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Preface

The Greater Everglades Ecosystem encompasses some of America’s most
diverse and distinctive wetland landscapes. These include the sloughs and lakes
of the upper Kissimmee River watershed, the meandering Kissimmee River and
its broad floodplain, vast Lake Okeechobee, the sawgrass plain, ridge and slough
wetlands and marl prairies south of the lake, and ultimately the bays and estuar-
ies of the Florida peninsula. Distinctive in their own right, these landscapes are
hydrologically and ecologically connected across more than 220 miles from
north to south and across 18,000 square miles of southern Florida.

Everglades landscapes are also connected by human cultures and activities.
For 200 years they have been the homelands of the Seminole and Miccosukee
Tribes. Now more than 7 million people reside in South Florida, and at least five
times that many visit South Florida each year. Agriculture and urban develop-
ment have reduced the Everglades to less than half of its historical extent. The
remnant ecosystem is intensely managed through the Central and South Florida
project’s extensive network of canals, levees, and pumping stations to serve
multiple competing demands for developable land, water supply, flood control,
recreation, and environmental conservation.

Continuing environmental degradation and endangerment of wildlife spe-
cies has led to a long series of efforts to protect and restore the remaining
Everglades. In 1999, the state of Florida and the federal government agreed to a
multi-decadal, multi-billion dollar Comprehensive Everglades Restoration Plan
(CERP) to protect and restore the remaining Everglades while meeting growing
demands for water supply and flood control. Like the Kissimmee River Restora-
tion in the northern part of the system, the CERP is being managed by the U.S.
Army Corps of Engineers (USACE) and the South Florida Water Management
District (SFWMD).

In authorizing the CERP, the U.S. Congress mandated periodic indepen-
dent reviews of progress toward restoring the natural system in the Everglades.
The National Research Council’s (NRC’s) Committee on Independent Scientific

ix
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Review of Everglades Restoration Progress, or CISRERP, was formed for this pur-
pose in 2004. This report, which is the third in a series of biennial evaluations
that are expected to continue for the duration of the CERP, reflects the concerted
efforts of 13 committee members and 3 NRC staff representing a wide range of
scientific and engineering expertise. Our committee met six times over a period
of 18 months including four times in Florida and once in Washington, D.C. We
reviewed a large volume of written material and heard oral presentations from
state and federal agency personnel, academic researchers, interest groups, and
members of the public. The report presents our consensus view of restoration
accomplishments and emerging challenges, primarily during the past 2 years
but also over the 10 years since the project was authorized.

It has been a particularly eventful period for Everglades restoration; ground
has been broken on several important projects, and several others are set to
begin. There have been important advances in scientific understanding. At the
same time, challenges in achieving water quality standards and water storage
and re-distribution have become more apparent. The number of activities and
volume of information associated with Everglades restoration have grown truly
daunting. | appreciate how much time, attention, and thought every member
of this committee has invested in absorbing and digesting so much material. |
especially appreciate their careful, rigorous analyses, their expert judgment, and
their constructive comments and reviews.

Our committee is indebted to many individuals for their contributions of
information and resources. Specifically, we appreciate the efforts of our commit-
tee’s technical liaisons—David Tipple (USACE), Glenn Landers (USACE), Larry
Gerry (SFWMD), Robert Johnson (National Park Service), and Todd Hopkins
(U.S. Fish and Wildlife Service)—who assisted the committee with numerous
information requests and helped the committee utilize the vast resources of
agency expertise when needed. Many others educated our committee on the
complexities of Everglades restoration through their presentations, field trips,
and public comments (see Acknowledgments).

The committee has been fortunate to have the support and collaboration
of an excellent NRC staff: Stephanie Johnson and David Policansky have been
extraordinary sources of information and advice and have contributed signifi-
cantly to this report. Michael Stoever has provided superb support during and
between meetings and has also been instrumental in producing the report. |
speak for the entire committee in expressing our profound respect and gratitude.

This report was reviewed in draft form by individuals chosen for their
breadth of perspectives and technical expertise in accordance with the proce-
dures approved by the National Academies’ Report Review Committee. The
purpose of this independent review was to provide candid and critical com-
ments to assist the institution in ensuring that its published report is scientifically
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credible and that it meets institutional standards for objectivity, evidence, and
responsiveness to the study charge. The reviewer comments and draft manuscript
remain confidential to protect the deliberative process. We thank the following
reviewers for their helpful suggestions, all of which were considered and many of
which were wholly or partly incorporated in the final report: Richard M. Adams,
Oregon State University; Linda K. Blum, University of Virginia; Aaron Higer,
U.S. Geological Survey; John Ogden, Audubon of Florida; Stephen Polasky,
University of Minnesota; Curt Richardson, Duke University; Donald 1. Siegel,
Syracuse University; John C. Volin, University of Connecticut.

Although these reviewers provided many constructive comments and sug-
gestions, they were not asked to endorse the conclusions and recommendations
nor did they see the final draft of the report before its release. The review of this
report was overseen by Gordon Orians, University of Washington, and Frank
Stillinger, Princeton University. Appointed by the NRC, they were responsible
for making certain that an independent examination of this report was carried
out in accordance with institutional procedures and that all review comments
received full consideration. Responsibility for the final content of this report rests
entirely with the authoring committee and the NRC.

Frank W. Davis, Chair

Committee on Independent Scientific Review
of Everglades Restoration Progress (CISRERP)
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Abstract

This report is the third in a series of biennial independent scientific reviews
of progress toward Everglades restoration that are mandated by the Water
Resources Development Act of 2000. The reviews focus on restoration prog-
ress, scientific and engineering issues that could affect that progress, significant
accomplishments of the restoration, and monitoring and assessment protocols.
This report focuses on progress since the previous report, released in 2008, and
issues relevant to these past two years.

Natural system restoration progress from the Comprehensive Everglades
Restoration Plan (CERP) remains slow, but in the past two years there have been
noteworthy improvements in the pace of restoration and in the relationship
between the federal and state partners. Federal CERP funding, which previ-
ously had not kept pace with state funding, has increased, which has allowed
continued progress as state funding has declined. Four CERP projects, four pilot
projects, and several non-CERP projects are under construction, notably the
Tamiami Trail bridge. The science program continues to provide a sound basis
for decision making, although clearer mechanisms for integrating science into
restoration decision making are needed. This new momentum should be viewed
only as a beginning; all early CERP projects are behind the original schedule,
some of them by more than a decade. The restoration plan still has decades
before completion, even without additional delays, and it will need political
commitment to long-term funding.

Several important challenges related to water quality and water quantity
have become clear during the past two years, highlighting the difficulty of
simultaneously achieving restoration goals for all ecosystem components in all
portions of the Everglades. For example, although wading bird numbers have
increased recently throughout the Everglades and populations of the Cape Sable
seaside sparrow have stabilized in Everglades National Park, the continued
decline of snail kites to extremely low numbers and the continued stress to
tree islands in Water Conservation Area 3A have led to growing public con-
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troversy and concerns about management. Restoring hydrologic conditions
while providing adequate storage and meeting water quality goals is also a
difficult challenge. Achieving water quality goals throughout the South Florida
ecosystem, especially for phosphorus content, will be enormously costly and
will take decades to achieve. Some tradeoffs are inevitable in the CERP, given
the reduced extent, altered topography, and reduced storage of the modern
Everglades, and integrated hydrologic, ecological, and biogeochemical models
and multi-objective decision analysis tools are needed to help evaluate design
and management alternatives. Also, rigorous scientific analyses of the tradeoffs
between water quality and quantity are needed to inform future prioritization and
funding decisions. The analyses should include consideration of the time scales,
spatial dependencies, and degree of reversibility of damage from continued deg-
radation to various ecosystem components. Understanding and communicating
these tradeoffs to decision makers and stakeholders are critical aspects of CERP
planning and implementation.

Despite these challenges, experience with some projects, such as the res-
toration of the Kissimmee River, and recent progress on some critical CERP
and non-CERP projects, lead to optimism that if restoration progress continues,
substantial ecological benefits will accrue to the ecosystem, even if the effort
does not achieve all the restoration goals originally envisioned by the CERP.

Copyright © National Academy of Sciences. All rights reserved.
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Summary

The Florida Everglades, a large and diverse aquatic ecosystem, has been
dramatically altered over the past century by an extensive water control infra-
structure, designed to increase regional economic productivity through improved
flood control, urban water supply, and agricultural production. The remnants of
the original Everglades now compete for vital water with urban and agricultural
interests and are impaired by contaminated runoff from these two activities. The
Comprehensive Everglades Restoration Project (CERP), a joint effort led by the
state and the federal government launched in 2000, seeks to reverse the general
decline of the ecosystem. This multi-billion dollar project was envisioned as
a 30-year effort to achieve ecological restoration by restoring the hydrologic
characteristics of the Everglades, where feasible, and to create a water system
that simultaneously serves the needs of the natural and the human systems of
South Florida (Figure S-1).

The National Research Council (NRC) established the Committee on Inde-
pendent Scientific Review of Everglades Restoration Progress (CISRERP) in 2004
in response to a request from the U.S. Army Corps of Engineers (USACE), with
support from the South Florida Water Management District (SFWMD) and the
U.S. Department of the Interior (DOI), based on Congress’s mandate in the
Water Resources Development Act of 2000 (WRDA 2000). The committee is
charged to submit biennial reports that review the CERP’s progress in restoring
the natural system (see Box S-1). This is the committee’s third report in a series
of biennial evaluations.

RESTORATION PROGRESS

The CERP, led by the USACE and the SFWMD, consists primarily of proj-
ects to increase storage capacity (e.g., conventional surface-water reservoirs,
aquifer storage and recovery, in-ground reservoirs), improve water quality (e.g.,
stormwater treatment areas [STAs]), reduce loss of water from the system (e.g.,

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE S-1 The South Florida ecosystem, which shares the same boundaries as the South Florida
Water Management District. © International Mapping Associates
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BOX S-1
Statement of Task

This congressionally mandated activity will review the progress toward achieving
the restoration goals of the Comprehensive Everglades Restoration Plan (CERP). The
committee meets approximately four times annually to receive briefings on the current
status of the CERP and on scientific issues involved in implementing the restoration
plan, and it publishes biennial reports providing:

1. assessment of progress in restoring the natural system, which is defined by sec-
tion 601(a) of WRDA 2000 as all the land and water managed by the federal government
and state within the South Florida ecosystem;

2. discussion of significant accomplishments of the restoration;

3. discussion and evaluation of specific scientific and engineering issues that may
impact progress in achieving the natural system restoration goals of the Plan; and

4. independent review of monitoring and assessment protocols to be used for
evaluation of CERP progress (e.g., CERP performance measures, annual assessment
reports, assessment strategies).

seepage management, water reuse, conservation), and reestablish pre-drainage
hydrologic patterns wherever possible (e.g., removing barriers to sheet flow,
rainfall-driven water management). The CERP builds upon other activities of
the state and the federal government aimed at restoration (hereafter, non-CERP
activities), many of which are essential to the success of the CERP in achieving
its restoration goals.

Natural system restoration progress from the Comprehensive Everglades
Restoration Plan (CERP) remains slow. This committee reaffirms its predeces-
sor’s conclusions (NRC, 2008) that continued declines of some aspects of the
ecosystem coupled with environmental and societal changes make acceler-
ated progress in Everglades restoration even more important. A review of the
changing context for the CERP over the past decade reveals positive as well as
negative trends. The decade brought 2 major droughts and 12 tropical storms,
creating extensive challenges for water managers. Some species, particularly
wading birds, Cape Sable seaside sparrows, and panthers appear to be increasing
or stable, while others, such as the snail kite, have declined. Tree island habi-
tats continue to decline. Despite some impressive control efforts, especially for
plants, invasive species continue to present major challenges, and the invasive
exotic animals have few effective controls. Despite large investments in STAs
and long-term water quality improvements from these efforts, water quality vio-
lations suggest that more work is needed. Meanwhile, the economic downturn
has led to shortfalls in revenue for the SFWMD, although the downturn has also
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resulted in lower costs of construction for some key projects. Increased water
conservation efforts as well as slower population growth have kept urban water
demand substantially lower than was projected when the CERP was designed.

During the past two years the restoration program has made tangible prog-
ress, and four CERP projects are now under construction. Continued federal
commitment is especially important at this time. The Everglades restoration
program has completed the arduous federal project planning and authorization
processes for three projects and and is now moving forward with construction
of the Picayune Strand project with federal funding. Additionally, despite budget
challenges, the state of Florida continues to expedite the construction of three
projects (C-111 Spreader Canal, Biscayne Bay Coastal Wetlands, and Lakeside
Ranch Stormwater Treatment Area). After years of delay, it is critically important
to maintain this momentum to minimize further degradation of the system dur-
ing CERP implementation.

Some restoration benefits can be attributed to partial restoration of Pica-
yune Strand; however, the completion of additional ongoing and planned proj-
ects will be required to see substantial restoration benefits for the Everglades
ecosystem. The SFWMD reports that plugging one canal in Picayune Strand
raised water tables on approximately 13,000 acres of wetland habitat, repre-
senting partial hydrologic restoration on approximately one-fourth of the project
area. Construction is also under way on the C-111 Spreader Canal and the Bis-
cayne Bay Coastal Wetlands projects, but no significant restoration benefits have
yet resulted from these efforts. Each of these projects is being implemented in
phases to deliver early restoration benefits when possible with available funding.

Pilot projects and field-scale experiments are addressing some impor-
tant design uncertainties but could be better linked to decision making and
implementation. In addition to the originally conceived CERP pilot projects,
CERP planners have recently initiated two field-scale experiments (the C-111
Spreader Canal design test and the Decomp Physical Model). These projects are
intended to reduce design uncertainties that were points of contention among
stakeholders, which limited progress on project planning. The C-111 design test
will address important hydrologic uncertainties; additional pilot components
are needed to address the potential impacts of elevated nutrients on receiving
wetlands. The Decomp Physical Model will provide information on hydraulic,
hydrologic, and short-term ecological differences between canal backfilling
options and will improve understanding of the hydrological response of WCA-
3B to re-watering, but the experiment will likely require additional replication
to settle the current debate over the efficacy of different canal treatments. CERP
scientists and planners should consider other means of synthesizing and com-
municating results beyond traditional hypothesis tests to facilitate stakeholder
discussions and decision making under uncertainty.

Copyright © National Academy of Sciences. All rights reserved.
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Aquifer storage and recovery (ASR) pilot studies have contributed valuable
hydrogeologic and geochemical information, but the administrative delays, site
limitations, funding constraints, and arsenic leaching encountered are indicative
of serious challenges facing large-scale use of ASR. The final ASR pilot report
should address the impacts of these factors on use of ASR at the unprecedented
scale envisioned for the CERP and should compare the long-term costs and
benefits of ASR against other less energy-intensive storage alternatives.

Initiation of construction of a 1-mile bridge on the Tamiami Trail is an
important, albeit partial, step forward. NRC (2008) called the Modified Water
Deliveries to Everglades National Park (Mod Waters) Project, of which the bridge
is one component, “one of the most discouraging stories in Everglades resto-
ration” and stated that if the downsized 1-mile bridge could not be built, the
outlook for the CERP was dismal. With leadership from the administration and
Congress, the federal government was able to overcome numerous obstacles to
ultimately break ground on the project in December 2009. Although the benefits
of the T-mile bridge represent only a fraction of those envisioned in earlier Mod
Waters plans, planning is under way to consider additional bridging that could
take advantage of a downturn in construction costs.

The River of Grass initiative could create options for additional water stor-
age and water quality treatment to help meet CERP objectives. The SFWMD
governing board recently approved the purchase of nearly 27,000 acres of
U.S. Sugar Corporation lands—substantially less than previously announced—
near areas with historically high phosphorus loads. These lands could help the
SFWMD come into compliance with current water quality requirements, yet
this represents only a small step toward the goals of the River of Grass initia-
tive. Prior to this announcement, the SFWMD had facilitated an engaging and
inclusive River of Grass planning process and had created an impressive set of
data visualization tools to support the effort. As of mid-2010, the specific benefits
that will accrue to the CERP from the River of Grass initiative cannot be deter-
mined, because the planning and design process has not been completed and
the availability of funding to support future land purchases is unknown. Also,
it remains unclear how successfully other political and economic constraints
can or will be addressed for the remaining “option” lands (e.g., reality of land
swaps, opportunity costs, stakeholder concerns) and how the initiative will be
coordinated with the CERP.

Given the slower than anticipated pace of implementation and unreliable
funding schedule, projects should be scheduled with the aim of achieving sub-
stantial restoration benefits as soon as possible. The latest Integrated Delivery
Schedule appears consistent with this goal and should generate substantial res-
toration benefits by 2020. Although many projects have been delayed, aggres-
sive schedules have been maintained for the WCA 3 Decompartmentalization
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(Decomp) project, seepage management, and critical foundation projects (as of
the March 2010 published schedule). These projects offer significant restoration
benefits to the remnant Everglades ecosystem, but the benefits cannot be fully
realized without the provision of additional water, which will require substantial
new storage and associated water quality treatment.

Maintaining political and public support for Everglades restoration will be
critical to future CERP progress. Multiple decades of sustained commitment and
a high level of public funding will be needed to complete the CERP. Maintain-
ing this commitment will be a continuing challenge and will require near-term
demonstration of significant public and environmental benefits as evidenced
through the CERP’s monitoring and assessment program.

PROGRESS IN SCIENCE SUPPORT FOR DECISION MAKING

Research efforts are providing a sound basis for critical CERP decision
making. Research during the past few years has led to notable advances in
our understanding of climate trends in South Florida and the sensitivity of
the regional water management system to changes in climate and sea level.
Research has also improved understanding of the pre-drainage Everglades and
has clarified the key parameters governing the formation and maintenance of
landscape features in the ridge and slough ecosystem. Also under way are two
major science synthesis efforts directed toward answering key questions relevant
to restoration management.

Progress continues on improving the Monitoring and Assessment Plan
(MAP) and on building a baseline of monitoring data by which restoration
progress will be judged. MAP 2009, an update to the MAP report released in
2004, largely addressed the prior NRC committee’s concerns about monitoring
and assessment (NRC, 2008), although a full evaluation of the MAP cannot take
place until additional on-the-ground restoration progress has taken place. The
Science Coordination Group, working with RECOVER scientists, developed a
stop-light indicator system that substantially improves the communication of
ecosystem status to the public.

The CERP has laid the foundations for adaptive management of Everglades
restoration and should now put theory into practice. To do so will require
stronger institutional mechanisms for obtaining scientific feedback to planning,
management, and implementation decisions. Project planning should explicitly
provide for adaptive management in the context of both project-specific and sys-
temwide performance monitoring and evaluation. To ensure stronger coupling
of engineering design and operations with ecosystem assessment, project moni-
toring should be well integrated with systemwide monitoring and assessment.

The effectiveness of the linkages between science and decision making
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should be examined by CERP leadership. Linking science with policy and man-
agement decisions is critically important to achieving restoration goals, but the
effectiveness of current mechanisms in providing such linkage has been ques-
tioned by some in the restoration community. The committee encourages CERP
leadership to examine this issue and to consider mechanisms to improve the
communication of relevant scientific findings to decision makers. The committee
also recommends greater clarity and transparency in the integration of science
into CERP policy and management decisions.

Constructive stakeholder engagement and interagency coordination are key
elements of CERP adaptive management. To improve stakeholder engagement,
the USACE and SFWMD should formally evaluate and strengthen the CERP’s
efforts at outreach and public engagement, and implement a process to monitor
the efforts” effectiveness and ensure iterative improvement.

Little recent progress has been made in developing integrated hydrologic,
ecological, and biogeochemical models to inform restoration decision making
and to provide input for adaptive management. Hydrologic modeling has been
the primary focus of CERP model development efforts, and substantial progress
has been made on the Natural System Regional Simulation Model (NSRSM)
and in subregional applications of the South Florida Regional Simulation Model
(RSM). In contrast, efforts to develop ecological models, linked ecological-
hydrologic models, and biogeochemical or sediment transport models are nota-
bly minimal. As a result, project planning and decision making proceeds without
complete information as to the ecological and water quality impacts at both a
project and regional scale.

Although the concept of economic valuation of ecosystem services is a
promising and important one, the committee does not see near-term benefits
to its use in the CERP. Developing accurate and defensible estimates of the
economic values of ecosystem services in the Everglades will require careful,
deliberate, original research and analysis that integrates assessments of ecosys-
tem functions, services, and individual value estimates. Prerequisites for such
an analysis are integrated hydrologic, ecological, and biogeochemical models
that can predict the ecosystem services that will likely result from alternative
restoration activities; even with such models, the analysis would require a large
effort. For this reason, economic valuation of ecosystem services is unlikely to
assist near-term decision making. Everglades restoration planners should be alert
to specific opportunities when the economic valuation of ecosystem services has
the potential to be useful, and especially, to improve the methods for economic
valuation of ecosystem services and adapt them to the Everglades.
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RESTORATION CHALLENGES

Everglades restoration is premised on “getting the water right” by re-estab-
lishing the hydrologic regime and biological characteristics that defined undis-
turbed South Florida ecosystems, including a large extent of interconnected
wetlands, extremely low concentrations of nutrients in freshwater wetlands,
sheet flow, healthy and productive estuaries, resilient plant communities, and
abundant and viable populations of native wildlife. In practice, “getting the
water right” means re-engineering and re-operating the Central and South
Florida (C&SF) Project to improve the quantity, quality, timing, and distribution
of freshwater flows in the South Florida ecosystem, reducing pollution sources
in the basin, and treating polluted surface waters as necessary.

Challenges in Restoring Water Timing, Flow, and Distribution

The reduced extent, altered topography, and reduced storage of the modern
Everglades make it infeasible to achieve the same degree of restoration through-
out the remnant system. Hydrologic conditions may even worsen in some areas
in order to achieve desired outcomes in others. In particular, northern Water
Conservation Areas (WCA)-3A and -3B (Figure S-1) have experienced substantial
drying, peat loss, and subsidence, making it difficult to maintain suitable water
flow, levels, and hydroperiods there.

Hydrologic interdependencies of regions within the Everglades and the
associated ecological tradeoffs that result from restoration and water manage-
ment decisions need to be rigorously analyzed from a whole-system perspective
and clearly communicated to decision makers and stakeholders. The CERP lacks
a formal approach for evaluating in a transparent way the systemwide benefits of
alternative restoration plans or policies, although RECOVER scientists have made
good use of hydrologic models and performance measures to evaluate the design
and staging of the CERP. RECOVER, in collaboration with water managers and
decision makers, should develop evaluation methods to quantify and integrate
across the tradeoffs required to sustain Everglades’ species and features to assess
the systemwide restoration benefits. Any consideration of the ecological risks
associated with water management should consider the timescales over which
adverse ecological outcomes might be reversible, if they are at all.

Increasing water storage (and associated water quality treatment) is a
major near-term priority. Over the next 5-10 years, CERP and pre-CERP projects
will improve the conveyance and distribution of water in southern WCA-3A
and Everglades National Park. But until additional water of sufficient quality
becomes available, the restoration benefits will be modest and could result in
shorter hydroperiods and more severe dry-down events in northern WCA-2A and
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northern WCA-3A. The Integrated Delivery Schedule does not currently have a
plan for water storage to support planned projects in the remnant Everglades
ecosystem, aside from the stalled Everglades Agricultural Area A-1 Reservoir,
and the benefits of the A-1 Reservoir to the remnant Everglades remain unclear.

W(CA-3 is a growing focus of public controversy and management concern
because of its location and the way the entire system is operated to manage
water distribution and quality. WCA-3A supports extensive and relatively intact
Everglades landscapes including ridge and slough patterns and tree islands, and it
provides critical habitat for endangered species, such as the snail kite and wood
stork. It is the homeland of the Miccosukee Tribe of Indians and supports the
tribe members’ traditional and contemporary lifestyles. Over the past decade,
however, there have been drastic declines in snail kite numbers and nesting
success in WCA-3A, as well as continued slow declines in tree island size and
number. The imminent loss of the snail kite from WCA-3A may precipitate a
crisis in water management. To some degree, this situation has been exacerbated
by the current operation of the compartmentalized Everglades that alters flows
across the Tamiami Trail to restore Cape Sable seaside sparrows and ecosystem
functioning in Everglades National Park.

In light of the rapidly deteriorating conditions in WCA-3A, improvements
in operations could lead to important near-term restoration progress. The com-
mittee commends the cooperative, multi-objective approach to improve near-
term operations that is reflected in the Everglades Restoration Transition Plan
and encourages continuation of this approach, supported by rigorous scientific
analysis and decision tools, beyond the current November 2010 end point. This
process has the potential to align water management in the water conservation
areas with a schedule that responds more flexibly to real-time conditions.

Improved species models and multi-objective decision analysis tools are
urgently needed to provide more rigorous scientific support for water man-
agement decisions. Multi-objective decision tools can be used to help evaluate
hydrologic effects and water-level management options on threatened species,
ecosystem features such as tree islands, and critical ecosystem processes.

Challenges in Restoring Water Quality

Ten years after the CERP was launched, “getting the water right” is proving
to be more difficult and expensive than originally anticipated. It has taken more
than 60 years for the ecosystem to degrade to its current state, and it will likely
take a similar timeframe or longer to restore. Due to legacy phosphorus storage in
the Lake Okeechobee watershed, the lake itself, and the Everglades Agricultural
Area, current phosphorus loadings into the system could persist for decades.
Attaining water quality goals throughout the system is likely to be very costly
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and take several decades of continued commitment to a systemwide, integrated
planning and design effort that simultaneously addresses source controls, stor-
age, and treatment over a range of timescales.

The current acreage of stormwater treatment areas (STAs), as managed, is not
sufficient to treat existing water flows and phosphorus loads into the Everglades
Protection Area. Although new construction of STAs is under way in Compart-
ments B and C, these STAs are located far from where the recent Consent Decree
violations have occurred. With increased volumes of water planned for the CERP,
substantially more water quality treatment and/or additional load reductions will
be needed if the new flows are to meet the water quality criteria. If these new
CERP loads were addressed with STAs alone, an estimated 54,000 additional
acres of STAs would be required, costing approximately $1.1 billion to construct,
$27 million per year to operate and maintain, and approximately $1.1 billion to
refurbish every 20 to 25 years (in 2010 dollars). The U.S. Environmental Protection
Agency’s recently announced phosphorus and nitrogen water quality standards for
lakes, rivers, and canals introduce additional technical and financial challenges.

The SFWMD should complete a comprehensive scientific, technical, and
cost-effectiveness analysis as a basis for assessing potential short- and long-
term restoration alternatives and for optimizing restoration outcomes given
state and federal financial constraints. This analysis is needed to facilitate
management decisions that focus on improving systemwide water quality, bring-
ing the watershed into compliance with the Lake Okeechobee total maximum
daily load (TMDL), and addressing recent violations of the Consent Decree. In
addition to considering additional treatment and source control, this analysis
should evaluate urban and agricultural water supply management approaches
and accelerated sequencing for seepage management projects to determine
whether changes could address water quality and water quantity concerns in a
more efficient manner.

Additional information on phosphorus mass balances, particularly within
the Everglades Agricultural Area, is needed to support effective decision mak-
ing. NRC (2008) recommended a systemwide accounting for phosphorus and
other contaminants such as sulfur, nitrogen, calcium, and mercury, and this
accounting remains a pressing need. There are notable gaps in the published
phosphorus budgets between Lake Okeechobee and the inflows to the STAs
and also in the contributions from atmospheric deposition for phosphorus and
other elements. The lack of information synthesis of inputs and pathways of
phosphorus and other contaminants in key areas, such as the Everglades Agri-
cultural Area, hinders the development of targeted strategies to improve water
quality management.

A rigorous research, analysis, and modeling program is needed to develop
improved best management practices and to examine the long-term sustain-
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ability and performance of STAs to meet the desired outflow water quality. To
support the comprehensive scientific, technical, and cost-effectiveness analysis
recommended above, additional research is needed in the following areas:

 STA sustainability and performance. The SFWMD’s extensive STA soil and
water quality monitoring program should be supported by a systematic research
program that evaluates the long-term ability of STAs to sustain or improve upon
their current level of functioning. Further research should examine the biogeo-
chemistry, vegetation dynamics, and hydrology of the STAs, and should couple
the resultant data with predictive models to improve performance and support
management decisions. Useful improvements could also be realized through an
external peer review of the STA monitoring, design criteria, and modeling and
supportive research program.

* Source control effectiveness. A rigorous research, monitoring, and mod-
eling program focused on developing improved best management practices is
needed to improve the efficiency of phosphorus source control efforts and to
inform systemwide phosphorus management decisions. Long-term monitoring
of the efficacy and costs of best management practice implementation across
multiple sites will be required to evaluate source control practices across vari-
able hydrologic, geomorphologic, and soil regimes present in the South Florida
ecosystem and to validate and build confidence in predictive models.

Given that restoration as originally envisioned in the CERP remains decades
away and the ecosystem continues to decline, CERP agencies should conduct
a rigorous scientific analysis of the short- and long-term tradeoffs between
water quality and quantity for the Everglades ecosystem. The committee does
not endorse such tradeoffs at this time, because scientific analyses to explain
the repercussions of such decisions are lacking. However, the scientific analysis
of potential tradeoffs is critical to inform future water management decisions,
including the prioritization of projects. In particular, the analysis should address
the following questions:

e What are the short- and long-term consequences of providing too little
water to the Everglades ecosystem but maintaining sufficient quality?

* What are the short- and long-term consequences of providing water of
lower quality to the Everglades ecosystem but maintaining sufficient flows?

e Are the negative consequences reversible, and if so, within what
timeframes?

Effective water quality management would be best served by consideration
of a multi-contaminant approach in the future. Water quality conditions in the
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Everglades are affected not only by the input of contaminants, but also by the
inputs of other elements that alter their behavior. For example, the bioavail-
ability of mercury and its accumulation in fish and other wildlife appears to
be controlled not only by inputs of mercury, but also by the supply of sulfate,
phosphorus, and dissolved organic carbon. Likewise the transport and removal
of phosphorus may be coupled with the supply of calcium in Lake Okeechobee,
the STAs, and other portions of the Everglades. Additional research is also needed
to clarify the linkages between water quality constituents to support sound multi-
contaminant water management decisions.

OVERALL EVALUATION OF PROGRESS AND CHALLENGES

Although natural system restoration progress from the CERP remains slow,
in the past two years, there have been noteworthy improvements in the pace of
implementation and in the relationship between the federal and state partners.
Federal CERP funding has increased, which has allowed continued progress as
state funding has declined. The science program continues to provide a sound
basis for decision making, but more transparent mechanisms of integrating sci-
ence into decision making are needed. Continued public support and political
commitment to long-term funding will be needed for the restoration plan to be
completed.

Despite progress in implementation, several important challenges related
to water quality and water quantity have become clear over the past two years,
highlighting the difficulty of simultaneously achieving restoration goals for all
ecosystem components in all portions of the Everglades. Achieving water qual-
ity goals for phosphorus in the South Florida ecosystem will be enormously
costly and will take decades at least. Rigorous scientific analyses of potential
conflicts among the hydrologic requirements of Everglades landscape features
and species, and the tradeoffs between water quality and quantity, considering
timescales of reversibility, are needed to inform future prioritization and funding
decisions. Understanding and communicating these tradeoffs to stakeholders are
critical aspects of CERP planning and implementation.
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The Florida Everglades, formerly a large and diverse aquatic ecosystem, has
been dramatically altered over the past century by an extensive water control
infrastructure designed to increase regional economic productivity through
improved flood control, urban water supply, and agricultural production (Davis
and Ogden, 1994; NRC, 2005). Shaped by the slow flow of water, its vast
terrain of sawgrass plains, ridges, sloughs, and tree islands used to support a
high diversity of plant and animal life. This natural landscape also served as a
sanctuary for Native Americans. However, large-scale changes to the landscape
have diminished the natural resources, and by the mid- to late-20th century,
many of the area’s defining natural characteristics had been lost. The remnants
of the original Everglades (see Figure 1-1 and Box 1-1) now compete for vital
water with urban and agricultural interests, and contaminated runoff from these
two activities impairs the South Florida ecosystem.

Recognition of past declines in environmental quality, combined with
continuing threats to the natural character of the remaining Everglades, led to
initiation of the Comprehensive Everglades Restoration Plan (CERP) in the late
1990s. This unprecedented project envisioned the expenditure of billions of
dollars in a multi-decadal effort to achieve ecological restoration by reestab-
lishing the hydrologic characteristics of the Everglades, where feasible, and to
create a water system that simultaneously serves the needs of both the natural
and the human systems of South Florida. Within the social, economic, and
political latticework of the 21st century, the restoration of the South Florida eco-
system is now under way and represents one of the most ambitious ecosystem
renewal projects ever conceived. This report represents the third independent
assessment of the CERP’s progress by the Committee on Independent Scientific
Review of Everglades Restoration Progress (CISRERP) of the National Research
Council (NRQ).

15
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FIGURE 1-1 Reconstructed (a) pre-drainage (circa 1850) and (b) current (1994) satellite images of the
Everglades ecosystem.

NOTE: The yellow line in (a) outlines the historical Everglades ecosystem, and the yellow line in (b) outlines
the remnant Everglades ecosystem as of 1994.

SOURCE: Courtesy of C. McVoy, J. Obeysekera, and W. Said, South Florida Water Management District.

THE NATIONAL RESEARCH COUNCIL AND EVERGLADES RESTORATION

The NRC has been providing scientific and technical advice related to the
Everglades restoration since 1999. The NRC’s Committee on the Restoration of
the Greater Everglades Ecosystem (CROGEE), which operated from 1999 until
2004, was formed at the request of the South Florida Ecosystem Restoration
Task Force (Task Force), an intergovernmental body established to facilitate
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BOX 1-1
Geographic Terms

To minimize confusion, this box defines some key geographic terms used throughout
this report.

* The Everglades, the Everglades ecosystem, or the remnant Everglades
ecosystem refers to the present areas of sawgrass, marl prairie, and other wetlands
south of Lake Okeechobee (Figure 1-1b).

* The original, historical, or pre-drainage Everglades refers to the areas of
sawgrass, marl prairie, and other wetlands south of Lake Okeechobee that existed prior
to the construction of drainage canals beginning in the late 1800s (Figure 1-1a).

¢ The Everglades watershed is the drainage that encompasses the Everglades
ecosystem but also includes the Kissimmee River watershed and other smaller wa-
tersheds north of Lake Okeechobee that ultimately supply water to the Everglades
ecosystem.

¢ The South Florida ecosystem (also known as the Greater Everglades Eco-
system; see Figure 1-2) extends from the headwaters of the Kissimmee River near
Orlando through Lake Okeechobee and the Everglades into Florida Bay and ultimately
the Florida Keys. The boundaries of the South Florida ecosystem are determined by
the boundaries of the South Florida Water Management District, the southernmost of
the state’s five water management districts, although they approximately delineate the
boundaries of the South Florida watershed. This designation is important and is help-
ful to the restoration effort because, as many publications have made clear, taking a
watershed approach to ecosystem restoration is likely to improve the results, especially
when the ecosystem under consideration is as water dependent as the Everglades
(NRC, 1999, 2004a).

The following represent legally defined geographic terms used in this report:

* The Everglades Protection Area is defined in the Everglades Forever Act as
comprising Water Conservation Areas (WCAs) 1 (the Arthur R. Marshall Loxahatchee
National Wildlife Refuge), 2A, 2B, 3A, and 3B and Everglades National Park.

¢ The natural system is legally defined in the Water Resources Development Act
of 2000 (WRDA 2000) as all land and water managed by the federal government or the
state within the South Florida ecosystem (see Figure 1-3). “The term ‘natural system’
includes (i) water conservation areas; (ii) sovereign submerged land; (iii) Everglades
National Park; (iv) Biscayne National Park; (v) Big Cypress National Preserve; (vi) other
Federal or State (including a political subdivision of a State) land that is designated and
managed for conservation purposes; and (vii) any tribal land that is designated and
managed for conservation purposes, as approved by the tribe” (WRDA 2000).

Many maps in this report include shorthand designations that use letters and num-
bers for man-made additions to the South Florida ecosystem. For example, canals
are labeled C-#; levees and associated borrow canals as L-#; and structures, such as
culverts, locks, pumps, spillways, control gates, and weirs, as S-#.

continued
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BOX 1-1 Continued

FIGURE 1-2 The South Florida ecosystem. © International Mapping Associates
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coordination in the restoration effort, and the committee produced six reports
(NRC, 2001, 2002a,b, 2003a,b, 2005). The NRC’s Panel to Review the Critical
Ecosystem Studies Initiative produced an additional report in 2003 (NRC, 2003¢;
see Appendix A). The Water Resources Development Act of 2000 (WRDA 2000)
mandated that the U.S. Department of the Army, the Department of the Interior
(DOI), and the state of Florida, in consultation with the Task Force, establish an
independent scientific review panel to evaluate progress toward achieving the
natural system restoration goals of the CERP. The NRC’s Committee on Indepen-
dent Scientific Review of Everglades Restoration Progress was therefore estab-
lished in 2004 under contract with the U.S. Army Corps of Engineers (USACE).
After publication of each of the first and second biennial reviews (NRC, 2007,
2008; see Appendix A for the report summaries), some members rotated off the
committee and some new members were added.

The committee is charged to submit biennial reports that address the fol-
lowing items:

1. An assessment of progress in restoring the natural system, which is defined
by section 601(a) of WRDA 2000 as all of the land and water managed by the
federal government and state within the South Florida ecosystem (see Figure 1-2
and Box 1-1);

2. A discussion of significant accomplishments of the restoration;

3. A discussion and evaluation of specific scientific and engineering issues
that may impact progress in achieving the natural system restoration goals of
the plan; and

4. An independent review of monitoring and assessment protocols to be
used for evaluation of CERP progress (e.g., CERP performance measures, annual
assessment reports, assessment strategies, etc.).

Given the broad charge, the complexity of the restoration, and the continu-
ally evolving circumstances, the committee did not presume it could cover all
issues that affect restoration progress in any single report. Instead, this report
covers restoration progress since 2008, high-priority scientific and engineering
issues that the committee judged to be relevant to this timeframe, and other
issues that have impacted the pace of progress. The committee focused particu-
larly on issues for which the “timing was right”—that is, where the committee’s
advice could be useful relative to the decision making timeframes—and on
topics that had not been fully addressed in past NRC Everglades reports. The
committee also identified some perspectives on the changing context for res-
toration 10 years after the launching of the CERP in WRDA 2000, taking into
account major recent developments that affect the future of CERP, such as the
purchase of land from the U.S. Sugar Corporation and the recently announced
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FIGURE 1-3 Land and waters managed by the state of Florida and the federal government as
of December 2005 for conservation purposes within the South Florida ecosystem.
SOURCE: Based on data compiled by Florida State University’s Florida Natural Areas Inven-
tory (http://www.fnai.org/gisdata.cfm). © International Mapping Associates
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U.S. Environmental Protection Agency (EPA) numeric nutrient criteria for surface
waters outside of the Everglades Protection Area.

Interested readers should look to past reports by this committee (NRC, 2007,
2008) to find detailed discussions of important topics, such as the human context
for the CERP, climate change, Lake Okeechobee, Modified Water Deliveries to
Everglades National Park, and incremental adaptive restoration, which are not
repeated here. Some important issues, such as the recent Gulf of Mexico oil spill,
were still unfolding at the time of the report’s preparation, but these topics can
be addressed in detail in future reports of this committee.

The committee met six times during the course of this review; received brief-
ings at its public meetings from agencies, organizations, and individuals involved
in the restoration, as well as from the public; and took several field trips to sites
with restoration activities (see Acknowledgments) to help it evaluate restoration
progress. In addition to information received at the meetings, the committee
based its assessment of progress on information in relevant CERP and non-CERP
restoration documents. The committee’s conclusions and recommendations also
were informed by a review of relevant scientific literature and the experience and
knowledge of the committee members in their fields of expertise. The committee
was unable to consider in any detail new materials received after February 2010.

REPORT ORGANIZATION

In Chapter 2, the committee provides an overview of the CERP in the context
of other ongoing restoration activities and discusses the restoration goals that
guide the overall effort. The changing context for the CERP is also discussed, con-
sidering the 10 years that have elapsed since the CERP was officially launched
in response to WRDA 2000.

In Chapter 3 the committee analyzes the progress of CERP implementation,
including recent developments at Picayune Strand, the C-111 Spreader Canal,
and several pilot projects that are under way. Also discussed in the chapter are
programmatic progress and issues.

In Chapter 4, the committee discusses the challenges of restoring water
flow and distribution and the necessity of some tradeoffs in the restoration of
the remnant ecosystem. To better illustrate these issues, the committee examines
the hydrology and water management of WCA-3, which was chosen because
of its central location in the restoration of the remnant Everglades ecosystem.

In Chapter 5, the committee focuses on “getting the water quality right.”
The chapter contains an overview of the regulatory and legal context for water
quality in the Everglades and includes analysis of the current approaches for
addressing water quality and opportunities for further improvements.

In Chapter 6, the committee discusses the contributions and use of science
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for CERP decision making. The chapter includes analysis of recent scientific
advancements, current modeling, and the use of ecosystem services valuation for
Everglades restoration. Current progress and challenges in adaptive management
are also reviewed, along with evaluations of recent monitoring and assessment
plan reports.
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The Restoration Plan in Context

In this chapter, the stage is set for the committee’s third biennial assessment
of restoration progress in the South Florida ecosystem. Background is provided
on the ecosystem decline, restoration goals, the needs of a restored ecosys-
tem, and the specific activities of the restoration project. Important changes in
the context for restoration, now 10 years after the Comprehensive Everglades
Restoration Plan (CERP) was launched, are discussed with a specific focus on
endangered species trends, water quality, and the human system. The watershed
context is also discussed in considerable detail, because the system cannot be
understood without that context. Canals, levees, and other water management
structures have profoundly altered the hydrology, geomorphology, and connec-
tivity of the system, and restoration of the ecosystem will require consideration
of the ecosystem services (e.g., natural water storage, water quality treatment)
once provided throughout the entire watershed.

THE SOUTH FLORIDA ECOSYSTEM'’S ENVIRONMENTAL DECLINE

The Everglades once encompassed about 3 million acres of slow-moving
water and associated biota that stretched from Lake Okeechobee in the north
to Florida Bay in the south (Figures 1-Ta and 2-1a). The nature of the water
flow has characteristics that provide the functional basis of the Everglades, and
as the flows have changed (Figure 2-1), the physical, chemical, and biological
components of the Everglades ecosystems also have changed. In the following
section the changes in the hydrologic and geomorphologic characteristics of
water flows are explored in the watersheds of Central and South Florida.

Changes to the Kissimmee-Lake Okeechobee-Everglades Watershed

From the hydrologic perspective, the map of Central and South Florida is
dominated by the 9,000 square mile Kissimmee-Okeechobee-Everglades water-
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FIGURE 2-1 Water flow in the Everglades under (a) historical conditions, (b) current conditions, and (c)
conditions envisioned upon completion of the Comprehensive Everglades Restoration Plan (CERP).

SOURCE: Graphics provided by USACE, Jacksonville District.

shed (Figure 2-2), a connected drainage basin that extends from the Orlando area
250 miles southward to Florida Bay (McPherson and Halley, 1996). The water-
shed includes three primary sub-basins: the Kissimmee River, Lake Okeechobee
and its tributaries, and the Everglades. Prior to economic development and
the creation of artificial drainage systems, water flowed from a series of small
lakes at the northern end of this system through the Kissimmee River into Lake
Okeechobee. During rainy periods, the lake spilled water southward over its low
perimeter and into the Everglades, moving as a broad shallow sheet of water
until it became more concentrated and flowed to tidewater through Shark River,
Taylor, and Loxahatchee sloughs as well as through coastal rivers. Rainfall onto
the 4,500 square mile Everglades augmented this overland flow and sustained
it during dry periods.

The conversion of the uninhabited Everglades wilderness into an area of
high agricultural productivity and cities was a dream of 19th-century investors,
and, beginning in the early 1880s, water-control projects were built to drain the
wetlands. By the end of the 20th century, the extensive water-control system to
supply water to agricultural and urban areas and to provide flood protection to
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FIGURE 2-2 Pre-drainage water flows in the Kissimmee-Lake Okeechobee-Everglades
watershed.

SOURCE: McPherson and Halley (1996).
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developed areas included more than 2,600 miles of canals and levees, 64 major
pumping stations, and about 1,300 control structures.! These installations, along
with highway construction and urbanization, have dismembered the original flow
paths of the Kissimmee-Lake Okeechobee-Everglades watershed (Figure 2-1).

Changes in the Kissimmee River Sub-Basin

Before the advent of drainage, canal, and levee projects that accompanied
economic development, the far northern portion of the Kissimmee-Okeechobee-
Everglades drainage basin was characterized by poorly connected lakes near the
present location of Orlando. The Kissimmee River flowed southward from this
lake district and emptied into Lake Okeechobee. In this pre-drainage period,
the river was a highly sinuous, single-thread channel 90 miles long, with a flood
plain 2 or more miles wide, and flanked by generally flat landscapes (McPher-
son and Halley, 1996). Under these geomorphic and hydrologic conditions,
seasonal high flows and occasional large floods caused the river to overflow its
banks, and periodically produced new channel locations. During these over-
bank flow events, the flood plains stored considerable amounts of water, and
they were directly connected in a hydrologic sense to the channel. Eventually,
flows from the Kissimmee River Basin passed downstream into Lake Okeechobee
and thence to the Everglades, so that even though the river was distant from the
Everglades, it was an integral part of Everglades hydrology.

Early drainage projects begun between 1881 and 1894 affected the flow
of water in the watershed north of Lake Okeechobee. By the late 1800s, more
than 50,000 acres north and west of Lake Okeechobee had been drained and
cleared for agriculture (Grunwald, 2006). As a flood control measure, the U.S.
Army Corps of Engineers (USACE) began construction of the Kissimmee River
Canal (C-38 Canal) in 1961, completing it 10 years later. What was once a
90-mile-long winding river was converted into a 52-mile-long, channelized
conduit with a more direct route to Lake Okeechobee. The canal also included
six locks and dams, a structural arrangement that introduced considerable
hydrologic adjustments to the system. Over-bank flooding became very rare,
and 40,000 to 50,000 acres of the flood plain were converted from wetlands
to terrestrial habitats that became agricultural lands and pastures (McPherson
and Halley, 1996).

These projects affected water quantity and water quality in Kissimmee River
discharges. The loss of flood-plain space meant that the basin stored less water
internally during high flows, the groundwater recharge was less, and the annual

'See http://www.sfwmd.gov/portal/page/portal/stwmdmain/managing%20%20protecting%20
water.
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total water yield of the river to Lake Okeechobee probably increased by about
20 percent or more (based on USACE and SFWMD, 1999). Because the naturally
winding course of the river along with its associated oxbow lakes and wetlands
were disconnected from the active river regime of the Kissimmee, their nutrient-
filtering capabilities were lost. The loss of these filters and the increased nutrient
loading that resulted from agricultural activities resulted in elevated deliveries
of nutrients to Lake Okeechobee (Federico, 1982).

Changes in the Lake Okeechobee Sub-Basin

Prior to drainage and development, Lake Okeechobee was a primary con-
nector and regulator in the Kissimmee-Okeechobee-Everglades hydrologic sys-
tem (Steinman et al., 2002). The lake, bounded by low rises on all sides, prob-
ably had an average depth of about 20 feet during wet periods and extended to
a surface area of more than 730 square miles (McPherson and Halley, 1996).
The lake expanded laterally during rainy periods (sometimes as much as several
miles) across gently sloping margins, particularly in the northwestern sector of
the lake’s edge. During dry periods the lake shrank into its basin, abandoning
the low-gradient, marshy areas on its northwest perimeter; its general depth
probably declined to about 16 feet. When the lake inflows exceeded its capac-
ity, water overflowed the perimeter of the lake westward into marshlands of the
Caloosahatchee River Basin and southward to the Everglades (see also Chapter
4 for a discussion of pre-drainage water budgets) (USACE and SFWMD, 1999).

In the late 1800s and early 1900s agricultural development slowly expanded
farming areas around Lake Okeechobee and on lands south of the water body.
Farmers found that during drought periods the lack of water crippled production,
and in wet years floods were a major hazard. In response to major floods in 1903,
the state created four canals to conduct excess water from Lake Okeechobee
to the Atlantic Ocean, allowing managers to control water levels in the lake.
The local drainage district constructed a sand and muck levee along 47 miles
of the lake’s perimeter. Devastating hurricanes in 1926 and 1928 stimulated
construction of an additional canal (C-44) eastward to connect the lake to the
St. Lucie Basin and enlargement of the connection (C-43) between the lake
and the Caloosahatchee River to carry more lake water westward to the Gulf
of Mexico. Today, large amounts of water are diverted from the original south-
ward flow into the estuaries, altering salinity and nutrient loadings. During the
1930s the USACE raised the levee along the lake margin, cutting off the gently
sloping terrain that once had been an overflow area. In the 1960s the USACE
increased the height of the levee (now known as the Herbert Hoover Dike) to 30
feet. The total effect of the engineering works associated with Lake Okeechobee
has been the fundamental alteration of the role of the lake in the Kissimmee-
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Okeechobee-Everglades watershed (Lodge, 2005). The quantitative impacts of
these changes are discussed in more detail in Chapter 4 (see also Figures 4-1
and 4-2). Understanding the flow of water in the Lake Okeechobee sub-basin
is essential to understanding the movement and storage of nutrients in the sub-
basin and the tremendous water quality challenges in Lake Okeechobee, as
explored more fully in Chapter 5 and in NRC (2008).

Changes in the Everglades Sub-Basin

Prior to drainage and development projects, the Everglades portion of the
Kissimmee-Okeechobee-Everglades drainage basin was a broadly defined zone
of flowing water starting at Lake Okeechobee and ending in Florida Bay, bounded
on the west by higher terrain in the Big Cypress Swamp and on the east by the
sandy rises of the Atlantic Ridge (McPherson and Halley, 1996). The topographic
gradient through the Everglades is only about 2 inches per mile, so that the flow
of water was only 100 feet per day. The form of the flow was in broad sheets a
few inches to a few feet deep. In 1848 Buckingham Smith (quoted in Fling et
al., 2009) observed: “The water is pure and limpid and almost imperceptibly
moves, not in partial currents, but, as it seems, in a mass, silently and slowly to
the southward.” Well-defined sloughs, where water flowed during all but the
driest years, provided important habitat and foraging sites for wading birds. The
“river of grass” shaped the characteristic features of the landscape in a delicate
balance between form and process. Field maps of the elongated tree islands that
rise above the sawgrass suggest that the orientation of sloughs, ridges, and tree
islands are all connected to the dominant flow direction (Parker et al., 1955;
Sklar and van der Valk, 2002).

The construction of canals, levees, and dikes beginning in the early 20th
century partitioned the Everglades portion of the Kissimmee-Okeechobee-
Everglades watershed into discrete, poorly integrated units (Figure 2-1b). In 1907
Governor Napoleon Bonaparte Broward created the Everglades Drainage District
to construct a vast array of ditches, canals, dikes, and “improved” channels. By
the 1930s, 440 miles of other canals altered the hydrology of the Everglades
(Blake, 1980). After extensive flooding in 1947 and increasing demands for
improved agricultural production and flood control for the expanding popula-
tion centers on the southeast Florida coast, the U.S. Congress authorized the
Central and South Florida (C&SF) Project, an extensive, extremely sophisticated
water management system. The C&SF Project provided flood control with the
construction of a levee along the eastern boundary of the Everglades to prevent
flows into the southeastern urban areas, established the 700,000 acre Everglades
Agricultural Area (EAA) south of Lake Okeechobee (see Box 2-1), and created
a series of water conservation areas (WCAs) to regulate water levels in devel-
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BOX 2-1
The Everglades Agricultural Area

Making the land in the Everglades Agricultural Area (EAA) (see Figure 1-3) suitable
for agriculture was one of the original primary objectives of the Central and South Flor-
ida (C&SF) Project (Lodge, 2005). Preliminary assessments in the late 1940s identified
the peat soils just south of the southern rim of Lake Okeechobee as ideal for agriculture
(Jones, 1948). Between 1950 and 1973, the USACE constructed a major dike on the
east side of the agricultural area, established water delivery and drainage canals, and
added pumps and control gates to manage water for agriculture. It also created the
water conservation areas (WCAs) as temporary holding ponds that could accept surplus
water during wet periods and provide additional water for agriculture during dry periods.
Lake Okeechobee could also be managed to supply water in dry periods and accept
excess water in wet periods. All of the EAA was designed for agricultural production,
except for two fairly small wildlife management areas (WMAs): Rotenberger WMA and
Holey Land WMA (Lodge, 2005). When the EAA was complete in the early 1970s, it
subsumed 27 percent of the pre-drainage Everglades. In comparison, the WCAs oc-
cupy 37 percent, and Everglades National Park covers about 20 percent (Lodge, 2005;
Secretary of Interior, 1994). As of the mid-2000s, the overwhelmingly dominant land use
in the EAA is sugar production, with less than 1 percent used for pasture (R. Budell,
Florida Agriculture and Consumer Services, personal communication, 2010).

oped areas in the remaining space between the lake and Everglades National
Park (Light and Dineen, 1994). By protecting urban and agricultural lands in
South Florida from floods and droughts (see Box 2-2), the project facilitated the
prosperous economic development in the region, but it dramatically altered the
Everglades ecosystem.

Ecological Implications of Watershed Changes

The profound hydrologic alterations were accompanied by many changes
in the biotic communities in the ecosystem, including reductions and changes
in the composition, distribution, and abundance of the populations of wad-
ing birds, the most visible component of the Everglades biota and symbolic to
many stakeholders of the status of the entire ecosystem. Urban and agricultural
development have reduced the Everglades to about one-half its pre-drainage
size (Davis and Ogden, 1994; Figure 1-1b) and have contaminated its waters
with phosphorus, nitrogen, sulfate, mercury, and pesticides. Today, the federal
government has listed 67 plant and animal species in South Florida as threatened
or endangered, with many more included on state lists. Some distinctive Ever-
glades habitats, such as custard-apple forests and peripheral wet prairie, have
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BOX 2-2
Climate Conditions in South Florida

Water management for both human and natural systems occurs within a context of
high variation and frequent extremes in climate conditions. South Florida has a humid
subtropical to tropical climate, and high annual precipitation (47 to 62 inches on average
for Everglades weather stations). Rainfall occurs on 70 to 80 days per year, but often
with high intensity. About 60-65 percent of the rainfall occurs during the summer wet
season and is associated with thunderstorms. The central portion of the state experi-
ences about 85 thunderstorms per year. Another notable feature of the precipitation
regime in Florida is the frequency of torrential rain (over 3 inches within 24 hours). Pre-
cipitation variability between years is also very high; total rainfall amounts have ranged
from 34 to 88 inches, with ranges of less than 40 to approximately 80 inches within most
decades since 1890. Another characteristic of South Florida’s climate is the frequency
of tropical storms and hurricanes. In most years, at least one tropical storm or hurricane
affects the region, with the maximum on record being 21 such storms in one year (1933).

Although the total amounts of rainfall inputs are large, the high temperature regime
results in high evapotranspiration, so that possibility of drought is always present.
Droughts generally follow low precipitation inputs during the wet season, but, as with
other components of the South Florida climate system, there is great variability in
the location, frequency, and duration of droughts. These characteristics imply that the
high variability in precipitation inputs coupled with constant high evaporative demand
result in both frequent excesses of water that must be managed to prevent urban and
agricultural flooding and also deficits of water that require drought management, with a
high potential for years of high precipitation to alternate with drought stresses (Duever
etal., 1994). See also http://www.ncdc.noaa.gov/oa/ncdc.html for additional information
on the climate of Florida.

disappeared altogether, while other habitats are severely reduced in area (Davis
and Ogden, 1994; Marshall et al., 2004). Mercury contamination led the state
of Florida to restrict consumption of nine species of fish in roughly 2 million
acres of the Everglades (Scheidt and Kalla, 2007). Phosphorus from agricultural
runoff has impaired water quality in large portions of the Everglades and has
been particularly problematic in Lake Okeechobee (Flaig and Reddy, 1995).
The Caloosahatchee and St. Lucie estuaries, including parts of the Indian River
Lagoon, have been greatly altered by high and extremely variable freshwater
discharges that bring nitrogen, phosphorus, and contaminants into the estuaries
and alter the salinities that control the abundance of estuarine organisms (Doer-
ing, 1996; Doering and Chamberlain, 1999).

At least as early as the 1920s, private citizens were calling attention to
the degradation of the Florida Everglades (Blake, 1980). However, by the time
Marjory Stoneman Douglas’s classic book The Everglades: River of Grass was
published in 1947 (the same year that Everglades National Park was dedicated),
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the South Florida ecosystem had already been altered extensively. Prompted by
concerns about deteriorating conditions in Everglades National Park and other
parts of the South Florida ecosystem, the public, as well as the federal and state
governments, directed increasing attention to the adverse ecological effects of
the flood-control and irrigation projects beginning in the 1970s (Kiker et al.,
2001; Perry, 2004). By the late 1980s it was clear that various minor corrective
measures undertaken to remedy the situation were insufficient. As a result, a
powerful political consensus developed among federal agencies, state agencies
and commissions, Native American tribes, county governments, and conserva-
tion organizations that a large restoration effort was needed in the Everglades
(Kiker et al., 2001). This recognition culminated in the CERP, which builds on
other ongoing restoration activities of the state and federal governments to create
one of the most ambitious and extensive restoration efforts in the nation’s history
(see Appendix B for a timeline of significant events in South Florida ecosystem
management).

SOUTH FLORIDA ECOSYSTEM RESTORATION GOALS

Several goals have been articulated for the restoration of the South Florida
ecosystem, reflecting the various restoration programs. The South Florida Ecosys-
tem Restoration Task Force (Task Force), an intergovernmental body established
to facilitate coordination in the restoration effort, has three broad strategic goals:
(1) “get the water right,” (2) “restore, preserve, and protect natural habitats and
species,” and (3) “foster compatibility of the built and natural systems” (SFERTF,
2000). These goals encompass, but are not limited to, the CERP. The Task Force
works to coordinate and build consensus among the many non-CERP restoration
initiatives that support these broad goals.

The goal of the CERP, as stated in the Water Resources Development Act of
2000 (WRDA 2000), is “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 Programmatic Regulations
(33 CFR 385.3) that guide implementation of the CERP further clarify this goal
by defining restoration as “the recovery and protection of the South Florida eco-
system so that it once again achieves and sustains the essential hydrological and
biologic characteristics that defined the undisturbed South Florida ecosystem.”
These defining characteristics include a large-areal extent of interconnected
wetlands, extremely low concentrations of nutrients in freshwater wetlands,
sheet flow, healthy and productive estuaries, resilient plant communities, and an
abundance of native wetland animals (DOl and USACE, 2005). Although devel-
opment has permanently reduced the areal extent of the Everglades ecosystem,
the CERP hopes to recover many of the Everglades” original characteristics and
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natural ecosystem processes. At the same time, the CERP is charged to maintain
current levels of flood protection (as of 2000) and provide for other water-related
needs, including water supply, for a rapidly growing human population in South
Florida (DOI and USACE, 2005).

Although the CERP contributes to each of the Task Force’s three goals,
it focuses primarily on restoring the hydrologic features of the undeveloped
wetlands remaining in the South Florida ecosystem, on the assumption that
improvements in ecological conditions will follow. Originally, “getting the water
right” had four components—quality, quantity, timing, and distribution. How-
ever, the hydrologic properties of flow, encompassing the concepts of direction,
velocity, and discharge, have been recognized as an important component of
getting the water right that had previously been overlooked (NRC, 2003c; SCT,
2003). Understanding of the CERP hydrologic goals is derived from paleoecol-
ogy research (e.g., Willard et al., 2001; Saunders et al., 2006; Bernhardt and
Willard, 2009) and hydrologic models that simulate the pre-drainage hydrol-
ogy, such as the Natural System Model (NSM; see Chapter 4 and Box 4-1). The
water quality goals are outlined by the existing legal and regulatory framework
(described in more detail in Chapter 5). Numerous studies have supported the
general approach of hydrologic restoration to achieve ecological restoration
(Davis and Ogden, 1994; NRC, 2005; SSG, 1993), although it is widely rec-
ognized that recovery of the native habitats and species in South Florida may
require restoration efforts, such as controlling exotic species and reversing the
decline in the spatial extent and compartmentalization of the natural landscape
(SFERTF, 2000; SSG, 1993).

The goal of ecosystem restoration can seldom be the exact re-creation of
some historical or preexisting state because physical conditions, driving forces,
and boundary conditions usually have changed and are not fully recoverable.
Rather, restoration occurs along a continuum from intensive deconstruction
and ecosystem reconstruction efforts in heavily impacted areas to improving
conditions in less modified ones (Hobbs and Norton, 1996). Implicit in the
understanding of ecosystem restoration is the recognition that natural systems
are self-designing and dynamic and, therefore, it is not possible to know in
advance exactly what can or will be achieved. Thus, ecosystem restoration
is an enterprise with some scientific uncertainty in methods or outcomes that
requires continual testing of goals and assumptions and monitoring of progress
(NRC, 2007). Moreover, large-scale restoration inevitably involves economic
and ecological tradeoffs depending on which sites in the landscape and which
attributes of the ecosystem are emphasized (e.g., remediation to reduce levels
of hazardous substances, productivity, recovery of rare species). The issue of
tradeoffs is a theme that runs through much of Chapters 4 and 5 of this report.

Copyright © National Academy of Sciences. All rights reserved.



Progress Toward Restoring the Everglades: The Third Biennial Review - 2010

The Restoration Plan in Context 33

What Natural System Restoration Requires

Restoring the South Florida ecosystem to a desired ecological landscape
requires reestablishment of the critical processes that sustained its historical
functions. Although getting the water right is the oft-stated and immediate
goal, the restoration will be recognized as successful if it restores the distinc-
tive characteristics of the historical ecosystem to the remnant Everglades (DOI
and USACE, 2005). Getting the water right is a means to an end, not the end
in itself. The hydrologic and ecological characteristics of the historical Everglades
serve as restoration goals for a functional (albeit reduced in size) Ever-
glades ecosystem. The first Committee on Independent Scientific Review of Ever-
glades Restoration Progress (CISRERP) review identified five critical components
of Everglades restoration:

1. Enough water storage capacity combined with operations that allow for
appropriate volumes of water to support healthy estuaries and the return of sheet
flow through the Everglades ecosystem while meeting other demands for water;

2. Mechanisms for delivering and distributing the water to the natural system
in a way that resembles historical flow patterns, affecting volume, depth, veloc-
ity, direction, distribution, and timing of flows;

3. Barriers to eastward seepage of water so that higher water levels can be
maintained in parts of the Everglades ecosystem without compromising the cur-
rent levels of flood protection of developed areas as required by the CERP;

4. Methods for securing water quality conditions compatible with restora-
tion goals for a natural system that was inherently extremely nutrient poor,
particularly with respect to phosphorus; and

5. Retention, improvement, and expansion of the full range of habitats by
preventing further losses of critical wetland and estuarine habitats and by pro-
tecting lands that could usefully be part of the restored ecosystem.

If these five critical components of restoration are achieved and the difficult
problems associated with other major ecosystem changes, such as invasive spe-
cies and altered fire regimes, can be managed, then the basic physical, chemi-
cal, and biological processes that created the historical Everglades can once
again work to create a functional mosaic of biotic communities that resemble
the distinctive characteristics of the historical Everglades. Even if the restored
ecosystem does not exactly replicate the historical ecosystem, or reach all of
the biological, chemical, and physical targets, the reestablishment of natural
processes and dynamics should result in a viable and valuable Everglades eco-
system. The central principle of ecosystem management is to provide for the
natural processes that historically shaped an ecosystem, because ecosystems are
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characterized by the processes that regulate them. If the conditions necessary
for those processes to operate are met, recovery of species and communities is
far more likely than if humans attempt to specify every constituent and element
of the ecological system (NRC, 2007).

RESTORATION ACTIVITIES

Several restoration programs, including the largest of the initiatives, the
CERP, are now ongoing. The CERP often builds upon non-CERP activities (also
called “foundation projects”), many of which are essential to the effectiveness
of the CERP. In the following section, a brief overview of the CERP and some of
the major non-CERP activities are provided.

Comprehensive Everglades Restoration Plan

WRDA 2000 authorized the CERP as the framework for modifying the C&SF
Project. Considered a blueprint for the restoration of the South Florida ecosys-
tem, the CERP is led by two organizations with considerable expertise managing
the water resources of South Florida—the USACE, which built most of the canals
and levees throughout the region, and the South Florida Water Management
District (SFWMD), the state agency with primary responsibility for operating and
maintaining this complex water collection and distribution system.

In the CERP conceptual plan (USACE and SFWMD, 1999; also called the
Yellow Book), major alterations to the C&SF Project are proposed in an effort
to reverse decades of ecosystem decline. The Yellow Book includes roughly 50
major projects consisting of 68 project components to be constructed at a cost
of approximately $12.8 billion (estimated in 2008 dollars; SFERTF, 2009). Major
components of the restoration plan focus on restoring the quantity, quality, tim-
ing, and distribution of water for the natural system (Figure 2-3). These major
CERP components include the following:

e Conventional surface-water storage reservoirs, which will be located
north of Lake Okeechobee, in the St. Lucie and Caloosahatchee basins, in the
EAA, and in Palm Beach, Broward, and Miami-Dade counties, will provide stor-
age of approximately 1.5 million acre-feet.

e Aquifer storage and recovery is proposed as an approach to store water
approximately 1,000 feet below ground using a large number of wells built
around Lake Okeechobee, in Palm Beach County, and in the Caloosahatchee
basin; the approach has not yet been tested at the scale proposed.

* In-ground reservoirs will store water in quarries created by rock mining.
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FIGURE 2-3 Major project components of the CERP.

SOURCE: Courtesy of Laura Mahoney, USACE.

Copyright © National Academy of Sciences. All rights reserved.



Progress Toward Restoring the Everglades: The Third Biennial Review - 2010

36

Progress Toward Restoring the Everglades

¢ Stormwater treatment areas (STAs) are constructed wetlands that will
treat agricultural and urban runoff water before it enters natural wetlands.

* Seepage management approaches will prevent unwanted loss of water
from the natural system through levees and groundwater flow; the approaches
include adding impermeable barriers to the levees, installing pumps near levees
to redirect lost water back into the Everglades, and holding water levels higher
in undeveloped areas between the Everglades and the developed lands to the
east.

* Removing barriers to sheet flow, including 240 miles of levees and
canals, will reestablish shallow sheet flow of water through the Everglades
ecosystem.

* Rainfall-driven water management will be created through operational
changes in the water delivery schedules to the WCAs and Everglades National
Park to mimic more natural patterns of water delivery and flow through the
system.

* Water reuse and conservation strategies will build additional water sup-
ply in the region; two advanced wastewater treatment plants are proposed for
Miami-Dade County in order to clean wastewater to a standard that would allow
it to be discharged to wetlands along Biscayne Bay or to recharge the Biscayne
aquifer.

The largest portion of the budget is devoted to storage and water conservation
projects and to acquiring the lands needed for them (see NRC, 2005). Progress on
the implementation of Everglades restoration projects is described in Chapter 3.

2Although some STAs are included among CERP projects, the USACE has recently clarified its
policy on federal cost sharing for water quality features, indicating that cost-share for water quality
features will be determined on a project-by-project basis. A memo from the Assistant Secretary of
the Army (Civil Works) (USACE, 2007) states: “Before there can be a Federal interest to cost share a
water quality improvement feature, the water must be in compliance with water quality standards
for the current use of the affected water and the work proposed must be deemed essential to the
Everglades restoration effort.” The memo goes on to state, “The CERP Plan described in the 1999
Restudy reiterates these requirements and for plan formulation purposes assumes that programs,
projects, and activities to achieve water quality standards would be in place and the standards met.
Since the passage of the WRDA 1996 cost sharing provisions which were incorporated by reference
in WRDA 2000, it has been explicitly stated and understood that any programs, projects, or activi-
ties required to achieve applicable water quality standards would be accomplished at 100 percent
non-Federal cost.” However, the memo goes on to state: “for CERP projects where inflows do not
meet water quality standards the Corps will evaluate the benefits of any water quality features in
Project Implementation Reports (PIRs) and if the benefits are determined to be essential to Everglades
restoration, then the Corps may recommend to Congress in a PIR that it be given specific statutory
authority to build and cost-share the subject water quality features to both help to achieve exist-
ing water quality requirements and provide additional restoration benefits critical to the successful
implementation of CERP. . . If Congress chooses to provide this authority such water quality features
would be cost-shared accordingly as part of the Federal Project.”
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The modifications to the C&SF Project embodied in the CERP were originally
expected to take more than three decades to complete, requiring a clear strategy
for managing and coordinating restoration efforts. The Everglades Programmatic
Regulations specifically require coordination with other agencies at all levels of
government, although final responsibility ultimately rests with the USACE and
SFWMD. WRDA 2000 endorses the use of an adaptive management framework
for the restoration process, and the Programmatic Regulations formally establish
an adaptive management program that will “assess responses of the South Florida
ecosystem to implementation of the Plan; . . . [and] seek continuous improvement
of the Plan based upon new information resulting from changed or unforeseen
circumstances, new scientific and technical information, new or updated model-
ing; information developed through the assessment principles contained in the
Plan; and future authorized changes to the Plan.” An interagency body called
Restoration, Coordination, and Verification (RECOVER) has been established to
ensure that sound science is used in the restoration (see Box 2-3). The RECOVER
leadership group oversees the monitoring and assessment program that will evalu-
ate the progress of the CERP toward restoring the natural system and will assess
the need for changes to the plan through the adaptive management process.

In 2004, Florida launched Acceler8, a plan to hasten the pace of project
implementation, and committed $1.5 billion of its portion of the state-federal
cost share for the CERP by 2010 for this initiative. The objectives of Acceler8
were to provide immediate environmental and water supply benefits and to
serve as a foundation for subsequent restoration efforts by expediting 11 CERP
project components and some non-CERP components. Although state budget
pressures impacted the pace of the Acceler8 effort, numerous restoration projects
continue to be expedited by the state of Florida. These projects are discussed in
greater detail in Chapter 3.

Non-CERP Restoration Activities

When Congress authorized the CERP in WRDA 2000, the SFWMD, the
USACE, the National Park Service (NPS), and the U.S. Fish and Wildlife Service
(FWS) were already implementing several activities intended to restore key
aspects of the Everglades ecosystem. These non-CERP initiatives are critical to
the overall restoration progress. In fact, the effectiveness of the CERP was predi-
cated upon the completion of many of these projects. These projects include
Modified Water Deliveries to Everglades National Park (Mod Waters), C-111
South Dade, and the Critical Projects (see Box 2-4). Several additional projects
are also either under way or in planning stages to meet the broad restoration
goals for the South Florida ecosystem and associated legislative mandates. They
include extensive water quality initiatives, such as the Everglades Construction
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BOX 2-3
RECOVER

RECOVER (Restoration, Coordination, and Verification) is a multi-agency, multi-
disciplinary team of scientists, modelers, planners, and resource specialists whose role
is to organize, analyze, and apply scientific and technical information in support of the
systemwide goals of the CERP.

Authorized in the CERP Programmatic Regulations (33 CFR 385.20), RECOVER
provides essential support to the CERP toward meeting its goals and purposes while
utilizing adaptive management principles. RECOVER'’s mission is accomplished through
three kinds of activities:

* Evaluation—working with project development teams to evaluate and maximize
the contribution made by each project to the systemwide performance of CERP;

¢ Assessment—measuring and interpreting actual responses in the natural and
human systems as CERP projects are brought on line; and

¢ Planning and Integration—identifying potential improvements in the design
and operation of the CERP, consistent with plan objectives, and striving for consensus
among agencies regarding scientific and technical aspects of the restoration plan.

Specific tasks to be carried out by RECOVER include recommendation of interim
goals and targets for the plan, development of performance measures, evaluations of
systemwide impacts attributable to specific projects, evaluation and integration of new
scientific information, and development and implementation of a monitoring plan.

The RECOVER Leadership Group (RLG) is constituted in 33 CFR Section 385.20(d)
(2) to “assist the program managers in coordinating and managing the activities of RE-
COVER, including the establishment of sub-teams and other entities, and in reporting
the activities of RECOVER.” The RLG is composed of 12 agency representatives, as
specified in the Programmatic Regulations, including the USACE (co-chair), SFWMD
(co-chair), the U.S. Environmental Protection Agency, National Oceanic and Atmo-
spheric Administration, U.S. Fish and Wildlife Service (FWS), U.S. Geological Survey,
National Park Service (NPS), Miccosukee Tribe of Indians of Florida, Seminole Tribe of
Florida, Florida Department of Agriculture and Consumer Services, Florida Department
of Environmental Protection, and the Florida Fish and Wildlife Conservation Commis-
sion (FFWCC).

SOURCE: USACE and SFWMD (2007d).

Project, and programs to establish best management practices (BMPs) to decrease
nutrient loading.

10 YEARS LATER: THE CHANGING ENVIRONMENTAL AND
SOCIOECONOMIC CONTEXT FOR THE CERP

In this section the trends in selected environmental, socioeconomic, and bio-
logical factors in South Florida are briefly summarized for the past decade since
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BOX 2-4
Non-CERP Restoration Activities in South Florida

The following represent the major non-CERP initiatives currently under way in sup-
port of the South Florida ecosystem restoration (Figure 2-4). Progress on these non-
CERP projects is discussed in Appendix C.

Kissimmee River Restoration Project

This project, authorized by Congress in 1992, aims to reestablish the historical river-
floodplain system at the headwaters of the Everglades watershed and, thereby, restore
biological diversity and functionality. The project plans to backfill 22 miles of the 56-mile
C-38 Canal and restore 43 miles of meandering river channel in the Kissimmee River.
The project includes a comprehensive evaluation program to track ecological responses
to restoration. Completion is expected by 2013 (Jones et al., 2010).

Everglades Construction Project

The Everglades Forever Act (F.S. 373.4592; see Appendix B) required the state of
Florida to construct stormwater treatment areas (STAs) to reduce the loading of phos-
phorus into the Arthur R. Marshall Loxahatchee National Wildlife Refuge, the Water
Conservation Areas (WCAs), and Everglades National Park. These STAs are part of
the state’s long-term plan for achieving water quality goals, including the total phos-
phorus criterion for the Everglades Protection Area of 10 parts per billion (ppb).2 See
also Chapter 5.

Modifications to the C&SF: C-111 (South Dade) Project

This project is designed to improve hydrologic conditions in Taylor Slough and the
Rocky Glades of the eastern panhandle of Everglades National Park and to increase
freshwater flows to northeast Florida Bay, while maintaining flood protection for urban
and agricultural development in south Miami-Dade County. The project plan includes a
tieback levee with pumps to capture groundwater seepage to the east, detention areas
to increase groundwater levels and thereby enhance flow into Everglades National Park,
and backfilling or plugging several canals in the area. A Combined Structural and Opera-
tional Plan (CSOP) will integrate the goals of the Mod Waters and C-111 projects and
protect the quality of water entering Everglades National Park (DOl and USACE, 2005).

Modified Water Deliveries to Everglades National Park Project (Mod Waters)

This federally funded project, authorized in 1989, is designed to restore more natural
hydrologic conditions in Everglades National Park. The project includes levee modifica-
tions and installation of a seepage control pump to increase water flow into WCA-3B
and northeastern portions of Everglades National Park. It also includes providing flood
mitigation to about 60 percent of the 8.5 square mile area (a low-lying but partially de-
veloped area on the northeast corner of Everglades National Park) and raising portions
of Tamiami Trail. Mod Waters is a prerequisite for the first phase of “decompartmentaliza-
tion” (i.e., removing some barriers to sheet flow), which is part of the CERP? (DOI and
USACE, 2005; NRC, 2008).

continued
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BOX 2-4 Continued

Northern Everglades and Estuaries Protection Program

In 2007, the Florida legislature expanded the Lake Okeechobee Protection Act
(LOPA) to include protection and restoration of the Lake Okeechobee watershed and
the Caloosahatchee and St. Lucie estuaries. The legislation, being implemented as the
Northern Everglades and Estuaries Protection Program, will focus resources on res-
toration efforts for Lake Okeechobee and the Caloosahatchee and St. Lucie estuaries.
The Lake Okeechobee Watershed Construction Project Phase Il Technical Plan, issued
in February 2008 in accordance with LOPA, consolidated the numerous initiatives al-
ready under way through Florida’s Lake Okeechobee Protection Plan (LOPP) and Lake
Okeechobee and Estuary Recovery (LOER) Plan.

Critical Projects

Congress gave programmatic authority for the Everglades and South Florida Eco-
system Restoration Critical Projects in Water Resources Development Act (WRDA)
1996, with modification in WRDA 1999 and WRDA 2007. These were small projects that
could be quickly implemented to provide immediate and substantial restoration benefits
such as improved quality of water discharged into WCA-3A and Lake Okeechobee and
more natural water flows to estuaries. Examples of the Critical Projects include the
Florida Keys Carrying Capacity Study, Lake Okeechobee Water Retention and Phos-
phorus Removal, Seminole Big Cypress Reservation Water Conservation Plan, Tamiami
Trail Culverts, Ten Mile Creek Water Preserve Area, and the Lake Trafford Restoration
(DOI and USACE, 2005).c See also Appendix C.

aSee http://www.sfwmd.gov/org/erd/longtermplan/index.shtml.

"See http://www.saj.usace.army.mil/dp/mwdenp-c111/index.htm for more information on Mod
Waters and the C-111 Project.

cSee http://www.saj.usace.army.mil/projects for more information on and the status of the Criti-
cal Projects.

the CERP was launched in WRDA 2000 to provide readers a better understanding
of the changing context for the CERP. The level of environmental monitoring in
South Florida is as high as or higher than anywhere in the United States, mak-
ing it is possible to gain a synoptic view of some key physical and biological
features of the ecosystem. The record since 2000 documents South Florida’s
high inter-annual and multi-year environmental and socioeconomic variability,
and underscores the looming challenge of identifying systematic trends in condi-
tions related to restoration efforts. The record also highlights the species-specific
nature of responses to environmental fluctuations and the persistent challenge
posed by invasive nonindigenous species.
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FIGURE 2-4 Locations of major non-CERP initiatives. © International Mapping
Associates

Socioeconomic Setting

South Florida’s growing human population places ever greater demands on
both water management systems and ecosystems (NRC, 2008). Between 2000
and 2010 the human population in the five-county region of Broward, Mar-
tin, Miami-Dade, Monroe, and Palm Beach counties increased by more than
356,000 people, or 6.6 percent (Bureau of Economic and Business Research,
2005, 2009). However, the population in 2010 is substantially lower (by 467,000
people) than the estimate used by CERP planners to project future water demand
in these counties (SFWMD, 2000, 2006b).
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Water demand in the Lower East Coast Planning area increased from 889
million gallons per day (MGD) in 2000 to 904 MGD in 2005, and decreased
to less than 800 MGD under the drought-related water restrictions in 2008.
The Restudy projections of 2010 water demand in the Lower East Coast Service
area ranged from 1,166 to 1,285 MGD and thus appear to be considerably
higher than actual demand based on current population and water demand
trends.

The socioeconomic impacts of the recent economic recession have been
especially hard felt in Florida, where state population growth from April 2008
to April 2009 was negative (-1,845) for the first time in the state’s history.
Population decline was particularly marked in populous southeastern counties
such as Broward (-13,904), Palm Beach (-8,033), and Miami-Dade (-5,485).
With unemployment above 10 percent and construction of new homes stalled
(12 percent of existing homes are in foreclosure), property values and prices
of construction materials have decreased. The lower price of construction has
reduced some restoration project costs. For example, the 2008 estimated cost
of the 1-mile bridge was $200 million, compared to the actual $81 million
contract awarded in 2009. Restoration efforts also benefited from the American
Recovery and Reinvestment Act of 2009, which directed $62 million toward
South Florida ecosystem restoration projects. On the other hand, state rev-
enues have been reduced for land acquisition and restoration. A prolonged
economic recession could also potentially erode public support for environ-
mental projects.

Despite the economic downturn, recreational use of the Everglades con-
tinues to be high and is apparently outpacing regional population growth. The
number of visitors entering Everglades National Park through visitor gates has
hovered around 1 million annually, but recreational boater use in the park has
increased 2.5 times since the mid-1970s (Ault et al., 2008). Statewide levels of
recreational fishing and wildlife watching increased significantly between 1996
and 2006 (Table 2-1), a trend that can be assumed to apply to the remnant
Everglades ecosystem as well.

Hardly a week goes by without an article on Everglades restoration appear-
ing in one of the major Florida newspapers. Nevertheless, there is mixed evi-
dence for the level of public awareness and support of the CERP. A 2003 phone
survey of 1,906 residents in southeast Florida estimated that 54 percent of the
population was unaware of the CERP. On the other hand, nearly 90 percent of
those who were aware of the CERP supported the project (Bransford et al., 2006).
A 2009 poll of 600 Florida voters that was commissioned by the Everglades
Foundation reported that 82 percent “strongly” or “somewhat strongly” sup-
ported restoration of the Everglades, mainly for water supply and flood control
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TABLE 2-1 Summary of Hunting, Fishing, and Wildlife-Watching Activities and Related
Expenditures (in 2010 dollars) in Florida since 1996

Activities 1996 2001 2006

Fishing Anglers 2,900,000 3,100,000 3,700,000
Fishing days 45,500,000 48,400,000 51,100,000
Fishing expenditures $4,573,300,000 $5,030,500,000 $5,777,400,000

Hunting Hunters 180,000 230,000 260,000
Hunting days 4,400,000 4,700,000 3,800,000
Expenditures $474,600,000 $485,600,000 $438,500,000

Wildlife watching Participants 3,600,000 3,200,000 5,000,000
Expenditures $2,332,200,000 $1,940,900,000 $4,041,900,000

NOTE: Expenditures adjusted for inflation to 2010 dollars. Numbers rounded to hundred thousands or two significant
digits.
SOURCE: USFWS (1996, 2001, 2006).

benefits.’ Neither poll measured citizen willingness to pay for restoration, so it
is hard to gauge the depth of public commitment.

Hydrologic Trends

In the past decade the Everglades experienced two severe droughts and
associated large wildfires as well as 12 powerful tropical storms. These extremes
in climate and weather played out against a steady rise in the sea level of nearly
an inch.*

The region experienced severe droughts in 2000-2001 and 2006-2009. In
terms of rainfall, more extreme droughts were recorded in the 1930s, 1940s,
and 1980s, but the most recent droughts were accompanied by the worst water
shortages in the region’s history, as evidenced by record low water levels in
Lake Okeechobee (Figure 2-5). Dry conditions in 2000-2001 and 2007-2008
promoted large wildfires, notably in the desiccated wetlands of northeast Shark
River Slough (Figure 2-6). The 2006-2009 drought forced the SFWMD to impose
new agricultural and urban water use restrictions that reduced potable water
consumption by 105 million gallons between April 2007 and March 2008.

Since 1871 South Florida has experienced an average of three tropical
systems (tropical storms or hurricanes) every four years. These systems exact a
heavy toll on South Florida in terms of human lives and property losses. In the
past decade the region experienced 12 tropical systems, notably Hurricanes
Wilma, the third costliest hurricane in U.S. history (2005, $20.6 billion), and

3See http://www.evergladesfoundation.org/everglades-research-studies.php.
“See http://www.nasa.gov/vision/earth/environment/sealevel_feature.html.
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FIGURE 2-5 Number of days Lake Okeechobee water level was below 11 feet above sea level (National
Geodetic Vertical Datum, NGVD) (ending date, April 30, 2008).

SOURCE: Abtew et al.(2009).

Frances (2004, $8.9 billion), as well as Tropical Storm Fay (2008) (Blake et al.,
2007; Abtew et al., 2010). Although destructive, these tropical systems figured
importantly in the region’s water supply. For example, Hurricane Gabrielle was
pivotal in relieving the 2000-2001 drought, as was Tropical Storm Fay in reliev-
ing the 2006-2009 drought. The double-edged role of tropical storms in South
Florida illustrates the complexity of managing water risks here and the multiple
social benefits of added storage capacity in the system.

Trends in Exotic Species

South Florida ecosystems have been extensively invaded by exotic (non-
native) plants and animals that pose a significant challenge and add costs and
uncertainty to Everglades restoration. New species continue to be inadvertently
or deliberately introduced, often as byproducts of the horticultural and pet trade
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FIGURE 2-6 Number of acres burned per water year (WY, October to September) in the SFWMD area from
wildfires that were 10 acres or larger (WY 1982-2009).

SOURCE: Abtew et al.(2010).

industries. RECOVER scientists list 50 exotic reptile and amphibian species, 13
birds, 17 mammals, 34 fish, and 69 invertebrates in the Greater Everglades (Rod-
gers et al., 2010). The Florida Exotic Pest Plant Council lists 61 invasive plants
(from a total of 1,389 nonnative species) that are known to cause significant
ecological impacts in South Florida.> Some of these species have increased in
extent to conditions that threaten native wetland species and communities, alter
fire regimes, and impair infrastructure such as stormwater treatment areas and
water conveyance systems.

Since 1980 state and federal agencies have spent more than $300 million
to control invasive plants in Florida, especially South Florida (Schmitz, 2007;
Rodgers et al., 2010). Looking back over the past decade, the 2010 South Florida

*See http://www.fleppc.org.
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Environmental Report (Rodgers et al., 2010) details not only an expanded effort
to cope with exotic species threats to restoration, but also a greatly improved
network of organizations and coordinated efforts to detect, monitor, and control
these species. Efforts to control particular species and to improve the capacity
to develop and release biological control agents for the most damaging species
have in some cases met with dramatic success (Figure 2-7). Maintenance-level
control of melaleuca (Melaleuca quinquenervia) has been achieved over large
areas (albeit at a total cost of about $40 million) and has resulted in initial recov-
ery of native plant species in previously infested areas (Rayamajhi et al., 2009;
Rodgers et al., 2010). Several other species, including both newly emerging
threats (e.g., feathered waterfern [Azolla pinnatal) and long-established species
(e.g., hydrilla [Hydrilla verticillata], torpedograss [Panicum repens]) are yielding
to improved control efforts. On the other hand, 15 plant species are reported
to be out of control and posing serious threats in at least some regions, and 7
species have been identified as emerging threats (Rodgers et al., 2010). Brazil-
ian pepper (Schinus terebinthifolius) still occupies 700,000 acres of the region
(Rodgers et al., 2010). Old World climbing fern (Lygodium macrophyllum, Figure
2-7) has expanded from 43,000 acres in 1999 to 160,000 acres in 2009 (Ferriter
et al., 2002; Rodgers et al., 2010). Other species continue to emerge as poten-
tially serious pests, for example, crested floatingheart (Nymphoides cristata), an
aquatic plant from Asia, and downy rose Myrtle (Rhodomyrtus tomentosa), a
fast-growing ornamental Asian shrub that is now widespread in South Florida.

Control of exotic invasive animals has long lagged behind the control of
invasive plants (Ferriter et al., 2004) and still receives less effort than plant
control. Since the Everglades Cooperative Invasive Species Management Area
(E-CISMA)® was established by the USACE, SFWMD, Florida Fish and Wildlife
Conservation Commission (FFWCC), FWS, and NPS in 2003, it has coordinated
the management of invasive species. Its publications describe the development
of biological controls of various invasive plant species as well as descriptions
of invasive animals. A few animal species, such as the African sacred ibis
(Threskiornis aethiopicus), have been successfully eliminated, while report-
ing and rapid-response programs have been developed for species such as the
African python (Python sebae) and the black and white tegu lizard (Tupinambis
merianae), among others. However, exotic invasive animals, especially the many
fish species, some of which are very abundant, are difficult to control. The pre-
vention of invasion and the control of species that already have invaded are on
the E-CISMA's agenda, but it is not clear that significant progress in controlling
them is likely in the near future.

“See http://www.evergladescisma.org/.
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FIGURE 2-7 (a) Old World climbing fern invasion and (b) defoliation at a release site for the brown lygodium
moth.

SOURCE: Photos courtesy of P.Greb, U.S. Department of Agriculture, Agricultural Research Services (http://
www.invasive.org/weedcd/species/3046.htm); SFWMD.

Threatened and Endangered Species

In 1998 the FWS published a programmatic biological opinion covering 18
federally listed species that could potentially be impacted by the CERP. Of the
12 animal species discussed there, the bald eagle (Haliaeetus leucocephalus)
has recovered and been de-listed. In the most recent FWS five-year reviews
published between 2007 and 2009, the West Indian manatee (Trichechus mana-
tus latirostris) was classified as increasing (USFWS, 2007a), and the Florida
panther (Puma concolor coryi) was characterized as stable in the short term but
facing continuing threats (USFWS, 2009c¢). Five animal species were assessed
as declining, including three species that primarily inhabit upland areas—the
eastern indigo snake (Drymarchon corais couperi), Florida grasshopper sparrow
(Ammodramus savannarum floridanus), and Florida scrub jay (Aphelocoma
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coerulescens)—and two wetland species—the Everglades snail kite (Rostrhamus
sociabilis plumbeus) and wood stork (Mycteria americana) (USFWS, 2007b,c,d,
2008a,b), although the wood stork population increased dramatically in South
Florida during the 2008-2009 breeding season (Figure 2-8). Audubon’s crested
caracara (Polyborus plancus), an upland hawk, was considered too poorly sur-
veyed to assess trends (USFWS, 2009b). The Cape Sable seaside sparrow (Ammo-
dramus maritimus mirabilis) appears stable (see below). In 2003 the smalltooth
sawfish (Pristis pectinata), which occurs in tropical marine and estuarine areas
in Florida from Charlotte Harbor to Florida Bay, was added to the Endangered
Species list. Of the six plant species named in the 1998 biological opinion, only
the status of two is known. The crenulated lead plant (Amorpha crenulatais), a
perennial, deciduous shrub that inhabits marl prairies and wet pine rocklands in
a small area of Miami-Dade County, was considered stable (although only a few
hundred individuals exist in the wild) (USFWS, 2007e). The Okeechobee gourd
(Cucurbita okeechobeensis ssp. okeechobeensis), a vine that once was common
in the flooded pond apple (Annona glabra) stands around Lake Okeechobee, is
declining (USFWS, 2009d).

FIGURE 2-8 Trends in wood stork and tricolored heron nests in the Everglades since 1997.

SOURCE: Sklar et al.(2010).
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Conlflicts over endangered species have delayed CERP and related founda-
tion projects such as Mod Waters (NRC, 2008; Rizzardi, 2001). Commencement
of actual construction on projects such as the 1-mile bridge on the Tamiami Trail
and the C-111 Spreader Canal (discussed in Chapter 3) will test the ability of
various parties to cooperate in addressing multi-species recovery during CERP
implementation. The issue of restoration planning for multiple endangered spe-
cies is addressed further in Chapter 4.

Analysis of Trends of Endangered Birds

There are both hopeful signs of population recovery and ominous signs of
extinction for the Florida Everglades” most threatened animals. The Everglades
provides important nesting and foraging habitat for the endangered wood stork
and other wading birds, the endangered Cape Sable seaside sparrow, and the
endangered snail kite. In this section, the committee examines the trends and
the drivers affecting these trends for these three endangered species.

Wood stork and wading bird numbers have generally increased throughout
South Florida (Cook and Herring, 2007; Cook and Kobza, 2009) over the past
decade, and 2009 was a record-setting year for nesting. More than 73,000 nests
of wading birds were recorded in the Everglades, which represents the largest
nesting effort in South Florida since the 1940s and an 83 percent increase over
the average of the previous nine seasons. More than 60 percent of the nests were
in WCA-3, and a large number of birds foraged there (Cook and Kobza, 2009).
The wood stork produced more than 4,000 nests in 2009, double the average
of the past decade. Such recovery was previously thought only to be possible
with the implementation of CERP projects. Wading bird recovery was promoted
by hydrologic conditions that increased food abundance and concentrated prey,
including drought conditions (2006-2007) that reduced aquatic competitors and
faster water-level recession rates without reversals (as described in Frederick
and Ogden, 2001).

Cape Sable seaside sparrows appear to have stabilized in South Florida
over the past decade after major water management changes starting in 2000
(for more discussion see Chapter 4 and Box 4-2), but there is little indication of
recovery. Population size has been stable, fluctuating between 3,000 and 4,000
birds in Everglades National Park (J. Lockwood, Rutgers University, personal
communication, 2010; D. Hallac, NPS, personal communication, 2009). Most
individuals are in two subpopulations (B and E), which have remained stable and
support 80-90 percent of the remaining individuals (SEl, 2007). Large declines
in the proportion of area occupied by sparrows within their range that occurred
across all the subpopulations between 1981 and 1992 also appear to have sta-
bilized over the past decade (Cassey et al., 2007). Flooding and fire, which are
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often considered the main threats to the survival of the Cape Sable seaside spar-
row along with nest predation (Curnutt et al., 1998; Nott et al., 1998; Lockwood
et al., 2006; Baiser and Lockwood, 2006), were less frequent over the past
decade in sparrow habitats due in part to changes in the management in WCA-
3A directly upstream from where sparrows nest in Everglades National Park.

In contrast, the snail kite population in Florida has plummeted over the past
decade (Figure 2-9), and water levels in WCA-3A have been an important con-
tributor (Cattau et al., 2008, 2009). The number of kites in Florida declined to
662 birds in 2009 from more than 3,500 individuals a decade earlier (Martin et
al., 2007), making it once again one of the most endangered vertebrates in the
continental United States. Kite numbers in Florida have not been so low since
1988 (Beissinger, 1995). Snail kites feed almost solely on snails of the genus
Pomacea (Snyder and Snyder, 1969; Beissinger, 1990; Sykes et al., 1995). This
high degree of diet specialization makes them dependent on flooded wetlands
to feed and nest, and vulnerable to population declines if they are unable to find
snails, such as during regional droughts (Beissinger, 1995). Although regional
droughts contributed to the decrease in kite numbers in some recent years,
lack of reproduction by kites primarily in WCA-3A and secondarily in Lake
Okeechobee has played a major role (Cattau et al., 2008, 2009; Martin et al.,
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FIGURE 2-9 Annual estimates of snail kite population size in Florida and 95 percent confi-
dence intervals.

SOURCE: Cattau et al. (2008, 2009).
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2008). In 2009, 185 nests were recorded statewide but only 11 were in WCA-3A,
producing only two young, which follows the trend of low reproduction from
kites in WCA-3A since 2001. Southern WCA-3A had been the most important
wetland for kite reproduction since the mid-1960s (Snyder et al., 1989; Cattau
et al., 2009). The decline in kite use and nesting success in WCA-3A during the
past decade coincides with changes in the regulation schedule in this wetland
that were made to improve conditions in Everglades National Park for Cape Sable
seaside sparrows (see Chapter 4).

In summary, there appear to be conflicting hydrologic habitat requirements
for several of the most endangered species in the Everglades that are manifested
by the current management of water in WCA-3. Water management changes
over the past 10 years have stopped further declines in the sparrow population,
but they have not been effective in producing the desired hydrologic conditions
to recover this species. Meanwhile, the water management changes have con-
tributed to decline of the snail kite reproduction in WCA-3A and to its statewide
population crash. Yet, the same set of environmental conditions has resulted in
wading bird recovery. These water management challenges are considered in
more detail in Chapter 4.

Ridge and Slough Landscape Trends

The development of a water-control infrastructure for South Florida has
resulted in widespread changes in ridge and slough landscapes. These distinc-
tive landscapes consist of parallel ridges of peat and intervening water bodies
(or sloughs) 100 to 500 feet wide with local relief of only about 1 foot and are
broadly oriented along the local direction of water flow. These landscapes origi-
nally occupied nearly 4,000 square miles of South Florida, but they now cover
only about half of their former extent. The landscapes degrade when canals and
levees disrupt sheet flow, resulting in flattening of the landscape, loss of aquatic
communities, and disorientation of the features (Figures 2-10 and 2-11). The
ridge and slough system is also degraded by increased frequency of fires in areas
with frequent drawdowns. In an early evaluation, the Science Coordination Team
(SCT, 2003) concluded that “1) The Everglades ridge and slough landscape has
changed and is continuing to change significantly, and 2) the landscape changes
are having detrimental ecological effects on Everglades plants and animals.”

Recent changes in ridge and slough landscapes show a variety of trends,
with increases in coverage of such landscapes in some places, declines in oth-
ers, and substantial variability in trends in some places (Figure 2-12; Sklar et
al., 2009b). The diagrams in Figure 2-12 represent historical trends in a metric
of landscape patterning in three places in WCA-3A. The metric consists of a
series of categories ranging from 1 (a landscape that is mostly similar throughout
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FIGURE 2-10 Well-preserved ridge and slough landscape in the northern part of WCA-3, with
sawgrass ridges appearing as dark green and lighter colored, water-filled sloughs.

SOURCE: Photo courtesy of C. McVoy, SFWMD.

its extent and that shows no directionality in its forms) to 6 (a landscape that
has highly differentiated parts with strongly linear features). High values of this
metric indicate a landscape that strongly exhibits the general characteristics
of ridge and slough landscapes. Data for evaluating the metric are from areal
photographic interpretation.

Example N5 in Figure 2-12 from the central part of WCA-3A has shown
variable trends of change, first becoming more organized, then less organized,
and finally more organized again. Example G3 from the southern WCA-3A
has a different history, becoming more organized like typical ridge and slough
landscapes, and then remaining unchanged for more than 30 years. Example
[T from the northern WCA-3A shows a steady decline in the landscape metric
and has become progressively disorganized and less like a ridge and slough
landscape. These representative examples show that recent trends in ridge and
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FIGURE 2-11 Degraded ridge and slough landscape in the northern portion of WCA-3A, showing sawgrass
areas in dark green, with lighter water-filled basins.The landscape lacks a coherent directional pattern.

SOURCE: Photo courtesy of C. McVoy, SFWMD.

slough landscapes are variable according to location and can undergo significant
degradation or enhancement on decadal timescales (Sklar et al., 2009b).

As outlined in NRC (2008), there have been drastic declines in the number
of tree islands and the area of their coverage in the Everglades generally since
the 1940s. The trends in tree island changes are best known for WCA-3A, where
repetitive mapping using areal photography has revealed the changes. Specifi-
cally, tree island numbers and areal coverage in WCA-3A declined by about
two-thirds between 1940 and 1970. Thereafter, the decline to 1995 was more
gradual (see also Figure 4-10). Tree island declines in northern WCA-3A have
generally been associated with lowered water levels, peat subsidence, and fires,
while declines in southern WCA-3A have been more associated with persistent
high water levels (see also Chapter 4).

Newly released data reveal that between 1995 and 2004 tree island num-
bers declined by about 18 percent and tree island areas by about 8 percent
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FIGURE 2-12 The historical changes in ridge and slough patterning are displayed for the
years 1940, 1953, 1972, 1984, and 2004 for three study plots (labeled N5, G3, and I1) located
in WCA-3A.The highest value (6) on the y-axis represents strong and linear landscape pat-
terns. High values indicate a landscape that strongly exhibits the general characteristics of
ridge and slough landscapes. Plot N5 is in central WCA-3B, adjacent to the L-67 levees; G3,
lies in the southern portion of WCA-3;and I1 is located in the north central part of WCA-3A,
north of Alligator Alley.

SOURCE: Sklar et al. (2009b).

Copyright © National Academy of Sciences. All rights reserved.



Progress Toward Restoring the Everglades: The Third Biennial Review - 2010

The Restoration Plan in Context 55

(Figure 2-13). The largest areal declines occurred in southern WCA-3A near the
L-67 levees followed by northwest WCA-3A. Tree islands in WCA-3B appear
to have remained somewhat stable over this time period. The recent data show
that the gradual decline of tree islands observed in the prior data has continued
through 2004 (F. Sklar, SFWMD, personal communication, 2010).

Water Quality Trends

The CERP, as laid out in the Yellow Book (USACE and SFWMD, 1999),
reflected an expectation that water quality concerns in the South Florida ecosys-
tem could be adequately addressed by state efforts launched in the 1990s. Ten
years later, water quality has emerged as a serious challenge that remains unre-
solved. Despite tremendous efforts by the state of Florida to control phosphorus
through best management practices and STAs over the past 15 years (see Chapter
5 for more details), water quality trends show mixed responses. This section
highlights data from two areas as examples of water quality trends over the past
decade: Lake Okeechobee and the Everglades Protection Area (see Box 1-1).

In 2000, Florida enacted the Lake Okeechobee Protection Act (Chapter
00-103, Laws of Florida), which mandated a comprehensive plan to reduce
phosphorus loading in the watershed to meet the total maximum daily load
(TMDL) of 105 metric tons (mt) per year of surface-water inputs by 2015. Yet,
10 years later, the data show little if any evidence of improvement. Phosphorus
loads, representing phosphorus concentration times volumetric discharge rate,
fluctuate widely between wet and dry years, but despite implementation of best
management practices north of the lake, the loads continue to be well above
the goal except in the most severe drought years (Figure 2-14). Additionally, the
average inflow phosphorus concentrations have generally remained unchanged
(Figure 2-15). Meanwhile, phosphorus concentrations within Lake Okeechobee
have risen steadily since the 1970s. A series of hurricanes that suspended phos-
phorus-laden sediments in the lake caused a sharp increase starting in 2005, and
phosphorus concentrations have not yet returned to pre-hurricane levels (Figure
2-14; McCormick et al., 2010).

Water quality trends in the Everglades Protection Area over the last decade
are mixed. Flow-weighted mean phosphorus concentrations in inflows to the
WCAs have declined substantially from the baseline period 1979-1993 to the
four-year period 2005-2009 (Payne et al., 2010b; Figure 2-16). Flow weighting
serves to normalize the data to account for natural variations in wet and dry
years so that trends become more apparent. The declining trends in the WCAs
in Figure 2-16 can be assumed to reflect the role of the best management prac-
tices and STAs in dramatically decreasing overall phosphorus loads. However,
Figure 2-16 also shows that the flow-weighted mean phosphorus concentrations
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FIGURE 2-13 Changes in the areal extent of tree islands between 1995 and 2004. Yellow
areas show where the islands have expanded, red areas show where they have lost their
vegetation, and green areas are unchanged.

SOURCE: F. Sklar, SFWMD, personal communication, 2010.
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FIGURE 2-14 Calculated total phosphorus annual loads and annual water inflow volumes
to Lake Okeechobee.

SOURCE: McCormick et al.(2010).

FIGURE 2-15 Inflow and average Lake Okeechobee total phosphorus concentrations, calcu-
lated from the Lake Okeechobee phosphorus budget, with five-year moving average trend
lines.

SOURCE: Adapted from McCormick et al. (2010).
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entering Everglades National Park have increased slightly in recent years. Geo-
metric mean total phosphorus (TP) concentrations from the interior of all four
regions of the Everglades Protection Area also show mixed trends (Figure 2-17),
with increases in Loxahatchee National Wildlife Refuge (LNWR) and Everglades
National Park in recent years (Payne et al., 2010b). Additionally, a phosphorus
“exceedance” as defined as a violation of the Consent Decree has been reported
in LNWR (SFWMD, 2009c; see also STAs in Chapter 3).

These data highlight the continuing water quality challenges facing the
restoration program and the magnitude of the effort required to address it.
Meanwhile, the Environmental Protection Agency has proposed new numeric
nutrient criteria for the state of Florida (EPA, 2010) that could broaden the area
within the South Florida ecosystem where water quality is under scrutiny. Water
quality challenges are discussed in depth in Chapter 5.

200

EWY1979-1993
EWY1994-2004
OwY2005-2009

Avg. Annual Flow-Weighted Mean Inflow TP Conc. (ppb)

| 1 |

LNWR (WCA-1) WCA-2 WCA-3 Everglades Natl.
Park

FIGURE 2-16 Annual average flow-weighted mean total phosphorus concentrations (in ppb)
for inflow to the water conservation areas and Everglades National Park.

SOURCE: Data from Payne et al. (2010a).
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Changes in CERP Since Its Authorization

When President Clinton signed the WRDA 2000 he authorized 68 projects
extending over 30 years to restore the Everglades. The scope and ambition of
the largest restoration plan in U.S. history was testimony to general public and
political agreement that the Everglades system was in trouble and that it war-
ranted federal (i.e., national) resources to effect its restoration. Disparate interest
groups aligned to support the effort, convinced that the ecological and societal
benefits of overhauling the Central and South Florida Project outweighed the
high cost and large uncertainties.

As described in the most recent report of this committee (NRC, 2008), the
first eight years after CERP authorization did not come close to expectations. At
the federal level there was a sharp loss of political momentum and erosion of
congressional support for Everglades restoration; the state of Florida assumed a
disproportionate role in funding and moving preferred projects forward. At the
same time, the translation of broad restoration goals into specific objectives and
projects exposed the differences in priorities among interest groups, and projects
grew increasingly susceptible to costly litigation. The cumbersome federal proj-
ect planning and approval processes required to receive federal funding became
painfully obvious. In short, restoration progress has been far slower than hoped
for. Unfortunately, the ecosystem has continued to degrade, the estimated cost of
restoration has increased to more than $13 billion, and water supply and flood
control challenges have only increased (NRC, 2008; SFERTF, 2009).

Nevertheless, many of the individuals who were important in launching the
CERP in the late 1990s have continued to dedicate their careers to Everglades
restoration. The pool of knowledgeable and experienced personnel has grown
both deeper and broader. This expertise is critical in moving projects forward
through complex state and federal political and procedural processes. The scien-
tific and administrative capacity for implementing the CERP has grown stronger
through time, and has benefited from truly excellent scientists in all aspects
of Everglades science, both within CERP partner agencies and the scientific
community at large. These scientists are continually working to advance the
understanding of the condition and functioning of the South Florida ecosystem
to further improve the restoration plan as it moves forward (see also Chapter 6).
The strength of CERP planners, engineers, scientists, and managers is evident
in the CERP progress described in the remainder of this report (particularly the
implementation progress in Chapter 3).

CONCLUSIONS AND RECOMMENDATIONS

This review of the restoration plan and its context 10 years after the CERP
was authorized reveals positive as well as negative trends. The South Florida
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ecosystem has been fundamentally altered by human modifications of it and
by population growth over the past 130 years, and achieving the goals of the
ambitious restoration plan remains challenging. The scientific attention that has
been brought to bear on the system is impressive and has produced powerful
results. Some species, particularly wading birds, Cape Sable seaside sparrows,
and panthers appear to be increasing or stable, while others, such as the snail
kite, have declined perilously close to extinction. Invasive species continue
to present major challenges, even as some of them are being well controlled.
Managing water quality and providing the required storage for the restoration
continue to be challenging.

This committee reaffirms its predecessor’s conclusions (NRC, 2008) that
the limited progress made to date, coupled with environmental and societal
changes and continued declines of some aspects of the ecosystem, make
accelerated progress in Everglades restoration even more important. Delays
will continue to jeopardize the success of the restoration enterprise. The com-
mitment to long-term scientific activities, including monitoring and assessment,
remains essential. The following chapters address these matters in more detail.

Copyright © National Academy of Sciences. All rights reserved.
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Implementation Progress

This committee is charged with the task of discussing significant accomplish-
ments of the restoration and assessing “the progress toward achieving the natu-
ral system restoration goals of the Comprehensive Everglades Restoration Plan
(CERP)” (see Chapter 1). The last National Research Council (NRC) review of
restoration progress (NRC, 2008) noted that in the first eight years after the Water
Resources Development Act of 2000 (WRDA 2000) was authorized, the CERP
had been bogged down in budgeting, planning, and procedural matters and
was making only scant progress toward achieving restoration goals. Although
some project phases were under way, most of the CERP accomplishments were
programmatic (e.g., land acquisition, project implementation reports [PIRs]) and
served to lay the foundation for later project construction (NRC, 2008).

In this chapter, the committee provides an update to the NRC’s previous
assessments of CERP and related non-CERP project planning and implementation
progress (NRC, 2007, 2008) as well as an analysis of any natural system benefits
resulting from this progress to date. Also included are discussions of program-
matic issues related to CERP progress, such as funding and project sequencing.

CERP RESTORATION IMPLEMENTATION

Progress restoring the South Florida ecosystem will come about only through
implementation of restoration projects. The analysis of implementation progress
provided in this section focuses on CERP projects, although many of these proj-
ects build upon restoration benefits provided by non-CERP projects, which are
discussed in the next section. Additional detail on implementation progress can
be found in Chapter 7 of the South Florida Environmental Report (Williams et
al., 2010).

The Yellow Book (USACE and SFWMD, 1999) outlined a conceptual plan for
68 projects and identified a schedule for implementation. The originally ambi-
tious timetable gave way to delays in project planning and lower-than-expected
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program funding. As a result, the project implementation schedule has been
extended and revised several times since the CERP was launched. (See NRC
[2008] for additional discussion of major causes of CERP delays.) The commit-
tee’s attempt to track early CERP project implementation is shown in Table 3-1,
which represents a merger of the CERP projects within the most recent schedule,
termed the Integrated Delivery Schedule (discussed in more detail later in this
chapter), and the earliest projects (scheduled for completion by 2010) from the
previous Master Implementation Sequencing Plan (MISP) (USACE and SFWMD,
2005a). The projects listed in Table 3-1 are also shown on a map of the South
Florida ecosystem in Figure 3-1.

The task of tracking project progress and assessing delays over time is com-
plex because some projects have been reorganized, transferred out of the CERP,
or split into phases to achieve incremental restoration where feasible. However,
the project status information (available at http://www.evergladesplan.org) has
been significantly improved since the committee’s last report. Project planning
progress can now be tracked in a single color-coded spreadsheet,” and quarterly
progress reports for multiple projects in a region can be viewed at one time.?

As of June 2010, four CERP restoration projects are actively under construc-
tion, and four pilot projects are in an installation and testing phase. Many more
projects are in planning and design phases (see Table 3-1). Estimated project
completion dates continue to be delayed, and not a single CERP project has
been completed as of the production of this report.> Nevertheless, considering
the state of Florida’s extreme budget challenges over the past two years, the
project implementation schedule has remained more stable than might have
been expected due to increased funding from the federal government for the
Everglades restoration efforts, including assistance from the American Recovery
and Reinvestment Act of 2009, also known as the economic stimulus. Funding
is discussed in more detail later in this chapter. In the following sections the
committee highlights CERP progress with a focus on progress in achieving natural
system restoration benefits through incremental CERP project implementation
and learning achieved through CERP pilot projects.

CERP Projects

In the past two years, the Everglades restoration has seen a resurgence
of construction activity, thanks in part to a boost in federal funding and the

'See http://www.evergladesplan.org/pm/projects/project_docs/status/csf_milestones_current.pdf.

2See http://www.evergladesplan.org/pm/projects/project_docs/status/central_current.pdf or http://
www.evergladesplan.org/pm/projects/project_docs/status/south_current.pdf.

*One original CERP project, Acme Basin B, has been completed, but the project was expedited
by the state of Florida and withdrawn from the CERP program.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-1 South Florida Ecosystem Restoration Project Status as of June 2010

Yellow Book MISP 1.0 2008
(1999) (2005) Estimated
Estimated Estimated Completion
Completion Completion Date
Project or Component Name Date Date (NRC, 2008)
PILOT PROJECTS
C-43 ASR Pilot 2002 2006 2012
(Fig. 3-2,No. 1)
Hillsboro ASR Pilot 2002 2006 2009
(Fig. 3-2,No. 2)
Lake Okeechobee ASR Pilot 2001 2007 2012
(Includes Kissimmee River,
Port Mayaca, and Moore
Haven sites)
(Fig. 3-2, No. 5)
Regional ASR Study NA 2010-2015 NA
L-31N (L-30) Seepage 2002 2008 2010
Management Pilot
(Fig. 3-2, No. 4)
Decomp Physical Model NA 2010-2015 NA
C-111 Spreader Canal NA NA NA
Design Test

RESTORATION PROJECTS

Melaleuca Eradication 2011 2007 2026
and Other Exotic Plants

Winsberg Farm Wetlands 2005 2008 2010
Restoration (Fig. 3-2, No. 3)

Biscayne Bay Coastal Wetlands 2018 2008 2011
(Phase 1)

(Fig. 3-2, No. 6)

Picayune Strand Restoration 2005 2009 2015
(Fig. 3-2, No. 7)
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Project
IDS Implementation Construction
(March 2010) Report Status;
Estimated (PIR) or Installation
Construction Pilot Project and Testing
Completion Design Report Authorization Planning/ Status for
Date (PPDR) Status Design Pilots
Not specified PPDR Final Authorized in ~ Completed Suspended due to
Sept. 2004 WRDA 2000 poor site conditions
Not specified PPDR Final Authorized in  Completed Installed Sept. 2008;
(but estimated to be  Sept. 2004 WRDA 1999 Testing ongoing
completed in 2011)
Not specified PPDR Final Authorized in ~ Completed Installed 2008;
Sept. 2004 WRDA 1999 Testing ongoing
(Kissimmee River
only)
Not specified NA NA NA Ongoing
2012 PPDR Final Authorized in  Completed Not begun
May 2009 WRDA 2000
2013 NA Programmatic  Completed Not begun
Authority
WRDA 2000
2011 NA Programmatic  Completed Ongoing
Authority
WRDA 2000
2011 Final June 2010 Programmatic  Ongoing Start anticipated
Authority late 2010
WRDA 2000
Not specified Draft Feb. 2008 NA Suspended Phase 1: Completed
outside of CERP
Phase 2: Not begun
2012 Draft March 2010 Completed Ongoing; expedited
by FL prior to
authorization
Merritt: 2012 Final, 2004; Construction Completed Prairie Canal
Faka-Union: 2012 submitted to Authorized in completed in 2007
Miller: 2018 Congress WRDA 2007 (expedited by FL);
Sept. 2005 Merritt ongoing

Copyright © National Academy of Sciences. All rights reserved.

65



Progress Toward Restoring the Everglades: The Third Biennial Review - 2010

66

Progress Toward Restoring the Everglades

TABLE 3-1 Continued

Yellow Book MISP 1.0 2008
(1999) (2005) Estimated
Estimated Estimated Completion
Completion Completion Date
Project or Component Name Date Date (NRC, 2008)
Indian River Lagoon - South 2023
(Fig. 3-2, No. 8)
- C-44 Reservoir* 2007 2009 2014
- Natural Areas Real Estate Not specified 2009 Not specified
Acquisition
Broward County WPAs
- C-9 Impoundment* 2007 2009 2014
(Fig. 3-2, No.9)
- Western C-11 Diversion 2008 2009 2014
Impoundment*
(Fig. 3-2, No. 10)
- WCA 3A & 3B Levee See 2008 2008 2017
page Management*
(Fig. 3-2, N0.9,10)
Acme Basin B Discharge 2006 2007 2009
(Fig.3-1,No. 11)
Site 1 Impoundment* 2007 2009 2013
(Fig. 3-2,No. 2)
C-111 Spreader Canal* 2008 2008
(Fig. 3-2, No. 12)
Western Project (PIR#1) 2011
Eastern Project (PIR#2) TBD
North Palm Beach County - Not specified
Part 1
- C-51 and Loxahatchee 2011 2008 2008
(L-8 Basin) Reservoir
(Fig. 3-2,No. 13)
Everglades Agricultural Area 2009 2009 TBD
Storage Reservoir, Part 1,
Phase 1*

(Fig. 3-2, No. 14)
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Project
IDS Implementation Construction
(March 2010) Report Status;
Estimated (PIR) or Installation
Construction Pilot Project and Testing
Completion Design Report Authorization Planning/ Status for
Date (PPDR) Status Design Pilots
Not specified Final 2004; Construction
submitted to Authorized in
2015 Congress Aug. WRDA 2007 Completed Not begun
2004 by state;
ongoing by
USACE
Not specified NA NA
Final April 2007
2019 Ongoing Not begun
2015 Ongoing Not begun
2023 Ongoing Not begun
NA Discontinued? NA Completed Completed outside
of CERP
2014 Final 2006; Construction Ongoing Not begun
submitted to Authorized in
Congress WRDA 2007
Dec. 2006
2012 Final Dec. 2009 Completed Ongoing; expedited
by FL prior to
authorization
Not specified Not begun Not begun Not begun
Not specified In development Ongoing
Not specified Ongoing Expedited by
FL prior to
authorization;
on hold pending
funding
TBD Revised Draft (2006) Completed Construction

further revisions on
hold®

suspended®
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TABLE 3-1 Continued

Yellow Book MISP 1.0 2008
(1999) (2005) Estimated
Estimated Estimated Completion
Completion Completion Date
Project or Component Name Date Date (NRC, 2008)
Lake Okeechobee Watershed 2015
-Lakeside Ranch STA 2010 2010-2015 Not specified
- Lake Istokpoga Regulation 2001 2008 Not specified
Schedule*
(Fig. 3-2, No. 15)
Modify Rotenberger Wildlife Not specified 2009 2009
Management Area Operation Plan
(Fig. 3-2, No. 16)
C-43 Basin Storage: West Basin 2012 2010 2013
Storage Reservoir
(Fig. 3-2,No. 1)
WCA 3 Decompartmentalization 2020
and Sheetflow Enhancement
(Decomp)*
- Decomp Part 1 2010 2015-2020 2016
- Decomp Part 2 2010 2015-2020 2019
- Decomp Part 3 2019 2015-2020 Beyond 2020
ENP Seepage Management 2010 2010-2015 2016

NOTES: Projects in Table 3-1 reflect those that were included in MISP Band 1, those that are now identi-
fied in the Integrated Delivery Schedule (March 2010 version) for construction start prior to 2020, and
other projects deemed by the committee to be relevant to near-term restoration progress. Gray shading
of project names reflects projects being expedited and/or carried out entirely with state funding as of
2010.Gray shading of planning/design or construction cells indicates past or present aspects of projects
that were expedited with state funding.In most cases, design and/or construction of these projects was
moving forward prior to the finalization of the PIR. Some of these projects are still considered CERP
components, while others are now considered outside of the CERP; NA = not applicable; TBD = to be
determined

*Projects that were conditionally authorized in WRDA 2000, subject to approval of the PIR.

“The South Florida Water Management District (SFWMD) has decided to work with local interests to
complete the design and construction of the Acme Basin B Discharge project and the Lakes Park Resto-
ration project outside of the CERP. Cost sharing under the CERP is not anticipated; thus effort on these
two PIRs has been discontinued, and CERP planning/design efforts have ended.

"The Everglades Agricultural Area (EAA) Storage Reservoir project is on hold, pending the resolution
of planning for the acquisition of U.S. Sugar Corporation lands, although court cases (e.g., USA, et al. v.
SFWMD, et al. 1:88-civ-01886-Moreno) may impact the plans for this project.

SOURCES: DOI and USACE (2005); USACE, 2009a; L. Gerry, SFWMD, personal communication (2010);
E.Bush, USACE, personal communication (2010); D.Tipple, USACE, personal communication (2010); Proj-
ect Status Reports from www.evergladesplan.org; USACE and SFWMD (1999).
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Project

IDS Implementation Construction

(March 2010) Report Status;

Estimated (PIR) or Installation

Construction Pilot Project and Testing

Completion Design Report Authorization Planning/ Status for

Date (PPDR) Status Design Pilots

2023 In development Ongoing

2011 Ongoing Ongoing; expedited
by FL prior to
authorization

Not specified Ongoing Ongoing (part of

NA

2014

2019

2016
2018
2019
2016

NA NA

Final 2009;
approved by USACE
Chief of Eng. in
March 2010

In development
Not begun

Not begun

On hold—to
resume 2013

Implement as
needed

Completed

Ongoing

Not begun
Not begun
On hold
pending pilot

Lakeside Ranch
project)
NA

Not begun

Not begun
Not begun
Not begun
Not begun
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FIGURE 3-1 Locations of CERP projects and pilots listed in Table 3-1. These represent the projects in the
November 2009 version of the Integrated Delivery Schedule as well as the projects previously anticipated
to be completed by 2010.Based on new project scheduling, some of the projects originally scheduled with
early start dates are now delayed beyond the 2020 timeframe. © International Mapping Associates

congressional authorization of three projects in WRDA 2007. As noted in NRC
(2008), the lengthy and arduous CERP planning and authorization process had
previously caused substantial delays in CERP project implementation. Out of
frustration with the pace of progress, the state of Florida expedited several proj-
ects with full state funding, bypassing the U.S. Army Corps of Engineers (USACE)
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project planning and authorization process at their own risk. However, 10 years
post CERP authorization, 7 PIRs out of roughly 45 total have been finalized
(although 3 others have been completed in draft form). Four PIRs have been
approved by the USACE chief of engineers, and three projects have received
congressional authorization for construction (see Box 3-1), enabling the flow of
federal funding to these three projects, if appropriated. As of June 2010, four
additional CERP projects (C-43 West Basin Storage Reservoir; C-111 Spreader
Canal, Western Phase; Broward County Water Preserve Areas; and the Biscayne
Bay Coastal Wetlands, Phase 1) are being considered for inclusion in the next
WRDA bill, which when passed would greatly expand the number of projects
eligible for federal appropriations for construction. Meanwhile, the state of
Florida is expediting construction of the C-111 Spreader Canal, Lakeside Ranch
stormwater treatment area (STA), and Biscayne Bay Coastal Wetlands projects
and some land clearing for the C-43 Reservoir with state funding.

Although no CERP projects are anticipated to be fully constructed by the end
of 2010, a few project subcomponents that will deliver restoration benefits have
been completed or are nearing completion. These early benefits are described
in this section. Also, groundbreaking ceremonies were held in January 2010 for
the CERP Picayune Strand and state-expedited construction starts on the C-111
Spreader Canal, Western portion and Biscayne Bay Coastal Wetlands, Phase
1. Additionally, the Acme Basin B Project, originally part of the CERP but no
longer considered a CERP project, was completed by the state of Florida as of
March 2010. These projects and their documented and/or anticipated benefits
are discussed in this section. NRC (2008) reported on a number of CERP proj-

BOX 3-1
Summary of Congressionally Authorized
Projects with Approved PIRs

As of April 2010, three Comprehensive Everglades Restoration Plan (CERP) proj-
ects with approved program implementation reports (PIRs) have been congressionally
authorized—Indian River Lagoon-South (IRL-S), Picayune Strand Restoration, and Site
1 Impoundment. Ten projects were also conditionally authorized in the Water Resources
Development Act of 2000 (WRDA 2000), subject to approval of their PIRs by the au-
thorizing committee (see Table 3-1). However, most of these conditionally authorized
projects will need to go through the authorization process again because of substantial
changes in project scope or budget during project refinement in the development of the
PIRs (S. Appelbaum, USACE, personal communication, 2010).

continued
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BOX 3-1 Continued

Indian River Lagoon-South

The IRL-S project (Figure 3-1, No. 8), an approximately $1.5 billion component of
the CERP (in 2007 dollars), is located northeast of Lake Okeechobee. The C-44 Basin
Storage Reservoir is subsumed within the overall IRL-S project, to which are added the
C-25 and C-23/C-24 North and South Storage Reservoirs. The original Yellow Book plan
(USACE and SFWMD, 1999) was limited to these four storage reservoirs, but the project
plans have since been significantly altered. The four storage basins are now proposed
to provide 130,000 acre-feet of water storage, a substantial decrease in storage from
the 389,000 acre-feet of storage proposed in the Yellow Book. An additional 65,000
acre-feet of storage are proposed through wetland restoration and utilization of three
natural storage areas on 92,000 acres of land and in four new STAs. Finally, 7.9 million
cubic yards of muck will be dredged from the St. Lucie River and Estuary to provide
2,650 acres of clean substrate within the estuary for recolonization of marine organisms.
The original Yellow Book plan aimed to reduce damaging flows to the St. Lucie Estuary
and the IRL-S while also providing water supply for agriculture, thereby reducing de-
mands on the Floridan aquifer. However, the PIR included added benefits for enhanced
phosphorus and nitrogen reduction, improved estuarine water quality, restored upland
habitats, increased spatial extent of wetlands and natural areas, and more natural flow
patterns (USACE and SFWMD, 2004a; SFERTF, 2007). In fiscal year (FY) 2010, $26
million in federal funding was appropriated for the IRL-S project.

Picayune Strand Restoration

Located in western Collier County, the Picayune Strand Restoration project (Figure
3-1, No. 7) will restore and enhance more than 55,000 acres of wetlands in Southern
Golden Gate Estates, an area once drained for development. The project will also im-
prove the quality and timing of freshwater flows entering the Ten Thousand Islands Na-
tional Wildlife Refuge, while maintaining flood protection for neighboring communities.
This $393 million project (in 2007 dollars) includes a combination of spreader channels,
canal plugs, road removal, pump stations, and flood protection levees. This project is
one of the most significant for increasing the spatial extent of natural wetlands (USACE
and SFWMD, 2005b; SFERTF, 2007).

Site 1 Impoundment (Fran Reich Preserve)

Located in Palm Beach County south of the Arthur R. Marshall Loxahatchee National
Wildlife Refuge (LNWR), the Site 1 Impoundment (also called the Fran Reich Preserve)
Project (Figure 3-1, No. 2) includes an aboveground reservoir adjacent to the Hillsboro
Canal with a storage capacity of 6,400 acre-feet, an inflow pump station, spillways, and
seepage management structures. Once completed, supplemental deliveries from the
impoundment will reduce demands on Lake Okeechobee and LNWR, and the impound-
ment pool will also provide groundwater recharge and reduce seepage from adjacent
natural areas. The impoundment will also serve to reduce freshwater flows and pulsed
releases to downstream estuaries. The cost of the project has been estimated at $84
million (in 2007 dollars) (USACE and SFWMD, 2006; Williams et al., 2010). With $41 mil-
lion in funding from the American Recovery and Reinvestment Act stimulus, construction
is anticipated to begin in late 2010 (M. Magley, USACE, personal communication, 2010).
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ects with incremental benefits (e.g., Loxahatchee [L-8 Basin] Reservoir), and
that information will not be repeated here unless new information on benefits
is available or new progress has occurred in the past two years.

Picayune Strand

The Picayune Strand project (Figure 3-1, No. 7, and Figure 3-2), currently
under way, aims to restore and enhance more than 55,000 acres of public lands
by plugging and filling canals and returning sheet flow to the project site and
adjacent natural areas, including the Fakahatchee Strand State Preserve, Florida

[N SPREADER CANALS
—— CANALS
I PUMP STATIONS
I CANAL PLUGS
=———— MAJOR ROADWAYS
LEVEES
m—— ROADWAYS THAT WILL REMAIN

FIGURE 3-2 Components of the Picayune Strand project include road removal, canal plugs, pump stations,
spreader canals, and levees.

SOURCE: USACE and SFWMD (2010b).
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Panther National Wildlife Refuge, Ten Thousand Islands National Wildlife Ref-
uge, and Collier Seminole State Park. This project was previously expedited by
the state of Florida, but the remainder of the project will be funded by the federal
government. With expedited state funding, 65 miles of roads were removed,
and 7 miles of Prairie Canal adjacent to the road removal area were plugged
and filled in 2007. Two pump stations were also designed and permitted. The
federal government will complete the project in three additional phases focused
on the three remaining canals—Merritt, Faka Union, and Miller. In 2009, the
USACE received $65 million in appropriations for this project (including nearly
$41 million in stimulus funding) and awarded the contract for the Merritt por-
tion of the project. In the Merritt portion, expected to be completed by 2012,
the USACE will plug 13.5 miles of canal and remove non-native vegetation and
95 miles of road. A monitoring program is in place to document hydrologic and
vegetation responses to the restoration efforts. Williams et al. (2010) state that
water levels have been raised in 13,000 acres of habitat by the work to date
by reducing canal-related drawdowns in nearby wetlands, although significant
vegetation responses to the hydrologic changes have not yet been documented
(Chuirazzi and Duever, 2010). Anticipated hydrologic improvements upon full
project construction are shown in Figure 3-3.

FIGURE 3-3 Average wet season water depths at Picayune Strand under pre-drainage, current, and pro-
jected future (with project) conditions.

SOURCE: USACE and SFWMD (2010b).
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C-111 Spreader Canal

The C-111 Canal was built in 1966 for flood control in southern Miami-Dade
County, to drain agricultural lands south and west of Homestead. The project
ultimately redirected water flow to the east, thereby reducing flow through Taylor
Slough and into the northeastern portions of Florida Bay, altering the salinity of
the bay and the ecology of both regions. The C-111 Spreader Canal project (Figure
3-1, No. 12) is designed to improve the amount and timing of discharges in Taylor
Slough, salinity levels in western Florida Bay, and water distribution and timing in
the Southern Glades and Model Lands (Figure 3-4; USACE and SFWMD, 1999).

Based on the concept of incremental adaptive restoration (IAR; NRC, 2007),
the project has been divided into two phases accompanied by separate PIRs
(USACE and SFWMD, 2009b) and includes a pilot-scale test project (described

FIGURE 3-4 Features of the western phase of the C-111 Spreader Canal Project.

SOURCE: Modified from USACE (2009b).
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later in this chapter). This approach allows for progress on the western features
of the project (PIR 1), while uncertainties about certain design features in the
spreader canal features (PIR 2) are being resolved. In January 2010, the SFWMD
expedited construction on the western phase, which includes a 590-acre Frog
Pond detention area, modifications to increase the water level in the Aerojet
Canal, and two pump stations (Figure 3-4). These features will create a mound
of groundwater (a hydraulic ridge), thereby preventing groundwater seepage
out of Everglades National Park and improving water levels and flows in Taylor
Slough and increasing water deliveries to northeastern Florida Bay. The project
also includes a new structure (S-118) in the C-111 Canal, plugs in the C-110
Canal to reduce drainage of sensitive wetlands, and changes in the open and
close trigger stages at two structures (Figure 3-4) to lengthen hydroperiods and
increase sheet flow within the Southern Glades and Model Lands while main-
taining flood protection. The western project only redistributes existing water
and does not provide any new water to the natural system (USACE and SFWMD,
2009a). Given the potential for water quality impacts in Taylor Slough and the
Everglades Model Lands such as those noted in Surratt et al. (2010), monitor-
ing in receiving wetlands and adaptive management will need to be important
components of the project. The western project is estimated to be completed
by 2011; therefore, it is too soon to report upon any observed natural system
restoration benefits from this project.

The 2009 biological opinion for the C-111 Spreader Canal Western Phase 1
demonstrates the ability of CERP project delivery teams to work cooperatively
with the U.S. Fish and Wildlife Service to adjust initial project designs to allow
for incremental implementation of operation, monitoring, and adaptive man-
agement for species and habitat restoration (USFWS, 2009a). Like most CERP
projects, the C-111 Spreader Canal project has the potential to benefit multiple
listed species, but the degree of benefit varies by species and the scale of analy-
sis (e.g., unavoidable local negative impacts vs. landscape-level benefits) and
assumes completion of subsequent CERP projects that would actually provide
additional water to the system.

After significant delays the project appears to now be progressing. The
C-111 Spreader Canal project was conditionally authorized in WRDA 2000 and
originally scheduled for completion in 2008. Its estimated cost has risen from
$94 million in 1999 to $131 million in 2008 dollars (SFERTF, 2009). In 2004
the state of Florida identified the C-111 Spreader Canal project as an Acceler8
project (see Chapter 2; now called “expedited projects”), and since that time has
committed more than $40 million to construction and land acquisition (SFWMD,
2010d). The project is being considered for inclusion in the next WRDA bill,
which when passed would allow for appropriations of federal funds to increase
the pace of project completion.
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Biscayne Bay Coastal Wetlands—Phase 1

The Biscayne Bay Coastal Wetland—Phase 1 project will construct a system
of pumps, spreader canals, and culverts to adjust the quantity, quality, timing,
and distribution of freshwater to Biscayne Bay. The project aims to significantly
reduce the damaging effects of existing point-source discharges to the bay and
restore a more natural salinity regime in the coastal tidal wetlands. The project
will be implemented in two phases, necessitating two PIRs. A draft of the Phase
1 PIR was released in March 2010 (USACE and SFWMD, 2010d).

The state of Florida has expedited portions of this project, with construc-
tion starts on the L-31E and the Deering Estate components in January and May
2010, respectively. The Deering Estate component involves a 500-foot canal
extension, pump station, and spreader structure to improve water delivery. The
L-3TE Canal component will isolate the L-31E Canal using gated culverts and
will move more water into Biscayne Bay wetlands using five new pump stations
and several spreader structures (Figure 3-5). A third project component that is
not yet under construction, Cutler Flow-way, consists of a pump station, convey-
ance canal, box culverts, spreader canals, and ditch plugging to increase water
flows to saltwater wetlands.

The state of Florida had originally planned to expedite the entire Biscayne
Bay Coastal Wetlands—Phase 1 project, but the South Florida Water Management
District (SFWMD) is now relying on federal funding for portions of the project
due to fiscal constraints. The state is planning to expedite the construction of the
entire Deering Estate component, much of the Cutler Flow-way, and 4 (out of 10)
culverts in the L-3TE Flow-way. As of April 2010, the SFWMD had completed
installation of the four culverts in the L-31E component, and the state’s portion of
the Deering Estate component was anticipated to be completed by August 2011
(T. Teets, SFWMD, personal communication, 2010). According to the Integrated
Delivery Schedule (USACE, 2009a), Phase 1 of the Biscayne Bay Coastal Wetlands
project is anticipated to be completed by 2012, but this schedule is dependent
upon timely completion of the PIR, congressional project authorization, and
subsequent federal appropriations. Given the recent construction starts, it is too
early to report any natural system restoration resulting from this project.

Acme Basin B

Phase 2 of the Acme Basin B project (Figure 3-1, No. 11), a 300-acre
stormwater impoundment that will divert urban runoff from the A.R.M. Loxa-
hatchee National Wildlife Refuge (LNWR), was anticipated to be completed in
June 2010. Phase 1 of this project included canal conveyance improvements
and a new pump station to pump the diverted stormwater toward STA-1E for
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FIGURE 3-5 Locations of the three project areas within Biscayne Bay Coastal Wetlands—
Phase 1: Deering Estate, Cutler Wetlands, and L-31 East Flow-way.

SOURCE: USACE and SFWMD (2010d).
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treatment before it enters LNWR. The state has expedited this project with state
and local funds, and although it was originally a CERP project, the CERP plan-
ning process has been discontinued, meaning that federal cost sharing of this
project is unlikely. However, the Acme Basin B project is the first of the originally
proposed CERP projects to be completed, even though it is no longer considered
a CERP project (L. Gerry, SFWMD, personal communication, 2010).

Pilot Projects

Pilot projects are important components of the CERP, enabling scientists and
engineers to test the capacity of new technologies or approaches and to refine
future project design. Although the CERP pilots themselves are not expected to
lead directly to natural system restoration progress, the learning that they gen-
erate has great value and can be used to improve the extent of natural system
restoration and the efficient use of resources. In this light, in the next section the
committee discusses what has been learned from the CERP pilot studies to date.

Aquifer Storage and Recovery Pilot Studies and Regional Study

Aquifer storage and recovery (ASR) is a major water storage component of
the CERP intended to store as much as 1.7 billion gallons per day (or 6.3 mil-
lion m3/day) for recovery during wet periods and for use during dry periods. The
Yellow Book plan (USACE and SFWMD, 1999) called for about 333 wells, each
with a capacity of 5 million gallons per day (MGD). The unprecedented scale
of the proposed ASR network raised a number of technical and scientific con-
cerns that were addressed in previous NRC reports (NRC, 2001, 2002a). These
concerns included possible regional hydrogeologic impacts of concentrating so
many wells in the Upper Floridan aquifer, limited subsurface information for
planned well sites, quality of both source water and recovered water, local per-
formance of wells over time, and ecological effects of introducing large volumes
of recovered water with altered chemistry into the ecosystem.

Local pilot ASR wells and regional scientific and engineering studies have
been under development since 2003 to address these uncertainties and concerns
(see Figure 3-6). Exploratory wells have been drilled at five pilot locations around
Lake Okeechobee and along the Hillsboro Canal and the Caloosahatchee River,
and 5 MGD ASR systems have been constructed at two sites (Hillsboro Canal,
Kissimmee River). Funding limitations prevented construction at two sites (Port
Mayaca and Moore Haven) and the Floridan Aquifer proved too sandy for
ASR at the Caloosahatchee site. The Port Mayaca pilot was to be a multi-well
facility that would test well interactions, an important concern for full ASR
implementation.
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FIGURE 3-6 Locations of the five originally planned CERP ASR pilot projects. Ultimately, pilots were con-
structed only on the Kissimmee River and the Hillsboro sites because of funding limitations or poor site

conditions.

SOURCE: USACE and SFWMD (2008).
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Geochemical studies of interactions between source water and the water
quality and lithology of the Floridan aquifer system have been conducted using
data from several operational ASR facilities. Biological studies have included
research on microbial communities of the Upper Floridan aquifer and ecologi-
cal monitoring at the pilot well locations. To address regional issues, extensive
hydrogeologic, water quality, and ecological monitoring networks have been
installed throughout the CERP area, geophysical studies of the Upper Floridan
aquifer have been completed, and large-scale groundwater modeling is under
development.

ASR pilot studies have been hindered by funding delays, lengthy contractor
negotiations, and slower-than-anticipated permitting processes. Cycle tests to
better understand the relationship between storage zone properties, water qual-
ity, recovery rates, and recharge are now under way at the Hillsboro Canal and
Kissimmee River sites, although these tests will be of shorter duration and with
fewer monitoring wells than recommended in the 2002 NRC report. The regional
study has made good progress on hydrogeologic and geophysical studies of the
Upper Floridan aquifer. Groundwater modeling and studies of biogeochemical
processes, water quality, aquifer mixing processes, ecotoxicology, and ecologi-
cal impacts are roughly 20-50 percent completed in addressing questions raised
by the ASR issue team and the NRC. Current plans call for initial groundwater
model results by 2010, cycle testing at pilot sites through 2011, completion of
the regional study by 2012, and publication of the CERP ASR Project Implemen-
tation Report by 2015.

Arsenic leaching could pose a serious challenge to ASR implementation
for the CERP. Injection of water with relatively high levels of dissolved oxygen
can lead to oxidation of arsenopyrite and release of arsenic into well water
during storage. Several operational ASR facilities in Florida have exceeded the
new federal arsenic standard of 10 parts per billion (ppb) (Mirecki, 2004), and
concentrations reached 140 ppb in water recovered from the first cycle test at
the Kissimmee pilot ASR. Longer storage in the second cycle test at Kissimmee
decreased concentrations below the regulatory criteria of 10 ppb (Orlando
Ramos-Gines, USACE, personal communication, 2010). The operating costs and
energy requirements associated with ASR facilities are also of concern. Research
is under way to reduce the costs and energy demand by non-pumping recov-
ery under artesian conditions and by optimizing pumping rates for maximum
recharge and recovery flow (Mirecki, 2010).

With a planned capacity of 462,000 acre-feet, ASR is the largest planned
storage component in the CERP (NRC, 2005). In the 2008 ASR Interim Pilot
Report (USACE and SFWMD, 2008), the project team concluded that “no ‘fatal
flaws’ have been uncovered that might hinder the implementation of CERP
ASR.” Whether fatal or not, the delays, site limitations, and funding constraints
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that have compromised the ASR pilots, as well as unanticipated water quality
issues, are indicative of the challenges facing large-scale use of ASR. NRC (2005)
cautioned against excessive reliance on storage solutions like ASR that would
involve complex design and construction measures, require frequent equipment
maintenance, and have substantial energy costs for operation. The final ASR
pilot report should analyze a reasonable storage capacity for ASR in the CERP,
given new information on aquifer conditions and water quality constraints, and
should address the benefits and limitations of ASR to meet the storage and water
delivery needs of the CERP over both short and long timescales. The final ASR
pilot report should also address the capital and operational costs of ASR and
objectively compare ASR against other, less energy-intensive storage options.
Only with this information can decisions be made about the value of ASR to
the CERP and at what scale.

L-31N Seepage Management

The potential for significant eastward groundwater seepage and flooding of
urban and agricultural lands in Miami-Dade County is one of the most significant
challenges to CERP plans to decompartmentalize the water conservation areas
and to increase flows via water conservation area (WCA) 3B into northeast Shark
River Slough in Everglades National Park. The L-31N Seepage Management Pilot
Project is intended to inform the design of large-scale seepage management
solutions for the L-31N levee. To reduce flooding risks the project has been
re-located from L-31N to the southeastern corner of WCA-3B along the L-30
levee and canal.

In the pilot project, two seepage management approaches—a slurry cutoff
wall and a steel sheet pile wall—are compared using injection and extraction
wells to manipulate groundwater levels and flows (Figure 3-7). Two segments
of slurry wall, each 450 feet in length, will be placed at an elevation varying
between —63 and -68 feet (77 to 82 feet below ground surface). A 100-foot
steel sheet pile wall will be placed between the two slurry wall segments and
extended to an elevation of —22 feet. This will leave a 41-foot vertical gap (“win-
dow”) underneath the sheet pile wall, allowing seepage flow at depth. Injection
wells adjacent to the window (east of the existing L-30 levee) will be installed
to create a hydraulic barrier that can be manipulated to vary seepage volumes
though the window. Six monitoring wells will be placed on the west side of the
window to monitor velocity, temperature, and pH of seepage flowing through
the window, and an array of wells will monitor surface and groundwater hydrol-
ogy and water quality for two years. Seepage management technologies will be
evaluated in terms of ease of installation, effectiveness, and cost.

The L-31 pilot project design was approved by the assistant secretary of
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FIGURE 3-7 Schematic diagram of the slurry and sheet pile wall design that will be tested in the L-31N
Seepage Management Pilot Project. Placement of injection and extraction wells is also shown.

NOTE: The depths include the wall height 14 feet into the L-31N levee. Extraction wells are located ap-
proximately 100 feet form the ends of the barrier wall.

SOURCE: USACE and SFWMD (2009b).

the Army in November 2009. The project is expected to cost $15-16 million.
Construction of the seepage management pilot was to begin in September 2009,
but the pilot has recently been delayed (USACE and SFWMD, 2009b; K. Tippett,
USACE, personal communication, 2010).

An additional small-scale seepage study is under way, funded by the Miami-
Dade Limestone Products Association (LPA), along the L-31N levee, approxi-
mately 1 mile south of the CERP seepage pilot project. The LPA seepage control
pilot is part of a larger proposal to privately fund groundwater seepage control
adjacent to Everglades National Park to mitigate the effects of expanded lime-
stone mining in the Lake Belt region. In 2009, the LPA constructed a 1,000-foot
slurry wall, approximately 18 feet deep. National Park Service scientists evalu-
ated the results and found the effects of the seepage barrier to be inconclusive.
The LPA has a groundwater tracer test planned for summer 2010 to better
evaluate the changes in flow direction and velocity at the location of the slurry
wall and the need for any design changes. The LPA efforts offer the potential
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for substantial remediation at little to no public cost (R. Johnson, NPS, personal
communication, 2010).

Decomp Physical Model (DPM)

As explained in Chapter 2, canals and levees within the WCAs have dis-
rupted the sheet flow that created and maintained the characteristic Everglades
landscape features, such as the ridge and slough. The objective of the WCA-3
Decompartmentalization and Sheet Flow Enhancement (Decomp) project is
to restore sheet flow by backfilling selected canals and removing levees. The
scheduled completion date is 2020 at a cost of $315 million (SFERTF, 2009),
although these numbers depend on timely completion of Mod Waters and reso-
[ution of political challenges and scientific uncertainties. Recreational hunting
and fishing groups prefer to keep the canals open, but scientists hypothesize
that complete backfilling may be required to restore flow patterns and sediment
transport processes that maintain the ridge and slough landscape. There is also
uncertainty about the need for partial versus complete removal of levees and
about the impact of higher water levels in WCA-3B and northeast Shark River
Slough on seepage to the Lower East Coast.

The Decomp Physical Model (DPM) is a large-scale field experiment to
inform project planning decisions by reducing uncertainty associated with (1)
the hydrologic and ecological necessity to backfill canals and (2) the relation-
ship between flow and ecological processes in the ridge and slough landscape
(Figure 3-8). The study will install 10 gated 60-inch pipe culverts on the L-67A
levee to provide a maximum discharge capacity of 750 cubic feet per second
(cfs) and open a 3,000-foot gap in the L-67C levee (Figure 3-9). A 3,000-foot sec-
tion of the adjacent L-67C canal will be divided into three 1,000-foot sections
for complete, partial, or no backfilling. The culverts will be managed to create
two annual pulsed flow events between October and January that should gener-
ate downstream flow velocities sufficient to entrain and redistribute sediments.
A before-after-control-impact (BACI) design will be used to compare hydrology,
sediment transport, water quality, and biotic variables in the flow-way below the
three canal treatments and in a control region outside of the flow-way. Accord-
ing to the current schedule, the DPM will be installed and tested between July
2011 and July 2014. The before and after monitoring periods will consist of 24
months each, beginning October 2010. Two pulsed-flow events are scheduled
for 2012 and 2013 (Sklar et al., 2009a; USACE and SFWMD, 2010c).

In reviewing Decomp progress and the DPM in particular, the committee
considered three basic questions: (1) Is there sufficient scientific uncertainty to
warrant a relatively costly (>$10 million) and time-consuming study to compare
alternatives for restoring sheet flow to the ridge and slough landscape? (2) Can a
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FIGURE 3-8 Location of the Decomp Physical Model.

SOURCE: http://www.evergladesplan.org/pm/projects/docs_12_wca3_model.aspx.

short-term manipulation at the scale and duration of the DPM reduce uncertain-
ties enough to warrant the investment? (3) Is the DPM as designed capable of
resolving the debate regarding levee removal and canal backfilling?

Scientific uncertainty. CERP scientists have highlighted six uncertainties associ-
ated with Decomp (Sklar et al., 2009a), including (1) the need for complete canal
backfilling; (2) ecological benefits from restoring sheet flow and connectivity;
(3) effects of levee removal and the need for complete levee removal; (4) depth
and hydroperiod tolerance of tree islands and other ridge and slough commu-
nities; (5) effects of water levels in WCA-3B and northeast Shark River Slough
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FIGURE 3-9 Schematic illustrating the features of the Decomp Physical Model. The major
hydrologic elements (L-67A culvert, flow-way, L-67C canal backfilling, and L-67C gap) are
highlighted in blue, the ecological elements (ridges, sloughs, and tree islands) in yellow, and
location identifiers in black. The gap in the L-67C is 3,000 feet.

SOURCE: Sklar et al.(2009a).

on seepage to the Lower East Coast; and (6) better parameterization of hydro-
logic models used to evaluate design alternatives. The DPM mainly addresses
questions 1 and 2. A 2003 NRC report recognized the ecological role of sheet
flow as a critical uncertainty in CERP implementation (NRC, 2003a). Field and
laboratory research since that time, which is summarized in Chapter 6, has
elucidated present flow regimes and their relationship to sediment transport in
well-preserved and degraded ridge and slough landscapes (Harvey et al., 2005,
2009; Larsen etal., 2007, 2009a; Ho et al., 2009; Variano et al., 2009). Although
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much scientific uncertainty remains about the flow regimes that established the
ridge and slough system (Noe et al., 2010), and although the DPM will certainly
contribute to understanding the hydroecological implications of restoring sheet
flow, this committee concludes that the DPM’s cost would probably not be jus-
tified if based mainly on uncertainty about the ecological benefits of restoring
sheet flow and connectivity to WCA-3.

Instead, the main justification for the DPM is to help resolve the debate
over the need for complete versus partial or no canal backfilling. This debate
is as much political and economic as it is scientific; complete levee removal
and backfilling of canals would seem an obvious choice if restoration of pre-
drainage flows were the only consideration. The two main arguments against
complete backfilling are (1) the highly valued sports fishery supported by the
existing canal network and (2) the high cost of completely backfilling 84 miles
of existing canals (USACE and SFWMD, 2010¢).

From a scientific perspective, it is well known that features such as chan-
nels, levees, and topographic depressions that alter wetland hydraulic conditions
can strongly affect the storage and flows of nutrients and materials by trapping
sediment and by creating preferential flow paths or “short circuits” (e.g., Kadlec,
1994; Lightbody et al., 2008;0 Noe et al., 2010). However, the magnitude of
differences in wetland hydraulics associated with different backfilling strategies,
and the ecological implications of those differences, cannot be predicted with
much certainty. If the DPM can in fact improve the scientific credibility, reli-
ability, and cost-effectiveness of the Decomp design then it could be worth the
associated delays and expenses.

Ability of the DPM to reduce uncertainty. The DPM study is limited by an
overall cost cap of $10.3 million, access and environmental considerations, and
operational constraints such as L-29 Canal stages and flood control concerns
(Sklar et al., 2009a; USACE and SFWMD, 2010c). The L-67A culvert design
and the proposed 3,000-foot gap in L-67C should suffice to generate localized
flow-way velocities in excess of 3 cm/sec assuming that sufficient water is made
available. The experiment will help quantify the stage response, infiltration, and
seepage during re-watering of WCA-3B under Decomp. It can also refine and
test hypothesized relationships between flow dynamics, sediment re-distribution,
and biogeochemical processes with fast response times such as plant nutrient
uptake, plant production, and decomposition. The short duration of the DPM
severely limits study of the relationship between flow regime and community
composition or landscape structure, which would be expected to change much
more gradually to restoration of sheet flow (Larsen and Harvey, 2010).

The DPM will produce the most detailed observation data to date on the
hydrology and ecology of sheet flow in the ridge and slough system. Neverthe-
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less, two years may not be enough to generate a sufficient range of conditions
to distinguish hydrodynamics and geomorphic processes in the different canal
treatments (Noe et al., 2010). The short duration will especially limit the ability to
sort out the implications of altered nutrient levels and distribution or responses of
plants and animals to different treatments given year-to-year vagaries of climate
and weather (e.g., precipitation and temperature extremes) and the complex
effects of canals on population processes (Rehage and Trexler, 2006). The cost
cap could also prove problematic if the project hits unforeseen delays or higher
than expected construction costs.

Ability to detect significantly different responses among alternatives. The BACI
design is a well-established approach to environmental impact assessments but
is not without its limitations (Stewart-Oaten and Bence, 2001). BACI control
sites are not strictly experimental controls but rather “covariate” sites whose
value improves with replication. BACI designs are based on variations in time
and thus are sensitive to inertia, lags, and serial autocorrelation in observed
variables. These are issues that can be addressed using appropriate statistical
models, longer time series, and greater replication (Stewart-Oaten and Bence,
2001), but the DPM design is short and provides only two “control sites” and
three replicates at each time-space sampling point.

The power analysis provided in the Science Plan (Sklar et al., 2009a), which
is based on the simplest form of BACI model, provides some indication of the
relatively low power of the DPM design for strict hypothesis testing. For example,
grand means of variables before and after treatments must differ by more than
four times the within-period variability to detect an effect at a significance level
(p-value) less than 0.05. It would not be surprising if canal backfilling options
did not differ at this significance level given the limited time and DPM design.

The committee raises the issue of replication to highlight a question that
seems inadequately treated in current planning documents: How will DPM
results be used in resolving the current debate and stakeholder conflicts over
levee and canal modifications? The DPM Science Plan describes hypothe-
sis testing and model refinement as the main outcomes. But as discussed by
Stewart-Oaten (1996), passing or failing a 0.05 significance test is a poor basis
for environmental decision making. Refinements to models such as the South
Florida Water Management Model (SFWMM) and the Everglades Landscape
Model (ELM) and validation of the RASCAL (Ridge and Slough Cellular Automata
Landscape) are important benefits of the DPM (USACE and SFWMD, 2010c¢) but
are unlikely to help to resolve conflict over canal backfilling. The DPM study is
the first major application of active adaptive management to CERP implementa-
tion, so it is especially important that the process for applying DPM findings to
Decomp design be included in DPM project planning. Given the limitations of
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DPM in terms of duration and replication, CERP scientists and planners should
consider other means of synthesizing and communicating results to facilitate
decision making under uncertainty (Raiffa, 1968; Morgan and Henrion, 1990).
For example, a Bayesian hierarchical modeling approach (Qian and Shen, 2007;
Biggs et al., 2009; Cressie et al., 2009) could be used to evaluate results, which
would give a more flexible (and many would argue, realistic) basis for evaluating
the likelihood that canal treatments differ without reliance on an arbitrary signifi-
cance value. Such an approach allows the posterior (post-analysis) probability
distributions of differences among treatments to be analyzed, and the likelihood
of particular outcomes to be assessed without reliance on a pre-determined and
arbitrary “yes/no” criteria.

As another alternative, information gap analysis has proven useful in sup-
porting decision making under uncertainty when probabilistic models are unreli-
able (Ben-Haim, 2001). This non-probabilistic, set-based approach requires a
process model, a performance requirement, and a model of uncertainty, and
allows decision makers to weigh expected benefits against risks as a function
of uncertainty. Applications to water resources management and conservation
management are described by Hipel and Ben-Haim (1999), Hine and Hall
(2010), and Regan et al. (2005).

To summarize, the Decomp Physical Model will improve understanding of
the effects of different degrees of canal backfilling on wetland hydraulics and
sheet flow, provide useful information on surface and subsurface hydrology in
WCA-3B as it is re-watered, and result in exceedingly detailed hydrogeomorphic
and ecological data during pulsed-flow events. For these reasons the committee
supports the project as a way of advancing and improving the design of Decomp.
However, it is unlikely that the experiment can definitively resolve the debate
over the need for canal backfilling. That decision will need to be made in the
face of political disagreement and scientific uncertainty.

C-111 Spreader Canal Pilot

As described previously in this chapter, the C-111 Spreader Canal project
has been divided into two separate phases, with a pilot project to support the
planning of PIR 2, or the “eastern” project. The eastern project will replace
existing portions of the lower C-111 Canal with a spreader canal to enhance
sheet flow to Florida Bay and restoration efforts within the Southern Glades and
Model Lands. During plan formulation, two major decision-critical uncertainties
were identified that were preventing consensus on the appropriate design for
the eastern phase (USACE, 2009b):
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1. Based on the amount of water available for the spreader canal, what is the
most appropriate alignment and design for the spreader canal that will maximize
ecological restoration without adversely impacting privately owned lands?

2. Can an infiltration basin and/or source controls sufficiently improve the
quality of S-178 discharges to the degree necessary to ensure that water dis-
charged from the future spreader canal is “marsh ready”?

A canal design test was developed to address the first of these decision-
critical uncertainties. Specifically, the test would address the following questions:

e How would a spreader canal affect surface- and groundwater levels to
the north and south of its alignment?

e How much of the source water introduced into the spreader canal will
return to C-111 and C-111E via groundwater?

The features of the design test include a 0.5-mile spreader canal, a 0.5-mile pipe
to convey water to the spreader canal while keeping the test area separate from
groundwater drawdown influences in neighboring canals, and a 50-cfs water
discharge rate into the spreader canal. The test began operation in May 2010,
with increasing durations of pumping into the spreader canal (ranging from 12
hours to 5 days) and associated surface- and groundwater monitoring at more
than 40 locations before, during, and after the tests. The test is anticipated to
take approximately 6 months to complete once initiated, and the results will be
used to determine the appropriate design of the eastern project (USACE, 2009b;
L. Gerry, SFWMD, personal communication, 2010). The test may result in some
incremental restoration benefits of the surrounding wetlands, albeit over a very
small area, but the pilot project should result in important learning benefits to
improve the remainder of the project.

The committee is not aware of any efforts under way to address the second
decision-critical uncertainty regarding the water quality of S-178 discharges.
Everglades National Park scientists have voiced concerns over increased cattail
growth in Taylor Slough suspected to be caused by water management changes
that have increased hydroperiods and thus increased phosphorus loading. There-
fore, CERP planners should take steps to help resolve the decision-critical uncer-
tainties related to water quality discharges in the C-111 so that future progress
on the eastern project can proceed.

NON-CERP RESTORATION IMPLEMENTATION

Some of the largest accomplishments and some of the greatest challenges in
South Florida ecosystem restoration have been associated with non-CERP proj-
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ects that are directly related to the success of the CERP in achieving its restora-
tion goals. Projects such as the Modified Water Deliveries Project to Everglades
National Park (Mod Waters) and the Everglades Construction Project have been
in the works for decades, even as the CERP was being developed. The progress of
the CERP is dependent upon the successful implementation and effective opera-
tion of these non-CERP projects. Therefore, although the focus of this committee’s
charge is on natural system restoration progress related to the CERP, progress on
related non-CERP foundation projects, including documented natural system
restoration benefits where feasible, is summarized in Appendix C. In this section,
major non-CERP accomplishments and documented benefits from the past two
years are discussed. This section builds upon the committee’s prior assessments
of natural system restoration progress and challenges associated with STAs, the
Kissimmee River restoration, and Mod Waters (NRC, 2007, 2008).

Mod Waters

A major development since NRC (2008) is the start of construction of the
1-mile bridge on the eastern end of the Tamiami Trail, which is part of the Mod
Waters project. The contract for the bridge was issued in October 2009, and the
groundbreaking occurred on December 4, 2009. In its prior report (NRC, 2008),
the committee outlined the long and often discouraging history of the project,
focusing on the most recent barriers to improvement of the Tamiami Trail. NRC
(2008) stated: “If this relatively modest restoration project cannot proceed and
provide some restoration benefits, the outlook for the CERP is dismal.” The com-
mittee commends the restoration program on the recent progress and recognizes
the congressional leadership required to move the 1-mile bridge project forward.

NRC (2008), however, recognized that the 1-mile bridge plan was “a sub-
stantially smaller step toward restoration than was originally envisioned for Mod
Waters.” The previous committees stated, “It should be recognized that moving
forward with the 2008 recommended [1-mile bridge] plan increases the urgency
to proceed more quickly to implement the additional necessary Tamiami Trail
modifications through the CERP, or some other mechanism, so that the restora-
tion benefits for Everglades National Park outlined in the WRDA 2007 confer-
ence report* can be achieved as soon as possible.”

The Department of the Interior released an analysis of alternatives and a
proposed plan for additional bridging along Tamiami Trail in May 2010 (SFNRC,

“The WRDA 2007 conference report tasked the USACE “to pursue immediate steps to increase
flows to the Park of at least 1,400 cubic feet per second, without significantly increasing the risk
of roadbed failure.” The report also stated that flows to the park should have “a minimum target of
4,000 cubic feet per second so as to address the restoration envisioned in the 1989 [Mod Waters]
Act.”
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2010). These efforts recognize that the 1-mile bridge under construction and the
raising of the road to an elevation of 8.5 feet represent a substantially smaller step
toward restoration than was originally envisioned for Mod Waters. The preferred
alternative (6E) identified in SFNRC (2010) consists of an additional 5.5 miles
of bridging (in four separate bridges) and road raising to support a stage of 9.7
feet in the L-29 Canal along the eastern 10.7-mile portion of Tamiami Trail, at an
estimated cost of $330 million. SFNRC (2010) states that the plan would provide
the capability to convey the historical volumes of water that once passed into
Everglades National Park without damage to Tamiami Trail and would accom-
modate flows from future projects, including the CERP. The plan also offers
the potential for substantial improvements in ecological connectivity between
Everglades National Park and WCA-3. Although SFNRC (2010) was released too
late for detailed review by the committee, the proposal appears to be responsive
to the recommendations in NRC (2008).

Everglades National Park is also moving forward with the Spreader Swale
Pilot Project, which will test the capacity of spreader swales downstream of
Tamiami Trail to improve the conveyance capacity of existing culvert features.
The construction of two 1,000-foot by 30-foot spreader swales is anticipated
to begin in June 2010. A recent modeling study (Chin, 2010) reported large
increases in volumetric flows, ranging from 60 percent to 830 percent at stages
of 6 feet in the L-29 Canal depending on the length of the spreader swale, the
culvert dimensions, the downstream stage, and the assumed roughness in the
downgradient marsh. The study, however, did not consider the effects of spreader
swales at canal heights greater than 8.5 feet, even though the CERP would require
canal heights as high as 9.7 feet. A full understanding of the potential value of
spreader swales should consider canal stages up to 9.7 feet and compare these
results to that achievable through additional culverts or bridges.

In addition to the commencement of the Tamiami Trail work, the Mod
Waters project involves flood mitigation for the 8.5-square-mile area adjacent
to Everglades National Park, conveyance and seepage control features, and
implementation plans for monitoring and operation. Previously, the 8.5-square-
mile area was protected from flooding by a much larger and more powerful
pump (S-331), which drew more water than required and exacerbated seepage
from Everglades National Park. A newly constructed pump station (S-357; Figure
3-10) is expected to provide flood mitigation to developed areas while reducing
groundwater losses in Northeast Shark River Slough. The new pump station first
became available in May 2009, and an interim operating plan including the new
pump station was also approved. Unfortunately, downstream detention pond
storage capacity has been insufficient to hold the captured water without creat-
ing additional flooding in the southwest corner of the 8.5-square-mile area, and
the new pump station has ceased operation until additional detention storage as
part of the C-111 South Dade project will be constructed.
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FIGURE 3-10 The S-357 pump station, which began removing water from the 8.5-square-
mile area on May 30, 2009.

SOURCE: USACE (2009c).

Decisions have not yet been made regarding plans for Mod Waters convey-
ance features along the L-67 levees, which were intended to move more water
from WCA-3A through WCA-3B and ultimately through the existing S-355
structures in the L-29 levee into Northeast Shark River Slough. These features
would restore some level of sheet flow in WCA-3B and reduce unnatural pond-
ing of water in WCA-3A (see also Chapter 4). Planning for conveyance features
in the L-67 levees could become part of the multi-agency process to develop a
Combined Operating Plan, starting in January 2011, which would govern the
operations of Mod Waters and C-111 South Dade project features. However,
based on recent budgetary decisions, construction of these conveyance features
is now uncertain (R. Johnson, NPS, personal communication, 2010).

Kissimmee River Restoration

The Kissimmee River was a meandering stream with an extensive flood plain
draining into the northern edge of Lake Okeechobee (Figure 3-11). During the
mid-to-late 20th century its channel was replaced with an artificially aligned
channel that was hydrologically isolated from its flood plain (see also Chapter
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FIGURE 3-11 Phased construction zones in the Kissimmee River Restoration Project.

SOURCE: Jones et al.(2010).
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2). The S-65 control structure (at the outlet of Lake Kissimmee) altered flows
into the river from its upstream watershed, changing flow magnitudes, frequen-
cies, durations, and timing. Restoration efforts include recarving 10 miles of the
original river, backfilling 22 miles of channel, and changing the operation of
the S-65 control structure so that flows into the river are more like natural flows
that once occurred in the river.

The reconstruction of the river channel and the re-connection of its flood
plain to the channel have progressed considerably since the project began in
1999 (Table 3-2, and Figure 3-11). The reconstruction originally was visual-
ized in four sequential phases (I through IVA and IVB), but subsequent funding
opportunities rearranged their order. Three of the project phases (I, IVA, and IVB)
are now complete, with the last phase completed in 2010. As of 2010, about
60 percent of the overall project milestones have been achieved as measured
by channel backfilled, river channel recarved, channel length with flow re-
established, total flood plain area reconnected to the flow, and wetland area
gained (see Table 3-2). The final combined Phases Il and Il will begin in 2011
and will be complete by 2013 (Jones et al., 2010).

Interim releases from the inflow gates for the Kissimmee River (S-65) have
not yet provided all the expected ultimate benefits in flow characteristics or water
quality. The full regulation schedule will not be implemented until 2013, and
until that time, the USACE has authorized the SFWMD to make releases into the
river when upstream lake levels are sufficient and the releases are not required
for other purposes. The expected benefits are likely to be evident once the entire
project is complete and the schedules of upstream releases into the river are in
place. Low levels of dissolved oxygen, for example, are likely to improve once
releases increase the discharge of the river during dry periods.

Restoration goals for flow in the Kissimmee River reflect characteristics that
contribute to diverse and functional habitats, involving factors such as flow
volume, temporal variability patterns, stage (depth), and velocities. Restoration
has already achieved the objective of avoiding days when there is no flow in
the river. Additional restoration goals include restoring substantial variability to
flow magnitudes on two timescales: annual and monthly. At the annual scale,
the objective has been to create a more natural pattern of flows with distinct high
flows in the rainy season and lower flows in the dry part of the year. Managers
have been successful in instituting this annual variation in regulated flows. Flow
variation within shorter time segments of individual months, however, has not
been restored to pre-drainage variability. Year-long trends in flow depths are
producing over-bank flooding of floodplains for substantial periods each year,
except during major droughts such as the 20062007 period, and floodplains
are being functionally reconnected with channel flows. Velocities of flow in the
channel are meeting target values about 85 percent of the time.
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TABLE 3-2 Phased Construction of the Kissimmee River Restoration Project
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Water quality goals for restoration of the river focus on dissolved oxygen
(DO) and total phosphorus (TP) in the stream. Expectations for two measures of
DO (mean daily values and DO within 1 meter of the stream bottom) are yet to
be met, and DO in the Kissimmee River is generally lower than in values in refer-
ence streams. Shallow water areas of the river, however, exhibit healthy levels of
DO for fish, and as the restoration progresses, more such areas should become
available. TP loads in the Kissimmee River vary widely with climatic condi-
tions (e.g., lower TP loads in drought periods), but in general TP loads have not
declined (Jones et al., 2010). As more floodplain areas become hydrologically
connected to the river, TP levels may decline because of storage of phosphorus
in floodplain ecosystems.

Wading birds and water fowl are also indicators of the general health of the
Kissimmee River ecosystems. Nesting bird colonies have dramatically increased
in numbers over the past two years, especially for cattle egrets and great egrets.
Colonies for new residents such as tri-colored herons and white ibis have
appeared in substantial numbers. Densities of wading birds have substantially
increased since the initiation of the Kissimmee River restoration, and expected
targets have been surpassed. Waterfow! densities also have increased, except
during the exceptional drought years. Vegetation responses have also followed
expected changes with the river restoration, with a near doubling of area of
emergent vegetation compared to baseline data and a 66 percent reduction in
floating and mat-forming vegetation (Bousquin et al., 2009). In sum, reasonable
progress is being made in the restoration of the hydrology and geomorphology
of the Kissimmee River, and the ecosystem has improved quickly in response to
these changes. The Kissimmee River project results should be cause for cautious
optimism that similar responses might be expected from the CERP.

Stormwater Treatment Areas

Since 1994, approximately 45,000 acres of STAs (effective treatment area)
have been constructed in the Everglades Agricultural Area (see Figure 1-3) to
remove excess phosphorus from surface waters before it enters the water conser-
vation areas (WCAs) and Everglades National Park (also known as the Everglades
Protection Area). As discussed in Chapter 5 in more detail, these STAs continue
to remove large quantities of phosphorus from surface waters, although some
have faced operation and maintenance challenges. However, since the last
NRC report, a phosphorus “exceedance” as defined in the Consent Decree has
been reported in the Arthur R. Marshall Loxahatchee National Wildlife Refuge
(or WCA-1; SFWMD, 2009d), reflecting a violation of the Consent Decree. This
exceedance reflected two sampling events (November 2008, June 2009) that
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exceed the “long-term level” within 12 consecutive monthly samples.” A plan to
resolve these water quality issues is anticipated in September or October 2010,
in response to recent court rulings.®

There is increasing recognition that the existing STA capacity is insufficient
to treat the combined volumes and concentrations of phosphorus laden inflow.
As of June 2010, construction of STA Compartments B and C is under way,
which will add more than 11,000 acres of STAs (see Figure 5-6). Restoration
planners anticipate that Compartment B, located west and south of STA-2, will
enhance the performance of STA-2 by expanding its wetland treatment area.
Compartment C, located between the existing boundaries of STA-5 and STA-6,
is designed to expand the size and enhance the performance of these two STAs.
Compartments B and C are expected to be flow-capable by the end of 2010,
and construction should be completed by 2011 (Pietro et al., 2010). Neverthe-
less, these additional STAs do nothing to address the water quality violations in
Loxahatchee, and additional treatment mechanisms and/or source controls are
needed. See Chapter 5 for an in-depth discussion of water quality challenges in
the Everglades restoration.

River of Grass

On June 24, 2008, Florida’s governor Charlie Crist announced that the
SFWMD was going to enter into negotiations to acquire 187,000 acres of agri-
cultural land from the U.S. Sugar Corporation for $1.75 billion to maximize
restoration opportunities for the South Florida ecosystem. Although not ideal as
currently configured, these lands potentially offer the opportunity for additional
water storage and treatment at a scale not previously envisioned in the CERP
for the benefit of the Everglades ecosystem, Lake Okeechobee, and the St. Lucie
and Caloosahatchee rivers and estuaries. Since the original announcement of

S“For the refuge, water samples are collected monthly from fourteen interior marsh stations, and
the geometric mean of total phosphorus is calculated. This geometric mean is compared to a target
long-term level for that month which varies depending on water depth. If the mean is greater than
the long-term level for that month, that is termed an excursion. If there are two or more excursions
within twelve consecutive sampling events, that is termed an exceedance. An exceedance is a viola-
tion of the Consent Decree unless the Technical Oversight Committee (with one member from each
of the five settling parties) determines the exceedance was due to error and/or extraordinary natural
phenomena” (Kimball and Whisenant, 2008). The geometric mean concentrations in Loxahatchee
National Wildlife Refuge were 13.2 ppb (compared to a long-term level of 12.1 ppb) in June 2009
and 7.4 ppb (compared to a long-term level of 7.2 ppb) in November 2008 (SFWMD, 2009c¢).

°The EPA released its Amended Determination in response to a judicial order on September 3,
2010. The state of Florida has 60 days following the Amended Determination to submit a plan
containing alternate remedies. The committee did not review the amended determination in the
preparation of this report. See Miccosukee Tribe of Indians and Friends of the Everglades v. United
States of America, 04-21448-CIV-GOLD.
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this “River of Grass” initiative, the SFWMD has negotiated several changes to
the land purchase agreement. The SFWMD governing board in December 2008
voted to accept a proposal to acquire more than 180,000 acres of land for $1.34
billion—a reduced price brokered by Governor Crist for a land-only acquisition.
However, on April 2009 the two parties agreed to revise the contract because
of the dramatic economic downturn and uncertain economic future. Under
the April 2009 revised contract, the SFWMD would purchase 73,000 acres for
$536 million, and the U.S. Sugar Corporation offered an option to purchase the
remaining 107,000 acres over the next 10 years.

The SFWMD identified numerous potential benefits from this land acquisi-
tion. Increased water storage in the Everglades Agricultural Area (EAA) would
help reduce harmful freshwater discharges from Lake Okeechobee to Florida’s
coastal rivers and estuaries, and this excess water could be treated and redis-
tributed to the south, potentially providing increased water volumes to restore
the southern Everglades. The lands could also be used to construct new STAs
to help address current water quality concerns and improve the functionality
of the current STAs. The options for managing Lake Okeechobee could also be
improved, as harmful phosphorus flows would be prevented from entering the
lake and the need for “back-pumping” water would be eliminated.

The SFWMD created a comprehensive public planning effort to facilitate
stakeholder input and to build consensus on the design of the River of Grass ini-
tiative. During Phase | of this process (January to September 2009), the SFWMD
held a series of workshops where nine working groups developed alternative
configurations for constructing a managed system of water storage and treatment.
All configurations proposed by the stakeholders contained storage, treatment,
and conveyance project features using up to 180,000 acres without constraints
regarding land swaps, but the approaches, restoration benefits, and costs differed
widely among the groups’ proposed plans. Information generated during this first
phase was intended to be utilized by the SFWMD governing board to support
future planning and decision making related to the land acquisition.

In Phase I, which began in December 2009, the SFWMD used more exten-
sive and detailed modeling tools to evaluate system performance and to consider
constraints not previously examined. The hydrologic targets were also revisited
in a series of science workshops to help refine the River of Grass storage needs.
By the end of Phase II, the SFWMD intended to recommend approximately 2-4
design configuration alternatives and associated project footprints (with at least
one scenario with land swaps and one without to account for the fact that not all
of the U.S. Sugar Corporation lands are ideally suited for restoration purposes).”
However, Phase Il has been halted (at least temporarily) to allow time for the

’See https://my.sfwmd.gov/portal/page/portal/common/newsr/rog_planning_2009_1218_new.pdf.
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SFWMD to develop a plan to address several pressing legal issues concerning
current water quality in Loxahatchee National Wildlife Refuge (LNWR) and the
construction status of the EAA Reservoir.

On August 4, 2010, the SFWMD announced that the U.S. Sugar Corporation
land purchase had been downsized again, considering the economic challenges
facing the state of Florida. Under the latest agreement, the SFWMD would
purchase 26,800 acres of land for approximately $197 million in cash, while
retaining the option to acquire more than 153,000 additional acres over the next
10 years (see Figure 3-12). This agreement sidesteps a current legal challenge
to the state’s right to use Certificates of Participation to finance the purchase,
which was awaiting a decision by the Florida Supreme Court as of August 2010.
The early acquisition represents 17,900 acres of citrus land in the C-139 basin,
west of existing STAs 5 and 6, and 8,900 acres of sugarcane land northwest of
LNWR—two areas with historically high phosphorus loads (SFWMD, 2010e).

Although no specific plans for the use of the lands have been announced as
of August 2010, the SFWMD stated: “This acquisition, together with the Talisman
lands, would give the District access to more than 50,000 acres of land south
of Lake Okeechobee needed for project construction that will bring meaningful
water quality and environmental improvements to the Everglades” (SFWMD,
2010e). These lands, perhaps with land swaps, could also help address recent
violations of the Consent Decree. Yet, this represents only a small step toward
the goals envisioned for the River of Grass initiative. Beyond this immediate
acquisition, the future prospects for the River of Grass initiative and subsequent
land acquisitions remain highly uncertain. The SFWMD developed an engag-
ing planning process to examine a wide range of restoration projects that could
be built using the U.S. Sugar Corporation lands and created an impressive set
of data visualization tools to support the planning process. However, the avail-
ability of funding will be the limiting factor for additional land purchases that
could be used to create additional water storage and to enhance the effective-
ness of the CERP and the likelihood of reaching its goals. Additionally, it remains
unclear how successfully other political and economic constraints can or will
be addressed regarding the “option” lands (e.g., reality of land swaps, oppor-
tunity costs, stakeholder concerns) or how future River of Grass plans will be
coordinated with the CERP.

Everglades Restoration Transition Plan

The USACE, with support from a multi-agency team, is leading a new
initiative to examine operational flexibilities and improve water management
within WCA-3 and Everglades National Park. This effort, called the Everglades
Restoration Transition Plan, was necessitated by the pending expiration of
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FIGURE 3-12 U.S. Sugar Corporation land to be acquired by the SFWMD, including option
lands.

SOURCE: https://my.sfwmd.gov/portal/page/portal/xrepository/sfwmd_repository_pdf/
rog_map_2010_0804.pdf

the 2006 biological opinion in support of the Interim Operational Plan (I0P),
which outlines the current water management rules in WCA-3 to protect the
Cape Sable seaside sparrow and its habitat (USACE, 2002). In particular, the
IOP established a schedule for closures of the S-12 structures along the south-
west edge of WCA-3A, which has led to problems with high water in southern
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WCA-3A (see Chapter 4 for a discussion of water management in WCA-3A).
With the pending expiration of the biological opinion on the IOP in November
2010, restoration managers saw the opportunity to improve upon the existing
operational schedule for the benefit of multiple species, including the snail kite,
wood stork, Cape Sable seaside sparrow, and tree islands, while maintaining the
Central and South Florida project purposes.

The new operational plan needs to be in place by November 2010, and
the team has had only approximately one year to review existing science and
to evaluate potential strategies for improving water management within cur-
rent constraints (e.g., no new structures, no impacts to water supply and flood
control, water quality criteria). The changes under consideration are discussed
in Chapter 4. The November 2010 deadline will limit the range of options that
can be considered, because significant changes and any new structures would
trigger a lengthy National Environmental Policy Act review. However, team
members envision a continuing process, whereby the multi-agency team could
continue to improve the operation schedule over time based on new information
to maximize benefits for multiple species sooner rather than later, while awaiting
further structural improvements through the CERP. The committee commends
the restoration team for this initiative to expedite restoration progress (see also
Chapter 4).

PROGRAMMATIC PROGRESS

In the first 10 years of the CERP, progress was primarily programmatic, with
the development of an institutional structure and guidance to support CERP plan-
ning and adaptive management, which laid the groundwork for the construction
progress now under way. Many of the programmatic challenges noted in NRC
(2008) still remain, including the complex project planning and approval process
required for federal funding. However, some improvements have occurred over
the past two years, including agreement on a new integrated schedule for the
restoration, adoption of a “master agreement” between the state of Florida and
the federal government to address some long-standing procedural constraints,
and increasing federal restoration funding. These and other programmatic issues
are discussed in the following sections.

Project Scheduling

In response to advice from the Government Accountability Office (2007) and
NRC (2007), CERP planners worked for more than a year to develop a revised
project implementation schedule for the South Florida ecosystem restoration,
termed the “Integrated Delivery Schedule” (IDS; Figure 3-13). In the IDS, the
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USACE and the SFWMD, in consultation with numerous stakeholders, repriori-
tized the timing of future restoration activities according to anticipated funding
streams, although it is envisioned to be a living document that will be updated
as needed. The IDS replaces the Master Implementation Sequencing Plan (MISP)
for CERP projects, which was last updated in 2005.

Workshops were held with the South Florida Ecosystem Restoration Task
Force (Task Force) and the Working Group to help build consensus on the new
schedule. The guiding principles for the planning process emphasized the need
to deliver restoration benefits at the “earliest practicable time,” consistent with
recommendations of NRC (2007), and recognized the importance of supporting
ongoing commitments to key non-CERP projects that contribute to the success
of the CERP (Appelbaum, 2008). A description of the development process and
rationale for the IDS was released in June 2010, but the document does not
include justification for specific sequencing decisions. The “leaflet” explains that
the IDS uses a “hybrid approach” that starts with CERP and non-CERP projects
that are already authorized or otherwise committed, and adjusts the schedule,
pulling some non-authorized projects forward or pushing other authorized proj-
ects back based on their ability to deliver “meaningful restoration benefits as
early as possible” (USACE, 2010b). CERP planners state that the IDS represents
the “optimum sequence for implementation of South Florida ecosystem restora-
tion projects” consistent with incremental adaptive restoration as proposed by
the NRC (2007), construction authority, and available funding (USACE, 2010b).
The IDS is updated every few months to reflect changes in funding, project imple-
mentation progress, and changes in prioritization, and the March 2010 version is
shown in Figure 3-13. The IDS shows that a large number of CERP projects are
being pushed back beyond the 2020 timeframe. However, Appelbaum (2008)
noted that “no CERP projects are being taken off the table.”

The near-term IDS (as of March 2010) includes several pre-CERP and CERP
projects—specifically Mod Waters, C-111 (South Dade), and Decomp—that
have the potential to significantly alter the distribution and timing of water
flows through the WCAs and into Everglades National Park. These projects have
repeatedly been identified as highest priority for reversing ecosystem decline
and progressing toward ecological restoration of the remnant Everglades (e.g.,
Ad Hoc Senior Scientists, 2007). However, their benefits cannot be fully real-
ized without provision of additional water, which will require addressing water
quality issues and providing significant new storage. As discussed in the next
two chapters, even allowing for the completion of the stalled EAA Reservoir,
until larger volumes of clean water are made available, water managers will face
ecological tradeoffs among subregions of the WCAs and Everglades National
Park. Increased water storage in the EAA and in the northern Everglades will
almost certainly become a high priority in the years ahead.
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Revisions to the Programmatic Regulations

The Programmatic Regulations established a procedural framework and set
specific requirements that guide the implementation of the CERP to ensure that
the goals and purposes of the CERP are achieved. The Programmatic Regulations
were promulgated in 2003 and were slated to undergo a five-year review in
2008. This review provided an opportunity for the USACE to propose revisions
that could improve the project planning and evaluation process and to address
some of the procedural impediments identified in NRC (2008). However, little
apparent progress has been made on proposed revisions, even though this rep-
resents an important opportunity to enhance future planning progress.

Master Agreement

A significant programmatic accomplishment of the restoration organizations
has been a “master agreement” signed on August 13, 2009, by the Department
of the Army and the South Florida Water Management District. The agreement
was intended to promote cooperation between the two agencies for construc-
tion, operation, maintenance, and repair of CERP projects.

In addition to specifying a common terminology for projects, the agree-
ment provided for financial sharing of CERP obligations. Consistent with the
original CERP agreement, the federal government and the SFWMD agreed to
have a 50:50 cost share of CERP construction. The Master Agreement specifies
reporting, allowable scope for the joint responsibility, and processes to provide
accounting for this cost sharing. For example, monitoring performed during
the construction of a CERP project is allowed within the construction expense.
Similarly, expenses incurred for land acquisition can be included in allowable
construction expenses and a process for valuing such acquisitions is specified,
settling previous long-standing disagreements. Methods of payment and valua-
tion of in-kind services are also specified. However, the actual expenditures by
the federal government still depend upon project authorizations and appropria-
tions enacted by Congress.

Coordination of project management activities is also required by the Master
Agreement. The agencies agreed to share budget and cost information, sched-
ules, and quality assurance and quality control. As CERP projects are completed
and enter into operation, expenses for operations, maintenance, repair, and
renovation are also to be shared equally as long as federal funds are available.

As CERP projects enter into more active construction phases, the existence
of the Master Agreement provisions should smooth the processes of project
management, budgeting, and scheduling. As a result, coordination between the
USACE and the SFWMD should be enhanced.
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Funding

Florida state funding for Everglades restoration peaked at $800 million in
fiscal year (FY) 2007 with activity on state expedited projects, previously known
as Acceler8 (Figure 3-14). With the economic recession and negotiations for the
U.S. Sugar Corporation land acquisition, funding levels dropped in 2008-2009.
In the FY 2010 budget adopted in October 2009, the SFWMD plans funding
of $1.1 billion for Everglades restoration (CERP and non-CERP), representing
a significant increase, although included in this budget was $536 million in
Certificates of Participation for the acquisition of 73,000 acres of U.S. Sugar
Corporation land (SFWMD, 2009¢) that has now been downscaled to $197 mil-
lion. Thus, even though the budget appears to be a sizeable increase in invest-
ment, it reflects a major decrease in funding for existing restoration programs
compared to prior years. According to the draft Task Force cross-cut budget
(K. Berger, SFERTF, personal communication, 2010), anticipated state funding
for CERP projects declined to $146 million in FY 2010, a level that is less than
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FIGURE 3-14 Federal and state Everglades restoration funding amounts including CERP
and non-CERP activities (enacted 2001-2009 and requested 2010). ARRA funding reflects
funding enacted as of September 2010.

SOURCE: Data from SFERTF cross-cut budget (2010); K. Berger, SFERTF, personal communica-
tion, 2010.
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federal CERP funding for the first time since the launch of the CERP. This budget
stress has also caused the state to scale back on its expedited project initiatives.

Federal funding for Everglades restoration has long trailed funding from the
state of Florida. Because of the lack of congressional authorizations for CERP
project construction prior to 2007 and to address the large backload of unfin-
ished non-CERP foundation projects that are essential to restoration, most of the
federal funding has been concentrated on non-CERP projects (e.g., Kissimmee
River Restoration, Mod Waters). But in the past two years, the federal government
has substantially increased funding for Everglades restoration, including CERP
and non-CERP projects (see Figure 3-14). In FY 2010, the USACE received $180
million for South Florida ecosystem restoration (USACE budget only), represent-
ing nearly 10 percent of the agency’s civil works construction budget ($2.03
billion). The federal government also provided nearly $88 million in American
Recovery and Reinvestment Act (ARRA, or economic stimulus) funding for CERP
projects over FY 2009 and 2010, and an additional $7.5 million for non-CERP
projects (M. Magley, USACE, personal communication, 2010).

This recent increase in federal spending has created a new programmatic
hurdle related to CERP federal-state (50:50) cost sharing. To qualify for federal
cost sharing, non-federal CERP expenditures must be formally “credited” or cer-
tified. Before the crediting process can begin, a project must be authorized by
Congress and have a signed project partnership agreement (PPA), which reflects
the legal and technical design agreements between the federal and state sponsor
related to project construction. The USACE is prohibited from exceeding the
overall credited expenditures from non-federal partners at any time, and federal
funding would be halted before it exceeded non-federal credited expenditures.
As shown in Figure 3-14, prior state CERP expenditures have greatly exceeded
federal expenditures, but many of these expenditures (e.g., land acquisition,
construction work on expedited projects) have not yet been credited. PPAs
recently signed for the Site 1 Impoundment and the Indian River Lagoon-South
(IRL-S) projects provide enough credited expenditures to allow continued federal
funding (at the current pace) through approximately 2014. Continued project
authorizations, however, are needed to prevent a halt in federal funding for the
CERP after this date (E. Bush, USACE, personal communication, 2010).

Rehabilitation of the Herbert Hoover Dike also represent a substantial
portion of the overall USACE budget. In 2008 and 2009, respectively, $55
million and $74 million were appropriated in the USACE Jacksonville District
budget for rehabilitation of the dike, and $123 million was appropriated in FY
2010 (SFERTF, 2009; H.R. 3183 Conference Report). The construction efforts
are required to maintain the safety and stability of the dike and should not be
considered part of the South Florida ecosystem restoration funding; therefore,
they are not included in Figure 3-14. The estimated financial requirement for
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the entire Herbert Hoover Dike rehabilitation effort is estimated to be $1 bil-
lion (SFERTF, 2009). It remains uncertain whether the political will can remain
to support continued large federal expenditures for the Florida USACE budget.
Continued support for federal funding of Everglades restoration projects is critical
to maintain the momentum and create near-term restoration benefits. The Task
Force tracks and compiles expenditures and financial requirements for all South
Florida restoration projects as reported by the sponsoring agencies in the annual
Integrated Financial Plan (SFERTF, 2009). The estimated financial requirements
and expenditures through FY 2009 for different categories of CERP projects are
shown in Table 3-3. The largest expenditures have been for surface-water stor-
age, natural area habitat restoration, and other related hydrology projects. Of an
estimated $13 billion in financial requirements for CERP projects, only 2 percent
has been spent through FY 2009, leaving financial requirements of more than
$12 billion. More progress on CERP projects is expected in the future as CERP
precursor projects are completed.

In 2004, the estimated cost of CERP was $11 billion (DOl and USACE, 2005),
which was to be split equally between the federal and state governments. Five
years later, the Task Force (SFERTF, 2009) made an estimate of $12.8 billion to
adjust for inflation and any approved changes to project designs; thus, the 50
percent federal share is now estimated at $6.4 billion. This total does not include
expenditures on non-CERP projects. Moreover, this CERP total is likely to grow

TABLE 3-3 Total Estimated Financial Requirements for the CERP and Funds
Expended Through FY 2009 (in 2008 Dollars)

Funds
Financial Appropriated
Requirement Through FY09
Category of CERP Project ($ Million) ($ Million)
Surface water storage 7,338 89
Alternative water storage 2,176 13
Modify impediments to sheet flow 364 1
Other related hydrology projects 358 54
Stormwater treatment areas and water quality 216 1
Natural area habitat restoration 1,274 69
Water reuse 1,100 2
Sum of categories 12,826 239

NOTE: This table does not include expenditures for program level activities (including monitoring and
assessment) or land purchases that have not yet been credited. Also, only SFWMD expenditures through
FY07 are included.

SOURCE: SFERTF, 2009; A. Murphy, USACE, personal communication, 2010.
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with inflation over time. At a continued funding rate of $200 million per year
for CERP projects (with funding increasing with inflation at the same rate as con-
struction costs), the federal portion of the CERP would be fully funded in roughly
32 years. With increased annual federal expenditures on CERP or a scaled-back
CERP plan, this timeframe would be shorter. Conversely, increased costs would
lengthen this timeframe. Fiscal constraints dictate a long-term approach over a
period of multiple decades for completion of CERP.

The CERP was expected to take several decades to complete, but the pace
of restoration over the past decade suggests 40—-60 years as a more realistic
timeframe. Political and financial support for Everglades restoration will cer-
tainly erode steadily over such a long time in the face of so many competing
needs for public funding unless tangible ecological and public benefits can be
demonstrated through CERP monitoring and assessment activities.

CONCLUSIONS AND RECOMMENDATIONS

During the past two years the restoration program has made tangible prog-
ress, and four CERP projects are now under construction. Continued federal
commitment is especially important at this time. The Everglades restoration pro-
gram has completed the arduous federal planning and authorization processes
for three projects and is now moving forward with construction of the Picayune
Strand project with federal funding. Additionally, despite budget challenges, the
state of Florida continues to expedite the construction of three projects (C-111
Spreader Canal, Biscayne Bay Coastal Wetlands, and Lakeside Ranch STA). After
years of delay, it is critically important to maintain this momentum to minimize
further degradation of the system during CERP implementation.

Some restoration benefits can be attributed to partial restoration of Pica-
yune Strand; however, the completion of additional ongoing and planned proj-
ects will be required to see substantial restoration benefits for the Everglades
ecosystem. The SWFMD (Williams et al., 2010) reports that plugging one canal
in Picayune Strand raised water tables on approximately 13,000 acres of adjacent
wetlands, representing partial hydrologic restoration on approximately one-
fourth of the project area. Construction is also under way on the C-111 Spreader
Canal and the Biscayne Bay Coastal Wetlands projects, but no significant restora-
tion benefits have yet resulted from these efforts. Each of these projects is being
implemented in phases to deliver early restoration benefits when possible with
available funding.

Pilot projects and field-scale experiments are addressing some important
design uncertainties but could be better linked to decision making and imple-
mentation. In addition to the originally conceived CERP pilot projects, CERP
planners have recently initiated two field-scale experiments (the C-111 Spreader
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Canal design test and the Decomp Physical Model [DPM]). These projects are
intended to reduce design uncertainties that were points of contention among
stakeholders, which limited progress on project planning. The C-111 design test
will address important hydrologic uncertainties; additional pilot components
are needed to address the potential impacts of elevated nutrients on receiving
wetlands. The DPM will produce the most detailed observation data to date on
the hydrology and ecology of sheet flow in the ridge and slough system. Never-
theless, limited replication and the two-year duration limit the statistical power
of the experiment. The DPM will provide information on hydraulic, hydrologic,
and short-term ecological differences between canal backfilling options and
will improve understanding of the hydrologic response of WCA-3B to re-water-
ing, but the experiment will likely require additional replication to settle the
current debate over the efficacy of different canal treatments. CERP scientists
and planners should consider other means of synthesizing and communicating
results beyond traditional hypothesis tests to facilitate stakeholder discussions
and decision making under uncertainty.

Aquifer storage and recovery (ASR) pilot studies have contributed valuable
hydrogeologic and geochemical information, but the administrative delays, site
limitations, funding constraints, and arsenic leaching encountered are indicative
of serious challenges facing large-scale use of ASR. The final ASR pilot report
should address the impacts of these factors on use of ASR at the unprecedented
scale envisioned for the CERP and should compare the long-term costs and
benefits of ASR against other less energy-intensive storage alternatives.

Initiation of construction of a 1-mile bridge on the Tamiami Trail is an
important, albeit partial, step forward. NRC (2008) called the Mod Waters
project, of which the bridge is one component, “one of the most discouraging
stories in Everglades restoration,” and stated that if the downsized 1-mile bridge
could not be built, the outlook for the CERP was dismal. With leadership from
the administration and Congress, the federal government was able to overcome
numerous obstacles to ultimately break ground on the project in December
2009. Although the benefits derived from the 1-mile bridge represent only a
fraction of those envisioned in earlier Mod Waters plans, planning is under
way to consider additional bridging that could take advantage of a downturn in
construction costs.

The River of Grass initiative could create options for additional water stor-
age and water quality treatment to help meet CERP objectives. The SFWMD
governing board recently approved the purchase of nearly 27,000 acres of
U.S. Sugar Corporation lands—substantially less than what was previously
announced—near areas with historically high phosphorus loads. These lands
could help the SFWMD come into compliance with current water quality
requirements, yet this represents only a small step toward the goals of the River
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of Grass initiative. Prior to this announcement, the SFWMD had facilitated an
engaging and inclusive River of Grass planning process and created an impres-
sive set of data visualization tools to support the effort. As of mid-2010, the
specific benefits that will accrue to the CERP from the River of Grass initiative
cannot be determined, because the planning and design process has not been
completed and the availability of funding to support future land purchases is
unknown. Also, it remains unclear how successfully other political and eco-
nomic constraints can or will be addressed for the remaining “option” lands
(e.g., reality of land swaps, opportunity costs, stakeholder concerns) and how
the initiative will be coordinated with the CERP.

Given the slower-than-anticipated pace of implementation and unreliable
funding schedule, projects should be scheduled with the aim of achieving sub-
stantial restoration benefits as soon as possible. The latest Integrated Delivery
Schedule appears consistent with this goal and should generate substantial res-
toration benefits by 2020. Although many projects have been delayed, aggres-
sive schedules have been maintained (as of the March 2010 IDS) for the Decomp
project, seepage management, and critical foundation projects. These projects
offer significant restoration benefits to the remnant Everglades ecosystem, but the
benefits cannot be fully realized without the provision of additional water, which
will require substantial new storage and associated water quality treatment.

Maintaining political and public support for Everglades restoration will be
critical to future CERP progress. Multiple decades of sustained commitment and
a high level of public funding will be needed to complete the CERP. Maintain-
ing this commitment will be a continuing challenge, and early, demonstrable
public and ecological benefits from restoration activities are keys to retaining
public support.
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Challenges in Restoring Water
Timing, Flow, and Distribution

As discussed in Chapter 2, Everglades restoration is premised on “getting the
water right” by striving to reestablish the quality, flow, timing, and distribution of
freshwater that characterized pre-drainage South Florida ecosystems. Address-
ing the disparate hydrological requirements of the diverse wetland communities
that comprise the greater Everglades ecosystem demands highly integrated water
resource planning and adaptive re-engineering and re-operating of the Central
and South Florida (C&SF) Project.

Restoration at this scale involves many uncertainties, constraints, and trad-
eoffs. In the next two chapters, short-term priorities and longer-term plans for
restoring surface flows and water quality are examined. The discussion of surface
hydrology in this chapter focuses on the kinds of tradeoffs that are, of necessity,
being made in re-distributing water to different parts of the Everglades, and con-
siders the risks associated with incomplete restoration or long delays in providing
storage capacity and additional water. The committee focused special attention
on Water Conservation Area (WCA) 3 as an example of these challenges because
it serves as the main flow-way of water through the remnant Everglades. WCA-3
provides habitat for important Everglades species and system features, and it is
a nexus for many contentious Everglades water flow issues. Also, flows in Ever-
glades National Park and WCA-3 are interdependent because of their adjacent
geographic locations. Current water quality concerns and regulations, the cost
and performance of source control and treatment alternatives, and the consid-
erable technical and economic challenges of bringing existing and planned
Comprehensive Everglades Restoration Plan (CERP) flows into compliance are
summarized in Chapter 5.

PAST AND FUTURE CHANGES TO SOUTH FLORIDA'S
WATER BUDGETS AND FLOW REGIMES

The hydrologic result of the Central & South Florida Project in the Ever-
glades portion of the drainage basin south of Lake Okeechobee was a near-total
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transformation of the flow system (USACE and SFWMD, 1999). The impacts of
these changes to the landscape and the ecosystem are described in detail in
Chapter 2, but the quantitative changes in hydrology are discussed further in
this section to provide a basis for additional discussion of improving water flow
and distribution.

A comparison between pre- and post-drainage water budgets of the Kissim-
mee-Okeechobee-Everglades watershed (Figures 4-1 and 4-2) shows how the
distributions of water storage and transfers are believed to have changed. Some
of the key features of these modeled water budgets are summarized in Table 4-1
according to Natural Systems Model (NSM) version 4.6.2 and the South Florida
Water Management Model (SFWMM) version 5.4 (see Box 4-1). Comparable
water budgets based on the newer South Florida Regional Simulation Model
(RSM) are not yet possible because of model development issues discussed in
Chapter 6. The water budget models have considerable uncertainty associated
with estimating evapotranspiration and specific values of water flows from one
compartment to another, and the models are used here as generalizations rather
than as exact accountings.

According to the SFWMM, on average Lake Okeechobee discharges approx-
imately 11 percent less water south under current conditions (554,000 acre-feet/
year) compared to pre-drainage flows (622,000 acre-feet/year; see Figures 4-1
and 4-2). Total inflow to the WCAs ranges widely with the models used. The
SFWMM v. 5.4 calculates that current water inflows from the north to the WCAs
(1.3 million acre-feet [MAF]/year) exceed that which would have occurred via
sheet flow in the pre-drainage system (1.06 MAF per year; NSM v. 4.6.2). How-
ever, the new Natural System Regional Simulation Model (NSRSM) depicts a
wetter pre-drainage Everglades in which 1.5 MAF flowed from Lake Okeechobee
into what is now the Everglades Agricultural Area (EAA) and at least 1.7 MAF
flowed from the north into the current WCAs, across their northern boundaries
(J. Obeysekera, SFWMD, personal communication, 2009).

Roughly 1.9 MAF per year still enters the WCAs across the western, northern,
and eastern boundaries under current conditions (see Figure 4-2), but inflow now
occurs primarily through canal or stormwater treatment area (STA) discharges,
unlike in pre-drainage conditions when direct precipitation and occasional
overflows from Lake Okeechobee dominated freshwater inputs (Harvey and
McCormick, 2009). Surface-groundwater exchanges were minimal in the rela-
tively flat, peat-covered, pre-drainage landscape. In contrast, peat subsidence,
canals, and levees have created local hydraulic gradients that increase seepage
and surface-groundwater interactions. As a result, after losses by evaporation,
the WCAs now lose nearly half their remaining water through seepage to coastal
areas. In addition, the loss of peat through oxidation has accentuated ground-
water losses by permitting movement of surface water downward. The thick
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FIGURE 4-1 Estimated annual water budget for the Kissimmee-Okeechobee-Everglades
drainage basin, 1965-2000, under pre-drainage and pre-development conditions, calculated
using the Natural System Model (NSM) version 4.6.2, which simulates regional hydrology in
the absence of existing control structures.The numbers in rectangles represent mean annual
flow volumes in 1,000 acre-feet/year, based on model simulations using a 36-year precipita-
tion data set. Change in storage, shown in circles, represents the net inflows minus outflows
over the period of record.

SOURCE: J.Obeysekera, SFWMD, personal communication, 2009.
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FIGURE 4-2 Estimated annual water budget for the Kissimmee-Okeechobee-Everglades
drainage basin under post-drainage and post-development conditions, calculated using
a 36-year simulation using the SFWMM with structures in place as of 2000 (usually consid-
ered the typical “current” situation). The numbers in rectangles represent mean annual flow
volumes in 1,000 acre-feet/year, based on model simulations using a 36-year precipitation
data set.Change in storage, shown in circles, represents the net inflows minus outflows over
the period of record.

SOURCE: J.Obeysekera, SFWMD, personal communication, 2009.
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TABLE 4-1 Total Flow Volume of Freshwater Inputs and Outflows from Four of
the Regions Shown in Figures 4-1,4-2,and 4-5

Pre-drainage (KAF)

Surface

Precip./ET  water Groundwater  Total

Lake Okeechobee Inputs 1,671 1,641 0 3,312
Outflows 2,338 980 0 3,318

Everglades Agricultural Inputs 2,635 942 0 3,577
Area Outflows 2,450 1,122 7 3,579
Water Conservation Areas  Inputs 3,475 1,467 6 4,948
Outflows 3,007 1,916 23 4,946

Everglades National Park Inputs 2,776 1,752 8 4,536
Outflows 2,629 1,856 50 4,535

NOTE: The numbers represent total inflows and outflows calculated using the data provided in the
figures, which were generated by the NSM v. 4.6.2 and the SFWMM v. 5.4. ET = evapotranspiration;
KAF = thousand acre feet.

peats of the pre-drainage system isolated the surface water from the ground-
water. These changes also have important implications for water chemistry, as
will be discussed in Chapter 5. Everglades National Park has also experienced
substantial changes in flows as a result of the engineered systems upstream.
Under the pre-drainage conditions, the area that is now Everglades National
Park received roughly 1.3 MAF of water per year (according to both the NSM
and the NSRSM) as overland sheet flows from the land that is now WCA 3, with
total inflow of 1.7-1.8 MAF from all sources (Figure 4-1). Under present condi-
tions the same park area receives about 0.8 MAF in surface flows from WCA-3
through culverts beneath Tamiami Trail (Figure 4-2). On average 1.1 MAF flows
into the park from all sources (or 61-64 percent of pre-drainage flows), and
seepage to the east removes an additional 0.2 MAF of this total. As a result of
these adjustments, the park area that once discharged approximately 1.9 MAF
per year through coastal ecosystems to the Gulf of Mexico (NSM 4.6.2; or 2.1
MAF per year according to the NSRSM) now only discharges about 1.1 MAF
per year (see Figures 4-1 and 4-2).

In addition to changes in the overall volume and distribution of water dis-
cussed above, the Everglades landscape has also experienced substantial changes
in the timing, duration, velocities, and directions of flow. Although no stage data
for South Florida exist prior to the construction of the Tamiami Trail and associated
levees, hydroperiods historically were thought to be tied to seasonal variation in
regional rainfall and secondarily to the slow drainage into and from the region
(Duever et al., 1994). Florida has a five-month “rainy season” (mid-May to mid-
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Current (KAF) CERP flows (KAF)
Surface Surface

Precip./ET  water Groundwater Total Precip./ET  water Groundwater Total
1,667 1,660 0 3,327 1,667 1,820 0 3,487
2,140 1,211 0 3,351 2,130 1,374 0 3,504
2,635 497 34 3,166 2,635 614 26 3,275
1,917 1,243 3 3,163 2,025 1,244 3 3,272
3,475 1,915 0 5,390 3,475 1,899 0 5,374
3,333 1,163 891 5,387 3,301 1,485 592 5,378
2,776 1,087 87 3,950 2,776 1,898 5 4,679
2,469 1,124 355 3,948 2,572 1,597 503 4,672

October) that is typically accompanied by increasing water levels, and a less
rainy or “dry season” (November to April) that is typically associated with stable
or falling levels (Obeysekera et al., 1999). The reproductive success and survival
of Everglades flora and fauna are linked to these seasonal cycles. For example,
many wetland species such as apple snails, alligators, wading birds, snail kites,
and Cape Sable seaside sparrows time breeding to coincide with the dry season,
expecting water levels to recede slowly. Yet the area still receives significant rain-
fall in the dry season associated mainly with frontal passages, and that rain can
lead to rising rather than falling water levels (i.e., “reversals”), which can result
in reduced reproductive success for many wetland birds (discussed in more detail
later in the chapter). Reversals during spring likely occurred in the pre-drainage
Everglades, but two factors probably have increased their frequency and mag-
nitude recently. The first is the reduced water-storage and hydrologic buffering
capacity associated with the reduced spatial extent of the Everglades. The second
is current water management, which can contribute to increased annual changes
in water levels, as has occurred on Lake Okeechobee (Beissinger, 1986; NRC,
2007). While the Everglades has been described by some as a “hyperseasonal
savanna” (Kushlan, 1987; Duever et al., 1994), its inter-annual (between-year)
rainfall variation actually is much smaller than that of other lowland neotropi-
cal wetlands with similar flora and flora (Beissinger and Gibbs, 1993), such as
the Llanos in Venezuela and the Pantanal in Brazil (Kushlan et al., 1985). Thus
management activities that increase intra-annual (within-year) variation in water
levels will likely adversely affect the Everglades.
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BOX 4-1
Modeling the Hydrology of the Historic South Florida Ecosystem

An understanding of the water flows of the pre-drainage system is essential for resto-
ration project planning. Comprehensive Everglades Restoration Plan (CERP) agencies
presently use two models to estimate pre-drainage water flows: the Natural System
Model (NSM) and the Natural System Regional Simulation Model (NSRSM). These
models use similar platforms as hydrologic models of current conditions but without
the water control infrastructure and with different land cover and land use. The NSM
uses the same climatic input, model parameters, grid spacing (2 mile by 2 mile) and
computational methods as the South Florida Water Management Model (SFWMM), but
physical features, such as topography, vegetation type, and river locations are adjusted
to represent the pre-drainage condition. As more paleoecology data became available
that provided important insights into historic hydrologic conditions (e.g., Willard et al.,
2001; Winkler et al., 2001; Saunders et al., 2006; Bernhardt and Willard, 2009), the
NSM progressed through a series of revisions. Version 4.6.2 is the latest version of
the model in use, although Everglades National Park has worked on its own revisions
to the model code (called ENP Mod 1) based on paleoecology data that were not well
simulated in prior versions of the NSM. ENP Mod1 simulates a much wetter system
that that of NSM 4.6.2.

The NSRSM is an entirely new fully coupled surface-groundwater model with a
system of triangular cells ranging in size from 0.1 to 2 miles on a side. Compared with
earlier modeling efforts for the pre-drainage system, the NSRSM covers a larger pro-
portion of the entire watershed (and some areas outside the watershed), and it uses
improved data sets, particularly for land cover and land use and topography. The South
Florida Water Management District (SFWMD) is currently developing the South Florida
Regional Simulation Model (RSM) designed to extend the NSRSM to describe present
conditions. Generally, NSRSM model runs describe a natural system that is wetter than
the system described by NSM 4.6.2 model runs.

These three model-generated descriptions of the pre-drainage system are each
different, and there is uncertainty inherent in such hind-casts of hydrologic conditions
of a century ago. Despite these reservations, the committee sees some convergence
among the recent pre-drainage model output (NSRSM, ENP mod1) suggesting a wet-
ter pre-drainage system than prior NSM output, with total inputs from the north to the
current Everglades Protection Area averaging 1.9-2.1 million acre-feet (MAF)/year. This
amount can be contrasted against current flows of approximately 1.4 MAF/year across
the same boundaries (Wilcox and McVoy, 2009).

The inter-annual variation of flood and drought events is another impor-
tant feature of the pre-drainage Everglades. Floods and droughts are recurring
pulse events in many wetlands (Odum et al., 1995; Dong, 2006) including the
Everglades (Thomas, 1974). The life histories of many plants and animals have
evolved and been shaped in the Everglades by these hydrologic events (Davis
and Ogden, 1994), which may have occurred on long-term rainfall cycles of 4-7
years in south Florida (Thomas, 1974; Beissinger, 1986; Duever et al., 1994),
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as well as associated cycles in the timing and extent of wildfires (Beckage and
Platt, 2003; Lockwood et al., 2003). Over the past century, the transformation
of the Everglades landscape through compartmentalization and canals has
partly decoupled the occurrence of droughts and floods from rainfall variability,
sometimes shortening or lengthening the intervals between drought and flood
events or changing their duration. Restoration of natural hydrologic variation
is needed to maintain ecological communities in the Everglades. For example,
the reduction of droughts that cause dry-down events can cause a loss of tree
islands (Willard et al., 2006), while too-frequent droughts can cause snail kite
populations to decline (Beissinger, 1995; Martin et al., 2008) or reduce fish
populations so that they can no longer adequately support large predators such
as alligators (Mazotti et al., 2009).

Finally, the magnitude and directions of flow have significantly changed as
a result of engineering works as shown in Figure 4-3. Among the most important
engineering changes was the creation of the WCAs, which interrupted and re-
directed the sheet flow that formed and maintained the distinctive features and
ecological functions of the Everglades.

The effects of the water management structures on water depths are illus-
trated in Figure 4-4, in which water depths during the midst of the rainy season
are compared to those near the end of the dry season. Figure 4-4 captures a wet
year (2006) and shows the extensive ponding that occurs in WCA-3A behind
the L-67 levees, which prevent flow from moving southeast into WCA-3B, and
above the Tamiami Trail (and its associated levee), which limits the flow of water
into Everglades National Park. Similar effects can be seen in the southern ends
of WCA-1, WCA-2A, and WCA-2B. Figure 4-4b shows the extent of extreme
dry conditions that now occur during drought years, particularly in northwestern
portions of the WCAs and Shark River Slough in Everglades National Park, and
the persistent ponding in the extreme southern portions of the WCAs and behind
the L-67 levees in WCA-3A.

PARTIAL HYDROLOGIC RESTORATION AND SPATIAL TRADEOFFS

Reduced spatial extent, extensive peat loss, and large urban and agricultural
demands for water and flood control make it infeasible to fully restore the hydrol-
ogy of the remnant Everglades ecosystem. Thus constrained, CERP and related
projects have aimed at partial restoration toward pre-drainage depths, hydro-
periods, and flow regimes. Some of the major features of hydrologic restoration
under the CERP are summarized in Figure 4-5. By comparing Figure 4-5 to Figure
4-2, one can see that a fully implemented CERP is expected to lead to large
reductions in flood discharges to the northern estuaries, moderate reductions in
flood discharges to the WCAs, and significant increases in freshwater inputs to
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FIGURE 4-4 Example of hydrologic extremes now characteristic of WCA-3 and Shark River Slough: (a) wet
conditions observed on September 30, 2006 and (b) extreme dry conditions observed on April 20, 2008.

SOURCE: Johnson (2009) generated using the USGS Everglades Depth Estimation Network (EDEN).

Everglades National Park (see Table 4-1). These and other changes depend on
new surface storage, aquifer storage and recovery, wastewater reuse, and other
CERP elements described in Chapter 2.

One of the consequences of reduced spatial extent and reduced storage
in the modern system is that it may be impossible to get the water “right” or
even “better” everywhere at all times. CERP planners have always recognized
that restoration benefits would be unequally distributed across the Everglades
landscape and that hydrologic conditions might even worsen in some areas in
order to achieve desired outcomes in others (USACE and SFWMD, 1999). It is
important to understand these tradeoffs and interdependencies when evaluating
the design and staging of CERP projects, especially given the kinds of lengthy
delays and design changes that have characterized restoration efforts to date. The
extent to which one area is impacted to achieve benefits elsewhere depends on
the amount of new storage and changing constraints on water distribution such
as flood control, seepage management, and water quality.
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FIGURE 4-5 Estimated annual water budget for the Kissimmee-Okeechobee-Everglades drain-
age basin under full CERP implementation, calculated using a 36-year simulation using the
SFWMM v.5.4.3.Model run CERP A shown simulates the CERP preferred alternative (D13R).The
numbers in rectangles represent mean annual flow volumes in 1,000 acre-feet/year. Change in
storage, shown in circles, represents the net inflows minus outflows over the period of record.

SOURCE: J. Obeysekera, SFWMD, personal communication, 2009.
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Expected Subregional Differences in CERP Ecological Performance

In this section the committee summarizes how restoration benefits—assessed
using hydrologic performance measures—are expected to vary across the Ever-
glades system from Lake Okeechobee southward under full CERP implementa-
tion and in the near term with the completion of the initial (Band 1') projects.
[t draws heavily from systemwide hydrologic analyses conducted by RECOVER
scientists for the Initial CERP Update (RECOVER, 2005c) and Technical Report
on Systemwide Performance of CERP 2015 Band 1 Projects (RECOVER, 2010c).

CERP scientists have produced an extensive set of performance measures
to set restoration targets and to evaluate alternative plans and implementation
progress (RECOVER, 2007b). Specific measures and targets have been identified
for more than 40 indicator regions corresponding to small clusters of 2-mile by
2-mile grid cells in the SFWMM and NSM. The performance measures capture
aspects of the hydrologic regime such as frequency and magnitude of high and
low water stages or frequency and duration of inundation. The restoration target
for a performance measure in any particular indicator region is typically based
on the value obtained using the NSM, but in some cases additional research
findings are used to develop relationships between hydrologic observations and
ecological factors.

To examine some of the inherent challenges of getting the water right in all
places at all times, the committee assembled values for selected performance
measures and indicator regions under pre-drainage, current, and 2050 condi-
tions, with and without the CERP (see Table 4-2; RECOVER, 2005c). The table
also summarizes model-estimated discharges between selected regions. Perfor-
mance measures are arranged in rows from north to south starting with Lake
Okeechobee and the northern estuaries and ending with Florida Bay. The table
also includes modeled ecological performance in 2015 assuming construction
of the 1-mile bridge on the Tamiami Trail, new L-29 Canal stage constraints (8.5
feet above sea level), and completion of the following CERP Band-1 projects
(see Chapter 3 for the current status of these projects) including:

* Indian River Lagoon C-44 Reservoir

e Broward County Water Preserve Areas (C9 and C11 impoundments)
* WCA-3A and 3B seepage management

e Acme Basin B Discharge

e Site T impoundment

'According to the Master Implementation Sequencing Plan (USACE and SFWMD, 2005a), Band
1 projects represent those that would be completed between 2005 and 2010. However, given the
delays in project implementation, the RECOVER (2010b) analysis assumed that these projects could
be completed by 2015.
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e C-111 Spreader Canal Phase 1 (Frog Pond/Leaky Reservoir)
e North Palm Beach County
e C-51 and L-8 Basin Reservoir Phase 1
* Everglades Agricultural Area (EAA) Storage Reservoir Phase 1
e Lake Okeechobee Watershed Plan
e Rain-driven operations in Rotenberger Wildlife Management Area
e (C-43 Basin Storage Reservoir Phase |

TABLE 4-2 Selected Features of the Everglades Water Budget and Regional Performance

Indicators
Restoration Band 1 Projects SFWMM| Future w/
Target Existing 5.4.6 CERP
NSMv. 4.6.2 SFWMM
Variable |Water budget (KAF) (NSRSM) SFWMM 5.4.3| SFWMM 5.4.3 2015BS 2015CP | 5.4.3 CERPA
Lake Okeechobee flood discharges to Caloosahatchee estuary
1|(KAF) 358 376 289 73
2|L. Okeechobee flood discharge to St Lucie estuary (KAF) 0 130 96 28
3|Inflow to WCAs (GW and SW; KAF) 1473 1915 1838 1899
4]Inflow to ENP from WCA 3A & 3B (GW and SW; KAF) 1326 875 1137 1083
5|Total inflow to ENP (GW and SW; KAF) 1760 1174 1499 1903
6]ENP discharge to coastal zone (GW and SW; KAF) 1876 1137 1237 1610
' d Performance measures
7|Lake Okeechobee high stage score (0-100, 100 best) 100 98 97 85 82 98
8|Lake Okeechobee low stage score (0-100, 100 best) 100 98 98 98 96 98
9]# mos. Caloosahatcheee flow < 300 cfs (420 max) 0 153 145 195 76 18
10[# mos out of 420 when Caloosahatcheee flow >2800 cfs 0 82 81 79 50 18
11{# mos out of 420 when Caloosahtachee flow > 4500 cfs <7 37 36 7
12|# Flood discharge events to St. Lucie 0 57 48 10
13[# mos out of 420 when St Lucie flow < 350 cfs 207 130 131 124 97 28
14{# mos out of 420 when St Lucie flow >3000 cfs 12 30 26 31 23 12
15]# high events in Loxahatchee NWR (IR 101) 6-34 29 15 19
16/ WCA-2A (IR 110) inundation (% of model record) 84 87 92 87 89 91
17|WCA-2A (IR 111) extreme high water (% of model record) 0 1 1 1 1 3
18| WCA-2B (IR 113) inundation (% of model record) 91 91 91 86 87 83
19|WCA-2B (IR 113) extreme low water (% of model record) 0 5 4 5 5 7
20|NE WCA 3A (IR 115) extreme high water (% of model record) 0 2 3 3 4 3
NE WCA 3A (IR 115) Snail kite foraging (average duration

21|inundation events) 122 88 88 59
22|Central WCA-3A (IR 121) inundation (% ) 92 94 92 94 94 97
23|So. WCA-3 (IR 124) inundation (%) 93 98 92 97 93 94
24|Extreme high water, so. WCA-3A (IR 124) (%) 0 24 5 14 9 1
25| W. WCA-3B (IR 126) inundation (%) 96 94 91 93 92 97
26|Extreme high water events w. WCA-3B (IR 126) (%) 5 1 29 14| 15 9
27|NE Shark River slough (IR 129) # drydown events 2 18 15 3
28| NE Shark River slough (IR 129) inundation (POR) 99 86 88 86 88 98
29|Central Shark River slough (IR 131) # drydown events 7 19 15 9
30]Central Shark River slough (IR 131) inundation (%) 93 83 89 85 89 94
31|Joe Bay Basin, Florida Bay, 50th% salinity (ppt) 13 14 13.2 14.3 13.4] 13.3
32|Garfield Bight, Florida Bay, 50th% salinity (ppt) 28.5 32.7 32.4 33 32.1 30.8

NOTE: The data in this table are based on the NSM v. 4.6.2 of pre-drainage hydrology and the SFWMM v. 5.4.3 for exist-
ing conditions, 2015 without Band 1 CERP projects, 2015 with Band 1 CERP projects, 2050 without CERP but with Rain
Driven Operations, and 2050 with CERP. The model results are based on climate and rainfall data for the period 1965-
2000.The performance measure scores are derived from the Interim CERP Update (RECOVER, 2005¢) and Technical Report
on Systemwide Performance of CERP 2015 Band 1 Projects (RECOVER, 2010c). Green cell shading indicates conditions at
or near restoration targets (left-most column), yellow indicates conditions approaching the targets but still potentially
damaging, and red indicates conditions departing from targets and ecologically undesirable according to RECOVER
scientists. Cell colors were chosen by the committee based on interpretations of the performance by RECOVER scientists

(RECOVER, 2005¢, 2010¢).
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Northern Estuaries and Lake Okeechobee

Some of the disparities in expected CERP restoration outcomes for differ-
ent subregions are illustrated in Table 4-2. Under the CERP, new storage would
greatly reduce the frequency of unwanted very low or high discharges to the
northern estuaries (see #1 and 9-14 in Table 4-2). Many of these benefits could
be realized in the near term with completion of Band-1 storage projects such as
the C-43, C-44, and EAA reservoirs (Table 4-2). On the other hand, little change
is anticipated for Lake Okeechobee, with a small reduction in the frequency of
extreme high or low water stages (#7-8, Table 4-2) (RECOVER, 2005c¢). In the
Band 1 scenario, which was based on a different lake regulation schedule than
is currently in use, unwanted high lake stages could increase in order to achieve
other systemwide benefits such as reduced flood discharges to the estuaries and
increased dry-season releases to Everglades National Park while avoiding addi-
tional cutbacks in water supply to the Lake Okeechobee service area (RECOVER,
2010c). These high lake stages are less likely under the current regulation sched-
ule for the lake (J. Vearil, USACE, personal communication, 2010).

Arthur R. Marshall Loxahatchee National Wildlife Refuge (LNWR) and WCA-2

Under the CERP, total inflow from the north into the WCAs should increase
slightly (#3, Table 4-2), seasonal timing should come closer to pre-drainage con-
ditions, and spatial distribution of inflows should improve compared to current
canal deliveries. Hydrologic conditions improve slightly in the LNWR, but the
frequency of damaging extreme high and low water events would increase in
WCA-2A (#15-17, Table 4-2). At the same time, high water events should be less
frequent and low water events more frequent in WCA-2B (#18-19, Table 4-2).
In the near term, Band 1 projects are expected to slightly increase hydroperiods
in WCA-2A, where they are already deemed excessive (£16, Table 4-2). Band 1
projects would reduce the risk of high water conditions in WCA-2B but create
generally drier conditions that are not consistent with ridge and slough restora-
tion (#19, Table 4-2; RECOVER, 2010c).

WCA-3

Modeled restoration outcomes in WCA-3A vary widely among subregions.
In northeastern WCA-3A, the CERP should slightly reduce the frequency of high
water extremes but increase the frequency of low water extremes relative to the
future without the CERP (#20-21, Table 4-2). Band 1 projects have complex
effects related to management of stormwater treatment area discharges (STA 3/4),
but they will likely increase drought impacts in northern WCA-3A as rain-driven
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operations increase flows to Everglades National Park and southern coastal sys-
tems (RECOVER, 2010c). In central WCA-3A, the CERP increases the duration
of flooding compared to the future without the CERP, creating hydropatterns
that would likely adversely affect the best remaining ridge and slough landscape
(#22, Table 4-2; RECOVER, 2005c). On the other hand, the CERP significantly
reduces the duration of flooding and extreme high water conditions in southern
WCA-3A (#23-24, Table 4-2), improving conditions for tree islands there. Band
1 projects alone should appreciably mitigate flooding problems in southernmost
WCA-3A.

Restoration outcomes in WCA-3B are especially uncertain. Without the
CERP, the area is likely to continue moving farther from pre-drainage ecological
conditions. Re-inundating the area could create excessive high water conditions
(#25-26, Table 4-2). Peat elevations have subsided by 1-3 feet since compart-
mentalization, and re-flooding of WCA-3B would not only require extensive
seepage management but also would likely lead to the loss of peat-based tree
islands that have subsided 2-3 feet since the area was compartmentalized
(RECOVER, 2010c¢). Band 1 projects, which begin to reconnect WCA-3A, WCA-
3B, and Everglades National Park, introduce increased risk of extreme high
water events in WCA-3B, leading RECOVER scientists to recommend careful
adaptive management of the transition to a wetter hydrologic regime in that
area (RECOVER, 2010c).

Everglades National Park

The CERP provides a roughly 75 percent increase in surface flow into
Everglades National Park, with much of this additional water to arrive via an
eastern flow-way supplied by new belowground reservoirs called the Lake Belt
(Figure 4-5; Table 4-1). Increased freshwater discharges produce large improve-
ments in key performance indicators south of the Tamiami Trail. For example,
the inundation periods for northeast and south-central Shark River Slough and
the frequency of dry-down events are expected to approach NSM-based targets
(#27-30, Table 4-2). Only modest benefits are obtained from Band 1 projects
because more substantial ecological benefits depend on water provided by future
CERP projects (RECOVER, 2010c).

Southern Estuaries

Freshwater inflows to Florida Bay would increase under the CERP and would
lower the currently high salinities in coastal embayments. Based on historical
empirical relationships CERP flows are not sufficient to achieve restoration
targets in western embayments (e.g., Garfield Bight), but they bring salinity
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levels down appreciably in eastern Florida Bay (#31, 32 in Table 4-2). Modeled
restoration benefits for Biscayne Bay (not shown here) are slight: In fact, future-
without-project hydrologic outcomes are closer to targets than CERP outcomes
for northern and central Biscayne Bay (RECOVER, 2005¢).

Summary

To summarize, model results for full CERP implementation (based on the
1965-2000 period of record) indicate that the benefits of hydrologic restoration
of the South Florida ecosystem will accrue mostly to the northern estuaries,
southern WCA-3A, Everglades National Park, and eastern Florida Bay, areas
where hydroecological conditions are currently far from desired conditions
(Table 4-2). However, the CERP could exacerbate excessive wet or dry conditions
in some regions of the WCAs, including areas such as central WCA-3A, which is
considered a relatively intact remnant of the ridge and slough landscape. New
modeling using the NSRSM shows a wetter pre-drainage system compared to
the NSM, perhaps reducing concern about areas made wetter by restoration
but moving relatively dry areas even further from desired conditions. Ecological
outcomes in WCA-3B are especially uncertain because of peat subsidence and
the risk of drowning much-lowered tree islands, which argues for deliberate,
incremental, adaptive restoration of this area in particular.

Balancing Competing Objectives and Tradeoffs in Everglades Restoration

Despite the many sources of uncertainty in estimates of the CERP’s sys-
temwide hydrologic budgets,? systemwide modeling contributes importantly to
understanding dynamic relationships between subareas, how those relationships
have changed over time, and how they could be affected by different restoration
project designs. Systemwide hydrologic modeling helps to identify the tradeoffs
that have been made and, by necessity, continue to be made in Everglades
restoration. It is important that the tradeoffs resulting from CERP restoration be
clearly recognized and analyzed as rigorously as possible from a whole-system
perspective during project planning. Because stakeholder concerns often focus
on specific subregions, it is also important that the analyses of tradeoffs are
transparent and that the results and uncertainties are communicated clearly to
the public, even at the risk of fueling political conflicts between different inter-
est groups.

2Sources of model uncertainty include coarse model resolution, inaccurate topography, uncertain
parameters for estimating overland flow, infiltration and evapotranspiration, poorly understood
surface-groundwater exchanges, and speculative water supply demand forecasts.
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Disparities occur among models, for example, the NSM versus the NSRSM,
or among different versions of the SFWMM and the RSM under development.
These disparities highlight the clear need to continue refining and updating
regional hydrologic models as the CERP moves forward so that the tradeoffs
can be more confidently evaluated and addressed through project design and
system operation.

CERP planning has made appropriate use of performance measures that link
hydrologic conditions to ecological restoration goals for specific areas; however,
there is still no formal analytical approach to measuring the relative systemwide
benefits of alternative restoration plans or components that integrates across the
kinds of tradeoffs described in this section. There is no explicit basis for gaug-
ing the degree to which a plan alternative or a set of projects satisfies multiple
ecological restoration goals as well as flood control and water supply objectives.
The need for such a planning framework was identified several years ago by a
previous National Research Council (NRC) committee (NRC, 2005) and has also
been recognized by RECOVER scientists (RECOVER, 2010c). A review of the
many approaches for multi-objective water management planning is beyond the
scope of this chapter. Loucks (2006) offers one pragmatic approach to evaluat-
ing systemwide performance in the Everglades that takes advantage of existing
performance measures.

Short-Term Benefits and Risks of Partial Restoration

The RECOVER (2010c) analysis of systemwide performance of Band 1
projects offers a likely scenario of Everglades restoration outcomes over the
next decade (assuming that the EAA Reservoir is brought online during that
time). The distribution of restoration benefits is similar to that under full CERP
implementation: the greatest measurable benefits are to the northern estuaries,
southern WCA-3A, and Everglades National Park, and increased risks are placed
on Lake Okeechobee and portions of the WCAs, notably southern WCA-2,
northern WCA-3A, and WCA-3B.

Improved conveyance and better distribution of water in southern WCA-3A
and Everglades National Park will be at the expense of shorter hydroperiods and
increased risk of severe dry-down events and wildfires in northern WCA-2A
and northern WCA-3A until storage is increased and water quality concerns are
mitigated so that more water can be moved south from Lake Okeechobee and
the EAA. It is important to recognize that it will be many years before the storage
(and, by necessity, the associated water quality treatment and/or source control;
see Chapter 5) needed to address these issues in WCA-2A and northern WCA-
3A is functional. Band 1 projects contribute only 9 percent of the 5.2 million
acre-feet/year of storage originally envisioned for the CERP and largely affect the
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northern estuaries, not the Everglades Protection Area (RECOVER, 2010c¢). Fur-
thermore, the currently stalled EAA Reservoir (170,000 acre-feet/year) is the only
reservoir among the Band 1 projects that could impact the remnant Everglades
ecosystem, and the benefits of this project to the area south of Lake Okeechobee
were not clear as of the latest draft project implementation report (USACE and
SFWMD, 2006; NRC, 2007). Even with the EAA Reservoir, downsized Band 1
storage projects will now provide only 73 percent of the capacity expected from
those projects in the original CERP plan (RECOVER, 2010c). Because the plan-
ning and decision making for the River of Grass initiative has been suspended to
address pressing water quality issues and because state funding to support major
additional land acquisitions is uncertain, it remains unclear what new storage
and treatment could be available through that effort (see also Chapter 3). Thus
for at least the next decade, it appears that managing ecological risks across the
system comes down to adaptive management of existing water.

Any consideration of ecological risks from water management should also
consider the timescale over which adverse ecological outcomes might be revers-
ible, if they are at all. For instance, peat accumulates at a rate of only 2-3 mm/
year (<1 foot per century) in unenriched Everglades wetlands (Craft and Richard-
son, 1993), so deep peat loss is effectively irreversible. Changes in hydrology or
fire regime can cause rapid changes in plant communities but some communities
such as tree islands may require relatively long time periods for recovery (White,
1994). Because some areas might, by necessity, need to be exposed to adverse
hydrologic conditions during the transition to the full CERP implementation, the
ability to restore these areas once additional projects come online would need
to be considered in any assessment of tradeoffs.

CASE STUDY: RESTORING WATER FLOWS IN WCA-3

The challenges of balancing competing objectives and the tradeoffs inher-
ent in restoration are well exemplified in WCA-3. WCA-3 is central to the Ever-
glades restoration, because it contains extensive and relatively intact Everglades
landscapes, such as tree islands and ridge and slough, and it provides critical
habitat for endangered species such as the snail kite and wood stork as well as
nonthreatened wading birds. The area is also valued for its recreational fishing
and hunting. The Miccosukee Tribe has a perpetual lease to more than 189,000
acres of the western portion of WCA-3A and relies upon Everglades lands to
support its culture, religion, and economic survival. Moreover, the management
of water through WCA-3 plays a key role in restoring the condition of Everglades
National Park immediately downstream. Inherent constraints (e.g., peat subsid-
ence, availability of high quality water [see also Chapter 5], barriers to flow such
as the Tamiami Trail) create challenges for simultaneously improving all aspects
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through restoration. In this section, the committee discusses these challenges
in more detail through an examination of issues related to the management of
water in WCA-3 and identifies specific science and management needs to guide
restoration decision making as the CERP moves forward.

Brief History of the Challenge of Managing Water for Multiple Uses in WCA-3

The WCAs were authorized based on three sometimes conflicting water
management goals (USACE, 1996; Light, 2006). First, the WCAs were intended
to address flood control issues by capturing excess agricultural runoff and pro-
viding barriers between the Everglades and developed areas to the east. Second,
they were to provide urban and agricultural water supply needs through above-
ground storage and groundwater recharge. Finally, the WCAs were to provide
benefits for the environment, both within the conservation areas themselves and
by discharging excess water to Everglades National Park. WCA-3 is by far the
largest of the conservation areas (915 square miles or 68 percent of the total
area) and includes the main historical pathway for surface-water flow from Lake
Okeechobee through South Florida. In 1962, WCA-3 was subdivided by the
L-67 levees into WCA-3A (491,049 acres) and WCA-3B (94,511 acres) to reduce
seepage (see Figure 1-3). WCA-3A is the largest area of contemporary sheet flow.
Additional information on WCA-3 and its management is provided in Box 4-2.

Challenges in managing water for multiple uses in WCA-3 became apparent
soon after it was created (Blake, 1980). Between 1966 and 1970, large numbers
of white-tailed deer (Odocoileus virginianus), which had moved into portions
of the WCA-3 that were abnormally dry due to drought and previous water
management policies, died when water levels rapidly increased after heavy
rains. Similar deer mortality events have recurred periodically thereafter (e.g.,
1982-1983, 1994-1995) under similar conditions (see MacDonald-Beyers and
Labisky, 2005). In the mid-1960s, drought and fires ravaged Everglades National
Park in part because water was being held in WCA-3 for water supply, and this
eventually resulted in a Minimum Delivery Schedule volume of 315,000 acre-
feet/year to be allocated to the park according to a monthly schedule (Carter,
1975; Blake, 1980).

From the mid-1980s to present, conflicts have centered on the benefits that
can be achieved by changing flows to Everglades National Park for restoration
of ecosystems and endangered species versus the negative impacts upstream in
W(CA-3 to ecosystem processes, endangered species, recreational interests, and
tribal concerns. Conlflicts in the early to mid-1980s centered around the benefits
of increasing flows to Shark River Slough and Florida Bay to restore ecosystem
processes and recover wading bird populations (including the endangered wood
stork), and the resulting negative effects of lower water levels in WCA-3A on the
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endangered snail kites and higher water levels in WCA-3B on white-tailed deer.
The Experimental Water Deliveries Program (see summary in Chapter 2 of NRC,
2007), the Modified Water Deliveries to Everglades National Park (Mod Waters)
project, and the CERP emerged from this conflict. In the late 1990s, concerns that
too much water from WCA-3A was flowing into the western portion of Everglades
National Park during the nesting season of the endangered Cape Sable seaside
sparrow (January-April) and flooding nests resulted in the Interim Structural and
Operational Plan (ISOP) in 2000, followed by the 2002 Interim Operation Plan
(I0OP) that is currently in use (see Box 4-2 and the next section).

Recent Water Management in WCA-3

Inflow and outflow of water in WCA-3 are regulated under the IOP by the
water level targets and conditions in both WCA-3 and Everglades National Park
(see also Box 4-2). The regulation schedule (Appendix D) is designed to mimic
the historical changes in water levels thought to accompany seasonal changes in
precipitation, as discussed previously in this chapter. Levels rise during the rainy
summer months to peaks between September and November, and levels fall
during the drier months beginning in January or February, reaching a low from
May through July. A major change in management under the current operations
(I0P) has been to close or greatly reduce the flow of water out of the western
S-12 gates at the southern end of WCA-3A into Everglades National Park for most
of the winter and spring to accommodate the nesting season of the Cape Sable
seaside sparrow. Gate S-12A is closed on November 1, S-12B is closed on Janu-
ary 1,and S-12C is closed on February 1. These S-12 closures were accompanied
by a change in the IOP regulatory zones (addition of Zone E1, see regulation
schedule in Appendix D) that allows for maximum WCA-3A outflows at lower
stages, and through increased WCA-3A outflows to the South Dade Conveyance
System. In spite of these changes designed to move more water out of WCA-3A,
the reduced flow out of the S-12 gates has been accompanied by higher water
levels, longer hydroperiods, and greater fluctuations in water levels in WCA-3A.

These effects of water management can be seen in the hydrographs of
long-term water stages in WCA-3A (Figure 4-7). Since completion of the C&SF
project, WCA-3 has experienced four water management regimes: early opera-
tions (~1950-1969), minimum water delivery (1969-1984), Experimental Water
Deliveries (1984-1999), and ISOP/IOP (1999-present). Water levels in WCA-3A
began increasing in the mid-1990s with rainier conditions and have remained
notably higher during the past decade under IOP, despite several regional
droughts that have occurred. During IOP, the average daily water level has
been significantly higher in all three regions of WCA-3 than in any other water
management regime (Figure 4-8). In addition, the annual maximum and mini-
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BOX 4-2
Water Management in WCA-3

Management of water levels within Water Conservation Area (WCA)-3A and WCA-
3B is the responsibility of the South Florida Water Management District (SFWMD) in ac-
cordance with regulation schedules set by the U.S. Army Corps of Engineers (USACE).
Wildlife management is delegated to the Florida Fish and Wildlife Conservation Com-
mission under lease from the SFWMD. The Jacksonville District of the USACE operates
and maintains the main outlets of the WCAs.

Currently more than half of the 1.8 million acre-feet (MAF) annually discharged into
WCA-3A comes from WCA-2 via the S-11 structures (Figure 4-6). Water is discharged
into northern WCA-3A mainly from stormwater treatment areas (STAs)-3 and -4 through
S-8 and S-150 control structures and from the east via S-9 and S-9A. The timing and
rate of inflows to WCA-3A are governed by flood control releases when stages in Lake
Okeechobee or WCA-2 exceed seasonally varying thresholds. Inflows are also limited
by the capacities of STAs receiving water from Lake Okeechobee.

WCA-3 is bordered to the south by the Tamiami Trail. The inability of the Tamiami
Trail to pass large volumes of water without compromising the integrity of the road
base led to a long history of water management problems both north and south of
the trail (see also NRC, 2008). About half of the outflow from WCA-3A currently dis-
charges into Everglades National Park (ENP) via the S-12 structures through culverts
under western portions of Tamiami Trail. Much of the remaining outflow is conveyed
south via the L-67 extension and L-31 canals or west into Big Cypress National Pre-
serve through the S-343 structures. Scheduling of the amount and timing of water
deliveries to ENP has been especially contentious as water managers have sought to
reduce ecological impacts while meeting demands for flood control and water supply.

The current regulation schedule for WCA-3A along with actual water levels at se-
lected stations in 2008 and 2009 are shown in Appendix D. Discharges from WCA-3A
to ENP are governed in part by the Interim Operation Plan (IOP) that requires sea-
sonal closings of the release gates on structures S-12A (November 1-July 15), S-12B
(January 1-July 15) and S-12C (February 1-July 15) to prevent excessive flooding of
nesting habitats for Cape Sable seaside sparrows. At lower water levels releases are
determined by the amount of rainfall in WCA-3A using a simple linear regression model
relating flow outflow to rainfall and evaporation. Ultimately, the IOP will be superseded
by the Combined Structural and Operational Plan (CSOP), which would govern the op-
erations of WCA-3 with all Mod Waters and C-111 South Dade project features in place.

mum water levels have tended to increase in the central and southern regions
of WCA-3A, although the mean was not significantly different from the decade
of Experimental Water Deliveries.

Hydrographs from the northern (GA-63), middle (GA-64), and southern
(GA-65) regions of WCA-3A also illustrate the influence of water management
regimes on stages by region (Figure 4-7). Although the northern end of WCA-3A
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FIGURE 4-6 Water management structures in WCA-3. Gage locations also shown for
data presented in Figure 4-7.© International Mapping Associates.

dries out every year, water levels in the southern end have not reached average
ground level since the mid-1990s. Over the past 50 years, average daily water
levels (Figure 4-8) have increased the most in the southern region (GA-65), fol-
lowed by the central region (GA-64). Likewise, the southern end of WCA-3A
experienced the largest increases in annual minimum and maximum water
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