticides, phosphorous levels, and other pollutants entering the Indian River 
Lagoon system. Improved water quality will benefit existing submerged aquatic vegetatioi1 
within the Indian River Lagoon system, including Johnson's seagtass. PRD believes that neither 
of the m.ethods being considered for remediating or removing the muck - capping or dredging ~ 
will adversely impact Listed species under NMFS' purview, since. dredge equipment will 
necessarily be limited (because of the shallowness of the site) to a non-hopper type dr~dge. 

Reservoirs arc located in inland areas where no endangered species under NMFS' purview are 
present. 

This concludes consultation responsibilities under section 7 oftheESA. Consultation should be 
reinitiated ifthere is a take, new infonnation reveals impacts of the identified activity that may 
affect listed species or their critical habitat, a new species is listed, the identified activity is 
subsequently modified or critical habitat designated that may be affected by the identified 
activity. 

Pursuant to the essential fish habitat consultation requirements of the Magnuson,·Stevens Fishery 
Conservation and Management Ace ( 16 U.S.C. l 855(b)(2) and 50 CFR 600.905-.930, Subpart 
K). the NMFS Habitat Conservation Division (HCD) is being copied with this letter. The HCD 
biologist for this region is Mike Johnson. If you have any questions about consultation regarding 
essential fish habitat for this project, please contact Mr. Johnson at (305)595-8352. 

Please contact Mr. Eric Hawk al 727/570-5312 if you have any questions or if we Qlay be of 
assis·tance. 

Sin4;\\_~~ 
Joseph E. Powers. Ph.D . 
Acting Regional Administrator 
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cc: F/SER43 - Mike Johnson 

O:\section7\informal\id-rifs.jax 
File: 1514-22 f. l. FL 
Ref: USER/2001/00697 
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12116113 National Oceanc and AlmosphericMriristrationMail- FW C-1 11 Spreader Canal 'Mlstern Project (UNCLASSIFIED) 

FW: C-111 Spreader Canal Western Project (UNCLASSIFIED) 

Tarr, Bradley A SAJ <Bradley.A.Tarr@usace.army.mil> 
To: Stacie Auvenshine - NOAA Federal <stacie.auvenshine@noaa.gov> 
Cc: "Ralph, Gina PSAJ"<Gina.P.Ralph@usace.army.mil> 

Classification: UNCLASSIFIED 
Caveats: NONE 

Stacie, 

Mon, Dec 16, 2013 at 4:21 PM 

As stated in Section 7.2.2.4 of the CERP Programmatic BA, I originally (7 May 2009} stated that the C-111 SC 
project would have a may affect, not likely to adversely affect the smalltooth sawfish and the five sea turtles. My 
rationale was that we anticipated some potential benefits with improved estuarine conditions for the sawfish, and 
improved salinities in the nearshore that would benefit seagrasses, thus benefitting sea turtles. NMFS didn't feel 
that there would be any impact, therefore, suggesting a "no effect" determination which essentially, closed 
consultation. Below is the excerpt from the CERP BA; and below that is related correspondence with NMFS. Call 
me if you need more info. 

Brad 

"On 7 May 2009, the Corps requested concurrence with NMFS on its determination of may affect, but is not 
likely to adversely affect smalltooth sawfish and sea turtles. In addition, the Corps determined that the project 
would not modify critical habitat for elkhom or staghom coral. Critical habitat for the smalltooth sawfish had not 
been designated until after publication of the final PIR/EIS. After further discussion with NMFS, the Corps 
changed their determinations to no effect for each species and their designated critical habitat, and NMFS 
concurred by email on 6 August 2009. 
Construction is complete for this project; therefore, re-initiation is not required." 

--Original Message-
From: Shelley Norton [mailto:Shelley.Norton@noaa.gov) 
Sent: Thursday, August 06, 2009 9:06 AM 
To: Eric G. Hawk 
Cc: Tarr, Bradley A SAJ 
Subject: Re: C-111 Spreader Canal Western Project 

Hi Bradley, I spoke with Alisa today . We discussed the potential routes 
of effects to our listed species and critical habitat. Alisa could not 
determine any and neither can I. Alisa changed the determinations to no 
effect. Let me know if you have any questions. 

Shelley 

Eric G. Hawk wrote: 
> Hi Bradley, 
> Shelley Norton was working with Alisa Zarbo on this, and sent out a 
> technical assistance/request for additional information letter on it 
> on August 4. 

https://mail .g oog le.com'mall/\MOl'?ul=2&ik=z aef0aa25be&liew=pt&searchsil'lbo>l&lha 142fd48d25a6070e 112 

https:l/mail
mailto:Ralph@usace.army
mailto:stacie.au\enshine@noaa.gov
mailto:Bradley.A.Tarr@usace.army.mil
mailto:mailto:Shelley.Norton@noaa.gov
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12118113 

>Eric 
> 

National Ocearic ardAlmosphericAdministration Mall· FW. C-111 Sp.reader Canal ~n Project (UNCLASSIFIED) 

> Tair, Bradley A SAJ wrote= 
» Hello all, 
>> 
>> Can you guide me to the NMFS POC for the reference project? The Corps is 
>>seeking a concurrence letter regarding the threatened and endangered 
>>species 
>> determinations outlined In the Biological Assessment which is 
> > contained in 
>>Annex A of the final EIS. 
>> 
>> Thank you very much, 
>> 
»Brad Tarr 
>>US Army Corps of Engineers 
>> En\1ronmental Branch, Planning Di~sion 
>> 701 San Marco Blw. 
>> Jackson\ille, Florida 32232..0019 
>> 904-232--3582 
>> 
>> 

Classification: UNCLASSIFIED 
Caveats: NONE 

D Shelley_Norton.vcf 
1K 

https://mail.g
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UNITED STATES DEPARTMENT OF COMMERCE 
Natlanaf Oceanic and Atmaapherlc Administration 
NATIONAL MARINE FISHERIES SERVICE 

Southeast Regional Office 
263 13th Avenue South 
St. Peter.sburg, FL 33701 
(727) 824-5317, FAX 824-5309 
http://sero.nmfs.noaa .,gov 

~lAh l 8 l0U7 F/SER3l:WW 

Mr. David S. Hobbie 
Jacksonville District Corps of Engineers 
South Florida 'Restoration Prograrp Office 
1400 Centrepark, Suite 750 
West Palm Beach, FL 33401 

Re: SAJ-2005-5958 (IP-TKW) 

Dear Mr. Hobbie: 

This responds to your letter dated January 10, 2007, requesting section 7 consultation pursuant to 
the Endangered Species Act (ESA) for the subject Army Corps of Engineers (COE), permit 
application for the C-43 Basin Storage Reservoir Project (C-43 Project). You submitted a 
biological assessment and other supporting infounation prepared by Scheda Ecological 
Associates on bc:half of the applicant, the South Florida Water Management District, along with 
your determinations that the project may affect but is not likely to adversely affect smalltooth 
sawfish and sea turtles, and requested our concurrence. 

The C-43 Project is parl of the Comprehensive Everglades Restoration Plan authorized by the 
Water Resources Development Act of 2000. The project is located in Hendry County, Florida, 
encompassing appro~imately 10,000 acres of low-lying uplands adjacent to the Caloosahatchee 
River. The purpose of the project is to capture excess storm water runoff and releases from Lake 
Okeechobee for later release into the Caloosahatchee River during times of need, preventing 
saltwater intrusion and providing water supplies during times of drought. The project would 
entail an above ground reservoir(s) with a total storage capacity of approximately 170,000 acre
feet within the Caloosahatchee Basin. Anticipated benefits of the C-43 .Project include the 
attenuation of flood flows; improvement of water quality and timing of releases to the 
Caloosahatchee River and Estuary; protection of the Caloosahatchee Estuary from excessive fresh 
water deliveries; and improvement of water supply benefits for environmental, urban and 
agricultural users. 

Five species of sea turtles (loggerhead, green, Kemp's ridley, hawksbill, and leatherback) and 
smalltooth saw fish, protected by the ESA under National Marine Fisheries Service (NMFS) 
purview can be found in or r:iear the Caloosahatchee River and Estuary, may be affected by the 
project,, and are included in this consultation. 

Because of the project's inland location, NMFS believes there will be no direct effects to listed 
species. NMFS believes potential indirect effects of the action to sea turtles and sawftsh are 
limited to saltwater regime changes that may alter the potential foraging and nursery habitat of 
smalltooth sawfish and foraging habitat for green sea turtles. Saltwater regime changes could 
alter survival and recruitment of seagrass beds and mangrove habitat. However, the project is 
intended to mediate current unnatural flows of freshwater and instead to replicate natural 
conditions in the Caloosahatchee Estuary resulting in preservation of aquatic flora and fawna in -"~J' \.J 

~~-.. ~ 

http://sero.~fs
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its naturally occurring range. NMFS believes there will be no loss ofhabitat for these listed~ 
species and the effects of the project will be beneficial to habitat utilized by protected species in 
the Caloosahatchee Estuary. Based on tl)e above, NMFS concludes that the C-43 project may 
affect bu~ Is not likely to adversely affect sea turtles or smalltooth saw fish. 

Changes to freshwater flows throughout the historic range of smalltooth sawfish, and in 
peninsular Florida in particular, may have affected how juvenile sawfish use nursery habitats. 
Little scientific research is available on the salinity preferences and tolerances of this species. 
This information needs to be coUected and used to set appropriate freshwater flow regimes. 
NMFS -is currently in the process of developing a Recovery Plan for small tooth sawfish. Part of 
this plan will focus on the need to further research the role of salinity regimes in the lifecycle of 
small tooth sawfish. While the C-43 Reservoir Project should be beneficial to smalltootq sawfish 
by simulating natural freshwater flows to the estuary, NMFS recommends the project should also 
allow for increased cooperation between the SFWMD, NMFS and smalltooth sawfish-associated 
research institutions in further defining the salinity requirements required by this species and 
allow the project, once implemented, to be operated in a manner consistent with its Jleeds. 

This concludes your consultation responsibilities under the ESA for species under NMFS' 
purview. Consultation must be reinitiated if a take occurs or new jnfonnation reveals effects of 
the action not previously considered, or the identified action is subsequently modifi~d in a 
manner that causes an effect to the listed species or critical habitat in a marmer or to an extent not 
previously considered, or if a new species is listed or critical habitat designated that may be 
affected by the identified action. We have enclosed additional information on other statutory 
requirements that may apply to this action, as, well as NMFS' Public Consultation Tracking 
System to allow you to track the status 9f ESA consultations. The COE's user identification 
name and password for querying PCTS are: pctscoe and pcts22nmfs, respectively. 

If you have any questions, please contact Walt Wilson at (727) 824-5312 or by e-mail at 
walt.wilson@noaa.gov. 

~Roy E. Crabtree, Ph.D. 
Regional Administrator 

Enclosure 

File: 1514~22.f.l.FL 
Ref: JJSER/2007/00096 

http:1514-22.f.l.FL
mailto:wilson@noaa.gov
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Additional Considerations for ESA Section 7 Consultations (Revised 12-6-2005) 

Marine Mammal Protection Act (MMPA) Recommendations: The Endangered Species Act 
(ESA) section 7 process does not authorize incidental takes of listed or non-listed marine 
mammals.' If such takes may occur an incidental take authorization under MMP A section 101 
(a)(S) is necessary. Contact Ken Hollingshead of our NMFS Headquarters' Protected Resources 
staff at (301) 713-2323 for more information on MMP A pennitting procedures. 

Essential Fish Habitat (EFH) Recommendations: In addition to its protected species/critical 
habitat consultation requirements with NMFS' Protected Resources Division (PRD) pursuant to 
section 7 of the ESA, prior to proceeding with the proposed action the action agency must also 
consult with NMFS' Habitat Conservation Division (HCD) pursuant to the Magnuson-Stevens 
Fishery Conservation and Management Act's (MSA) requirements for essential fish habitat 
(EFH) consultation (16 U.S.C. 1855 (b)(2) and SO CFR 600.905-.930, subpartK). The action 
agency should also ensure that the applicant ooderstands the ESA and EFH processes; that ESA 
and EFH consultations are separate, distinct, and guided by different statutes, goal~. and time 
Lines for responding to the action agency; and that the action agency witl (and the applic.ant may) 
receive separate consultation correspondence on NMFS letterhead from HCD regarding their 
concerns and/or finalizing EFH consultation. 

Public Consultation Tracking System <PCTS) Guidance: PCTS is an online query system 
alJowing federal agencies and U.S. Anny Corps of Engineers• (COE) permit applicants to track 
the status ofNMFS consultations under ESA section 7 and under MSA sections 305(b)2 and 
305(b)(4): Essential Fish Habitat. Access PCTS via: www.runfs.noaa.gov/pcts. Federal agencies 
are required to enter an agency-specific usemame and password to query the Federal Agency 
Site. The Corps Permit Site allows COE permit applicants the ability to check on the current 
status of Clean Water Act section 404 pennit actions for which NMFS has conducted an ESA 
section 7 consultation with the COE since the beginning of the 2001 fiscal year (no password 
needed). 

For COE-pennitted projects, click on "Enter Corps Permit Site." From the ''Choose Agency 
Subdivision (Required)" list, pick the appropriate COE district. At "Enter Agency Permit 
Number'' type in the COE district identifier, hyphen, year, hyphen, number. The COE is in the 
processing of converting its permit application database to PCTS-compatible "ORM." An 
example pennit number is: SAJ-2005-000001234-IPS-l. For the Jacksonville District, which has 
already converted to ORM, permit application numbers should be entered as SAJ (hyphen). 
·followed by 4-digjt year (hyphen), followed by pennit application numeric identifier with no 
preceding zeros. E.g., SAJ-2005-123, SAJ-2005-1234, SAJ-2005-12345. 

For inquiries regarding applications processed by Corps districts that have not yet made the 
conversion to ORM (e.g., Mobile District), enter the 9-digit numeric identifier, or convert the 
existing COE-assigned application number to 9 numeric digits by deleting all letters, hyphens. 
and commas; converting the year to 4--0igit fonnat (e.g.., -04 to 2004 ); and adding additional 
zeros in front offue numeric identifier to make a total of9 numeric digits. E.g., AL05-982-F 
converts to 200500982; MS05-04401-A converts to 200504401. PCTS questions should be 
directed to Eric Hawk at Eric.Hawk@.noaa.gov. Requests for usemame and password should be 
directed to April Wolstencroft (PCTSUsersupport@noaa.gov). 

mailto:PCTSUsersupport@noaa.gov
mailto:Eric.Hawk@noaa.gov
www.nmfs.noaa.gov/pcts


   
 

  

	 A.4.2	 U. S. Fish and Wildlife Service Loxahatchee River Watershed Restoration Plan Endangered 
Species Act Biological Opinion 

To be inserted on receipt from the U. S. Fish and Wildlife Service. 
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A.5 Endangered Species Act Correspondence 

Rebecca – I’m checking – I don’t think we have any. I’ll let you know 3/21/2019. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

B ANNEX B ANALYSES REQUIRED BY WRDA 2000 AND FLORIDA STATE LAW 

Federal law and regulation implementing the Comprehensive Everglades Restoration Plan (CERP) require 
Project Implementation Reports (PIRs) to address certain assurances as part of the project being 
recommended for approval and implementation. This section addresses provisions of Section 601(h) of 
the Water Resources Development Act of 2000 (WRDA 2000), the Programmatic Regulations for the CERP 
(33 CFR Part 385) for Savings Clause requirements and Project-Specific Assurances. 

The following sections describe the specific requirements from WRDA 2000 and the CERP Programmatic 
Regulations and present the methods, results, and conclusions of the analyses necessary to meet 
those requirements. 

B.1 Water Resources Development Act (WRDA 2000) 

Congress enacted the WRDA 2000, Section 601, Comprehensive Everglades Restoration Plan, which 
approved CERP "as a framework for modifications and operational changes to the Central and Southern 
Florida (C&SF) Project that are needed to restore, preserve, and protect the South Florida ecosystem while 
providing for other water-related needs of the region, including water supply and flood protection." 
Section 601(h) of WRDA 2000, entitled, “Assurance of Project Benefits,” establishes project-specific 
assurances to be addressed as part of CERP implementation. 

Section 601 (h) (1) of WRDA 2000 provides the following: 

IN GENERAL - The overarching objective of the Plan is the restoration, 
preservation, and protection of the South Florida Ecosystem while providing for 
other water-related needs of the region, including water supply and flood 
protection. The Plan shall be implemented to ensure the protection of water 
quality in, the reduction of the loss of fresh water from, the improvement of the 
environment of the South Florida Ecosystem and to achieve and maintain the 
benefits to the natural system and human environment described in the Plan, and 
required pursuant to this section, for as long as the project is authorized. 

The Savings Clause analysis is listed in WRDA 2000 as a means to protect users of legal sources of water 
supply and to protect the levels of service for flood protection that were in place at the time of enactment. 
Specifically, Section 601(h)(5) of WRDA 2000, entitled “Savings Clause,” requires an analysis of each 
project’s effects on legal sources of water that were in existence on the date of enactment of WRDA 2000 
(i.e., December 2000), effects on levels of service of flood protection in existence on the date of enactment 
of WRDA 2000, and effects on the Seminole Tribe of Florida Water Supply Compact with the State of 
Florida and South Florida Water Management District (SFWMD). Section 601(h) (5) of WRDA 2000 states 
the following: 

(A) NO ELIMINATION OR TRANSFER. – Until a new source of water supply of 
comparable quantity and quality as that available on the date of enactment of 
this Act is available to replace the water to be lost as a result of implementation 
of the Plan, the Secretary and the non-Federal sponsor shall not eliminate or 
transfer existing legal sources of water, including those for – 

(i) an agricultural or urban water supply; 

LRWRP Draft PIR and EIS Annex B-1 March 2019 



     

     

   
    

  
  
   

       
   

      
    

    
   

   
        

  
 

    
   

    
 

  

     
  

 
   

  
 

     

     
 

    
  

    
     

     

     
 

             
   

                

Annex B Analyses Required by WRDA 2000 and Florida State Law 

(ii) allocation or entitlement to the Seminole Indian Tribe of Florida under section
 
7 of the Seminole Indian Land Claims Settlement Act of 1987 (25 U.S.C. 1772e);
 
(iii)the Miccosukee Tribe of Indians of Florida;
 
(iv)water supply for Everglades National Park; or
 
(v) water supply for fish and wildlife.
 

(B) MAINTENANCE OF FLOOD PROTECTION. – Implementation of the Plan shall 
not reduce levels of service for flood protection that are – 

(i) in existence on the date of enactment of this Act; and 
(ii) in accordance with applicable law. 

(C) NO EFFECT ON TRIBAL COMPACT. – Nothing in this section amends, alters, 
prevents, or otherwise abrogates rights of the Seminole Indian Tribe of Florida 
under the compact among the Seminole Tribe of Florida, the State, and the South 
Florida Water Management District, defining the scope and use of water rights of 
the Seminole Tribe of Florida, as codified in section 7 of the Seminole Indian Land 
Claims Act of 1987 (25 U.S.C. 1772e). 

The analysis of project-specific assurances is listed in WRDA 2000 as a means to assure that CERP project 
benefits are realized by establishing the appropriate quantity, timing, and distribution of water to be 
dedicated and managed for the natural system. Section 601(h) (4) of WRDA 2000, entitled “Project-
Specific Assurances,” contains the following requirements for PIRs: 

(A) PROJECT IMPLEMENTATION REPORTS. – 

(i) IN GENERAL. – The Secretary (of the Army) and the non-Federal sponsor shall
 
develop project implementation reports in accordance with Section 10.3.1 of the
 
Plan.
 
(ii) COORDINATION. – In developing a project implementation report, the
 
Secretary and the non-Federal sponsor shall coordinate with appropriate Federal,
 
State, tribal, and local governments.
 
(iii)REQUIREMENTS. – A project implementation report shall –
 

...(IV) identify the appropriate quantity, timing, and distribution of water 
dedicated and managed for the natural system; 
(V) identify the amount of water to be reserved or allocated for the natural
system necessary to implement under State law; 

WRDA 2000 excerpts cited above are intended to provide a concise summary of the Savings Clause and 
Project-specific Assurances analyses required under WRDA 2000. Refer to WRDA 2000 for complete text. 

B.2 Programmatic Regulations (33 CFR Part 385) 

Section 601(h)(3) of WRDA 2000 required the Secretary of the Army, with the concurrence of the 
Governor and the Secretary of the Interior, to promulgate Programmatic Regulations to ensure that the 
goals and objectives of the CERP are achieved. See the main report for a summary of compliance with the 
provisions of the Programmatic Regulations. The Final Programmatic Regulations for the CERP, which 
were published in 33 CFR Part 385 in 2003, establish the processes and procedures to guide the U.S. Army 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Corps of Engineers (USACE) in the implementation of the CERP. This section summarizes the requirements 
of the Programmatic Regulations that provide supplemental information to WRDA 2000. 

B.2.1 Pre-CERP Baseline 

Section 385.35(a) of the Programmatic Regulations requires the development of a pre-CERP baseline to 
aid the USACE and the SFWMD when implementing the Savings Clause to determine if existing legal 
sources of water will be eliminated or transferred and to demonstrate that the levels of service of flood 
protection in existence on the date of enactment of WRDA 2000, and in accordance with applicable law, 
will not be reduced by implementation of a project. 

B.2.2 Savings Clause - Elimination or Transfer of Existing Legal Sources of Water 

Section 385.36 of the Programmatic Regulations requires that PIRs include a determination of existing 
legal sources of water that are to be eliminated or transferred as a result of project implementation. If a 
project is expected to result in an elimination or transfer of an existing legal source of water, the PIR shall 
include an implementation plan that ensures a new source of water of comparable quantity and quality 
is available to replace the source that is being transferred or eliminated. 

B.2.3 Savings Clause - Flood Protection 

Section 385.37 of the Programmatic Regulations requires that PIRs include an analysis of the project’s 
impacts on levels of service for flood protection that existed on the date of enactment of WRDA 2000 
(December 2000) and are in accordance with applicable law to demonstrate that the levels of service for 
flood protection will not be reduced by implementation of the project. Where appropriate and consistent 
with restoration of the natural system, opportunities to provide additional flood protection shall be 
considered. The conditions that existed on the date of enactment of WRDA 2000 are included in the Pre-
CERP Baseline. 

B.2.4 Project Assurances - Identification of Water for the Natural System 

Section 385.35(b) of the Programmatic Regulations requires that each PIR identify the quantity, timing, 
and distribution of water to be dedicated and managed for the natural system necessary to meet TSP 
projected benefits. 

B.2.5 Project Assurances - Identification of Water for Other Water-Related Needs 

Section 385.35(b) of the Programmatic Regulations also requires that each PIR identify the quantity, 
timing, and distribution of water made available for other water-related needs of the region. 

B.2.6 Draft Guidance Memoranda 

The Programmatic Regulations require the development of six guidance memoranda jointly by the Corps 
and SFWMD in consultation with others. The Draft Guidance Memoranda dated July 2007 provided 
additional information to complete the analyses initially described in WRDA 2000; however, since the 
guidance memoranda exist in draft form only, the PIRs completed prior to their approval can use 
appropriate methods deemed reasonable at the time. The July 2007 Draft Guidance Memoranda are 
available for review at the following link: 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

http://141.232.10.32/pm/progr_regs_guidance_memoranda.aspx 

Section 385.35(b)(3)(iii) of the Programmatic Regulations specifically states that "PIRs approved before... 
the development of the guidance memorandum may use whatever method the Corps of Engineers and 
the non-Federal sponsor deem is reasonable and consistent with the provisions of Section 601 of WRDA 
2000." During the preliminary planning phases of the LRWRP project, the Corps and SFWMD advocated 
using efficiencies learned from the processes of developing prior PIRs, including prior CERP project 
methodologies for the technical analyses described in Draft Guidance Memoranda 3 (Savings Clause 
Requirements) and Draft Guidance Memoranda 4 (Identifying Water Made Available for the Natural 
System and for Other Water-Related Needs). The two draft memoranda provide additional background 
information and describe the analyses and tools to address the Savings Clause and project assurances 
requirements of the Programmatic Regulations. The analyses completed for the LRWRP is documented in 
Section B.3, Section B.4, and Section B.5 within this Annex and meets the intent of the draft memoranda 
while fulfilling the requirements of Section 601 of WRDA 2000 and the Programmatic Regulations. 

Section B.3.1 of this report contains the key assumptions common to Savings Clause and project assurance 
analyses including an overview of the modeling tools available, the scenario assumptions, and the regional 
project effects resulting from achieving the LRWRP PIR objectives. 

Section B.3.2 of this report contains a description of the assumptions, concepts, and methodologies 
applied for the LRWRP PIR evaluation of Savings Clause requirements. 

Section B.3.3 contains a description of the assumptions, concepts, and methodologies applied for the 
LRWRP PIR evaluations to identify water made available by the project for the natural system and for 
other water-related needs of the region. 

Section B.4 describes the results of these analyses, while Section B.5 provides conclusions and identifies 
the amount of water made available by the project for the natural system to be reserved or allocated by 
the State of Florida and the amount of water made available for other water-related needs. 

B.3 Methods 

The same hydrologic models used for plan formulation are typically applied to the Savings Clause and 
project assurance analyses. This ensures consistency when representing the project effects in the analyses 
subsequent to plan selection. The Lower East Coast Subregional Model – North Palm (LECSR-NP) 
hydrologic model was used to simulate and evaluate the environmental effects of the LRWRP PIR array of 
alternatives through comparison with future without project base condition simulated with the same 
model. The LECSR-NP boundary includes the area between Lake Okeechobee and the coast, bounded on 
the south by the C-51 and L-10/12 Canals and on the north by the C-44 Canal. LECSR-NP is a MODFLOW-
groundwater model with integrated surface water packages. Tidal conditions were modeled using 
historical conditions. Canal stages for Lake Okeechobee and the L-8, C-44, and C-51 canals were obtained 
from the South Florida Water Management Model (SFWMM), which also provided flows from the Control 
2 structure along the M-Canal to the City of West Palm Beach (Giddings and Obeysekera 2018). The LECSR-
NP model uses a 41-year period of hydrologic record (1965 through 2005) which includes sufficient 
climatological variability (including natural fluctuations of water) to represent the full range of hydrologic 
conditions experienced within the South Florida region over a long-term period. No one modeling tool or 
representation of model results can definitively predict with-project hydrologic conditions across the 
project area given the large regional scope of the project, model tool limitations and assumptions, and 
future uncertainties regarding the effects of other projects. However, each snapshot of model results can 

LRWRP Draft PIR and EIS Annex B-4 March 2019 

http://141.232.10.32/pm/progr_regs_guidance_memoranda.aspx


     

     

   
  
   

   
  

   
   

   
   

      
        

        
    

   

 
          

    
    

 
   

   

     
   

  
   

      
    

  
  

     
   

 

   
       

   
    

    
   

       
  

Annex B Analyses Required by WRDA 2000 and Florida State Law 

form the basis for applying best professional judgment to determine whether the potential effects of TSP 
would reduce the availability of an existing source of water or reduce the level of service for flood 
protection, and to quantify the water necessary to achieve the benefits of the plan. The Engineering 
Appendix A provides additional information from other modeling efforts that reaffirms that the LRWRP 
TSP does not reduce the level of service for flood protection. 

The plan formulation process applied during LRWRP analyzed the environmental effects and benefits of 
the project alternatives through qualitative and quantitative comparisons between the future without 
(FWO) project condition and the future with-project condition. The FWO project condition describes what 
is assumed to be in place if none of the study’s alternative plans are implemented. The FWO project 
condition for LRWRP assumes the construction and implementation of authorized CERP and non-CERP 
projects, and other Federal, State, or local projects constructed or approved under existing governmental 
authorities that occur in the LRWRP study area, as described in Subsection 2.5 of the main report. The 
future with-project condition describes what is expected to occur as a result of implementing the TSP. 

B.3.1 Project Objectives and Associated Baseline Model Assumptions 

Viewed from a programmatic perspective, the identification of water for the natural system associated 
with the CERP involves an analysis of four different aspects of ecological responses to hydrologic changes: 
1) responses to the change in the quantity of water received by the natural system; 2) responses to the 
timing of those deliveries; 3) responses to the distribution of water delivered to the natural system; and 
4) responses to the quality of the water received by the natural system. In a project specific sense, 
however, the relative importance of each of these aspects (quantity, timing, distribution, and quality) will 
vary from project to project depending upon the specific objectives established for the project. 

For example, some CERP projects may focus formulation efforts on simply changing the timing (i.e., 
seasonality) or distribution (i.e., inflow and outflow points or internal movement) of water delivered to 
the natural system. Other projects may focus primarily on increasing or decreasing the amount of water 
delivered to the natural system depending on its needs, while still other projects may focus on improving 
the quality of the water delivered to the natural system to maintain desirable ecological community 
structure. These aspects, depending upon their applicability to specific CERP projects, are addressed 
during plan formulation through performance measures and evaluation criteria used to evaluate 
alternative plans and ultimately select a plan. Hydrologic targets for the natural system applied during 
plan formulation help to identify the quantity of water required to meet restoration objectives, in contrast 
to water that exceeds the targets and may be harmful or otherwise not contribute to meeting the 
restoration targets. 

The TSP achieves the project objectives by changing the timing, distribution, and volume of water 
conveyed, to the natural system. The regional scale of the TSP results in water moving between 
ecosystems and basins consistent with the project’s objectives (Error! Reference source not found.). The 
water made available for the natural system is the water required for the protection of fish and wildlife 
within natural systems, including water that contributes to meeting hydrologic, water quality, and 
ecologic targets for natural system restoration. The Savings Clause and project assurances analyses for 
this TSP will focus on whether these regional-scale changes meet the requirements of WRDA 2000 and 
the Programmatic Regulations. 
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Table B-1. Goals and objectives of CERP and LRWRP. 

CERP Objective LRWRP Objective 
CERP Goal: Enhance Ecological 

Values LRWRP Goal: Enhance Ecological Values 

Increase the total spatial extent of 
natural areas Objective 3: Increase natural area extent of wetlands. 

Improve habitat and functional 
quality 

Objective 1: Restore wet and dry season flows of water to the National 
Wild and Scenic Northwest Fork of the Loxahatchee River and the river 
floodplain. 
Objective 2: Restore oysters, seagrass and other estuarine communities in 
the Loxahatchee River Estuary. 
Objective 4: Restore connections between Corbett WMA, Pal-Mar/Cypress 
Creek basin, Loxahatchee Slough, Grass Waters Preserve and Loxahatchee 
River to improve hydrology, sheetflow, hydroperiods, natural storage, and 
vegetation communities. 

Improve native plant and animal 
species abundance and diversity 

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

CERP Goal: Enhance Economic 
Values and Social Well Being N/A 

Increase availability of fresh water 
(agricultural/municipal & 
industrial) 

No corresponding objective. Potential incidental benefit to increase 
availability of water supply. 

Reduce flood damages 
(agricultural/urban) No corresponding objective. Potential incidental benefit. 

Provide recreational and 
navigation opportunities 

No corresponding objective, but project will provide recreational 
opportunities consistent with ecosystem restoration. 

Protect cultural and archeological 
resources and values 

No corresponding objective, but project will protect cultural and 
archeological resources and values. 

The analyses of the Saving Clause and Project Assurance requirements includes considerations of three 
different sets of assumptions at two different points in time or conditions; 1) The Existing Condition 
Baseline (ECB) and 2) the Future Without Project baseline (FWO) and 3) future with the project (TSP). The 
model assumption tables for all base conditions are provided in Giddings and Obeysekera (2018). 

The LRWRP PIR documentation and complete sets of LECSR-NP hydrologic model performance measure 
output are posted on the USACE and SFWMD public web sites for the LRWRP: 

https://www.sfwmd.gov/our-work/cerp-project-planning/lrwrp-performance-measures 

http://www.saj.usace.army.mil/Missions/Environmental/Ecosystem-Restoration/Loxahatchee-River-
Watershed-Restoration-Project/ 

LRWRP Draft PIR and EIS Annex B-6 March 2019 

https://www.sfwmd.gov/our-work/cerp-project-planning/lrwrp-performance-measures
http://www.saj.usace.army.mil/Missions/Environmental/Ecosystem-Restoration/Loxahatchee-River-Watershed-Restoration-Project/
http://www.saj.usace.army.mil/Missions/Environmental/Ecosystem-Restoration/Loxahatchee-River-Watershed-Restoration-Project/


     

     

    
    

 

 

    
   

 
 

   
 

 

 
 

 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
  

 

 

 

  

  
    

     
      

    
  

     
    

     
  

    
     

   
     

      
    

  

Annex B Analyses Required by WRDA 2000 and Florida State Law 

The assumptions for the ECB and the FWO are essentially identical (Table B-2) and no demonstrable 
differences between the ECB and FWO model results are evident. As a result, only the FWO was used in 
the comparison of the TSP (Alt 5R). 

Table B-2. Modeling Scenarios for Savings Clause and Project Assurances. 
Condition Intent Equivalent for

LRWRP 
Model Scenario 

Existing Condition Actual conditions at the 
time of the TSP is 
selected, including land 
use, operations, and 
demands.  Demands can 
be either permitted or 
projected, whichever is 
greater. 

2014 conditions with 
only the projects and 
operations approved and 
in effect.  Permitted 
demands are included. 

ECB 

Initial Operating Regime 
Baseline 

Future conditions at the 
time the TSP is 
operational, including 
land use, operations, and 
demands.  Demands can 
be either permitted or 
projected, whichever is 
greater. 

The future condition 
when the project will be 
initially operated, 
including non-CERP 
projects, CERP projects 
(with completed PIRs), 
and LRWRP features with 
associated operations. 
Permitted demands are 
included. 

FWO 

B.3.1.1 Volume Probability Curves and Stage Duration Curves 

To identify the quantity, timing, and distribution of water for the natural system, a probabilistic approach 
was selected utilizing volume probability curves to depict the distribution of volumes of water that provide 
natural system benefits as a result of project features or to determine whether water is eliminated or 
transferred from natural systems. These volumes of water may include water that is available to meet 
natural system needs without project features and the water made available from TSP features to meet 
natural system needs through the entire range of historic climatologic conditions. For purposes of 
identifying the increase in the volume of water for the natural system, volume probability curves were 
produced depicting the range of the quantities of water delivered for natural system areas and coastal 
estuaries under all climatic conditions through the LECSR-NP period of simulation used to perform 
project evaluations. 

The volume probability curve indicates the probability (percentage of time equaled or exceeded, on the 
x-axis) that a certain quantity of water (expressed as flow or volume on the y-axis) is made available as a 
function of historical rainfall distribution. The water quantities are aggregated for each water year within 
the period of simulation, defined as starting in May of year 1 and continuing through April of year 2 (40 
total water years in the 1965-2005 LECSR-NP period of simulation). Once computed, the values are ranked 
from highest to lowest. Volume probability curves quantify the frequency of annual water volumes 
delivered to the natural system. 
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Annex B	 Analyses Required by WRDA 2000 and Florida State Law 

To identify whether the project reduces the level of service of flood protection, evaluations focus on 
changes to water stages and their frequency at representative monitoring gauge locations and model cell 
locations within residential and agricultural areas. The LECSR-NP model has no capability to directly 
measure flood control on individual fields or during relatively short events, but the LECSR-NP can be used 
as a coarse-scale tool to indicate a potential change in flood risk. Like volume probability curves, stage 
duration curves indicate the probability (percentage of time equaled or exceeded, on the x-axis) that a 
certain stage (expressed in National Geodetic Vertical Datum [NGVD] on the y-axis) is achieved as a 
function of historical rainfall distribution. Stages are aggregated for each day in the LECSR-NP period of 
simulation. Once sorted, the values are ranked from highest to lowest. A more localized analysis, with 
higher resolution hydrologic and/or hydraulic models, will be performed if there is an indication of 
significant increase in flood risk from the regional analysis. 

The draft Engineering Appendix A provides preliminary simulations using the Hydrologic Engineering 
Center River Analysis System (HEC-RAS) model for selected flow-way 3 features. More detailed HEC-RAS 
model simulations will be included in the final Engineering Appendix.  These simulations will provide storm 
event analysis over a more granular model mesh than that of the LECSR-NP model.  HEC-RAS model results 
will inform the design and operation of proposed structures, leading to greater confidence that the TSP 
will not impact flood protection. 

B.3.2 Analyses for Savings Clause including Intervening non-CERP and CERP Projects 

The changes to quantity, timing, distribution, and quality of water proposed by the project, as described 
in Section B.3.1, focus on meeting hydrologic restoration targets for the NW Fork of the Loxahatchee River 
and watershed wetland communities. The potential effects of the LRWRP reservoirs, ASR’s, and wetland 
restoration improvements can be assessed by comparing stage duration curves and other results from the 
LECSR-NP model simulations for the ECB, FWO, and TSP. If no reductions to existing legal sources of water 
or levels of service for flood protection are indicated during the comparison, then the Savings Clause 
requirements are determined to have been met. If there is an elimination or transfer of an existing legal 
source of water, then a new source of water supply to replace the water lost as a result of implementation 
of the TSP will be identified. 

Consistent with the approach outlined in Draft Guidance Memoranda 3, which was developed to meet 
the intent of WRDA 2000 and the Programmatic Regulation, the following guidance will be applied by 
LRWRP to address the effects of intervening non-CERP activities, if relevant: 

•	 Savings Clause analysis only applies to changes from date of enactment of WRDA 2000 that result 
from “Implementation of the Plan”; 

•	 Intervening non-CERP activities are changes wholly outside of CERP – e.g., Lake Okeechobee 
Regulation Schedule (LORS) 2008, C-111 South Dade, etc.; 

•	 Savings Clause does not require CERP to make up for reductions in quantity or quality of existing 
legal sources or levels of service for flood protection caused by intervening non-CERP activities, 
but CERP cannot cause further reductions; 

•	 Savings Clause does not prohibit CERP from reducing quantity or quality of existing legal sources 
or levels of service for flood protection increased by intervening non-CERP activities, but CERP 
cannot reduce those increases below those in place on the date of enactment of WRDA 2000. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

The only model-based comparison that accurately demonstrates the effects of only the LRWRP TSP is the 
future with the project condition (TSP) compared to the future without the project (FWO). This 
comparison segregates the effects of the intervening CERP and non-CERP projects. Plus, the LRWRP is 
hydrologically separate from CERP and, as such, no intervening CERP projects affect the LRWRP project 
area. Therefore, the comparison for savings clause analysis is the future without project (FWO) to the 
future condition with the project (TSP). 

B.3.2.1 Savings Clause – Elimination or Transfer of Existing Legal Sources of Water 

To analyze the potential elimination or transfer of existing legal sources, affected basins or users are 
evaluated. The basins and users that may be affected by the project are displayed in Table B-3, classified 
according to the categories identified in WRDA 2000. 

Table B-3. Existing legal sources evaluated for elimination and transfer. 

WRDA 2000, Section 601(h)(5) User or Natural System Evaluated in LRWRP 
(i) an agricultural or urban water supply; A portion of the Lake Okeechobee Service Area (LOSA). 

A portion of the Upper East Coast Service Area within the 
study area (WRA 1). 
The North Palm Beach Service Area within the study area 
(WRA 2). 

(ii) allocation or entitlement to the Seminole Indian 
Tribe of Florida under section 7 of the Seminole 
Indian Land Claims Settlement Act of 1987 (25 
U.S.C. 1772e); 

Not applicable to this project. 

(iii) the Miccosukee Tribe of Indians of Florida; Not applicable to this project. 
(iv)water supply for Everglades National Park; or Not applicable to this project. 
(v) water supply for fish and wildlife. Loxahatchee River Northwest Fork and Estuary. 

Watershed wetlands (Loxahatchee Slough, Pal-Mar East, 
Loxahatchee Tributaries). 

The primary LECSR-NP model results evaluated for effects to agricultural or urban water supply are the 
frequency, severity, and volume of water use cutbacks, which is applicable to Water Restriction Area 1 
(WRA 1), which includes the Martin County portion of the study area), and Water Restriction Area 2 (WRA 
2), which includes a portion of the North Palm Beach Service Area. Additional information available to 
evaluate agricultural and urban water supplies includes sub-regional groundwater differences maps, 
regional water supply deliveries, and groundwater stages near public water supply wellfields. The selected 
metrics provide more direct and higher resolution measures of potential water supply effects for the 
LRWRP Savings Clause assessment than would be provided through assessment of inflow volume 
probability curves for each user group or basin. Changes in the frequency, severity or volume of water use 
cutbacks must be evaluated to see if the water sources have been eliminated or transferred in the 
simulation of the with-project condition. The model results are described in Sections B.4.1.1 and B.4.1.2. 

B.3.2.2 Savings Clause - Flood Protection 

Flood protection is evaluated by a combination of best professional judgment interpreting model results 
and engineering analyses. Consistent with the Draft Guidance Memoranda, the same models and results 
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used for plan formation were applied for the LRWRP Savings Clause assessment. This varies from typical 
storm event analyses by using a long period of record simulation and focusing on the wet events included 
within the 1965–2005 simulation period. Stage duration curves for various areas of interest compare the 
groundwater elevations of the TSP relative to the FWO and ground elevations to determine if the TSP may 
impact flood protection. Figure B-9 in this Annex shows the of point locations for the stage duration curves 
relative to discussion of model results. 

Flood protection within the study area were analyzed including: 

• residential developments in Martin County (Ranch Colony, Old Trail and others), 

• Hobe St. Lucie Conservancy District Unit 2 Agricultural Area, 

• residential areas adjacent to Grassy Waters Preserve, upstream of Kitching Creek, and 

• Jupiter Farms residential area. 

Groundwater levels in the study area have been significantly impacted through the development of a 
secondary canal system with little or no control to manage canal flows and stages.  Residential areas in 
Flow-way 3, the Unit 2 Agricultural Area, and the area of Pal-Mar to the west drain through this canal 
system, resulting in extremely variable discharges to tide.  This also results in excessive discharges via the 
Cypress Creek Canal to the Cypress Creek Tributary in the wet season and little or no available water 
during the dry season. The alternatives, including the TSP result in more effective control of stormwater 
flows and an increase in groundwater levels, in some cases by greater than two (2) feet. 

The Cypress Creek Canal provides drainage for areas to the west (Culpepper, Pal-mar) via a series of 
culverts that discharge into the canal. In the existing condition, all the drainage to Cypress Creek flows 
unimpeded, resulting in excessive storm water flows and excessively reduced area groundwater levels. 
Complaints of depleted groundwater stages, resulting in excessive interior lake drawdowns in the dry 
season, are common. Control elevations for the communities are variable, ranging from 14.5’ NGVD to 
17.0’ NGVD. 

B.3.3	 Analyses for Project Assurances – Identifying Water Made Available by the Project for the 
Natural System and Other Water Related Needs 

Identification of water for the natural system is based on the concept of water needed to achieve the 
benefits of the project and the overarching objective of restoration, preservation, and protection of the 
South Florida Ecosystem. The water made available for the natural system is the water required for the 
protection of fish and wildlife, including water that contributes to meeting hydrologic, water quality, and 
ecologic targets for restoration of natural systems. Hydrologic targets for the natural system applied 
during plan formulation help to identify water required to meet restoration objectives, in contrast to 
water that exceeds the targets and may be harmful or otherwise not contribute to meeting the 
restoration targets. 

Water for project assurances is quantified where project benefits accrue, consistent with the habitat unit 
benefits quantified during TSP plan formulation resulting from water being made available by the project. 
The basins where the project may potentially supply water for the natural system or other water-related 
needs are listed below: 

• Natural System 
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o Loxahatchee River NW Fork (at and upstream of Lainhart Dam) 

o Watershed Wetlands (Loxahatchee Slough, Cypress Creek, Pal-Mar) 

• Other Water Related Needs 

o Water Restriction Area 1 

o Water Restriction Area 2 

Identification of the water made available by the project requires analyses of the LECSR-NP results for the 
TSP. The identification of water involves both 1) water that is available to the natural system and available 
for other water-related needs in the FWO scenario, and 2) water made available by the project to the 
natural system and for other water-related needs, as depicted in Figure B-1. The sum of these two 
categories is the total water that is expected to be available to the natural system and available for other 
water-related needs. 

Figure B-1. Water needed to achieve the benefits of the plan. 

The LRWRP captures and stores water that would otherwise be lost to tide and, therefore, unavailable for 
beneficial use. LRWRP is hydrologically separate from most of the CERP, with a connection only via the L-
8 Canal to Lake Okeechobee. The total water made available by the project, by year, is estimated as the 
difference between the 2070 FWO and the with-project condition (TSP minus FWO) as depicted in Table 
B-4. 

Table B-4. Summary of Analyses for the Identification of the Average Annual Water Made Available by 
the Project. 

Analysis Water for the Natural System 
Existing pre-project water for the natural system FWO 

Total water for the natural system with the project TSP 

Identification of water made available by the project Difference between TSP and FWO 
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Five locations were selected to quantify the water needed to achieve the benefits of the LRWRP TSP for 
the Loxahatchee River NW and northern tributaries. These locations represent the inflows to the 
downstream locations where benefits are expected to result from implementation of the TSP. 

•	 Surface water inflows from the C-18 Impoundment correspond to water captured by the 
impoundment from Corbett, C-18W canal, and Indian Trail Improvement District Flood Waters as 
well as outflow from ASR that is delivered downstream to the C-18 Canal. 

•	 Flows over the G-161 structure from Grassy Waters Preserve. 

•	 Flows over Lainhart Dam to the Loxahatchee River NW Fork. 

•	 Flows from ITID to the C-18 Impoundment. 

•	 Flows from the M-1 Pump Station to the M-Canal. 

Quantification of water made available for the natural system is displayed using volume probability 
curves. The 10th, 50th, and 90th percentiles are identified for the TSP and the FWO. The difference 
between these conditions is the water made available by the project for the natural system. 

To evaluate whether additional water is made available by the project to meet other water related needs, 
specifically water supply in the Water Restriction Areas, the changes to the level of service were evaluated. 
For the project area, whether additional water has been made available by the project in the regional 
system is quantified as the reduction in demands not met in the pre-project public water supplies (FWO) 
in WRA 1 and WRA 2 when compared to the demands not met in Alternative 5 that could be achieved 
without affecting the benefits accrued to the natural system. There is no increase in public water supply 
demands identified in LRWRP PIR between the pre-project future without and the with-project condition. 

B.4 Results 

This section provides the results of analyses of the savings clauses for elimination or transfer of existing 
legal sources of water and for flood protection, and project assurances for water made available for the 
natural system and water for other water related needs. 

B.4.1 Elimination or Transfer of Existing Legal Sources of Water 

Consistent with the WRDA 2000 and the Programmatic Regulations, the Savings Clause analysis removes 
the effects of the intervening non-CERP projects and compares the with-project condition (TSP) to the 
without project condition (FWO) to determine if any existing legal source of water has been eliminated or 
transferred. 

The project area has two Water Restriction Areas (WRA). WRA 1 is the Martin County portion of the study 
area; WRA 2 is the Palm Beach County portion of the study area, from the Martin County line south to the 
C-51 Canal. The general locations for WRA 1 and WRA 2 are shown in Figure B-2 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-2. General location of WRA 1 and WRA 2. 

To determine if an elimination or transfer of existing legal sources of water occurred, an analysis was done 
using the frequency, duration, and severity of water use cutbacks during water shortages during periods 
of deficient rainfall. The trigger package for the LECSR-NP emulates the SFWMD water shortage policy by 
reducing water withdrawals when groundwater stages below designated levels in pre-identified trigger 
cells. There are four phases of cutbacks. The percentage of cutback is increased as the water levels decline 
further below the Phase 1 (15% cutback level). 

Frequency is defined as the number of years when water use cutbacks occur for three consecutive 
months. Duration is measured by the total number of months of cutbacks. Severity is calculated in a similar 
fashion as duration except months with Phase 2 or Phase 3 cutbacks count as 2 or 3 months, respectively. 
No Phase 4 level of water supply restrictions were triggered in any of the LRWRP simulations. 

B.4.1.1 Water Restriction Area 1 (southern Martin County) 

Existing legal sources of water in WRA 1 include groundwater withdrawn by public utility wellfields, private 
wells, irrigation wells, and surface water withdrawals for landscape, recreation, and agricultural uses. 

LRWRP Draft PIR and EIS Annex B-13 March 2019 



     

     

    
   

      
     

       
       

      
    

      
  

          
         

       
           

        
       

   
        

   

 

    
   

 
 

 
 
 

 
 

    
    

    
 

Annex B Analyses Required by WRDA 2000 and Florida State Law 

Water supply demand continues to be met by locally available water sources, primarily the surficial aquifer 
system. When Lake Okeechobee falls into the water shortage zone and water use cutbacks are imposed, 
only the public water suppliers and other users in WRA 1 that do rely on the regional system, including 
Lake Okeechobee, are included in the water shortage order. (Only HSLCD has some reliance on Lake 
Okeechobee and is subject to regional water use cutbacks.) The WRA 1 is placed under water shortage 
order when local groundwater levels decline below trigger levels. This function is represented in the 
LECSR-NP trigger package. Although the LECSR-NP model predicts the absolute number of water supply 
cutback events and the corresponding frequency of occurrence have a high degree of uncertainty, relative 
comparisons between the ECB, FWO and TSP provide a meaningful comparison to quantify potential 
effects of the project. 

In WRA 1, the frequency, duration and severity of water restrictions (water use cutbacks) triggered by dry 
conditions including droughts are identical between the ECB, FWO and the TSP (Table B-5). Locally 
triggered events in WRA 1 are not influenced by the TSP. The same months and the same level of cutbacks 
were triggered in the ECB, FWO and the TSP (labeled as Alt 5). (Figure B-3, Figure B-4 and Figure B-5). As 
shown in Table B-6 the volumetric differences between the ECB, FWO and TSP are negligible. In part, this 
is due to the distance between major water users and the project features. The demands not met are 
categorized according to use: Aquifer Storage and Removal (ASR), Public Water Supply (PWS), Golf 
Irrigation (GOL), Nursery Irrigation (NUR), Agricultural – Flood Irrigation (AG1-FL), Agricultural – Overhead 
Irrigation (AG1-OH), Agricultural- Low Volume Irrigation (AG2-LV) and Industrial (IND). 

Table B-5. The frequency, duration and severity of water shortages in the pre-project and post-project 
simulations for WRA 1 (in months). 

Scenario 
Frequency
(months) 

Duration 
(months) 

Severity
(months) 

ECB 5 22 27 
FWO 5 22 27 
TSP 5 22 27 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-3. Locally triggered water restrictions in WRA 1 during the ECB simulation. 

Figure B-4. Locally triggered water restrictions in WRA 1 during the FWO simulation. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-5. Locally triggered water restrictions in WRA 1 during the Alternative 5 simulation. 

Table B-6. Million gallons demand not met due to water restrictions for all use categories in WRA 1 for 
the ECB, FWO and TSP simulations for the period of record 1965-2005. 

Alt/type ASR PWS LAN GOL NUR 
AG1

FL 
AG1
OH 

AG2
LV IND 

ECB 0 40 0 2 0 0 0 0 0 
FWO 0 39 0 2 0 0 0 0 0 
TSP 0 39 0 2 0 0 0 0 0 

B.4.1.2 Water Restriction Area 2 (North Palm Beach County) 

WRA 2 receives water supply from the regional system and water use cutbacks can be triggered by either 
Lake Okeechobee stages or by stages at local groundwater trigger sites in the service area. The TSP does 
not change either the frequency or severity water use cutbacks relative to the ECB and FWO (Table B-7). 

Over the entire 41 years of simulation, 14 years showed water use cutbacks (Figure B-6, Figure B-7 and 
Figure B-8). The TSP results in a slight reduction in demands not met for PWS (Table B-8). In the TSP, the 
total demand not met for PWS in WRA 2 in 14 years with water restrictions is 4,417 million gallons (MG). 
The FWO had a slightly larger demand not met, 4,438 MG. Thus, the TSP showed a 21 MG improvement 
in demands not met. Averaged over the 14 years of cutbacks, the difference is not significant, representing 
an improvement of less than 1 percent (Table B-8). 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Table B-7. Frequency, duration and severity of locally triggered water use cutbacks in WRA 2 
(months). 

Scenario Frequency (months) Duration (months) Severity (months) 
ECB 2 16 16 

FWO 2 16 16 
TSP 2 16 16 

Figure B-6. Locally triggered water restrictions in WRA 2 during the ECB simulation. 
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Figure B-7. Locally triggered water restrictions in WRA 2 during the FWO simulation. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-8. Locally triggered water restrictions in WRA 2 during the TSP simulation. 

Table B-8. Million gallons of demand not met due to water restrictions for all use categories in WRA 2 
during the ECB, FWO and TSP simulations for the period of record 1965-2005. 

Alt/Type ASR PWS LAN GOL NUR 
AGR

FL 
AGI
OH 

AG2
LV IND 

ECB 0 4,438 0 51 0 0 0 0 0 
FWO 0 4,419 0 51 0 0 0 0 0 
TSP 0 4,417 0 51 0 0 0 0 0 

B.4.2 Savings Clause - Flood Protection 

B.4.2.1 Stage Duration Curves 

The engineering subteam identified areas to evaluate stage duration curves to assess the flood protection 
impacts of the TSP to the ECB and the FWO conditions (Figure B-9). A daily stage duration curve over the 
POR was assessed for each location. Stage duration curves for ECB, FWO and and the TSP are shown on 
one graphic, along with the ground elevation within the model cell for quick comparison. In most cases 
the ECB stage duration curve is hidden beneath the FWO curve indicating they are identical. The following 
locations were reviewed: 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

• Loxahatchee Slough 

• Mecca Southern Point 

• Ranch Colony Western, Eastern, and Central Points 

• South Indian River Water Control District (SIRWCD) 

• Jupiter Farms Eastern and Western Points 

• Hobe St. Lucie Eastern Point 

• The Links Central, Eastern, and Western Points 

• Kitching Creek Point 

• Ibis Point 

• Ironhorse Point 

• Jupiter Farms 1, 2 Points 

Figure B-9. Stage duration curve locations within the project study area 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

The Loxhatchee Slough point is located in the vicinity of the western edge of Old Marsh Golf Club, which 
abuts the Slough. The stage-duration curve below (Figure B-10) shows no noticeable increase in surface 
water stages. 

Figure B-10. Stage Duration curves of ECB, FWO and the TSP for Loxahatchee Slough. 

The Mecca Southern Point is located in the vicinity of the northern edge of Indian Trail Improvement 
District residences, adjacent to the C-18 impoundment. The stage-duration curve, Figure B-11 below, 
shows no water above ground elevation. 

Figure B-11. Stage Duration curves of ECB, FWO and the TSP for Mecca South. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

The Ranch Colony Points are located in the Ranch Colony and Old Trail developments, just north of 
Cypress Creek Canal. Ranch Colony Western and Central profile points indicate stages above the control 
elevations (14.5’ to 15.5’ NGVD) occur more frequently with the project, but remain below ground (Figure 
B-12 and Figure B-13). This should not be problematic however it will further be investigated during the 
detailed design phase. Ranch Colony Eastern point is in the vicinity of Old Trail which has a control 
elevation of 16.0’ NGVD. All stages over the model POR stay below this control elevation (Figure B-14). 
The stage-duration curves for all three Ranch Colony Points show no increase in water above ground 
elevation. 

Figure B-12. Stage Duration curves of the ECB, FWO and TSP for Ranch Colony Western. 

Figure B-13. Stage Duration curves of the ECB, FWO and TSP for Ranch Colony Central. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-14. Stage Duration curves of the ECB, FWO and TSP for Ranch Colony Eastern. 

The SIRWCD and Jupiter Farms points represent the Jupiter farms residential development located west 
of the C-18 Canal. The stage-duration curves, Figure B-15 and Figure B-16 below, show significantchanges 
to groundwater or surface water stages. 

Figure B-15. Stage Duration curves of the ECB, FWO and TSP for SIRWCD. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-16. Stage Duration curves of the ECB, FWO and TSP for Jupiter Farms Eastern Point. 

The Hobe St. Lucie Eastern point represents the HSLCD agricultural area located north of the proposed 
flow through marsh. The stage-duration curve, Figure B-17 below, shows no noticeable changes to 
groundwater or surface water stages. 

Figure B-17. Stage Duration curves of the ECB, FWO and TSP for Hobe St. Lucie Eastern. 

The Links Eastern and Central points represent the Links residential development located south of the 
Cypress Creek Canal. The stage-duration curve for the Links Eastern point, Figure B-18 below, shows no 
noticeable change to surface water stages. Given that the control elevation of the community is 17.0 feet 
NGVD, there may be an increase in stages over control elevation which seldom occurs in the ECB or FWO 
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condition as compared to a 10% frequency with the TSP. This is not necessarily a problem but will be 
further assessed during detailed design. The Links Central point Figure B-19 below, shows little to no 
increase in stage frequency above 17.0 feet NVGD. 

Figure B-18. Stage Duration curves of the ECB, FWO and TSP for The Links Eastern. 

Figure B-19. Stage Duration curves of the ECB, FWO and TSP for The Links Central. 
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The Links Western Point stage duration curve, Figure B-20 below, shows a slight increase in time above 
ground surface, from about 2% in FWO to about 6% with project. However, this point is located on the 
natural area side, to the west of the Cypress Creek canal, and increases to surface water stages are 
acceptable and preferred here. 

Figure B-20. Stage duration curves of the ECB, FWO and TSP for The Links Western. 

Jenkins Ditch Spreader Points upstream of the proposed spreader are identified by the three (3) blue stars 
in Figure B-21. Stage duration curves are shown in Figure B-22 and Figure B-23 and indicate no increase 
in surface water stage. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-21. Points of interest reviewed for flood protection north of Jenkins Ditch Spreader to 

Kitching Creek.
 

Figure B-22. Stage Duration curves for the ECB, FWO and TSP for the northern upstream point to
 
Jenkins Ditch Spreader.
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-23. Stage Duration curves for the ECB, FWO and TSP for southern upstream point to Jenkins 
Ditch Spreader. 

Additional locations were also evaluated. These stage duration curves represent the residential 
communities of Ibis, Ironhorse, and Jupiter Farms. No location shows any change to surface stages at 
these residential communities. See Figure B-9for the location of these sites, and Figure B-24, Figure B-25, 
Figure B-26, Figure B-27 and Figure B-28 for stage duration curves of these locations. 

Figure B-24. Stage Duration curves for the ECB, FWO and TSP for Ibis. 
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Figure B-25. Stage Duration Curves for the ECB, FWO and TSP for Ironhorse. 

Figure B-26. Stage Duration Curves for the ECB, FWO and TSP for Jupiter. 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

Figure B-27. Stage Duration Curves for the ECB, FWO and TSP for Jupiter Farms 1. 

Figure B-28. Stage Duration Curves for the ECB, FWO and TSP for Jupiter Farms 2. 

B.4.3 Project Assurances – Identification of Water Made Available by the Project 

The total water and the water made available for the natural system and other water related needs are 
quantified when all project features are constructed and the project is expected to be operational as 
identified in the with-project condition, the TSP. The pre-project water expected to be available when the 
project is operational is represented by the FWO. The difference between these two conditions, which is 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

computed for each water year within the period of simulation, represents the water made available by 
the project (TSP minus FWO). 

B.4.3.1 Water Made Available for the Natural System 

The WRDA 2000 Project Assurance requirements are fulfilled by identifying the water for the natural 
system as shown in Figure B-29 and Table B-9 below. The quantity, timing, and distribution of water are 
identified at five locations: 

• C-18 Impoundment outflows to C-18 west canal, 

• inflows to Loxahatchee Slough over G-161, 

• flows over Lainhart Dam, 

• flows from Indian Trail Improvement District (ITID) to the C-18 Impoundment, and 

• M-1 Pump Station flows to the M-Canal. 

Additional inflows occur and ecosystem benefits (habitat units) are expected as a result of implementation 
of the TSP at these five locations. The FWO and TSP average annual volumes delivered from each of these 
sources was calculated, then sorted (high to low) to generate the exceedance curves (Figure B-29) and 
the difference at the 10th, 50th, and 90th percentiles (Table B-9) for each source was calculated. Note 
that except for Lainhart Dam, the other four sources of water are not in the FWO scenario. Therefore, the 
FWO flows are zero. 

Ecosystem benefits (habitat units) were identified in the Pal-Mar, Cypress Creek, Loxahatchee Slough 
degraded wetlands during plan evaluation. The source of water to improve their hydropattern is rainfall, 
and is controlled by downstream structures included in the TSP. The timing and distribution of water to 
the Cypress Creek tributary improves, but the quantity of rainfall does not change between the FWO and 
TSP. Therefore, no water is quantified for these wetlands or the Cypress Creek tributary. 
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Figure B-29. Probability Curve of Average Annual Water Made (Thousand Acre-Feet) Available by the 
Project for the Natural System. 

Table B-9.	 Average annual water made available by the project for the natural system (thousand 
acre-feet). 

Location 
equaled or

exceeded 10% of 
the time 

equaled or
exceeded 50% of 

the time 
equaled or exceeded

90% of the time 

Lainhart Dam 26.7 21.5 13.1 
C-18 Basin Impoundment 35.7 30.1 16.1 
G-161 5.2 2.9 1.03 
ITID to C-18 Impoundment 33.4 28.2 22.0 
M-1 Pump Station to M Canal 13.0 10.8 7.6 
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Annex B Analyses Required by WRDA 2000 and Florida State Law 

B.4.3.2 Water for Other Water Related Needs 

The ability of the LRWRP to provide water to meet other water related needs in the LOSA, WRA 1, and 
WRA 2 were analyzed for the TSP. Based on the analysis, the level of service for water supply has not 
improved, nor has it been degraded by the project. Therefore, no water was quantified for other water 
related needs in the LOSA, WRA 1, or WRA 2. However, by virtue of additional water being stored in the 
C-18 Reservoir and improved hydroperiods within the Project Study Area, additional water may reach 
water users located in the project area. 

B.5 Conclusions 

B.5.1 Savings Clause - Elimination or Transfer of Existing Legal Sources of Water 

Implementation of the TSP will not cause existing legal sources of water to be eliminated or transferred. The 
project maintains existing water supply performance for agricultural and municipal water users in LOSA, 
WRA 1, and WRA 2. Therefore, the TSP fulfills WRDA 2000 Saving Clause requirements which, in part, 
ensure existing legal sources of water supply such as water for municipal, agricultural, and fish and wildlife 
uses continue to be available with project implementation. 

B.5.2 Savings Clause – Flood Protection 

The LECSR-NP model results indicate that implementation of the TSP will not reduce the levels of service 
for flood protection within the areas affected by the project. Additionally, storm specific HEC-RAS 
modeling will be performed to inform the design and operations of key Flow-way 3 project features. For 
example, the Cypress Creek control structure will likely be operable to provide maximum flexibility to 
maintain consistency with pre-project high stages. 

B.5.3 Project Assurances - Identifying Water for the Natural System 

The identification of water for the natural system captures the quantity, timing, and distribution of water. 
Hydrologic model data extracted from the LECSR-NP simulations were used to develop the volume 
probability curves at five locations in the regional system: C-18 Impoundment outflows to C-18 west canal, 
inflows to Loxahatchee Slough over G-161, flows over Lainhart Dam, flows from ITID to the C-18 
Impoundment and M-1 Pump Station flows to the M-Canal. These locations represent the additional 
inflows where ecosystem benefits (habitat units) are expected as a result of implementation of the TSP. 
Table B-9 presents the water made available for the natural system. 

B.5.3.1 Water to be Reserved or Allocated for the Natural System 

As required by Section 601(h)(4)(A) of the of the WRDA 2000 and Section 385.35 of the Programmatic 
Regulations for the Implementation of CERP, the water made available by the project will be protected 
using the State of Florida’s reservation or allocation authority under state law as presented in Table B-6. 
Water made available by the TSP must be protected before the SFWMD and Department of the Army 
enter into any Project Partnership Agreements to construct TSP project features. The SFWMD has already 
protected the pre-project water for the natural system in the Loxahatchee River Watershed, including the 
NW Fork of the Loxahatchee River, through the restricted allocation criteria for the Everglades and North 
Palm Beach/Loxahatchee River Watershed waterbodies. See Section 3.2.1 of the SFWMD’s Applicant’s 

LRWRP Draft PIR and EIS Annex B-33 March 2019 



     

     

      
  

   

    
 

   

     
     

   
   

       
       

    

 

   
 

    
 

   
 
   
  

  
  

  
 

  
 

  
      

 
    

  

     
             

                                                           

      
  

Annex B Analyses Required by WRDA 2000 and Florida State Law 

Handbook (Applicant’s Handbook) for Water Use Permit Applications within the South Florida Water 
Management District.1 

B.5.4 Project Assurances – Identifying Water Made Available for Other Water Related Needs 

No water was quantified for other water related needs (e.g., municipal, agriculture, or irrigation) in the 
LOSA, WRA 1 or WRA 2. 

B.5.5 Project Assurances Commitments for All CERP Projects 

The overarching objective of the CERP (referred to as simply the “Plan” in WRDA 2000 and the 
Programmatic Regulations) is the restoration, preservation, and protection of the South Florida ecosystem 
while providing for other water-related needs of the region, including water supply and flood protection. 
The federal government and the State of Florida are committed to the protection of the appropriate 
quantity, quality, timing, and distribution of water to achieve and maintain the benefits to the natural 
system described in CERP. As envisioned in WRDA 2000 and the Programmatic Regulations, each PIR will 
identify this appropriate quantity, quality, timing, and distribution of water for the natural system. 

The following language sets forth these commitments: 

The overarching objective of the Plan is the restoration, preservation, and 
protection of the South Florida ecosystem while providing for other water-related 
needs of the region, including water supply and flood protection. The Federal 
Government and the non-Federal sponsor are committed to the protection of the 
appropriate quantity, quality, timing, and distribution of water to ensure the 
restoration, preservation, and protection of the natural system as defined in 
WRDA 2000, for so long as the project remains authorized. This quantity, quality, 
timing, and distribution of water shall meet applicable water quality standards 
and be consistent with the natural system restoration goals and purposes of CERP, 
as the Plan is defined in the programmatic regulations. The non-Federal sponsor 
will protect the water for the natural system by taking the following actions to 
achieve the overarching natural system objectives of the Plan: 

1. Ensure, through appropriate and legally enforceable means under Federal 
law, 

that the quantity, quality, timing, and distribution of existing water that the 
Federal Government and the non-Federal sponsor have determined in this Project 
Implementation Report is available to the natural system, will be available at the 
time the Project Partnership Agreement for the project is executed and will remain 
available for so long as the Project remains authorized. 

Prior to the execution of the Project Partnership Agreement, reserve or allocate 
for the natural system the necessary amount of water that will be made available 

1 SFWMD. 2015. Applicant’s Handbook for Water Use Permit Applications within the South Florida Water Management 
District. September 7, 2015. https://www.sfwmd.gov/sites/default/files/documents/wu_applicants_handbook.pdf 
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by the project that the Federal Government and the non-Federal sponsor have 
determined in this Project Implementation Report. 

After the Project Partnership Agreement is signed and the project becomes 
operational, make such revisions under Florida law to this reservation or 
allocation of water that the Federal Government and the non-Federal sponsor 
determines, as a result of changed circumstances or new information, is beneficial 
for the natural system. 

3. For so long as the Project remains authorized, notify and consult with the 
Secretary of the Army should any revision in the reservation of water or other 
legally enforceable means of protecting water be proposed by the non-Federal 
sponsor, so that the Federal Government can assure itself that the changed 
reservation or legally enforceable means of protecting water conform with the 
non-Federal sponsor’s commitments under paragraphs 1 and 2. Any change to a 
reservation or allocation of water made available by the project shall require an 
amendment to the Project Partnership Agreement. 

B.6 State Compliance Report 

The State Compliance Report, Section 373.1501, Florida Statutes, is currently under development and will 
be included with the Final PIR. 
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Notice to users of this Manual 

NOTE: As updated and revisions are made to this Project Operating Manual, individual revised 
pages will be clearly identified with the date of the latest version. It is recommended that this copy 
of Volume 2 of the System Operating Manual be preserved in good condition so that inserts can 
be made to keep the manual current. 

EMERGENCY REGULATION ASSISTANCE 

In the event that unusual conditions arise during non-duty hours, emergency regulation assistance 
can be achieved by contacting, in order listed, one of the following persons. 

Office Mobile 

Chief Water Management Section (904) 232-xxxx (904) 402-xxxx 

Chief Water Resources Branch (904) 232-xxxx (904) 254-xxxx 

South Florida Water Management District (904) 232-xxxx (904) 232-xxxx 

Operations Control Center (staffed 24/7) (561) 682-6115 (561) 682-xxxx 
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C. INTRODUCTION 

The main purpose of an operating manual is for day-to-day use in water control for essentially all 
foreseeable conditions affecting the Loxahatchee River Watershed Restoration Project (LRWRP) 
during the Project Implementation Report/Environmental Impact Statement (PIR/EIS) Phase. 
Report preparation is pursuant to Engineering Regulation 1110-2-240, and is in accordance with 
guidance contained in Engineering Manual 1110-2-3600 and Engineering Regulation. 

C.1 GENERAL PROJECT PURPOSES, GOALS, OBJECTIVES AND BENEFITS 

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 (NWFLR) 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.  These areas include Jonathan Dickinson State Park (JDSP), Pal 
Mar East/Cypress Creek, Dupuis Wildlife and Environmental Management Areas, J.W. Corbett 
Wildlife Management Area (WMA), Grassy Waters Preserve (GWP), Loxahatchee Slough, the last 
remaining riverine cypress stands in Southeast Florida in the Loxahatchee River, and the 
Loxahatchee River Estuary.  Reference Figure 1 for project location. Other objectives include 
restoring and /or maintain oysters, sea grass And other estuarine communities in the 
Loxahatchee River Estuary, restoring native plant and animal species abundance and diversity in 
Loxahatchee River watershed natural areas, rivers, and estuary. 

C.2 Project Features 

All of the project features included in this Draft POM, existing and proposed, are for the Tentatively 
Selected Plan only. 

Flow-way 1 

Flow-way 1 is located in the southern 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 basins to the Loxahatchee River. 

C.2.1 C-18 Canal 

The C-18 Canal is a component of the Central and South Florida Flood Control System (C&SF) that 
was constructed in the 1950’s by the USACE to capture and remove runoff from the adjacent 
lands.  The canal has an east leg which drains from south to north, and a west leg which drains 
from west to east.  The two legs join and continue north and then east to discharge through the 
S-46 structure, located on the southwest Fork of the Loxahatchee River. The S-46 structure was 
constructed for flood control purposes, and routes freshwater that historically flowed naturally 
to the Northwest Fork, away to the Southwest Fork.  A second structure was constructed by the 
SFWMD in the mid-1970’s to divert water to the Northwest Fork of the Loxahatchee River 
(NWFLR), which was cut off from its natural sloughs by the canal construction.   G-92 is located 
on the north bank of the C-18 Canal and discharges into South Indian River Water Control 
District’s (SIRWCD) C-14 which in turn discharges to the NWFLR and Lainhart dam.  The east 
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branch, containing the S-46 Structure, plus the main canal extends from the southwest fork of 
the Loxahatchee River, west of the low flat divide and west of the Atlantic Intracoastal Waterway 
(AIWW) (Mile 288.3), for approximately 10 miles until it terminates at Northlake Boulevard.  The 
west leg, is approximately 7.9 miles long with headwaters consisting of the C-18/J.W. Corbett 
Wildlife Management Area (WMA). Water surface elevations in the C-18 West leg are controlled 
by the C-18 Weir, which maintains water surface elevations west of the Beeline Highway at 17.6 
ft., National Geodetic Vertical Datum (NGVD). 

Figure C-1. Existing Features 

C.2.2 L-8 Canal 

This canal is located in western Palm Beach County and extends north from its intersection with 
the West Palm Beach Canal (C-51) for 4.0 miles then northwest for 17.9 miles then west for 3.9 
miles to connect with C-10A at Lake Okeechobee, with flow being controlled by the S-76 
structure. The purpose of the L-8 Canal is to protect the developed agricultural area around the 
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southeastern shore of Lake Okeechobee from overflow by flood waters originating in the wide 
flat area located to the north of and east of the levee alignment. There is no single structure that 
serves to maintain the water surface elevation in the L-8 Canal. The simultaneous operation of a 
network of structures (at the C-51 intersection, Lake Okeechobee, and the L-8 Tieback Canal) is 
intended to maintain water levels in the range of 12.5 ft. NGVD29. 

C.2.3 M-Canal 

The M-Canal provides a hydraulic connection between the L-8 Canal, via the L-8 Tieback Canal to 
the City of West Palm Beach. Water from the tie-back canal is pumped by the City of West Palm 
Beach’s Control 2 Pump Station into the M-Canal. The M-Canal then flows eastward, through the 
Grassy Waters Preserve (GWP) marsh and ultimately to Lake Mangonia and Clear Lake. The City 
of West Palm Beach (CWPB) water treatment plant is located on the northeast shore of Clear 
Lake where the water is withdrawn to be treated and distributed as municipal water supply. 

C.2.4 G-92 

G-92 is a single-barreled concrete box culvert that is located in the north bank of the C-18 Canal, 
approximately 2 miles southwest of the turnpike crossing of C-18.  The purpose of G-92 is to 
deliver water to the Northwest Fork of the Loxahatchee River (NWFLR) via SIRWCD Canal 14 (C-
14).  G-92 also functions to remove flood waters when conditions warrant. 

C.2.5 Grassy Waters Preserve Triangle 

The Grassy Water Preserve (GWP) Triangle is located northwest of the intersection of Beeline 
highway (SR710) and Northlake Boulevard.  Since the construction of Northlake Boulevard, this 
portion of the GWP has experienced he hydrologic separation from the rest of the GWP area. 
Hydrologic restoration of this area will occur through earth work and the strategic construction 
of a swale that will allow water discharged from G-161 o be spread west to facilitate hydration 
of this area. 

Flow-way 2 

C.2.6 M-O Canal 

The M-O Canal is located at the southern boundary of the J.W. Corbett Wildlife Management 
Area 

Flow-way 3 

C.2.7 Ranch Colony Canal 

The Ranch Colony Canal is located at the southern boundary of Gulfstream west area. 

LRWRP Draft PIR and EIS Annex C-3 March 2019 
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C.3 Proposed Features 

Flow-way 1 

C.3.1 M-1 Lower Pump Station 

This pump station will be a 75 cfs capacity pump station that will be located in the portion of the 
M Canal that has been widened to accommodate additional flow. This pump station will provide 
water from the Indian Trail Improvement District (ITID) to the M-Canal when canal water 
elevations allow. 

C.3.2 G-161 Water Control Structure 

G-161 is a two-barrel gated culvert structure under Northlake Boulevard.  The structure 
discharges water from Grassy Waters Preserve (GWP) into a sinuous channel through the GWP 
Triangle Area, and delivers that water to the C-18 Canal via an existing structure under Beeline 
Highway.  The purpose of G-161 is to transfer regional water from GWP to the NWFLR via the C-
18 Canal and and G-92. 

C.3.3 G-160 Water Control Structure 

G-160 is a reinforced concrete gated spillway with two vertical lift gates, located in the C-18 Canal 
east leg, just upstream of its intersection with the C-18 Canal west leg.  The purpose of this 
structure is to enhance delivery of water to the NWFLR and improve the wetland hydroperiods 
within the Loxahatchee Slough.  In addition, the structure passes flood water from 

Flow-way 2 

C.3.4 C-18W Reservoir 

This reservoir will be a 9,500 acre-feet aboveground reservoir that will provide diversion and storage of 
excess flows from the C-18W Canal, J.W. Corbett Wildlife Management Area (WMA) and the M-O Canal. 
During dry conditions, the reservoir will discharge water back to the C-18W Canal to be delivered via G-
92 to the Lainhart Dam and the downstream NWFLR. This water will do the support target flows for wild 
and scenic river restoration (provide 69 cfs or greater, as a 30-day average, flow over Lainhart Dam in the 
dry season and a daily delivery of >110 cfs for a minimum of 120 days in the wet season 

C.3.5 Aquifer Storage Recovery System (ASR) 

This ASR will consist of four wells open to permeable zones of the Floridan Aquifer and will be 
located at the C-18W Reservoir to facilitate surface storage capacity and to provide greater 
flexibility with reservoir operations. 
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C.3.6 M-O Canal Connector Canal 

This canal will provide a connection between the ITID M-O Canal and the area upstream of the 
planned Seminole-Pratt Whitney Road Culverts and C-18W Reservoir. The purpose of the M-O 
Connector is to transfer excess water from the ITID upper basin to the C-18W Reservoir. 

C.3.7 M-O Canal Connector Pump Station 

This pump station will be located at the eastern terminus of the M-O Canal. Topography requires 
a pump station to move water from the M-O Canal to the connector canal for delivery to the C-
18W Reservoir. 

C.3.8 G-160 Water Control Structure 

G-160 is a reinforced concrete gated spillway with two vertical lift gates, located in the C-18 Canal 
east leg, just upstream of its intersection with the C-18 Canal west leg.  The purpose of this 
structure is to enhance delivery of water to the NWFLR and improve the wetland hydroperiods 
within the Loxahatchee Slough.  In addition, the structure passes flood water from the upstream 
portions of the drainage area without exceeding the upstream flood design stages and restricts 
downstream flood stages. 

Flow-way 3 

C.3.9 Cypress Creek Canal Water Control Structure.  

This will be an operable water control structure consisting of an ogee spillway with gates and two 
bays that will be located in the Cypress Creek Canal downstream of the flow-through marsh 
discharge. Creek This structure has several purposes: 1.)  hold additional water in the canal 
during dry conditions to reduce regional groundwater drawdown 2.)  control wet season 
discharge velocities to reduce downstream velocities overall and minimize channel incision in 
Cypress Creek, and 3.) maintain the current level of flood protection for surrounding 
developments. 

C.3.10 Flow-through Marsh. 

This marsh will be located on the Gulfstream West property west of Florida’s Turnpike and north 
of the Cypress Creek Canal. The marsh will include collection ditches, spreader berms, levees, 
an inflow pump, and a notched weir for outflow. The inflow pump will collect water discharged 
from the Hobe St. Lucie Conservancy District’s (HSCLD) Unit 2, deliver it to the marsh and 
attenuate discharges to the Cypress Creek Canal and subsequently to Cypress Creek and the 
NWFLR. Additional benefits of the marsh include, ecosystem and incidental water quality 
improvements as well as possible reduction in flood stages within the Ranch Colony Canal. The 
marsh will also provide additional storage and reroutes the HSCLD canal to downstream of the 
proposed Cypress Creek Canal water control structure. 
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C.3.11 Hobe Grove Ditch connection 

Earthwork and grading will connect the Hobe Grove Ditch to the historic Moonshine Creek. 

C.3.12 Hobe Gove Ditch (eastern extent) weir 

The weir is proposed at the eastern terminus of the Hobe Grove ditch to increase waterleaves 
downstream of the existing HSLCD control structure to help disperse in a southerly direction as 
sheet flow and to the historic Moonshine Creek Channel, reducing peak direct discharges from 
Hobe Grove Ditch to the NWFLR. 

C.3.13 Spreader swale (east and west of Jenkins Ditch) 

Jenkins Ditch is located at the north end of JDSP and provides drainage for an upstream 
community directly into the park.  The purpose of this swale is to help redistribute flows to 
historic Kitching Creek channel that are located to the west and east of Jenkins Ditch. 

C.3.14 Jenkins Ditch Sheet Pile Weir 

This weir is proposed to be installed in the downstream portion of Jenkins ditch. The purpose of 
the weir will be to help distribute water into the spreader system. 

C.3.15 Mack Dairy Spreader Swale and Pump Station 

This swale will be located south of the Cypress Creek Canal and parallel to Mack Dairy Road. The 
purpose of these features swale is to help rehydrate the Cypress Creek Natural Area by pumping 
excess water from the Cypress Creek Canal to the spreader swale and distributing from the 
spreader swale through the Cypress Creek Natural Area. 

C.3.16 Thomas Pepper Farms Pump station 

This feature will help re-direct flow from the Thomas Pepper Farms to north of Nine Gems, 
allowing the previously used drainage canal (south of Nine Gems) to be backfilled. 

C.3.17 Gulfstream East Earthwork 

Earthwork and grading will help promote a more natural runoff pattern within the Gulfstream 
West property. 

C.3.18 HSLCD Berm Improvements 

The HSLCD berm is located along the north side of the Pal-Mar East property.  The intent of the 
berm improvements is to allow the removal of ditching and pipes from the Pal-Mar East property 
to effect wetland restoration.  Improving the berm will prevent overflow from the wetlands into 
the HSLCD canal. 
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Annex C Draft Project Operating Manual 

C.4 Removed Features 

Flow-way 3. 

Canals and culverts within the Pal-Mar East Property (Nine Gems) will be backfilled and/or 
removed to reduce drainage from the property 

C.5 Project Relationships 

The Project area is bounded on the north by the C-44 Canal, one of the primary outlets for Lake 
Okeechobee, and on the south by the C-51 Canal which is a secondary outlet for the L-8 area via 
water control structure S-5AE. The southern boundary of the project is the L-10/L-12 Canal. 

C.6 Major Constraints 

During dry conditions, the C-18 W Reservoir may not have sufficient water levels to make 
releases.  In order to maintain the existing level of flood control, project culverts, and spillways 
may make releases that are not beneficial for environmental needs. 

C.7 Standing Instructions to Project Operators 

Once the Operational Testing and Monitoring Phase of the Loxahatchee River Watershed 
Restoration Project is complete, SFWMD will be responsible for the day-to-day water 
management operations of the newly constructed project features. During normal conditions, 
the project shall be operated in accordance with the approved operating manual (draft and 
project). Elevations in the manual shall be followed.  Deviation from the normal operations will 
be permitted as stated in Section 13. 

C.8 Operational Strategy to Meet Project Objectives 

The LRWRP culverts, water control structures, pump stations, spillways and reservoir  will 
operate 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 (NWFLR) for current and future generations. In addition, to restore, sustain, 
and reconnect the area’s wetlands and watersheds that form the historic headwaters for the 
river.  These areas include Jonathan Dickinson State Park (JDSP), Pal Mar East/Cypress Creek, 
Dupuis Wildlife and Environmental Management Areas, J.W. Corbett Wildlife Management Area 
(WMA), Grassy Waters Preserve (GWP), Loxahatchee Slough, the last remaining riverine cypress 
stands in Southeast Florida in the Loxahatchee River, and the Loxahatchee River Estuary. 

C.8.1 Achieving Natural System Goals, Objectives and Benefits 

The C-18W reservoir will provide pumped diversion and storage of excess flows from the adjacent 
C-18W Canal, J.W. Corbett Wildlife Management Area (WMA) and from the M-O Canal.  In 
addition, water will be released back to the C-18W Canal as needed during dry conditions to 
deliver to the Lainhart Dam and the NWFLR to support restoration target flows and to reduce the 
number and extent of minimum flows and levels violations. Also, G-160 operations will increase 
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stages in the Loxahatchee Slough which will improve hydroperiods that in return will allow more 
controlled flow to the Loxahatchee River and G-161 operations will provide conveyance of the 
regional water from the GWP to the NWFLR. 

C.8.2 Flood Damage Reduction. 

C.8.2.1 Normal and Emergency Operations 

The C-18W Reservoir will have two main outflow structures.  A gated 300 cfs capacity culvert 
consisting of two 48-inch barrels will be located along the northern embankment of the reservoir, 
near the inflow pump station, and will be used for normal operations.  An emergency overflow 
spillway with a crest elevation set lower than the embankment design elevation will be a passive 
structure allowing emergency discharges from the reservoir to the C-18W Canal to occur. 

C.8.2.2 Hurricane or Tropical Storm Operations 

The hurricane season begins on 1 June and runs through 30 November.  When there are tropical 
depressions, tropical storms, and or hurricanes in the Atlantic/Caribbean Basin or Gulf Coast of 
Florida, the National Hurricane Center (NHC) issues tropical or cyclone public advisories, forecast 
advisories, forecast discussions, and strike probability forecasts.  Water management operations 
within the LRWWP area for hurricanes or tropical storms should follow Water Management 
SFWMD Emergency Preparedness Manual – Suggested Hurricane Operating Procedures, updated 
annually. 

C.8.2.3 Storage area Weir Discharge 

There are two project features that will store water.  The first storage feature is a proposed 9,500 
ac-ft. above-ground reservoir.  There will not be a weir discharge for the reservoir.  As noted 
above in item i, a gated culvert will discharge from the reservoir for normal operations and a 
spillway for emergency overflows.  The second storage feature is a flow-through marsh with 
collection ditches, and spreader berms. Water depth in the marsh will be maintained at an 
average depth of 3 ft.  A notched weir will discharge at a variable rate depending on marsh depth. 

C.8.2.4 Uncontrolled Discharge 

The reservoir emergency spillway will be a 50-foot wide concrete spillway crest at an elevation 
lower than the embankment design elevation. 

C.8.3 Water Quality 

The primary objective of this project is to restore the wet and dry season flows to the Northwest 
Fork of the Loxahatchee River in order to maintain appropriate floodplain ecological conditions 
by restoring connections between natural areas to improve hydrology, sheetflow, hydroperiods, 
and natural storage.  Culverts and spillways, a reservoir and flow-through marsh will operate to 
accomplish this goal which may improve the overall water quality of the river and estuary. 
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C.8.4 Water Supply Operations 

The proposed Cypress Creek Canal water control structure s can hold more water in the canal 
during dry conditions which will lead to better ground water levels by reducing the groundwater 
drawdown. In addition, G-161 will transport regional water from Grassy Waters Preserve through 
the system to the Northwest Fork of the Loxahatchee River. The project will not negatively impact 
water supply. 

C.8.5 Recreation 

There are no specific operations for recreation; however, operations to improve wet and dry 
season flows to the Northwest Fork of the Loxahatchee River will restore native plant and animal 
species abundance and diversity in Loxahatchee River watershed natural areas and estuary.  This 
will enhance recreational opportunities and experience such as canoeing and fishing. 

C.8.6 Fish and Wildlife 

As noted above in Item, project features will operate to improve wet and dry season flows to the 
Northwest Fork of the Loxahatchee River, which will restore native plant and animal species 
abundance and diversity throughout the Loxahatchee River watershed natural areas and estuary. 

C.8.7 Navigation 

There are no specific operations for navigation; however, operations to improve wet and dry 
season flows to the Northwest Fork of the Loxahatchee River will improve conditions for canoeing 
and kayaking along the river. 

C.9	 Pre-Storm/Storm Operations 

Canals and operable structures will follow existing pre-storm operating criteria for the area. Pre-
storm drawdown of the reservoir will be based on National Weather Service Advisories and 
SFWMD forecasts.  The depth of the reservoir will depend on the available storage or level in the 
reservoir before the storm. 

C.10	 Consistency with the Identification of Water Resources or Allocations of Water for the Natural 
System.  

The Programmatic regulations (Section 385.28(a)(6)(vi) for the CERP require that the Operating 
Manual be consistent with the reservation or allocation of water for the natural system as 
describe in the PIR.  The operating criteria within this Operating Manual are consistent with the 
operating criteria used to identify the water available for the natural system and other water-
related needs. 
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C.11	 Consistency with the Identification of Water and Reservations or Allocations for the Natural 
System.  

The LRWRP does not eliminate or transfer an existing legal source of water when compared to 
the conditions that existed on 11 December 2000.  Therefore, the LRWRP demonstrates 
compliance with the Water Resources Development Act (WRDA) OF 2000. 

C.12	 Drought Contingency Plan 

During a drought in the project area, operations will be in accordance with SFWMD Rules, 
Chapter 40E-21, Water Shortage Plan. 

C.13	 Flood Emergency Action Plan. 

The Flood Emergency Action Plan will be completed for LRWRP prior to construction completion. 
The Flood Emergency Action Plan to be developed should be consulted for related emergency 
preparation and action.  Local emergency management offices will be provided copies of the 
Flood Emergency Action Plan as necessary.  The plan may be used to supplement Hurricane or 
Tropical Storm regulations.  As outlined in Engineering Regulation 1130-2-530, the Emergency 
Action Plan shall include: 

 A written Emergency Notification Procedure for serious abnormal conditions to provide 
for safety of people in the vicinity of the storage area and also trigger immediate response 
for remedial assistance to the levee/water control structure. 

 A description or list of conditions leading to emergency situations and ways of dealing 
with them should they occur. 

 Storage area de-watering procedures. 

 Levee/water control structure failure inundation maps. 

 Listing of location, types, and quantity of emergency repair materials and equipment. 

 Details outlining responsibilities for inspection and execution of emergency repairs. 

 List of contractors available within reasonable distance of the project area. 

C.14	 Deviation from Normal Operating Criteria 

The USACE District Commander is occasionally requested by the non-Federal sponsor to approve 
deviations from normal operating criteria. Prior approval for a deviation is required from USACE-
South Atlantic Division (SAD) except as noted in subparagraph “a” below. Deviation requests usually 
fall into the following categories: 

C.14.1 Emergencies 

Examples of emergencies that may result in a need to deviate from normal operating criteria include: 
drowning and other accidents; failure of the operation facilities; chemical spills; treatment plant 
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failures; and other temporary pollution problems. Water control actions necessary to abate the 
problem should be implemented immediately unless such action would create equal or worse 
conditions. SAD must be informed of the problem and the emergency operating changes as soon as 
practicable. In addition, the non-Federal sponsor, the State of Florida (Florida Department of 
Environmental Protection [FDEP], Florida Forest Service, and SFWMD), and the Department of the 
Interior shall be informed. 

C.14.2 Unplanned Deviations 

There are unplanned instances that create a temporary need for minor deviations from the 
normal operating criteria, although these deviations are not considered emergencies. 
Construction accounts for the major portion of these incidents requiring minor deviations. 
Examples of activities that may require short-term deviations include construction of utility 
stream/canal crossings and bridge work. Deviations are also sometimes necessary to carry out 
maintenance and inspection of facilities. Requests for changes in release rates generally involve 
time periods ranging from a few hours to a few days. Each request should be analyzed on its own 
merits. In evaluating the proposed deviation, consideration must be given to upstream 
watershed conditions, potential flood threat, existing conditions of the reservoir/storage area, 
and alternative measures that can be taken. In the interest of maintaining good public relations, 
requests for minor deviations are generally granted, providing that these deviations will not have 
adverse effects on the ability of the project (or projects) to achieve the authorized purposes. 
Approval for these minor deviations normally will be obtained from SAD by telephone. Written 
confirmation explaining the deviation and the cause will be furnished to the SAD water control 
manager. In addition, the non-Federal sponsor, the State of Florida (FDEP, Florida Forest Service, 
and SFWMD), and the Department of the Interior shall be informed. 

C.14.3 Planned Deviations 

Each circumstance should be analyzed on its own merits. Sufficient data on flood potential, lake 
and watershed conditions, possible alternative measures, benefits to be expected, and 
probable effects on other authorized and useful purposes, together with the USACE district 
recommendation, will be presented by memorandum, facsimile, or electronic mail to the 
USACE-SAD for review and approval. In addition, the non-Federal sponsor, the State of Florida 
(FDEP, Florida Forest Service, and SFWMD), and the Department of the Interior shall be 
consulted as part of the process of receiving approval from SAD for the deviation. 

C.15 Rate of Release Change 

The reservoir will release water back to the C-18 West as needed and available during low flow 
periods for delivery to Lainhart Dam and the NWFLR in order to do the following: 

1. Support dry and wet season restoration flows to facilitate floodplain hydration. 

2. Reduce exceedances and violations of the minimum flows and levels criteria. 
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C.16 Seepage Control 

The seepage control system will vary depending on the location of reservoir.  A seepage cut off 
wall will be installed if located adjacent to the residential community to the south, Avenir 
property to the east, and a proposed shooting range to the north-west. The total length will be 
approximately 2.5 miles for all segments.  The seepage wall will consist of approximately 30-ft 
deep by 18”wide soil-bentonite slurry mix.  Other locations, seepage collection canals will be 
used. An initial design is for 3 horizontal to 1 vertical (3:1) side slopes, with a depth and bottom 
width of 10 ft. 

C.17 Initial Storage Area Filling Plan 

The Initial Storage Area Filling Plan (ISAFP) is defined as the deliberate impoundment of water to meet 
project purposes. It is a continuing process as successively higher water levels are attained. The initial 
reservoir filling is the first test of containing levees and water control structures to perform the function 
for which they were designed.  In order to monitor this performance, the rate of filling will be controlled 
to the extent feasible to allow as much time as needed for a predetermined monitoring program including 
the observation and analysis of instrumentation data.  Information furnished in the ISAFP will generally 
be concerned with action that can be taken without a significant impact to project purposes, provided no 
unsafe conditions are observed.  An ISAFP will be developed during design and construction.  This plan 
will include, but is not limited to, the following: 

1.	 Preferred filling rate and the available options to control the rate of filling as well as the 
consequences of operation with the prime objective of controlling the rate of reservoir rise. 

2.	 The most likely type of problem(s) that may develop during initial filling and the monitoring 
necessary to detect those problems. 

3.	 A description of the proposed hydrologic data collection and transmission system and a plan for 
reading the instruments and evaluating the data with regard to the filling plan. 

4.	 A plan for inspecting the dam and downstream areas prior to and during filling, including the 
relationship between frequency of inspection and rate of pool rise 

5.	 Instructions for observers on conditions that require immediate attention of personnel authorized 
to make emergency decisions.  Clearly identify who is responsible for decisions and how they can 
be contacted.  Alternative decision makers should be identified. 

6.	 An emergency plan listing responsibilities, name and/or positions, telephone numbers, page 
numbers, and radio frequencies to be used. 

7.	 Water quality requirements, if any, for the initial filling. 

C.18 Non-Typical Operations for Reservoir/Storage/Treatment Area Performance 

Non-typical operations would apply during periods of extreme drought or rainfall.  During drought 
conditions, it may be necessary to pump water more often at lower rates or to release water more slowly 
from the reservoir. 
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C.19 Aquifer Storage and Recovery (ASR) System Plan 

An ASR will be constructed at the C-18W Impoundment o 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.  Surface water will be conveyed into the Floridan Aquifer System at 
a rate of 5 MGD by pumping into the reservoir for subsequent distribution into the C-18 Canal.  ASR system 
operation will be integrated with reservoir operations. 

C.20 Water Control Data Acquisition System Plan (WCDASP) 

The remote automation components installed at the pump station and other structures are the Remote 
Terminal Unit (RTU) and communication channel to SFWMD control center.  Access for the RTU to the 
control center is via field interface units (FIU). The automation components of all pump stations and 
structures that will eventually be operated and maintained by SFWMD will conform to SFWMD standards. 
Equipment used in data acquisition essential to the water control management function will be included 
in the WCDASP, which will initially be developed during the project design phase. This will include all 
hardware and software to be used for acquisition, transmission, processing, display, and dissemination of 
hydrologic meteorology, water quality, and project data for the purposes of supporting the water control 
goal.  This includes, but is not limited to, uninterruptible power supplies, field data collection platforms, 
and data communication devices and circuits.  The WCDASP will also identify the site location of all 
hardware included in the plan. Hardware referencing and gage reference datum will be determined 
through coordination with appropriate agencies such as the U.S. Geological Survey (USGS) and SFWMD. 
The WCDASP will be completed during the plans and specifications phase and will be a subset of the Water 
Control Data System that is specific to the LRWRP. 

C.21 Consistency with the Adaptive Management Program and Periodic CERP Updates. 

After long-term operations and maintenance of the LRWRP has been initiated, the project operating 
manual may be further modified based on operating criteria approved by the USACE and SFWMD resulting 
from CERP updates and recommendations from the adaptive management of the LRWRP.  

C.22 Interim Operations During Construction 

Interim operations will be developed in conjunction with the detailed construction schedule.  The interim 
operations will preserve existing Central and Southern Florida (C&SF) Project authorized purposes and/or 
achieve the Comprehensive Everglades Restoration Plan (CERP) authorized purposes as identified in the 
PIR.  All interim operations will be conducted to meet the Assurances of Project benefits as set forth in 
WRDA 2000 and as discussed in the Programmatic Regulations and the Guidance Memoranda. 

C.23 Preliminary Operations during Operational Testing and Monitoring (OTMP) 

Preliminary operations for the OTMP will be developed in conjunction with the plan for the OTMP and 
promulgated in the Preliminary POM.  All preliminary operations will be conducted as to meet the 
Assurances of Project Benefits as set forth in section 601 pf WRDA 2000 and as discussed in the 
Programmatic Regulations and the Guidance Memoranda.  Some Items that may be included in this 
paragraph are (a) Operational Strategy to meet Project Objectives, (b) Project Relationships and 
interactions, and (c) Major Constraints.  The assumptions and constraints may change in the Final POM 
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Figure C-2. Map of Major Canals and the Eight Subwatershed of the Loxahatchee River Watershed. 
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Figure C-3. Map with the location of project features described for alternative 5R. 
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D INTRODUCTION TO ANNEX D: THE LRWRP ADAPTIVE MANAGEMENT AND MONITORING PLANS 

The LRWRP PIR Annex D contains four plans: Adaptive management plan, hydromerterological 
monitoring plan, water quality monitoring plan, and ecological monitoring plan. The annex begins with 
the adaptive management plan required by USACE implementation guidance for WRDA 2007 Section 
20391, the 2003 Programmatic Regulations for the Comprehensive Everglades Restoration Plan (CERP), 
and CERP Guidance Memorandum 562. The annex then contains three monitoring plans required to 
address various laws, regulations, and permits necessary to implement LRWRP. The items identified in 
this annex are based on knowledge formed from extensive scientific work on Everglades ecology and 
restoration, some initiated several decades ago, as well as USACE guidance and regulatory agency permit 
requirements. In particular the long-term, system-wide monitoring and modeling conducted by 
Comprehensive Everglades Restoration Plan’s (CERP) interagency science group (the REstoration 
COordination and VERification group, or RECOVER) informed the planning of LRWRP and the 
development of the adaptive management plan. The overall objectives of the adaptive management and 
monitoring plans in this annex are to: (1) identify the primary areas were restoration efforts will benefit 
from monitoring and assessment and specify the monitoring and assessment resources needed; (2) define 
how the monitoring and assessment can be used to refine LRWRP implementation to improve restoration 
performance in the face of inevitable uncertainties, using existing knowledge complimented by LRWRP’s 
monitoring and assessment, and (3) meet regulatory and permit objectives to understand whether 
constraints are avoided and/or minimized. 

The monitoring plans contained in Annex D were guided in part by two principles. First, they needed to 
be complete from a LRWRP perspective by providing all monitoring required to address LRWRP-
specific needs. Second, they must be integrated with other Everglades monitoring to take advantage of 
existing monitoring efforts, knowledge, and information and thereby leverage dollars committed 
and spent elsewhere to avoid redundancies and insure cost-effectiveness. These two principles have 
been accomplished in the adaptive management plan, hydrometeorological monitoring plan, water 
quality monitoring plan, and the ecological monitoring plan. It is expected that document reviews and 
future reassessments of LRWRP monitoring needs will identify additional monitoring to address 
regulatory and consultation needs, as well as additional efficiencies that can be gained. Where possible, 
LRWRP monitoring described here relies on existing monitoring resources including physical 
instrumentation, stations, locations, servicing, and analysis efforts funded by RECOVER, CERP 
sponsors, and partner agencies and assumes these other monitoring efforts will continue at least for 
the period required by LRWRP. Therefore the monitoring requirements described and budgeted in the 
LRWRP monitoring plan are limited to the additional, marginal increase in monitoring resources and 
analysis efforts needed to address LRWRP-specific questions. Cost estimates for Annex D monitoring 
are provided in Table D.1.1. A table and diagram of leveraged monitoring is provided in the 
implementation section of Part 1, the Adaptive Management Plan. 

Part 1: Adaptive Management Plan – The Adaptive Management Plan, provides the strategies to address 
prioritized project uncertainties that will be faced as LRWRP progresses toward achieving restoration goals 

1 USACE, 2009. USACE HQ Implementation Guidance on Section 2039 of Water Resources Development Act. 
http://cw-environment.usace.army.mil/pdfs/09sep2-wrda-monitor.pdf 

2 USACE and SFWMD 2011. CERP Guidance Memorandum 56: Integration of Adaptive Management into Program 
andProjectManagement.http://www.cerpzone.org/documents/cgm/CGM_56_Adaptive_Management.pdf 
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and objectives while remaining within constraints. Each strategy follows a scientific approach that uses 
performance measures, monitoring, triggers, and/or thresholds to inform restoration progress and 
support decisions regarding the need to adjust LRWRP to improve restoration performance. 

Per CERP’s adaptive management guidance, the management options included in the LRWRP Adaptive 
Management Plan can be described as the following: 

1.	 Informing LRWRP Implementation - results of monitoring a project component may inform 
design, construction, and/or operation of subsequent project components, 

2.	 Informing Project Operations - results inform project operations or system operating manuals, 

3.	 LRWRP Adaptive Management Contingency Options – monitoring results may suggest a need 
to implement additional restoration actions, called adaptive management options, pending all 
required and applicable coordination, policies, and permitting. 

Management option matrices (MOMs) are provided as a quick reference to the adaptive 
management options. They provide a crosswalk of the monitoring, triggers and thresholds, and the 
management options. The descriptions and MOMs are intended to inform decision-makers, LRWRP 
partner agencies, and the public on potential actions to improve restoration performance. 
Implementation of adaptive management options is not automatic; the options are suggestions that 
capture current understanding of potential future issues and solutions. While the AM Plan and its 
suggested options are considered part of the LRWRP recommended plan, all applicable policies, 
permitting, and coordination requirements apply to implementing AM Options. 

The monitoring identified in the adaptive management plan is considered part of the adaptive 
management strategies and for measuring ecosystem restoration success, as per the 2003 Programmatic 
Regulations for the Comprehensive Everglades Restoration Plan, CGM 56, and the USACE CERP Adaptive 
Management Integration Guide (RECOVER 2011b), in accordance with WRDA 2007 and its subsequent 
implementation guidance. The monitoring is specific to uncertainties raised during LRWRP planning 
that require refined data to address, and which will inform feasible options to adjust LRWRP as 
identified in the LRWRP Adaptive Management Plan. Per USACE planning guidance ER- 1105-2-100 
Appendix E, the intent of focusing on the uncertainties is to address questions and reduce the 
uncertainties. For LRWRP in particular, doing so helps to ensure that LRWRP water infrastructure 
investments continue to be good investments over the long time span of the project, potentially avoid 
expending funds if detailed data collection shows reductions in construction needs, and helps to avoid 
exceeding Section 902 cost increases by incorporating the best new knowledge into design, construction, 
and operations. 

The adjustments and options identified in this adaptive management plan are part of the recommended 
plan, except for the few “future opportunities” suggestions that may apply to future restoration projects. 
These are clearly demarcated in the plan and would require separate authorization if they are pursued. 
These suggestions of future opportunities are provided to capture the best current understanding 
(i.e. to capture institutional knowledge) of measures that may be needed to achieve Everglades 
restoration beyond LRWRP, with recognition that LRWRP provides a significant increment but not 
complete restoration. 

The summary in Table D-1 shows the monitoring associated with chronological phases of the LRWRP 
project, per monitoring plan and per funding type. The Adaptive Management Options are a 
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potential project cost associated with improvement of the project based on knowledge gained from 
monitoring and analysis. Adaptive Management Options may or may not be implemented, as needed. 
Due to the large scale and complexity of LRWRP the post- construction adaptive management and 
ecological success monitoring shown here occurs in 10-yr windows, coordinated with implementation 
phases and locations of LRWRP but is shown here as a worst case scenario of one 10-year window. Cost 
estimates for Annex D monitoring are provided in Table D.1.1 for hydrometerological and water quality 
monitoring. Ecological monitoring will be updated based on completion of required trust resource 
consultations in the Final PIR/EIS. Ecological monitoring cost is based on ecosystem restoration success 
and adaptive management monitoring identified in the adaptive management plan. A project-wide 
contingency of 30% has been added to these estimates to reflect need for any baseline monitoring; it 
should not be assumed that the full contingency will be available for use in monitoring. This table is 
also presented in the PIR Section 6. 

Table D-1. Intro: Annex D Adaptive Management and Monitoring Costs. 

Construction Costs – Construction General 
Funding (FY18) 

– 

Adaptive Management Contingency Costs (2016 WRDA 
Guidance) 

– 

Adaptive Management Options $3,831,000 
Pre-Construction Engineering and Design – 

Pre-construction Data Investigation (PED) -
Adaptive Management 

$50,000 

Pre-construction USFWS BO Ecological 
Monitoring3 

$TBD 

Sub-Total PED Monitoring and Adaptive 
Management 

$50,0004 

Construction Phase Monitoring – 

Adaptive Management and Ecological Monitoring $TBD 
Water Quality $20,000 
USFWS BO Ecological Monitoring3 $TBD 
Sub-Total Construction Phase Monitoring $TBD 

Operational Testing and Monitoring Period(OTMP) – 

Water Quality Monitoring $620,000/$400,000 
Hydrometeorological Monitoring $200,000 
USFWS BO Ecological Monitoring $TBD 
Sub-Total OTMP Monitoring $820,000 

Monitoring and Adaptive Management First Cost 
(rounded) 

– 

3 FWS Biological Opinion costs will be based on any monitoring requirements identified in any biological opinion 
provided by the FWS and reflected in the final draft project implementation report and environmental impact 
statement (PIR/EIS). 

4 Cost will be updated by Final PIR/EIS 
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Total Monitoring And Adaptive Management First Cost 
(rounded) 

$TBD 

Post Construction Costs – Operations and Maintenance 
Funding 

– 

Post Construction Monitoring Costs – cost per year for a 
10 year cycle 

– 

General Adaptive Management and Ecological 
Monitoring 

$731,000 

Post Construction Monitoring Costs – average annual 
cost in perpetuity (life of project including the period of 
analysis) 

– 

Hydrometeorological $200,000 
Water Quality $400,000 
USFWS BO Ecological Monitoring3 $TBD 
Sub-total Post Construction OMRR&R ($ average 
annual) 

$1,310,000 first 10 years; $600,000/yr 11 to 50 yr. 
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D.1 LRWRP ADAPTIVE MANAGEMENT PLAN EXECUTIVE SUMMARY 

LRWRP’s planning process and recommended plan were based on extensive existing scientific knowledge 
of the Loxahatchee River and Estuary, understanding of the problems and opportunities, and the 
evaluation of alternatives and estimation of the potential project restoration performance. While the 
LRWRP PIR is based on this wealth of knowledge, this adaptive management plan is provided to help 
address uncertainty that exists as in every natural resource management and restoration effort. Several 
sources of agency guidance exist regarding such uncertainties, including the U.S. Army Corps of Engineers 
ER-1105-2-100 Section 3-5 and Appendix E, WRDA 2007 Section 2039 and its implementation guidance, 
the 2003 Programmatic Regulations for the Comprehensive Everglades Restoration Plan, and its 
subsequent guidance including CERP Guidance Memorandum 56 (CGM 56), the Adaptive Management 
Integration Guide (RECOVER 2011b) and the CERP Program-Level Adaptive Management Plan (RECOVER 
2015). Per these sources, the concerns and uncertainties of coordinating agencies and stakeholders were 
taken into consideration throughout LRWRP planning. The uncertainties were addressed by several means 
that are part of the USACE planning process, and some uncertainties that could not be fully resolved 
during planning are described in this adaptive management plan. This plan specifies strategies and 
appropriate timing to address the uncertainties. 

The adaptive management plan provides a screened and prioritized summary of specific uncertainties that 
can be addressed with efficiently structured approaches. The adaptive management plan describes the 
approaches (called strategies) and suggests management options for future consideration if needed. The 
adaptive management plan is a culmination of input from well-developed USACE planning procedures, 
extensive scientific and local knowledge developed over decades of experience, and input from the 
LRWRP PDT during planning and the LRWRP Value Engineering and Cost Risk Analysis workshop. 

Every LRWRP uncertainty in the adaptive management plan was screened with criteria described in 
Section D.1.2 of this document to ensure their applicability to LRWRP and to adaptive management as it 
is described in the 2003 Programmatic Regulations for the Comprehensive Everglades Restoration Plan 
and its subsequent CERP guidance. The screening criteria were based on CGM 56 and criteria provided in 
the CERP Adaptive Management Integration Guide (RECOVER 2011b). Each uncertainty needed to: (1) 
potentially affect LRWRP’s ability to meet its goals and objectives and remain within its constraints; (2) be 
at an appropriate LRWRP-scale spatially and temporally; (3) have options for adaptive management 
actions such as potential project adjustments; and (4) have a combination of high importance to LRWRP 
and high uncertainty that could be reduced by practical adaptive management means. As a result of the 
screening, some topics were routed to more appropriate venues for consideration, such as LRWRP’s 
operating plan, the work plan for CERP’s interagency system-wide science group (RECOVER), and/or the 
interagency modeling group that supports CERP. 

The screened uncertainties were then considered by seven subteams who provided strategies and options 
for addressing them. Per CERP’s adaptive management guidance, the management options included in 
this adaptive management plan can be described as the following: 

1. Informing LRWRP Implementation - results of monitoring a project component may inform design, 
construction, and/or operation of subsequent project components, 

2. Informing Project Operations - results inform project operations and/or system operating manuals, 

3. LRWRP Adaptive Management Contingency Options - monitoring results may suggest a need to 
implement additional restoration actions, called adaptive management options, pending all required and 
applicable coordination, policies, and permitting. 
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The strategies and management options comprise the bulk of this adaptive management plan. The 
adaptive management plan also describes how adaptive management will be incorporated in the next 
steps of LRWRP, e.g., scheduling, design, construction, and throughout the life of LRWRP (CGM 56, 
RECOVER 2011b). 

Adaptive management activities will be implemented during the coming phases of LRWRP, and the 
adaptive management plan will be updated accordingly. At such time, more baseline data and lessons 
learned will be available from other monitoring programs and restoration projects. Given the new 
knowledge and answers to key questions the adaptive management strategies and options proposed in 
this Plan may need refinement. Therefore, items included in this plan are not guaranteed to be funded 
as-is, but will be considered again when LRWRP is closer to being implemented and as appropriate, and 
funding decisions will be made commensurate with available funding at that time. 

It should be noted that cost estimates in this plan were provided using the best available information at 
the time of writing, and were provided before the LRWRP project-wide contingency of 39% was added to 
the project cost estimate. Therefore several detailed estimates provided in this AM and monitoring plan 
may be lower than the amounts shown in the cost summary tables that include the contingency (Table 6
9 in Section 6, and Table D.1.1 in Annex D intro). The contingency percentage was based on a project-wide 
analysis and therefore it should not be assumed that the additional contingency amounts shown in the 
summary cost tables will be available specifically to fund monitoring. 

D.1.1 LRWRP Adaptive Management Plan Background 

LRWRP’s planning and tentatively selected plan were based extensively on scientific knowledge of the 
Everglades ecosystem and associated estuaries, from understanding the problems and opportunities to 
evaluating alternatives and estimating potential project restoration performance (Drew and Schomer 
(1984); Duever et al (1984); Vince et al. (1989); Abrahamson and Harnett, 1990; Myers and Ewel, 1990; 
Mitsch and Gosselink, 1993; David, 1996; Smith, et al., 1996; Beier and Noss, 1998; Miller and Gunsalus, 
1999; FDEP, 2003; Pringle, 2003; Bond, 2003; SFWMD et al. 2006; Hoctor, et al., 2008; McVoy, et al. 2011; 
and RECOVER 2011a; SFWMD et al., 2012; LRWRP PIR Appendix H) and U.S. Army Corps of Engineers and 
CERP guidance. However, uncertainty exists in every natural resource management and restoration effort 
due to the fact that many processes in the ecosystem are not linear; they work synergistically together; 
and they will unfold in a future climate that is likely different than the one used to formulate the LRWRP 
plan. The LRWRP Adaptive Management Plan will address the key uncertainties identified during LRWRP’s 
planning that relate to achieving restoration success and making adjustments in LRWRP if determined to 
be necessary to improve performance. 

Congress understood that there were uncertainties in the Comprehensive Everglades Restoration Plan 
and therefore required CERP to include adaptive management for its individual projects (WRDA 2000). 
The 2003 programmatic regulations (Pro Regs) outlined an adaptive management program that would 
provide the tools needed to gather new information from the RECOVER monitoring and assessment plan 
(MAP- RECOVER 2009) and incorporate these so that CERP could be adjusted to ensure restoration 
success. The National Research Council’s Committee on the Independent Scientific Review of Everglades 
Restoration Progress (CISRERP) endorsed the CERP adaptive management program (NRC 2007) and 
concluded that “uncertainties remain about the degree to which a resilient, self-sustaining ecosystem can 
be restored under the dramatically changed environment of South Florida” (NRC 2008). The CISRERP 
noted that adaptive management is essential for “…designing management strategies for dealing with 
complex ecosystem projects for which probable ecosystem responses are poorly known and hence, 
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Annex D	 Monitoring Plans 

difficult to predict” (NRC 2007). The CISRERP further reinforced its view regarding the essentialness of 
adaptive management in CERP project planning and implementation by stating that, “Given the enormous 
scope and complexity of the restoration effort, the success of the CERP depends on strategic, high-quality, 
responsive, and sustained science and an effective adaptive management framework” (NRC 2010). 

Per the 2003 Pro Regs, CERP produced guidance for project teams to develop adaptive management plans 
and integrate adaptive management activities into all phases of a project lifecycle, e.g., planning, design, 
construction, and operations (USACE and SFWMD, 2011; RECOVER, 2011b). These are appropriate to the 
large scale and complexity of CERP and its projects, with its changing context of new non-CERP water 
infrastructure projects, and the shifting nature of its ecosystems. The intent of the detailed guidance is to 
improve restoration performance and reduce costs by increasing certainty throughout project 
implementation. The CERP guidance is consistent with the Everglades adaptive management WRDA 2000 
authorization, as well as follows the more general 2009 adaptive management guidance from U.S. Army 
Corps of Engineers (USACE) Headquarters on implementing Section 2039 of WRDA 2007. 

In summary, there is extensive knowledge about the Everglades and there are uncertainties that arise 
during project planning that need to be addressed. Rather than delaying planning for the sake of further 
data collection or model development, the adaptive management plan provides a mechanism to 
systematically address uncertainties during LRWRP’s implementation in order to confirm that project 
performance is on the right trajectory, to detect early if an adjustment is needed, and to provide sound 
data to inform operations and implementation decisions. The adaptive management plan identifies which 
areas to monitor to detect performance, and options for adjusting LRWRP if needed to remain on track 
with performance expectations, as well as suggesting future CERP options to meet overall CERP 
restoration goals. 

Definitions that will help the reader in understanding the LRWRP Adaptive Management Plan include the 
following. The concepts and definitions are described in more detail in CGM 56 (2010) and in the CERP 
Adaptive Management Integration Guide (RECOVER 2011b). 

•	 Adaptive Management – A scientific process for continually improving management policies and 
practices by learning from their outcomes; Adaptive Management links science to decision making 
to improve restoration performance, efficiency, and probability of success. In the context of 
Everglades restoration, adaptive management is a structured approach for addressing 
uncertainties by testing for best project designs and operations to achieve restoration goals and 
objectives, linking science to decision making, and adjusting implementation, as necessary, to 
improve the probability of restoration success. 

•	 Uncertainty – A question faced during planning or implementation regarding the best actions to 
achieve desired goals and objectives within constraints, which cannot be fully answered with 
available data or modeling. 

•	 Management Options – Potential structural, non-structural, and/or operational alternatives to 
be undertaken to improve restoration performance. Adaptive management plans contain 
potential management actions “options” to improve performance in meeting project/program 
goals and objectives. 

•	 Strategies – A plan to address one or more uncertainties identified in the adaptive management 
plan. The adaptive management strategies fit into the following approaches: 

o	 Active Adaptive Management (See Table D-1) – Multiple pilot projects or design tests are 
implemented to determine the most efficient and effective way to achieve desired goals 
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and objectives. Each design or operational action is monitored, assessed, and results are 
used to inform implementation of the best design for a project component or operations. 
Pilot projects or design tests are usually conducted before implementing the full project 
component that they are intended to inform. 

Goals 
objectives 

Design or 
Action 1 

Design or 
Action 2 

Design or 
Action 3 

Implement Best 
Design for LRWRP 

M
on

ito
r -

As
se

ss
 

Figure D-1. Active Adaptive Management. 

Project goals and objectives are used to determine multiple, alternate designs or 
management actions that could achieve the goals and objectives. These are tested by 
implementing them with associated monitoring. Assessment of the results indicates the 
best design of a particular component to move forward. 

o	 Passive Adaptive Management (see Figure D-2.) – Most of the LRWRP adaptive 
management plan strategies are considered passive adaptive management approaches. 
One project component or set of operational criteria is implemented to test its ability to 
achieve desired goals and objectives. Results are monitored, assessed, and 
communicated to the appropriate participating agencies to determine how best to adjust 
project component designs, operations, LRWRP contingency options, or inform future 
CERP projects. 
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Goals 
objectives 

Best Design or 
Action 

Adjust design, 
operations, or inform 

need for future 
increment 

M
on

ito
r -

As
se

ss
 

Figure D-2. Passive Adaptive Management. 

Diagram illustrates that in Passive Adaptive Management, a design or management action is implemented 
to achieve project goals and objectives. Then, the associated monitoring and assessment produce 
documentation of successes and (potentially) shortcomings, that can be used as positive or negative 
lessons-learned to adjust other project component designs, adjust operations, and/or inform a future 
restoration increment. 

Adaptive management activities will be implemented during the coming phases of LRWRP, and the 
adaptive management plan will be updated accordingly. At such time, more baseline data and lessons 
learned will be available from other monitoring programs and restoration projects. Given the new 
knowledge and answers to key questions the adaptive management options proposed in this Plan may 
need refinement. Therefore, items included in this plan are not guaranteed to be funded as-is, but will be 
considered again when LRWRP is closer to being implemented and as appropriate, and funding decisions 
will be made commensurate with available funding at that time. 

D.1.2	 How the LRWRP Adaptive Management Plan Was Developed: Identification, Screening, and 
Prioritization of LRWRP Uncertainties 

The LRWRP Adaptive Management plan development consisted of the following activities, consistent with 
the USACE planning guidance and CERP adaptive management guidance: 

•	 PDT and stakeholder involvement; 

•	 USACE planning and adaptive management principles were applied in the screening of project 
features that were used to create alternative plans and the recommended plan in order to 
increase confidence that LRWRP’s components would have sufficient flexibility to continue to be 
good investments in a shifting environment (Section D.1.5.5 of this adaptive management plan); 

•	 Identification and prioritization of key LRWRP adaptive management uncertainties, also referred 
to simply as “uncertainties” throughout this AM Plan (Section D.1.3 of this adaptive management 
plan) related to achieving LRWRP goals and objectives and avoiding constraints (Section 1 of PIR); 
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Annex D	 Monitoring Plans 

•	 Development of adaptive management strategies to address the uncertainties during LRWRP 
design, construction, and operations that consider existing Everglades conceptual ecological 
models, hypotheses, performance measures, and monitoring (Section 1.3 of this adaptive 
management plan); 

•	 Identification of monitoring thresholds and/or triggers and associated management options to 
adjust, if necessary, based on feedback from assessments (Section 1.3 of this adaptive 
management plan); 

•	 Development of an adaptive management implementation process to carryout adaptive 
management activities during design, construction, operations related to baseline and post-
project construction monitoring, tests, analyses, and the process for communicating scientific 
findings to decision-makers, restoration partners, and the public (Section 1.5 of this adaptive 
management plan). 

The identification of LRWRP uncertainties to be considered for inclusion in the LRWRP Adaptive 
Management Plan began with input from the LRWRP PDT and RECOVER. The outcome of this early effort, 
along with uncertainties identified through a multi-agency PDT process, produced a large list of LRWRP-
related uncertainties to be considered for inclusion in the LRWRP Adaptive Management Plan. 

The large list of uncertainties was screened using the following criteria: 

1.	 Must be directly related to LRWRP goals, objectives, or ‘constraints’. The constraints included 
but were not limited to the legal/USACE definition of constraints; they also included important 
considerations identified during LRWRP PDT and planning discussions. 

2.	 Must be at project-scale. Although LRWRP is large, it is not system-wide scale. System-wide 
uncertainties were routed to appropriate groups. 

3.	 Must have adaptive management options, i.e., ability to be addressed during 
implementation, improved by adjusting LRWRP. In some cases additional ability to 
address the uncertainty with a future increment of restoration was noted as a “future 
opportunity”, but this feature was not sufficient in itself to pass this LRWRP AM criteria. 

4.	 Must be an uncertainty. It should not include items that are already known. For example, 
questions should not ask “What are the effects of reduced fresh water discharges on 
oysters in the northern estuaries?”, which is known. Instead they should ask, “Will 
LRWRP’s reduction of fresh water peak discharges in the northern estuaries improve 
salinity conditions in x, y, z locations (specific locations related to LRWRP) enough to 
significantly improve conditions for oysters?” 

5.	 The uncertainty needs at least one attribute that is measurable that will provide 
information to resolve the uncertainty, i.e. the attribute must be a trait able to change in 
the timeframe of the adaptive management plan, and one that is distinct from the 
‘background noise’ of natural variability. Long-term changes need a faster responding 
surrogate-measure for the adaptive management plan. 

Once a short-list of screened uncertainties was identified, the following criteria were used to 
prioritize them: 

Risk: What is the risk (high, medium, low) of not meeting LRWRP restoration goals if this uncertainty is 
not addressed? 
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•	 Low risk means that even if the uncertainty isn’t addressed, it doesn’t pose much risk to achieving 
LRWRP goals and objectives. 

•	 Medium risk means that if the uncertainty isn’t addressed it may or may not affect achievement 
of a goal/objective. 

•	 High risk means that without addressing this uncertainty, there is a high risk of not achieving 
LRWRP’s goals and objectives. 

Knowledge: What is the level of (high, medium, low) understanding of this uncertainty (i.e., how much is 
known about this uncertainty)? 

•	 Low understanding means little is known about the question/issue or how to address it; 

•	 Medium understanding means some information is known in some geographical areas, but not 
all; 

•	 High understanding means a lot is known about addressing this question in multiple geographical 
areas. 

Relevance to Adaptive Management for LRWRP: What is the level of confidence (high, medium, low) that 
anything could be done to address the uncertainty? The team’s preliminary identification of management 
options helped to determine this. 

•	 Low confidence means that even if this uncertainty is addressed, LRWRP or operations will not be 
able to be modified given the results of LRWRP implementation. 

•	 Medium confidence means if this question is addressed, a connection to future CERP project 
implementation is established/documented but future adjustments to the LRWRP may or may 
not be limited, especially if indicator response is longer than 10 years and is more relevant to 
RECOVER system-wide monitoring. 

•	 High confidence means if this question is addressed, LRWRP design, implementation, and/or 
operations can be modified to improve restoration results. 

The identification, screening, and prioritization process resulted in a final prioritized list of uncertainties. 
This list was used to develop strategies, management options, and costs in order to develop the Adaptive 
Management Plan. 

D.1.3 LRWRP Adaptive Management Uncertainties, Strategies, and Management Options 

The LRWRP uncertainties in this section consist of prioritized needs and opportunities to learn in order to 
make scientifically sound recommendations to refine LRWRP design, construction, and operations; the 
strategies and management options provided to address each uncertainty are intended to guide LRWRP 
performance in the face of inevitable uncertainties, with existing knowledge and knowledge that will be 
gained through monitoring and assessment. The strategies are focused on LRWRP, in order to maximize 
‘return on investment’ for resources invested in pursuing the adaptive management activities. As with the 
other monitoring plans in Annex D, the monitoring proposed in the adaptive management strategies was 
guided in part by two objectives: to be complete from a LRWRP perspective by providing the monitoring 
required to address LRWRP-specific uncertainties; and to integrate with other Everglades monitoring to 
take advantage of existing monitoring efforts, knowledge, and information and thereby leverage dollars 
committed and spent elsewhere to avoid redundancies and insure cost-effectiveness. Where possible, the 

LRWRP Draft PIR and EIS Annex D-9	 March 2019 



   

       

     
    

    

       
  

  
    

       
 

      
  

 

       
   

      
      

      
   

      

       
  

  
  

    
   

 

 

   
    

    
    

 

 

    
    

 

 

      
   

Annex D	 Monitoring Plans 

LRWRP adaptive management strategies rely on existing monitoring resources such as physical 
instrumentation, stations, locations, servicing, and analysis efforts funded by RECOVER, CERP sponsors, 
and partner agencies like the Loxahatchee River District. Therefore the monitoring requirements described 
here are limited to the additional, marginal increase in monitoring resources and analysis efforts needed 
to address LRWRP-specific adaptive management questions. This point is discussed in the LRWRP Adaptive 
Management Implementation section of this plan, and a table is provided to show leveraged monitoring. 
In addition, it should be noted that the timing of the strategies is staggered throughout the design and 
implementation of LRWRP. Please see Section D.1.5, Implementation of LRWRP Adaptive Management, 
and the associated Figures and Tables for more detail on the estimated start- and stop-times for each 
adaptive management strategy. 

The uncertainties, their strategies, and management options are organized in this Plan by the following 
categories: sheetflow, wetland vegetation, faunal species, invasive species, estuaries, water supply and 
climate change. 

The uncertainties, their identification numbers (ID#), and the LRWRP project objective and/or constraint 
are listed here for reference. The project objectives and constraints are described in detail in LRWRP PIR 
Section 1 (Introduction). A list of uncertainties that were screened out is provided in the final section of 
this adaptive management plan to show the array of ideas that were considered and brief notes from the 
screening process. As the LRWRP Project Team learns from LRWRP implementation, the list of LRWRP 
adaptive management uncertainties will be updated to identify which have been addressed and where 
the risks to achieving LRWRP restoration success have been lowered. 

The remainder of this section of the adaptive management plan (Section D.1.3) provides strategies for 
addressing the following screened uncertainties. 

Note: the uncertainty ID numbers below refer to the ID numbers assigned to each uncertainty during 
AM screening, and therefore may not appear sequential since those that did not pass screening are no 
longer included. The ID numbers were maintained for organizational purposes; future refinements of 
the LRWRP AM Plan may include re-numbering of the uncertainties. 

Sheetflow 

•	 Will there still be impediments to sheetflow in natural areas that were low impact agriculture 
after LRWRP is implemented? (ID#1; LRWRP Objective 4) 

•	 Will there still be impediments to sheetflow in natural areas that were high impact agriculture 
after LRWRP is implemented? (ID#2; LRWRP Objective 4) 

Wetland Vegetation 

•	 Will wetland vegetation establish in areas that were high impact agriculture? Will LRWRP need to 
seed or plant? (ID#4; LRWRP Objective 3/5) 

Faunal Species 

•	 How will LRWRP restoration enhance species abundance and diversity in the watershed (wading 
birds, prey, wetland indicator species)? (ID#9; LRWRP Objective 3) 
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Invasive Species 

•	 Will the changes in hydrology from LRWRP facilitate the spread of invasive plant species? (ID#14; 
LRWRP Objective 5) 

•	 How will new invasive faunal species affect the LRWRP restoration? (ID#15; LRWRP Objective 5) 

•	 How will new invasive plant species affect the LRWRP restoration? (ID#16; LRWRP Objective 5) 

•	 Is there potential for the LRWRP to transfer/expand invasive plants to other areas? (ID#18; LRWRP 
Objective 5) 

•	 How will invasive species that are not managed on private property affect LRWRP restoration? 
(ID#19; LRWRP Objective 5) 

Estuaries 

•	 How does the timing in salinity changes and ranges affect oligohaline, seagrass and oysters? 
(ID#22; LRWRP Objective 2) 

•	 As salinity ranges and locations change, is there proper substrate for oyster recruitment in the 
new salinity ranges/locations? (ID#23; LRWRP Objective 2) 

Water Supply 

•	 Based on future drinking water supply, will the ASR wells be able to deliver the proposed 
quantities and timing of water to the Northwest Fork? (ID#26; LRWRP Objective 1) 

•	 Will there be unanticipated changes in water levels that impact existing levels of service to nearby 
residential areas? (ID#31; LRWRP Objective 4) 

Adaptive management strategies are provided in this section to describe and address each LRWRP 
adaptive management uncertainty and inform LRWRP implementation based on the body of existing 
scientific knowledge in Everglades restoration. This section comprises the bulk of the LRWRP Adaptive 
Management Plan. It provides 1-2 page strategy descriptions for each uncertainty (sometimes combined, 
where appropriate) and summary tables of suggested management actions to improve restoration 
performance, as illustrated in Table D-2. 

The strategy write-ups include information on drivers of the uncertainty, restoration targets and LRWRP 
targets for particular attributes of the ecosystem associated with the uncertainty (such as a key species 
or ecological features), how these attributes will be monitored to track progress toward the targets, the 
timeframe in which changes in these attributes will be measurable, and identification of a trigger or 
threshold that would give early warning that LRWRP performance is veering from restoration 
expectations. The “timeframe in which changes will be measurable” does not imply that changes will be 
complete in that timeframe; rather, the timeframes provide an estimate of time needed to begin to be 
able to distinguish LRWRP effects. For practicality, the LRWRP AM Plan screening criteria included the 
need to have attributes measurable within the time of the AM Plan, which in some cases necessitated a 
‘proxy’ attribute to be measured that would represent expected changes on a longer time scale. In 
addition, the triggers and thresholds were identified with the best available information, but the AM team 
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recognizes that they should be updated to keep current with best available science. Second, following the 
strategies, tables of suggested management options are provided, called management options matrices 
(MOMs). These provide suggestions of paths forward and adjustments that can be made in order to keep 
LRWRP progressing toward the targets, based on specific decision-criteria, e.g., a trigger or threshold is 
crossed (reflecting unintended effects related to a constraint) or is not crossed (reflecting lack of 
restoration progress towards restoration goals and objectives). The purpose of the two formats is to 
provide A) background and detail of each strategy in the 1-2 page write-ups and B) a table reference 
summary and crosswalk that relates monitoring to specific decision-criteria and potential actions for 
multiple strategies in a specific area. The detailed write-up descriptions are referred to as the “strategies” 
and the summary tables are referred to as “management options matrices” (MOMs). 

The strategies and MOMs provide synopses of the best available information, which in some cases is 
sparse and will need to be developed further as LRWRP moves toward implementation and the adaptive 
management plan is updated based on new information gained about the best project design and 
operations to achieve restoration goals. 

Adaptive management activities will be implemented during the coming phases of LRWRP, and the 
Adaptive Management Plan will be updated accordingly. At such time, more baseline data and lessons 
learned will be available from other monitoring programs and restoration projects. Given the new 
knowledge and answers to key questions the adaptive management options proposed in this Plan may 
need refinement. Therefore, items included in this Plan are not guaranteed to be funded as-is, but will be 
considered again when LRWRP is closer to being implemented and as appropriate, and funding decisions 
will be made commensurate with available funding at that time. 

The LRWRP adaptive management uncertainties and the strategies to address them are provided in the 
format shown in Table D-2. The uncertainties and strategies are presented by region, and each region’s 
set is followed by an 11x17 pull-out table of suggested management options that can support LRWRP and 
potentially CERP refinement (Management Options Matrices, or MOMs). Please see further explanation 
in Section D.1.3 above. 
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Annex D	 Monitoring Plans 

Table D-2. LRWRP Adaptive Management Strategies: Template and Definitions. 

LRWRP AM Uncertainty and ID#. The uncertainty is a question faced during planning or implementation 
regarding the best restoration actions to achieve desired goals and objectives within constraints, which cannot 
be fully answered with available data or modeling. Uncertainties were screened and prioritized to determine 
which to include in the AM Plan. 

LRWRP Objective or Constraint: Uncertainties needed to be related to LRWRP objectives or constraints, among 

other criteria, to be included in the AM Plan. This rule helped to focus the scope of the AM Plan.
 
Region(s). Area of LRWRP footprint to which the uncertainty and strategy pertain.
 
Associated LRWRP features: Structures or measures to which the uncertainty and strategy pertain.
 
Driver or uncertainty type: Unlike most AM Plans, not all LRWRP AM uncertainties and strategies are ecological.
 
Types such as Engineering and Operations are identified.
 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from addressing 
this uncertainty? Why the uncertainty needs to be addressed in LRWRP. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be measured to 
test each. A scientific approach begins with a well-informed, pointed, detailed statement that will be tested. For 
the purposes of LRWRP’s AM Plan the statement can be referred to as an expectation or hypothesis. Approaching 
uncertainties scientifically is efficient because it is targeted; a properly identified hypothesis statement is the most 
important step to lead to effective, efficient methodology to address an uncertainty. It leads to proper 
identification of what to measure, how, how often, how to analyze, etc. 

More Information on attributes to be measured: 
•	 What is expected to be learned by measuring this attribute, i.e., how will LRWRP benefit from 

knowledge gained about this attribute? 
•	 What is the time frame in which changes to this attribute are expected to be measurable? 
•	 Is this attribute complimented by other monitoring programs within and/or outside of LRWRP? If so, 

provide reference to other monitoring. Note the monitoring paid for by others in the LRWRP AM 
budget spreadsheet. 

•	 When during LRWRP’s life cycle should this monitoring begin and end? 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for reporting: 
More information on what to measure, how, how often, how to analyze, and when and how to report results. 
PLEASE NOTE: the LRWRP AM Plan varies in the level of methodology detail provided; in several cases the details 
will be formed during LRWRP’s detailed design phase. In ALL cases, methodology will be reviewed, updated and 
adjusted if needed by agency subject experts, before initiation, to best meet the intent of the AM Plan. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action. Triggers 
or thresholds are a point, range, or limit that signifies when restoration performance is veering away from 
expectations and is trending toward an unintended outcome. Triggers/thresholds should be described per 
attribute to be monitored because each should result in an outcome that informs management decisions. 

Management options that may be chosen based on test results. Management Options are provided in case a 
performance trigger or threshold is crossed, which would indicate that LRWRP performance needs to be adjusted. 
The Management Options are suggested paths forward and adjustments that can be made to keep LRWRP 
progressing toward objectives and within constraints. The Management Options are summarized in 11x17 pull-
out tables after each region’s strategies. 
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Annex D Monitoring Plans 

D.1.4 Sheetflow and Flow Adaptive Management Strategies 

Uncertainty ID, Related Restoration Objective, and Location: 

Will there be Impediments to sheet flow in restored natural areas that were previously low impact 
agricultural areas such as Culpepper (CP), Nine-Gems (PM 1), and Cypress Creek (CC 4, 2 1) (Figure D-3)? 
This uncertainty (#1) is related primarily to Objective #4 (Restore connections between natural areas to 
improve hydrology, sheet flow, hydroperiods, natural storage, and vegetation communities). It anticipates 
potential management actions that could be used to offset a reduced amount of improvement because 
of impediments to flow that prevent full restoration. This uncertainty is specifically related to those areas 
that were previously used for low impact agricultural activities, such as cattle grazing. Restoration 
activities in these areas will include such activities as plugging ditches and or removing berms, but large 
scale grading is not anticipated. 

PM 1 PM 2 

CC 1 

CC 2 

CC 3 
CC 4 

CPCP 

Figure D-3. Map of Nine-Gems (PM 1 and 2), Cypress Creek (CC4, CC2, CC1), and Culpepper Indicator
 
Regions where flow is impeded. 


Will there be impediments to sheet flow in restored natural areas that were previously high impact 
agricultural areas [Gulfstream East (GS 1) and West (GS 2), Shiloh Farms Pepper Farm (CC3) (Figure D-4)]? 
This uncertainty (#2) is related primarily to Objective #4 (Restore connections between natural areas to 
improve hydrology, sheet flow, hydroperiods, natural storage, and vegetation communities) and 
anticipates potential management actions that could be used to offset a reduced amount of improvement 

LRWRP Draft PIR and EIS Annex D-14 March 2019 



   

       

  
  

   
   

    

 
        

  

   
           

  
 

 
 

 
 

Annex D Monitoring Plans 

because impediments to flow prevent full restoration. This uncertainty is specifically related to those 
areas that have been used previously for high impact agriculture such as row cropping or citrus, with 
significant land altering activities. The areas are expected to be graded to more natural contours during 
design and construction. Gulfstream West is included in this uncertainty even though it is not being 
restored to the original target of a depression marsh; it will function as a deep freshwater marsh slough. 

Shiloh Farms in – 
(CC-3) 

Gulfstream 
West (GS-1) 

Gulfstream East 
(GS-2) 

Figure D-4. Map of higher impact agricultural areas to be restored (Gulfstream West, East, and Shiloh
 
Farms).
 

LRWRP adaptive management Uncertainty #1/2: Will there be Impediments to sheet flow in restored 
natural areas that were previously low impact agricultural areas (Culpepper, Nine-Gems, Cypress Creek,)? 
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Annex D Monitoring Plans 

Will there be impediments to sheet flow in restored natural areas that were previously high impact 
agricultural areas [Gulfstream East, Shiloh Farms Pepper Farm, and Gulfstream West]? (Driver or type: 
Hydrogeology) 

This uncertainty is related to the LRWRP objective of restoring connections between natural areas to 
improve hydrology, sheet flow, hydroperiods, natural storage, and vegetation communities. 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? Addressing this uncertainty will help the team determine the success of the 
management measures that are implemented with respect to restoring wetland character and modifying 
the timing and distribution of flows to the river, and particularly to the tributaries. Information gleaned 
with respect to impediments to sheet flow can inform decisions regarding whether additional measures 
may be necessary to encourage flow (surface and base flow) and timing of flows. 

Expectations and hypotheses to be tested to address uncertainty, and attribute(s) that will be measured 
to test each. Several hypotheses are to be tested to address Uncertainties 1 and 2. The project assumes 
that, as a result of restoring hydrology and improving the hydrologic connections in the watershed, that 
groundwater base flow to Cypress Creek and other tributaries will be increased while direct structure 
flows will be decreased, thus improving the timing and distribution of flows to the river. Groundwater 
recharge is dependent upon maintaining adequate wetland elevations within the watershed, which are 
also dependent upon the movement of water from the west to the east via historical sheet flow 
connectivity. This hypothesis can be tested by measuring flows at strategic structures (Cypress Creek Weir, 
flow through marsh, Culpepper culverts) and comparing those flows to baseline (pre-project) flows. If 
flows via surface water discharges are reduced, while base flows are increased, the project is successful. 
The attributes to be measure are: flow over the Cypress Creek Weir, flow from Culpepper Ranch to the 
Cypress Creek Canal, and groundwater levels adjacent to Cypress and Moonshine Creeks. For example, 
the project expects that, as a result of removing the impediment (ditch and berm) to flows moving 
northward from Culpepper to Nine Gems (Palmar East) less flow will move toward and discharge through 
the Culpepper Culverts. If there is no reduction in flow, it could be that flow is impeded and a management 
action taken to reduce the impediment. 

Table D-3. Expected Flows and Total Percentage Project Flows: 

Flow Tributary % Total Tributary Flow (CFS average dry season) 

Moonshine Creek (Hobe Grove Ditch) 10% (3) 

Cypress Creek 64% (19) 

Kitching Creek 26% (8) 

NorthWest Fork (Lainhart) N/A (69) 

If flow volumes are consistent with expected results but there is an indication that flow is being 
intercepted and water levels are variable within the marsh, then measures to mitigate flow interception 
will be considered.  These measures include recontouring the marsh elevations via scraping or other 
means, exploring plugging of ditches to discourage flow interception, or incorporating spreader swales to 
even out flow in marsh area.. 
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Annex D Monitoring Plans 

Follow-up WRAP assessments (consider in monitoring plan) will be used as an index to determine success 
and hydrologic improvement of the associated wetland systems. Table D-4 identifies the expected 
average annual hydroperiods improvement for various Loxahatchee River Watershed Restoration 
indicator regions, which include Pal Mar (Nine Gems – PM 1 and 2), Culpepper (CP), Gulfstream West 
(GS1) and East (GS2), Shiloh Farms (CC3), Cypress Creek (CC1, 2, 4). 

Table D-4. Expected Inundation Duration Days Over Period of Record 14975 Days Based on Modeling 
of TSP Compared to ECB 

In
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ca
to

r R
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n

WRAP 
Cell 

Name 
LECSR 
CELL ID Acres 

Dominant 
Vegetatio 

n 

Target
Inunda 

tion 

ECB 
Inundatio 

n (est.) 

Model 
2014 
ECB 
(APR
2018) 

Model 
Alt5r 
(APR
2018) 

M
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io
d

A
ve
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ge

 A
nn

ua
l

D
iff

er
en

ce
 

C-1 C-1 203,288 1,642 DM 9,840 6560 7296 8074 19 
CC-1 CC-1A 123,349 202 FS 7,380 2460 108 493 9 
CC-2 CC-2 125,342 557 FS 7,380 1230 102 9560 231 
CC-3 CC-3A – 394 WP 4,920 4100 1213 2914 41 
CC-4 CC-4.1 127,335 2,542 DM 9,840 4920 32 7052 171 
CM-1 CM-1.1 192,295 1,381 DM 9,840 1640 3 13271 324 
CM-2 CM-2 183,310 3,191 DM 9,840 1640 11656 13252 39 
pal mar CP-1 122,316 642 DM 9,840 4920 1018 1926 22 
GS-1 GS-1 117,339 543 DS* 9,840 1640 0 12288 300 
GS-2 GS-2 – 737 DM 9,840 1640 0 6623 162 
GWP
10 GWP-10 240,354 1,107 DS 10,455 10455 14436 14609 4 
GWP-1 GWP-1A 205,354 42 DS 10,455 5228 13305 13928 15 
GWP-2 GWP-2 201,348 397 DS 10,455 6970 7788 13483 139 
GWP-3 GWP-3 195,340 308 DS 10,455 6970 14227 14799 14 
GWP-4 GWP-4 202,340 755 DS 10,455 10455 12457 13468 25 
KC-1 KC-1.1 95,349 658 FS 7,380 3690 3817 4681 21 
KC-1 KC-1.2 95,353 658 FS 7,380 3690 5068 7621 62 
KC-2 KC-2.1 105,352 585 FS 7,380 4920 382 1069 17 
LS-10 LS-10.1 – 1,981 DM 9,840 – 6594 6963 9 
LS-10 LS-10.2 – 1,981 DM 9,840 – 9060 9541 12 
LS-2 LS-2 176,343 3,849 DM 9,840 6560 8980 10789 44 
LS-3.1 LS-3.1 173,324 1,451 DM 9,840 4920 3288 3411 3 
LS-3.1 LS-3.2 – 1,451 DM 9,840 – 4574 4720 4 
LS-4 LS-4 193,348 772 DM 9,840 4920 8035 13166 125 
LS-5 LS-5 164,354 1,782 DM 9,840 4920 6090 4463 -40 
LS-6 LS-6A 177,348 405 DM 9,840 6560 3205 11140 194 
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Annex D Monitoring Plans 
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Model 
2014 
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LS-7 LS-7A 179,351 426 SS 10,455 6970 3074 9356 153 
LS-8 LS-8.1 192332 1670 DM 9840 6560 12143 14319 53 
LS-9 LS-9 192341 576 DM 9840 6560 10476 12596 52 
MC-1 MC-1 117,350 266 FS 7,380 1230 0 0 0 
PM-1 PM-1 112,312 2,177 DM 9,840 4920 994 3680 66 
PM-1 PM-1.1 – 2,177 DM 9,840 4920 1901 5876 97 
PM-10 PM-10.1 116,302 7,181 DM 9,840 8200 7378 10679 81 
PM-1 PM-11.2 114,306 2,181 DM 9,840 4920 446 6022 136 
PM-2 PM-2 114,334 1,452 DM 9,840 3280 8210 13087 119 
PM-2 PM-2.2A 111,321 709 DM 9,840 3280 2798 7593 117 

Table D-4 Coloring: 

Yellow Areas where we had to make adjustments to model output or topo 
Blue Scores have improved from 2005 to now due to local restoration efforts 

Orange/peach Consistent lack of results, although might expect improvements 

Dark gray Extra model cell for indicator region to check on different hydrology questions. Not part of 
habitat units calculations. 

*GS-1 Modified restoration target due to altered wetland function to support restoration of 
moonshine creek flow 

Attributes to be measured: 

Flow and stage at key discharge points in the marsh and stage to identify the hydroperiods (Figure D-5). 

1. Flow and stage at the Cypress Creek Weir 

2. Flow and stage at the Culpepper Discharge Locations 

3. Flow and stage into the flow-through marsh 

4. Flow and stage on the discharge of the flow-through marsh 

5. Staff gauges in key wetland locations 

6. Groundwater elevations adjacent to Cypress Creek and Moonshine Creek 
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Annex D Monitoring Plans 

Kitching Creek Flow 

Lainhart Flow 

Culpepper 

Figure D-5. Key Areas to Measure Flow Hydrologic Performance 

What is expected to be learned by measuring this attribute, i.e., how will LRWRP benefit from the 
knowledge gained about this attribute: 

Measuring flow and stage at specific locations (both surface water and groundwater) will allow an 
assessment of how well the project is performing to deliver water (by sheet flow or groundwater flow) 
Success of deliveries to the river is specifically tied back to improving base flows to the tributaries. 
Wetland stage information at key locations can be used to determine if hydrology is appropriate to the 
expected wetland function. 

What is the time frame in which changes to this attribute are expected to be measureable? 

The changes should be measurable within a 3 to 5 year time frame. This allows for natural variation with 
respect to weather patterns. 

When during LRWRP’s life cycle should this monitoring begin? 

Flow and stage monitoring should be concurrent with the completion/construction of project features. 
Some baseline monitoring should be initiated prior to construction so that comparisons can be made 
regarding pre and post project flows. 

LRWRP Draft PIR and EIS Annex D-19 March 2019 



   

       

   

   
    

   
    

    
 

  

  

     
 
 

    
    

 

        
         

     
      

   

Annex D Monitoring Plans 

Methodology for testing each expectation or hypothesis (included frequency of monitoring): 

A Before and After Control Impact (BACI) design will be used to measure long-term improvements in flow 
to tributary creeks via gulfstream flow-way for Cypress Creek, Hobe Grove Ditch for Moonshine Creek, 
and Shiloh Farms for Cypress Creek. In addition, BACI design will be used to confirm flow to Kitching Creek. 
The following monitoring is recommended to measure stage, hydroperiods and flow. Control sites will be 
in identified during AM plan design in PED but will likely be areas where flow between marsh sites is not 
expected to change at all, e.g., Pal Mar indicator region 5. 

Flows 

Flow-way 3: 

4 Stage (surface and groundwater) and 4 Flow gages will be installed before project construction to 
measure before and after changes in stage and flow. Stage gages are in center of each major indicator 
region (PM 10, PM 1, PM 2, Cypress Creek). Flow gages will be installed associated in locations up and 
downstream of the following areas: Cypress Creek Spreader, Cypress Creek, Gulfstream flow-way, Hobe 
Grove Ditch. See Figure D-6. 

Figure D-6. Map of Currently Active and Proposed Hydrology Gages in Flow-way 3. 
(green balloons – Palm Beach County staff gages; red circles – Martin County staff gages; red balloons – SFWMD 
and LRWRP Project staff gages [SFWMD in Cypress Creek]; blue balloons – SFWMD wells; green and blue doughnuts 
– River Keeper District; green and yellow Pins – LRWRP Project wells and flowmeters) 

Flow-ways 1 and 2: 

LRWRP Draft PIR and EIS Annex D-20 March 2019 



   

       

    
     

      

 

        
       

      

 

     
       

    
  

     
          

    
   

     
    

       
 

Annex D Monitoring Plans 

4 flow gages will be installed associated with project structures on C-18 impoundment, C-18 weir, G-160, 
G-161 to measure flow changes towards the river. Existing flow data will be utilized to measure changes 
at Lainhart, G-92, S-46, and Control 2 and 4. See Figure D-7. 

Figure D-7. Map of Currently Active and Proposed Hydrology Gages in Flow-way 1 and 2. 
(green balloons – Palm Beach County staff gages; blue balloons – SFWMD wells; Blue Pins – LRWRP Project wells and 
flowmetersblue pins;; orange triangle – LRWRP Project staff gages) 

Hydroperiods 

Flow-way 3: 13 additional staff gages will be installed in the Nine Gems/Pal-Mar area. Existing staff gages 
will be utilized in Cypress Creek (SFWMD and Palm Beach CountyPalm Beach County) and Culpepper 
wetlands (Martin County). River Keeper gages will be utilized in Kitching and Moonshine creeks and 
Loxahatchee River for stage and flow. 

Flow-way 1 and 2: Monitoring will be leveraged from Palm Beach County and existing SFWMD project 
culverts 15 and 17, staff gages lox east and lox west and Hungryland will be used to measure 
improvements to Loxahatchee Slough and ensure maintenance of stages in Hungryland Slough. 10 
additional staff gages will be installed in Corbett wildlife management area, Loxahatchee Slough, and 
northern Grassy Waters Preserve. Existing SFWMD/Palm Beach County wells and in Loxahatchee Slough 
and at G-160 and G-161 will be utilized for improvements to Loxahatchee Slough. Existing city of West 
Palm Beach wells in Grassy Waters Preserve will be used to ensure maintenance of stages in Grassy Waters 
Preserve (GWP). 
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Annex D Monitoring Plans 

How results will be reported, and the triggers/thresholds that indicate good LRWRP performance or 
need for adaptive management action: 

Before and after measurements of stage will be used to assess hydro period improvements. LECSR 
modeling data will be used to assign initial targets for indicator regions expected to be improved by this 
project (Pal Mar, Cypress Creek, Gulf Stream, Kitching Creek, Culpepper, and Loxahatchee). Statistically 
significant changes compared to baseline should be achieved 3 years out from project features 
constructed and operated associated with flow-way changes. In addition, flow will be measured to 
determine statistically significant changes compared to baseline data. Existing gage information from 
dbhydro will be used to establish baseline values. 

The Management Options Matrix (MOM) shown (Table D-5 and D-7), and those throughout the adaptive 
management plan, help link monitoring identified in specific adaptive management strategies to decision 
criteria and suggested management options to consider for adjusting LRWRP if monitoring reveals 
performance issues related to LRWRP operations. *The “timeframe to detect changes…” does not imply 
that changes will be complete in that timeframe; rather, they provide an estimate of time needed to begin 
to be able to distinguish effects of LRWRP. These time frames are indications of response speeds, not 
limits on how long the monitoring will be conducted. 

Table D-5. Impediments to Sheetflow Due to Low-Impact Agricultural Areas Management Options 
Matrix. 

Uncertainty
ID 

Time Until 
changes are 
measureable 

Indicator 
or 

Attribute 

Specific
Property to be

Monitored, 
and frequency 

Decision Criteria: 
Confirmation of LRWRP 

Performance or 
Trigger(s) for

Management Action 
Management

Action Options 
#1 3 years* Variance in 

flow (< or >) 
predicted 

Flow rate, water 
depth and 
velocities (avg. 
monthly in 
wet/dry season, 
storm events 

• No Significant Change in 
flows to Creeks. 
• Flows to creeks meet 

Loxahatchee Restoration 
Plan Targets 
• Longer flow into dry season 

• Scrape a Flow-
way by several 
inches to 
encourage sheet 
flow (vegetation 
or earthwork) 
• Adjust control 

structure 
elevations 
• Construct 

seepage barriers 
to offset water 
losses 
• Plug additional 

ditches/other 
earthwork 
adjustments 

N/A N/A Increase in 
Water 
dependent 
wildlife 
usage 

N/A N/A 

*Time frame could be shorter or longer depending upon prevailing weather patterns. 
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Annex D Monitoring Plans 

Table D-6. Impediments to Sheetflow Due to High-impact Agricultural Areas Management Option 
Matrix. 

Uncertainty
ID 

Time Until 
changes are 
measureable 

Indicator or 
Attribute 

Specific
Property to

be Monitored, 
and 

frequency 

Decision Criteria: 
Confirmation of 

LRWRP Performance 
or Trigger(s) for

Management Action 
Management

Action Options 
#2 <3 years* • Variance in 

flow through 
structures > 
or < than 
predicted(C
18 weir, flow 
through 
marsh 
outflow) 
based on 
rainfall 
• Increase in 

water 
dependent 
usage 

Flow rate, 
water depth 
and velocities 
(avg. monthly in 
wet/dry season, 
storm events) 

Flow into Cypress Creek 
and Moonshine Creek is 
not occurring adequately 
to effect movement of 
water into floodplain 

Scrape areas to 
facilitate sheet 
flow, reduce 
impediments 

*Time frame could be shorter or longer depending upon prevailing weather patterns. 

D.1.5 Wetland Vegetation Strategies and Management Options 

Will wetland vegetation establish in areas that were high impact agriculture, or will we need to seed or 
plant? This uncertainty is related to Objectives #3 (Increase natural area extent of wetlands) and #5 
(Restore native plant and animal species abundance and diversity) and anticipates potential management 
actions that could be used to offset a reduced amount of improvement as a result of a reduction or failure 
of wetland vegetation to become established in areas that were formerly managed in high impact 
agricultural production. This would include former Gulfstream Citrus property east and west of I-95 and 
the Turnpike and potentially the flow-through marsh. Vegetation species diversity and types of vegetation 
within the flow-through marsh are depth dependent, as well as the Shiloh Farms in Cypress Creek 
headwaters. 

LRWRP Adaptive Management Uncertainty #4: Will wetland vegetation establish in areas that were 
high impact agriculture, or will we need to seed or plant? (Driver or uncertainty type: Ecological) 

This uncertainty is related to LRWRP objectives to increase the natural area extent of wetlands and to 
restore native plant and animal species abundance and diversity. 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? Addressing this uncertainty will provide input into the degree of effort that 
is needed to ensure restoration of native habitat in this area and for other CERP projects. Greater coverage 
with desirable wetland and upland species will provide more appropriate and productive habitat (greater 
foraging space, better nesting habitat, etc.) which ties into and enhances the LRWRP goal for restoring 
native species diversity and abundance. 
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Annex D Monitoring Plans 

Expectations and hypotheses to be tested to address uncertainty #4, and attributes that will be 
measured to test each: It is expected that restoring topography and hydrology in high-impact agricultural 
areas (e.g., Gulf Stream east and west and Shiloh Farms area) will result in recruitment of desirable 
wetland species if invasive species is controlled. The plan should establish a target to encourage 80% or 
greater coverage by desirable species in both wetland and upland areas. Assuming the appropriate 
hydrology and topography have been realized, this is further dependent upon limiting coverage of invasive 
species, as well as seed source availability within the soils of the areas that have been restored. 

Attributes to be measured: The attributes to be measured include percent coverage of native desirable 
species vs percent coverage of invasive exotic or undesirable species. If greater than 15% of the areas 
where hydrology and topography have been restored are colonizing with invasive or undesirable species, 
or less than 25% of the area is failing to colonize with desirable wetland species management action 
options will be implemented. 

What is expected to be learned by measuring this attribute, i.e., how will LRWRP benefit from the 
knowledge gained about this attribute: By measuring this attribute, the team will be able to determine 
the amount of effort needed to restore wetland character in areas that have previously been used for 
agricultural purposes, and determine the degree of success with respect to meeting LRWRP objectives. 

Time frame in which changes are expected to be measurable: It is expected that these changes will be 
observable within 6 months of site grading and the restoration of the appropriate hydrology. Prevailing 
weather patterns (e.g., extended dry periods following restoration) may increase the time period over 
which changes will be observable. 

Methodology for testing each expectation or hypothesis: Visual observation of species diversity and 
coverage using vegetation. Vegetation transects will be conducted twice a year (wet and dry season) at 
baseline and then after project features restore high impact agricultural areas. Intervals for vegetation 
transect monitoring will be before project (-2, -1,) and after project (1, 2, 5, 10). 

Low Impact Agricultural Areas and Natural Areas 

WRAP: Vegetation monitoring associated with G-160 and G-161 has already been completed to 
demonstrate restoration improvements in Loxahatchee slough. The WRAP procedure will be repeated 
prior to project construction (wet and dry season) and then twice a year after project construction in IRs 
in Flow-way 1 (GWP triangle), Flow-way 2 (Corbett near C-18 impoundment, Loxahatchee Slough), and 
Flow-way3 (Pal mar, Nine Gems, Gulf stream, Shiloh Farms, Kitching Creek, Cypress Creek, Loxahatchee 
River Flood plain). 

Aerial Photo Interpretation: Remote sensing photo interpretations of vegetation change will be conducted 
at baseline for the whole project and then after constructed project features restore areas in flow-way 1, 
2, and 3 in 5 and 10 years post-construction. 

High impact Agricultural Areas 

WRAP assessment for low intensity agricultural areas and natural areas, include more information on 
vegetation species, in addition to hydrology. In addition, groundtruthing points for remote sensing of high 
impact agricultural sites would be conducted in years 1 and 2 to inform adaptive management decisions. 
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Annex D Monitoring Plans 

How results will be reported and the triggers/thresholds that indicate good LRWRP performance or 
need for adaptive management action: The results will be reported as percent coverage of desirable 
vegetation and invasive or non-desirable vegetation. After 6 months - 1 year, if native species fail to 
colonize these restoration areas, action shall be triggered. With respect to invasive species, action shall 
occur as soon as practicable to ensure that native vegetation is not outcompeted and is further addressed 
in the invasive species management plan. 

The Management Options Matrix (MOM) shown (Table D-5), and those throughout the adaptive 
management plan, help link monitoring identified in specific adaptive management strategies to decision 
criteria and suggested management options to consider for adjusting LRWRP if monitoring reveals 
performance issues related to LRWRP operations. *The “timeframe to detect changes…” does not imply 
that changes will be complete in that timeframe; rather, they provide an estimate of time needed to begin 
to be able to distinguish effects of LRWRP. These time frames are indications of response speeds, not 
limits on how long the monitoring will be conducted. 

Table D-7. Establishment of Vegetation Management Options Matrix. 

Uncertainty
ID 

Time Until 
changes are 
measureable 

Indicator 
or 

Attribute 

Specific
Property to be

Monitored, 
and frequency 

Decision Criteria: 
Confirmation of LRWRP 

Performance or 
Trigger(s) for

Management Action 
Management

Action Options 
#4 6 months 

2-3 years 

Visual 
observation 
(photo 
points) of 
establishing 
vegetation 
(native vs. 
exotics) 

Coverage of 
Invasive species 
vs. desired 
wetland and/or 
upland species 
coverage 

>15% of area establishing 
with invasive and/or exotic 
species 
<25% of area where 
hydroperiods have been 
restored has desirable 
vegetation 

Sweep (burn or 
herbicide 
applications) for 
exotics to keep 
under control so 
native vegetation 
has opportunity to 
establish and/or 
Introduce desired 
vegetation seed or 
plantings to the 
area 

– <3 years* Visual 
observation 
(vegetation 
obstruction, 
impounding, 
wetland 
indicators) 

Vegetative 
species 
composition 
(obligate vs. 
facultative spp.) 

Aerial extent of 
wetland 
coverage 

<25% spatial extent of 
expected wetland coverage 
or type 

– 

– <5 years* Visual 
observation 
(vegetation 
obstruction, 
impounding, 
wetland 
indicators) 

5 year WRAP 
Assessments 
Vegetative 
species 
composition 
(obligate vs. 
facultative spp.) 
5 year Landscape 
Assessment with 
Ground Truthing 

Hydroperiods 25% < 
expected for 3-5 year period 
25% < or > spatial extent of 
wetland coverage or type 

– 
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Annex D	 Monitoring Plans 

D.1.6 Faunal Species Strategies and Management Options 

Faunal species play an important role in determining success of ecological restoration within a project 
area. Certain fauna serve as ecological indicators for specific conditions associated with restoration 
objectives. Indicator species may only be present under certain environmental conditions. Other species 
are keystone species, which have a profound effect on their environment either through trophic 
interactions or habitat manipulation (ecosystem engineers). The uncertainty related to fauna for the 
Loxahatchee River Watershed Restoration Plan (LRWRP) is, “How will restoration enhance species 
abundance and diversity in the watershed (wading birds, prey, and wetland indicator species?” To address 
this uncertainty, species were selected that represent different trophic levels ranging from primary 
consumers to top predators. Monitoring of the selected species groups will provide a more distinct picture 
of the effects of ecological restoration throughout the food web as it pertains to the project area. Due to 
the abundance of species found within these groups, representative species may be selected to represent 
each group. LRWRP is generally broken into two general ecosystem types; those being floodplain and 
estuarine. Given the process of wetland restoration, the timeframe to detect change will be slightly 
different between these two ecosystem types (Table D-9 below). The period of time for detection of 
change within the estuarine ecosystem is expected to be less than that for the floodplain ecosystem. 

Restoration should have a positive effect on faunal species abundance and diversity. In order to determine 
if goals and objectives of LRWRP are being achieved, specific species or groups of species can be 
monitored to provide detail as to the progress and/or success of restoration over time. The faunal species 
and species groups determined to provide such data are: birds (wading birds/raptors), Anurans (frogs and 
toads), alligators, small mammals, and fishes. These groups (indicator) will have their own metrics to 
measure status and adaptive management strategies. 

LRWRP AM Uncertainty #9: How will restoration enhance species abundance and diversity in the 
watershed (wading birds, prey, and wetland indicator species)? (Driver or uncertainty type: Ecological) 

This uncertainty is related to LRWRP overall project goals of enhancing ecological values; improving 
habitat and functional quality; as well as, improving native plant and animal species abundance and 
diversity. This uncertainty is, also, related to project restoration goals of increasing natural area extent of 
wetlands; restoring connections between natural areas; and restoring native plant and animal species 
abundance and diversity. The project specific objectives (developed by the PDT) relative to this 
uncertainty are: 

•	 Restore freshwater forested wetlands in the Northwest Fork of the Loxahatchee River closer to 
1940’s conditions 

•	 Provide or improve hydrologic connections within the contiguous greenway and the regional 
water management system to increase water management options for maintaining or enhancing 
the existing natural areas 

•	 Optimize quantity, quality, timing and delivery of surface water to/from areas to achieve 
ecological and water supply enhancement purposes 

•	 Capture, store, and treat excess surface waters and supplement water deliveries to areas to 
achieve ecological and water supply enhancement purposes 
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Annex D Monitoring Plans 

The Management Options Matrix, or MOM, is shown in Table D-9 below. The MOM for the faunal 
uncertainty shows the adaptive management thought process that will be used to assess restoration 
status as well as details on action items to address any deficiencies that may arise during the restoration 
process. 

D.1.6.1 Bird Strategy 

Wading Birds 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 

Wading birds are long-legged water birds that typically include species within the avian families Ardeidae 
(bitterns, herons and egrets), Ciconiidae (storks), Phonicopteridae (flamingos), and Threskiornithidae 
(ibises and spoonbills). Birds in these four families forage in shallow water (depths < 50 cm) and typically 
nest either above motionless and slowly moving bodies of water or near these areas. Wading birds are 
considered top predators in South Florida and their reproduction is dependent on prey availability. Prey 
primarily consists of aquatic animals such as amphibians, aquatic reptiles, fishes, and aquatic 
invertebrates. Flamingos will also consume algae. Prey availability can be affected by nutrients in the 
system, microtopography, vegetation type, vegetation cover and density, and hydrology. Nesting occurs 
during the annual dry season in South Florida and receding water levels help concentrate prey into the 
deeper locations. When annual water level recessions do not occur or are not synced with the nesting 
periods then this can greatly affect wading bird nesting success because prey may not be available in great 
enough amounts for chicks to grow and fledge from nests. Changes to South Florida’s natural hydrology 
have had detrimental impacts on many species of wading birds; thus, wading birds have been a primary 
focus of the Everglades restoration efforts throughout the ecosystem. 

The majority of wading birds in South Florida can be separated into two foraging types: tactile and visual 
foragers. Tactile foragers such as ibises, spoonbills, and wood storks require shallower water levels (5 to 
25 cm) to help concentrate prey and make it more available, while most visual feeders can forage within 
a greater range of water levels (5 to 45 cm). Tactile foragers have become less common (several have 
been listed by the state of Florida as threatened species) and therefore are considered a more vulnerable 
group of wading birds. All wading birds can be affected by the timing of the annual water recession and 
any recession reversals that occur during dry season. If the recession of water happens too soon, too late, 
or not at all then nesting success for that year can be greatly reduced. Additionally, if water levels are 
ideal, but prey is still not available because of a lack of open water areas to forage within (e.g., dense 
vegetation), then this too can cause reduced nesting success. 

The presence of wading birds serves as an indicator of wetland habitat with the presence of tactile 
foragers serving as an indicator of ideal water levels to make prey available for most species. 
Understanding the population dynamics of wading birds within a wetland system, including species 
diversity, species richness, and other population dynamics not only gives an understanding of how the 
restoration is progressing within LRWRP, but also serves as a methodology to quantify restoration results. 
The proposed adaptive management activities will increase the probability for successful recruitment of 
many foraging wading bird species into the LRWRP project area. Some of these wading birds may choose 
the site for nesting as well, if other non-prey related conditions are adequate, such as the presence of 
woody vegetation nesting substrates within the project area. 
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Annex D	 Monitoring Plans 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each. 

The presence of foraging wading bird species within the project area can be considered an ideal indicator 
to determine the success of this restoration. Restoration of freshwater inputs into the Loxahatchee River 
Watershed should increase the amount of wetland acreage, permanent and temporary, throughout the 
project area. Increase in hydrologic patterns altering upland dry communities into wetland communities 
should result in an increase in the number of wading birds and wading bird species attracted to the project 
area; especially during the annual nesting period. Species richness and abundance of individual wading 
birds serve as measurable indices to evaluate restoration success. A large and diverse mix of foraging 
wading bird species will indicate a diversity of shallow water levels that are ideal for making prey available 
for both visual and tactile foraging wading birds. The presence of only a few wading bird species or only 
visual foraging wading birds may indicate reduced prey availability for some if not all wading bird species. 
It is expected that wading birds will show an immediate response to ideal foraging conditions (prey 
availability). A measureable response may be possible as quickly as the first nesting season once the 
restoration activities have been completed. Conversely, wading bird numbers will also quickly decline in 
these areas if foraging condition deteriorate. Increases of successful wading bird nesting within the 
LRWRP area can also serve as a measurable response since wading birds typically do not initiate nesting 
or successfully fledge young without appropriate prey availability. This prey availability would include the 
amounts of prey, ideal water levels, and slow recession rates during the dry season. 

In order for LRWRP to be considered successful in the conversion/creation of wetland habitat, there must 
be measurable data showing that there is wading recruitment into the project area. Regional wading bird 
nesting success should be taken into account. Since precipitation drives the hydrologic conditions 
throughout South Florida, regional and local rainfall should be taken into consideration when evaluating 
the success of the project based on wading birds. Recruitment occurs via (1) individuals (adults and 
juveniles) purposely moving into the project area, (2) displacement of individuals into the project area, 
and (3) nesting and survival of offspring. 

More information on attributes to be measured: 

While several aspects for measuring the presence of species may seem duplicate to each other, the 
differing methods for measuring species does provide important but specific information. All are methods 
for assessing biological diversity. 

•	 Total number of wading bird counted is simply the number of wading birds documented during 
surveys. 

•	 Species richness refers to the number of species per sample (community/habitat type). 

•	 Species diversity refers to the number of species and their abundance (evenness) per sample. 

•	 A simple estimate of nesting numbers for each species can be compiled from aerial surveys 
along with boat surveys if necessary. 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: 

Monitoring of wading birds falls into two (2) categories: biodiversity and reproduction. Both the 
biodiversity of wading birds and their nesting within the project area involves the commonly used 
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Annex D	 Monitoring Plans 

technique of flying an aircraft or drones along transects over the project area observing for foraging and 
nesting birds. This methodology may not capture wading birds foraging under the canopy along stretches 
of the river, so adjustments may be necessary to this methodology that include monitoring from boats 
along stretches of the river. Monitoring should occur at least monthly from February to June, during the 
dry season, each year. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action: 

Restoration of freshwater inputs into the LRWRP project area will positively affect the recruitment and 
potentially nesting of wading birds on the project by increasing prey availability for residents and birds 
that fly to the project area during the annual dry season. Given this expectation, restoration targets will 
be above current baseline values. The metrics designed for trigger/threshold determination are: total 
wading bird count, species richness, species diversity, and number of wading bird nests observed within 
the LRWRP project area. It is suggested that surveys are performed annually and evaluations compare the 
current year to a three-year average (the three years prior to the year being evaluated). 

•	 Total Wading Bird Count: Total number of wading birds present each month within an area of 
study. In order to assess usage of the project area, a number (X) of survey transects will be 
identified for surveys within the LRWRP project area. At each of these locations, surveyors will fly 
along the transects and observe all visible wading birds. The trigger/threshold value will be X value 
below the established target value based on the best available science and expertise. 

•	 Species Richness: Species richness is simply the total number of species present within an area of 
study. In order to assess species richness of wading birds within the project area, a number (X) of 
survey transects will be identified for survey within the LRWRP project area. At each of these 
locations, surveyors will fly along the transects and observe all visible wading birds. The 
trigger/threshold value will be X value below the established target value based on the best 
available science and expertise. 

•	 Species Diversity: Species diversity takes into account species richness and species evenness. 
Species richness is described above. Species evenness is the variation of abundance of individuals 
per species within an area. There are several indices used to calculate species diversity, all with 
advantages and disadvantages. The preferred index to calculate wading bird species diversity is 
the <Shannon-Weiner?> Diversity Index. The trigger/threshold value will be X value below the 
established target value based on the best available science and expertise. - If the ratio of visual 
foragers to tactile forages falls below X ratio value established based on the best available science 
and expertise this should trigger an evaluation of water depths and recession rates within the 
LRWRP project area. 

•	 Nesting: Nesting success should be evaluated separately from the presence of foraging wading 
birds because wading birds may travel into this area from nesting colonies not on the LRWRP 
project area. A simple count of the number of visible nests by each species can be compared 
annually. The trigger/threshold point will be X value below the target value based on the best 
available science and expertise. 
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Annex D	 Monitoring Plans 

Management Options that may be chose based on test results: 

If measurable data falls below the trigger/threshold value, there are several management actions that can 
or should be undertaken depending on what threshold is not being met. 

•	 Prey availability: Prey availability should be evaluated via checking the timing of water 
recessions, the recession rate, survey prey concentrations during the wet season, exploring if 
prey is becoming isolated and concentrated during the annual drydown, and exploring if 
emergent or submergent vegetation is too dense for wading bird foraging. 

•	 Disturbance: Check if the area experiences disturbances that might drive wading birds away 
from locations within LRWRP project area. 

•	 Make adjustments to the hydrology: Lack of wading bird species presence and reproduction may 
be a result of hydrological influences. Hydrological factors including duration/persistence of 
ephemeral wetlands, water levels, and flow of water (rate) may need to be adjusted to provide 
more ideal conditions for wading birds foraging. 

D.1.6.2 Anuran Strategy 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 

Anurans are species of amphibians, frogs and toads, within the order Anura. Amphibian populations are 
dependent on the availability of water to survive. Frogs and toads possess porous skin that is susceptible 
to drying out. In order to reproduce, these species require a body of water, permanent or temporary, as 
they do not produce a productive barrier to retain moisture within the embryo. Given these 
characteristics, Anurans are great ecological indicators of wetland conditions and habitat. 

Anurans are also an important species within the wetland food chain. As a secondary consumer, they are 
pivotal in the transference of energy. They aid in keeping primary consumer populations in check, while 
providing a significant energy source for top predators such as wading birds and the American alligator. 
With any restoration project, specific components are necessary to avoid both top-down and bottom up 
trophic cascades. Anurans serve both as an indicator of wetland habitat but also as an indicator of trophic 
health of a wetlands system. Understanding the population dynamics, including species diversity, species 
richness, and other population dynamics provide, not only an understanding of how restoration is 
progressing within LRWRP, but methodology to quantify restoration results. The proposed adaptive 
management activities will increase the probability for successful recruitment population longevity (age 
structure to confirm population is surviving year to year) of anurans within the LRWRP project area. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each: 

Restoration of freshwater inputs into the Loxahatchee River Watershed should increase the amount of 
wetland acreage, permanent and temporary, throughout the project area. Increase in hydrologic patterns 
altering upland dry communities into wetland communities should result in an increase in the number of 
anuran species present within the project area. Species type and duration of presence serve as 
measurable indices to evaluate restoration success. A large mix of Anuran species will indicate a diversity 
in wetland types. The presence of a few Anuran species may indicate conversion to a more monotypic 
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wetland type resulting in less richness and ultimately less diversity (which takes into account evenness as 
well as richness). 

For restoration to be considered successful, the presence of Anuran species isn’t the only factor to assess. 
The presence of these species may not mean there is a residential population. In order for LRWRP to be 
considered successful in the conversion/creation of wetland habitat, the must be measurable data 
showing that there is Anuran recruitment into the project area. Recruitment occurs via (1) individuals 
(adults and sub-adults) purposely moving into the project area, (2) displacement of individuals into the 
project area, and (3) reproduction and survivability of offspring. 

More information on attributes to be measured: 

While several aspects for measuring the presence of species may seem duplicate to each other, the 
differing methods for measuring species does provide important but specific information. All are methods 
for assessing biological diversity. 

•	 Species richness refers to the number of species per sample (community/habitat type). 

•	 Species diversity refers to the number of species and their abundance (evenness) per sample. 

•	 Species occupancy, also referred to as the occupancy-abundance relationship, refers to a measure 
of abundance of species related to the size of their ranges (total area occupied within a designated 
area of study) within an area. 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: 

Monitoring of Anurans falls into two (2) categories: biodiversity and reproduction. Measuring the 
biodiversity of Anurans within the project area involves commonly used techniques of recording audible 
calls to determine species presence throughout the project area as well as use of open-ended PVC pipe 
placed in the ground throughout the project area. Another method to use for measuring species 
biodiversity is to dipnet in waterbodies to identify species and abundance. Reproductive activity, also 
monitored via dipnet sampling, can be quantified by identifying and summing the number of temporary 
wetlands, tidal pools, and permanent water bodies containing tadpoles (verification of breeding) as well 
as calculating total acreage of those areas to provide assessment for the ability/capacity for reproduction 
within the project area. All aspects of Anuran monitoring shall occur three (3) times a year, during the wet 
season, in years 0, 3, 6, and 9. The overall monitoring strategy will be updated during pre-construction 
engineering and design (PED) when detailed monitoring scopes of work are developed. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action: 

Restoration of freshwater inputs into the LRWRP project area will positively affect the recruitment and 
sustainability of Anuran populations by increasing preferred habitat for residents as well as reproduction. 
Given this expectation, restoration targets will be above current baseline values. The metrics designed for 
trigger/threshold determination are: species richness, species diversity, species occupancy, and # of water 
bodies used for breeding versus those available. 

•	 Species Richness: Species richness is simply the total number of species present within an area of 
study. In order to assess species richness of Anurans within the project area, a number (X) of 
survey areas will be identified for survey. At each of these locations, surveyors will utilize acoustic 
recorders to record/document audible frog and toad calls. Due to typical Anuran behavior, audible 
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surveys will be conducted in the evening and/or during the night. Species of Anurans will be 
identified based on unique calls documented upon playback of the survey recordings. The 
trigger/threshold value will be X value below the established target value based on the best 
available science and expertise. 

•	 Species Diversity: Species diversity takes into account species richness and species evenness. 
Species richness is described above. Species evenness is the variation of abundance of individuals 
per species within an area. There are several indices used to calculate species diversity, all with 
advantages and disadvantages. The preferred index to calculate Anuran species diversity is the 
part of the suite of Simpson’s Diversity Indices (Simpson’s Index and Simpson’s Index of Diversity). 
Simpson’s Index (D) measures the probability that two individuals randomly selected from a 
sample will belong to the same species. Simpson’s Index of Diversity, calculated as (1 – D), 
provides the same information from a different view point. Instead of calculating the probability 
that two individuals are from the same species, the Simpson’s Index of Diversity calculates the 
probability that two individuals are from different species. Both of these indices have an end value 
between 0 – 1. The trigger/threshold value will be X value below the established target value 
based on the best available science and expertise. 

•	 Species Occupancy: Species occupancy is a model based application to solve problems that result 
from deficient detectability of target species. Detection of Anuran species is no different. Survey 
data is compiled from PVC pipe surveys and transect surveys. Species occupancy is a 
mark/recapture process without actually marking specimens. For more information on what 
species occupancy is and how it is calculated refer to: https://fresc.usgs.gov/products/fs/fs2005
3096.pdf. Occupancy values will be between 0 and 1. The trigger/threshold value will be X value 
below the established target value based on the best available science and expertise. 

•	 Water Bodies for Breeding: Population sustainability requires reproductive success. In order to 
assess Anuran species within the project area, all potential breeding locations need to be 
identified. All Anuran species require a body of water (in some form) to successfully reproduce. 
As stated above, frogs and toads do not encase their embryo in any type of protective feature 
which would prevent desiccation. As such, all embryos develop in water. Surveys throughout the 
project area during the wet season will identify all potential bodies of water that could be used 
for breeding as well as those that are being used. A target value will be established off best 
available science and expertise. The calculated value will simply be number of used water bodies 
divided by number of potential breeding water bodies. All end values will be between 0 and 1. 
The trigger/threshold point will be X value below the target value based on the best available 
science and expertise. 

Management Options that may be chose based on test results: 

If measurable data falls below the trigger/threshold value, there are several management actions that can 
or should be undertaken depending on what threshold is not being met. 

•	 Facilitate an increase in ephemeral wetlands (marshes, ponds, pools, etc.): Lack of Anuran 
success within the project area may be dependent on predation at the juvenile/sub-adult phase. 
The lack of ephemeral wetlands suggests a reliance on permanent water bodies within the 
project area for use as refugia and breeding. Typically, permanent water bodies contain a host 
of predator species that may prey on adults, young, and embryos. These permanent water 
bodies may possess predator fish, harbor more predator birds, and contain alligators, all of 
which may prey on the various life-stages of Anurans. Ephemeral wetlands provide temporary 
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water sources that do not contain predatory fish and are not big enough or long-lived enough 
to provide a significant threat from alligators and their young. There still may be a threat from 
wading birds but the threat should be reduced when compared to a permanent wetland. 
Depression marshes are targeted in Pal Mar indicator regions and Cypress Creek. 

•	 Assess water quality: Due to the biology of Anurans including their porous skin, toxins in the 
environment can have a profound effect on their populations. If the threshold limits are not 
being achieved, the assessment of water quality could provide essential information as to the 
source for failure to maintain or achieve the threshold value. Water quality data will be analyzed 
from the WQ monitoring plan to determine whether this stressor may be impacting anuran 
success. 

•	 Make adjustments to the hydroperiod: Lack of Anuran species presence and reproduction may 
be as a result of hydroperiod influences. Hydroperiod factors including duration/persistence or 
ephemeral wetlands, water levels, and flow of water (rate) may need to be adjusted to provide 
more ideal conditions for recruitment of Anurans. 

•	 Remove exotic plant and animal species: Exotic flora and fauna provide aspects of ecosystem 
unknown to native species. Exotic plants can alter the vegetative landscape of a community 
resulting in less niche space for native Anuran species. Exotic flora may alter the water chemistry 
resulting in less favorable conditions to reside or breed in. Exotic fauna may out compete native 
Anuran species for similar resources including food and shelter. There may be a direct impact 
including predation as well. Eradication of exotic flora and fauna results in a more natural native 
landscape for native Anuran species to flourish. 

D.1.6.3 Fish Adaptive Management Strategies 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 

Along the Northwest Fork of the Loxahatchee River, many ecological factors combine to influence the 
presence, abundance, and movements of freshwater and marine fishes. Such ecological factors include: 
freshwater inputs, freshwater flow rates, tidal cycle, vegetation type, salinity, and precipitation patterns, 
all which come together to support a wide variety of fish species. Fish are an important part of the food 
chain within the Loxahatchee River Watershed, providing sustenance to wide assemblage of predators 
including other fish, amphibians, reptiles, birds, and mammals. Fish, also, serve a human dimensions’ role 
in terms of subsistence (jobs/livelihood) and recreation (fishing). 

Over time, the development of water control structures has reduced the spatial extent of freshwater 
wetlands throughout the Loxahatchee River Watershed. In the northwest fork, the reduced amount of 
freshwater flowing into the fork has resulted in salt-water intrusion further inland throughout the 
northwest fork. This intrusion has shifted the freshwater influence farther upstream converting more of 
the river to brackish water thus altering the types of vegetation and species present. As freshwater flows 
are restored, monitoring of fish species frequency, composition, abundance, individual length, and 
movement will provide essential details into the success of shifting the freshwater boundary of the fork 
seaward and increasing the amount of freshwater via the expansion of freshwater habitat (i.e. freshwater 
wetland communities) within the Loxahatchee River Watershed. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each. 
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Annex D Monitoring Plans 

Restoration of freshwater inputs into the Loxahatchee River Watershed Project (LRWRP) should increase 
the amount of wetland acreage, permanent and temporary, throughout the project area. An increase in 
freshwater supplied to the watershed should reverse the pattern of salt-water intrusion shifting the 
mixing zone farther seaward (closer to the predevelopment period). More freshwater flows should also 
result in a transition to more freshwater wetland communities linked to the northwest fork of the 
Loxahatchee River further providing freshwater input into the river. As freshwater influences shift 
seaward, suitable habitat for freshwater fish should increase, thus resulting in increased freshwater 
species diversity, recruitment, and movement. It is unclear how the increase in freshwater inputs and 
adjusted flows will react with salt-water intrusion, tidal action, and sea level rise on the size of the 
“brackish zone”, which is important for recruitment and reproduction of certain fish species. 

Expansion of freshwater habitat in the watershed should favor shorter hydroperiod aquatic fauna (cray 
fish, mosquitofish, shrimp). Because wetlands are somewhat ephemeral in depression marshes, large fish 
predation of smaller aquatic prey should be limited, resulting in concentrating pools of fish for wading 
birds at the beginning of the dry season. 

More information on attributes to be measured: 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: 

Monitoring of fishes falls into two (2) categories: biodiversity and movement. Measuring the biodiversity 
of fishes within the Northwest Fork of the Loxahatchee River and its tributaries involves the commonly 
used techniques utilizing fish sampling gear such as seines, dip nets, electroshockers (non-lethal), drop 
traps, and cast nets. Monitoring and survey protocols should replicate fish studies on the northwest fork 
between 2007 and 2010. Those studies include: 

• 2007 Loxahatchee River Watershed Fish Survey 

• 2008 Fish Assemblages and Dry Season Flow and Stage Levels 

• 2008-2009 Snook Behavior in Relation to Freshwater Inflows 

• 2007-2010 Snook and Largemouth Bass Habitat Utilization and Resource Partitioning 

• 2005-2007 Aquatic Fauna and Periphyton Status Demonstration 

These studies provided a much-needed baseline for comparison with data collected during and after the 
implementation of the Loxahatchee River Watershed Restoration Project. Figure D-8 represents sampling 
from the Aquatic Fauna and Periphyton monitoring funded by RECOVER in 2005-2007. 
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Annex D	 Monitoring Plans 

Figure D-8. Map of Aquatic Fauna Sampling in Greater Everglades. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action: 

•	 Restoration of freshwater inputs into the LRWRP project area will positively affect the recruitment 
and sustainability of fish populations (fresh, marine, catadromous, etc.) by increasing preferred 
habitat resulting from a change in water conditions (salinity/freshness). Patterns of fish 
movement provides a good metric as to the current conditions at various points along the river 
and its tributaries. Given this expectation, restoration targets will be above current baseline 
values. Assessing length of fish within the river and its tributaries will provide important metrics 
on population dynamics and how the river is being utilized. The metrics designed for 
trigger/threshold determination are: species richness, species diversity, migration/movement, 
and age/size class. Age/Size Class: Size class shows the population breakdown of age and 
importance within a fish population. The presence of smaller fish may reveal stronger recruitment 
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into the system which indicates positive ecological response due to the restoration of the 
Loxahatchee River Watershed. Larger fish are important due to their potential to reproduce. 
Larger fish are also more ideal for recreation as well. Restoration success may be indicated by the 
ability for the river to sustain larger population sizes containing larger, more fecund individuals. 
For this metric, total fish length will be measured for each individual and age will be determined 
via counting growth zones of annuli. This data will show population structure for species of fish 
present. Von Bertalanffy growth curves can be created for each species present throughout the 
Northwest Fork of the Loxahatchee River (and its tributaries). 

Management Options that may be chose based on test results: 

If measurable data falls below the trigger/threshold value, there are several management actions that can 
or should be undertaken depending on what threshold is not being met. 

•	 Assess salt water intrusion: Salt water intrusion will affect the presence and assemblage of fish 
species present as well as other ecological pertinent issues such as type, variety, and density of 
vegetation along and in the river. If salt water intrusion continues to be a problem, adjustments 
to how much freshwater is released into the system, how fast it flows, and duration and timing 
of flows into the river will need to be evaluated and adjusted. 

•	 Evaluate vegetation present along and in the river: Vegetation in and along the river will be 
influenced by salinity and flow rates. Fish presence may be determined by the amount and type 
of cover provided by vegetation along shore and in the river itself. Vegetation will also influence 
the flow and current through the river creating eddies, low energy areas or increased areas of 
flow (channeling) which may need to be addressed for preferred conditions. 

•	 Hydroperiod adjustments: As mentioned previously, one of the targets for the Loxahatchee River 
Watershed Restoration Project is to shift the boundary between fresh and brackish/salt water 
seaward of its current position along the river which will provide a greater extent of freshwater 
and possible a larger mixing zone (brackish) creating a more diverse assemblage of fish 
throughout the entire river system. If species diversity is low or shifted to marine/brackish 
species, the amount of water, timing of release, duration of release, etc., may need to be 
adjusted to provide the proper water conditions for freshwater species to thrive. If wetlands 
surrounding depression marshes have shorter hydroperiods than desired, then habitats might 
not be conducive to aquatic prey. 

The Management Options Matrix, or MOM, is shown in Table D-9. The MOM for the faunal uncertainty 
shows the adaptive management thought process that will be used to assess restoration status as well as 
details on action items to address any deficiencies that may arise during the restoration process. The 
MOM includes monitoring attributes recommended to assess status, placeholder decision criteria to 
trigger management action, and management action option suggestions to improve performance if 
needed. 
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Annex D Monitoring Plans 

Table D-8. Faunal Species Management Option Matrix. 

Uncertainty
tracking

ID# 

Timeframe to detect 
change of
attributes* 

Attribute or 
indicator 

Specific Property to be
Measured and Frequency 

Decision Criteria: Trigger(s) for 
Management Action 

Management Action Options
Suggestions 

#9 Floodplain • Birds Bird Monitoring Bird Monitoring Bird Monitoring 
Ecosystems species – 

7-10 years 

• Anurans 

• Alligators 

• Small 
Mammals 

• Wading Bird Foraging during 
the annual nesting season 
(November to April) 

o River to be surveyed either 
aerially (generally preferred – 

Wading Bird Monitoring 

• 20% increase in number of individual 
wading birds based on three-year 
average of observed wading birds 

1. Assess prey concentrations 
within known foraging spots 

2. Evaluate disturbance to any 
foraging and nesting birds by 
boating activities 

Estuarine Ecosystems 
species – 

5-7 years 

• Fishes however they may not capture 
foraging under the canopy 
along regions of the river) or 
via boat on a weekly to 
monthly basis through the 

within the LRWRP project area 
(placeholder) 

• Increased species richness diversity 
value 

3. Hydroperiod adjustments 
(flow, water levels, period of 
inundation) 

4. Keep isolated floodplains 
nesting season 

• Wading Bird Nesting during 
the annual dry season 

o River to be surveyed either 
aerially (preferred) or via boat 
on a weekly to monthly basis 
through the dry season 

Anuran (Frog/Toad) Monitoring 

Species 
Diversity/Abundance/Occupanc 
y: Wet season sampling (3x/year, 
years 0, 3, 6, 9) 

• Diversity/Richness 

Anuran (Frog/Toad) Monitoring 

• 20% increase in species richness and 
diversity 

• 25% species occupancy value below 
reference sites (Pal Mar west 

Fishes Monitoring 

• 20% increase in species richness and 
diversity value below restoration target 

• ? increase in biomass from baseline 

• Trend towards reference site biomass 

free of exotic/invasive 
emergent vegetation that 
can reduce foraging by 
raptors and large wading 
birds 

Anuran (Frog/Toad) Monitoring 

1. Facilitate increase in 
ephemeral ponds (avoid 
relying on permanent 
wetlands which increase fish 
predation) 

2. Assess water quality 

3. Hydroperiod adjustments 
(flow, water levels, period of 
inundation) 
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Uncertainty
tracking

ID# 

Timeframe to detect 
change of
attributes* 

Attribute or 
indicator 

Specific Property to be
Measured and Frequency 

Decision Criteria: Trigger(s) for 
Management Action 

Management Action Options
Suggestions 

o Evening/night audible call 
surveys (acoustic recorders) 

• Population 

o PVC pipe monitoring 

o Transect surveys 

• Larval/Juvenile Survey 

o Dip Net (tadpole id) 

Reproduction/Recruitment 
Monitoring: Wet season 
sampling (3x/year, years 0, 3, 6, 
9) 

• Breeding Pool/Ephemeral 
water body 

o ID/Map locations (GPS/GIS) 

Fishes Monitoring 

• Under 2x’s/yr scenario: fish 
surveys should be conducted 1 
time at end of the wet season 
and 1 time at end of the dry 
season. 

Species Richness/Diversity: 
measured 2, every year for 5 
years. 

4. Removal of exotic species 
(exotic fishes, exotic veg 
[especially melaleuca], exotic 
amphibians and reptiles) due 
to predation and 
competition, resource 
depletion (i.e. water loss) 

5. Innoculation with desired 
species to establish breeding 
populations. 

Fishes Monitoring 

1. Evaluate water quality (in 
terms of salinity) 

2. Evaluate vegetation present 
along river and in river 

3. Hydroperiod adjustments 
(flow, water levels, period of 
inundation) 
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Uncertainty
tracking

ID# 

Timeframe to detect 
change of
attributes* 

Attribute or 
indicator 

Specific Property to be
Measured and Frequency 

Decision Criteria: Trigger(s) for 
Management Action 

Management Action Options
Suggestions 

• Methods for Richness and 
Diversity include capturing 
with seine nets, dip nets, cast 
nets, drop traps, non-lethal 
electoshockers. 

Age/Size Class: measured 2 
times a year, every year for 5 
years. 

• Each specimen caught (or set 
number of each species) 
measured and evaluated for 
statistical analysis. 
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Annex D Monitoring Plans 

D.1.7 Invasive Species Strategies and Management Options 

LRWRP adaptive management uncertainties number’s 14, 15, 16, 18 & 19 (see below for description of 
each uncertainty that was identified). 

These uncertainties are related primarily to LRWRP Objective #5 (Restore native plant and animal species 
abundance and diversity), which pertains to restoring a natural mosaic of upland and wetland habitat 
within the watershed, as well as restoring the appropriate hydrologic regime to support the NW Fork 
floodplain and the restoration of flows to the Moonshine Creek, Kitching Creek and Cypress Creek 
tributaries. 

The introduction and expansion of invasive and nuisance plant and animal species has the potential to 
alter the predicted LRWRP restoration species composition and community structure and reduce habitat 
quality through competition and displacement of native species and alteration of fire frequency and 
intensity. This in turn can result in impacts to listed (threatened and endangered) species, and alter trophic 
dynamics and food webs. These uncertainties consider management options to offset a reduced amount 
of improvement that might occur if invasive and/or nuisance plant and animal species (either currently 
recognized or newly recognized) affect the integrity of the ecological systems that are restored. Impacts 
to the landscape resulting from particularly aggressive floral and faunal invasives (e.g., Old-World Climbing 
Fern, Melaleuca, Brazilian pepper, and feral hogs) are well documented. These species, however, are only 
a fraction of the invasive and nuisance species in the Loxahatchee watershed, and many of the other 
species’ life histories, ecosystem impacts, and responses to disturbance and restoration are not well 
understood. 

These uncertainties are applicable to all areas of the LRWRP where ecological improvements are expected. 
Invasive species responses may be greater in areas where ecological responses are less certain 
(specifically, where ecological function is proposed to be returned to areas that were previously devoted 
to high impact agriculture). 

The LRWRP adaptive management invasive species strategy described here focuses on consolidating 
species data that is existing and proposed to be collected. This, in turn, will improve the ability to target 
species management resources most effectively in the specific conditions that will be created by LRWRP, 
and thus minimize or prevent invasive and nuisance species impacts on the performance of LRWRP. This 
adaptive management strategy has been coordinated with the LRWRP Invasive and Nuisance Species 
Management Plan (INSMP). 

The following uncertainties are considered: 

LRWRP adaptive management uncertainty #14. Will the changes in hydrology facilitate the spread of 
invasive plant species? (Driver or type: Ecological) 

LRWRP adaptive management uncertainty #15. How will new invasive faunal species affect the 
restoration? (Driver or type: Ecological) 

LRWRP adaptive management uncertainty #16/XX. How will new invasive plant species affect the 
restoration? (Driver or type: Ecological) 
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Annex D Monitoring Plans 

LRWRP adaptive management uncertainty #18. Is there a potential for the project to transfer/expand 
invasive plants to other areas? (Driver or type: Ecological) (Species such as Azolla pinnata, Mimosa pigra) 

LRWRP adaptive management uncertainty #19vi. How will invasive species that are not managed on 
private property affect the restoration? (Driver or type: Ecological) 

The Management Options Matrix, or MOM, is shown in Table D-10 for the invasives species management. 
The MOM for the invasive species management uncertainty shows the adaptive management thought 
process that will be used to assess restoration status as well as details on action items to address any 
deficiencies that may arise during the restoration process. The MOM includes monitoring attributes 
recommended to assess status, placeholder decision criteria to trigger management action, and 
management action option suggestions to improve performance if needed. Further details on invasives 
species management is addressed in the invasive species management plan. 

Table D-9. Invasive Species Management Option Matrix. 

Uncertainty
ID 

Time until 
changes are 
measurable* 

Indicator or 
Attribute 

Specific property
to be Monitored, 
and Frequency 

Decision Criteria: 
confirmation of 

LRWRP 
Performance or 

Trigger(s) for
Management

Action 
Management

Action Options 
#14 < 1 year Extent and 

density of 
current 
species, 
identify 
species likely 
to expand in 
response to 
hydrologic 
changes 

% of total project 
area covered or 
impacted 

Ratio of 
invasive/native 
species in specific 
areas 

Species dependent, 
presumption of 
routine mgmt. 
sweep (on cycle) 

Adding new 
species that 
invade the area 
to the 
management 
list 
Identify and 
incorporate 
New Control 
Strategies as 
they are 
identified 

#15 <1year Hog rooting 
Movement 
of freshwater 
fish species 
downstream 
Northward 
colonization 
by Pythons 
and/or exotic 
apex 
predators 

Wetland 
restoration areas 
(depending upon 
alternative 
selected) 

>x% of area 
affected by hog 
rooting 

Incorporate 
trappers to 
reduce # hogs 

#16 N/A Extent and 
density of 
new 
species(not 
previously 

Wetland 
restoration areas 
(alternative 
dependent) 

Species dependent, 
presumption of 
routine 
management 
sweep (on cycle) 

Adding new 
species that 
invade the area 
to the 
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Uncertainty
ID 

Time until 
changes are 
measurable* 

Indicator or 
Attribute 

Specific property
to be Monitored, 
and Frequency 

Decision Criteria: 
confirmation of 

LRWRP 
Performance or 

Trigger(s) for
Management

Action 
Management

Action Options 
present in management 
the area) list 
Improved Identify and 
species incorporate 
profiles New Control 

Strategies as 
they are 
identified 

#18 N/A Extent and 
density of 
current 
species 
Control 
strategies 
relative to 
species 
known 

Western areas 
(Mecca, Avenir) 
Cypress Creek 
(pepper farm 
restoration) 

Track presence of 
species in 
waterway and 
floodplain, species 
dependent, 
presumption of 
routine land 
management 
sweep 

Early Detection, 
rapid response 
monitoring to 
identify species 
movement 

#19 N/A Type and 
presence of 
invasive 
species on 
adjacent 
private 
parcels 

All project areas ??? Maintain 
private 
landowner 
interaction via 
CISMA and FISP 

Expectations and hypotheses to be tested to address uncertainties numbers 14, 15, 16, 18 and 19 and 
attribute(s) that will be measured to test each 

No new monitoring is proposed in this adaptive management strategy to improve predictions and risk 
assessment. Rather, data from the LRWRP INSMP and other CERP INSMPs and individual property land 
management plans, historic and current databases, and aerial photos may be used to develop and/or 
refine risk assessment tools that will aid in directing invasive and nuisance species management decisions. 
Existing regional aerial monitoring and low strata monitoring (essentially relying on land manager 
observations and alertness with respect to rapid detection and early response to identify new species and 
potential problems should continue. These adaptive monitoring activities consider that the majority of 
properties within the LRWRP area are currently in a maintenance level condition with respect to invasive 
species management. 

Before LRWRP implementation these data should be consolidated in the CERPZone and needed species 
profiles and tools should be developed. It is recommended that the causal relationship between invasive 
or nuisance species to restoration activities and outcomes should be considered as the data are 
consolidated. For example, the following LRWRP questions may be pursued: What is the impact of invasive 
faunal species such as coyotes or pythons on the nesting success of wading birds or ground nesting birds 
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in the watershed? How can the development of relationships and communication with adjacent private 
landowners, including utility and roadway rights-of-way aid in reducing the impact of invasive species on 
restoration success. Will changing salinities increase the distribution of freshwater invasive faunal or floral 
species? Will restoration of specific areas increase the dispersal of invasive plant species (seed source)? 
Can the removal of canal berms reduce the spread of those species that use these as primary travel 
corridors? 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 

There is an awareness that invasive species both exist, and new species can invade the watershed, and 
that these species should be tracked and monitored, using the current monitoring approach (primarily 
land manager alertness, annual property sweeps, etc.). It is expected that addressing this uncertainty will 
improve the understanding and ability to predict how invasive and nuisance floral and faunal species 
influence the ecosystem function and structure within the footprint of the LRWRP, and how they might 
potentially influence the outcome of the LRWRP restoration activities. Improved species profiles and 
prediction/risk assessment abilities can help target resources to the most effective species management 
activities, and can inform future design and operations of LRWRP and other restoration project to avoid 
expensive trial and error attempts to reduce the impacts of invasive and nuisance species. The proposed 
activities will reduce the possibility of invasive and nuisance species from hindering the success of the 
LRWPR in achieving its restoration objectives. 

There are three categories that are germane to, and drive the tracking, targeting and management of 
invasive species. The first is related to those species that are well studied, where biologists are familiar 
with the history of invasion, how the species impact the environment and what control methodologies 
are most effective. For these species, it is relatively easy to predict what to expect with certain restoration 
scenarios, including the rate at which the plant(s) become an issue and how they can be most effectively 
controlled. The second category includes those species for which some information is known, however, 
there is not a clear understanding of where they are on the invasion curve, whether or not they are about 
to become a huge problem and how these plants may respond in restoration scenarios. The final category 
are those species that are just appearing on the landscape, and for which there is little or no information. 
Biologists can use the University of Florida/IFAS Non-Native Plant Assessment Tool, a research based 
approach to conduct status and predictive assessments to determine a low or high risk of invasion, or 
determine if further evaluation is warranted. This tool can bring together the rather loose network of 
invasive species biologists to aid in identifying current distributions, and allow a rapid assessment of 
emerging species. If the rapid assessment identifies a new species as a high risk, it can justify a rapid 
response action in an attempt to eradicate or contain the species. Management teams can also currently 
utilize, and should continue to utilize the early detection/rapid response funding provided by the Florida 
Fish and Wildlife Conservation Commission (FWC) and tie into the reporting aspects of the Early Detection 
and Distribution Mapping System (EDDMAPS) that has been built via a collaborative effort and is a way to 
share data on locations and distributions. Consideration should be given to the development of a system 
wide management program. Additionally, with respect to invasive faunal species, consideration should be 
given to expanding the Everglades Invasive Reptile and Amphibian Monitoring Program (EIRAMP) to 
include the Loxahatchee Watershed. There is a recognition that there is a perennial issue with respect to 
invasive species management in that there are generally reasonable budgets for management, however 
funding for science to conduct risk assessments is limited. 
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What is the time frame in which changes to this attribute are expected to be measurable? 

In general, impacts from invasive species for newly constructed features or newly restored properties 
should be measureable within a year of construction ((i.e., return to appropriate hydrologic conditions). 
However, this is species dependent and there are some species that might not respond unless whether 
conditions prevail. 

When during LRWRP’s life cycle should this monitoring begin? 

This monitoring is ongoing on most of the lands that have been acquired for incorporation into the LRWRP, 
and should continue during implementation, construction and operation. 

How will results, and the triggers/thresholds that indicate good LRWRP performance or need for 
adaptive management action, be reported? 

Lessons learned will be provided as feedback to various stages of the LRWRP design, construction and 
implementation by the invasive species biologists during interaction with the LRWRP design team, 
operations and land managers as appropriate. There are a number of forums available for sharing this 
information, similar forums should be available as the project is implemented. Additionally the LRWRP 
INSMP is a living document and will be updated with lessons learned. 

Management Options that may be chosen to reduce the impacts of invasive species. 

Suggested adaptive management options listed below are not in any particular order and can be 
implemented simultaneously, as appropriate. Details of the management actions are listed in the LRWRP 
INSMP. 

•	 Continued refinement of existing, or development of new Invasive Risk Assessment Tools 

•	 Implementation of Invasive and Nuisance Species Management Plans to immediately identify 
and eradicate/minimize new, opportunistic highly invasive species on active construction sites, 
or within newly restored areas 

•	 Suppression of established invasive or nuisance species to the lowest possible level to minimize 
ecosystem impacts by regular coordination between land managers and Statewide groups such 
as CISMAs, FLEPPC and FISP 

•	 Continued regular sweeps of restored and adjacent properties for reduction and control of 
invasive and nuisance species 

•	 Redesign existing or planned features, based on lessons learned, to make them less likely to 
support invasive species colonization, or movement 

D.1.8 Estuaries Strategies and Management Options 

D.1.8.1 Estuaries – Submerged Aquatic Vegetation (SAV) Strategy 

How does the timing in salinity changes and ranges affect SAV? 
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Note that within and between years there will be seasonal and inter-annual conditions which may, in the 
short term, dampen the ability to detect changes to SAV between these short-term conditions and 
restoration. Uncertainties exists with respect to how the project’s increased restoration flows will meet 
species-specific salinity regimes for SAV. Some measurable parameters may be limited by species (e.g. 
productivity measurements for Vallisneria americana and Thalassia testudinum due to blade size and 
width). However, all seagrasses in the estuary and freshwater species such as Vallisneria in the Northwest 
Fork will be monitored. The decision criteria and management action options consider both whether the 
intended changes in salinity timing are met, and what other actions may be required if salinity conditions 
are met but effects to SAV cause decline or no change without also mediating other environmental 
conditions (i.e. substrate limitation). 

LRWRP AM Uncertainty #22. How does the timing in salinity changes and ranges affect SAV? (Driver or 
uncertainty type: Ecological) 

LRWRP Objective or Constraint: Restore and/or maintain estuarine communities (oysters, fish, seagrass). 

Region(s). Loxahatchee River and Estuary 

Associated LRWRP features: All features that promote flow to the river. 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 

Submerged aquatic vegetation (SAV) plays a critical role in influencing the population, community, and 
ecosystem dynamics of estuarine environments. Altered hydrologic activity (e.g., restorative freshwater 
flows) may influence the abundance, density, and distribution of seagrass. Additional flows provided by 
this project are not expected to negatively impact estuarine and marine SAV but will be monitored to 
provide assurances that this is the case. These additional flows into the Northwest fork should have 
marked positive effects on SAV with a lower salinity tolerance, such as Vallisneria. Elucidating how 
restoration performance may influence SAV in the Loxahatchee River is imperative so that adaptive 
management actions can be undertaken, ensuring restoration success. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each. 

A change in the volume, timing, and duration of freshwater flows may shift seagrasses from upstream of 
RM 4 downstream between RM 0 and 4. Adaptive management will be needed if there is a 20% or greater 
decrease in SAV acreage from the best mapping year (2007) and/or there is a 20% or more loss in SAV 
abundance. Submerged aquatic vegetation distribution, abundance and productivity will be monitored to 
discern potential changes to SAV in the river. Please note that 20% is a place holder value to be updated 
during PED. 

Additionally, increased (sustained) freshwater flows are expected to maintain or increase Vallisneria, 
which is found roughly between RM 15 and RM 8. If restoration scenarios are not met (i.e., flows are 
variable or do not meet minimum restorative flows), adaptive management will be needed if Vallisneria 
acreage doesn’t increase from the best mapping year (2013) and/or there is a 20% or more loss in 
Vallisneria abundance. 
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Annex D	 Monitoring Plans 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: 

SAV abundance and productivity will be monitored during the growing season in April, June, and August 
according to seagrass patch scale sampling methodologies outlined in the Loxahatchee River District’s 
seagrass sampling program (see www.loxahatcheeriver.org/river/seagrass). The following parameters will be 
monitored: 

•	 Presence/absence of SAV 

•	 Percent SAV cover 

•	 SAV shoot densities 

•	 SAV productivity 

•	 SAV canopy height 

•	 SAV biomass (below-and aboveground tissue) 

SAV distribution will be assessed during the summer growing season every 3-5 years using the 
Loxahatchee River District’s Quadzilla method, a 9m2 quadrat that is placed throughout the river. 

Vallisneria monitoring will also be initiated using similar or newly developed methodology as those used 
by the RECOVER program and/or LRD. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action, 
and subsequent management options: 
To assess the LRWRP performance or whether there is a need for adaptive management action as it 
pertains to SAV in the river, the following management options may be applied: 

•	 Optimize freshwater flows to obtain salinity in locations in which SAV is or should be present. 

•	 Remove fine-grained sediment (e.g., muck) that may accumulate, so SAV can expand and grow. 

•	 Assessing water quality to ensure that abiotic conditions are suitable for SAV growth. 

•	 SAV restoration in areas in which SAV should be present or is present but at low densities. 

•	 Implementing structures such as breakwaters or sediment traps to reduce possible sedimentation 
issues and/or shear stress on SAV. 

D.1.8.2 Estuaries – Oyster Strategy 
How does the timing in salinity changes and ranges affect oysters? 

Note that within and between years there will be seasonal and inter-annual conditions which 
may, in the short term, dampen the ability to detect changes to oysters between these short-
term conditions and restoration. Inherent uncertainties for oysters include restoration activities 
which meet the salinity envelopes, and benefits may be limited if there is also substrate or spat 
limitation (also see Uncertainty #23 (Table D-11 below). The decision criteria and management 
action options consider both whether the intended changes in salinity timing are met, and what 
other actions may be required if salinity conditions are met but effects to oysters cause decline 
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Annex D Monitoring Plans 

or no change without also mediating other environmental conditions (i.e. substrate limitation; 
spat limitation). 

LRWRP AM Uncertainty #22. How does the timing in salinity changes and ranges affect oysters? 
(Driver or uncertainty type: Ecological) 

LRWRP Objective or Constraint: Restore and/or maintain estuarine communities (oysters, fish,
 
seagrass).
 
Region(s). Loxahatchee River and Estuary
 
Associated LRWRP features:
 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 
Oyster communities in coastal estuaries have respective salinity envelope requirements to persist within 
a system. However, the timing and duration of altered freshwater flows due to restoration activities will 
affect the desired areal extent, abundance, and density of oysters. Depending on the location in the 
estuary, interactive effects in salinity and temperature may have beneficial or detrimental effects on the 
prevalence and intensity of disease (i.e. Perkinsus marinus infection, or “Dermo”), as well as predation by 
marine predators. Substrate and spat limitation have the potential to impede restoration performance 
despite meeting suitable salinity envelopes. By addressing these uncertainties in the LRWRP monitoring 
plan, performance goals and subsequent adaptive management actions are developed to ensure 
restoration success moving forward. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each. 
With a change in volume, timing, and duration of freshwater flows, it is expected that oysters upstream 
of River Mile (RM) 6 will shift downstream between RM 3.5 and 6. If the proper salinity envelope is 
maintained more than 80% of the time between RM 3.5 and 6, it is expected that there will be no net loss 
of oysters, but mainly a shift in location. Because the estuary is wider at this more downstream location, 
if the proper substrate is available it is possible to see an increase in the overall areal extent/distribution 
of oysters post-restoration. It is realistic to estimate an additional 10-20 acres are possible downstream 
given the substrate is there to support spat settlement. Oyster extent/distribution (in acres) as well as 
percent living oysters will be mapped and/or monitored both prior to and after restoration 
implementation to ascertain the effects of the restoration activities. 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: 

Quarterly, the following monitoring will occur at existing RECOVER site and/or Lox sites (Error! Reference 
source not found.). Additional site locations will need to be added or relocated once salinity shifts are 
detected (descriptions of possible methods are available in the Oyster Habitat Restoration Monitoring and 
Assessment Handbook 
(http://ocean.floridamarine.org/CHIMMP/Resources/Oyster%20Habitat%20Restoration%20Monitoring%20and%20As 
sessment%20Handbook.pdf): 

• Density/m2 

o Including percent live/dead 
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Annex D Monitoring Plans 

• Growth 

• Disease prevalence 

• Predation 

• Recruitment 

• Mapping 

The timeframe determined to detect change in oysters is five (5) years. Within and between years there 
will be seasonal and inter-annual conditions which may, in the short term, dampen the ability to detect 
changes to oysters between short-term conditions post-restoration, therefore mapping should occur pre
restoration, and then again five years after restoration implementation, and once every five years after 
to track long-term change and inform adaptive management. 

Figure D-9. Map of Current Oyster and SAV Monitoring 
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Annex D	 Monitoring Plans 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action, 
and subsequent management options: 

Triggers for adaptive management action varies depending on the metric, but any one of these triggers 
will be considered independently. Further, actions may vary in application depending on the management 
trigger observed: 

•	 Salinity envelope – if the salinity envelope falls outside of the preferred range between 
RM 3.5 and 6 more than 20% of the time, changes in operations to increase or decrease 
flows would need to occur. 

•	 Area – If the number of acres of oysters currently found upstream of RM 6 are not 
replaced by equal or greater number of acres between RM 3.5 and 6, this may be a factor 
of salinity envelope conditions, and/or other possible mechanisms related to either 
substrate or spat limitation. For substrate-limitation, cultch or travertine tiles may be 
added. From past restoration projects in the area the cost of cultch placement including 
planning, design, permitting, cultch acquisition, placement and public education is 
approximately $130,000/acre. For spat limitation, several options exist, including adding 
spat to the water column, transplanting mature oysters, or deploying seeded (with spat) 
cultch or travertine tiles. 

•	 Abundance – if the acres of “replaced” live oysters does not increase or falls below 80% 
of the pre-restoration acreage, the information gained by the monitoring of disease, 
predation, and other parameters should be evaluated to elucidate what conditions might 
be driving these indicators of oyster health. Adaptive management actions that should be 
considered include change in operations, e.g. if current flows or salinity envelope 
conditions increase the susceptibility of disease. 

Table D-10. Estuaries Oyster and SAV Management Option Matrix. 

Uncertainty 
tracking

ID# 

Timeframe 
to detect 
change of 
attributes* 

Attribute 
or 

indicator 

Specific 
Property to be
Measured and 

Frequency 

Decision Criteria: 
Trigger(s) for
Management

Action 

Management
Action Options

Suggestions 
#22 SAV: 5 years 

Oysters: 5 
years (acres 
of live 
oysters) 

SAV 

Oysters 

SAV Monitoring: 
Growing season 
sampling (3x/yr) 
Presence/absence 
Shoot density 
Productivity (Val 
and Thallassia) 
% Cover 
Canopy height 
SAV biomass 
(above and below 
ground) 
SAV distribution 
using Quadzilla 

SAV: 
A decrease of 20% or 
more of acres of SAV 
from best mapping 
year (2010) 
20% or greater loss 
in SAV abundance 

Oysters: 
If the number of 
acres of oysters 
currently found 
upstream of RM 6 
are not replaced by = 
or greater number of 

SAV: 
Optimize flows to 
get the correct 
salinity in the 
correct locations 
Substrate issues – 
muck removal 
Assess water quality 
Seagrass plantings 
Structural changes – 
breakwater or 
sediment trap to 
reduce shear stress 
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Annex D Monitoring Plans 

Uncertainty 
tracking

ID# 

Timeframe 
to detect 
change of 
attributes* 

Attribute 
or 

indicator 

Specific 
Property to be
Measured and 

Frequency 

Decision Criteria: 
Trigger(s) for
Management

Action 

Management
Action Options

Suggestions 
Mapping (every 3 acres of oysters Oysters: 
5 years) between RM 3.5 and 

6 
Change operations 
to increase or 

Oyster Monitoring: If outside of the decrease flows if 
Quarterly at preferred oyster salinity envelope is 
existing RECOVER salinity envelope not correct 
sites and/or Lox between RM 3.5 and Add cultch to areas 
sites RM 6 more than 20% in RM 3.5-6 
Density/m2 of the time If spat is a limiting 
Growth 20% or greater factor, add mature 
Disease 
Predation 
Live and dead 

reduction of living 
oysters between RM 
3.5 and 6 

oysters to existing 
beds or add spat or 
seeded cultch to 
water column, add 

counts travertine tiles 
Recruitment 

D.1.8.3 Estuaries – Substrate Strategy 

LRWRP AM Uncertainty #23. As we change salinity ranges and locations, do we have the proper 
substrate for the new salinity? (Driver or uncertainty type: Ecological) 

If restoration activities meet intended changes to timing in salinity, SAV and oysters may otherwise be 
limited by the available substrate, as it relates to redistribution of different sediment types (e.g. fine-
grained sediments, sand) as a result of increased flows or other conditions from the project. Specifically, 
areas susceptible to fine-grained sediment entrainment can limit productivity or result in sedimentation. 
For oysters, spat may be unable to locate suitable substrate on which to settle even if salinity regimes and 
sediment type are suitable. Benthic mapping will identify changes to substrate and benthic conditions 
following restoration and whether additional management actions are required to create suitable 
conditions for SAV and oysters (see Table D-12 for Substrate Management Options Matrices). Change in 
sediment distribution or composition is possible as an effect of both natural or project-driven mechanisms 
(e.g. increased flows). 

LRWRP Objective or Constraint: Restore and/or maintain estuarine communities (oysters, fish, seagrass). 

Region(s). Loxahatchee River and Estuary. 

Associated LRWRP features: 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? 
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Annex D	 Monitoring Plans 

Both oyster and seagrass communities in coastal estuaries have substrate requirements to persist and 
recruit in a system. By changing the salinity regime in the system through restoration activities these 
communities are expected to shift downstream. Shifting of these communities will require the 
appropriate substrate for recruitment in restoration areas in addition to the alteration of salinity regimes. 
This subject was included in the Adaptive Management Plan due to its level of uncertainty, uncertainty of 
project outcomes, and the ability to address undesired outcomes through adaptive management options. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each. 

A change in the volume, timing, and duration of freshwater flows are expected to shift oysters from 
upstream of River Mile (RM) 6 downstream between RM 3.5 and 6 and seagrasses from upstream of RM 
4 downstream between RM 0 and 4. This is dependent on the availability of the appropriate substrate for 
each of these communities existing in these river stretches following two years of restoration activities. 
Restoration activities may suspend and redistribute fine-grained sediments (e.g. muck) in the water 
column, which may affect the distribution of oysters and SAV. This redistribution can result in covering 
surfaces needed for oyster reef growth. Further downstream, successful restoration of SAV will aid in 
sequestration of sediments from the water column, providing smaller-grained substrate which is 
beneficial for rhizome growth in sandy sediments. 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: 

Two years following the initiation of restoration, benthic mapping will be conducted to determine if the 
appropriate substrate exists for these communities. Following this initial mapping there will be additional 
mapping every ten (10) years. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action, 
and subsequent management options: 

If the substrate within the indicated RMs is not appropriate for the species expected to be found in the 
area (i.e., hard bottom substrate such as rock and preferably oyster cultch for oysters; medium to small 
grained sediment for seagrass) or if muck starts to dominate areas which can be enhanced by appropriate 
substrates for either oysters or SAV, the following actions may be applied to provide the appropriate 
substrate: 

•	 Adding cultch may be necessary for oyster recruitment and growth if existing hard bottom 
substrate is not present. Addition of cultch will replace or add to the available hard bottom 
substrate needed for oyster communities. From past restoration projects in the area the cost of 
cultch placement including planning, design, permitting, cultch acquisition, placement and public 
education is approximately $130,000/acre. 

•	 Removing or capping fine sediments may be needed. Fine sediments that are suspended in the 
water column reduce the amount of light available to seagrasses and cover hardbottom substrate 
needed by oysters. By removing or capping fine sediment these communities will be aided by 
reducing the burying of hard bottom substrate and increasing light availability. 

•	 Sediment traps may need to be installed to reduce sediment runoff into the system. 
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Annex D	 Monitoring Plans 

•	 Installation of breakwaters could assist in protecting areas from shear stress and/or promote 
sediment accumulation. 

Table D-11. Estuaries Substrate Management Option Matrix. 

Uncertainty 
tracking

ID# 

Timeframe 
to detect 
change of 
attributes* 

Attribute 
or 

indicator 

Specific 
Property to be
Measured and 

Frequency 

Decision Criteria: 
Trigger(s) for
Management

Action 

Management
Action Options

Suggestions 
#23 5 years Substrate 

type 
Benthic mapping at 
5 year increments 

If substrate is not 
appropriate for the 
species expected to 
be found in the area 
(hard 
sediment/crunched 
shell for oysters or 
medium to small 
grained sediment for 
seagrass) 

If muck is present in 
the area neither 
oysters nor will SAV 
be able to expand 
into the area. 

Substrate 
remediation: 
Adding cultch 
Removing or 
capping fine 
sediments 
Sediment traps 
Install breakwaters 
to protect areas 
from shear stress 
and/or sediment 
accumulation 

D.1.9 Water Supply Strategies and Management Options 

D.1.9.1 Water Supply – Aquifer Storage and Recovery Strategy 

LRWRP AM Uncertainty #26: Will the Aquifer Storage and Recovery (ASR) wells be able to deliver the 
proposed quantities and timing of water to the Northwest Fork? (Driver or uncertainty type: Engineering 
and Operations) 

LRWRP Objective or Constraint: This uncertainty relates to the LRWRP objective of improved quantities 
and timing of water deliver to the NW fork. 

Region(s). ASR wells 

Associated LRWRP features: ASR wells. 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? We will learn more about our local hydrogeology. A better understanding of 
the hydrogeological characteristics of the aquifer at the ASR wells will inform design and operations of 
LRWRP features. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be 
measured to test each. ASR at our specific project site will be able to perform as expected with regard to 
capacities of 5 MGD per well and 70% efficiency of long-term recovery of stored water from ASR. 
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Annex D	 Monitoring Plans 

More Information on attributes to be measured: 

•	 What is expected to be learned by measuring this attribute, i.e., how will LRWRP benefit from 
knowledge gained about this attribute? Aquifer hydrologic characteristics will be determined 
during the exploratory borehole testing. This information will inform future operations and 
infrastructure needs. The exploratory borehole will then be converted to ASR well #1. 

•	 What is the time frame in which changes to this attribute are expected to be measurable? <3 
years 

•	 Is this attribute complemented by other monitoring programs within and/or outside of LRWRP? 
If so, provide reference to other monitoring. Note the monitoring paid for by others in the 
LRWRP AM budget spreadsheet. SFWMD maintains the Regional Floridan Aquifer monitoring 
network.  Several nearby FAS monitor wells are part of this network.  ASR wells at the C-18W 
Reservoir will contribute additional hydrogeologic data to inform and update SFWMD’s Upper 
East Coast groundwater flow model. 

•	 When during LRWRP’s life cycle should this monitoring begin and end? Monitor wells will be 
installed and monitored throughout the life of this project, though monitoring frequency and 
characteristics are expected to be reduced over time. 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: Several monitoring wells and monitoring protocols will be established Underground Injection 
Control (UIC) permit criteria. The analysis will proceed by standard requirements, and results will be 
reported to the appropriate regulating agency as required. Daily monitoring and totalizing of ASR inflow 
and outflow, and ASR outflow operations will be constrained on specific conductance observed. The 
details will be formed during LRWRP’s detailed design phase, and methodology will be reviewed, updated 
and adjusted if needed by agency subject experts, before initiation, to best meet the intent of the AM Plan. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action. 

•	 UFA does not have suitable permeability for ASR. 

•	 Significant decrease in well capacity. 

•	 Percent recovery significantly below the target 70 percent by volume (higher groundwater salinity 
than expected). 

•	 Arsenic concentrations that greatly exceed the Safe Drinking Water Act criterion. 

Management options that may be chosen based on test results. 

Pre-construction measures 

• Utilize additional and deeper aquifers at the C-18W Reservoir
 

•
 

Post-construction Measures 

•	 Perform well rehabilitation 

•	 Perform longer, larger volume recharge events; 

•	 Adjust schedule of recharge, storage, and recovery plan. 
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Annex D	 Monitoring Plans 

•	 Revise ASR and Reservoir operations to optimize ASR/Reservoir co-operations. 

•	 Consider well infrastructure changes, such as plugging or changing the open interval of the aquifer 
to improve stored groundwater quality 

•	 Potential addition of wells 

D.1.9.2 Water Supply - Flood Risk Management Strategy 

LRWRP AM Uncertainty and ID#31. Will there be unanticipated changes in water levels that impact 
existing level of service to nearby residential areas? (Driver or uncertainty type: Engineering and 
Operations) 

LRWRP Objective or Constraint: Constraint is flood protection assurances and septic system performance. 

Region(s). Any agricultural or residential areas adjacent to LRWRP storage and restoration areas. 

Associated LRWRP features: Impoundments, canals, wetlands, natural storage, flow-through marsh, and 
any other footprints that will store or detain water for this project. 

What is expected to be learned by addressing this uncertainty, i.e., how will LRWRP benefit from 
addressing this uncertainty? Gaining local acceptance and support for project. 

Expectations or hypotheses to be tested to address the uncertainty, and attribute(s) that will be measured 
to test each. Seepage and conveyance features will not cause negative impacts to nearby property 
owners. 

(Additional groundwater recharge will benefit nearby landowners without compromising flood protection 
or septic system performance.) 

More Information on attributes to be measured: 

•	 What is expected to be learned by measuring this attribute, i.e., how will LRWRP benefit from 
knowledge gained about this attribute? Measuring these attributes will indicate how the natural 
system responds to retaining more water with reduced flashiness and how increased 
groundwater levels will contribute to base flow while providing flood protection assurances. 
LRWRP will benefit by fine-tuning operations to optimize benefits while honoring this flood 
protection constraint. 

•	 What is the time frame in which changes to this attribute are expected to be measurable? Less 
than 3 years. 

•	 Is this attribute complimented by other monitoring programs within and/or outside of LRWRP? 
If so, provide reference to other monitoring. Note the monitoring paid for by others in the 
LRWRP AM budget spreadsheet. Yes, all monitoring data collected and used for flow calibration 
compliment this monitoring by allowing a historical perspective to compare project performance 
and impacts to nearby landowners. 

•	 When during LRWRP’s life cycle should this monitoring begin and end? This could be 10+ years. 
A couple of extreme events may be needed to confirm project performance. 
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Annex D	 Monitoring Plans 

Methodology for testing each expectation or hypothesis (including frequency of monitoring) and for 
reporting: Frequency will be event-driven, and documentation could be in the form of an after-storm 
report. Periodic inspection of facilities would occur consistent with standard practices used for similar 
existing infrastructure. 

Triggers/thresholds that indicate good LRWRP performance or need for adaptive management action:
 
Sustained increased stages in the areas of concern compared to similar historical situations;
 
Piping observed along project flow-ways, complaints on excessive and prolonged water levels;
 
delayed recovery to pre-storm water levels compared to historical performance.
 

Management options that may be chosen based on test results: Management options to help address 
water supply performance issues include the following and are listed in Table D-13. 

•	 Modify operations to avoid adverse impacts to level of service 

•	 Expand seepage collection (deeper seepage collection, larger SC pump, extend length of SC 
canal)/reduction features (deepen/extend seepage barrier, or berm construction) 

•	 Improve conveyance capacities (such as localized canal bank improvements or excavation) 

•	 Periodic levee inspections 

•	 Annual or otherwise periodic review of LOS performance compared to historical system response. 

•	 Compare actual system performance with similar historical and modeled output scenarios & user 
complaint history 

Table D-12. Water Supply- Flood Control Strategy Management Option Matrix 

Uncertainty
Tracking

ID# 
Uncertainty
Description 

Timeframe 
to detect 

change of
attributes* 

Attribute 
or 

indicator 

Specific
Property to

be 
Measured 

and 
Frequency 

Decision 
Criteria: 

Trigger(s) for
Management

Action 
Management Action
Options Suggestions 

26 Will the ASR 
wells be able 
to deliver the 
proposed 
quantities 
and timing of 
water to the 
NW Fork? 
Deliver 
performance 
expecting 

<3 years Exploratory 
well 
capacity, 
conductivity, 
source water 
quality, 
ASR 
recovery 
efficiency 

Well 
hydrologic 
performance 
will be 
determined 
during the 
exploratory 
bore hole 
construction, 
Volume of 
daily 

Test borehole 
hydraulic 
conductivity or 
water quality 
substantial 
unfavorable 
compared to 
planning 
assumptions of 
same. 
Significant 

Preconstruction measures 
Utilize additional and 
deeper exploratory 
boreholes for improved 
siting 
Investigate the 
development of deeper 
aquifer 
Perform well rehabilitation 
Post-construction Measures 

recharge and 
recovered 
water, 

decrease in 
well capacity, 
Significant 
increase in 
recovered 
chlorides 

Perform longer, larger 
volume recharge events; 
Adjust schedule of recharge, 
storage, and recovery plan. 
Revise ASR and Reservoir 
operations to optimize 
ASR/Reservoir co
operations. 
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Annex D Monitoring Plans 

Uncertainty
Tracking

ID# 
Uncertainty
Description 

Timeframe 
to detect 

change of
attributes* 

Attribute 
or 

indicator 

Specific
Property to

be 
Measured 

and 
Frequency 

Decision 
Criteria: 

Trigger(s) for
Management

Action 
Management Action
Options Suggestions 

31 Will there be 
unanticipate 
d changes in 
water levels 
that impact 
existing level 
of service to 
nearby 
residential 
areas? (team 
presumes a 
flood impact 
concern) 

<3 years Canal stages, 
Groundwate 
r stages; 

Monitor 
specific areas 
with LOS 
concerns 

Sustained 
increased 
stages in the 
areas of 
concern 
compared to 
similar 
historical 
situations; 
Piping 
observed along 
project flow-
ways, 
complaints on 
excessive and 
prolonged 
water levels; 
delayed 
recovery to 
pre-storm 
water levels 

Modify operations to avoid 
adverse impacts to level of 
service 
Expand seepage collection 
(deeper seepage collection, 
larger SC pump, extend 
length of SC 
canal)/reduction features 
(deepen/extend seepage 
barrier, or berm 
construction) 
Improve conveyance 
capacities (such as localized 
canal bank improvements or 
excavation) 
Periodic levee inspections 
Annual or otherwise 
periodic review of LOS 
performance compared to 
historical system response. 

compared to 
historical 
performance 

Compare actual system 
performance with similar 
historical and Model output 
scenarios & user complaint 
history 

D.1.10 How Adaptive Management Activities Will be applied during LRWRP Implementation 

D.1.10.1 Project Management 

RECOVER will work with the LRWRP project managers to develop workplans and monitoring scopes of 
work in coordination with other technical resource providers as needed to provide the budget, schedule, 
and details to execute the adaptive management strategies identified in the Annex D. At a minimum, one 
RECOVER scientist should be dedicated to overall all coordination of the LRWRP monitoring and adaptive 
management efforts. Additional technical expertise should be engaged as needed. Adaptive management 
activities will be implemented in sequence with the project components being implemented. Workplans 
will include all necessary activities, resources needed, and schedule for completion so that they can be 
resourced appropriately and tracked by the project manager for progress and execution as part of the 
project schedule and implementation plan during design, construction, and operations. 

Project components will be implemented in a staggered fashion due to budget (amount of funds available 
each year), regulatory requirements (permits and compliance monitoring feedback), and LRWRP 
dependency constraints (state and federal projects required prior to implementation of a specific LRWRP 
project component). Time needed to conduct certain adaptive management activities and tasks to inform 
subsequent project component is incorporated in the LRWRP implementation schedule and the Strategies 
section of the LRWRP Adaptive Management Plan. Each adaptive management strategy workplan will 
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Annex D Monitoring Plans 

explain the timing needed to observe, understand, and report restoration performance results from any 
design tests, pilot projects, and/or response to phases of project components or full project components 
being implemented to inform LRWRP implementation (see 

Figure D-10 for adaptive management strategies and project implementation diagram). 

Inform LRWRP Project 
Component 

Figure D-10. Adaptive Management Strategies and Project Implementation Diagram. 

Adaptive management can proceed associated with a full project component, phase, or test, with 
associated monitoring, to inform subsequent restoration actions. Monitoring should be implemented 
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Annex D Monitoring Plans 

before and after implementation for regulatory compliance, restoration response, and adaptive 
management purposes, as described in the adaptive management and monitoring plans. The monitoring 
data assessed after construction, and any other current information, can then be coordinated with 
appropriate CERP agencies to determine progress or the need for adjustments. Adjustments are 
implemented as part of the adaptive management strategies or made to the next set of LRWRP project 
components. The information can also be used to inform future CERP projects. 

Adaptive management during LRWRP’s implementation will incorporate learning to reduce uncertainties 
and associated risk with some of the components, with the intent of achieving cost savings and providing 
the ability for certain project components to be implemented more efficiently. In order for this learning 
to occur, adaptive management strategies will need to be implemented in sequence with the project 
schedule. LRWRP Project Component Schedule and Adaptive Management Implementation). 

D.1.11 Design 

Adaptive management activities will also be executed during the preliminary engineering and design (PED) 
phase of the project. Adaptive management strategies that may involve pilot projects, operational tests, 
and phased implementation as described in this adaptive management plan will be discussed during value 
engineering and detailed design to determine the full scope of each test, project construction phase and 
implementation. RECOVER team members tasked with overseeing LRWRP adaptive management will 
coordinate with the LRWRP engineers and water managers to ensure project designs, tests, and project 
operations manual allow flexibility for adaptive management implementation, as well as ensure 
monitoring plan designs, thresholds-triggers, and reporting is consistent with engineering design and 
water management needs. Adaptive management strategies will also involve updates to monitoring and 
assessment plans to better develop experimental designs, monitoring locations, and analysis methods, as 
well as initiate baseline monitoring data. Some adaptive management activities will need to begin early 
enough to allow development of the monitoring plan design and to implement monitoring contracts to 
support establishment of a minimal baseline before construction of LRWRP project components is 
completed. 

Monitoring and Experimental Design 

RECOVER and other agency monitoring that is being relied upon to inform the LRWRP implementation as 
identified in the adaptive management plan will be reviewed to determine if changes in scope and 
frequency are needed to better capture LRWRP effects. The activities described here fall within the 
approved LRWRP adaptive management budget. LRWRP specific monitoring identified in the monitoring 
and adaptive management plan will require scopes of work, schedules, and assessment protocols to be 
developed and coordinated by RECOVER to determine monitoring location and experimental design 
details to update the monitoring plan. Data analysis and modeling may be needed to inform the statistical 
sampling design needed for monitoring to be able to test LRWRP project hypotheses. Before and after 
control designs will be specified in the monitoring plan update, consistent with the parameters identified 
in each strategy and within the constraints specified by regulatory permits. LRWRP monitoring plan design 
will use existing data where possible, e.g., RECOVER and other agency monitoring efforts. Adaptive 
management strategies maybe updated with more detailed decision trees to outline the decision-points 
associated with triggers/thresholds identified in each strategy. Decision trees will describe who receives 
reports, who provides guidance on decisions associated with the results, and what potential adjustments 
might occur. Updated monitoring plans will be coordinated for approval by implementing agencies and 
concurrence by participating agencies and Tribes. 

LRWRP Draft PIR and EIS Annex D-58 March 2019 



   

       

 

       
      

    
   

  
         

  
    

           
     

   
    

  

 

     
  

       
     

    
     

    
  

   
           

   
 

 

      
       

      
     

  
   

      
     

         
   

   
     

     
    

Annex D Monitoring Plans 

Baseline Monitoring 

In cases where there is not sufficient pre-project data monitoring, contracts will need to be initiated prior 
to construction of specific LRWRP components for illustration of baseline monitoring needs). Final 
assignment of agency monitoring responsibilities will be made after state and federal regulatory permits 
are issued for a component. RECOVER, USACE, and SFWMD monitoring points-of-contact will be identified 
to coordinate and implement monitoring with in-house agency resources or via contracts with CERP 
partner agencies and/or contracted universities or consultants to most efficiently and effectively execute 
the monitoring plan designs. Designated contacts will ensure that results are shared with the partnering 
agencies and non-governmental stakeholders for the duration of the monitoring plan. In addition, prior 
to construction of any component and/or test, a baseline monitoring report will be developed by 
RECOVER and coordinated with the project team and stakeholders, as stated in the PIR monitoring and 
adaptive management plan. The report results will be presented during annual (or as frequently as 
needed) State of the Central Everglades technical meeting described below in the post construction and 
operations and maintenance section. 

Pre-construction Engineering and Design (PED) 

Project component designs will be developed and coordinated with RECOVER to ensure project 
component designs are consistent with the testing objectives identified in the adaptive management plan 
strategy. Further data analysis or review of other project design and monitoring information may be 
required to inform the design of LRWRP project components (e.g., ASR project components). In addition, 
monitoring locations that need to be installed prior to construction for baseline monitoring will be 
coordinated with the PED team to ensure they are aligned properly. The PED team will share project 
component plans and specifications with the RECOVER. Monitoring contract schedules will be aligned with 
project construction schedules and operating protocol as defined in the project component’s operational 
strategy and consistent with the experimental design outlined in the adaptive management plan. 
RECOVER LRWRP point of contacts will also be responsible for conveying results from annual monitoring 
reports to the PED team to help determine options for improving project designs, particularly for the blue 
shanty and seepage management features, but also for additional project components when deemed 
relevant and necessary. 

Project Operating Manuals 

Project operating manuals are developed during design by water managers in coordination with 
engineers, and hydrologists to specify the operating criteria for each structure. Water managers and 
engineers will coordinate with RECOVER to understand what hydrologic analysis is needed to inform 
operational criteria to be used as part of adaptive management tests. In addition, RECOVER will work with 
water managers, planners, and hydrologists to ensure flexibility is incorporated into the project 
operational plan to allow for potential needed adjustments in the future consistent with regulatory 
constraints and NEPA analysis. RECOVER will work with water managers to identify the monitoring 
information, triggers and process to be included in the project operating manual that will inform 
operational adjustments. Project operating manuals should also include the process by which operational 
changes will be assessed throughout the year to integrate with assessments of monitoring data and report 
the effects of operational decisions as part of the annual State of the Central Everglades meeting, and/or 
similar relevant discussions. Draft project operating manuals will be reviewed by the RECOVER LRWRP 
points of contacts, as well as regulatory agencies, to coordinate with the adaptive management strategies 
outlined in the PIR monitoring and adaptive management plan and with regulatory permit requirements. 
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Annex D Monitoring Plans 

D.1.12 Construction 

Construction schedules, construction contract language, and implementation progress will be 
coordinated with RECOVER to ensure that appropriate flexibility is included as needed to be effective in 
fulfilling the intent of the adaptive management plan. Schedules and implementation should include 
monitoring and operational tests consistent with the adaptive management strategies described in the 
adaptive management plan in order to learn from project component implementation. In some cases, 
when agreed to by the implementing agencies, adaptive management strategies may require adjustment 
to construction schedules to be able to learn from implementation of one phase to inform additional 
phases. This logic will reduce uncertainty and risk, could reduce cost, and will need to be incorporated 
into the construction schedule and contracting approaches to ensure this flexibility. LRWRP Project 
Component and Adaptive Management Implementation, for specific adaptive management strategies 
that are intended to inform construction schedule. 

D.1.13 Post Construction and Operations, Maintenance, Repair, Replacement, and Rehabilitation 

Post Construction Monitoring 

LRWRP specific project monitoring, RECOVER system-wide monitoring and other agency monitoring will 
be assessed by RECOVER to determine the restoration performance related to key project components or 
groups of components. The timing outlined in each strategy will determine when data analysis and 
reporting should occur based on the temporal and spatial scale of the parameters being assessed. The 
triggers and thresholds outlined in the management option matrices and adaptive management strategies 
will guide the frequency of reporting and whom the reports are intended to inform. For example, 
strategies developed to address higher risk uncertainties may require more frequent reporting to LRWRP 
implementing agencies and associated regulatory agencies to ensure constraints are addressed. Other 
strategies will have monitoring implemented after a particular project component is constructed for a 
specific timeline to report results to inform LRWRP operations or construction of subsequent project 
components. 

Post Construction Assessment, Reporting, and Linking to Decision-Making 

LRWRP assessment results will be reported to the implementing agencies and LRWRP partner agencies as 
part of the RECOVER system-status report, South Florida Environmental report, or more frequently if 
needed. The process for reporting results to decision-makers is provided in the CERP science feedback to 
decision-making diagram in the CERP Adaptive Management Integration Guide (Figure 3-9, RECOVER 
2011b). The process has changed slightly since publication: 1) Senior-level decision-making/coordination 
bodies have been renamed from the Joint Project Review Board (JRB) to the Quarterly Executive Team 
(QET), and the Quality Review Board (QRB) to the Quarterly Agency Team (QAT). 

As part of assessing and reporting LRWRP’s performance, annual State of the Central Everglades meetings 
will be coordinated by RECOVER to discuss assessment results. Scientists, hydrologists, engineers and 
water managers will present results of structural and operational changes (Drivers) and corresponding 
hydrological (Stressors), ecosystem processes (Effects), and ecological response (Attributes) specific to 
LRWRP implemented project features, tests, and/or operational changes. The meeting goal will be to 
understand status and trends and potential causes of performance issues and/or success, as well as 
discuss the reality of what options (LRWRP and non-LRWRP related) are available to improve performance 
if needed. The meetings could occur in late summer or early fall after completing a water year (ending 
April 30). The meetings will be LRWRP performance focused. The meetings will require coordination 
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Annex D	 Monitoring Plans 

among RECOVER entities overseeing monitoring (LRWRP project funded, RECOVER, and non-agency 
funded), and trained facilitation is recommended to ensure the technical meeting fulfills the LRWRP 
assessment reporting goals. RECOVER will work with the South Florida Ecosystem Restoration Task Force’s 
Science Coordination Group to determine if that forum should host the technical meeting to encourage 
broader non-governmental stakeholder participation. 

No later than 1-2 months after the annual State of the Central Everglades meeting, an environmental 
coordination meeting will be held with managers to discuss with managers any performance issues and 
to communicate success. This meeting will also be used to agree on the appropriate forum to make 
decisions about options to adjust LRWRP implementation and operations, if determined to be needed, 
e.g., DCT, QET, or QAT. 

Monitoring results will be reported in the context of the triggers/thresholds identified in the adaptive 
management strategies, e.g. if performance remains within the triggers/thresholds that are provided to 
indicate need for adjustments, then the operations may continue or the next project component may be 
constructed based on the demonstrated results. Constraint triggers/thresholds that are “triggered” will 
be reported to LRWRP implementing agencies and associated regulatory agencies with suggestions of 
management options to implement, as stated in the adaptive management plan management options 
matrices (MOMs), to be evaluated by the agencies to decide what action is needed. Results of multiple 
monitoring trends will be integrated as part of a multiple lines of evidence analysis (Burton, et al. 2002; 
RECOVER 2006) to inform the potential need for adjusting LRWRP implementation or 
documenting success. 

Suggested options to adjust CERP implementation fall into several categories, listed here by level of effort 
required to implement: 

1.	 Operational Decisions: Operations decisions are weekly/monthly, but get reported and 
summarized and reported at annual meetings. Annual meetings also are a forum to discuss 
potential upcoming operations decisions (e.g. , wet vs. dry years going into El Nino or La Nina 
years); 

2.	 NEPA Covered Options, No Modeling Needed: LRWRP adaptive management plan options that 
are covered by NEPA and do not require additional modeling or analysis beyond what has been 
discussed by scientists and managers; 

3.	 NEPA Covered Options, Requires Modeling: LRWRP adaptive management plan options that are 
covered by NEPA but may require model runs to determine best option; 

4.	 Not NEPA Covered: LRWRP adaptive management options that have not yet undergone sufficient 
NEPA analysis and therefore require additional environmental review and public comment, and 
potentially additional modeling. 

5.	 Not Included in LRWRP adaptive management plan: In some cases, the monitoring results may 
indicate the need for an option not identified in the adaptive management plan or PIR/EIS. This 
may result in agency-approved temporary adjustment to LRWRP implementation and operations 
to avoid the constraint while potential project adjustments are further scoped, analyzed, 
approved, and budgeted for implementation. If additional technical expertise is required in 
RECOVER, an ad-hoc team could be formed to identify performance issues and options in a post 
authorization change report or make suggestions for a future CERP project. 
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Annex D Monitoring Plans 

The USACE Jacksonville District in consultation with Federal and State resource agencies and the USACE 
South Atlantic Division (SAD) and the South Florida Water Management District will guide decisions on 
determining whether restoration success has been achieved or additional operational, structural, or other 
contingency options identified in the adaptive management plan MOMs need to be implemented. 

D.1.14 LRWRP Adaptive Management Plan Cost Estimate 

Identification of the LRWRP monitoring contained in Annex D was guided partly by two objectives. First, 
it must be complete from a LRWRP perspective in that it must provide the monitoring required to address 
LRWRP-specific needs. Second, it must be integrated with other Everglades monitoring to take advantage 
of existing monitoring efforts, knowledge, and information and thereby leverage dollars committed and 
spent elsewhere to avoid redundancies and insure cost-effectiveness. These two objectives guided 
development of the adaptive management plan, hydrometeorological monitoring plan, water quality 
monitoring plan, and the ecological monitoring plan. Where possible, LRWRP will rely on existing 
monitoring resources such as physical instrumentation, stations, locations, servicing, and analysis efforts 
funded by RECOVER, CERP sponsors, and partner agencies. Therefore the monitoring described in the 
LRWRP Adaptive Management and Monitoring plan is limited to the additional, marginal increase in 
monitoring resources and analysis efforts needed to address LRWRP-specific questions. It is assumed that 
the monitoring programs will continue for at least the time needed by LRWRP. The cost estimate for the 
adaptive management monitoring can be found in Table D-14. 
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Annex D Monitoring Plans 

LRWRP monitoring costs are shown here as if all monitoring will take place in one 10-year window. Therefore LRWRP costs here are a ‘worst case,’ 
whereas the actually monitoring schedule is expected to be staggered over the LRWRP implementation schedule as shown in and would therefore 
cost the project less per year. Dollar amounts shown here have not been updated with LRWRP project-wide contingency amounts. These costs 
were provided before LRWRP project contingencies were applied. It should not be assumed that the added contingency amounts will be available 
specifically to fund monitoring efforts. See Table D-14 and D-15 (this Annex) and PIR Section 6 for more information on final cost estimates for 
LRWRP. Please note that $ by itself represents an unknown cost by partner agencies, where we are leveraging existing ongoing monitoring 

Table D-13. LRWRP Adaptive Management Monitoring Cross-walked with Other Monitoring Programs. 

Category or 
Specific

LRWRP Area Uncertainty ID# 
Attributes to be 

Monitored 
RECOVER 
1-Yr Cost 

Other 
Agency 1-Yr 

Cost 
LRWRP 

1-yr Cost* 
Sampling
Frequency Notes 

Watershed Flow 1/2 Flow $0 $0 $100,000 

15 minute for 
operating 
structures; 
daily for non-
operating 

Six flow gages (either 
flow meters; or coupled 
Headwater Tailwater 
Gages associated with 
discharge). Analysis of 
10 total gages 

Watershed Stage 1/2 Stage $0 $0 $70,000 Monthly 

Up to six additional 
Groundwater/Surface 
water wells in Pal Mar, 
Nine Gems, Cypress 
Creek, Corbett) 

Watershed Vegetation Restoration 
Success and 1/2 Vegetation WRAP $0 $0 $30,000 2 x per year 

Estimate based on two 
people (SFWMD/USACE) 
5 sites a day/ 30 sites/ 
$1,000 per day. 

Baseline, 5, 10 years 

Watershed Wetland Vegetation 4 Remote sensing $0 $0 $80,000 2 x per year 
whole project ($150K) 
High impact ag (1, 2) 
($80K) 
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Annex D Monitoring Plans 

Category or 
Specific

LRWRP Area Uncertainty ID# 
Attributes to be 

Monitored 
RECOVER 
1-Yr Cost 

Other 
Agency 1-Yr 

Cost 
LRWRP 

1-yr Cost* 
Sampling
Frequency Notes 

Watershed Flow Restoration 
Success 1/2 Flow $0 $0 $5,000 

15 minute for 
operating 
structures; 
daily for non-
operating 

Leverage existing gages 
Lainhart, G-92, S-46, C
18 W. Analysis of flow 
only 

Watershed Wetland Hydroperiod 
Restoration Success N/A Stage (inundation 

Duration) $0 $0 $100,000 Monthly 

Staff Gages (Install new 
in Nine Gems, Pal Mar, 
Lox slough, Northern 
GWP). 23 total. Monitor 
existing 10. 

Watershed Fish 9 Fish abundance, 
diversity, and biomass $0 $0 $70,000 2 x per year 

10 sites watershed 4 
samples each, 6 
downstream 
river/floodplain. 

Watershed Anurans 9 Frog diversity $0 $0 $50,000 Years 0, 3, 6, 9 

10 sites (Pal Mar, 
Cypress Creek, Lox 
Slough, GWP), 4 sample 
locations per site. 
watershed 

Watershed Wading Birds 9 Wading Bird Nesting 
and Abundance $ $ $100,000 Annual 

Method will be 
determine in future 
monitoring plan drafts 
(UAV, Fixed Wing 
sample) 

Estuary 

How will salinity 
changes due to 
increased flows in the 
NW Fork affect oyster 
populations 

#22 Oysters $54,000 $0 

If 
additional 
site is 
needed 
$26,000 

Monthly for all 
parameters 
and 4x/year 
for dead/live 
counts 

Number of sites and 
their placement will 
need to be determined 
after salinity changes are 
evaluated post 
construction 

LRWRP Draft PIR and EIS Annex D-64 March 2019 



   

       

 
 

    
 

 
 
 

 

 
 
 

 
  

 
 

   

 
  

 
  

 
 

  
 

 
 

 

 
  

 

 
  

  

 
 

 
  

 

    
  

 
        

  

Annex D Monitoring Plans 

Category or 
Specific

LRWRP Area Uncertainty ID# 
Attributes to be 

Monitored 
RECOVER 
1-Yr Cost 

Other 
Agency 1-Yr 

Cost 
LRWRP 

1-yr Cost* 
Sampling
Frequency Notes 

Estuary 
How does the timing in 
salinity changes and 
ranges affect SAV? 

22 SAV Monitoring and 
Mapping $0 $ 

$40,000 
$60,000 
per 
mapping 
year 

Monitoring 
Monthly 3 
months during 
the summer 
Quadzilla 
Mapping every 
other year 

Leverage LRD 
monitoring; Design of 
Vallisneria monitoring 
will need to be 
determined post 
restoration 

ESTUARY 

As we change salinity 
ranges and locations, 
do we have the proper 
substrate for the new 
salinity? 

22 Substrate Mapping $0 N/A $60,000 Once every 
five years N/A 

TOTAL 
AVERAGE N/A N/A N/A N/A N/A $731,000 N/A Annual estimate. 
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Annex D Monitoring Plans 

Table D-14. Adaptive Management Costs. 

Action Location Details Cost 
Plugs Nine Gems Up to 5 plugs in Nine Gems and/or Moonshine Creek/Cypress Creek 

to divert flow to desired flow path towards flow-way and creeks. 
($23,000 per plug) 

$115,000 

Berm Removal Nine Gems up to 2,500 feet of additional Berm removal to reduce impediments 
to flow ($7.24 per cubic yard; 6 cy per linear foot) 

$108,600 

Regrade GulfStream 
West/East/Shiloh 

Up to 190 acres regrading ($1,168.48 per acre) $222,000 

Planting or 
Treatment 

GulfStream 
west/East/Shiloh 

Up to XXX acres treatment 
Up to 450 acres planting ($25,645 per acre) 

$2,200,218 

Cultch Estuarine 
Mesohaline 

$130,000 per acre. 10 acres. $1,300,000 

Total Adaptive Management Contingency Cost $3,831,000 
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Annex D Monitoring Plans 

D.1.15 LRWRP Screened Uncertainties 

Table D-16 lists the uncertainties screened out of the adaptive management plan. Reasons for screening 
out suggested uncertainties may have included lack of direct relevance to project object or constraint, 
low ratings in the screening criteria described earlier in this Plan, inappropriate scale for LRWRP (system
wide scale questions may be more appropriate to include in the RECOVER System-wide Adaptive 
Management Plan; very small scale questions may have scored low in the screening criteria), lack of ability 
to improve LRWRP performance by understanding more about the uncertainty, or simply that the 
uncertainty was already covered by another that had been suggested (duplicates). The suggested 
uncertainties are organized below by ID tracking number and geographic area. Brief LRWRP adaptive 
management sub-team meeting notes on rationale for screening are included. 
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Annex D Monitoring Plans 

Table D-15.  Uncertainties Screened Out of Adaptive Management Plan. 

Uncertainty 
ID # Region Risk or question or uncertainty Meeting notes and discussions Rationale of uncertainty removal 

3 Wetland 
vegetation 

Restoration of vegetation - will 
wetland vegetation establish in these 
areas? Will we need to seed or plant? 
low impact ag 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

5 Flow 
Ability to rehydrate wetlands due to 
water table fluctuations across the 
project area 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

6 Wetland 
vegetation 

How will WQ affect our ability to 
restore natural vegetation? 
Downstream 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

7 Wetland 
vegetation 

How will WQ affect our ability to 
restore natural vegetation? Flow-
through Marsh 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

7 Process 

Based on previous research and 
monitoring (2010 Lox River Science 
Plan) identify and overcome the deficit 
between what we want to do and 
what we need to pick up and reuse. 

N/A 

Process uncertainty - this will be addressed 
as we proceed in developing the AM and 
Monitoring Plan - Screened out as a project 
uncertainty 

8 Wetland 
vegetation 

How will WQ affect our ability to 
restore natural vegetation? Other 
areas 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

10 Estuaries 

How will restoration enhance species 
abundance and diversity in the river 
(juvenile fish, species returning to the 
area) 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

10 Estuaries 

What comes with a change of 
distribution of freshwater coming 
down the northwest fork? Will there 
be more nutrient-laden water? How 
would this affect species and natural 
communities downstream? 

N/A 
Added to Uncertainty #22 and it was 
expanded to include unanticipated habitat 
shifts 
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Annex D Monitoring Plans 

Uncertainty 
ID # Region Risk or question or uncertainty Meeting notes and discussions Rationale of uncertainty removal 

11 Estuaries 

How will restoration enhance species 
abundance and diversity in the estuary 
(fish, SAV, oysters, species returning to 
the area) 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

11 Estuaries 
Are there or will there be unintended 

consequences that come from 
achieving targets? 

N/A 
Added to Uncertainty #22 and it was 
expanded to include unanticipated habitat 
shifts 

12 Water 
Supply 

How will future water withdrawals for 
potable water affect our ability to 
restore natural resources in that area? 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

12 Estuaries 

Seagrass decline/loss but may not be 
associated with restoration flows. 
There is a need to understand the 
complete picture of what has 
happened in the past and with what is 
occurring now in order to avoid the 
transference of success, or lack 
thereof, on the wrong attribute 
(current restoration project or 
previous/pre-existing environmental 
factor) if future restoration is not 
successful. 

N/A Screened Out 

13 Invasive 
Species 

Will the changes in hydrology facilitate 
the spread of invasive species? Fauna 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

13 Invasive 
Species 

Understand what the status of invasive 
species are now in restoration/project 
area 

N/A 

The status of invasive species will be 
captured in the Project Invasive Species 
Management Plan. The uncertainties due to 
invasives are captured in Uncertainty #14. 
Screened Out 

13 Invasive 
Species 

Pal-Mar is in private hands with no 
land management and there could be 
an exotic species problem that comes 
into the project area. 

N/A Rolled into Uncertainty #14 on invasives 
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Annex D Monitoring Plans 

Uncertainty 
ID # Region Risk or question or uncertainty Meeting notes and discussions Rationale of uncertainty removal 

13 Invasive 
Species 

Is there potential for the project to 
transfer/expand invasives to other 
areas? Fauna 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

13 Invasive 
Species 

Invasive issues on private lands in the 
project area – invasives not being 
managed on private lands, maintains a 
seed source for adjacent conservation 
lands 

N/A 
These uncertainties were rolled into 
Uncertainty #19 on invasives 

20 
Wetland 
vegetation/ 
Estuaries 

How do habitat changes unrelated to 
the project affect restoration? 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

20 Estuaries 

How does the change in temporal and 
spatial aspects of the salinity regime 
affect the VECs we are trying to 
restore? Oysters, seagrass 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

21 Project Area 

The Loxahatchee River Watershed 
boundaries - Revisions continue to be 
made to the attached map, but this 
particular map was adapted by the 
Loxahatchee River Management 
Coordinating Council 

N/A 
Screened out because it does not affect 
restoration 

24 Cultural 
Resources 

How will hydrological restoration 
affect cultural resources? 

N/A 
Screened out because the uncertainties will 
be addressed in plan formulation 

25 Climate 
Change 

Will project changes offset SLR effects? 
How will it affect what we are trying to 
do? 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

27 Climate 
Change 

How can the project counteract 
climate change affects that were not 
anticipated? 

Not screened out initially, went through 
the prioritization process 

Climate change uncertainties are going to be 
dealt with during the plan formulation 
process so they will not be addressed in the 
Adaptive Management Plan 
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Annex D Monitoring Plans 

Uncertainty 
ID # Region Risk or question or uncertainty Meeting notes and discussions Rationale of uncertainty removal 

28 Climate 
Change 

Will changing rainfall patterns affect 
the ability to deliver the quantity of 
water for the project? 

Not screened out initially, went through 
the prioritization process 

Climate change uncertainties are going to be 
dealt with during the plan formulation 
process so they will not be addressed in the 
Adaptive Management Plan 

29 Species Will STAs and/or FEBs affect nesting 
(breeding), foraging? 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

30 Species 
Will species impact our ability to 
manage the features for the benefit of 
the project? 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

32 Cultural 
Resources 

Cultural resources – some surveys 
complete 

N/A 
Screened out because the uncertainties will 
be addressed in plan formulation 

33 Faunal 
Species 

Threatened, endangered and species 
of special concern 

N/A 
Screened out because it is captured in 
Uncertainty #9 

34 Engineering 

Is there a need for additional 
operational changes to balance out 
stages and address flood control? 
(more water through C-18) 

N/A 
Screened out because it is captured in 
Uncertainty #1 

35 Flow Will there be more nutrient-laden 
water that was not anticipated? 

Not screened out initially, went through 
the prioritization process Tier 3 of prioritization so not carried forward 

36 Engineering 
There should be flexibility in the 

structures if they are installed? 
(adaptability) 

N/A 

Screened out because the flexibility of the 
structures is captured in plan formulation. 
Flexibility of operation of the structures is in 
the AM plan, but not the construction of the 
structures 

37 Engineering 

Operational changes already done – 
this project brings in more water – do 
we need to do additional operational 
changes? 

N/A Screened Out 
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D.3 Hydrometeorological Monitoring 

NOTE TO THE READER: THE HYDROMETEOROLOGICAL PLAN DESCRIBED HERE IS CONCEPTUAL AND WILL 
BE ADJUSTED ACCORDINGLY AS ADDITIONAL ANALYSES ARE PERFORMED DURING OPTIMIZATION OF THE 
TSP. 

D.3.1 Data Quality Objectives 

Developing Data Quality Objectives (DQOs) is an integral part of the planning process to ensure that 
final monitoring and testing data can be used for their intended purposes. Hydrometeorological 
data will be used to quantify project performance, evaluate water quality-related goals and objectives, 
and to comply with monitoring requirements of a variety of operational permits. The DQOs to be 
considered include accuracy, precision, sampling frequency, availability, completeness, reporting 
frequency, and timeliness. These objectives are addressed in CERP’s Quality Assurance Systems 
Requirements, Chapter 6, Table 6.1, dated 7 December 2010. The DQOs are further outlined in Section 
3.1.1 of this document. 

D.3.2 Monitoring Data Elements/Indicators/Cost Estimate 

Hydrometeorological and hydraulic monitoring will collect, at a minimum, groundwater and/or surface 
water stages measured at each of the new or rehabilitated structures; gate openings at gated structures; 
and pump revolutions per minute (RPMs) at pump stations and Aquifer Storage and Recovery (ASR) wells 
to calculate flows. A list of currently active meteorological stations and surface water gages at main 
structures within the Loxahatchee River Watershed Restoration Project (LRWRP) project area can be 
found in Table D-. All stations listed here currently are active. A list of currently active groundwater 
monitoring stations in the surficial aquifer and upper Floridan Aquifer are can be found in Table D-17. 
Structure designs proposed in the Tentatively Selected Plan (TSP) are still conceptual and locations will 
change as the recommended plan is developed. Labels and structure names will be provided after the 
optimization of the TSP. 

A preliminary list of minimal gaging needs to be collected as part of LRWRP is described in Table D-18. 
These gaging parameters augment current monitoring stations that will be leveraged for LRWRP. The 
headwater and tailwater stage gages located directly upstream and downstream of the structures, 
respectively, along with the gate openings, are used to compute flows through structures, as well as 
controlling structure operation. ASR system monitoring requires wellhead pressures (in psi) and flow rates 
at each ASR well for monthly reporting requirements. The 15-minute measurement frequency is the 
USACE required standard for stage parameters at operable structures and flows at ASR wells. Breakpoint 
data are required for pump and are collected when changes to the RPMs are made, up to a frequency of 
1-minute. The hydrologic and meteorological data collection equipment will be installed as part of a 
construction contract or as  a separate task order with construction funding. Hydrometeorological 
parameters such as surface and groundwater stages require accurate estimates of the water elevation 
compared to a known reference. All new surface and groundwater monitoring installations will be 
surveyed to a first-order accuracy using the nearest geodetic benchmark. Reference elevations will be 
reported in both the NAVD88 and NGVD29 datums. Several of the structures are located in close proximity 
to each other and/or currently active gages, so that the final number of new gages can be reduced. The 
conceptual structures proposed for the northern portion of the project area (Pal-Mar, Nine Gems, 
Gulfstream West, and Ranch Colony Canal) are shown in Figure D-11. The conceptual structures proposed 
for C-18 west are shown in Figure D-12. 
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Table D-16. Currently Active surface water monitoring gages and meteorological stations at existing 
structures in the Loxahatchee River Watershed Restoration Project. 

Basin Structure Parameter Measurement 
Frequency Location 

C-18 

C18-PC13-H Stage, Headwater BK, DA PC-13 culvert north of PGA Blvd 
C18-PC15-H Stage, Headwater BK, DA PC-15 culvert north of Bee Line Hwy 
C18-PC15-T Stage, Tailwater BK, DA PC-15 culvert north of Bee Line Hwy 
C18W-H Stage, Headwater BK, DA Weir north of Bee Line Hwy 
C18W-T Stage, Tailwater BK, DA Weir north of Bee Line Hwy 
C18W-W Flow BK, DA Weir north of Bee Line Hwy 
C18W-R Rain Gage BK, DA Station on C-18W at Bee Line Hwy 
G160-H Stage, Headwater BK, DA Spillway on C-18 at Lox Slough 
G160-T Stage, Tailwater BK, DA Spillway on C-18 at Lox Slough 
PINEGLD_R Rain Gage BK, SUM Pine Glades Natural Area 
PRATT_AN_R Rain Gage BK, SUM Pratt and Whitney facility 
S46-H Stage, Headwater BK, DA At S-46 structure on C-18 Canal 
S46-T Stage, Tailwater BK, DA At S-46 structure on C-18 Canal 
S-46S Flow at Gate BK, DA At S-46 structure on C-18 Canal 
G160-W Flow BK, DA Spillway on C-18 at Lox Slough 
G160-T Stage, Tailwater BK, DA Spillway on C-18 at Lox Slough 
G161-H Stage, Headwater BK, DA Culvert beneath Northlake Blvd from GWP 
G161-T Stage, Tailwater BK, DA Culvert beneath Northlake Blvd from GWP 
G161-C Flow BK, DA Culvert beneath Northlake Blvd from GWP 

Loxahatchee 
River Slough 

LOXEST Wetland Stage BK, DA Lox Slough east of C-18 Canal 
LOXWST Wetland Stage BK, DA Lox Slough west of C-18 Canal 
LNHRT-T Stage, Tailwater BK, DA Lainhart Dam 
LOX Stage, Headwater BK, DA USGS gage upstream of Lainhart Dam 
LOX Flow DA USGS gage upstream of Lainhart Dam 
LOX 8 Stage DA USGS gage on Lox River at FL Tpke 
LOX 8 Flow DA USGS gage on Lox River at FL Tpke 

LOX.91 Stage DA 
USGS gage on Lox River at HSLCD ditch 
discharge (RM 9.1) 

LOX.91 Flow DA 
USGS gage on Lox River at HSLCD ditch 
discharge (RM 9.1) 

Kitching 
Creek 

JDWX Weather Station BK, DA J. Dickinson State Park at SE Kitching Creek Rd. 
LOX_KITC Stage, Tailwater BK, DA Kitching Creek just upstream of Lox River 

LOX_KITC 
Surface Water 
Temp Min, Max, DA Kitching Creek just upstream of Lox River 

LOX_KITC Salinity Min, Max, DA Kitching Creek just upstream of Lox River 

LOX_KITC 
Specific 
Conductance Min, Max, DA Kitching Creek just upstream of Lox River 
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Note: BK, breakpoint; DA, daily average; RPM, revolutions per minute; SUM, sum of precipitation over a given period; 
T, tailwater; H, headwater; RM, River Mile 

Table D-17. Currently Active groundwater monitoring gages stations in the Loxahatchee River 
Watershed. Restoration Project. 

Basin Well Parameter Measurement 
Frequency Aquifer Location 

C-18 
PB-1525 GW level BK, DA Surficial Lucky Tract north of C-18W Canal 

PB-689 GW level Random Surficial 
Hungryland Slough off 
Indiantown Rd 

PB-875 GW level BK, DA Surficial At G-92 Structure 
PGAW02 GW level BK, DA Surficial Adjacent to G-160 
PGAW03 GW level BK, DA Surficial Adjacent to G-160 
PGAW04 GW level BK, DA Surficial Adjacent to G-160 
PGAW05 GW level BK, DA Surficial Adjacent to G-160 

L-8 
PB-1615 GW level BK, DA Surficial Corbett west of Mecca site 

PBF-15 GW level BK, DA 
Floridan Aquifer 
System L-8 Tri-zone monitor well 

Pal-Mar 
M-1083 GW level BK, DA Surficial Western Pal-Mar near Route 711 
M-1234 GW level Random Surficial Old Indiantown Road 

Note: BK, breakpoint; DA, daily average; Random, measured infrequently. 

The USACE Jacksonville District receives data from various sensors and data collection platforms to 
monitor surface water flows and levels, and meteorological conditions. Automated timed processes 
provide provisional near-real-time data required for water management operations. Additional data are 
also received through an interagency data exchange program among the SFWMD, the USGS, and USACE. 

As the recommended plan is optimized and further developed, estimates and contingencies for 
hydrometeorological monitoring during Operational Testing and Monitoring Phase (OTMP), and 
Operation, Monitoring, Repair, Replacement and Rehabilitation (OMRR&R) will be reported in Section 6 
and in further Annex D sections. 
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Figure D-11. Image showing approximate structure locations in the northern portion of the project 
area. 

Table D-18. Minimum LRWRP surface and groundwater monitoring needs. 

Management
Measure Component Number of 

Structures Parameters Frequency 

M-1 Canal 75 cfs pump station 1 Headwater, Tailwater Stage 15-min 

M-O Canal 100 cfs pump station 1 Headwater, Tailwater Stage, 
pump RPMs 15-min 

ASR System 

Intake/Recharge pump at wet well 1 Stage at intake, pump RPM 15-min, BK 
Surface facility recharge/recovery 
piping 1 Flow, in MGD 15-min 

Recovery pump on each ASR well 4 Wellhead pressure in psi , 
pump RPM 15-min, BK 

Floridan Aquifer monitor wells 4 Wellhead pressure in psi 1 hour, DA 

C-18 West 
Reservoir 

Seepage pump 1 Headwater, Tailwater Stage 15-min 
300 cfs Inflow Pump Station 1 Pump RPMs BK 
Inflow Structure 2 Headwater, Tailwater Stage 15-min 
Automated Dual 48-in Gated 
Culvert to C-18W Canal 1 Headwater, Tailwater Stage 15-min, BK 
Fixed-crest Corbett Weir 1 Headwater, Tailwater Stage 15-min 
Embankment piezometers along 
southern margin 15 Stage 15-min 
Basin level gages 4 Stage 15-min 
Weather Station 1 Rain, Wind 15-min 
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Management
Measure Component Number of 

Structures Parameters Frequency 

Ranch Colony 
Operable weir at Cypress Creek 
headwater 1 Headwater, Tailwater Stage, 

flow in cfs 15-min 
Canal Operable twin 84-in culverts on 

Ranch Colony Canal 1 Headwater, Tailwater Stage, 
flow in cfs 15-min 

Gulfstream 
West flow-
through marsh 

Inflow pump station (250 cfs) 1 Headwater, Tailwater Stage, 
flow in cfs pump RPM 15-min, BK 

Gated culvert for 200 cfs outflow to 
RCC 1 Headwater Stage 15-min 
Berm piezometers along eastern 
margin along FL Tpke 10 Stage 15-min 

Nine Gems Northern perimeter drainage canal 1 Stage (location to be 
determined) 15-min 

Kitching Creek Weir 1 Headwater, Tailwater Stage 15-min 
Note: BK, breakpoint; DA, daily average; RPM, revolutions per minute; T, tailwater; H, headwater; RCC, Ranch Colony 
Canal. 

Figure D-12. Image showing approximate structure locations in the southern portion of the 
project area. 
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D.3.3 Procedures and Methods 

Measurements will be recorded in the manner outlined in CERP’s Quality Assurance Systems 
Requirements, Chapter 6, Table 6.1, dated 7 December 2010. 

To summarize, surface water stages will be measured using an SDI encoder at each monitoring location. 
The accuracy required is ±0.02 feet for critical sites and ±0.03 feet for non-critical site. The reported 
resolution will be 0.01 feet and the instrument range will be 0 20 feet. The precision will be ±0.01 feet. 
The sampling frequency will be 15 minutes, at 0, 15, 30, and 45 minutes past each hour (e.g., at 1500 hrs, 
1515 hrs, 1530 hrs, etc). 

Groundwater stages will be measured using an SDI encoder at each monitoring location. The accuracy 
required is ±0.03 feet. The reported resolution will be 0.01 feet and the instrument range will be 0 30 feet. 
The precision will be ±0.01 feet. The sampling frequency will be 15 minutes. 

Rainfall will be measured with an accuracy of ±0.01 inches. The reported resolution will be 0.01 inches 
and the precision will be ±0.01 inches. The sampling frequency will be 15 minutes. 

Gate positions will be measured using gate position indicators with an accuracy of ±0.05 feet, a reported 
resolution of 0.01 feet, and a gate position range of either 0-75 inches or 0-550 inches. The precision 
required is ±0.02% full stroke. The reporting frequency will be 15 minutes. 

Pump RPMs will be measured with an accuracy of ±25 RPM and a reported resolution of 1 RPM. The pump 
RPM range will be 0-3,000 RPMs. The reporting frequency will be 1-360 samples per hour. 

Computed flows will have an accuracy uncertainty limit of 95% C.I. The accuracy will be ±10% for inland 
spillways, ±15% for culverts, and ±15% for pumps. The velocity instrumentation will have a precision of 
±0.01 feet/second. The reporting frequency will be 15 minutes. 

The hydrologic and meteorological data collection instruments utilized for this project will be installed as 
part of the construction contract or under separate contract. Water stage measuring devices will be 
affixed to a platform in a manner to discourage vandalism and natural or unnatural intrusions (inclement 
weather, animals, etc.). Water surface elevation measuring devices will use SDI encoders for measuring 
values. Gate positions will be measured using gate position indicators. Flow calculation equations that are 
used to compute flow on site with certain instrument types, such as a programmable data logger, will be 
developed under the supervision of the sponsoring agencies hydrology and hydraulics monitoring units 
during the execution of this monitoring plan. 

D.3.4 Rationale for Indicator Selection 

The indicators selected for inclusion are required under CERP’s Quality Assurance Systems Requirements, 
Chapter 6, Table 6.1, dated 7 December 2010. The headwater and tailwater values are used, along with 
gate openings or pump RPMs, to determine the flow of water through the structure. 

D.3.5 Sampling Frequency and Duration 

The sampling frequency and duration is governed by CERP’s Quality Assurance Systems Requirements, 
Chapter 6, Table 6.1, dated 7 December 2010. 
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Annex D Monitoring Plans 

Surface water stages recording frequency will be 15 minutes, at 0, 15, 30, and 45 minutes past each hour
 
99 (e.g., at 1500 hrs, 1515 hrs, 1530 hrs, etc).
 

Groundwater stages recording frequency will be 15 minutes
 

Rainfall recording frequency will be 15 minutes.
 

Gate positions recording frequency will be 15 minutes.
 

Pump RPMs recording frequency will be by break point, with a minimum of one (1) recording per hour up
 
to 360 recordings per hour.
 

Computed flows computing frequency will be 15 minutes.
 

D.3.6 Assessment Process and Decision Criteria (triggers and thresholds) 

Trigger elevations for surface water will take into consideration the design headwater and tailwater at the 
gages’ respective structures to ensure that design limits are not reached. In addition, the decision criteria 
will be further refined as the operations of LOWRP are developed. 

D.3.6.1 Data Collection 

D.3.6.2 Sample/Data Collection Standards and Ethics 

No samples will be collected for hydrometeorological monitoring. Data will be collected following the 
required standards as described in this document. 

D.3.6.3 Sample Submission 

No samples will be collected for hydrometeorological monitoring. 

D.3.6.4 Chain of Custody 

No samples will be collected for hydrometeorological monitoring. 

D.3.6.5 Quality Control Samples 

No samples will be collected for hydrometeorological monitoring. 

D.3.6.6 Data Validation 

The Corps data validation process is subject to ER 1110-2-8155, Hydrometeorological Data Management 
and Archiving, dated 31 July 1996, and ER 1110-2-249, Management of Water Control Data Systems, dated 
31 August 1994. The Corps data validation methods may be accomplished by automated or 
manual means. 

The SFWMD procedures are described in their 2008 South Florida Environmental Report, Appendix 2-1: 
Hydrological Monitoring Network of the South Florida Water Management District. The following 
paragraph is from a relevant section of that document. 
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“Several standard operating procedures (SOPs) were developed for data processing by the District…Many 
of these procedures and processes are automated. The Data Collection/Validation Preprocessing System 
(DCVP) database provides for the storage and extraction of preliminary time-series data for further 
inspection. Once data is extracted from DCVP, it is subjected to an initial QA/QC check in order to 
ascertain or improve data quality. This is accomplished through the use of the Graphical Verification 
Analysis (GVA) Program, a software tool which provides analysts with a graphical user interface in which 
to plot, edit, and apply quality tags and comments to data. The GVA application is used for the validation 
of the data. Once data has undergone analysis in GVA, it is uploaded into the DBHYDRO database, 
finalizing the preprocessing stage…” 

D.3.6.7 Raw Data 

Data collected by the SFWMD will be kept as raw archive files. The adjusted (QA/QCed) data will be stored 
as processed archive files. Data collected by the Corps is maintained in Oracle databases and further 
computations are applied to generate addition databases of computed data. 

D.3.6.8 Data Processing 

The Corps data validation process is subject to ER 1110-2-8155, Hydrometeorological Data Management 
and Archiving, dated 31 July 1996 and ER 1110-2-249, Management of Water Control Data Systems, dated 
31 August 1994. 

The SFWMD procedures are described in their 2008 South Florida Environmental Report, Appendix 2-1: 
Hydrological Monitoring Network of the South Florida Water Management District. 

Data processing should be approached with the same high accuracy standards for all sites/stations 
regardless of mandate or permit conditions. Flow and meteorological data must be summarized or 
derived through review, analysis, and interpretation before they can be placed in any meaningful context, 
then published. Data processing involves multiple steps: (1) data retrieval, (2) data review, (3) data 
verification and validation, (4) data analysis of raw time-series data to ensure data quality in support of 
environmental monitoring and assessment activities, (5) interpretation of analysis, and (6) archival. 

D.3.6.9 Data Storage and Archiving 

Data collected or obtained by the Corps will be stored and archived in accordance with ER 1110-2-8155, 
Hydrometeorological Data Management and Archiving, dated 31 July 1996. The Corps maintains Oracle 
databases where all collected and computed Water Management data is stored/archived. 

For the SFWMD, after the data validation process (generally with one week), all data are archived in a 
SFWMD database (DBHYDRO) and maintained so that end users can retrieve and review all information 
relative to a sampling event. If data are not suitable for DBHydro, they will be entered into the CERP 
Integrated Database (CID) on CERPZone through the Morpho interface. Field notes are maintained on an 
internal server either by scanning actual field note pages as PDFs (Portable Document Format) or by 
uploading narratives from field computers as CSVs (Comma Separated Values). All analytical data and 
field conditions are sent to a database designated by the sponsors for long-term storage and retrieval. 
The sampling agency or contractor maintains records of field notes and copies of all records relative to 
the chain of custody and analytical data. It is the responsibility of each agency or contractor to maintain 
both current and historical method and operating procedures so that at any given time the conditions 
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Annex D Monitoring Plans 

that were applied to a sampling event can be evaluated. For any contracted work, original documents are 
to be provided to the SFWMD by the project completion date. 

D.3.7 Documentation 

For all documents, the following standards should apply: 

• Print text, do not use cursive handwriting. 

• Dates should be recorded as MM/DD/YYYY. 

• Time should be recorded in 24-hour format using local time. 

• Logs and notes should be recorded on site and at the time of collection. 

• Entries are to be made in waterproof ink. 

• Samplers should be properly trained. 

D.3.7.1 Field Notes 

No field samples will be collected for hydrometeorological monitoring. Relevant field observations will 
be noted in a bound waterproof notebook that is project specific. The following information will be 
entered into the field notes: project name, frequency, trip type, date, collectors, responsibilities, weather, 
preservation/acids, labs submitted to, sample ID, site ID, time collected, and sample type. Additional 
comments on observations, equipment cleaning, maintenance, and calibration will also be recorded. 

D.3.7.2 Field Instrument Calibration Documentation 

Records of field instrument calibration will be kept and SFWMD or Corps SOPs for calibration will be 
followed. 

D.3.7.3 Corrections 

Corrections to header sheets, field notes, or calibration sheets will only be made by staff who participated 
in the production of the document. Changes will be made by striking through the error, writing the 
correction, initialing, and dating the change. On occasion, a detailed explanation of the error may be 
required. 

D.3.8 Quality Assurance and Quality Control 

D.3.8.1 System for assessing data quality attributes 

The standards as set forth under the Corps and the SFWMD’s respective requirements will be adhered to 
and followed. These are described and/or referenced under Section 2.3 of this document. 

D.3.8.2 Data Quality Qualifiers 

The data quality standards are outline in Section 2.2 of this document. 
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D.3.8.3 Field Audits 

The data quality standards for hydrometeorological data are determined under the Corps and SFWMD’s 
respective guidances and will be followed. 

D.3.9 Data Analyses and Records Management 

The Corps process is subject to ER 1110 2 8155, Hydrometeorological Data Management and Archiving, 
dated 31 July 1996 and ER 1110 2 249, Management of Water Control Data Systems, dated 
31 August 1994. 

The SFWMD procedures are described in their 2008 South Florida Environmental Report, Appendix 2 1: 
Hydrological Monitoring Network of the South Florida Water Management District. 

Please refer to Section 2.3 of this document for further information. 

D.3.9.1 Data Quality Evaluation and Assessment 
The data quality standards for hydrometeorological data are determined under the Corps and SFWMD’s 
respective guidances and will be followed. 

D.3.10 Adaptive Management Considerations 
Where possible, LRWRP hydrometeorological data will support adaptive management by contributing 
data needed to address LRWRP uncertainties and future project adjustments. The adaptive management 
strategies that will leverage hydrometeorological data include but are not limited to optimizing water 
deliveries from C-18 West and ASRs to the Loxahatchee River. 
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PART 3. LRWRP WATER QUALITY MONITORING PLAN
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D.4 LRWRP Water Quality Monitoring Plan 

D.4.1 Introduction 

This document serves as a preliminary reference for monitoring surface water and groundwater quality 
for the Loxahatchee River Watershed Restoration Project (LRWRP). Monitoring will be conducted to 
evaluate the LRWRP’s performance with regard to restoration goals and regulatory compliance. 
Specifically, the project is intended to restore and sustain the quality, quantity, timing and distribution of 
water entering the federally designated “National Wild and Scenic” Northwest Fork of the Loxahatchee 
River. In addition, the project will restore, sustain, and reconnect the wetlands forming the historic 
headwaters of the river. The LRWRP areas of focus are the natural areas west of the C-18 Canal, east of 
the L-8 Canal, north of the C-51 Canal, and south of the C-44 Canal, located in central and northern Palm 
Beach County and southern Martin County. See Figure D-13 for a map of the project footprint. This 
monitoring plan is conceptually organized to characterize the quality of the surface water in the three 
flow-ways used to provide surface water to the Loxahatchee River. 

D.4.2 Project Description 

The LRWRP project includes the following elements as shown in Figure D-13. 

A.	 Flow-way 1: The southern-most flow-way. 

a.	 Component 10. Delivers Lower M-1 Basin water to the M -Canal and Grassy Waters Preserve 
(GWP) 

b.	 Components 9 and 8. Waters from the GWP are delivered via G-161 to the GWP Triangle and 
then to the Loxahatchee Slough. 

c.	 Component 7. Operation of control structure G-160 (on the C-18 Canal) improves 
hydroperiods in the Loxahatchee Slough before waters are discharged to the conveyance 
section of the C-18 Canal. 

B.	 Flow-way 2: The central flow-way. 

a.	 Component 6. A connection from the M-O Canal supplies water to a 9,500 ac/ft above-ground 
C-18W Reservoir. Additional flow is provided to this feature from the C-18W canal, and from 
the J.W. Corbett Wildlife Management Area. This reservoir discharges via the C-18 West Canal 
to the C-18 Canal downstream of the G-160, mingling with waters from Flow-way 1 
discharging from G-160. 

b.	 Component 6. At the C-18W Reservoir a total of 4 ASR wells will utilize the Upper Floridan 
Aquifer and the Avon Park Permeable Zone for storage and recovery increasing the capacity 
of the C-18W Reservoir. 

C.	 Waters from Flow-ways 1 and 2 can continue down the C-18 to the S-46 Control Structure and be 
discharged to the Southwest Fork of the Loxahatchee River. Alternatively, these waters can be routed 
from the C-18 through the G-92 structure into the Northwest Fork of the Loxahatchee River passing 
over both the Lainhart and Masten Dams. 

D.	 Flow-way 3: the northernmost project flow-way has multiple hydrologic components, all of which are 
tributary to the North Fork of the Loxahatchee River. 
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a.	 Component 1. In portions of Kitching Creek, a spreader canal and a weir/plug improve 
hydrology. 

b.	 Component 3. Changes to weirs, culverts and grade, plus a small pump and spreader swale 
combine to reduce overdrainage of the Cypress Creek Canal and Ranch Colony area. 

c.	 Component 5. In Palmar East ditches are plugged, pipes removed, berms are improved and 
constructed. Sheet flow above control elevation is captured by the Nine Gems Canal and 
directed to the Gulfstream West flow-through marsh. 

d.	 Component 4. Restoration of area and creation of the Gulfstream West flow-through marsh. 
Drainage from the Hobe St. Lucie Conservancy District Unit 2 is collected and attenuated in 
the flow-through marsh. 

e.	 Component 2. Install weir in Hobe Grove Ditch (HGD) before it discharges to the main channel 
of the NWFLR. Connect HGD to Moonshine Creek, clear excess vegetation and grade adjacent 
areas to facilitate flow into Moonshine Creek channel 

Figure D-13. Loxahatchee River Watershed Restoration Project Alternative 5R components. 
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D.4.3 Monitoring Objectives 

This plan provides a preliminary outline for determining the quality of surface water entering, and 
downstream of, key project components for a period of ten years. However, as permits, land acquisition 
and required evaluations and environmental site assessments have yet to be completed this plan serves 
only as a placeholder for future refinements. This plan will be updated to meet permit monitoring 
requirements as necessary. 

The monitoring described in this document has been developed to satisfy requirements of (issued or 
pending) Department of the Army 404 permits and/or State of Florida 373.1502 Comprehensive 
Everglades Restoration Plan Regulation Act (CERPRA) permits for Start Up and Operational Phase 
Monitoring, as well as the Loxahatchee River Watershed Restoration Project. 

The water quality data obtained under this program will be used to: 

1.	 Evaluate water quality status and trends; 

2.	 Assess compliance with federal and state water quality statutes, and applicable mandates and 
permitting vehicles; 

3.	 Guide mid- and long-term resource management decisions as part of the adaptive management 
plan for the project. 

The SFWMD has collected and analyzed surface water samples for multiple constituents and at various 
frequencies from stations adjacent to or near the project features. Similarly, the SFWMD has collected 
and analyzed groundwater quality data from wells open to the surficial aquifer system (SAS), the Upper 
Floridan Aquifer (UFA), and the Avon Park Permeable Zone (APPZ). These data are compiled in the 
District’s DBHYDRO database and in the annual South Florida Environmental Report (SFWMD 2018), and 
in technical reports documenting exploratory borehole construction and testing in the Floridan Aquifer 
System (FAS). These data may serve as baseline information or as guidance for determining monitoring 
requirements. 

Other organizations also collect surface water quality data in this region that may be relevant to the 
project as baseline data. Access to these data requires contacting the program manager at the appropriate 
organization. 

D.4.4 Surface Water and Groundwater Quality Monitoring 

The goal of surface water quality monitoring is to ensure surface water quality in the Loxahatchee River 
and its headwaters will not be negatively impacted by project components. The goal of groundwater 
quality monitoring is to ensure that aquifers are not negatively impacted by ASR activities, and that 
recovered water quality from the ASR systems is in regulatory compliance. The water quality monitoring 
plan presented is a conceptual outline for surface water and groundwater monitoring in relation to the 
operation of the three flow-ways, their components, and their subsequent discharges into adjacent 
waterways. 
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D.4.4.1 Surface Water Monitoring 

The water quality in each flow-way will be monitored to determine trends, to ensure the project is not 
negatively affecting downstream receiving waters in the Loxahatchee river and estuary, and to validate 
model assumptions used during selection of the preferred restoration plan alternative. Specific 
monitoring stations, frequencies, and parameters, for each project component, will be determined during 
the permitting process pre-construction. Data from environmental site assessments (ESAs) generated 
prior to construction will be used to guide future monitoring decisions, as outlined in CERP guidance 
memoranda CGM-40 (Project Level Monitoring and Assessment) and CGM-42 (Screening Process for 
Mercury and Other Toxicants). Where possible, existing monitoring will be leveraged to achieve project 
monitoring goals. Surface water quality criteria are defined in the Clean Water Act and Florida 
Administrative Code (F.A.C.) Chapter 62-302 Surface Water Quality Criteria. Where practical, surface 
water quality collections will be targeted to occur during flow-related events at key features. 

D.4.4.2 Groundwater (ASR) Quality Monitoring 

Water quality at ASR systems is typically monitored during recharge, storage and recovery phases. The 
most intensive monitoring periods are during recharge and recovery. Water quality monitoring criteria for 
ASR systems are defined in the Safe Drinking Water Act and in F.A.C. Chapter 62-528 (Underground 
Injection Control) during recharge and Chapter 62-302 (Surface Water Quality Criteria) during recovery. 
In the project area, 4 ASR wells are located within the footprint of the C-18W Reservoir. 

When ASR systems are first constructed, there is typically an early period of “cycle” testing, when the 
wells are tested for pre-determined periods of recharge, storage and recovery, so that the operational 
efficiencies of the systems can be assessed, and permit compliance can be confirmed. After the cycle 
testing phase is completed (typically specified within the UIC permit), actual operation of the ASR systems 
will commence, with recharge, storage and recovery durations linked to watershed flows and water levels 
within the project area. 

During recharge into the ASR wells water quality monitoring is performed to assure that the aquifer and 
potential underground sources of drinking water are not negatively impacted by operation of the ASR 
systems. Physical parameters such as flow rates, durations, volumes, water levels and pressures are 
measured. Water quality samples are collected and analyzed for ionic and chemical constituents, 
nutrients, and drinking water standards. During recovery, water quality monitoring takes place to assure 
that surface water quality is not negatively impacted by water discharged from the ASR to the surface. As 
with during recharge, parameters such as recovered water flow rates, durations, volumes, water levels 
and pressures are measured. Water quality samples are collected and analyzed for chemical constituents, 
nutrients, and applicable surface water standards. Actual sampling locations and frequencies for recharge, 
storage, and recovery are typically determined during the permitting process. 

Table D-19. Estimated Costs for Water Quality Monitoring. 

Budget Area Year 1 Years 2-5 Years 6-10 
Capital $ 135,000 $ - $ -
Fuel and Maintenance $ 10,000 $ 10,000 $ 10,000 
Consumables – – – 

SW Nutrients and Ions $ 650 $ 650 $ 650 
ASR Wells $ 650 $ 650 $ 650 
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Budget Area Year 1 Years 2-5 Years 6-10 
SW Hg and Toxins $ 125 $ - $ -
Small Fish Hg $ 100 $ 100 $ -
Small Fish Toxicants $ 25 – – 

Large Fish Hg $ 25 $ 25 $ -
Sediment Hg and Toxins $ 25 $ - $ -
Annual Sums $ 1,600 $ 1,425 $ 1,300 
– – – – 

Analytical – – – 

SW Nutrients and Ions $ 106,080 $ 106,080 $ 106,080 
ASR Wells $ 43,680 $ 43,680 $ 43,680 
SW Hg and Toxins $ 16,500 $ - $ -
Small Fish Hg $ 7,680 $ 7,680 $ -
Small Fish Toxicants $ 14,208 – – 

Large Fish Hg $ 19,200 $ 19,200 $ -
Sediment Hg and Toxins $ 14,400 $ - $ -
Annual Sums $ 221,748 $ 176,640 $ 149,760 
– – – – 

Staff – – – 

SW Nutrients and Ions $ 120,744.00 $ 120,744 $ 120,744 
ASR Wells $ 80,496.00 $ 80,496 $ 80,496 
SW Hg and Toxins $ 5,256.00 $ - $ -
Small Fish Hg $ 24,768.00 $ 24,768 $ -
Large Fish Hg $ 12,000.00 $ 12,000 $ -
Sediment Hg and Toxins $ 6,192.00 $ - $ -
Annual Sums $ 249,456 $ 238,008 $ 201,240 
– – – – 

Annual Totals $ 617,804 $ 426,073 $ 362,300 
Number of years 1 4 5 
– $ 617,804 $ 1,704,292 $ 1,811,500 
– – – – 

Grand Total – – $ 4,133,596 
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PART 4. LRWRP ECOLOGICAL MONITORING PLAN 

(To be developed based on trust resource consultation requirements before Final EIS. Ecosystem 
Restoration Success monitoring is contained in Part 1 – Adaptive Management Plan) 
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