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Abstract 

Cover Sheet 
FINAL INTEGRATED PROJECT IMPLEMENTATION REPORT AND ENVIRONMENTAL IMPACT STATEMENT 

Lake Okeechobee Watershed Restoration Project 
Okeechobee, Highlands, Hendry, Lee, Glades, Martin and St. Lucie counties, Florida 

Lead Agency: Department of Army 
U.S. Army Corps of Engineers, Jacksonville District 

Non-Federal Sponsor: South Florida Water Management District 
Cooperating Agencies: Bureau of Indian Affairs and Seminole Tribe of Florida 

Abstract: 

The purpose of the Lake Okeechobee Watershed Restoration Project (LOWRP) is to increase water storage 
capacity in the watershed, resulting in improved Lake Okeechobee water levels, improved quantity, 
timing, and distribution of water to the Northern Estuaries, improved water supply for existing legal Lake 
Okeechobee Service Area users, and to restore wetlands within the project area. The Recommended Plan 
would achieve these goals and objectives by reducing high-volume freshwater releases from Lake 
Okeechobee by redirecting these flows to an above-ground wetland attenuation feature (WAF) and 
aquifer storage and recovery (ASR) wells. Additionally, the Recommended Plan restores approximately 
4,800 acres of wetlands along the historic Kissimmee River channel and provides for recreational facilities 
at multiple sites in the WAF and wetland restoration sites. 

The Recommended Plan includes a flow-through WAF, 80 ASR wells, and the Paradise Run and Kissimmee 
River Center wetland restoration sites. By creating additional water storage north of Lake Okeechobee, 
the Recommended Plan can facilitate improved flexibility in the timing and distribution of water in the 
lake, to the northern estuaries, and throughout the Lake Okeechobee watershed. Water can be stored 
during wet times to reduce damaging high lake stages and later be released into the Lake to reduce the 
impacts of low stages during dry times. The storage proposed by the Recommended Plan increases the 
amount of time that the Lake stage levels are within the ecologically preferred stage envelope (31.2% as 
compared to 27.7% for the FWO condition) when modeled over the 41-year period of record (1965-2005). 
The Recommended Plan provides a 30% reduction in total flows from Lake Okeechobee to the Northern 
Estuaries. The first cost (2020 price level) of the Recommended Plan is $1,963,959,000. 

For further information on this statement, please contact 
Dr. Gretchen Ehlinger 
U.S. Army Corps of Engineers 
P.O. Box 4970 
Jacksonville, FL 32232-0019 
Telephone: 904-232-1682 
E-mail: OkeechobeeWatershedRestoration@usace.army.mil 
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Executive Summary 

EXECUTIVE SUMMARY 

The United States Army Corps of Engineers (USACE), Jacksonville District, in partnership with the South 
Florida Water Management District (SFWMD), prepared the Final Integrated Project Implementation 
Report (PIR) and Environmental Impact Statement (EIS) to evaluate the federal and non-federal interest 
in implementing the Lake Okeechobee Watershed Restoration Project (LOWRP), a component of the 
Comprehensive Everglades Restoration Plan (CERP) that achieves restoration in the heart of the 
Everglades ecosystem. CERP was approved as a framework for restoring the south Florida ecosystem while 
providing for other water-related needs of the region in the Water Resources Development Act of 2000 
(WRDA 2000). The LOWRP Final Integrated PIR/EIS presents a description of existing and expected future 
conditions in the south Florida Everglades ecosystem, formulation, and evaluation of plans considered to 
address ecosystem restoration needs in the region, analysis of environmental effects of the 
Recommended Plan, project costs, and implementation issues. 

ES1.1 Purpose and Need 

The Kissimmee-Okeechobee-Northern Estuaries-Everglades ecosystem is an internationally recognized 
and valued aquatic ecosystem that has been altered from 120 years of highly effective efforts to drain 
water off the land, in part by a massive federal drainage project known as the Central and Southern Florida 
(C&SF) Project. The overall effect of the federal C&SF Project on the hydrology of these nationally 
significant ecosystems has been a disruption of the natural timing, quantity, quality, and distribution of 
flows entering and leaving Lake Okeechobee; loss of overall water storage; high volume freshwater flows 
to the Caloosahatchee Estuary and St. Lucie Estuary (collectively called the Northern Estuaries); and a 
lower quantity of water available for the Everglades. Water that once flowed from Lake Okeechobee south 
through the Everglades, down Shark River Slough, and to the southern estuaries has been impounded in 
Lake Okeechobee and flows to the Northern Estuaries through the C-43 and C-44 canals. Changes in the 
quantity, timing, and distribution of freshwater entering the Northern Estuaries often leads to salinity 
fluctuations in the estuaries, causing submerged aquatic vegetation stress, loss of benthic organisms and 
habitat, increased sedimentation, decreased water clarity, and redistribution of salinity-sensitive species 
including commercially important fish. In addition, the spatial extent of wetlands throughout the system 
has been significantly reduced due to development and farming of natural areas after drainage from the 
C&SF Project made them viable. 

CERP, as documented in the 1999 C&SF Project Comprehensive Review Study Final Integrated Feasibility 
Report and Programmatic Environmental Impact Statement (Restudy), consists of 68 different 
components. The purpose of the CERP is to modify structural and operational components of the federal 
C&SF Project to achieve restoration of the Everglades and the south Florida ecosystem, while providing 
for other water-related needs such as urban and agricultural water supply and flood protection. Lake 
Okeechobee is often referred to as the “heart” of the Everglades because of its crucial role of driving the 
hydrology throughout this internationally recognized ecosystem and the associated estuaries. The LOWRP 
focuses on Lake Okeechobee and its northern watershed because they set the pulse of hydrologic flows 
and timing throughout the Everglades. The LOWRP will improve conditions to better enable Lake 
Okeechobee and its northern watershed to pulse water through the Everglades as it did historically, 
before the C&SF Project, within the constraints of the modern landscape. The LOWRP contains 3 of the 
68 CERP components and has the following purposes as described in the Restudy: 

LOWRP Final PIR and EIS August 2020 
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Executive Summary 

1. North of Lake Okeechobee Storage Reservoir (Component A) purpose as described in Section 
9.1.1.1 of the Restudy: Detain water during wet periods for later use during dry periods. 

2. Lake Okeechobee Aquifer Storage and Recovery (Component GG) purpose as described in Section 
9.1.2.1 of the Restudy: (1) Provide additional regional storage while reducing both evaporation 
losses and the amount of land removed from current land use that would normally be associated 
with construction and operation of aboveground storage features; (2) increase the lake’s water 
storage capability to better meet regional water supply demands for agriculture, lower east coast 
urban areas, and the Everglades; (3) manage a portion of regulatory flows from the lake primarily 
to improve Everglades hydropatterns, and to meet supplemental water supply demands of the 
lower east coast; (4) reduce regulatory flows to the St. Lucie and Caloosahatchee estuaries; and 
(5) maintain and enhance the existing level of flood protection. 

3. Lake Okeechobee Watershed Water Quality Treatment Facilities (Component OPE) purpose as 
described in Section 9.1.1.3 of the Restudy: Attenuate peak flows before flowing into Lake 
Okeechobee and restore wetlands in the Lake Okeechobee watershed that have been ditched and 
drained for agricultural water supply and flood control. 

ES1.2 Project Area 

The project area covers a portion of the Lake Okeechobee Watershed in Florida. It includes four major 
drainage basins: Fisheating Creek, Indian Prairie, Taylor Creek/Nubbin Slough, and portions of the Lower 
Kissimmee (S-65D and S-65E), totaling approximately 920,000 acres (Figure ES-1). The project area 
includes portions of Glades, Highlands, Okeechobee, St. Lucie, and Martin counties, along with the 
Seminole Tribe of Florida (STOF)’s Brighton Reservation. The majority of the LOWRP features are located 
in the Indian Prairie sub-basin, although aquifer storage and recovery (ASR) wells are proposed 
throughout the project area. The study area includes the project area, Lake Okeechobee, and the 
Caloosahatchee and St. Lucie estuaries, totaling approximately 1,450,000 acres. 

Figure ES-1. Map of project area and study area. 
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Executive Summary 

ES1.3 Authority 

The LOWRP is being prepared as directed by Section 601(d)(2)(b) of WRDA 2000, which requires 
preparation of a PIR to implement components of the CERP. Upon approval of the PIR by the Governing 
Board of the SFWMD and the Assistant Secretary of the Army for Civil Works (ASA-CW), the Recommended 
Plan will be submitted to Congress for authorization. 

ES1.4 Project Goals and Objectives 

In addition to project purposes, LOWRP goals are listed below: 

1. Enhance ecological values in the study area’s wetlands, Lake Okeechobee, and estuarine 
ecosystems. 

2. Enhance economic values and social well-being. 

LOWRP objectives are listed below: 

1. Improve quantity, timing, and distribution of flows into Lake Okeechobee to maintain ecologically 
desired lake stage ranges more often. 

2. Reduce large freshwater flows from Lake Okeechobee to improve the salinity regime and the 
quality of oyster, submerged aquatic vegetation (SAV), and other estuarine community habitats 
in the Northern Estuaries. 

3. Increase the spatial extent and functionality of aquatic and wildlife habitat within Lake 
Okeechobee and the surrounding watershed. 

4. Increase availability of water supply to the existing legal water users of Lake Okeechobee 
commensurate with improving Lake Okeechobee ecology. 

ES1.5 Alternative Plans and Identification of the Tentatively Selected Plan 

The LOWRP alternative formulation strategy was conducted in two phases, with broad public/stakeholder 
participation and input. Phase 1 identified water storage management measures that function to meet 
the interconnected Objectives 1, 2, and 4. Phase 2 identified wetland restoration management measures 
to meet Objective 3. Phase 1 water storage components and Phase 2 wetland restoration sites were 
combined to form the focused array of alternatives. Two levels of evaluation criteria were used to screen 
initial water storage and wetland restoration management measures and to identify the focused array of 
alternatives. This analysis is documented in Section 3 of the report. 

The focused array of alternatives, Alternative 1Bshlw, Alternative 1BW, and Alternative 2Cr (Figure ES-2) 
were chosen as a result of this evaluation criteria. The focused array and the no action plan, or future 
without project (FWO) condition, were evaluated using hydrologic simulation model output, hydrologic 
performance, and ecological improvements. Performance measures were used to evaluate the degree to 
which proposed alternative plans met restoration targets representative of pre-drainage conditions. 
Planning-level cost estimates were developed for the three alternative plans and ecosystem restoration 
benefits were calculated. Selection criteria were then applied, including the USACE Principles and 
Guidelines Criteria (Efficiency, Effectiveness, Completeness, and Acceptability) and the Four Accounts 
(National Economic Development – net value of the national output of goods and services; Regional 
Economic Development – regional economic activity; Environmental Quality – non-monetary effects on 
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ES-3 



   

     
   

   
     

     

      

  
    

  
  

      
  

 
   

  
      

    
  

    

  
   

  

     
  

    

    

Executive Summary 

significant natural and cultural resources; and Other Social Effects – societal and individual health and 
human safety). This analysis is documented in Section 4 of the report. 

Alternative 1BW was identified as the Tentatively Selected Plan (TSP) for the following reasons: 

• This plan reasonably maximizes ecosystem restoration benefits compared to costs. 

• This plan proposes a shallow wetland attenuation feature (WAF), which would be operated for 
regional storage and may also provide wetland habitat within the WAF, additional ancillary water 
quality benefits, increased aesthetic values, and additional recreational opportunities not 
provided by the other alternatives. 

• The shallower depth of the WAF reduces overall dam safety concerns and seepage losses when 
compared to alternatives that included deeper storage. 

• This plan includes watershed ASR wells and ASR wells that are co-located with the WAF. Co-
location of ASR wells with the WAF provides a relatively high diversion capacity tool with 
potentially recoverable storage volume. Because the WAF is co-located with ASR wells, it can 
potentially be filled more than once during a season or event as the ASR empties the WAF and is 
not limited to surface storage volume. Additionally, the combined system minimizes the need for 
additional real estate acquisition and infrastructure, thereby saving capital construction costs and 
long-term operations and maintenance requirements. 

• This plan co-locates the WAF with one of the selected wetland restoration sites, which reduces 
the need for seepage infrastructure and associated construction costs and provides wetland 
habitat connectivity. 

• When compared to other alternatives, this plan maximizes use of public lands within the project 
area, reducing impacts to local communities. 

• This WAF footprint in this plan avoids critically endangered Florida grasshopper sparrow habitat. 

• This plan leaves more high-quality wetlands intact than other alternatives. 

LOWRP Final PIR and EIS August 2020 
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Executive Summary 

Figure ES-2. Focused array of alternatives. 
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Executive Summary 

The TSP was subsequently updated from the version presented in the July 2018 Draft PIR/EIS (formerly 
Alternative 1BW) to become the Recommended Plan, referred to as Alternative 1BW Revised (Alternative 
1BWR). The footprint was revised based on feedback from stakeholders, along with more detailed design 
optimizations to increase the cost-effectiveness of the LOWRP. Specifically, the eastern boundary of the 
WAF was moved to the east to eliminate a gap between the WAF and Paradise Run that is now 
incorporated into the project footprint. This resulted in an increase in the WAF area and a decrease in the 
Paradise Run area. The WAF boundary and the Paradise Run boundary are now contiguous on the entire 
eastern side of the WAF. The WAF boundary area changed from 12,500 acres to 13,600 acres and was 
further modified to avoid a communication tower in the southeast corner. The Paradise Run area changed 
from 4,100 acres to 3,600 acres and was modified to include a buffer (approximately 1,000-foot) from 
State Road 78. All of the WAF infrastructure was developed from the conceptual level. This included the 
addition of internal embankments, tree islands, ungated auxiliary spillways, gated spillways, and culverts. 
The location of the outlet to Herbert Hoover Dike (HHD) was moved to the north. In addition, the intake 
for the Kissimmee River-Center wetland was changed from a submerged weir to a pump station. 

ES1.6 Description of the Recommended Plan 

The Recommended Plan (Figure ES-3) consists of the following components: 

• A wetland attenuation feature (dark blue polygon) with a storage volume of approximately 46,000 
acre-feet 

• 80 ASR wells (including 55 watershed ASR wells and 25 wetland attenuation ASR wells) with a 
maximum storage volume of approximately 448,000 acre-feet per year1 

• Paradise Run (approximately 3,600 acres) and Kissimmee River–Center (approximately 1,200 
acres) wetland restoration sites 

• Recreational facilities at multiple sites in the WAF and wetland restoration sites 

1 The ASR maximum storage capacity is a theoretical volume based on all ASR wells continuously recharging year-
round. 

LOWRP Final PIR and EIS August 2020 
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Executive Summary 

Figure ES-3. LOWRP Recommended Plan. 

ES1.6.1 Benefits to Lake Okeechobee Watershed 

The LOWRP Recommended Plan includes wetland restoration in two locations: Paradise Run and 
Kissimmee River-Center. The Paradise Run site will restore approximately 3,600 acres of historic 
Kissimmee River channel and floodplain, restore natural flow to a portion of the river, and restore more 
natural hydroperiod to the floodplain wetlands. The Kissimmee River–Center site will restore 
approximately 1,200 acres of riverine and floodplain wetlands. Wetlands restored/created by the LOWRP 
will work in conjunction with the ongoing Kissimmee River Restoration (KRR) Project, which restores large 
portions of river-floodplain ecosystem. The Kissimmee Basin forms the headwaters of Lake Okeechobee 
and the Everglades; together they comprise the Kissimmee-Okeechobee-Everglades system. The LOWRP 
and KRR project will perform together to improve habitat and increase the overall connectivity within 
the system. 

It is anticipated that many species will rapidly colonize restored and newly created aquatic habitat. 
Wetland restoration will provide emergent vegetation that will offer habitat for a diverse population of 
invertebrates, amphibians, reptiles, and wading birds, and provide major beneficial effects to the aquatic 
community in the watershed. The deeper natural sloughs in the WAF footprint will create refugia for fish 
during drier times, a major beneficial effect in the watershed. As predicted by the Trophic Hypothesis 
(RECOVER 2004), an increase in density of small fishes will directly benefit higher trophic-level predators 
such as wading birds. Small mammals, including raccoons and river otters, will benefit from increased 
small prey fish biomass in rehydrated areas of the watershed along the Kissimmee River. 

LOWRP Final PIR and EIS August 2020 
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Executive Summary 

ES1.6.2 Benefits to Lake Okeechobee2 

The LOWRP will store water in the WAF and ASR wells, which will improve operational flexibility in the 
timing and distribution of water into the lake. By creating additional water storage north of Lake 
Okeechobee, water can be stored during wet times to reduce high lake stages and later be released into 
the lake to reduce the impacts of low stages during dry times. The storage proposed by the Recommended 
Plan increases the amount of time that lake stage levels are within the ecologically preferred stage 
envelope over the modeled period of record (1965-2005) (Table ES-1). 

Table ES-1. Lake Okeechobee stage envelope improvements with the Recommended Plan (Alt 1BWR). 

Lake Okeechobee Stage Levels FWO Alt 1BWR 

Percent Time Inside Ecologically Preferred Stage Envelope 27.7% 31.2% 

Percent Time Above Stage Envelope 29.9% 28.1% 

Percent Time Below Stage Envelope 42.4% 40.7% 

Percent Time Below Navigational Min. Stage (< 12.56 ft.) 29.8% 27.5% 

Percent Time Above Extreme High Stage (> 17 ft.) 0.4% 1.2%* 

Percent Time Below Low Stage (< 10 ft.) 3.3% 2.2% 
* The Recommended Plan slightly increases the percentage of time the lake is above 17 ft. (extreme high 
stage) due to lake operational optimizations that were modeled for the Central Everglades Planning 
Project (CEPP) and this project. 

Ecological benefits will result from an overall effect of reducing dramatic fluctuations in water levels, 
which will improve marsh inundation patterns by reducing intra- and inter-annual variation that tends to 
benefit invasive species and reduce littoral zone extent. The Recommended Plan will improve conditions 
for fish in Lake Okeechobee by creating better conditions for emergent and SAV habitat that the fish use 
in the nearshore and littoral zones. An increase in invertebrate and plankton populations and diversity 
will also benefit fish in the lake as an increased food source. Overall, stabilizing lake stages should benefit 
vegetation in the upper and lower marshes by reducing the intra- and inter-annual variation that leads to 
encroachment of woody vegetation and exotic species at high elevations and loss of SAV beds to open 
water or emergent marsh at low elevations. 

The effectiveness of the Recommended Plan for Lake Okeechobee was assessed with an index score 
composed of three Lake Okeechobee performance measures (methodology further documented in 

2 Environmental benefits for Lake Okeechobee, the Northern Estuaries, and water supply have been evaluated by hydrologic 
performance via the Regional Simulation Model - Basins (RSM-BN). It is important to note that hydrologic modeling for LOWRP 
was optimized to maximize estuary benefits using the 2008 Lake Okeechobee Regulation Schedule (LORS) with modifications 
proposed by the Central Everglades Planning Project (CEPP) along with new optimizations proposed by LOWRP (proposed lake 
operational optimizations to take advantage of Herbert Hoover Dike repairs and new infrastructure proposed by LOWRP). The 
model results in the effectiveness evaluation reflect these optimizations. More details on LORS optimizations are located in 
Appendix A. A sensitivity run was performed on the Recommended Plan with the unmodified Lake Okeechobee schedule to verify 
that project benefits would still be obtained without these modifications. This run confirmed that LOWRP benefits, while reduced 
overall, occur independently of the lake schedule modifications. This analysis is provided in Section 6. 
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Executive Summary 

Appendix G, subsection 4). The Recommended Plan with authorized projects shows an improvement over 
the FWO index score, thus providing an additional increment toward the overall CERP lake index score 
goal (Table ES-2). 

Table ES-2. Lake Okeechobee performance of the Recommended Plan relative to CERP goals. 

Scenario for POR 
(1965-2005) Description 

Lake Weighted
Index Score 

Percent 
Improvement 

relative to 
Pre-CERP Baseline 

Percent of 
CERP Goal 
Achieved 

Future Without Project Authorized Projects 0.68 5.3% 45% 

Alt BWR 
LOWRP Recommended 
Plan 0.70 9.2% 

78% 

CERP CERP Goal 0.72 11.7% 100% 

ES1.6.3 Benefits to Northern Estuaries 

The LOWRP Recommended Plan will reduce the number and severity of freshwater flows from Lake 
Okeechobee to the Caloosahatchee and St. Lucie estuaries by diverting larger flows to storage. Holding 
and diverting larger flows becomes more expensive, but the ecological significance of doing so cannot be 
understated. The ability to reduce high-volume flows from the lake is key to improving the resiliency and 
health of the Northern Estuaries, resulting in increased tourism and associated economic benefits from a 
healthy coastal/estuarine system. The Recommended Plan will reduce total flows to the Northern 
Estuaries by 30% when compared to the FWO condition (Table ES-3). 

Table ES-3. Total Estuary Flow Reduction with the Implementation of LOWRP. 

Existing
Conditions 
Baseline 

(ECB) (cfs) FWO (cfs) 
Alt 1BWR 

(cfs) 
St. Lucie Estuary Average Annual Flow 165,000 129,501 107,116 

Caloosahatchee Estuary Average Annual Flow 416,071 235,824 149,810 

Total Flow 581,071 365,326 256,926 

Percent Total Flow Reduction over FWO NA 0% 30% 

Currently, many oyster and seagrass beds are stressed and have been reduced or eliminated from their 
former areas by extreme salinity fluctuations, increased turbidity, and sedimentation. A reduction in the 
number of high-volume freshwater flows to the estuaries will help to reduce turbidity, sedimentation, and 
unnatural changes in salinity that impact estuarine communities. Reductions in turbidity and 
sedimentation will allow greater light penetration, promoting the growth of seagrass beds, and will reduce 
the problem of flushing oyster spat into outer areas of the estuaries that currently experience high salinity 
levels during the dry season, which results in increased predation and disease in the oyster population. 
The implementation of the Recommended Plan will increase the acres of SAV, oyster, and healthy benthic 
habitat. The improvement of estuarine conditions will ultimately have a significant beneficial effect to 
essential fish habitat resources. SAV and algal communities are also common foraging areas for the green 
sea turtle. Reductions in high-flow events within the Northern Estuaries reduce stress on SAV and promote 
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Executive Summary 

increases in seagrass shoots, potentially increasing foraging opportunities for green sea turtles in 
this region. 

ES1.6.4 Recreational Benefits 

The LOWRP features will accommodate public access and enhance the existing opportunities for resource-
based recreation found in the study area. Due to the large public interest in outdoor recreation 
opportunities, the LOWRP project area will experience increased visitation rates because of its geographic 
proximity to Lake Okeechobee, the Kissimmee River, and several other water management areas, all of 
which currently attract visitors from all over the state and nation. Public boat access will be provided to 
Paradise Run. The private lands converted to public access will increase the freshwater boat fishing 
opportunities. The WAF may offer small boat opportunities for fishing and frogging, with hiking and biking 
on the levees near urban areas. The WAF will likely be incorporated into the statewide Fish and Wildlife 
Conservation Commission alligator and waterfowl quota hunting programs. Restoration of wetlands will 
also provide additional opportunities for wildlife viewing, significantly increasing aesthetic values. 

Reductions in high flows to the estuaries will enhance utilization of estuaries by fish, and increase water 
clarity and the spatial extent of SAV, subsequently improving related recreational opportunities such as 
fishing, boating, and kayaking. Reductions in high-volume flows to the estuaries will result in lower 
suspended solids, increased water clarity, and the correct salinity envelope to maintain healthy SAV beds. 
These benefits could lead to increased aesthetic values through increased wildlife viewing opportunities 
within the Northern Estuaries (Orth et al. 2006). 

ES1.6.5 Other Benefits 

Water supply benefits for existing legal users are a direct result of increasing water supply to the natural 
system by keeping Lake Okeechobee water levels within the ecologically preferred band, which is above 
the water shortage cutback trigger stage levels. ASR wells provide the ability to store water in the Upper 
Floridan Aquifer when lake levels rise above those desirable for lake ecology. Water stored in ASR wells 
can be recovered during dry periods to assist in keeping lake levels within the ecologically preferred band. 
The interagency project delivery team (PDT) has found that water supply is inextricably linked to 
restoration features of the project because LOWRP features benefit both environmental and water supply 
objectives. The Recommended Plan will increase the availability of water supply to existing legal users in 
the LOSA by reducing the frequency and severity of water restrictions. Water supply cutback volumes are 
reduced by 24% when compared to the FWO condition (Table ES-4). 

Table ES-4. Water restrictions for Lake Okeechobee Service Area (POR 1965–2005). 

Simulation Cutback Total (kac-ft) 
ECB 857 
FWO 688 
Recommended Plan (Alt 1BWR) 520 
Reduction in cutbacks compared to FWO 24% 

While the overall project purpose is ecosystem restoration, the WAF and wetland restoration 
components, along with improved Lake Okeechobee and Northern Estuaries ecosystems, provide multiple 
recreation and economic opportunities for the local areas in the form of hunting, fishing, boating, and 
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Executive Summary 

other outdoor recreation. The LOWRP also boosts resiliency to potential climate change effects by 
increasing freshwater in Lake Okeechobee and the northern watershed system and buffering natural 
system areas and the underlying aquifer against possible sea level rise and minor decreases in rainfall. 
Ancillary water quality improvements are anticipated as a result of the implementation of the 
Recommended Plan. The implementation of the LOWRP may reduce the phosphorous loadings to the lake 
by 8-11% over the FWO condition. 

ES1.6.6 Compatibility of LOWRP with Recently Authorized CERP Projects 

At the time of LOWRP formulation, including future without project condition modeling, the Everglades 
Agricultural Area Storage Reservoir and Stormwater Treatment Area (EAA Reservoir and STA) was not yet 
authorized. Consistent with plan formulation policy for development of FWO conditions, LOWRP planning 
conditions included projects that are authorized, under construction, or completed, notably the Central 
Everglades Planning Project (CEPP) authorized in 2016 which includes the Flow Equalization Basin on the 
A-2 parcel. A full discussion of the FWO project condition is located in Section 2 of the main report. 

As the LOWRP and EAA Storage Reservoir and STA and STA planning projects progressed, the LOWRP team 
anticipated that these projects would complement each other to improve conditions in Lake Okeechobee 
and Northern Estuaries. Additionally, it seemed reasonably foreseeable that the EAA Storage Reservoir 
and STA would be authorized. Although this project was not included in the FWO condition, the LOWRP 
decided to perform a sensitivity run of the potential compatibility of project benefits provided by both 
projects or if storage south of the lake would reduce the need of storage north of the lake. From this 
sensitivity run, the LOWRP team learned that storage is necessary both north and south of the lake to 
meet the restoration purposes described in the CERP. The Restudy identified storage north and south of 
Lake Okeechobee as necessary individual components of CERP for restoration of the natural system. While 
both storage locations improve operational flexibility for Lake Okeechobee, they do so in different ways. 
Functionally, because the volume of water in the Lake system itself, (Lake Okeechobee is second largest 
freshwater lake in the contiguous US), the water within Lake Okeechobee is larger than can be stored 
either north or south of the lake. Adding storage in either location does not affect the ability of the other 
to store water, but it reduces the strain on the lake and the Herbert Hoover Dike. Having storage in both 
locations, per the CERP plan, minimizes the need to release water to the estuaries during wet conditions 
and enhances the ability to provide water to all parts of the system during dry times. The full results of 
this sensitivity run are located in Appendix E- Plan Formulation. 

ES1.6.7 WRDA 2000 Savings Clause 

The LOWRP meets the requirements of the WRDA 2000 Savings Clause by maintaining current levels of 
service for flood protection and causing no elimination of existing legal sources of water supply within the 
areas affected by the project (Annex B). 

ES1.7 Environmental Considerations 

The LOWRP has been identified to be environmentally preferable for meeting project objectives within 
the study area. All practicable means to avoid or minimize adverse environmental effects have been 
incorporated into the Recommended Plan. An Adaptive Management and Monitoring Plan has been 
included in the PIR (Annex D) to describe the methodology to monitor ecosystem restoration performance 
and provide options to improve restoration performance, if needed. The Invasive and Nuisance Species 
Management Plan (Annex F) describes actions associated with managing the spread of invasive species 
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Executive Summary 

that will otherwise impact restoration performance. Adverse effects associated with implementing the 
Recommended Plan are expected to be minimal to moderate. Short-term impacts to air quality, the noise 
environment, aesthetic resources, and vegetation, and disturbances to and displacement of fish and 
wildlife resources to other nearby habitat, are expected from operation of construction equipment 
through lands designated for staging, access, and construction. 

No significant direct adverse impacts to wetlands are expected from construction of the project. The 
Recommended Plan will create wetlands to offset projected wetland losses in the WAF. More information 
on impacts to wetlands is provided in Section 5. Although the WAF provides aboveground storage like a 
reservoir, water levels may be suitable for growth of wetland vegetation due to shallow water depths 
typically realized through operation of the facility. Threatened and endangered species that USACE 
anticipated may be affected, either positively or negatively, by the project include: northern crested 
caracara, Florida bonneted bat , Everglade snail kite and its critical habitat, Eastern indigo snake, Florida 
manatee and its critical habitat, Florida panther, wood stork, Florida grasshopper sparrow, Okeechobee 
gourd, gopher tortoise, smalltooth sawfish and its critical habitat, green sea turtle, leatherback sea turtle, 
Kemp’s ridley sea turtle, loggerhead sea turtle, and Johnson’s seagrass. The USACE sent a Biological 
Assessment (Annex A) to the U.S. Fish and Wildlife Service (USFWS) to initiate consultation when the Draft 
PIR/EIS was released in July 2018.  Additional coordination took place with USFWS and it was determined 
that a supplemental BA was not needed based on the change in footprints for the Recommended Plan 
and/or effects determinations in the BA submitted concurrent with the Draft PIR/EIS remain the same. 
The USFWS Final Biological Opinion is included in Annex A. Additionally, listed species managed by the 
National Marine Fisheries Service have been addressed as part of a previously completed CERP 
programmatic Biological Opinion. 

The Recommended Plan may have adverse effects on cultural resources, some of which may be 
unavoidable and long-term, and/or cannot be assessed until the detailed design phase of the project is 
completed and the area of potential effects (APE) is determined. The APE will determine the extent of 
cultural resource survey(s) and evaluations. Pursuant to Section 106 of the National Historic Preservation 
Act (NHPA) (54 U.S.C. 306108 and CFR 36 § 800.4(b)(2)), the USACE is deferring final identification and 
evaluation of historic properties until after project approval, availability of additional funding, access to 
private property, and prior to construction by executing a Programmatic Agreement (PA). The PA will 
govern the implementation of a phased approach to identification and evaluation of cultural resources, 
and resolution of adverse effects to any historic properties identified within the APE. Avoidance of adverse 
effects to cultural resources is preferred, and therefore, the PDT is considering ways to reduce or eliminate 
impacts to cultural resources. Pursuant to NHPA Section 106, the project design will be modified, where 
possible, to avoid affecting significant historic properties and culturally significant sites. Where avoidance 
is not possible, minimization and/or mitigation measures will be considered. Future mitigation measures 
will be developed during the preconstruction engineering and design (PED) phase in consultation with the 
State Historic Preservation Office, tribal groups, Tribal Historic Preservation Officers, and other interested 
parties as established in implementing regulations for NHPA Section 106. 

ES1.8 Cost Estimate and Implementation Plan 

Table ES-5 presents the cost to implement the LOWRP. The total first cost of the LOWRP, defined as the 
capital investment costs (2020 price level), is $1,963,959,000 including construction, non-construction 
items, and contingency (see Appendix B for cost detail). 
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Table ES-5. Project first cost estimates (2020 price level).1, 2 

Construction Phase Items Cost 

Wetland Attenuation Feature (WAF) $933,810,000 
ASR Wells $387,778,000 
Paradise Run and Kissimmee River–Center Wetlands $123,060,000 
Construction Features Sub-Total $1,444,650,000 
Preconstruction Engineering and Design $230,915,000 
Construction Management (S&A) $146,613,000 
Lands and Damages $139,112,000 

Ecosystem Restoration Subtotal $1,961,290,000 

Recreation $2,669,000 

Total Project First Cost $1,963,959,000 
1 Construction costs in this table include contingencies. 
2 Recreation costs are not included in the ecosystem restoration cost estimates, but are included in total first cost. 

Implementation of LOWRP will occur over many years and include multiple phases by USACE and SFWMD. 
Project Partnership Agreements (PPAs) are legally binding agreements that describe the roles and 
responsibilities of the USACE and SFWMD for real estate acquisition, design, construction, and operations 
and maintenance. The PPA will include the construction of project features (Table ES-6) that maximize 
benefits to the extent practicable consistent with project dependencies. Development of sequencing for 
LOWRP components takes into consideration the desire for quick implementation of storage north of the 
lake and other influencing factors, such as funding availability, cost-share balance between the USACE and 
the SFWMD. 

Table ES-6. Proposed implementation sequencing. 

Watershed ASR Wells 

Project Feature Construction Contract 

• Kissimmee Basin ASR • Contract 1a and 1b 
• Taylor Creek/Nubbin Slough Basin ASR • Contract 2a and 2b 
• Port Mayaca ASR • Contract 3 
• Moore Haven ASR • Contract 4 
• Indian Prairie ASR • Contract 5 

Wetland Restoration 

Project Feature Construction Contract 

• Paradise Run • Contract 6 
• Kissimmee River–Center • Contract 7 
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Wetland Attenuation Feature 

Project Feature Construction Contract 

• WAF • Contract 8a 
• Co-located ASR wells • Contract 8b* 

* Contract 8b—construction of the ASR wells co-located with the WAF may be done concurrently with construction 
of the WAF, but may not be constructed prior to Contract 8a. 

Land acquisition will also be included in the PPA. Table ES-7 summarizes parcel data and acreage for public 
and private lands within the WAF and wetland restoration footprints. ASR wells are not included in this 
table because watershed ASR well clusters are anticipated to be located within existing SFWMD-owned 
rights-of-way, and ASR wells co-located with the WAF are anticipated to be located on lands adjacent and 
internal to the WAF. The real estate plan and associated acreages is tentative in nature. It is for planning 
purposes only and both the final real property lines and real estate costs provided are subject to change 
even after approval of the PIR/EIS. 

Table ES-7. Land acquisition data1. 

Wetland Attenuation 
Feature 

Wetland Restoration 
Sites 

Total Parcels 108 61 

Total Acres (approximate) 13,600 4,800 

Number of Public Parcels 35 28 

Acreage Public 4,300 2,200 

Number of Private Parcels 73 33 

Acreage Private 9,300 2,600 
1Acreage is rounded to the nearest hundred. 

ES1.9 Coordination with Tribal Nations, Agencies and the Public 

The planning process for the LOWRP study involved extensive coordination with the public and federal, 
tribal, state, and local resource management and regulatory agencies. A Notice of Intent to prepare an 
Integrated PIR/EIS was released on July 18, 2016, and a public scoping meeting was held that month, in 
compliance with the National Environmental Policy Act (NEPA). The interagency PDT met regularly 
throughout the study, providing federal, tribal, state, local agencies, and the general public opportunities 
to comment on planning assumptions, evaluation tools and methods, and alternative plans. The Bureau 
of Indian Affairs and the Seminole Tribe of Florida agreed to become cooperating agencies under NEPA. 
The South Florida Ecosystem Task Force’s Working Group sponsored two public workshops in August 2016 
and April 2017, providing opportunities for the public to provide input to the Task Force, which in turn 
informed the study team. The SFWMD hosted public workshops in July 2017, October 2017, and June 
2018 to provide information and receive feedback on the project. The SFWMD’s Governing Board and the 
Water Resources Analysis Coalition also met monthly throughout the study, giving opportunities for 
information to be provided to elected and appointed officials and the public. The Draft PIR/EIS was 
released on July 6, 2018, and the 45-day public comment period for the Draft PIR/EIS ended on August 
20, 2018. Three public meetings were held after the release of the Draft PIR/EIS in July and August 2018. 
This Revised Draft PIR/EIS was released on July 8, 2019 to provide the public additional opportunity to 
comment on new/more detailed information, including the qualitative risk assessment, engineering 
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appendix, recreation plan, and responses to public, state, and agency comments. The public comment 
period for the Revised Draft PIR/EIS ended on September 3, 2019. 

Pursuant to Executive Order 13175, and in consideration of USACE’s Trust Responsibilities, USACE has 
engaged in government-to-government consultation to discuss project formulation, benefits, and effects 
with two federally recognized Native American tribes: the Miccosukee Tribe of Indians of Florida (MTIF) 
and the STOF. USACE has also participated in two STOF community meetings to hear feedback directly 
from the Seminole Tribe of Florida. More detail on coordination efforts is provided in Appendix C. 

ES1.10 Feedback and Unresolved Issues 

The Notice of Availability (NOA) of the LOWRP Draft PIR/EIS was published in the Federal Register (Volume 
83, Number 130; 83 FR 31535) on 6 July 2018 and mailed to Tribal nations and interested stakeholders to 
begin the 45-day review period. The review period closed on 20 August 2018. The below text summarizes 
comments received from Tribal nations, stakeholders, and members of the public during the 45-day 
review period ending on 20 August 2018 on the Draft PIR/EIS. Some of these comments and concerns are 
discussed in more detail below. Original comments, along with responses, are provided in Appendix C, 
Part 3. 

ES1.10.1 Tribal Feedback and Unresolved Issues 

There are three federally recognized Native American tribes who have expressed interest in the LOWRP: 
the MTIF, the STOF, and the Seminole Nation of Oklahoma (SNOO). 

MTIF Comments 

• Concur with removal of deep injection wells as a management measure 
• Support of shallow storage in form of a WAF and encouragement to incorporate more shallow 

storage features to the north of Lake Okeechobee 
• Support for wetland restoration sites 
• Disagree with the inclusion of ASR wells in the LOWRP due to water quality concerns and potential 

effects on flora and fauna 
• Potential presence of cultural resources is a particular concern 

STOF Comments 

• Plan formulation and NEPA alternative analysis concerns leading to the selection of the TSP 
• Concerns with proximity of LOWRP features to Brighton Reservation and potential impacts, 

including flooding, cultural resources, displacement of threatened and endangered species, 
involvement of STOF in initial project planning, and environmental justice. 

• Concerns with impacts to water supply 
• Concerns regarding scale of ASR wells 

SNOO Comments 

• The LOWRP has a probability of affecting archaeological resources, some of which may be eligible 
for listing in the National Register of Historic Places 

• Requests that culturally significant plantings be utilized where possible 
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• Further consultation is requested 
• Notify the SNOO and other appropriate agencies immediately if inadvertent discoveries of human 

remains occur 

ES1.10.2 Public and Stakeholder Feedback and Unresolved Issues 

In general, public and stakeholder comments covered these topics: 

• Concerns about proposed LOWRP features in close proximity to local communities 
• Requests to improve access to water supply for existing legal LOSA users 
• Requests to minimize private agricultural land taken out of production and maximize use of 

public lands 
• Requests to minimize impacts to fisheries at intake structures 
• Requests to include water quality treatment features 
• Support for wetland restoration 
• Requests to maximize storage north of Lake Okeechobee and expand the project footprint to 

include more storage throughout the watershed 
• Uncertainties regarding the proposed scale of ASR well implementation 

ES1.10.3 Proposed LOWRP Features in Close Proximity to the STOF Brighton Reservation, Tribal 
Lands, and Local Communities 

Local communities, including the STOF, have expressed concern regarding potential impacts of siting 
LOWRP project features near their lands. The LOWRP team considered Alternative 2Cr in the focused array 
of alternatives that is located farther from the Brighton Reservation as shown in Figure ES-2. This 
alternative was not selected as the TSP for the following reasons: 1) this alternative is significantly more 
expensive than the other alternatives, 2) this alternative proposes deep reservoir storage, which increases 
overall seepage concerns, 3) this location does not allow co-location of the reservoir with ASR wells, which 
reduces the overall operational flexibility of the reservoir, 4) entire surface storage lands for this 
alternative are privately owned, increasing impacts on local landowners and increasing overall real estate 
administrative and acquisition costs, 5) the entire reservoir footprint for this alternative contains potential 
habitat for critically-endangered Florida grasshopper sparrow, 6) the reservoir in this alternative impacts 
the largest amount of wetlands of all the alternatives, and 7) the deep reservoir storage in this alternative 
is less suitable for the growth of wetland vegetation within the reservoir footprint than the other two 
alternatives that include shallow surface storage. More detail on the alternative selection process is 
provided in Section 4. 

Throughout the LOWRP planning process, the project has been modified based on Tribal and stakeholder 
feedback to reconfigure the surface storage footprint to avoid direct northern proximity to Brighton 
Reservation, avoid a known significant cultural site, reduce the depth of the surface storage pool, provide 
a buffer between the surface storage feature and Brighton Reservation and Tribal lands, and provide a 
greater buffer for future commercial development along State Road 78. 

Extensive dam safety and seepage analyses have been performed during the project planning phase and 
will be continued during later project phases. USACE has a legal obligation to avoid degradation of existing 
levels of flood protection to areas outside the project footprint. A primary project constraint is to maintain 
flood protection as per the Assurances Provisions in the Water Resources Development Act 2000 Sec 
601(h). Additional detailed modeling during PED and monitoring during construction will be performed 
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to ensure that current levels of flood protection are maintained. The project will be designed so there are 
no changes to flood protection caused by the project. The USACE has completed a qualitative risk 
assessment for the WAF in general accordance with Best Practices in Dam and Levee Safety Risk Analysis 
(2016) and Safety of Dams – Policy and Procedures ER 1110-2-1156. For more information on this analysis, 
see Appendix A. 

Many features are proposed to reduce the impacts of seepage to nearby communities, including a 
seepage canal surrounding the perimeter of the WAF with the exception of where the WAF borders the 
Paradise Run site. Seepage and effects on groundwater in surrounding properties, effects on existing local 
drainage infrastructure, and dam safety evaluation and design criteria will be further refined during the 
project PED phase. Prior to construction, groundwater levels will be monitored to establish a baseline 
condition. Groundwater levels will continue to be monitored to ensure there are no offsite impacts during 
construction and project operations. 

ES1.10.4 Environmental Justice 

A robust environmental justice (EJ) analysis was undertaken with feedback from the U.S. Environmental 
Protection Agency (USEPA). Special consideration was given to assessing intensity of impacts to the STOF 
Brighton Reservation. According to the Council on Environmental Quality regulation (40 CFR §1508.27), 
unique characteristics of the geographic area could include proximity to distinctive features such as 
historic or cultural resources, prime farmlands, wetlands, or other ecologically critical areas. The STOF 
Brighton Reservation falls under this category. Impact categories considered included aesthetics, noise, 
light pollution, wetlands, cultural/historic resources, economic impacts (including displacement of listed 
species and potential compliance costs and restriction of economic activities, water supply, ranching 
impacts, drainage impacts to Brighton Reservation), health impacts (water supply wells, fish and wildlife 
(food) contamination, dam breach impacting property and safety), and cultural practices (access to 
sacred/ceremonial sites, hunting and fishing). The analysis concluded that LOWRP will provide benefits to 
quality of life by improving Lake Okeechobee ecology, improving the estuarine environment and 
contribute to hydrological improvements in the historic Everglades. Several EJ communities were 
identified in the project area as having a potential to be affected. Low-income communities located west 
of the Kissimmee River and surrounding Lake Okeechobee have income significantly lower than state and 
national averages and unemployment rates that are also higher than the state and national averages. 
Another EJ community that could be affected by the project is the STOF’s Brighton Reservation, which 
represents Tribal National lands that are geographically fixed in position. However, the EJ analysis 
determined that the project does not cause disproportionate impacts to the STOF and/or low-income 
communities. Any remaining minimal impacts will be further avoided, minimized, and/or mitigated. The 
full environmental justice analysis is located in Appendix C.2. 

ES1.10.5 Land Acquisition 

During project scoping, stakeholders expressed concerns about potential impacts of private land 
acquisition and have encouraged the use of public lands to the extent practicable. A portion of the land 
required for the Recommended Plan is already owned by the SFWMD. Most land required for the 
watershed ASR wells was previously acquired under the C&SF Project along the C&SF canal rights-of-way. 
If planning and design during the PED phase confirm parcels outside of the project footprint have become 
landlocked, then a new access location will be identified and authorized by means of Sponsor acquired 
easements and design modifications to accommodate those easements. The new access will provide 
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suitable ingress and egress for all impacted parcels. More details on land acquisition and land ownership 
are provided in Appendix D. 

The team carefully considered public land ownership within the project footprint for each potential site. 
The percentage of public lands within the reservoir footprint was a consideration throughout the planning 
process, although the ability of the project to meet ecological objectives in a cost effective manner was 
the primary factor when determining where to site project features. A significant reason why the public 
land ownership was considered is the feedback received from both local land owners and local 
governmental entities in response to the project.  Via public meeting input and through circulation of the 
draft report, feedback included that the use of public lands to the extent practicable reduces displacement 
of people, minimizes impacts to local tax rolls, and avoids risks of unwilling sellers and implementation of 
eminent domain authority, reducing overall real estate acquisition costs and timelines. It is also generally 
preferable to have public land in a project footprint due to ease of access for geotechnical, cultural, and 
environmental surveys to reduce overall project contingency costs and the risk of an unanticipated 
cultural or environmental discovery. 

ES1.10.6 Cultural Resources 

Several previously recorded archaeological sites within the Recommended Plan footprint were identified 
through records research, cultural resource surveys conducted within the study area, and coordination 
with the STOF’s Tribal Historic Preservation Office. Background research also has indicated that there is a 
high potential for additional intact archaeological sites to be identified throughout the project area during 
future cultural resources surveys. Due to limited access to privately owned lands and budget constraints 
during the feasibility phase, cultural resource investigations have been limited to a literature search and 
records review for known archaeological sites and Phase I investigations on publicly owned lands within 
the WAF footprint and the Paradise Run wetland. The Recommended Plan will be subject to 
supplementary Phase I cultural resources surveys and each suite of features will be subject to separate 
consultation and consideration of effects during PED. The identification of additional and potentially 
significant historic properties may result in changes to project features to avoid them or to design 
mitigation features. Discovery of additional sites may also lead to longer implementation schedules as 
avoidance, minimization, and/or mitigation plans are developed. Additionally, the LOWRP Programmatic 
Agreement, executed among the USACE, State Historic Preservation Officer, and the Advisory Council on 
Historic Preservation, outlines the path forward to perform cultural resource surveys to identify resources 
within the project footprint during PED. This includes consultation with the tribes to identify and protect 
known burial sites. 

ES1.10.7 Meeting Additional Regional Ecosystem Restoration Needs 

Although the Recommended Plan provides a significant increase in water storage north of Lake 
Okeechobee, additional storage is needed to meet the CERP goals for north-of-the-lake storage to further 
improve Lake Okeechobee health and reduce flows from Lake Okeechobee to the St. Lucie and 
Caloosahatchee estuaries. Early in the development of the feasibility study, and throughout public 
involvement, stakeholders continually identified the need for additional storage throughout the 
watershed, including south of Lake Okeechobee. The LOWRP does not provide storage south of the lake 
but recognizes the potential for south of lake storage projects to occur in the future to provide additional 
storage to further meet CERP goals. 
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Multiple stakeholders also requested that storage options outside the project footprint to the north in 
the Kissimmee and Istokpoga basins be investigated during the LOWRP plan formulation process. While 
this area is not within the LOWRP boundary, the LOWRP team recognizes that future optimization of the 
Kissimmee and Istokpoga basins structural operations may lead to additional system-wide benefits 
through optimized timing and distribution of flows coming into Lake Okeechobee. Under USACE 
regulations, such operational changes require notifying the public, evaluating the effects of proposed 
alternatives, and preparation and coordination of proposed revisions to water control manuals that may 
entail additional NEPA documentation and compliance with applicable environmental laws. 

ES1.10.8 Scale of ASR Well Systems 

The ASR Regional Study effort (USACE, 2015) included a regional-scale groundwater flow and solute 
transport model for the Floridan Aquifer System of south Florida. This model was developed to estimate 
the maximum number of ASR wells that could be constructed without affecting subsurface hydrogeologic 
conditions and adjacent users (among other model performance measures). The model simulation that 
fulfilled all performance measures showed that 80 ASR wells were feasible in the region north of Lake 
Okeechobee. The results of the groundwater model and technical data report were independently 
reviewed and the inclusion of 80 ASR wells within the LOWRP Recommended Plan is supported within the 
CERP ASR Regional Study Technical Data Report groundwater model. The findings of the groundwater 
model and report were independently reviewed by the National Research Council of the National 
Academies of Sciences (NRC) which were published in 2015. The NRC supported the concept of 
implementing ASR systems in a phased approach while continuing to assess remaining scientific and 
technical uncertainties with local scale modeling, ecological assessments, and well testing. The LOWRP 
Final PIR/EIS describes monitoring plans that will be implemented as ASR well clusters are constructed 
and operated in a phased approach. ASR phased implementation and monitoring plans are described in 
Section 6, Section 8, Appendix C Part 3, and Annex D. 

ES1.10.9 Water Supply 

During the LOWRP study, agricultural water supply stakeholders expressed concerns about the lack of 
progress on CERP projects intended to increase regional water supply. In addition, the STOF expressed 
concerns about impacts of the project to the water rights entitlement during drought to both the Brighton 
and Big Cypress Reservations. A water supply objective was added to increase availability of the water 
supply to the existing legal water users of Lake Okeechobee commensurate with improving Lake 
Okeechobee ecology. The storage measures formulated for ecosystem restoration in the Recommended 
Plan provide additional water during dry conditions, improving the lake’s low-stage performance and 
reducing water supply cutbacks for existing legal LOSA users and the STOF. Water supply benefits of the 
Recommended Plan are further documented in Section 6. 

ES1.10.10 Water Quality 

Multiple stakeholders provided feedback on the importance of water quality both in the northern 
watersheds and in Lake Okeechobee and requested that water quality be added as an objective for the 
LOWRP. Although water quality improvement is not a study objective, ancillary water quality 
improvements are anticipated and evaluated in this PIR. The implementation of the Recommended Plan 
may reduce the phosphorous loadings to the lake by 8–11% over the future without project condition. 
More detail on this analysis is available in Section 5 and Appendix C, Part 2. The current and proposed 
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state actions, including the adoption of total maximum daily loads and the Lake Okeechobee Basin 
Management Action Plan are anticipated to improve water quality within the project area. 

ES1.10.11 Effects on Endangered Species 

To achieve restoration objectives, the Recommended Plan includes construction of infrastructure and 
increases the amount of water ponded in areas potentially inhabited by endangered species, including 
the caracara, the eastern indigo snake, and the Florida bonneted bat. Both the STOF and local landowners 
have expressed concerns about the WAF and wetland restoration sites potentially displacing threatened 
and endangered species to Tribal and private lands. The USFWS has addressed the potential of species 
displacement and has providedrecommendations in their Biological Opinion (BO) to avoid or minimize 
harmful effects to endangered species potentially affected by the project. Additionally, more detail on the 
effects to endangered species is located in Appendix C.2.4 Threatened and Endangered Species. 
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Section 1 Introduction 

1.0 INTRODUCTION AND SIGNIFICANCE 

The United States Army Corps of Engineers (USACE) Jacksonville District and the South Florida Water 
Management District (SFWMD) initiated the Lake Okeechobee Watershed Restoration Project (LOWRP) 
under the Comprehensive Everglades Restoration Plan (CERP) in July 2016. The LOWRP intent is to address 
Everglades-related water resource issues identified in the Central and Southern Florida Project 
Comprehensive Review Study (Restudy)1 for the northern portion of the Lake Okeechobee Watershed, 
Lake Okeechobee, and the Caloosahatchee and St. Lucie estuaries (Northern Estuaries). 

The Kissimmee-Okeechobee-Northern Estuaries-Everglades ecosystem is an internationally recognized 
and valued aquatic ecosystem. Wetlands play a significant role in the preservation of wildlife, plants, and 
animals. Wetlands within the Lake Okeechobee watershed provide habitat for 35 threatened and 
endangered species, along with a diverse variety of plant and animal species. Wetlands also provide 
natural water storage and filtration prior to the water entering Lake Okeechobee. Lake Okeechobee is a 
key component of south Florida’s flood control and water supply and is the primary water source for the 
southern Everglades and dry season deliveries to the Caloosahatchee Estuary. The lake supports a multi-
billion-dollar sports and commercial fishery industry along with many other recreational opportunities. 

Both the Caloosahatchee and St. Lucie estuaries are within the LOWRP study area. The Caloosahatchee 
Estuary is a large estuarine ecosystem where the waters of the Gulf of Mexico mix with the freshwater 
inflows from the Caloosahatchee River, sloughs, and overland sheet flow from the upstream basin. The 
estuary is an important nursery ground for many fish and shellfish species (SFWMD 2000) important for 
commercial and recreational purposes. The estuary also provides foraging areas and wetland habitat for 
a large number of Florida’s rare, endangered, and threatened species (SFWMD 2000). The St. Lucie River 
and St. Lucie Estuary are part of the larger Indian River Lagoon system, the most diverse estuarine 
environment in North America, with more than 4,000 plant and animal species, including manatees, 
oysters, dolphins, sea turtles, and seahorses (SFWMD 2018). The Caloosahatchee and St. Lucie estuaries 
support tourism, which provides substantial economic benefit to the surrounding counties. 

The LOWRP study area contains a rich cultural history. There are two federally recognized tribes within 
Florida: the Miccosukee Tribe of Indians of Florida (MTIF) and the Seminole Tribe of Florida (STOF). Both 
tribes have a long history of living within the project area and maintain a strong connection to the region 
through continued use. They regard the indigenous populations of Florida as their ancestors. The STOF 
Brighton Reservation, approximately 36,000 acres in size and located in Glades County, is within the 
LOWRP study area. The STOF also owns approximately 3,685-acres of land located northeast of and 
adjacent to the Brighton Reservation, bounded by Kissimmee Branch Canal No. 1. 

Ecosystems within the LOWRP study have been altered from 120 years of highly effective public and 
private efforts to drain water off the land, in part by a massive federal project known as the Central and 
South Florida (C&SF) Project for Flood Control and Other Purposes. The overall effect of the C&SF Project 
on the hydrology of this ecosystem has been a disruption of the natural timing, quantity, and distribution 
of flows entering and leaving Lake Okeechobee; loss of overall water storage; increased stormwater runoff 
volumes and rates; flows of water from Lake Okeechobee to the Northern Estuaries that significantly alter 

1 U.S. Army Corps of Engineers. 1999. Central and Southern Florida Project Comprehensive Review Study: Final 
Integrated Feasibility Report and Programmatic Environmental Impact Statement. Jacksonville District, 
Jacksonville, Florida, USA. 
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Section 1 Introduction 

conditions in the estuaries; and a lower quantity of water available for the Everglades, all affecting 
nationally significant areas (Figure 1-1). Water that once flowed from Lake Okeechobee south through 
the Everglades, down Shark River Slough, and to the southern estuaries has been impounded in Lake 
Okeechobee and flows to the Northern Estuaries through the C-43 and C-44 canals. Changes in the 
quantity, timing, and distribution of freshwater entering the Northern Estuaries often leads to atypical 
salinity fluctuations, causing subaquatic vegetation stress, loss of benthic organisms and habitat, and 
redistribution of salinity-sensitive species, including commercially and recreationally important fish. The 
spatial extent of wetlands throughout the system has been significantly reduced due to development and 
farming of natural areas after drainage from the C&SF Project made them viable. 

Figure 1-1. Depiction of pre-C&SF flows and flows with the C&SF Project. 

1.1 Project Purpose and Need 

The LOWRP is encompassed in the CERP, which was approved by Congress as a framework for the 
restoration of the natural system under Section 601 of the Water Resources Development Act of 2000 
(WRDA 2000). The CERP, as documented in the 1999 Restudy, consists of 68 components. The purpose of 
the CERP is to modify structural and operational components of the federal C&SF Project to achieve 
restoration of the Everglades and the south Florida ecosystem, while providing for other water-related 
needs, such as urban and agricultural water supply and flood protection. The 68 components identified in 
the Restudy will work together to benefit the ecological structure and function of more than 2.4 million 
acres of the south Florida ecosystem by improving and/or restoring the proper quantity, quality, timing, 
and distribution of water in the natural system. The CERP will also address other concerns such as urban 
and agricultural water supply and maintain existing levels of service for flood protection in those areas 
served by the projects. The CERP components were originally planned for implementation over 
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Section 1 Introduction 

approximately 30 years. The CERP is designed to achieve more natural flows by redirecting freshwater 
flows that are currently sent to the Atlantic Ocean and Gulf of Mexico (via the C-44 and C-43 canals to the 
St. Lucie and Caloosahatchee estuaries) to distribute flow throughout the system similar to pre-drainage 
conditions (Figure 1-2). 

Figure 1-2. Current and restored flows to illustrate CERP restoration. 

Since 2000, much progress has been made. Construction has begun on the first generation of CERP 
projects already authorized by Congress. These include the Picayune Strand Restoration, Indian River 
Lagoon South, and C-44 Impoundment projects. Congressional authorization has been received for the 
second generation of CERP projects, including Biscayne Bay Coastal Wetlands-Phase 1, the 
Caloosahatchee River (C-43) West Basin Storage Reservoir, and the C-111 Spreader Canal Western Project, 
which are already under construction or are operational, and the Broward County Water Preserve Areas 
project, which is currently being designed. The Central Everglades Planning Project (CEPP) was authorized 
in 2016. All of these CERP projects contribute significant ecological benefits to the system and the specific 
regional habitats in which they are located. Although substantial progress has been made through the 
previously authorized projects, additional storage features north of Lake Okeechobee are needed to 
achieve CERP goals. 

The Integrated Delivery Schedule (IDS) provides an overall strategy for project planning, design, and 
construction of federal projects that are cost-shared with local sponsors as part of the South Florida 
Ecosystem Restoration Program. The IDS, required as part of the CERP Programmatic Regulations, is based 
on ecosystem needs, benefits, costs, and available funding. It helps restoration planners, stakeholders, 
and the public focus on priorities, opportunities, and challenges, and provides a path forward to complete 
construction on previously authorized projects while outlining the next projects to undergo planning and 
design. The current project planning and anticipated benefits for the LOWRP is consistent with the 
sequencing of projects in the IDS and included in the next generation of CERP project features to provide 
restoration benefits. The LOWRP contains three of the 68 CERP components (A, GG, OPE) and has the 
following purposes as described by the Restudy: 
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Section 1 Introduction 

1. North of Lake Okeechobee Storage Reservoir (Component A) purpose as described in Section 
9.1.1.1 of the Restudy: Detain water during wet periods for later use during dry periods and 
reduce nutrient loads flowing into the lower Kissimmee River and Lake Okeechobee. 

2. Lake Okeechobee Aquifer Storage and Recovery (Component GG) purpose as described in Section 
9.1.2.1 of the Restudy: (1) Provide additional regional storage while reducing both evaporation 
losses and the amount of land removed from current land use that would normally be associated 
with construction and operation of aboveground storage features; (2) increase the lake’s water 
storage capability to better meet regional water supply demands for agriculture, Lower East Coast 
urban areas, and the Everglades; (3) manage a portion of releases from the lake primarily to 
improve Everglades hydropatterns and to meet supplemental water supply demands of the Lower 
East Coast; (4) reduce releases to the St. Lucie and Caloosahatchee Estuaries; and (5) maintain 
and enhance the existing level of flood protection. 

3. Lake Okeechobee Watershed Water Quality Treatment Facilities (Component OPE) purpose as 
described in Section 9.1.1.3 of the Restudy: Restoration of wetlands throughout the Lake 
Okeechobee Basin and attenuate peak flows and retain phosphorous before flowing into Lake 
Okeechobee. 

1.2 Scope of Study 

The LOWRP is composed of project components originally identified in the CERP. The National Academy 
of Sciences has recommended the implementation of CERP through an Incremental Adaptive Restoration 
(IAR) process (National Research Council 2007). LOWRP has adopted that recommendation and has 
developed a scope to formulate a solution for an increment of overall restoration of the south Florida 
ecosystem. The CERP identifies storage north, south, east, and west of Lake Okeechobee that work 
together to achieve beneficial ecological effects. These complete storage components are critical to the 
overall success of the CERP. The combination of these storage features with other CERP components 
provides synergy in achieving Everglades restoration. The LOWRP is composed of increments of project 
components that were identified in the CERP, reducing the risks and uncertainties associated with project 
planning and implementation. The term “increment” is used to underscore that LOWRP formulated 
portions (scales) of individual components of the CERP. It was envisioned that later studies would 
investigate additional scales of components of the CERP to expand upon this initial “increment” to achieve 
the full level of restoration envisioned for the CERP. This approach is consistent with the 
recommendations of the National Research Council to utilize IAR to achieve timely, meaningful benefits 
of the CERP and to lessen the continuing decline of the Everglades ecosystem. The LOWRP expands upon 
the previously authorized projects to continue progress towards achievement of the level of restoration 
envisioned for the CERP. 

The LOWRP consists of combinations of aboveground water storage features, aquifer storage and 
recovery (ASR) wells, and wetland restoration sites north of Lake Okeechobee. Since the original CERP 
planning that was completed in 1999, new studies, policy guidance, data collection, pilot projects, and 
improvements in hydrologic systems modeling capabilities allowed for refining the knowledge base and 
approach in ecosystem restoration. This refined approach is used to maximize project benefits and reduce 
costs and risks to achieve the CERP goals. Table 1-1 compares the LOWRP scope from the authorized 
Restudy to the current project scope for ecosystem restoration included in this feasibility analysis. Water 
quality treatment features like stormwater treatment areas (STAs) and reservoir-assisted stormwater 
treatment areas (RASTAs), although originally proposed in CERP components, have not been carried 
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Section 1 Introduction 

forward in the current LOWRP effort. The state of Florida has adopted a Total Maximum Daily Load (TMDL) 
for Lake Okeechobee and the Lake Okeechobee Watershed. In an effort to achieve the water quality 
improvements necessary to meet the TMDL in the lake and watershed, the Florida legislature established 
the Northern Everglades and Estuaries Protection Program, which directed the Florida Department of 
Environmental Protection (FDEP) to develop and implement water quality improvement plans called Basin 
Management Action Plans (BMAPs) that provided milestones and management measures necessary to 
meet the TMDL within a measured period. State water quality programs like BMAPs can be used to meet 
the intent of water quality improvements originally proposed by CERP components A and OPE. As a result, 
water quality features are no longer within the project scope. 

Table 1-1. Original LOWRP scope as envisioned in the CERP-authorized plan compared to the current 
planning effort. 

Component as Management 
Described in Measures Carried 
the Restudy CERP Facility & Forward for LOWRP 

(1999) Description CERP Facility Purpose Planning 

North of Lake 17,500-acre reservoir with Detain water during wet periods Various aboveground 
Okeechobee total storage capacity of for later use during dry periods, storage configurations 
Storage Reservoir 200,000 acre-feet (average reduce nutrient loads flowing to were considered during 
(CERP depth 11.5 feet) in the lower Kissimmee River and initial screening. STAs 
component A) Kissimmee River Region 

and 2,500-acre STA. 
Lake Okeechobee, and reduce the 
duration and frequency of high 
and low water levels in Lake 
Okeechobee that are stressful to 
the lake's littoral ecosystems and 
can lead to large fresh water flows 
to the downstream St. Lucie and 
Caloosahatchee estuary 
ecosystems. 

are not a management 
measure in the LOWRP 
planning effort. 

Lake Okeechobee Series of ASR wells 1) Provide additional regional 2015 CERP ASR Regional 
Aquifer Storage adjacent to Lake storage while reducing both Study refined the 
and Recovery Okeechobee with a evaporation losses and the number of ASR wells that 
(ASR) (CERP capacity of one billion amount of land removed from could be constructed 
component GG) gallons per day in Glades 

and Okeechobee counties; 
assumes 200 wells. 

current land use. 
2) Increase water supply for 
agricultural, urban, and 
environmental purposes. 
3) Improve Everglades’ 
hydropatterns. 
4) Reduce quantity, frequency, 
and duration of Lake Okeechobee 
flows to the St. Lucie and 
Caloosahatchee estuaries. 
5) Maintain and enhance the 
existing level of flood protection. 

within the northern Lake 
Okeechobee Basin on 
SFWMD-owned lands 
based on hydrogeologic 
conditions. 
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Section 1 Introduction 

Component as 
Described in 
the Restudy 

(1999) 
CERP Facility & 

Description CERP Facility Purpose 

Management 
Measures Carried 

Forward for LOWRP 
Planning 

Lake Okeechobee 
Watershed 
Water Quality 
Treatment 
Facilities (OPE) 

• 1,775-acre RASTA in 
Okeechobee County. 

• 2,600-acre RASTA in 
Highlands County. 

• 3,500-acre wetland 
restoration throughout 
the Lake Okeechobee 
watershed basin. 

The purpose of the RASTAs is to 
attenuate peak flows and reduce 
phosphorous inflows into Lake 
Okeechobee. The purpose of 
wetland restoration is to restore 
the hydrology of selected isolated 
and riverine wetlands. 

Wetland restoration 
sites in the Lake 
Okeechobee watershed 
basin were retained. 
RASTAs are not a 
management measure in 
the LOWRP planning 
effort. 

1.3 Project and Study Area 

The project area covers a portion of the Lake Okeechobee Watershed in Florida. It includes four major 
drainage basins: Fisheating Creek, Indian Prairie, Taylor Creek/Nubbin Slough, and portions of the Lower 
Kissimmee (S-65D and S-65E) totaling approximately 920,000 acres. The project area includes Glades, 
Highlands, Okeechobee, St. Lucie, and Martin counties, along with the STOF Brighton Reservation (Figure 
1-3). The study area includes the project area, along with Lake Okeechobee and the Caloosahatchee and 
St. Lucie estuaries, totaling approximately 1,450,000 acres. A description of the LOWRP study area is 
provided in Table 1-2. 

Figure 1-3. LOWRP project and study areas. 
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Section 1 Introduction 

Table 1-2. Description of the LOWRP study area. 

LOWRP 
Study Area 

Region Description of the Study Area Region 

Lake 
Okeechobee 
Watershed 

The major drainage basins, consisting of tributaries flowing into Lake Okeechobee, include 
Fisheating Creek, the Indian Prairie Basin, the Lower Kissimmee (S-65D and S-65E), and 
Taylor Creek/Nubbin Slough. The entire area is approximately 920,000 acres. Historically, 
approximately 40 percent of this area was comprised of wetland habitat, consisting of 
cypress and bay tree forests, inland swamps, freshwater marsh, wet prairie, and sawgrass 
marsh. Today, only 15 percent of the area is wetlands. The current major land uses include 
agriculture, urban, and natural/open lands and wetlands. 

Lake 
Okeechobee 

Lake Okeechobee is a large, shallow lake (surface area approximately 730 square miles) 
located 30 miles west of the Atlantic coast and 60 miles east of the Gulf of Mexico. The lake 
is impounded by a system of levees, with 6 outlets: St. Lucie Canal eastward to the Atlantic 
Ocean, Caloosahatchee Canal/River westward to the Gulf of Mexico, and four agricultural 
canals (West Palm Beach, Hillsboro, North New River, and Miami). The lake is mostly 
surrounded by the 143-mile long Herbert Hoover Dike (HHD). The lake has many functions, 
including flood risk management, urban and agricultural water supply, navigation, 
recreation, fisheries, and wildlife habitat. It is critical for flood control during wet seasons 
and water supply during dry seasons. Agriculture in the Lake Okeechobee Service Area 
(LOSA), including the Everglades Agricultural Area (EAA) immediately south of the lake, is the 
predominant user of lake water. The lake is a significant economic driver for both the 
surrounding areas’ and south Florida’s economy. 

Northern 
Estuaries 

In the current modified system, Lake Okeechobee flows into the two Northern Estuaries 
(Caloosahatchee and St. Lucie estuaries). The St. Lucie Canal flows eastward into the St. Lucie 
Estuary, which is part of the larger Indian River Lagoon Estuary. The Caloosahatchee 
Canal/River flows westward into the Caloosahatchee Estuary and San Carlos Bay, which are 
part of the larger Charlotte Harbor Estuary. The St. Lucie and Caloosahatchee estuaries are 
designated Estuaries of National Significance, and the larger Indian River Lagoon and 
Charlotte Harbor Estuaries are part of the National Estuary Program sponsored by the U.S. 
Environmental Protection Agency (USEPA). The landscape includes pine flatwoods, wetlands, 
mangrove forests, submerged aquatic vegetation (SAV), estuarine benthic areas (mud and 
sand), and nearshore reefs. 

1.4 Problems and Opportunities 

Current operations of the C&SF Project involve water supply and flood control releases to manage stage 
levels in Lake Okeechobee, the Water Conservation Areas, and the Everglades. Prolonged high-volume 
flows of water from Lake Okeechobee to the Northern Estuaries, combined with basin runoff from 
surrounding watersheds, have altered the natural salinity gradients in the estuaries, in turn altering the 
species diversity, ecological balance, and health of estuary communities. System changes have resulted in 
peak flows that are higher just prior to and/or following major rain events, and flow rates that decline 
more abruptly during the end of the wet season. The impoundment of the natural system, construction 
of drainage canals and conveyance features, and the current C&SF operations have disrupted the annual 
pattern of rising and falling water depths in the remaining wetlands. Additionally, the conversion of 
natural areas for urban and agricultural uses and the network of C&SF Project canals have altered the 
natural system, causing complete shifts in vegetative communities and loss of fish and wildlife resources. 
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Section 1 Introduction 

The result is reduced water storage capacity in the remaining system and an unnatural mosaic of 
impounded, fragmented, over-inundated, and over-drained marshes. 

1.4.1 Lake Okeechobee Watershed 

Problem: A loss of wetland habitat has resulted in reduced water storage on the landscape, increased 
stormwater runoff, and flashier hydroperiods in the Lake Okeechobee Watershed. 

Historically, the LOWRP area was approximately 40 percent wetlands, consisting of cypress and bay tree 
forests, inland swamps and lake floodplains, freshwater marsh, wet prairie, and sawgrass marsh (Davis 
1943). Wetlands in the watershed have been drastically reduced due to land use changes and drainage 
projects. The substantial reduction in the spatial extent of wetlands is exacerbated by a reduction in the 
functionality of remaining wetlands, as many of them have lost vital hydrologic and ecological connections 
to each other and to the greater aquatic system of the lake and the Everglades. 

The conversion of natural areas for urban and agricultural uses and the network of C&SF Project canals 
has caused complete shifts in vegetative communities, habitat loss for fish and wildlife resources, and 
smaller and less diverse wildlife populations. Numerous threatened and endangered species rely on these 
habitats, including the Florida panther (Puma concolor coryi), Everglade snail kite (Rostrhamus sociabilis 
plumbeus), Audubon’s crested caracara (Polyborus plancus audubonii), Florida grasshopper sparrow 
(Ammodramus savannarum floridanus), red-cockaded woodpecker (Picoides borealis), whooping crane 
(Grus americana), wood stork (Mycteria americana), Florida bonneted bat (Eumops floridanus), Eastern 
indigo snake (Drymarchon corais couperi), bluetail mole skink (Eumeces egregius lividus), sand skink 
(Neoseps reynoldsi), and the Okeechobee gourd (Cucurbita okeechobeensis ssp. okeechobeensis). 

Opportunity: Creating and reconnecting existing wetlands to increase water storage north of Lake 
Okeechobee is essential for achieving ecological restoration. Restoring portions of the Kissimmee River 
floodplain will return additional increments of the channelized Kissimmee River to a more natural 
hydroperiod. The restoration in the region will improve hydrology that is crucial for Florida and the nation, 
given the significance of the ecosystems north of Lake Okeechobee. 

1.4.2 Lake Okeechobee 

Problem: Lake Okeechobee has experienced frequent and prolonged high and low water levels over the 
past few decades that have been detrimental to both lake ecology and downstream ecosystems. 

At approximately 730 square miles (1880 square km), Lake Okeechobee is the second-largest freshwater 
lake entirely within the lower 48 states. The lake’s vast surface area, shallow depth (averaging only nine 
feet deep) and enormous habitat diversity makes the ecosystem unique on the North American continent. 
As late as the 1860s, the Lake Okeechobee watershed, and the lake itself, were part of a low-gradient 
natural river and slough system that was the heart and foundation of the Everglades and its associated 
estuaries. Water levels would seasonally fluctuate as the water flowed slowly through the creeks, sloughs, 
and rivers of the northern watersheds and into the lake. The lake was much larger than the current 
footprint, with an extensive wetland littoral zone and floodplain along the shoreline. Water levels 
fluctuated between 17 and 23 feet National Geodetic Vertical Datum of 1929 (NGVD29), and periodically 
flooded into low-gradient marshes, refreshing them with water and nutrients. Under both high and low 
conditions, there was abundant habitat for fish, birds, and other native wildlife. As the lake stage 
fluctuated higher, water would overtop the banks and flow south, feeding the Everglades and the 
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Section 1 Introduction 

hydrologically connected ecosystems of south Florida, all the way to Florida Bay at the southern tip of the 
Florida peninsula. 

Construction began in the 1800s that modified the lake, the northern watershed hydrology, and 
ultimately, the hydrology of the entire Everglades system. The original flood control embankments around 
Lake Okeechobee were completed around 1915 and were rebuilt by the USACE between 1932 and 1938. 
The construction of the Herbert Hoover Dike (HHD) and flood control drainage features of the C&SF 
Project in the 1960s have significantly restricted Lake Okeechobee’s size and affected water level 
fluctuations. The remaining littoral zone is now at an elevation between 12 and 16 feet NGVD29. Lake 
stage is currently managed by the 2008 Lake Okeechobee Regulation Schedule (2008 LORS), which 
determines the timing and quantity of water that flows from the lake to the Northern Estuaries when the 
stage exceeds levels defined in the regulation schedule. These flows from the lake flow through the 
primary outlets in the lake to the east through the St. Lucie Canal and to the west through the 
Caloosahatchee River. When combined with runoff captured in the surrounding basin flood control 
systems, these flows often cause unintended consequences to the ecology (e.g., salinity levels) of these 
environmentally sensitive ecosystems of national significance (refer to Figure 1-3). In addition, the water 
lost to tide is no longer available for aquatic ecosystems, including Lake Okeechobee and the greater 
Everglades system, during the dry season and extended dry periods. This results in widespread impacts to 
the natural systems as seen today. 

Changes in water level, differences in plant community structural complexity, and water quality within 
vegetative communities exert the greatest effect on fish distribution in the littoral zone of Lake 
Okeechobee. Lake Okeechobee has experienced frequent and prolonged high water levels over the past 
few decades that have been detrimental to both lake ecology and downstream ecosystems. Extreme high 
stage (above 17 ft. NGVD29) allows wind-driven waves to directly impact the littoral emergent and 
nearshore submerged plant communities, causing physical uprooting of plants. In addition, high stages 
cause suspended solids from the mid-lake region to be transported to the shoreline regions, reducing 
water clarity and light penetration which in turn reduces the depth at which submerged aquatic 
vegetation (SAV) growth can occur (James and Havens 2005). High stage conditions also allow deposition 
of unconsolidated mud which can cover the natural sand and peat sediment, reducing their suitability to 
sustain healthy and balanced vegetative communities. Overall, high lake stages result in extirpation or 
reduced growth of submerged plants, adverse impacts to germination of submerged plants, reductions in 
fish spawning and fish reproductive success, and shifts in species distribution, therein altering the balance 
and stability of the ecosystem. 

Low water levels also impact lake ecology. Extreme low stage (below 10 ft. NGVD29) can result in 
desiccation of the entire littoral zone, the shoreline fringing bulrush zone, and nearly all of the lake area 
that would otherwise support submerged plants. As a consequence, in-lake habitat for reptiles, 
amphibians, wading birds, apple snails, or fish that depend on aquatic plant-dominated regions for 
successful foraging and recruitment is severely compromised. Extreme low stage also encourages invasive 
exotic plants, such as torpedograss and melaleuca, to establish in areas of the littoral zone where they did 
not formerly occur, displacing native vegetation. Recovery from the impacts of prolonged low stage events 
(below 10 ft. mean sea level) is slow, requiring multiple years of appropriate stage regime to recover, as 
documented by Havens et al. (2004) for submerged plants and by Havens et al. (2005) for sport fish such 
as largemouth bass. 

Opportunity: Lake ecology can be improved by reducing dramatic fluctuations in water levels, improving 
marsh inundation patterns by reducing intra- and inter-annual variation that tends to benefit invasive 
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Section 1 Introduction 

species and reduces the littoral extent. By stabilizing lake stages, vegetation in the upper and lower 
marshes would improve due to the reduction of intra- and inter-annual variation that leads to 
encroachment of woody vegetation and exotic species at high elevations and loss of SAV beds to open 
water or emergent marsh at low elevations. There is an opportunity to improve conditions for fish in Lake 
Okeechobee by creating better conditions for the emergent and submerged aquatic vegetation habitat 
that the fish use in the nearshore and littoral zones. An increase in invertebrate and plankton populations 
and diversity would also increase food sources for fish in the lake. 

1.4.3 Northern Estuaries 

Problem: The Caloosahatchee and St. Lucie estuaries (Northern Estuaries) have been subject to 
watershed runoff and increased freshwater flows from Lake Okeechobee for decades, resulting in 
successive years of environmental and economic impacts to these regions. 

The St. Lucie and Caloosahatchee estuaries are designated Estuaries of National Significance, and the 
larger Indian River Lagoon and Charlotte Harbor estuaries are part of the U.S. Environmental Protection 
Agency (USEPA)-sponsored National Estuary Program. Extensive land use changes have altered the 
hydrology of the entire Lake Okeechobee Watershed. Current operations of the C&SF Project and 
drainage for urban and agricultural development increased the volume and altered the timing of local 
basin flows to the rivers and estuaries. As a result, heavy rainfall can bring large influxes of freshwater 
into the estuaries from stormwater runoff within the basin, Lake Okeechobee flows, or both. Both 
stormwater runoff and releases from Lake Okeechobee have changed the quantity, timing, and 
distribution of freshwater entering the estuaries, which can cause atypical salinity fluctuations. SAV in 
these estuaries can become stressed, and in many cases has been reduced or eliminated by salinity 
fluctuations. A reduction in the size and health of SAV beds affects the location, abundance, and species 
richness in the estuary. 

Low flows to the estuaries also affect the balance and stability of downstream communities. Flows less 
than 450 cubic feet per second (cfs) at S-79 in the Caloosahatchee River Estuary allow saltwater to intrude, 
raising salinity above the tolerance limits for communities of submerged aquatic plants in the upper 
estuary. In the St. Lucie Estuary, flows less than 350 cfs at S-80 have this effect, as they result in higher 
salinities at which oysters are susceptible to increased predation and disease. Both SAV and oyster reefs 
are important habitats for fish and other organisms and contribute to ecological values. 

Opportunity: If the quantity, timing, and distribution of flows to the Northern Estuaries from Lake 
Okeechobee were improved, it would allow for the reestablishment of salinity regimes suitable for the 
maintenance of healthy, naturally diverse, and well-balanced estuarine ecosystems. This will create a 
more favorable habitat for juvenile marine fish, shellfish, oysters, and SAV in the Northern Estuaries. 

1.4.4 Water Supply 

Problem: Drainage of the watershed and the associated loss in storage have impacted water supply for 
Lake Okeechobee Service Area (LOSA) water users. 

The C&SF Project is a multi-purpose project that includes providing water supply to meet municipal, 
industrial, and agricultural uses. Drainage, water supply, and flood protection provided by the C&SF 
Project have allowed the growth of south Florida's population. Lake Okeechobee is an important source 
of water to both natural and developed areas, particularly during low rainfall years. Construction of HHD 
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Section 1 Introduction 

around Lake Okeechobee has changed the shoreline and littoral zone of the lake and disrupted the lake’s 
natural range of water levels, impacting both environmental and water supply uses. 

Water restrictions primarily affect agricultural water users. Economic losses associated with water 
shortages depend not only on the number of water shortages, but also on the severity and duration of 
the water restrictions. The longer the restrictions are in place and the more severe the cutbacks, the more 
likely it is that crop yields will be reduced and the greater the expenses that are required by users to 
manage the water shortages (Apogee Research 1990 and 1991). The growing demand for dependable 
water for agriculture, industry, and municipal water supply at a reasonable cost could exceed the limits 
of readily accessible sources during the 50-year planning horizon. 

Opportunity: There is an opportunity to improve water supply for existing legal LOSA users commensurate 
with ecosystem restoration opportunities. 

1.4.5 Recreation 

Problem: Degradation of the Everglades ecosystem reduces and restricts environmentally based 
recreation activities. 

Tourism is a “critical industry,” as identified by the Governor’s Commission for a Sustainable South Florida 
Initial Report (1995). A healthy ecosystem and its attendant tourism are the mainstays of the regional 
economy, as reflected by the relative domination of economic activity in the services, retail trade, and 
fisheries industries. Many Americans and international tourists visit natural areas regularly to enjoy a 
variety of outdoor activities, including fishing, hunting, birding, and wildlife activities such as outdoor 
photography and wildlife tours. Lake Okeechobee Watershed, Lake Okeechobee, and the northern 
estuaries are popular recreational destinations. The 2013 Florida Statewide Comprehensive Outdoor 
Recreation Plan (SCORP) divides the state into eight planning regions to assess the demand and need for 
outdoor recreation. Three of these regions are located within the LOWRP study area, including the region 
identified to have the greatest need for outdoor recreation opportunities. 

Lake Okeechobee is nationally recognized as supporting high quality largemouth bass and black crappie 
fisheries. The lake also supports a commercial fishery dominated by catfish species. Freshwater fishing 
retail sales in the five counties surrounding Lake Okeechobee were estimated at more than $117 million 
during 2000 (FWC 2018). Biologically, Lake Okeechobee can successfully support recreational and 
commercial fishery interests. The ability to sustain the region’s economy and quality of life depend to a 
great extent on the success of efforts to protect and better manage the region’s water resources. A stable 
and healthy environment will directly benefit the local economy through increases in tourism and dollars 
generated by the residents who enjoy outdoor activities, while also benefiting the nation. 

Opportunity: There is an opportunity to provide multiple recreation and economic opportunities for the 
local areas in the form of hunting, fishing, boating, and other outdoor recreation. 

1.5 Objectives and Constraints 

Section 601(h) of WRDA 2000 states “[t]he overarching objective of the Plan is the restoration, 
preservation, and protection of the South Florida Ecosystem while providing for other water-related 
needs of the region, including water supply and flood protection.” 
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Section 1 Introduction 

1.5.1 Goals and Objectives 

In addition to project purposes, the goals of the LOWRP include: 

1. Enhance ecological values in the study area’s wetlands, Lake Okeechobee, and estuarine 
ecosystems. 

2. Enhance economic values and social well-being. 

The objectives of the LOWRP include: 

1. Improve quantity, timing, and distribution of flows into Lake Okeechobee to maintain ecologically 
desired lake stage ranges more often. 

2. Improve the timing and volumes of freshwater flows from Lake Okeechobee to improve the 
salinity regime and the quality of habitats for oyster, submerged aquatic vegetation (SAV), and 
other estuarine communities in the Northern Estuaries. 

3. Increase the spatial extent and functionality of aquatic and wildlife habitat within Lake 
Okeechobee and the surrounding watershed. 

4. Increase availability of the water supply to existing legal water users of Lake Okeechobee 
commensurate with improving Lake Okeechobee ecology. 

1.5.2 Constraints 

Project constraints were recognized to ensure that the proposed project would not reduce the level of 
service for flood protection and would protect existing legal water users. When a project is expected to 
result in an elimination or transfer of an existing legal source of water, the PIR shall include an 
implementation plan that ensures a new source of water of comparable quantity and quality is available 
to replace the source that is being transferred or eliminated. Implementation of the project will not reduce 
the levels of service for flood protection within the areas affected by the project. 

WRDA 2000 requires the inclusion of “Savings Clause” analyses within each CERP PIR. The Savings Clause 
protects existing legal sources of water supply, such as water for municipal and agricultural uses, and 
ensures that CERP implementation does not reduce the level of service for flood protection. The following 
are constraints for LOWRP implementation: 

1. Comply with all applicable federal, state, and local laws, regulations, and policies. 

2. Maintain levels of service for flood protection to agricultural and urban lands (Savings Clause 
[Section 601 (h)(5)(B) of WRDA 2000]). 

3. Maintain levels of water supply service for existing legal users (Savings Clause [Section 601 
(h)(5)(A) of WRDA 2000]). 

4. Maintain the rights of the Seminole Indian Tribe of Florida under the Compact among the 
Seminole Indian Tribe of Florida, the State of Florida, and the South Florida Water Management 
District (Savings Clause [Section 601 (h)(5)(C) of WRDA 2000]). 

5. Maintain navigability to the lake, within the lake, and within the watershed. 
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Section 1 Introduction 

1.6 Report Authority 

The WRDA of 2000 approved the CERP as a framework for modifications to the C&SF Project in Section 
601(b)(1)(A). The LOWRP PIR will be submitted in compliance with Section 601(d) WRDA 2000, titled 
“Authorization of Future Projects.” 
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2 EXISTING AND FUTURE WITHOUT CONDITIONS 

This section provides a description of existing condition baseline (ECB) and future without project (FWO) 
conditions (the no-action alternative) within the study area and a definition of the FWO condition. 

2.1 “With” and “Without” Comparisons 

The U.S. Water Resources Council’s Principles and Guidelines provides the instructions and rules for 
federal water resources planning. One Principles and Guidelines requirement is to evaluate the effects of 
alternative plans based on a comparison of the most likely future conditions with (future with project 
(FWP)) and without (FWO) those plans in place. Note that the project referred to in the context of FWP is 
any one of the alternative plans that have been considered in the study. The FWP condition describes 
what is expected to occur as a result of implementing each alternative plan that is being considered in the 
study. The FWO condition describes what is assumed to be in place if none of the study’s alternative plans 
are implemented. The FWO condition is the same as the alternative of “no action” that is required to be 
considered by the federal regulations implementing the 1969 National Environmental Policy Act (NEPA). 
The differences between the FWO condition and the FWP condition are the effects of the project. 

2.2 Planning Horizon 

The planning horizon encompasses the planning study period, construction period, economic analysis 
period, and the effective life of the project. The timeframe used when forecasting the FWP and FWO 
conditions while considering impacts of alternative plans is called the period of economic analysis. It may 
also be referred to as simply the period of analysis. This time period is frequently confused with the 
planning horizon, which is a longer and more encompassing concept. Figure 2-1 shows that the period of 
analysis is part of the planning horizon. 

Figure 2-1. Planning horizon. 

The period of analysis for water resources projects usually falls between 50 and 100 years. Even if project 
structures last more than 100 years, there is too much inherent uncertainty to reliably forecast conditions 
and impacts beyond 100 years. The base year for the period of analysis for the LOWRP is 2028. The base 
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year assumes an unconstrained implementation timeline in which LOWRP will be authorized, designed, 
and constructed. The period of analysis for the proposed project will be 50 years, ending in the year 20781. 

Accounting for the beneficial and adverse effects of LOWRP through time is largely based on hydrologic 
modeling and performance measure evaluation. The operations projected in the absence of a project 
would be similar to 2050 estimates, as would the non-LOWRP projects that are being implemented since 
most of these are expected to be complete well prior to 2050. The latest and best available data was used 
to project the future conditions, including rainfall patterns. Based on the assumptions used for future 
forecasting, there is little reason to believe that hydrologic conditions in the study area would be 
substantially different between 2050 and 2078. 

2.3 Existing and Forecasted Ecological Description/Setting 

This subsection summarizes the existing and FWO conditions within the study area. Existing and FWO 
conditions are further documented in Appendix C. The project study area comprises three regions, 
described below (detailed in report Section 1). 

2.3.1 Lake Okeechobee Watershed 

The watershed portion of the study area encompasses approximately 920,000 acres and includes the 
following sub-watersheds: Fisheating Creek, Indian Prairie, Lower Kissimmee (S-65D and S-65E), and 
Taylor Creek/Nubbin Slough (Figure 2-2). These sub-watersheds contribute half of the inflows to Lake 
Okeechobee (Table 2-1). The entire Kissimmee Basin forms the headwaters of Lake Okeechobee and the 
Everglades; however, only the lower portion of the Kissimmee Basin is included in the project area. 
Although the Upper Kissimmee Basin contributes the majority of the inflows into Lake Okeechobee, flow 
from S-65 through the Kissimmee River Restoration Project is essential for restoration of the river and 
floodplain and can’t be reserved for other projects. Table 2-1 and Table 2-2 show both the Lake 
Okeechobee inflows from the study area and the total inflows to the lake outside of the study area. 

1 The Comprehensive Everglades Restoration Plan (CERP) Revised Draft Final Guidance Memoranda (GM) dated 
July 2007 states that the end-point for the period of analysis used in a Project Implementation Report (PIR) will 
coincide with the period of analysis end-point in the most current version of the Plan (end point 2050). LOWRP is 
using 50 years after the period of analysis start date due to the construction schedule of project features, which 
extends past the GM end-point date. 
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Table 2-1. Lake Okeechobee inflows within LOWRP study area in water year 2017. 

Inflow Source 
Percentage Contribution to 

Lake Okeechobee 
Lower Kissimmee (S-65D and S-65E) 19% 
Indian Prairie 12% 
Fisheating Creek 12% 
Taylor Creek/Nubbin Slough 7% 
TOTAL 50% 

Source: 2018 South Florida Environmental Report 

Table 2-2. Lake Okeechobee inflows outside of LOWRP study area in water year 2017. 

Inflow Source 
Percentage Contribution to 

Lake Okeechobee 
Upper Kissimmee 34% 
Lake Istokpoga 14% 
East Lake Okeechobee <1% 
South Lake Okeechobee 1% 
West Lake Okeechobee <1% 
TOTAL 50% 

Source: 2018 South Florida Environmental Report 

Historically, the LOWRP area was approximately 40 percent wetlands, including cypress (Taxodium spp.) 
and bay tree forests (Persea spp. and Magnolia spp.), inland swamps, freshwater marshes, wet prairies, 
and sawgrass marshes (Davis 1943). Land use changes over the last 150 years have resulted in conversion 
to agriculture, primarily pasture. Only a small percentage of wetland habitat remains. 

To estimate wetland FWO conditions, the project team made assumptions about how the wetland and 
upland land coverages would change over time. Although the LOWRP area is generally rural, given the 
recent increase in human immigration into Florida and the possibility that, as sea levels rise, the coastal 
populations of humans will move inland, it was assumed that natural areas would be degraded over time 
(i.e., converted to more developed conditions). More detail on the FWO conditions for wetlands in the 
project area is provided in Section 5. Wetlands and other natural areas farther from human population 
centers are probably less likely to undergo habitat degradation, but it is not possible to accurately predict 
the relative degree. 

2.3.2 Lake Okeechobee 

Lake Okeechobee is the largest lake in the southeastern United States and is a central part of the south 
Florida watershed. Lake Okeechobee receives water from a 5,400 square mile watershed that includes 
several sub-watersheds (Figure 2-3). 
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Figure 2-3. Lake Okeechobee system. 

Lake Okeechobee stages are currently managed by the 2008 Lake Okeechobee Regulation Schedule (2008 
LORS), which determines the timing and quantity of water that flows from the lake when the stage 
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exceeds defined seasonal regulatory levels. Until a new operating schedule is developed, the 2008 LORS 
(with the operational refinements identified to support the Central Everglades Planning Project (CEPP) 
Recommended Plan) is the best estimate for operations in the existing and FWO conditions. CEPP 
operational refinements assume that the lake stage will be held slightly higher for short durations to 
optimize flow equalization basin use in the CEPP study area.2 

Lake Okeechobee stage levels will remain similar to current conditions in the FWO condition, and it is 
assumed that continued impairment of downstream ecosystems and expansion of invasive and nuisance 
plant and animal species will occur due to altered lake levels. Table 2-3 shows the existing and FWO lake 
stage levels generated by the Regional Simulation Model Basins (RSM-BN) hydrologic model. The 
ecological condition is measured by the lake stage level, which measures the percentage of time that lake 
levels remain within a scientifically based ecologically preferred range, or stage envelope, between 
seasonal elevations of 12.5 to 15.5 feet National Geodetic Vertical Datum (NGVD). The desired restoration 
condition avoids frequent or prolonged departures from this preferred envelope and the occurrence of 
extreme high (>17 ft NGVD) and extreme low (<10 ft NVGD) lake stage events will be rare. 

Table 2-3. Existing and FWO conditions for Lake Okeechobee stage levels as modeled in RSM-BN. 

Lake Okeechobee Stage Levels Existing Conditions FWO Conditions 
% TIME > 17.0 ft. NGVD 0.2% 0.4% 
% TIME > 16.0 ft. NGVD 5.9% 7.8% 
% TIME > 15.5 ft. NGVD 29.6% 29.9% 
% TIME < 12.5 ft. NGVD 43.1% 42.4% 
% TIME < 10.00 ft. NGVD 3.9% 3.3% 
% Time Inside Ecologically Preferred Stage Envelope 28.3% 27.6% 

The frequency and severity of water restrictions for the Lake Okeechobee Service Area (LOSA) are 
anticipated to slightly decrease in the FWO condition as compared to the ECB due to the implementation 
of other related projects. Table 2-4 shows the total water supply cutback volumes, Restoration 
Coordination & Verification (RECOVER) severity scores, and the number of water years with at least one 
cutback, which are indications of water restrictions that affect existing legal users. 

2 At the time of this modeling effort, the Everglades Agricultural Area Storage Reservoir and Stormwater Treatment 
Area (EAA Storage Reservoir and STA) was in the planning process but not authorized or considered complete in 
the FWO condition. Therefore, the LOWRP team relied on previously authorized CEPP operational refinements for 
the Flow Equalization Basin. 
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Table 2-4. RECOVER performance measure: frequency and severity of water restrictions for LOSA.3 

Simulation 
Cutback Total 

(ac-ft) 
RECOVER 

Severity Score 
Number of water years 
with at least 1 cutback 

ECB 857,000 13 8 
FWO 688,000 12 8 

2.3.3 Northern Estuaries 

The phrase “Northern Estuaries” (Figure 2-4) describes the estuaries that connect Lake Okeechobee to 
the Gulf of Mexico on the west coast of Florida (Caloosahatchee Estuary) and the Atlantic Ocean on the 
east coast of Florida (St. Lucie Estuary). 

Figure 2-4. LOWRP study area. 

3 RECOVER WS-1 Frequency and Severity of Water Restrictions for Lake Okeechobee Service Area Performance 
Measure. March 2005. 
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The Caloosahatchee River is the major source of freshwater for the Caloosahatchee Estuary (Figure 2-5). 
Alterations to the Caloosahatchee River and watershed over the past century have resulted in a major 
change in freshwater inflow to the estuary. The Caloosahatchee River was originally a shallow, 
meandering river with headwaters in the proximity of Lake Hicpochee, near Lake Okeechobee. The 
Caloosahatchee River is now connected to Lake Okeechobee by the C-43 canal constructed in the early 
1900s. Today, the river extends from Lake Okeechobee to San Carlos Bay. The river now functions as a 
primary canal (C-43) that conveys both runoff from the Caloosahatchee watershed and flows from Lake 
Okeechobee. The canal has undergone numerous alterations including channel enlargement, bank 
stabilization, and a series of three lock-and-dam structures. The final downstream structure, W.P. Franklin 
Lock and Dam (S-79), demarcates the beginning of the estuary and acts as a barrier to salinity and tidal 
action, which historically extended farther east to near the LaBelle area. 

Figure 2-5. Map of the Caloosahatchee River and Estuary on the west coast of Florida. 

The St. Lucie River is approximately 35 miles long and is part of the Indian River Lagoon ecosystem. It has 
two major forks, the North and the South, that flow together and then eastward to the Indian River Lagoon 
and Atlantic Ocean at the St. Lucie Inlet (Figure 2-6). Historically, the St. Lucie River system was a 
freshwater stream flowing into the Indian River Lagoon. An inlet was dug in the late 1800s by local 
residents to provide direct access from the Indian River Lagoon to the Atlantic Ocean, thus changing the 
St. Lucie from a river to an estuary. The St. Lucie Estuary is connected to Lake Okeechobee by the C-44 
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canal that was constructed in the early 1900s. The C-44 canal flows into the St. Lucie Estuary via the S-80 
lock-and-flow control structure. Other major canals constructed in the watershed include the C-23, C-24, 
and C-25 canals. 
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Figure 2-6. Map of the St. Lucie River and Estuary on the east coast of Florida. 

As a result of channelization (C-43 and C-44) and operation of water control structures (S-79 and S-80), 
freshwater flows into the estuaries have been altered. Water flows from Lake Okeechobee, land use 
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transformations, increased development, and dredging for navigation, have also resulted in alterations in 
the quantity, timing, and distribution of freshwater entering the estuaries, causing adverse ecological 
impacts. All these modifications tend to provide excessive flows in the wet season and insufficient flows 
in the dry season. The estuaries have lost large acreages of both submerged aquatic vegetation and 
oysters due to large fluctuations in salinity caused by excessive freshwater flows during wet times and a 
lack of freshwater flow during extremely dry years. In areas where salinity conditions are favorable, 
recolonization is also impacted by the lack of suitable substrate needed to support benthic fauna and 
flora. This substrate issue is due to large areas of thick organic mucky sediment as well as the lack of hard 
bottom substrate needed for oyster colonization. 

Both stormwater runoff and regulatory flows from Lake Okeechobee have changed the quantity, timing, 
and distribution of freshwater entering the estuaries. The majority of inflows to the Northern Estuaries 
come from basin runoff and tidal flows; the remaining flows come from regulatory flows from Lake 
Okeechobee (Table 2-5 and Table 2-6). 

Table 2-5. Inflow sources to the St. Lucie Estuary. 

Inflow Source 
Contributions to Total Estuary 

Flow (Water Year 2017) 
Lake Okeechobee 36% 
C-44 Basin Runoff 8% 

Inflow from C-24, C-23, and Ten Mile Creek 31% 
Tidal Basin Flow 25% 

Source: 2018 South Florida Environmental Report 

Table 2-6. Inflow sources to the Caloosahatchee Estuary. 

Inflow Source 
Contributions to Total Estuary 

Flow (Water Year 2017) 
Lake Okeechobee 35% 

C-43 plus S-4 Basin Flow 32% 
Tidal Basin Inflow (downstream of S-79) 33% 

Source: 2018 South Florida Environmental Report 

Large freshwater flows from Lake Okeechobee are still expected to occur in the FWO, although to a lesser 
degree. The FWO model results show that future optimization of Lake Okeechobee regulation schedules 
and implementation of related hydrologic improvement projects (C-43 reservoir, C-44 reservoir, 
Kissimmee River Restoration Project, and Central Everglades Planning Project) reduce Lake Okeechobee 
average annual regulatory flows to both the St. Lucie and Caloosahatchee estuaries (Table 2-7 and Table 
2-8). 

In addition to reducing the volume of flows, these projects also reduce the number of months that Lake 
Okeechobee flows create freshwater inundation of the estuaries. 
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Table 2-7. Existing and FWO conditions for Lake Okeechobee regulatory flows to the St. Lucie Estuary. 

Scenario 
Average Annual Lake Okeechobee 

Regulatory Flows 

Number of Months Lake Okeechobee 
Causes a High-flow Event during the

Period of Record (1965-2005) 
ECB 165,000 acre-feet 31 
FWO 126,000 acre-feet 20 

Table 2-8. Existing and FWO conditions for Lake Okeechobee regulatory flows to the Caloosahatchee 
Estuary. 

Scenario 
Average Annual Lake Okeechobee 

Regulatory Flows 

Number of Months Lake Okeechobee 
Causes a High-flow Event during the

Period of Record (1965-2005) 
ECB 416,000 acre-feet 38 
FWO 257,000 acre-feet 23 

2.4 Comparison of Existing and Future Without Project Conditions 

Table 2-9 provides a comparison of ECB and FWO conditions. Existing and FWO conditions are further 
documented in Appendix C. 
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Table 2-9. ECB and FWO Project conditions. 

Parameter Existing Conditions FWO Conditions 
Climate Change The climate assessment for inland hydrology follows the USACE Projected temperature trends among the five peer-reviewed literature 
(Appendix C) guidance of Engineering and Construction Bulletin 2018-14, “Guidance 

for Incorporating Climate Change Impacts to Inland Hydrology in Civil 
Works Studies, Designs, and Projects,” and ER 1105-2-101, “Risk 
Assessment for Flood Risk Management Studies.” This policy requires 
consideration of climate change in all current and future studies to 
reduce vulnerabilities and enhance the resilience of communities. 
Observed temperature trends among five literature sources show an 
increase in temperature with a consensus in an increase in minimum 
and maximum temperatures. Observed precipitation show no 
discernible trends in annual/seasonal precipitation but shows an 
increase in the frequency and intensity of extreme precipitation 
events. No trend in observed stream flow was found. 

Sea level change has been a persistent trend for decades in the United 
States and elsewhere in the world. In most locations, global sea level 
rise results in local relative sea level rise. As a result, the nation's 
assets located at or near the ocean have already suffered impacts such 
as flooding and coastal shoreline erosion, which will continue to grow 
in severity. To better empower data-driven and risk-informed 
decision-making, the USACE has developed two web-based sea level 
change tools: Sea Level Change Curve Calculator and the Sea Level 
Tracker. Both tools provide a consistent and repeatable method to 
visualize the dynamic nature and variability of coastal water levels at 
tide gauges, allow comparison to USACE-projected sea level change 
scenarios, and support simple exploration of how sea level change has 
or will intersect with local elevation thresholds related to 
infrastructure. These trends will be evaluated for the alternatives 
proposed by LOWRP following the USACE guidance of Engineer 
Regulation (ER) 1100-2-8162, “Incorporating Sea Level Change in Civil 
Works Programs,” and Engineer Technical Letter (ETL) 1100-2-1, 
“Procedures to Evaluate Sea Level Change: Impacts, Responses, and 
Adaptation.” 

sources show an increase in annual/seasonal temperature and an 
increase in temperature minimums and maximums. Projected 
precipitation shows no discernible trend in annual/seasonal 
precipitation but does show an increase in the frequency and intensity 
of extreme precipitation events. While no consensus on an increase or 
decrease in projected stream flow is found, the hydrologic statistics 
support an increase in stream flow that may occur due to increase in 
extreme storm frequency. 
USACE used sea-level change projections for the period from 1992 to 
2178 for Daytona Beach, Fla., and Fort Myers, Fla., for historic, 
intermediate, and high rates of future sea level change. Flood 
protection from coastal structures may decline as a result of sea level 
rise because most coastal flood control structures are gravity-driven 
and release capacity of these structures may be reduced. The regional 
hydrologic models used to simulate Future With Project (FWP) and 
Future Without Project (FWO) conditions require climatic and tidal data 
as boundary conditions. Given the uncertainty in future climatic 
conditions, the historic climate conditions used in the period of record 
are assumed to represent conditions likely to occur in the study area in 
the future. The model tidal boundary used in the regional hydrologic 
model was developed using historic tidal data from two primary (Naples 
and Virginia Key) and five secondary (Flamingo, Everglades, Palm Beach, 
Delray Beach, and Hollywood Beach) National Oceanic and Atmospheric 
Administration stations. Simulation model tidal boundary conditions 
that reflect future sea-level change were not available for the range of 
potential sea-level rise expected. However, the impact of sea-level 
change on project benefits is assessed for the FWO and FWP conditions 
per ER 1100-2-8162 and ETL 1100-2-1 (see Section 6.0 and Annex H). 
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Parameter Existing Conditions FWO Conditions 

Physical Landscape The surficial geology of the LOWRP study area consists of Holocene Wetland soils would be drained and/or displaced with fill materials 
(Appendix C) freshwater peat and organic soils deposited within the Kissimmee 

River alluvial floodplain. The floodplain is over-drained and 
stranded due to construction of the C-38 canal. The Paradise Run 
area is an example of a stranded, over-drained floodplain in which 
existing meanders and oxbow lakes are filling in with fine-grained 
sediments and vegetation. Organic soils (mucks) on the floodplain 
and depressional wetlands are still classified as hydric soils as these 
areas are saturated during high lake stages. Away from the 
floodplain on Indian Prairie, the surficial geology consists of 
Holocene soils developed on nearshore marine sands and silts that 
were deposited during the last high seas stand, approximately 120 
thousand years ago. The geomorphic setting of the Indian Prairie 
sub-basin is best described as a dry prairie with depressional 
wetlands that are saturated during the wet season. 

to support urban development in portions of the project area. 
Abandoned meanders and oxbow lakes on stranded portions of the 
Kissimmee River floodplain would continue to fill with fine-grained 
sediments and vegetation. Existing drainage structures will continue 
to maintain reduced hydroperiod in many locations, continuing peat 
soil loss by oxidation and lightning-induced fires. Additional erosion 
in the watershed would continue contributing to soil loss. 

Vegetative Communities 
(Appendix C) 

The vegetative communities in the project area consist of mesic 
temperate hammock, pine flatwoods, hardwood forest, prairie 
hammock, dry prairie, wet prairie, freshwater marsh, wetlands, 
and submerged aquatic vegetation. 

The LOWRP study area (specifically Glades, Highlands, and 
Okeechobee counties) is expected to retain its rural and agricultural 
characteristics under FWO conditions. Some uplands and wetlands 
may deteriorate or be developed. High lake stages will continue to 
impact Lake Okeechobee vegetation. Continued flood control 
regulatory freshwater flows from Lake Okeechobee to the Northern 
Estuaries would continue to cause salinities to drop below preferred 
ranges for estuarine biota. High-level freshwater flows during the 
wet season would continue to result in increases in nutrient inflows 
and turbidity to the estuaries, thereby adversely affecting 
seagrasses. 

Threatened and A total of 24 federally protected species occur, or have the Under FWO conditions, the study area’s rural and agricultural nature 
Endangered Species potential to occur, within the project area. Species include, but are is predicted to remain largely intact. The potential conversion from 
(Appendix C) not limited to, northern crested caracara, Florida grasshopper 

sparrow, Eastern indigo snake, Everglade snail kite, Florida 
panther, Florida manatee, wood stork, and Florida bonneted bat. 
Designated critical habitat for the Everglade snail kite, West Indian 
manatee, and smalltooth sawfish also occurs within the project 
area. Many state-listed species also occur throughout the project 
study area. 

pasture to other types of agriculture (e.g., sugar cane or other crops) 
may result in a loss of habitat for species like the northern crested 
caracara. In the Northern Estuaries, altered hydroperiods would 
continue to negatively affect Florida manatees and 
smalltooth sawfish. 
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Parameter Existing Conditions FWO Conditions 

Fish and Wildlife A great diversity of fish and wildlife species occurs throughout the A further reduction in habitat function is possible, albeit to a lesser 
Resources (Appendix C) Lake Okeechobee Watershed and in Lake Okeechobee. Important 

fish and wildlife resources in the project area include aquatic 
macroinvertebrates, small freshwater marsh fishes, larger sport 
fishes, amphibians and reptiles, birds (including raptors and wading 
birds), and mammals. Much of the native habitats in the watershed 
have been replaced by agricultural uses, resulting in a loss of 
historic wetland habitat. The creation of ditches, canals, and the 
flooding of fallow agricultural fields provides some lower quality 
habitat for fish and wildlife, particularly during the rainy season. 

rate than in the past. In this event, it would likely result in a 
decrease in the abundance and diversity of fish and wildlife 
resources on non-protected lands. Under FWO conditions, desired 
restoration of historic water fluctuations within Lake Okeechobee 
would not be accomplished. Continued artificially high water levels 
within the lake will reduce the availability of bedding habitat for 
fishes and change the extent and composition of the emergent and 
submerged vegetation communities. Lower water levels could 
provide opportunities for foraging for wading birds and other birds 
dependent upon aquatic prey species by concentrating prey and 
exposing additional shallow water habitat; however, under FWO 
conditions, drought conditions would be ecologically worse without 
additional water storage to offset low lake levels. Fish and wildlife 
inhabiting the Northern Estuaries would continue to be impacted by 
flood control regulatory freshwater flows from Lake Okeechobee. 
Annual variability in flow would lead to salinity extremes outside the 
tolerance ranges of many fish and wildlife species, resulting in 
decreased species diversity. Further declines in estuarine habitat 
would continue to result in additional declines in the species that 
utilize these habitats (SAV and oysters). 

Essential Fish Habitat The project is located in areas designated as Essential Fish Habitat The Magnuson-Stevens Fishery Conservation and Management Act 
(Appendix C) for numerous species of fish and invertebrates. High volume 

freshwater flows into estuarine systems and coastal areas 
currently promote unfavorable conditions. 

governs marine fisheries. Current disruptions caused by flood 
control regulatory freshwater flows would continue to cause harm 
to estuarine systems in coastal areas. High-level freshwater 
regulatory flows during the wet season would contribute to negative 
impacts to species utilizing essential fish habitat. 
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Parameter Existing Conditions FWO Conditions 

Hydrology (Appendix C) The LOWRP study area can be hydrologically divided into four sub-
watersheds: Fisheating Creek, Indian Prairie, Taylor Creek/Nubbin 
Slough, and portions of the Lower Kissimmee (S-65D and S-65E). 
Each sub-watershed has a major tributary that historically drained 
south into Lake Okeechobee by meandering rivers and extensive 
floodplains. Through time, the construction of ditches, berms, and 
canals into this rain-driven system has disrupted the natural flow 
path of water leading to current restoration efforts. 

Hydrologic modeling simulations of the ECB condition were 
developed with the RSM-BN sub-regional modeling tool to provide 
baseline conditions. The ECB was developed to represent the 
system-wide infrastructure and operations that were in place at 
the time LOWRP plan formulation was initiated (2016). 

The FWO condition for LOWRP assumes the construction and 
implementation of currently authorized CERP and non-CERP 
projects, and other federal, state, or local projects constructed or 
approved under existing governmental authorities that occur in the 
LOWRP study area. The LOWRP FWO condition therefore included 
projects already authorized and under construction [Indian River 
Lagoon South Project, Caloosahatchee River (C-43) Phase 1 
Reservoir, Kissimmee River Restoration, and Central Everglades 
Planning Project (CEPP)]. 

Hydrologic modeling simulations of the FWO condition were 
developed with the RSM-BN sub-regional modeling tool. The FWO 
was developed to represent the system-wide infrastructure and 
operations that are authorized and would be expected in 
approximately year 2050. 

Regional Water Lake Okeechobee is managed by USACE in accordance with the The ECB scenario for the operation of Lake Okeechobee is based on 
Management – 2008 LORS to ensure that the congressionally authorized project the LORS 2008 regulation schedule. The LOWRP team recognizes 
Operations (Appendix C) purposes are met. that, when it was approved, 2008 LORS was identified as an interim 

schedule and that a subsequent schedule would be considered after 
repairs to the HHD were completed. The FWO scenario is based on 
the subsequent LORS regulation schedule (LORS+) and results in 
additional occurrences of higher lake stages than the current LORS 
2008 regulation schedule estimates. 

Groundwater Resources With exception of the Okeechobee Utility Authority, most As communities develop in the project area, drinking water supply 
(Appendix C) communities in the project area rely on groundwater from the 

surficial aquifer or Upper Floridan Aquifer (UFA) for drinking water 
supply. The Okeechobee Utility Authority uses surface water from 
Lake Okeechobee. A few permitted users rely on the UFA in the 
Indian Prairie sub-basin for livestock watering, because the 
Floridan aquifer is fresh in this area. The UFA is artesian in most of 
southern Glades, Okeechobee, and Martin counties. In Martin 
County, use of the UFA is controlled by the Artesian Pressure 
Protection Area regulation, which requires that flow reduction 
from artesian aquifers cannot exceed 10 percent as a result of any 
single project or user. 

will rely on groundwater from the surficial aquifer or UFA, treated 
by reverse osmosis technology to reduce total dissolved solids. 
Treated groundwater has a lower unit cost than treating surface 
water for drinking water supply. Groundwater users must obtain a 
consumptive use permit to pump groundwater for water supply. 
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Parameter Existing Conditions FWO Conditions 

Water Quality Existing water quality conditions within most of the study area The PDT followed guidance from ER 1105-2-100 in developing the 
(Appendix C) (Lake Okeechobee, Lake Okeechobee watershed, and coastal 

estuaries) were assessed and determined by the Florida 
Department of Environmental Protection (FDEP) to be impaired 
and in need of restoration. The primary pollutants of concern are 
nutrients. Where water bodies are impaired, FDEP develops total 
maximum daily load (TMDL) limits and implements water quality 
improvement plans called Basin Management Action Plans 
(BMAPs) to improve water quality conditions. Additional discussion 
of TMDLs and water quality is included in Appendix C and Annex F. 

water quality FWO assumptions: all significant uncertainty in the 
without project condition scenario should be adequately addressed 
either through the application of risk-based methods to a single 
most likely without condition scenario or through scenario planning. 
The PDT developed a Risk Register that identified important issues 
in the FWO with the help of the NFS (SFWMD). Using the risk 
register, the team focused on developing the single most likely FWO 
condition to occur, therefore there was no need to do any additional 
FWO scenarios. 
State Adopted and EPA approved TMDLs are currently in place for 
Lake Okeechobee. Further, the FDEP held public meetings on 
implementing the Kissimmee River TMDLs per Florida Administrative 
Code (F.A.C.) 62-304.515 which states: The purpose of the rule is to 
adopt Total Maximum Daily Loads (TMDLs), and their allocations, for 
certain waters impaired for nutrients in the Kissimmee River Basin. 
Furthermore, in accordance with paragraph 62-302.531(2)(a), F.A.C., 
the nutrient TMDLs for Lake Persimmon will constitute site specific 
numeric interpretations of the narrative nutrient criterion set forth 
in paragraph 62-302.530(48)(b), F.A.C., that will supersede the 
otherwise applicable numeric nutrient criteria in subsection 62-
302.531(2), F.A.C., for these surface water segments. Since the 
Kissimmee River is the main river that feeds Lake Okeechobee and 
the FDEP is proceeding with rule-making to implement TMDLs for 
the Kissimmee River as required by 62-302.515 FAC, this provides 
sufficient assurances that TMDLs will be in place in the FWO 
condition. 

Therefore, the PDT is making the assumption that the current and 
proposed state actions, including the adoption of total maximum 
daily loads (TMDL) and the Lake Okeechobee Basin Management 
Action Plan (BMAP), will be implemented and will improve water 
quality conditions in the study area. Even if state projects do not 
achieve applicable water quality standards, it would not change 
LOWRP formulation as the PDT is not formulating for water quality. 
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Parameter Existing Conditions FWO Conditions 

Water Supply and Flood The LOSA is more than 1.8 million acres in size and includes the The 2008 LORS plus CEPP is assumed to be present in the FWO 
Control (Appendix C) Lake Okeechobee and the integrated conveyance systems that are 

hydraulically connected to, and receive water from, Lake 
Okeechobee. The 2008 LORS lowered lake stages in comparison 
with the Water Supply/Environmental (WSE) previous regulation 
schedule. This reduced the level of certainty for surface water 
users in LOSA experiencing water shortage restrictions from 1-in-
10 years to 1-in-6 years. In 2008, the South Florida Water 
Management District (SFWMD) adopted a restricted allocation 
area (RAA) rule limiting allocations to base condition water uses 
that occurred from 1 April 2001 to 1 January 2008. The LOSA RAA 
serves as a part of the minimum flow level recovery strategy for 
Lake Okeechobee. Areas may become flooded during heavy rainfall 
events due to antecedent conditions that cause saturation and 
high runoff from developed areas. 

condition. Meeting the 1-in-10 year level of certainty for existing 
legal users of surface water in LOSA is not likely under the current 
operations under the 2008 LORS. However, when USACE repairs to 
the HHD are complete, there will be an opportunity to re-evaluate 
changes to the schedule which may raise lake levels. The current 
Integrated Project Delivery Schedule (July 2018 Update) indicates 
completion of HHD rehabilitation by 2022 and revision of the 2008 
LORS has already started by SAJ under the Lake Okeechobee System 
Operating Manual (LOSOM) lake regulation schedule evaluation. The 
current LOSA RAA criteria continue to apply to new projects, existing 
unpermitted projects, and modifications or renewals to existing 
projects located within the LOSA. In the future, additional water 
from Lake Okeechobee resulting from operational changes or a 
revised regulation schedule is expected to return the lake to an MFL 
prevention strategy, enhance the level of certainty for existing 
permitted users now receiving less than a 1-in-10 year level of 
certainty, and support environmental objectives. 
Flood risk management needs have increased since the original 
C&SF project was constructed and will likely continue to increase in 
the future. As agricultural and urban development continues, the 
volume, duration, and frequency of floodwaters may increase, and 
the actual level of flood damage reduction may decline in some 
areas. Flood damage reduction may also decline as a result of sea 
level change. Most coastal flood control structures are gravity 
driven. Release capability of these structures with current 
headwater conditions may be reduced. The climate change analysis 
is located in Annex H. 

Air Quality (Appendix C) Existing air quality in the affected environment is good to 
moderate. All areas of Florida, except one, are now 
attainment areas. 

It is anticipated that increased population and economic expansion 
in southeast Florida will result in an increase in ozone and other air 
quality pollutants. 
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Parameter Existing Conditions FWO Conditions 

Hazardous, Toxic and Lands potentially used for this project are very likely to have a past In the absence of the project, potential project lands would likely 
Radioactive Waste or present agricultural land use. Activities conducted over the past continue to be farmed. This would likely result in continued minor 
(HTRW) (Appendix C) 100 years are likely to have resulted in the presence of some 

HTRW materials on some of this land. State and federal databases 
include information on the known HTRW contamination sites. 
Phase I and II environmental site assessments will be used to 
identify unknown HTRW sites as well as test cultivated areas for 
the presence of residual agricultural chemicals. 

HTRW contamination associated with storing and applying 
agricultural chemicals as well as petroleum products. Cultivated soils 
would continue to have agricultural chemicals applied which may 
accumulate in the soils, depending upon the properties of 
chemicals. Should the subsequent landowner(s) opt to change the 
land use to something other than agriculture, they would have to 
meet all applicable federal and state regulatory levels for that land 
use, which may require remediation for residual agricultural 
chemicals. 

Noise (Appendix C) Within natural areas, external sources of noise are limited mainly 
to recreational users including airboats, off-road vehicles, swamp 
buggies, and motor boats. Existing sources of noise outside of the 
rural communities are limited to vehicular traffic, agricultural 
vehicles, etc. Within urban areas, existing sources of noise include 
noise associated with transportation arteries, construction and 
landscaping equipment, and commercial and industrial facilities. 

Sources of noise associated with surrounding land use are expected 
to be similar to those described in existing conditions. Noise impacts 
will change in areas where land use is projected to change from 
agriculture to residential/commercial. Within rural municipalities 
and urban areas, sound levels would be expected to be of greater 
intensity, frequency, and duration as areas are further converted 
from agricultural to residential/commercial use. 

Aesthetics (Appendix C) Natural areas within south Florida are composed of a variety of 
flatwoods, dry prairies, wetlands, marshes, wet prairies, lakes, and 
estuaries. The land is very flat, with much of the visible 
topographic features resulting from human development, such as 
canals and levees. Most of the project area is private lands, and 
there are no public parks, conservation areas, or refuges in the 
project footprint. 

Some urbanization is expected in the future, resulting in a potential 
loss of opportunity to aesthetically view open agricultural and 
natural areas. 
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Parameter Existing Conditions FWO Conditions 

Study Area and The existing land use within the study area varies from wetlands to Florida is expected to grow exponentially, exceeding the national 
Land Use (Appendix C) upland hardwood forests and from agriculture to high-density 

residential land use. The majority of the lands in the study area are 
pasture, wetlands, and agricultural crops such as citrus and row 
crops. 

expected growth rate; however, the growth rate is not as inflated 
for Glades, Highlands, and Okeechobee counties. The region, 
including cities within the study area, is expected to grow slightly 
both in population and in development to meet population 
demands. Much of the land in the study area is currently zoned for 
agricultural use. As growth continues, rezoning of lands for 
commercial and industrial use is likely to occur. Development 
pertaining to increased population includes the demand for 
additional infrastructure (roads, fire districts, schools, recreation 
facilities, stormwater management, water and sewer systems, and 
other facilities the developer may require). Agriculture is expected 
to remain a strong economic driver within the study area. Based on 
future population projections, land use acreages are not expected to 
increase or decrease substantially. 

Recreation (Appendix C) Lands within the project area are predominantly private pasture 
lands not open to public recreation. A lesser portion of these lands 
are owned by SFWMD. Paradise Run is a small part of the 
Kissimmee River Public Use Area open to hunting, fishing, and 
other outdoor, nature-based public uses. SFWMD-completed 
water resource projects most often are cooperatively opened to 
the public as Florida Fish and Wildlife Conservation Commission 
Areas for hunting, fishing, and other outdoor recreation. 

All of the areas throughout south Florida are expected to experience 
notably higher demand for selected recreation activities with a 
commensurate need to increase development of the region’s 
recreational resources and facilities. Without this project, these 
lands would not likely provide additional public outdoor recreational 
use. 
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Parameter Existing Conditions FWO Conditions 

Socioeconomics The primary economic activity throughout the study area is Future economic growth within the study area is expected to remain 
(Appendix C) agriculture. A second major economic activity is recreation. Lake 

Okeechobee supports an active commercial and recreational 
fishing industry. Other than agriculture, recreation, tourism, 
commercial fishing, and navigation, secondary economic activities 
include services (banking, insurance, etc.) healthcare, education, 
and government activities. 

From 1950 to 2015, Florida underwent dynamic change in 
population. Florida outgrew the other states by almost 500%. This 

consistent with the population growth of the area, while 
maintaining a mix of agricultural, service, retail, and administrative 
jobs. It is expected that the study area will continue to grow both in 
population and in associated infrastructure and commercial 
development, although the growth rate is expected to be less than 
other areas of south Florida. Florida is expected to grow at a rate 
exceeding the national growth rate, but the growth rate is expected 
to diminish in the future. 

growth can be attributed to Florida’s desirable climate and 
historically low property costs. With population expansion comes 
the myriad of challenges related to infrastructure, land use/pattern 
changes, water demand, environmental impacts, depletion of 
resources, and health and human safety issues. 

Environmental Justice 
(Appendix C) 

Minority, low-income, and Native American tribal populations live 
throughout the project area. The Seminole Tribe of Florida 
Brighton Reservation is in the project study area. 

Future economic growth and development within the study area 
may change the distribution of populations that live within study 
area. 

Cultural Resources Thousands of cultural resources are present throughout south Future economic growth within the study area may lead to 
(includes Culturally Florida. An initial review of Florida Master Site Files (FMSF) population increase and development of agricultural lands. Future 
Significant and Historic identified 443 archaeological sites and 290 historic resources development and expansion of infrastructure has the potential to 
Properties) (Appendix C) recorded in the study area. Almost half of the archaeological sites 

(182) are located within the boundaries of the Brighton 
Reservation in Glades County. An additional 47 cultural features 
were identified on the mid-19th and early 20th century General 
Land Office Survey township plat maps. FMSF data and recently 
completed USACE surveys have identified 11 archaeological sites 
present within the final array of alternatives. There is a high 
probability that significantly larger numbers of unrecorded 
archaeological sites are located throughout the study area as the 
majority of lands have not been surveyed for the presence of 
cultural resources. 

adversely impact cultural resources during construction of roads, 
sewer systems, and other facilities. 
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Parameter Existing Conditions FWO Conditions 

Invasive and Nuisance 
Species (Appendix C) 

Existing resources indicate 74 species of non-native plants have 
been documented to occur within the project area. Of the 74 
species, 15 are classified as Florida Noxious Weeds, 44 are 
classified as Florida Exotic Pest Plant Council (FLEPPC) Category I, 
and 12 are classified as FLEPPC Category II plants. 51 species of 
non-native animals have been documented to occur within the 
project area, two of which are invasive carnivorous reptiles. 

Non-native invasive species will continue to thrive and negatively 
affect the ecology throughout the project area. New invasions and 
the expansion of existing invasive plant and animal species will 
continue in the future. Native nuisance species such as cattail will 
persist and expand in the project area. 
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Section 2 Existing and Future Without Conditions 

2.5 Structural and Operational Assumptions in the Future Without Condition 

The FWO project condition for the 50-year planning horizon assumes the construction and 
implementation of authorized CERP and non-CERP projects, operational assumptions, and other federal, 
state, and local projects constructed or approved under existing governmental authorities that occur in 
the LOWRP study area (Table 2-10, Table 2-11, and Table 2-12). 

Table 2-10. Status of Pre-CERP projects for ECB and FWO assumptions. 

LOWRP ECB LOWRP FWO Relationship to LOWRP 

Kissimmee River Restoration (KRR); 
Reach 1 and 4 backfill and all water 
control structure modifications 
complete; Reach 2 and 3 backfill and S-
69 Weir under construction. 

KRR construction 
complete. 

KRR will restore portions of the historic 
floodplain and oxbows, thereby slowing flows 
from the Kissimmee River into Lake 
Okeechobee, as well as restore timing and 
volume of flows. 

Kissimmee River Headwaters 
Revitalization Project (Kissimmee River 
Upper Basin includes real estate 
acquisition and operations); operations 
not implemented until all construction 
complete. 

Headwaters 
schedule for S-65 
implemented. 

Headwaters revitalization schedule will allow 
higher fluctuation of lake stages in order to 
meet flow requirements to the Kissimmee 
River, restoring timing and volume of flows 
from the headwater lakes downstream to Lake 
Okeechobee. 

HHD Dam Safety Modification Report; 
under construction. 

Complete; 
features 
operational. 

LOWRP management measures may alleviate 
some of the risks associated with higher lake 
levels during peak water years. 

Table 2-11. Status of CERP projects for ECB and FWO assumptions. 

LOWRP ECB LOWRP FWO Relationship to LOWRP 

Indian River Lagoon-
South (IRL-S); C-44 under 
construction, C-23 and 
24 In PED. 

Complete; 
features 
operational. 

Provides alternate storage downstream from Lake 
Okeechobee, partially protecting the St. Lucie Estuary from 
freshwater flows from the C-44, C-23, C-24, and C-25 basins. 
The IRL-S C-44 reservoir may receive limited inflows from Lake 
Okeechobee if capacity is available. 

C-43 West Basin Storage 
Reservoir; under 
construction. 

Complete; 
features 
operational. 

Provides alternate storage downstream from Lake 
Okeechobee, partially protecting the Caloosahatchee Estuary 
from high-volume flows from the lake. 

LOWRP Final PIR and EIS August 2020 
2-23 



  

  

  

  
 

 
 

 
 

  

    

 
 

  
 

 
 

 
 

 

 
 
 

  

 
  
 

 
 

 

     

      
  

      
  

   
  

  
  

 
  

  
 

 
  

  
       

        
   

     
       
    

Section 2 Existing and Future Without Conditions 

LOWRP ECB LOWRP FWO Relationship to LOWRP 

CEPP; Authorized in 2016 
not yet in PED. 

Complete; 
features 
operational4 . 

When completed, CEPP components would allow 
approximately 200,000 acre-feet average annual of water to 
be delivered to the Everglades that would otherwise be 
retained within Lake Okeechobee or flow to the Northern 
Estuaries. 

Table 2-12. Status of related projects and operational plans for ECB and FWO assumptions. 

LOWRP ECB 

LOWRP FWO 
Project

Conditions Relationship to LOWRP 
Natural Resource 
Conservation Service wetland 
restoration projects and 
wetland reserve programs; 
several projects complete 
within project footprint. 

All current 
projects complete; 
future acreage not 
projected. 

Agricultural Conservation Easement Program (ACEP) 
wetland restoration projects within the LOWRP 
footprint to consider in FWO conditions and when 
siting LOWRP wetland restoration sites. ACEP program 
has approximately 40,000 acres of restored wetlands in 
the Lake Okeechobee watershed. 

4 It is important to note that the Central Everglades Planning Project (CEPP) as authorized in 2016 is included in the
LOWRP FWO assumptions rather than the Everglades Agricultural Area Storage Reservoir and Stormwater Treat-
ment Area (EAA Storage Reservoir and STA) as authorized in 2018. This is because at the time of LOWRP planning 
efforts, the EAA Storage Reservoir and STA was in the planning process but not yet authorized. The 2016 CEPP in-
cluded a Flow Equalization Basin with a storage capacity of approximate 56,000 ac-ft on the A-2 parcel. The 2018 
EAA Storage Reservoir and STA proposes modification to the CEPP Plan and includes construction of a 240,000 
acre-feet reservoir, a 6,500-acre STA, and conveyance improvements. The EAA Storage Reservoir and STA would 
further reduce the number, return frequency and severity of high-volume releases from Lake Okeechobee, improv-
ing salinity and water quality conditions in the St. Lucie and Caloosahatchee Estuaries. In combination with previ-
ously authorized projects, the EAA Storage Reservoir and STA would move closer to the CERP goal of approxi-
mately 80% reduction in damaging discharges to the Northern Estuaries, by providing a 55% reduction in discharge 
volumes and a 63% reduction in mean monthly high-flow discharge events to the Northern Estuaries from Lake 
Okeechobee. 

The transition from CEPP to the EAA Storage Reservoir and STA would likely improve the LOWRP FWO condition 
for Lake Okeechobee and the northern estuaries due to the significant increase in storage (from a 56,000 ac-ft ca-
pacity A-2 FEB in CEPP to a 240,000 ac-ft capacity reservoir, along with additional storage provided by a 6,500 acre 
STA). This would not impact the net LOWRP benefits, the comparison of alternatives, or the selection of the recom-
mended plan, although this would result in more cumulative benefits to Lake Okeechobee and the northern estu-
aries. A sensitivity analysis with an early LOWRP alternative was conducted with the EAA Storage Reservoir and STA to 
determine how the projects would work together to provide Lake Okeechobee and northern estuary benefits. From an 
effectiveness standpoint, this sensitivity run showed that the LOWRP ‘CERP-like’ alternative combined with the EAA Stor-
age Reservoir and STA meets the CERP goal in reducing the number of high-flow events to the Northern Estuaries and 
the Lake Okeechobee Index Score, and comes very close to meeting the CERP goal for reduction in flow volumes from 
Lake Okeechobee to the Northern Estuaries. This sensitivity run is discussed in more detail in Section 6.3. 
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Section 2 Existing and Future Without Conditions 

LOWRP ECB 

LOWRP FWO 
Project

Conditions Relationship to LOWRP 
U.S. Fish and Wildlife Service 
(FWS) Refuge project; not 
currently constructed. 

Complete. Restoration project within the LOWRP footprint to 
consider in FWO conditions and when siting LOWRP 
wetland restoration sites. 

Florida Department of 
Protection (FDEP) Basin 
Management Action Plans 
(BMAPs); several projects 
operational. 

Complete. Necessary to satisfy state water quality requirements. 

2008 LORS with CEPP 
refinements. 

2008 LORS + CEPP 
refinements. 

Lake Okeechobee stage influenced primarily by a lake 
regulation schedule. 

The LOWRP baselines and alternatives were modeled using the RSM-BN. The modeling assumptions are 
based on the LOWRP assumptions for completed projects. A more detailed description on these 
assumptions used to simulate the ECB and FWO conditions is provided in Appendix A. 

2.6 Native Americans 

There are two federally recognized tribes within Florida: the Miccosukee Tribe of Indians of Florida (MTIF) 
and the Seminole Tribe of Florida (STOF) (Figure 2-7). Both tribes have a long history of living within the 
project area and maintain a strong connection to the region through continued use. They regard the 
indigenous populations of Florida as their ancestors. 
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Section 2 Existing and Future Without Conditions 

Figure 2-7. Florida Tribal Properties 

Both tribes moved into the region from Georgia and Alabama during the 18th and 19th centuries. Fleeing 
the U.S. Army and the forced relocation policies of the Indian Removal Act (1830), the Miccosukee and 
Seminoles were part of Native American groups commonly referred to as Seminoles. However, there are 
references to some of the groups involved in the conflict as Mikasuki, which supports the later reasons 
for separation of the two groups (Weisman 1999). Many of these groups fled into the swamp areas of 
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Section 2 Existing and Future Without Conditions 

south Florida and made their homes within the Everglades and other remote areas of the region. The 
coming of the Civil War led to the abandonment of the removal efforts and the various Native American 
groups were largely left alone until the late 19th century. In 1928, the Tamiami Trail opened, cutting 
through the Everglades and bringing along with it tourists and explorers into the region and, for the first 
time, bringing complete access for the various tribes to participate in the larger economy that was growing 
in south Florida. 

Living tribal members today can recall growing up on tree islands in the Everglades and living the lives 
their ancestors did 100 years before. Tribal members born before big gaming in 1979 recall selling their 
beadwork or patchwork, and wrestling alligators and dancing for tourists to support their families. Tribal 
members have lived in the heart of the Everglades since the 1830s, well before the first efforts to drain 
the land began in the 1880s and witnessed first-hand the impact of those efforts on their homes and 
livelihood. Refer to the Native American sections in Section 5 and Appendix C for more information. 

Before the 1930s, the Seminoles inhabited camps scattered across Florida where the Federal Government 
started to bring services. Between 1935 and 1938, 35,279 acres of land were set aside to begin 
consolidating the Seminole camps into a reservation at Brighton. Some of the groups relocated and 
started to receive federal aid, while other groups resisted government intrusion into their lives and 
remained in various traditional areas that now include sites along Tamiami Trail (Weisman 1999). Today, 
approximately 637 people live on Brighton Reservation. They continue to rely on the water from Lake 
Okeechobee as water supply and a secondary irrigation supply for water shortages on the reservation. 
The Tribe also has access to and uses the HHD and Lake Okeechobee for hunting, fishing, and 
recreational activities. 

Members of the Seminole Tribe have six reservations in Florida, as well as an easement in Water 
Conservation Area 3A (WCA-3A) for such purposes as hunting, fishing, and frogging. Of particular note in 
regard to this project is the Brighton Reservation, which is approximately 36,000 acres in size and located 
in Glades County, northwest of Lake Okeechobee within the LOWRP study area (Appendix C). The Tribe 
also owns an approximately 3,685-acre property located northeast of and adjacent to the Brighton 
Reservation, bounded by the Kissimmee Branch Canal No. 1. The Brighton Reservation on the northwest 
side of Lake Okeechobee would still exist under the FWO. It is expected that the Seminole Tribe would 
continue using the areas around the HHD for hunting and fishing. 

The STOF has surface water entitlement rights pursuant to the 1987 Water Rights Compact between the 
Seminole Tribe of Florida, the State of Florida, and the South Florida Water Management District 
(SFWMD). Additional documents addressing the Water Rights Compact entitlement provisions have since 
been executed. Two of the tribe’s reservations rely on Lake Okeechobee as a secondary irrigation supply 
source for their surface water entitlement, with specific volumes of water identified for this purpose for 
the Big Cypress Reservation and an operational plan addressing water shortage operations for the 
Brighton Reservation. 

Members of the MTIF administer approximately 270,818 acres, which includes federal Indian reservations 
and leased lands. The MTIF owns one property located within the LOWRP study area: Cherry Ranch, 
covering approximately 3,000 acres in Highlands County, located approximately 8 miles west of the STOF’s 
Brighton Reservation. The property has no visible structures; it is predominantly pastureland used for 
cattle ranching, but also has some wooded areas. 
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Section 2 Existing and Future Without Conditions 

Members of both tribes rely upon areas off the reservations to support their cultural, medicinal, 
subsistence, and commercial activities. The specific issues impacting each tribe have been different over 
the last few decades, but they are all related to impacts that other components of the CERP program have 
produced on other reservations. The MTIF’s focus has been on impacts to water quality and nutrient 
pollution and the impacts of the use of aquifer storage and recovery (ASR) wells in the region. The STOF’s 
focus has been on water supply, flood risk, seepage concerns, cultural resources, and the isolation of 
Brighton Reservation. In addition to these tribes, the federally recognized Native American tribes 
Thlopthlocco Tribal Town of Oklahoma and the Seminole Nation of Oklahoma are regularly involved in the 
Section 106 consultation process. 
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Section 3 Formulation of Alternative Plans 

3.0 FORMULATION OF ALTERNATIVE PLANS 

The following sections present an overview of the strategy and development of the alternative plans 
evaluated during the Lake Okeechobee Watershed Restoration Project (LOWRP) formulation process1. 
Please see Appendix E-Plan Formulation for a more detailed analysis of the formulation of alternative 
plans. 

3.1 Plan Formulation Strategy 

During the plan formulation process, the Project Delivery Team (PDT) made qualitative and quantitative 
comparisons between the future without project (FWO) condition and the future with project (FWP) 
condition in order to analyze the environmental effects and benefits of the project alternatives. The FWO 
condition describes what is assumed to be in place if none of the study’s alternative plans are 
implemented. The FWO condition for LOWRP assumes the construction and implementation of 
authorized Comprehensive Everglades Restoration Plan (CERP) and non-CERP projects, and other federal, 
state or local projects that occur in the LOWRP study area, either constructed or approved under existing 
governmental authorities, as described in Section 2 of this report. The future with project condition 
describes what is expected to occur as a result of implementing each alternative plan that is being 
considered. Based on this approach, the LOWRP alternatives were analyzed as the next–added increment 
of CERP projects identified as likely to have been completed prior to implementation of the LOWRP. The 
LOWRP alternatives were formulated, evaluated, and justified based on the ability of the LOWRP 
alternatives to (1) contribute to the goals and purposes of the CERP, and (2) provide benefits that justify 
costs on a next-added increment basis. 

3.1.1 Project Feature Formulation 

The LOWRP alternative formulation strategy was conducted in two phases to identify water storage 
measures (Phase 1) and wetland restoration measures (Phase 2) to achieve project objectives as shown 
in Figure 3-1. These features were initially formulated and screened as separable elements, then were 
combined to form complete alternatives. 

1 Throughout the formulation of alternatives, energy and conservation potentials, along with natural or depletable 
resource requirements and conservation potentials, were considered per 40 CFR § 1502.16 (e) and 40 CFR § 
1502.16 (f). 

LOWRP Final PIR and EIS August 2020 
3-1 



  

    
  

 
   

  

    
  

  
    

     
  

     
   

   
  

     
      

    
  

     

Section 3 Formulation of Alternative Plans 

Figure 3-1. Two-phased plan formulation strategy. 

3.1.2 Project Operations Formulation 

The project delivery team (PDT) recognized early in the planning process that Lake Okeechobee Regulation 
Schedule (LORS) operational modifications could provide significant project benefits. As envisioned in the 
CERP Lake Okeechobee Regulation Schedule component (Component F), the LORS can be optimized to 
take advantage of additional storage features to better meet LOWRP objectives and to reduce high lake 
stages, improve the timing and volume of flows to the estuaries, and improve water supply for existing 
legal users of Lake Okeechobee. Although LOWRP is not a mechanism for authorizing changes to the LORS, 
the schedule modifications developed for the Recommended Plan would inform a future LORS update, 
similar to what was done for the Central Everglades Planning Project (CEPP). 

The PDT incorporated LORS modifications into the formulation process by modifying the lake schedule 
specifically for each alternative to evaluate the potential benefits of proposed infrastructure. Therefore, 
as part of the formulation process, the supporting hydrologic modeling for LOWRP alternatives included 
the 2008 LORS with modifications proposed by CEPP and modifications proposed by the LOWRP to 
maximize benefits of the proposed infrastructure and take advantage of completed Herbert Hoover Dike 
(HHD) repairs. These variations on the Regulation Schedule were developed solely for the LOWRP study 
and will not constrain or define future planned efforts to study revisions to the LORS. 

LOWRP Final PIR and EIS August 2020 
3-2 



  

    
  

     
      

   
     

      
      

    
   

     
     

           
     

      
     

     

  

   
  

     

      
 

  
   

  
  

   
   

   

  

    

  

  

  

       
 

   

Section 3 Formulation of Alternative Plans 

Two tenets guided these LORS modifications. The completion of the HHD Dam Safety study informs risk 
associated with proposing optimization on the high end of the regulation schedule, and the lake 
performance measures constrain moving the lake higher or lower than the current environmental band. 
The modified LOWRP operations for each alternative incorporated the current management bands of the 
2008 LORS with the CEPP modifications for water supply deliveries to the Caloosahatchee and St. Lucie 
Estuaries (Northern Estuaries) and additional optimizations to three parts of the decision tree: 

• Class limits for Lake Okeechobee inflow and climate forecasts, including tributary hydrologic 
conditions, seasonal climate outlook, and multi-seasonal climate outlook 

• Stage level, as delineated by the LORS management bands 
• Stage trends (whether water levels are receding or ascending) 

Details of the lake schedule modifications proposed by LOWRP are found in Appendix A. In order to verify 
project benefits without lake schedule modifications, a sensitivity run was performed on the 
Recommended Plan with the unmodified lake schedule. This run confirmed that LOWRP benefits, while 
reduced overall, occur independently of lake schedule modifications. Results of this analysis are presented 
in Section 6 and Appendix A. 

3.2 Water Storage Formulation 

This section describes individual water storage management measures initially considered and the 
rationale for their inclusion or exclusion as the basis for alternative development. 

3.2.1 Level 1 Evaluation and Screening of Water Storage Management Measures 

By creating additional water storage north of Lake Okeechobee, the LOWRP can facilitate improved 
flexibility in the timing and distribution of water in the lake, to the Northern Estuaries, and throughout 
the Lake Okeechobee watershed. Water can be stored during wet periods to reduce high lake stages and 
later be released into the lake to reduce the impacts of low stages during dry times. 

This section describes major features and activities (i.e., management measures) and the rationale for 
their inclusion or exclusion as the basis for alternative development. Management measures included a 
mixture of measures proposed in the Restudy as well as measures identified during project scoping with 
project stakeholders. The initial criteria are at the most conceptual level and generally use best 
professional judgment and information gained from other, related projects. 

Initial screening criteria: 

• Effectiveness: ability to meet objectives and avoid constraints 

• Environmental Effects: avoidance of negative impacts 

• Efficiency: relative cost-effectiveness in meeting objectives 

• Technical Uncertainties: acceptable level of technical uncertainty 

Table 3-1 summarizes the results of the preliminary screening of management measures and identifies 
the management measures that are retained. Reasons for screening or retaining individual measures are 
described in more detail in Appendix E-Plan Formulation. 
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Section 3 Formulation of Alternative Plans 

Table 3-1. Level 1 screening of water storage management measures. 

Phase 1 Water Storage 
Management Measure Results for Water Storage Components 

Dredge Lake Okeechobee Not retained due to environmental effects and 
efficiency. 

Aboveground Reservoir RETAINED (Meets all criteria). 
Wetland Attenuation Feature RETAINED (Meets all criteria). 
ASR Well RETAINED (Meets all criteria). 
Deep Injection Wells Not retained due to technical uncertainties. 
Dispersed Water Management Not retained due to effectiveness. 

Retained Water Storage Management Measures 

This subsection details the management measures retained after screening of the initial array of 
management measures. 

Aboveground Reservoir 

Aboveground storage reservoirs would be utilized to capture and hold normal and peak flows. Water 
would then be released when flows are needed for the natural system. Deep storage reservoirs have 
relatively high construction costs when compared to shallow reservoirs due to additional dam safety 
requirements. However, both shallow and deep reservoirs are operationally flexible and offer the 
potential to improve the timing and distribution of water to the natural system. Storage reservoirs would 
experience dry-outs during extended drought periods and do not offer substantial wildlife habitat value. 
Aboveground storage reservoirs were retained for consideration. 

Wetland Attenuation Feature 
A wetland attenuation feature (WAF) is a flow-through wetland used for surface water storage to atten-
uate peak flows and stages in adjacent areas when the Lake Okeechobee stage is above the ecologically-
preferred stage envelope. Although a WAF provides aboveground storage like a reservoir, water levels 
may be suitable for growth of wetland vegetation due to the water depths typically realized through op-
eration of the facility. This measure was retained for consideration in alternative development. 

Aquifer Storage and Recovery Wells 

Aquifer Storage and Recovery (ASR) is the belowground storage of available water within the aquifer, and 
the recovery of that water for use when there are system demands. ASR wells are conceptualized to be 
completed within two distinct zones within the Floridan Aquifer System: an “upper” zone, the Upper 
Floridan Aquifer (UFA), composed of porous limestone lying 900–1,200 feet below land surface, and a 
deeper, more saline zone referred to as the Avon Park Permeable Zone (APPZ), composed of porous 
dolomite, found 1,600–2,000 feet below land surface. ASR wells were retained for consideration in 
alternative development as a cost-effective measure that would limit the need for acquisition of private 
lands to meet project objectives. Additionally, ASR wells provide long-term storage of large volumes of 
water that otherwise would not be available from constructed surface storage features. 
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Section 3 Formulation of Alternative Plans 

3.2.2 Level 2 Evaluation and Screening of Water Storage Management Measures 

Management measures can work together as a system to maximize their ability to provide water to the 
ecosystem being restored with more ideal timing, volumes, and distribution on the landscape. The second 
level of evaluation focused on placement and scale of the retained storage management measures to 
improve overall efficiency and effectiveness. This effort consisted of four steps: 

1. Initial sensitivity runs for testing of various reservoir sizes and ranges of ASR wells to identify 
storage goals. 

2. Aboveground storage feature siting in the project area to improve and optimize the ability of the 
storage features (deep reservoirs, shallow reservoirs, and wetland attenuation features) to 
achieve LOWRP’s restoration objectives. 

3. Combining aboveground storage features and ASR wells to achieve synergy of water storage and 
delivery abilities. Such partnered management measures are referred to as components and the 
ability of the measures to achieve a synergy if they were combined was considered in the 
screening. 

4. Iterative water storage analysis to compare components more extensively than in Level 1 for their 
ability to meet restoration objectives. 

Initial Sensitivity Runs 

The Reservoir Sizing and Operations Screening (RESOPS) model2 was used to quickly test the performance 
of various storage configurations and scenarios to identify feasible ideas for further in-depth analysis. The 
sensitivity and screening runs would assist the team with identifying an overall storage goal by identifying 
the Lake Okeechobee and northern estuaries environmental performance of a broad range of storage 
volumes. These runs are described in more detail in Appendix E- Plan Formulation. 

Aboveground Water Storage Feature Siting 

The initial rationale behind the aboveground water storage formulation was to meet the CERP target, 
which included 200,000 acre-feet of reservoir storage (North of Lake Okeechobee Storage Reservoir (CERP 
Component A)). Although this volume was a target for planning purposes, storage volumes above and 
below this amount were considered to provide a wide array of project costs and benefits. Deep reservoirs 
(15 ft. average pool depth) were initially considered to meet the storage target. Although deep storage 
reservoirs have relatively high construction costs when compared to shallow reservoirs, the overall cost 
per acre-foot of water storage is generally less than shallow storage because one deep reservoir typically 
requires less infrastructure than multiple shallow storage facilities. Due to the difficulties of siting deep 
reservoir storage as discussed in the Shallow Reservoir Siting Analysis section below, several 
configurations of shallow storage (shallow reservoirs and wetland attenuation features) were 
subsequently formulated and evaluated. 

Deep Reservoir Siting Analysis (Storage Option 1 of 4) 

The deep reservoir analysis began with conceptual reservoir sites from the previous LOWRP effort that 
was paused in 2006. This previous effort used a GIS analysis to identify potential reservoir locations with 

2 Coarse-scale water management simulation model 
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Section 3 Formulation of Alternative Plans 

the fewest siting impacts, based on presence of wetlands or areas with high ecologic values, number of 
impacted real estate parcels, known cultural resource site impacts, regional economic considerations and 
real estate costs, and Environmental Justice considerations for areas with minority or low-income 
populations. The results of this GIS analysis were then converted into potential reservoir sites as shown 
in Figure 3-2. These sites are conceptual and have been revised throughout the planning process due to 
cultural resources, potential environmental impacts, analysis of topography, cost considerations, and 
feedback from Tribal nations and local communities. 

Figure 3-2. Deep aboveground storage sites considered during screening. 

The PDT analyzed spatial relationships between deep aboveground storage sites. In general, deep storage 
sites located in the downstream portion of their respective basins would provide more efficient and 
effective performance compared to the upstream basin sites. The downstream sites provide access to the 
entire basin’s runoff, therefore offering greater opportunity for storage. Hydrographs were surveyed to 
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Section 3 Formulation of Alternative Plans 

compare access to water inflows. Areas with low or inconsistent water availability were dropped during 
this iteration. Site-specific constraints were considered, such as land use, real estate considerations, 
topography, and the location of existing water conveyance features. 

Deep Reservoir Scoring Criteria 

Sites were further evaluated based on the below criteria. This analysis is described in more detail in 
Appendix E- Plan Formulation. 

• Reliable water source(s). A reliable water source is critical to reservoir performance and is the 
primary consideration for reservoir siting.  As the objectives for the storage components of this 
project include increasing water supply availability and maintaining healthy lake stage levels even 
during dry periods, proper functioning of this reservoir includes reliable accessibility to a water 
source. Figure 3-3 displays regional water availability inflow to Lake Okeechobee.  A direct 
connection with Lake Okeechobee provides the most consistent source of water to ensure that 
reservoirs meet project objectives, followed by the Kissimmee River (C-38). 

Figure 3-3. Regional water availability 

• Co-location opportunities with proposed ASR wells and/or wetlands. Reservoirs assisted by ASR 
wells could potentially be filled more than once during a season or event as the ASR draws water 
from the reservoir to recharge, thus increasing dynamic reservoir storage. Stand-alone reservoirs 
(not co-located with ASR wells) are limited by surface storage volumes. Reservoirs sited near 
wetlands could reduce overall seepage management costs (for example, a seepage canal may not 
be needed in areas where a reservoir borders a wetland). 
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Section 3 Formulation of Alternative Plans 

• Cost in dollars per acre-foot of water storage3. A parametric cost-estimating tool was used for 
screening-level costs to generate an “order of magnitude” construction cost estimate for 
reservoirs, considering various depths and storage capacities. The tool takes into account soil 
conditions such as muck, sand, and clay, as well as local impacts such as the construction or 
removal of roads, bridges, transmission lines, railroads, rail yards, and/or railroad bridges, 
housing, farms, telemetry, etc. Depths of 4 to 18 ft. were considered and the least cost per acre-
foot of water storage was selected. The costs from the parametric costing tool are provided in 
Appendix E-Plan Formulation. 

Additional Deep Reservoir Considerations Not Used for Scoring 

• Percentage of public land ownership within the reservoir footprint. The team carefully 
considered public land ownership within the project footprint for each potential site. The 
percentage of public lands within the reservoir footprint was a consideration throughout the 
planning process, although the ability of the project to meet ecological objectives in a cost 
effective manner was the primary factor when determining where to site project features.  A 
significant reason why the public land ownership was considered is the feedback received from 
both local land owners and local governmental entities in response to the project.  Via public 
meeting input and through circulation of the draft report, feedback included that the use of public 
lands to the extent practicable reduces displacement of people, minimizes impacts to local tax 
rolls, and avoids risks of unwilling sellers and implementation of eminent domain authority, 
reducing overall real estate acquisition costs and timelines. It is also generally preferable to have 
public land in a project footprint due to ease of access for geotechnical, cultural, and 
environmental surveys to reduce overall project contingency costs and the risk of an 
unanticipated cultural or environmental discovery. 

• Dam Safety. In cases where a reservoir would be located upstream of a potential population at 
risk, dam safety was a significant consideration. This factor was not scored during the screening 
process. If a site was determined to cause a potential dam safety risk, it was evaluated through a 
subsequent qualitative engineering analysis and presented in the Engineering Appendix 
(Appendix A). Sites ultimately found to present unacceptable dam safety risks were screened 
from further consideration 

Scoring results are provided in Appendix E-Plan Formulation. Five remaining deep reservoirs (K-05 Large, 
K-05 North, K-05 South, I-01, and K-42) were carried forward for inclusion in the initial rounds of modeling, 
preliminary cost estimates, and habitat unit calculations. Additional analysis of these locations included 
planning-level dam safety, geotechnical, and cost-effectiveness evaluations, as well as feedback from 
Tribal nations and surrounding communities. The I-01 site was not cost-effective and was subsequently 
dropped from further evaluation. A planning-level dam safety assessment was performed for the 
remaining sites that led the team to screen out the deep reservoir at the K-05 location due to the risk it 
posed to downstream communities. A deep reservoir was retained at the K-42 location due to reduced 
risk and further proximity from downstream populations. The K-42 site provides approximately 195,000 
acre-feet of storage, which approaches the initial 200,000 acre-feet storage target to meet CERP goals. 
Further detail on the deep reservoir screening analysis is included in Appendix E-Plan Formulation. 

3 The costs generated by this tool are screening-level relative costs, not absolute costs. These costs are only used 
to compare the costs of Water Storage Measures relative to one another. 
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Section 3 Formulation of Alternative Plans 

Shallow Storage Siting Analysis 

Formulating to meet the storage target using deep storage proved to be a challenge due to 1) the presence 
of nearby/downstream communities throughout the study area, which raised caused dam safety 
concerns, 2) geotechnical exploration results showed high seepage rates in the project area, which would 
be exacerbated by the additional head of deep storage; and 3) local communities have voiced concerns 
regarding the potential impacts of siting deep reservoirs on or near their property. These concerns led the 
PDT to consider shallow storage in the form of shallow reservoirs (approximately 5-ft. average pool depth) 
and WAFs (approximately 4-ft. average pool depth). A 5-ft. average pool depth would reduce dam safety 
concerns and provide more storage than a WAF for a slightly higher overall cost. A shallower pool depth 
in a flow-through WAF provide for more wetland habitat than deeper storage options. Several different 
types of sites were considered for shallow storage: 

• High performing sites from the deep reservoir analysis 
• Sites with insufficient water sources for deep storage, but sufficient for shallow 
• Sites closer to population centers (reduced safety concerns for shallow storage) 

Shallow Reservoir Siting: The four sites previously examined in the deep storage siting (K-05 Large, K-05 
North, K-05 South, and K-42) (Figure 3-3) were converted to shallow storage (5 ft.) and re-evaluated based 
on the following criteria: 

• Water source considerations 
• Co-location opportunities with proposed ASR wells and wetlands 
• Cost in dollars per acre-foot of water storage 
• Overall storage capacity 
• Avoids impacts to wetlands 
• Avoids endangered Florida grasshopper sparrow habitat 
• Dam safety (dam safety risks were reduced for shallow storage but the risk was still considered 

during project feature siting) 

The K-05 Large shallow reservoir site was retained due to its low cost, ability to use source water from 
Lake Okeechobee, the potential to co-locate with both ASR wells and wetlands, and the avoidance of 
impacts to wetlands and Florida grasshopper sparrow habitat. Additional details on scoring criteria is 
provided in Appendix E-Plan Formulation. 
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Section 3 Formulation of Alternative Plans 

Figure 3-4. Shallow aboveground storage sites considered during screening. 

Wetland Attenuation Feature Siting Analysis 

The PDT recognized during this iteration of plan formulation that, due to the shallow nature of wetland 
attenuation features (WAFs), numerous WAFs would be needed to come close to the overall CERP storage 
target of 200,000 ac-ft and this option would be much less cost effective than building a single deep 
reservoir of the same size. However, due to the challenges of siting deep reservoirs, the PDT decided to 
consider this less cost-effective option that may be more acceptable to local communities and may 
provide for ancillary wetland habitat and water quality benefits within the WAF.  

Further analysis was performed to identify potential WAF sites. The following types of sties were 
considered: 1) Sites that performed well in the previous shallow reservoir siting analysis, 2) Sites with 
reliable water sources, and 3) Sites that were previously not retained due to dam safety concerns as deep 
reservoirs but would have significantly reduced concerns due to the shallow nature of a WAF. WAF sites 
are displayed in Figure 3-4. 
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Section 3 Formulation of Alternative Plans 

Figure 3-5. WAF storage sites considered during screening. 

Sites were further evaluated based on the following criteria: 

• Consistency and availability of water inflows 
• Cost in dollars per acre-foot of water storage 
• Co-location opportunities with proposed ASR wells and/or wetlands 
• Avoidance of grasshopper sparrow habitat 
• Overall storage capacity 
• Dam safety (dam safety risks were reduced for shallow storage but the risk was still considered 

during project feature siting) 

The K-05 WAF ranked the highest based on the evaluation criteria and was retained for further evaluation. 
For more information on the scoring criteria and results, see Appendix E-Plan Formulation. 

Results of Aboveground Water Storage Analysis 

The highest ranking of each type of storage were retained for inclusion in the focused array of alternatives: 
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Section 3 Formulation of Alternative Plans 

• Deep aboveground storage: Deep storage (average 15-ft. pool depth) within the K-42 footprint 
approaches the CERP target of 195,000 acre-feet. This site is approximately 14,600 acres and 
would be operated to maximize regional (Northern Estuaries and Lake Okeechobee) storage 
benefits. 

• Shallow aboveground storage: Shallow storage (average 5-ft. pool depth) within the K-05 
footprint provides 65,000 acre-feet of storage and reduces dam safety risks. This site is 
approximately 14,800 acres and would be operated to maximize regional (Northern Estuaries and 
Lake Okeechobee) storage benefits. 

• Wetland attenuation feature: A WAF within the K-05 footprint would be used for surface water 
storage (43,000 acre-feet) to attenuate peak flows, although water levels may be suitable for 
growth of wetland vegetation due to the water depths typically realized through operation of the 
facility. During attenuation periods, water levels could rise to an average 4-ft. pool depth. The 
WAF footprint is approximately 12,500 acres. 

ASR Formulation 

ASR wells as a management measure were also considered as a potentially viable management measure 
to meet project objectives. ASR wells were considered both as a stand-alone storage option and as a 
measure that could be combined with above-ground storage to create dynamic storage that would better 
address the project objectives and can be a more efficient management measure opportunity that ASR 
storage alone. 

The ASR wells store water within two distinct zones within the Floridan Aquifer System, the UFA and the 
APPZ. Conceptual ASR well locations along tributaries to Lake Okeechobee were identified in the 2015 
ASR Regional Study. Watershed ASR well clusters are located along/near various Lake Okeechobee 
tributaries throughout the watershed. In some locations, aboveground-storage-assisted ASR wells can be 
used to increase the total storage capacity of the storage feature (either a reservoir or a WAF). ASR wells 
will recharge using the aboveground storage feature surface water, and flow back into the surface storage 
prior to release into the Kissimmee River. However, the siting of ASR wells is constrained by nearby water 
users because ASR wells may not cause adverse impacts to existing legal users. Therefore, aboveground-
storage-assisted ASR wells are not possible for all storage locations. 

The Restudy proposed a series of ASR wells adjacent to Lake Okeechobee with a capacity of one billion 
gallons per day, which is the equivalent of approximately 200 ASR wells (Lake Okeechobee Aquifer Storage 
and Recovery Component GG). However, the 2015 CERP ASR Regional Study reduced the number of ASR 
wells that could be constructed within the northern Lake Okeechobee Basin on SFWMD-owned lands 
based on hydrogeologic conditions to approximately 112 wells. ASR-well-only configurations (no reservoir 
storage) were initially considered but subsequently screened for not meeting project objectives (details 
provided in Appendix E- Plan Formulation). 

Initial sensitivity runs identified an initial ASR target of 65-112 ASR wells. These ASR wells to add to 
reservoir storage (either as co-located with surface storage to maximize storage) or as clusters located 
along various tributaries throughout the watershed. Co-locating ASR wells with aboveground storage 
provides synergistic facility attributes and improves operational flexibility. For example, aboveground 
storage features can potentially be filled more than once during a season or event as the ASR wells empty 
them, therefore providing additional dynamic storage. It is important to note that the siting of ASR wells 
is constrained by nearby water users; therefore, co-location of ASR wells is not possible at all proposed 
reservoir locations. ASR wells will not be sited where they would cause adverse impacts to existing legal 
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Section 3 Formulation of Alternative Plans 

water users (e.g., the K-42 site). The subsequent plan formulation sections below test various 
reservoir/ASR well mixtures to determine the optimal combination. 

3.2.1 Results of Water Storage Component Evaluation 

Water Storage Component 2Cr, which includes the K-42 reservoir, was retained as the only deep reservoir 
option. Shallow reservoirs and WAFs were identified based on the analysis in subsection 3.2.2.1.2. Water 
Storage Components 1Bshlw and 1BW, which include shallow storage features in the K-05 footprint, were 
retained from that analysis and are included for further consideration. Table 3-2 describes the three water 
storage components that will be combined with wetland sites identified in subsection 3.3.3 to form 
complete alternatives. 

Table 3-2. Description of features in focused array of water storage components. 

Water Storage 
Components Reservoir/WAF 

Aboveground 
Storage Capacity 

(acre-feet) 

Number 
of ASR 
wells 

ASR Maximum 
Storage Capacity 

(acre-feet per 
year)* 

1Bshlw K-05 shallow reservoir 
(5 ft. average depth) 65,000 80 448,000 

1BW K-05 WAF (4 ft. average 
depth) 43,000 80 448,000 

2Cr K-42 deep reservoir (15 
ft. average water depth) 195,000 65 364,000 

* The ASR maximum storage capacity is a theoretical volume based on all ASR wells continuously 
recharging year-round. 

3.3 Phase 2 Formulation — Wetland Restoration 

This section describes wetland restoration management measures initially considered and the rationale 
for their inclusion or exclusion as the basis for alternative development. The intent of the wetland 
restoration component of LOWRP is to increase the spatial extent and connectivity of freshwater wetlands 
as defined in the Restudy.4 Not only does this benefit the Kissimmee River and Lake Okeechobee, but it 
also has important benefits to the greater Everglades ecosystem in the form of hydrologic restoration and 
landscape connectivity. This is of great importance to the sustainability of federally and state-listed 
threatened and endangered species, as well as many unlisted plant and animal species. Without this 
restoration and connectivity, the diversity and abundance of plant and animal life in south Florida will 
likely continue to decline. 

3.3.1 Level 1 — Siting and Evaluation of Wetland Restoration Management Measures 

The wetland restoration analysis began with conceptual sites from the previous LOWRP effort that was 
paused in 2006. This effort included a GIS analysis to identify the following factors considered important 

4 Lake Okeechobee Watershed Water Quality Treatment Facilities Other Project Elements (OPE) Section 9.1.1.3 of 
the Restudy. 
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Section 3 Formulation of Alternative Plans 

for wetland restoration: soils, connectivity to other areas of protected habitat, contaminants, economic 
value, ecologic value, cultural resources, and environmental and economic equity. The results of this 
analysis are displayed in Figure 3-5. The U.S. Army Corps of Engineers (USACE) Regional Sediment 
Management Center also evaluated the possibility of creating/enhancing the littoral zone on the eastern 
side of the lake using Lake Okeechobee as a borrow source for the material. Littoral zone creation was not 
retained for further consideration as it would be cost-prohibitive due to the lower depth of Lake 
Okeechobee on its eastern side, the large amounts of fill required to create additional habitat, and the 
additional structures required to protect the littoral zone from high wind and wave energy while 
it establishes. 

Figure 3-6. Conceptual wetland restoration footprints initially considered. 

Fisheating Creek and Six Mile Marsh were discovered to be part of other ongoing restoration efforts and 
were removed from further consideration. The remaining wetland sites were evaluated based on the 
criteria listed below. 

1. Wading bird support: Site is within 15 km of a known wading bird colony and would possess the 
proper hydrologic characteristics after restoration to support that colony. 

2. Connectivity: Site has a direct perimeter connectivity to other public or privately protected high 
ecological value lands. 

3. Surface water connection: Site has a surface water connection to another water body (lake, creek, 
river, canal, or wetlands) and would improve hydrologic connectivity and also maintain surface 
water quality. 

4. Restoration potential: Site has a high percentage of lands needing restoration as opposed to lands 
currently in native habitat that could be preserved (with project). 
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Section 3 Formulation of Alternative Plans 

5. Potential to co-locate with project reservoirs or ASR wells: Co-locating wetlands with other 
LOWRP features has the potential to improve wetland performance and reduce overall costs. 

The Lake Okeechobee West, Paradise Run, Kissimmee River, and IP-10 sites rated the highest and were 
retained for further evaluation. See Appendix E-Plan Formulation for more detail on wetland scoring. Due 
to potential differences in restoration costs based on topography, the Kissimmee River site was split into 
three smaller sites for additional analysis: Kissimmee River–North, Kissimmee River–Center, and 
Kissimmee River–South. Six wetland restoration sites were retained for further evaluation (Figure 3-6). 

Figure 3-7. Retained wetland restoration sites. 

3.3.2 Level 2- ‘Best-buy’ Wetland Restoration Sites 

Planning-level costs were calculated for each site and the Institute of Water Resources (IWR) Planning 
Suite II plan generation tool was used to identify every possible combination of the six wetland sites. The 
IWR-Plan identified six best-buy wetland combinations identified in Figure 3-7, which were carried 
forward for consideration. The full output is shown in Appendix E-Plan Formulation. 
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Section 3 Formulation of Alternative Plans 

Figure 3-8. Incremental cost per output of best buy wetland components. 

3.3.3 Results of Wetland Restoration Formulation 

The Kissimmee River–Center and Paradise Run sites (Wetland Component B as displayed in Figure 3-7) 
were selected as the wetland restoration plan because this combination is the second least cost best buy 
plan that provides a meaningful amount of wetland restoration (approximately 5,300 acres) to restore 
hydrology. Although lower cost plans exist, these plans did not provide sufficient acreage to meet the 
intent of wetland restoration throughout the Lake Okeechobee watershed. Other plans had similar 
incremental costs per habitat unit but were considered cost-prohibitive due to higher overall cost. 

3.4 Recreation Formulation 

Recreational features will be added to the Recommended Plan as an incidental project benefit to enhance 
the existing opportunities for resource-based activities in the study area. These recreation benefits will 
not be used in the justification of the plan. A summary of recreational formulation is provided below. The 
full recreational analysis is provided in Appendix F. 

3.4.1 Summary of Planning-Level Recreation Analysis 

The PDT performed a recreational analysis of features that could be added to the Recommended Plan. 
Recreational features were considered at multiple sites on the wetland attenuation feature and wetlands 
along the Kissimmee River. Three recreational components have been grouped together based on location 
(Figure 3-7) and type of feature (Table 3-3). Recreational Component 1 would serve as a boat and trail 
connection to the Paradise Run wetland feature for any available walk-in or small non-motorized boat 
access. The boat ramp facility will also act as a trailhead to the levee top for the multi-use trail, providing 
accessible parking at crest elevation and nearby parking for public vehicles and trailers. Recreational 
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Section 3 Formulation of Alternative Plans 

Component 2 would be accessible by hiking or biking on the levee of the wetland attenuation feature or 
by boat internally. This component would offer boat portages, kiosk shelters, picnic tables, and other 
features. Recreational Component 3 would provide small boat access from the north to the south areas 
of both the Kissimmee River–Center and Paradise Run wetland features as reasonably feasible. 

Table 3-3. Planning-Level Recreation Features ($FY18) 
Recreation 

Feature Num-
ber 

Recreation Fea-
ture Identifica-

tion 

Feature Type Planning-Level Cost Estimate5 

1 A WAF boat ramp $1,061,000 
2 B, C, D and E WAF spillway, portage, and trail 

shelter sites 
$838,000 

3 F, G, H, and I Wetland portages $88,000 

5 These costs are planning level and will be revised when more detailed design information is available 
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Section 3 Formulation of Alternative Plans 

Figure 3-9. Recreation Feature Locations 

3.4.2 Planning-Level Recreation Benefit Analysis 

Planning-level recreational benefits were calculated using the unit day value (UDV) methodology, a 
National Economic Development (NED) benefit evaluation procedure contained in ER 1105-2-100 (22 Apr 
2000), Appendix E, Section VII. The full UDV analysis is provided in Appendix F. The UDV approach in 
recreation benefit analysis consists of two parts: determining value per visit and estimating visitation. The 
FWO condition in the Lake Okeechobee portion of this analysis has little recreation value since the lands 
inside the LOWRP wetland attenuation feature are not open to the public. It is presumed that the WAF 
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Section 3 Formulation of Alternative Plans 

would be opened to the public in order to realize the recreation benefits being claimed. The FWO 
condition for the Paradise Run area does currently offer minimal recreational opportunities as a small and 
separated part of the Kissimmee River Wildlife Management Area. To capture additional recreation 
benefits from this project area, we must look at existing visitation and subtract that from projected 
visitation claimed by the additional proposed recreation features. The FWP condition will be the expected 
value of the recreational activity based on the UDV method. 

The justification of incurring additional costs for recreation features is derived by utilizing a benefit-to-
cost ratio. The tangible economic justification of the proposed ancillary recreation project component can 
be determined by comparing the equivalent average annual charges (facility costs) against the estimate 
of the equivalent average annual benefits, which would be realized over the period of analysis (project 
lifespan). 

The planning-level recreation analysis was completed at the FY18 price level based on preliminary feature 
cost estimates. Preconstruction, engineering and design (PED), supervision and administration (S&A), and 
engineering during construction (EDC) costs were estimated at 35 percent the planning-level recreation 
feature construction costs. A forty percent contingency was then applied to the total planning-level cost 
estimate. Average annual costs over a fifty year period of analysis were calculated using the then-current 
FY18 discount rate of 2.75 percent. Unit day value for the planning-level recreation analysis was calculated 
using Economic Guidance Memorandum 18-03. Planning-level recreation feature interest during 
construction (IDC) was calculated over a 120 month period based on then-current Rough Order of 
Magnitude (ROM) construction schedule estimates applicable to all three alternatives. A planning-level 
cost estimate of $13,000 ($FY18) for yearly operation, maintenance, replacement, repair and 
rehabilitation (OMRR&R) was also incorporated. 

The planning-level benefit-to-cost ratio for all three recreation components was calculated as 2.8 (Table 
3-4). Because recreation features are supported by stakeholders, the features are economically justified, 
and the total cost of all the recreation features is well below the ten percent of the total project cost, all 
three recreational components were carried forward for inclusion in the Recommended Plan. Smaller 
recreation plans with individual components or combinations of recreation components were considered 
but not retained because net benefits are not maximized by these plans. 

Table 3-4. Planning-Level Recreation Net Annual Benefits ($FY18) 

Summary of Feature Tables 
Site A Planning-Level Cost $1,061,000 

Site B, C, D, E Planning-Level Cost $838,000 

Site H, I, J, K Planning-Level Cost $88,000 

Total Planning-Level Cost $1,987,000 

PED, S&A, and EDC (35%) $695,450 

Contingency (40%) $1,072,980 

Total Cost including contingency6 $3,755,430 

6 These costs are planning level and will be revised when more detailed design information is available 
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Section 3 Formulation of Alternative Plans 

Interest During Construction $58,000 

Total Investment $3,814,000 

Amortized $141,000 

OMRR&R $13,000 

Average Annual Cost $154,000 

Unit Day Value $8.91 

Daily Use 134 

Annual Use (134 users x 365 days) 49,000 

Average Annual Benefit $437,000 

Benefit to Cost 2.8 

Net Annual Benefits $282,000 

3.5 CERP Plan Comparison to LOWRP 

The CERP programmatic regulations require that the authorized CERP components be evaluated in the 
alternative evaluation process. The CERP Recommended Plan provides a framework of components 
needed to achieve a practicable level of restoration of the Everglades. As part of the LOWRP formulation 
effort, the CERP Recommended Plan components were examined on the feasibility and efficiency of 
constructing complete elements of the following three CERP components for this increment of LOWRP. 

3.5.1 Component 1: Lake Okeechobee Watershed Water Quality Treatment Facilities (OPE) 

The CERP Recommended Plan proposed the hydrologic restoration of approximately 3,500 acres of 
isolated and riverine wetlands in the Lake Okeechobee watershed. This component also included two 
reservoir-assisted STAs (RASTAs): a 1,775-acre Reservoir-Assisted Stormwater Treatment Area (RASTA) in 
the S-154 Basin in Okeechobee County and a 2,600-acre RASTA in the S-65D sub-basin of the Kissimmee 
River Basin in Highlands and Okeechobee counties. RASTAs, as included in the Restudy, are not included 
in the LOWRP because they are a water quality treatment feature. As discussed in Section 1, the state of 
Florida has adopted a Total Maximum Daily Load (TMDL) for Lake Okeechobee and the Lake Okeechobee 
Watershed. In an effort to achieve the water quality improvements necessary to meet the TMDL in the 
lake and watershed, the Florida legislature established the Northern Everglades and Estuaries Protection 
Program which directed the Florida Department of Environmental Protection to develop and implement 
water quality improvement plans called Basin Management Action Plans (BMAPs) that provide milestones 
and management measures necessary to meet the TMDL within a measured period. State water quality 
programs like BMAPs can be used to meet the intent of water quality improvements originally proposed 
by CERP component OPE.  As a result, water quality features are no longer within the project scope. 
Therefore, only the wetland restoration of this component was retained by the LOWRP team to restore 
the hydrology of selected isolated and riverine wetlands in the watershed. LOWRP screening resulted in 
approximately 5,300 acres of wetland restoration at both Paradise Run and Kissimmee River–Center. Both 
of these sites were identified as the most efficient locations to restore wetland and aquatic habitat along 
the historic Kissimmee River in the analysis in subsection 3.3 above.  
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Section 3 Formulation of Alternative Plans 

3.5.2 Component 2: North of Lake Okeechobee Storage Reservoir (A) 

The CERP Recommended Plan proposed a 200,000 acre-foot reservoir in the Kissimmee River Region and 
a 2,500-acre Stormwater Treatment Area (STA). 

CERP Reservoir Storage – The CERP recommended an 11.5-ft. deep, 17,500-acre reservoir to be located 
north of Lake Okeechobee. Based on timing and availability of the flows and locations of communities 
within the project area, the planning team identified different reservoir configurations that could be cost-
effectively implemented with water storage ranging approximately 43,000–195,000 acre-feet to meet the 
original intent of the CERP component. Alternative 2Cr in the focused array of alternatives achieves this 
goal with 195,000 acre-feet of storage. 

CERP STA – The CERP recommended a 2,500-acre STA to be located north of Lake Okeechobee. STAs are 
not included in LOWRP because they are a water quality treatment feature and not being pursued under 
CERP as discussed further in Section 1. 

3.5.3 Component 3: Lake Okeechobee Aquifer Storage and Recovery (GG) 

The CERP recommended 200 ASR wells associated with Lake Okeechobee with a capacity of one billion 
gallons per day. The 2015 CERP ASR Regional Study evaluated the 200 ASR wells and reduced the number 
that could be implemented in CERP based on aquifer conditions and existing water users of the aquifer. 
Therefore, none of the LOWRP alternatives include the number of ASR wells originally proposed by CERP. 
The alternatives in the focused array include ranges of 65 to 80 ASR wells per alternative. 

3.6 Identification of the Focused Array of Alternatives 

In order to meet project objectives, the PDT combined the selected water storage and wetland restoration 
components to create an alternative. A key tenet of LOWRP formulation is the connectivity of project 
components. While management measures were initially formulated separately from a spatial 
perspective, the PDT recognized the potential interdependencies between features to enhance both 
project performance and overall efficiency. 

For example, ASR wells provide long-term storage and recovery, but they have relatively low recharge 
rates of 8 cubic feet per second (cfs) per well as compared to a reservoir or WAF that can capture larger 
events more quickly due to the large intake pump capacity. The co-location of ASR wells with aboveground 
storage improves overall performance. The surface storage could also be filled more than once during a 
season or event as the ASR empties it. If an aboveground storage feature borders a wetland restoration 
site, there could be an additional benefit: seepage management features may not be required at areas 
where the two features are connected, resulting in overall cost savings. 

3.6.1 Alternative 1Bshlw 

Alternative 1Bshlw includes a shallow reservoir located in the K-05 footprint, 80 ASR wells (55 watershed 
ASR wells and 25 reservoir-assisted ASR wells), and the Paradise Run and Kissimmee River–Center wetland 
restoration sites; see Figure 3-7. 

Shallow Reservoir: The shallow reservoir is located in the K-05 footprint within the Indian Prairie sub-
watershed west of the C-38 canal, north of SR 78, east of the Seminole Tribe of Florida (STOF) Brighton 
Reservation, and south of the C-41A canal. The average pool depth of the reservoir will be approximately 

LOWRP Final PIR and EIS August 2020 
3-21 



  

    
  

  
      

  
    

  
 

    
  

     
      

 
    

     
  

   
   

   
      

  
    

  
     

      
  

   
   

      
 

      
 

     
   

 
     

    
    

     
  

    
     

    
       

    

Section 3 Formulation of Alternative Plans 

5 ft. This reservoir will be operated to capture flows into Lake Okeechobee from the Kissimmee River Basin 
and to maximize regional benefits (i.e., operations will not be constrained to maintain habitat within this 
feature). The reservoir footprint, including the embankments, seepage canal, and other perimeter 
features, is approximately 14,800 acres with a total storage capacity of approximately 65,000 acre-feet. 
Reservoir-assisted ASR wells can be used to enhance this capacity. A pump station located downstream 
of the existing S-84 structure on the C-41A canal will serve as the water source for the proposed shallow 
reservoir. The pump draws water from downstream of structure S-65E; this is considered to be part of 
Lake Okeechobee water. 

Aquifer Storage and Recovery Wells: 80 total ASR wells are proposed in groups of clusters (55 watershed 
ASR wells and 25 reservoir-assisted ASR wells). The well clusters include a combination of UFA wells and 
APPZ wells. 

• Aboveground Storage ASR Wells: Reservoir-assisted ASR wells can be used to increase the total 
storage capacity of the shallow reservoir. Three well clusters (approximately 25 wells) would be 
located adjacent to the reservoir. ASR wells will recharge using the reservoir surface water and 
flow back into the reservoir prior to release into the Kissimmee River, thus providing 
dynamic storage. 

• Watershed ASR wells: The remaining 55 ASR wells are located throughout the watershed: 
o One cluster would be adjacent to the C-44 canal in Port Mayaca. This would flow out of 

the C-44 canal into Lake Okeechobee or to the St. Lucie River Estuary. 
o Three potential cluster areas are located in the S-191 subwatershed. The wells will be 

adjacent to the L-63N, L-63S, or L-64 canals and the rest will be adjacent to the L-63S canal 
that can flow to Lake Okeechobee. 

o Two clusters would be located adjacent to the C-38 canal downstream of S-65E that can 
flow back into the C-38 canal. 

o One cluster would be located along Taylor Creek, downstream of S-192 and upstream of 
the S-133 pump station, which flows to Lake Okeechobee. 

o One cluster would be located along the C-40 canal downstream of S-72 that can flow to 
Lake Okeechobee. 

o One cluster would be located along the C-41 canal downstream of S-71 that can flow to 
Lake Okeechobee. 

o One cluster would be located along the C-43 canal in Moore Haven that can flow to Lake 
Okeechobee or the Caloosahatchee River. 

Wetland Restoration Sites: Wetland restoration includes the Paradise Run and Kissimmee River–Center 
features. The Paradise Run site is approximately 4,100 acres, and it contains the historic Kissimmee River 
channel and floodplain. The site is located downstream of S-65E on the west bank of the C-38 canal, 
between the C-41A canal and the Buckhead Ridge community. A pump station on the C-41A canal 
downstream of S-84 would serve as the water source for the wetland project, which is intended to restore 
natural flow to a portion of the river and hydroperiod to the floodplain wetlands. The pump station will 
draw water into the Kissimmee River channel running through the Paradise Run site. About 24,500 linear 
feet of channel excavation will be performed. Portions of the historic river channel have become silted in 
and no longer convey flow. The excavation is necessary to reconnect remnant portions of the historic 
Kissimmee River channel to reestablish flow for ecosystem restoration purposes. An overflow weir will be 
placed between the north and south sections of Paradise Run to control the flow and to connect both 

LOWRP Final PIR and EIS August 2020 
3-22 



  

    
  

  
    

         
  

     
   

   

  

    
    

  
            

     
  

    
  

  
    

                
   

  

    
   

  
   

     

      
  

         
  

          
         

     
     

   
  

 

Section 3 Formulation of Alternative Plans 

sides through the L-59 berms. A culvert through the Herbert Hoover Dike on the southeast corner of the 
site will allow the flow back into the C-38 canal. 

The Kissimmee River–Center site is approximately 1,200 acres, located on the west bank of the C-38 canal 
about halfway between S-65D and S-65E. A submerged weir will be placed in the C-38 canal at the north 
end of the site to divert water to the west into a created river channel mimicking the historic Kissimmee 
River. About 21,500 feet of channel excavation will be performed to create riverine habitat and new 
floodplain wetlands. 

3.6.2 Alternative 1BW 

Alternative 1BW includes a WAF located in the K-05 WAF footprint and 80 ASR wells (55 watershed ASR 
wells and 25 WAF-assisted wells); see Figure 3-7. 

Wetland Attenuation Feature: The WAF is located in the K-05 WAF footprint within the Indian Prairie sub-
watershed west of the C-38 canal, north of SR 78, east of the STOF Brighton Reservation, and south of the 
C-41A canal. The WAF would be a flow-through wetland primarily used for surface water storage to 
attenuate peak flows and stages in adjacent areas, such as Lake Okeechobee. Water levels within the WAF 
may be suitable for growth of wetland vegetation due to the water depths typically realized through 
operation of the facility. 

The WAF footprint, including the embankments, seepage canal, and other perimeter features, is 
approximately 12,500 acres, with a storage capacity of approximately 43,000 acre-feet. A pump station 
located downstream of the existing S-84 structure on the C-41A canal would serve as the water source for 
the proposed WAF. The pump draws water from downstream of structure S-65E; this is considered to be 
part of Lake Okeechobee water. 

Aquifer Storage and Recovery Wells: The ASR well configuration in this alternative is the same as 
Alternative 1Bshlw. 

Wetland Restoration Sites: The wetland restoration sites in this alternative are the same as 
Alternative 1Bshlw. 

3.6.3 Alternative 2Cr (Yellow Book Alternative) 

Alternative 2Cr is the alternative most similar to the authorized plan as described in the Restudy and is 
considered the ‘Yellow Book Alternative.’ This alternative includes a deep reservoir in the K-42 footprint, 
65 watershed ASR wells, and the Paradise Run and Kissimmee River–Center wetland restoration sites; see 
Figure 3-7. 

Deep Reservoir: The reservoir, including the embankments, seepage canal, and other perimeter features, 
is approximately 14,600 acres. The average pool depth is approximately 15 feet deep, with a total storage 
capacity of approximately 195,000 acre-feet. Two pumps would be used for inflow to access water in the 
C-38 Canal downstream of S-65E. The first pump would be located downstream of S-84 and move water 
into the C-41A Canal. The second pump would be located on the C-41A Canal between S-83 and S-84 and 
pump directly into the reservoir. The most likely location for an outflow culvert is back into the C-41A 
Canal between S-83 and S-84. 
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Section 3 Formulation of Alternative Plans 

Aquifer Storage and Recovery Wells: 65 ASR wells are proposed in clusters in locations throughout the 
watershed. The well clusters include a combination of UFA wells and APPZ wells. 

• Reservoir ASR Wells: There are no reservoir-assisted ASR wells in this alternative due to potential 
impacts to many existing legal water users of the UFA. 

• Watershed ASR wells: 55 of the watershed ASR wells are placed in the same locations as 
described in Alternative 1Bshlw. Ten additional wells are located in the Paradise Run area. 

• Wetland Restoration Sites: The wetland restoration sites in this alternative are the same as 
Alternative 1Bshlw. 
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Figure 3-10. Focused array of alternatives. 
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Section 4 Evaluation and Comparison of Alternative Plans 

4 EVALUATION AND COMPARISON OF ALTERNATIVE PLANS 

The evaluation and comparison of alternatives utilized the Principles and Guidelines criteria and the 
system of accounts (National Economic Development (NED), Environmental Quality (EQ), Regional 
Economic Development (RED), and Other Social Effects (OSE)). 

4.1 Principles and Guidelines Evaluation Criteria 

The Principles and Guidelines criteria include: 

• Effectiveness: Extent to which an alternative plan alleviates the specified problems and achieves 
the specified opportunities (evaluated in subsection 4.1.1) 

• Acceptability: Workability and viability of the alternative plan with respect to acceptance by state 
and local entities and the public and compatibility with existing laws, regulations, and public 
policies (evaluated in subsection 4.1.2) 

• Completeness: Extent to which a given alternative plan provides and accounts for all necessary 
investments or other actions to ensure the realization of the planned effects (evaluated in 
subsection 4.1.3) 

• Efficiency: Cost Effectiveness and Incremental Cost Analysis (CE/ICA) identified plans that 
maximize environmental benefits compared to costs (evaluated in subsection 4.1.4) 

4.1.1 Effectiveness 

An effective alternative alleviates the specified problems and achieves the specified objectives for the 
Lake Okeechobee Watershed Restoration Project (LOWRP). Effectiveness was evaluated by how well the 
alternatives achieved the planning objectives. Phase 1 water storage components were evaluated for their 
effectiveness for Objectives 1, 2, and 4, and Phase 2 wetland storage components were evaluated for their 
effectiveness for Objective 3 (Figure 4-1). Phase 1 effectiveness evaluation is primarily based on 
hydrologic performance.1 Phase 2 is based on total wetland acreage and ecological lift. Effectiveness is 
measured by the additional ecologic lift over the future without project (FWO) condition for each action 
alternative. The model results in the FWO condition assume that the following projects are considered 
complete and operational: Kissimmee River Restoration Project, Kissimmee River Headwaters 
Revitalization Project, Herbert Hoover Dike (HHD) modifications as described in the HHD Dam Safety 
Modification Report, Indian River Lagoon-South (including C-44, C-23, and C-24), C-43 Reservoir, and 

1 Hydrologic modeling for the Lake Okeechobee Watershed Restoration Project (LOWRP) was optimized to 
maximize estuary benefits using the 2008 Lake Okeechobee Regulation Schedule (2008 LORS) with modifications 
proposed by the Central Everglades Planning Project (CEPP) and the new optimizations proposed by LOWRP 
(proposed lake operational optimizations to take advantage of Herbert Hoover Dike (HHD) repairs and new 
infrastructure proposed by LOWRP). The model results in the effectiveness evaluation reflect these optimizations. 
See Appendix A for more detail on operational optimizations. It is important to note that only the action 
alternatives include lake schedule optimizations. The future without project (FWO) condition is modeled only with 
the 2008 LORS with modifications proposed by CEPP; optimizations proposed by LOWRP aren’t included because 
there is no additional infrastructure in place to make these refinements. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Central Everglades Planning Project (CEPP). More information on structural and non-structural 
assumptions is provided in Section 2.5. 

Figure 4-1. Effectiveness evaluation methodology for water storage and wetland 
restoration components. 

4.1.1.1 Objective 1: Improve Quantity, Timing, and Distribution of Flows into Lake Okeechobee to 
Maintain Ecologically Desired Lake Stage Ranges More Often 

Frequent and prolonged high and low water levels in Lake Okeechobee impact lake ecology. High lake 
stages can cause extirpation or reduced growth of submerged plants, adverse impacts to germination of 
submerged plants, reductions in fish spawning and fish reproductive success, and shifts among species 
that comprise the macroinvertebrate community. Low water levels impact both the lake ecosystem and 
water supply for existing legal users. Extreme low stage (below 10 ft. National Geodetic Vertical Datum of 
1929 (NGVD29)) can result in desiccation of the entire littoral zone, the shoreline fringing bulrush zone, 
and much of the lake area that would otherwise support submerged plants. 

Two performance measures are used to quantify effectiveness for Lake Okeechobee stage improvements: 
1) Restoration Coordination & Verification (RECOVER) Lake Okeechobee Lake Stage Performance 
Measure, and 2) RECOVER Lake Okeechobee Ecological Indicator Score Performance Measure. Both 
performance measures use lake stage, durations, and/or seasonality of water levels to estimate ecological 
responses. The Lake Okeechobee weighted index score compares alternative performance to the 
Comprehensive Everglades Restoration Plan (CERP) target performance. It provides an overall summary 
of ecological performance by displaying the weighted sums of the lake performance measures: Lake 
Okeechobee Ecological Indicator Score, Lake Okeechobee Lake Stage, and Lake Okeechobee Extreme 
Highs and Lows. 

RECOVER Lake Okeechobee Lake Stage Performance Measure: The desired restoration condition for this 
objective is that the Lake Okeechobee stage remains within the ecologically preferred stage envelope of 
12.5 to 15.5 ft. NGVD29 and avoids frequent or prolonged departures outside of this stage envelope. The 
occurrence of extreme high and extreme low lake stage events should be rare. The target for extreme 
lake stages above 17 ft. and below 10 ft. NGVD29 is zero weeks. See Appendix G for additional information 
on the RECOVER lake stage performance measure. 
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Section 4 Evaluation and Comparison of Alternative Plans 

The amount of time that seasonal lake stages are in the high (15.5–17 ft.), low (10–12.5 ft.), and extreme 
low (<10 ft.) ranges are reduced for all action alternatives compared to the FWO condition (Table 4-1). 
Each alternative slightly increases the percentage of time the lake is above 17 ft. (extreme high stage) due 
to lake operational optimizations that were modeled for CEPP and this project. 

Table 4-1. RECOVER Lake Okeechobee lake stage performance measure. 

Lake Okeechobee Stage Levels (NVGD29) FWO 
Alt 

1Bshlw Alt 1BW Alt 2Cr 
% Time Inside Ecologically Preferred Stage 
Envelope (12.5–15.5 ft.) 27.7% 32.3% 31.9% 33.9% 

% Time Above Stage Envelope (>15.5 ft.) 29.9% 27.8% 28.4% 27.2% 

% Time Below Stage Envelope (<12.5 ft.) 42.4% 39.9% 39.7% 38.8% 

% Time Below Navigational Min. Stage (< 12.56 ft.) 29.8% 26.7% 26.9% 25.0% 

% Time Above Extreme High Stage (> 17 ft.) 0.4% 1.6% 1.4% 1.0% 

% Time Below Extreme Low Stage (< 10 ft.) 3.3% 2.0% 2.0% 1.7% 

RECOVER Lake Okeechobee Ecological Indicator Score Performance Measure: The annual ecological 
score is an evaluation of lake hydrology as measured using six nearshore ecological scoring metrics 
including abundance of cyanobacteria, epipelon, epiphyton, panfish, vascular submerged aquatic 
vegetation (SAV), and non-vascular SAV (Chara spp). Performance measure output is in the form of a 
numeric score for each individual metric or as a combined score for all metrics. The desired restoration 
condition is a combination of lake stage envelope (12.5–15.5 ft. NGVD29) and annual fluctuation in stage 
from maximum elevation at the end of the wet season (generally October) to minimum elevation at the 
end of the dry season (generally May). This results in a high annual point score for the six metrics. 
Cumulative point scores over a 41-year (1965-2005) period of record (POR) range from 0 to 447. There is 
an interim goal and a target score for this performance measure. The interim goal is a cumulative point 
score of 324 points, which is the cumulative score over the 41-year POR generated by the 2008 Lake 
Okeechobee Regulation Schedule (2008 LORS). The target is a cumulative point score of 427. Appendix G 
contains further explanation of the metrics and the Lake Okeechobee Ecological Indicator Score 
Performance Measure documentation sheet. 

All action alternatives show similar lake performance for the combined ecological scores when compared 
to the FWO condition, although effects varied by individual indicator (Table 4-2). The individual ecological 
performance measure POR scores indicate that three of the ecological performance measures are 
expected to improve in abundance (epipelon, epiphyton, and panfish) under all action alternatives. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-2. RECOVER Lake Okeechobee ecological indicator score performance measure. 

FWO Alt 1Bshlw Alt 1BW Alt 2Cr 
Cyanobacteria 49 49 48 45 
Vascular SAV 66 66 67 67 

Panfish 49 51 52 56 
Epipelon 34.5 36 36.5 36 

Epiphyton 50 53.5 52.5 56 
Chara 55 51 52 52 

Combined Ecological Scores 303.5 306.5 308 312 

Lake Okeechobee Weighted Index Score: Table 4-3 shows the Lake Okeechobee weighted index score, 
which considers the weighted sums of lake performance measures. All action alternatives show an 
improvement over the FWO condition. 

Table 4-3. Lake Okeechobee weighted index score. 

Simulation 
Lake Okeechobee 

Weighted Index Score 
% Improvement over

FWO 
FWO 0.68 0% 
Alt 1Bshlw 0.71 4% 
Alt 1BW 0.71 4% 
Alt 2Cr 0.73 7% 

4.1.1.2 Objective 2: Improve Timing and Volume of Freshwater Flows from Lake Okeechobee to 
Improve the Salinity Regime and the Quality of Oyster, SAV, and Other Estuarine Community 
Habitats in the Northern Estuaries 

High-volume and prolonged freshwater flows from Lake Okeechobee significantly alter conditions in the 
Northern Estuaries by causing decreases in salinity. Sustained exposure to reduced salinity causes adverse 
effects on oyster reefs, juvenile marine fish, seagrass beds, and other SAV in the Northern Estuaries 
(Haunert 1988). Reducing the return frequency, volume, and duration of Lake Okeechobee flows while 
also restoring their timing improves salinity conditions in these estuaries, thereby improving estuarine 
habitat. 

All of the action alternatives improve estuary habitat in both the St. Lucie Estuary (Table 4-4) and the 
Caloosahatchee Estuary (Table 4-5). There is minimal improvement in minimum estuary flows because 
under certain scenarios during dry times water is held in the lake to reduce the percentage of time below 
the ecological stage envelope and the percentage of time below the extreme low stage. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-4. St. Lucie Estuary alternative performance. 

Scenario 

Average 
annual Lake 
Okeechobee 

Releases 
(1,000 ac-ft.) 

Number of 
years Lake 

Okeechobee 
contributes 

to a 
detrimental 

event 

Number of 
months Lake 
Okeechobee 
contributes 

to a 
detrimental 

event 

Number of 
times 

extreme 
high-flow

criteria 
exceeded1 

Number 
of times 

high
release 
criteria 

exceeded2 

Number 
of months 
minimum 
flows not 

met to 
maintain 
salinity

envelope3 

FWO 126 11 20 25 32 83 
Alt 1Bshlw 94 9 12 21 23 83 
Alt 1BW 95 8 12 22 22 83 
Alt 2Cr 113 8 17 23 27 83 

1Extreme High Volume Water Release Criteria are >3,000 cfs 
2High Volume Water Release Criteria are 2,000-3,000 cfs 
3Minimum Flow Criteria are <350 cfs 

Table 4-5. Caloosahatchee Estuary alternative performance. 

Scenario 

Average 
annual Lake 
Okeechobee 

Releases 
(1,000 ac-ft.) 

Number of 
years Lake 

Okeechobee 
contributes 

to a 
detrimental 

release 
event 

Number of 
months Lake 
Okeechobee 
contributes 

to a 
detrimental 

release 
event 

Number of 
times 

extreme 
high-flow

criteria 
exceeded1 

Number of 
times high

release 
criteria 

exceeded2 

Number of 
months 

minimum 
flows not 

met to 
maintain 
salinity

envelope3 

FWO 257 14 23 30 70 23 
Alt 1Bshlw 167 8 13 26 60 25 
Alt 1BW 176 11 16 25 63 24 
Alt 2Cr 170 11 16 27 64 23 

1Extreme High-Water Release Criteria are >4,500 cfs 
2High Water Release Criteria are >2,800 cfs 
3Minimum Flow Criteria are <450 cfs 

4.1.1.3 Objective 3: Increase the Spatial Extent and Functionality of Aquatic and Wildlife Habitat 
within Lake Okeechobee and the Surrounding Watershed 

Land use changes over the last 150 years have converted a large portion of wetlands in the study area to 
developed uses. This loss of wetland habitat has resulted in reduced water storage capacity on the 
landscape, increased stormwater runoff, and flashier hydroperiods in Lake Okeechobee tributaries, 
including Fisheating Creek, Kissimmee River, Taylor Creek, and Nubbin Slough. Conversion to developed 
uses, including wetland drainage, in the watershed has resulted in adverse changes in the quantity, timing, 
and distribution of flows into Lake Okeechobee. This change has negatively affected wetland ecology in 
the northern Everglades and has adversely affected waterfowl, wading birds, fish and other aquatic fauna, 
and native aquatic vegetation. 
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Section 4 Evaluation and Comparison of Alternative Plans 

The Paradise Run and Kissimmee River–Center wetland restoration sites were identified in Section 3 to 
add to each water storage component to meet the Restudy’s 3,500-acre wetland restoration goal. In order 
to measure effectiveness for the wetland restoration component, the project delivery team (PDT) 
considered total net wetland acreage gained by each alternative (Table 4-6) accounting for wetlands 
included in the aboveground storage footprint and the acreage gained in the wetland restoration sites. 
For the purpose of this analysis, it was assumed that wetlands would be lost in the surface storage 
footprint, even though some wetland habitat may be provided in the shallow surface storage facilities, 
depending on topography and seasonal water levels. Because Alternative 1BW includes the least acreage 
of wetlands within the wetland attenuation feature (WAF) footprint, it has the highest acreage of net 
wetlands gained. 

Table 4-6. Net wetland acreage gained by alternative. 

Acreage Descriptions 
Alt 

1Bshlw 
Alt 

1BW 
Alt 
2Cr 

Acreage of Wetlands Potentially Lost in Aboveground Storage Footprint 1,058 785 2,551 
Acreage of Wetlands Gained in Paradise Run and Kissimmee River–Center 
Wetland Restoration Sites 

5,279 5,279 5,279 

Net Wetland Acreage Gained 4,221 4,494 2,728 

4.1.1.4 Objective 4: Increase Availability of Water Supply to the Existing Legal Water Users of Lake 
Okeechobee 

The overall objective of the CERP is to restore, preserve, and protect the south Florida ecosystem while 
providing for other water-related needs of the region. In the Lake Okeechobee Service Area (LOSA), water 
shortage restrictions primarily affect agricultural water users. Economic losses associated with water 
shortages depend not only on the number of shortages, but also on the severity and duration of the water 
use restrictions. The longer the restrictions are in place and the more severe the cutbacks, the more likely 
it is that crop yields will be reduced and the greater the expenses borne by users to manage the water 
shortages (Apogee Research 1990 and 1991). 

Modeling results have confirmed that water supply benefits come as a direct result of the storage 
provided by the alternatives. Aquifer storage and recovery (ASR) wells provide the ability to store water 
in the Upper Floridan Aquifer when lake levels rise above those desirable for lake ecology. Water stored 
in ASR wells can be recovered during dry periods to assist in keeping lake levels within the ecologically 
preferred band, which is above water supply cutback trigger levels.  Therefore, storage features that 
provide restoration benefits to the lake also improve water supply for existing legal users of Lake 
Okeechobee. The RECOVER WS-1 Frequency and Severity of Water Restrictions for Lake Okeechobee 
Service Area performance measure was used to calculate improvements in water supply performance for 
each alternative. The severity score is developed based on the size of the largest monthly cutback during 
the water year. A score of 0 means that the cutback is less than 18,000 ac-ft. and a score of 4 means that 
the cutback is greater than or equal to 150,000 ac-ft. The evaluation target for severity is that the cutback 
volumes during the worst month of the water restriction period in any year would be unlikely to cause 
economic losses. This is considered to be achieved when supply-side management cutback volumes in the 
worst month of a year with water restrictions are less than 18,000 ac-ft. The evaluation target is that the 
total of the severity scores across all years in the simulation be less than or equal to 7. 
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Section 4 Evaluation and Comparison of Alternative Plans 

All action alternatives reduce total cutback volumes and meet the severity score target (Table 4-7). 
Alternative 2Cr has the lowest severity score. The frequency and severity of water restrictions for the 
LOSA are anticipated to slightly decrease in the FWO condition as compared to the existing condition 
baseline (ECB) due to the implementation of other related projects. However, the growing demand for 
dependable water for agricultural, industrial, and municipal water supply at a reasonable cost could 
exceed the limits of readily accessible sources in the FWO condition. 

Table 4-7. RECOVER WS-1 frequency and severity of water restrictions for the LOSA. 

Period of 
Record 

Cutbacks 
(thousand 
acre-feet) 

Reduction in 
Cutbacks Compared

to FWO 
Severity
Score 

FWO 1965-2005 688 0% 12 

Alt 1Bshlw 1965-2005 446 35% 6 
Alt 1BW 1965-2005 461 33% 7 
Alt 2Cr 1965-2005 384 44% 4 

4.1.2 Acceptability 

An acceptable alternative plan is workable and viable with respect to acceptance by state and local entities 
and the public. It is also in compliance with applicable existing laws, regulations, and public policies (P&G 
Section VI.1.6.2(c)(4)). ER 1105-2-100 states that acceptability is the workability and viability of the 
alternative plan with respect to acceptance by Federal and non-Federal entities and the public and 
compatibility with existing laws, regulations, and public policies. Two primary dimensions to acceptability 
are implementability and satisfaction. Implementability means that the alternative is feasible from 
technical, environmental, economic, financial, political, legal, institutional, and social perspectives. If it is 
not feasible due to any of these factors, then it can not be implemented, and therefore is not acceptable. 
Throughout the project scoping and stakeholder outreach process, project alternatives were discussed, 
and concerns were documented. All alternatives meet applicable laws, regulations, and public policies, 
and are considered acceptable, although full consensus is lacking for each alternative. Modifications to 
management measures and earlier alternatives have been made throughout the planning process to 
increase acceptability. These modifications are documented in Appendix E- Plan Formulation. 

The major categories considered for the acceptability criterion include: 

• Tribal Acceptability: Effects and/or benefits to the two federally recognized Native American 
tribes who have expressed interest in the LOWRP, the Miccosukee Tribe of Indians of Florida 
(MTIF) and the Seminole Tribe of Florida (STOF), were considered during the evaluation of project 
alternatives. The U.S. Army Corps of Engineers (USACE) is engaging in government-to-government 
consultation with both tribes. The following text summarizes acceptability considerations: 

o MTIF: No portion of the proposed action is located within or adjacent to known MTIF-
owned lands, reservation lands, or traditional cultural properties. During government-to-
government consultation, representatives from the MTIF indicated that they do not 
support ASR wells and prefer a large spatial extent of shallow aboveground storage that 
functions like a wetland to provide more natural habitat for vegetation and wildlife, along 
with water quality improvements. Water quality is a major concern of the MTIF. The MTIF 
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Section 4 Evaluation and Comparison of Alternative Plans 

is also concerned about the flushing effect associated with initially rehydrating the 
wetland restoration areas. The MTIF is concerned that the majority of project features 
are located in the Indian Prairie Basin close to the Brighton Reservation and is concerned 
that this may disproportionately impact the STOF. 

All of the action alternatives include 65–80 ASR wells; therefore, no alternatives are fully 
acceptable to the MTIF. Wetland restoration is supported by the MTIF and all action 
alternatives include the Paradise Run and Kissimmee River–Center wetland restoration 
sites. Alternative 1BW includes a WAF that may provide wetland habitat and may be more 
preferable to the MTIF. Alternative 1Bshlw includes a shallow reservoir, which may be 
less preferable than Alternative 1BW. Alternative 2Cr may be the least preferable because 
it includes a deep reservoir. 

o STOF: The STOF Brighton Reservation lands are adjacent to LOWRP project features, 
including the shallow reservoir and WAF within the K-05 footprint, the Paradise Run 
wetland restoration site, and ASR well clusters. During government-to-government 
consultation, STOF representatives expressed concern with all action alternatives. In a 
letter to the USACE dated 6 March 2018, the STOF expressed support for the Paradise 
Run and Kissimmee River–Center wetland restoration sites. However, they oppose both 
deep and shallow reservoirs within the K-05 footprint and do not support wetland 
restoration within the K-05 footprint due to the proximity of these features to the 
Brighton Reservation. The STOF is concerned about flooding and seepage, impacts to the 
cultural landscapes, known and expected cultural resource impacts, endangered species 
displacement, and future development limitations. The STOF has concerns regarding the 
expansive use of ASR for restoration, including impacts from clustering of wells, impacts 
to ecology, and water quality. The STOF recognizes that ASR technology could be 
beneficial to Everglades restoration if these issues can be addressed with future research. 
ASR wells would be more acceptable if they are located outside of any zone of influence 
that could result in harm to the STOF groundwater resources on the Brighton Reservation. 

• Alternative 2Cr is the least objectionable alternative to STOF because the K-42 deep reservoir is 
located the farthest from the Brighton Reservation. Alternative 1Bshlw is opposed by STOF 
because it includes a shallow reservoir within the K-05 footprint, proximate to the Brighton 
Reservation. Alternative 1BW is not supported by STOF because it includes a flow-through WAF 
within the K-05 footprint, although there is a minimum of a 0.5-mile buffer to reduce the proximity 
of the WAF to the Reservation. Land ownership: During project scoping, stakeholders have 
expressed concerns about potential impacts of private land acquisition and have encouraged the 
use of public lands to the extent practicable. The use of public lands to the extent practicable 
minimizes impacts to local tax rolls, avoids risks of unwilling sellers and implementation of 
eminent domain authority, and reduces overall real estate acquisition costs and timelines. It is 
also preferable to have public land in a project footprint due to ease of access for geotechnical, 
cultural, and environmental surveys to reduce overall project contingency costs and the risk of an 
unanticipated cultural or environmental discovery. 

Acceptability considerations for each alternative of the criteria listed above are shown in Table 4-8. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-8. Acceptability considerations evaluated per alternative. 

Considerations FWO Alt 1Bshlw Alt 1BW Alt 2Cr 
Tribal Acceptability - Future • ASR wells not • ASR wells not • ASR wells not 
Miccosukee Tribe of residential and supported. supported. supported. 
Indians of Florida commercial 

development 
may be less 
acceptable. 

• Wetland 
restoration 
supported. 

• Shallow 
reservoir less 
preferable to 
WAF but more 
preferable than 
deep reservoir. 

• Wetland 
restoration 
supported. 

• WAF more 
preferable than 
shallow and deep 
reservoirs. 

• Wetland 
restoration 
supported. 

• Deep reservoir not 
as preferable as 
shallow reservoir 
or WAF. 

Tribal Acceptability -
Seminole Tribe of 
Florida 

Future 
residential and 
commercial 
development 
may be less 
acceptable. 

• ASR wells may 
be supported if 
additional 
studies occur in 
the future. 

• Wetland 
restoration 
supported. 

• Oppose shallow 
reservoir in K-05 
footprint. 

• ASR wells may be 
supported if 
additional studies 
occur in the 
future. 

• Wetland 
restoration 
supported. 

• WAF in K-05 
footprint not 
supported. 

• ASR wells may be 
supported if 
additional studies 
occur in the future. 

• Wetland 
restoration 
supported. 

• Deep reservoir in 
K-42 footprint is 
least objectionable 
of all alternatives. 

4.1.3 Completeness 

A complete alternative plan provides and accounts for all necessary investments or other actions to 
ensure the realization of the plan's benefits. A key tenet of LOWRP formulation is the connectivity of 
project components. While management measures were initially formulated separately from a spatial 
perspective, the PDT recognizes the potential interdependencies between features to enhance both 
project performance and overall efficiency to form complete alternatives. These connections required 
system-wide plan formulation from a spatial perspective to optimize structural and operational 
components, rather than formulating separate components that may not be compatible or complete for 
the cumulative watershed. Consequently, no alternative is complete unless all of the identified operations 
and infrastructure are included. In order to maintain completeness and meet constraints during 
construction, a strategic implementation sequencing and adaptive management plan will be required for 
any alternative suggested as the Recommended Plan. 

Project benefits as described in LOWRP alternatives are based on assumptions of the completion of 
authorized CERP and related non-CERP projects as described in the FWO condition defined in Section 2.5. 
As envisioned in the CERP (Lake Okeechobee Regulation Schedule (F)), the LORS can be optimized to take 
advantage of additional storage features to better meet LOWRP objectives and to reduce high lake stages, 
frequency and duration of flows to the Northern Estuaries, and cutback volumes to existing legal water 
supply users of Lake Okeechobee. Therefore, hydrologic modeling for LOWRP was optimized using the 
2008 LORS with modifications proposed by CEPP, plus new optimizations proposed by LOWRP (proposed 
lake operational optimizations to take advantage of HHD repairs and new infrastructure proposed by 
LOWRP). The model results and benefits calculations reflect these optimizations. The PDT recognizes that 
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Section 4 Evaluation and Comparison of Alternative Plans 

the LOWRP is not a mechanism for authorizing changes to the LORS. Similar to CEPP, any proposed 
schedule optimizations would be recommendations to inform a future LORS study. Details of the 
modifications proposed by LOWRP are found in Appendix A. All action alternatives are anticipated to 
provide environmental benefits with the current and future lake regulation schedules. A hydrologic 
modeling sensitivity run was performed on the Recommended Plan to verify these benefits as part of the 
project assurances in Section 6. It is important to note that the benefits presented in the effectiveness 
analysis would not be realized without the proposed lake schedule optimizations. 

Based on the discussion above, all project alternatives are considered complete as they would provide 
significant project benefits independently of other projects. However, the LOWRP would work in 
conjunction with authorized projects and future projects to provide additional complementary benefits 
to wetland connectivity, Lake Okeechobee, and the Northern Estuaries. 

4.1.4 Efficiency 

The LOWRP Recommended Plan is justified by the environmental benefits derived by the south Florida 
ecosystem; however, a comparison of the benefits and costs of alternative plans was also conducted to 
ensure that the selected alternative would efficiently produce the desired environmental benefits. The 
measurement of efficiency is the extent to which an alternative plan is the most cost-effective means of 
alleviating the specified problems and realizing the specified opportunities, consistent with protecting the 
nation’s environment. 

The Cost Effectiveness and Incremental Cost Analysis (CE/ICA) tool is used to evaluate and compare the 
production efficiency of alternatives. This identifies the plans that reasonably maximize ecosystem 
restoration, a key criterion to select the National Ecosystem Restoration (NER) plan. Cost-effectiveness 
analysis begins with a comparison of the costs and outputs of alternative plans to identify the least cost 
plan for every level of output considered. Alternative plans are compared to identify those that would 
produce greater levels of output at the same cost or lesser cost than other alternative plans. Alternative 
plans identified through this comparison are the cost-effective alternative plans. Cost effective plans are 
then compared by examining the additional (incremental) costs for the additional (incremental) amounts 
of output produced by successively larger cost-effective plans. The plans with the lowest incremental costs 
per unit of output for successively larger levels of output are the best buy plans. The results of these 
calculations and comparisons of costs and outputs between alternative plans provide a basis for 
addressing the decision question, “Are the additional outputs worth the costs incurred to achieve them?” 

The CE/ICA analysis follows guidance from the USACE Engineering Regulation (ER) 1105-2-100, 
Appendix E, para. E-36. Costs are based initially on a planning-level estimate and benefits are based on 
the habitat unit (HU) evaluation. As per this guidance, CE/ICA analysis compares the alternative plans’ 
average annual costs against the appropriate average annual HU estimates. The average annual outputs 
are calculated as the difference between with-plan and without-plan conditions over the period 
of analysis. 

4.1.4.1 Costs of Focused Array of Alternative Plans 

Costs represent the difference between conditions without any plan (the “base condition” or “without 
project condition”) and conditions with a plan or alternative. For purposes of this report and analysis, 
National Economic Development (NED) costs (as defined by federal and USACE policy) are expressed in 
FY2018 price levels. Costs of a plan represent the value of goods and services required to implement and 
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Section 4 Evaluation and Comparison of Alternative Plans 

operate/maintain the plan. The cost estimate for the alternatives includes: construction; lands, 
easements; rights-of-way; relocation; pre-construction engineering and design (PED); construction 
management; and operation and maintenance, repair, replacement and rehabilitation (OMRR&R). The 
cost estimate was developed through engineering design and cost estimation, and real estate appraisal 
efforts. The costs listed in this section are planning-level for comparison of alternatives. Costs will be 
refined on the selected plan as more design detail becomes available. For comparison to the action 
alternatives, the FWO condition cost is set to 0. However, the ecological improvements are associated 
with the completed projects described in Section 2.5. Each of these projects has an associated authorized 
project cost and costs that have already been incurred and cannot be recovered to obtain benefits in the 
FWO condition. 

4.1.4.2 Overview of Real Estate Costs 

An analysis of the real estate requirements of the focused array was completed. Each parcel required for 
the project was identified and a planning-level fee simple estimate was calculated for each alternative. 
More detail on real estate is available in Appendix D. 

4.1.4.3 Average Annual Costs 

The timing of a plan’s costs is important. Construction and other initial implementation costs cannot 
simply be added to periodically recurring costs for project operation, maintenance and monitoring if 
meaningful and direct comparisons of the costs of the different alternatives are to be made. A common 
practice of equating sums of money across time with their equivalent at an earlier point in time is the 
process known as discounting. Through this mathematical process, which involves the use of an interest 
rate (or discount rate) officially prescribed by federal policy for use in water resource planning analysis 
(set at 2.75% at the time of the evaluation), the cost time streams for the alternative plans were 
mathematically translated into an equivalent time basis value. There is some uncertainty as to how any 
of the alternatives would be implemented. It is recognized that any of the plans would likely be 
implemented over a considerable length of time. For purposes of this evaluation, construction costs are 
assumed to incur on an equal monthly basis during the implementation of the alternative plans and would 
be implemented with no fiscal appropriation constraints. 

ER 1105-2-100 requires that interest during construction (IDC) be computed, which represents the 
opportunity cost of capital incurred during the construction period. IDC was computed for real estate, 
construction costs, and PED. IDC for construction and construction management assumed a 120-month 
unconstrained construction timeline. IDC was computed for the total real estate cost starting from the 
month prior to construction commencing, amounting to a 121-month period. IDC for PED costs were 
calculated to reflect a 48-month period. These estimates are based on generalized construction schedules 
and assume that funding is readily available and land acquisition is completed before construction starts. 
The total first cost is the sum of construction and other capital costs, such as real estate and pre-
construction. Table 4-9 summarizes the total investment cost and average annual costs for the focused 
array of alternatives. Costs calculated below are planning-level for the purposes of comparison of 
alternatives and will be refined for the Recommended Plan. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-9. Planning-level total project costs (FY18 price level). 

Alt 1Bshlw Alt 1BW Alt 2Cr 
Cost Component 
Construction & Construction Management $1,317,000,000 $1,263,000,000 $1,709,000,000 
Lands $110,000,000 $97,000,000 $95,000,000 
Preconstruction Engineering & Design $63,000,000 $60,000,000 $80,000,000 
Total First Cost $1,490,000,000 $1,420,000,000 $1,884,000,000 
Interest During Construction 
Construction & Construction Management $194,000,000 $186,000,000 $252,000,000 
Lands $16,000,000 $14,000,000 $14,000,000 
Preconstruction Engineering & Design $3,000,000 $3,000,000 $4,000,000 
Total Interest During Construction $214,000,000 $204,000,000 $271,000,000 
Total Project Investment $1,704,000,000 $1,623,000,000 $2,154,000,000 
Average Annual Cost 
Interest & Amortization $63,100,000 $60,100,000 $79,800,000 
OMRR&R Storage Component $14,400,000 $14,400,000 $12,400,000 
OMRR&R Wetland Component $1,000,000 $1,000,000 $1,000,000 

Average Annual Cost $78,500,000 $75,500,000 $93,200,000 

4.1.4.4 Ecological Evaluation (Habitat Units) 

The PDT developed performance measures and a benefit model to evaluate alternatives within the 
LOWRP study area. The primary areas evaluated included the Lake Okeechobee watershed, Lake 
Okeechobee, and the Northern Estuaries. The benefit model used a geographic information system (GIS) 
tool and a Microsoft Excel spreadsheet that uses project performance measures to derive a HU score that 
represents the ecological performance achieved by each alternative. Appendix G contains the complete 
description of the model, equations and calculations, and further information pertaining to the alternative 
evaluation. 

The LOWRP benefit model was used to aggregate the results of project performance measures. Three of 
the performance measures (Lake Okeechobee Stage Envelope, Lake Okeechobee Ecological Indicator 
Score, and the Northern Estuaries Salinity Envelope) for the LOWRP planning effort were derived from 
those approved for use in CERP by RECOVER. An additional wetland restoration performance measure 
was identified by the LOWRP PDT. A description of the performance measures used to quantify plan 
benefits is provided in Table 4-10. Performance measures were developed from the Lake Okeechobee 
and Northern Estuaries conceptual ecological models (CEMs) (Barnes 2005, Sime 2005). CEMs, as used in 
the Everglades restoration program, are non-quantitative planning tools that identify the major 
anthropogenic drivers and stressors on natural systems, the ecological effects of these stressors, and the 
best biological attributes or indicators of these ecological responses (Ogden et al. 2005b). These CEMs 
have been extensively peer reviewed and provide the framework for the planning and assessment of the 
CERP. Each performance measure has a predictive metric and targets based on hydrologic requirements 
necessary to meet empirical or theoretical ecological thresholds. Detailed estimates of hydrology across 
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Section 4 Evaluation and Comparison of Alternative Plans 

the 41-year period of record (January 1965 – December 2005) generated by the Regional Simulation 
Model - Basins (RSM-BN) were used to calculate performance measure scores. 

Table 4-10. Performance measures used to quantify plan benefits. 

Region Performance Measure Description 

Lake 
Okeechobee 
Watershed 

Wetland Habitat Quality 
• Considers optimum quality for each habitat type 

within the wetland restoration sites 

Measure of the acreage of 
different habitats in the wetland 
footprints. For each wetland site, 
a quality factor was assigned for 
each habitat type within the 
wetland restoration sites based on 
land use code (Florida Land Use, 
Cover and Forms Classification 
System (FLUCCS); from the 2015 
South Florida Water Management 
District (SFWMD) shapefile) using 
best professional judgment, 
supplemented by limited field 
evaluations. Using ArcGIS, the size 
of each FLUCCS polygon within 
each potential restoration site 
was measured and multiplied by 
its quality factor to arrive at a HU 
for that polygon. All polygons 
inside the restoration site were 
then summed to calculate the 
total HUs. To calculate the 
benefits for each wetland site, the 
HUs for the FWO condition are 
subtracted from the HUs in the 
future with project (FWP) 
condition. 

Lake 
Okeechobee 

Lake Stage Envelope 
• Lake stage remains within the desired envelope of 

12.5–15.5 ft. 
• Lake stage remains below extreme high stage 

(above 17 ft. NGVD) and above extreme low stage 
(below 10 ft. NGVD). 

Lake Okeechobee Ecological Indicator Score 
• Correlation between the six ecological indicators 

and Lake Okeechobee stage 
o Chara abundance 

Measure of the amount of time 
Lake Okeechobee stage is within 
the beneficial lake stage envelope, 
the amount of time Lake 
Okeechobee is below the extreme 
high lake level and above the 
extreme low lake level, and the 
Lake Okeechobee hydrology using 
6 nearshore ecological scoring 
metrics. 

o Cyanobacteria abundance 
o Epipelon abundance 
o Epiphyton abundance 
o Panfish (bluegill and redear sunfish) creel 

survey abundance 
o Vascular submerged aquatic vegetation 

(SAV) communities 
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Section 4 Evaluation and Comparison of Alternative Plans 

Region Performance Measure Description 

Northern 
Estuaries 

Caloosahatchee Estuary Salinity Envelope 
• Performance Measure (PM) 3.1 Low-flow Targets 
• PM 3.2 High-flow Targets 
St. Lucie Estuary Envelope 
• PM 4.1 Low-flow Targets 
• PM 4.2 High-flow Targets 

Measure of the frequency of flows 
correlated to downstream 
estuarine salinities favorable to 
marine fish, shellfish, oysters, and 
SAV. 

Performance measure scores are displayed as a function of restoration potential or achievement of the 
target, with the minimum value of zero representing a fully degraded ecosystem and a maximum value of 
100 representing the restoration target. Habitat suitability indices associated with each RECOVER 
performance measure are then summed and applied to the total spatial extent (acres) for each of the 
regions (Figure 4-2 through Figure 4-5) to produce HUs. HU results are displayed in Table 4-11. 

Figure 4-2. Paradise Run and Kissimmee River–Center wetland restoration sites (5,279 acres). 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-3. Littoral, nearshore, and pelagic habitats in Lake Okeechobee (450,000 acres of littoral, 
nearshore and pelagic habitat). 

Figure 4-4. Estimate of the maximum area of potential ecological benefit for the 
Caloosahatchee Estuary (70,979 acres). 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-5. Estimate of the maximum area of potential ecological benefit for the St. Lucie Estuary 
(14,994 acres). 

Table 4-11. Total HUs for each alternative condition. 

Project Region ECB1 FWO2 Alt 1Bshlw2 Alt 1BW2 Alt 2Cr2 

Wetlands 1,976 1,547 5,279 5,279 5,279 
Total Watershed 1,976 1,547 5,279 5,279 5,279 

Lake Okeechobee Ecological Indicator 109,052 106,938 107,995 108,523 109,933 
Lake Okeechobee Stage Envelope 25,976 26,906 29,887 29,720 30,850 
Lake Okeechobee Extreme Stage 43,200 42,971 41,743 41,969 42,695 

Total Lake Okeechobee 178,228 176,814 179,625 180,213 183,478 
Caloosahatchee Estuary 2,839 39,038 41,878 41,168 41,168 
St. Lucie Estuary 2,099 6,447 8,022 8,097 7,647 

Total Northern Estuaries 4,938 45,485 49,899 49,265 48,815 
Total HUs 185,142 223,847 234,803 234,757 237,572 

1HU values for the ECB represent those calculated in the year 2016. 
2HU values for the FWO and all alternatives are calculated for the full ecological response time. 

Average Annual Habitat Units: The average annual HU outputs were calculated as the difference between 
the FWP and FWO conditions over the period of analysis (through year 2078). The base year for the period 
of economic analysis for LOWRP is the year 2028. The average annual HU lift is calculated by subtracting 
the FWO HUs from the FWP HUs for each year and averaging over the 50-year period of analysis. The 
anticipated time it will take to realize the benefits is necessary to calculate the average annual lift 
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Section 4 Evaluation and Comparison of Alternative Plans 

associated with each alternative. Since ecosystem restoration outputs are not monetary, they were not 
discounted. 

Natural ecosystems are complex, dynamic systems and the exact functional form of the relationship 
among variables is rarely, if ever, known. South Florida ecosystems have been subject to extensive 
research and monitoring, and credible estimates of response times can be predicted based on how key 
ecosystem components have responded to varying hydrologic conditions. The rate at which LOWRP 
benefits accrue over various time intervals, depending on the region, were estimated using these 
inferences. Linear interpolation was used as a simple method for inferring the rate at which benefits would 
accrue between those time intervals for each of the three regions of the project area for both the FWP 
and FWO project conditions. 

Lake Okeechobee Watershed: The wetland average annual HU (AAHU) lift was calculated as the 
difference between the FWP and FWO conditions over the period of analysis (through year 2078). For the 
FWO condition, a straight trajectory between existing and FWP HUs was assumed to establish HU totals 
for each site and year. FWP HU trajectory was modeled to reflect the timeline of expected restoration 
effects. Wetland HUs for each site are assumed to reach 70% potential 10 years following construction 
completion, and then maximize and plateau 30 years later. This is the time required for species such as 
bald cypress, which are predicted to colonize the restoration sites, to reach their maximum height range 
of 75 to 100 feet. The AAHU lift for the wetland restoration sites is displayed in Table 4-12. 

Table 4-12. AAHU lift for Phase 2 wetland restoration sites. 

Wetland Site 
Wetland 

AAHU Lift 
Kissimmee River–Center 706 
Paradise Run 2,044 
Total 2,750 

Lake Okeechobee: Lake Okeechobee benefits are calculated using RECOVER-approved Lake Stage and 
Ecological Indicator Score Performance Measures (PMs). The Lake Stage PM looks at maintaining the lake 
stage within the desired envelope of 12.5–15.5 ft. NGVD29. This should result in increased spatial extent 
of bulrush along the western lakeshore; increased spatial extent of spikerush, beakrush, willow, and other 
native plants in the littoral zone; increased spatial extent of vascular submerged plants; a shift in 
taxonomic structure of zooplankton to better support fishery resources; increased diversity, distribution, 
and abundance of forage fish in the littoral and nearshore zones; and increased use of the littoral zone for 
wading bird foraging and nesting. The Lake Stage PM also considers extreme high lake stages (above 17 
ft. NGVD) and extreme low stages (below 10 ft. NGVD). The Ecological Indicator PM is an evaluation of 
Lake Okeechobee hydrology as measured using six nearshore ecological scoring metrics (Chara, 
cyanobacteria, epipelon, epiphyton, panfish, and SAV) which can be used in combination or evaluated 
individually to determine the effects of lake hydrology on each indicator. 

Table 4-13 shows the Lake Okeechobee HUs for each alternative in the focused array. Per the RECOVER 
Lake Okeechobee Lake Stage Performance Measure, the three performance measures are combined with 
the Ecological Indicator HUs contributing 45%, the Stage Envelope HUs contributing 45%, and the Extreme 
Stage HUs contributing 10% (2.5% for extreme low and 7.5% for extreme high). All three alternatives 
provide improvement over the FWO condition; however, Alternative 2Cr provides the greatest HU lift. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-13. Combined Lake Okeechobee HUs for Phase 1 water storage alternatives. 

Habitat Units FWO 
Alt 

1Bshlw Alt 1BW Alt 2Cr 
Ecological Indicator HUs 106,938 107,995 108,523 109,933 

Stage Envelope HUs 26,906 29,887 29,720 30,850 

Extreme Stage HUs 42,971 41,743 41,969 42,695 

Overall Lake Okeechobee HUs 176,814 179,625 180,213 183,478 

Potential Lift (HUs) 0 2,811 3,399 6,664 

The Lake Okeechobee AAHU lifts were calculated as the difference between the FWP and FWO conditions 
over the period of analysis (through year 2078). For the FWO condition, a straight trajectory between 
existing and FWO HUs was assumed to establish HU totals for each site and year. 

FWP HU trajectory was modeled to reflect the timeline of expected restoration effects. Lake Okeechobee 
HUs for each alternative are assumed to reach 25% potential 2 years following construction completion, 
50% potential at 5 years, 60% potential at 10 years, and 100% potential 25 years following construction 
completion. At that point, the full potential of HUs will be realized for the remainder of the period of 
analysis. For the FWO, a straight HU trajectory was assumed between base year HUs and that at the end 
of the period of analysis. Figure 4-6 and Table 4-14 show the trajectory of Lake Okeechobee HUs for each 
alternative over the period of analysis starting at an existing condition of 178,228 in 2028. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-6. Lake Okeechobee HU trajectory. 

Table 4-14. Summary of Lake Okeechobee HU trajectory by alternative. 

Alternative 

ECB 
Lake O 

HUs 
(2028) 

FWP 
Lake O 

HUs 
(2030) 

FWP 
Lake O 

HUs 
(2033) 

FWP 
Lake O 

HUs 
(2038) 

FWP 
Lake O 

HUs 
(2053) 

FWP 
Lake O 

HUs 
(2078) 

Total 
Lake O 

HUs 
(2028 – 
2078) 

Average 
Annual 
Lake O 
HU Lift 

FWO 178,228 178,172 178,087 177,945 177,521 176,814 9,053,576 -
1Bshlw 178,228 178,577 178,927 179,066 179,625 179,625 9,147,774 1,884 
1BW 178,228 178,724 179,221 179,419 180,213 180,213 9,172,256 2,374 
2Cr 178,228 179,541 180,853 181,378 183,478 183,478 9,308,141 5,091 

The AAHUs for Lake Okeechobee are combined with the Northern Estuaries HUs for the storage CE/ICA. 
The CE/ICA is evaluated in subsection 4.1.4.6. 

Northern Estuaries: The primary areas evaluated in the Northern Estuaries are: 1) St. Lucie River and 
Indian River Lagoon and 2) Caloosahatchee River and Estuary. Performance measures within the Northern 
Estuaries were used to evaluate habitat suitability for oyster and submerged aquatic vegetation based on 
target flows over water control structures. Within the Caloosahatchee Estuary, targets were based on 
freshwater flows at the S-79 structure (Figure 4-4). Within the St. Lucie Estuary, targets were based on 
freshwater flows at the S-80, S-48, S-49, and Gordy Road structures (Figure 4-5). The LOWRP is expected 
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Section 4 Evaluation and Comparison of Alternative Plans 

to improve conditions for estuarine and marine resources throughout the Northern Estuaries by restoring 
more natural timing, volume, and duration of freshwater flows to the Caloosahatchee and St. Lucie 
estuaries. It has the potential to provide a more appropriate range of salinity conditions by reducing 
extreme salinity fluctuations. The salinity envelope target for the Caloosahatchee River and Estuary is a 
salinity range of 16 to 28 practical salinity units (psu). The salinity envelope target for the St. Lucie Estuary 
is a salinity range of 12 to 20 psu. An ecological response time for the Northern Estuaries was estimated 
based on the expected response time of oysters and SAV to improved salinities. 

Table 4-15 shows the low-flow and high-flow habitat suitability indices (HSI) that were combined to give 
one HSI for the Caloosahatchee Estuary. This HSI was multiplied by the Caloosahatchee Estuary acreage 
(70,979 acres) to get the HUs. Table 4-16 shows the low-flow and high-flow habitat suitability indices that 
were combined to give one HSI for the St. Lucie Estuary. This HSI was multiplied by the St. Lucie Estuary 
acreage (14,994 acres) to get the HUs. 

Table 4-15. Habitat Suitability Index and HUs for the Caloosahatchee Estuary. 

Metric # PM Metric ECB FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

3.1 Low Flow (< 450 cfs) Habitat 
Suitability Index 0.02 0.405 0.395 0.400 0.405 

3.2 High Flow (>2800 cfs) 
Habitat Suitability Index 0.02 0.145 0.195 0.180 0.175 

n/a Total Caloosahatchee HSI 0.04 0.55 0.59 0.58 0.58 

n/a Caloosahatchee Estuary 
HUs 2,839 39,038 41,878 41,168 41,168 

Table 4-16. Habitat Suitability Index and HUs for the St. Lucie Estuary. 

Metric # PM Metric ECB FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

4.1 Low Flow (< 350 cfs) 
Habitat Suitability Index 0.07 0.155 0.155 0.160 0.155 

4.2 High Flow (>2000 cfs) 
Habitat Suitability Index 0.07 0.275 0.38 0.380 0.355 

n/a Total St. Lucie HSI 0.14 0.43 0.535 0.54 0.51 
n/a St. Lucie Estuary HUs 2,099 6,447 8,022 8,097 7,647 

Table 4-17 shows the combined Northern Estuaries HUs. The performance measures for each estuary 
were assumed of equal value and summed together. Alternative 1Bshlw had the greatest HU lift of 4,414 
acres. The HUs for the Northern Estuaries will be combined with the Lake Okeechobee HUs for the CE/ICA 
analysis. The CE/ICA is evaluated in subsection 4.1.4.6. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-17. Combined Northern Estuaries HUs for the focused array of alternatives. 

Region FWO Alt 1Bshlw Alt 1BW Alt 2Cr 
Caloosahatchee HUs 39,038 41,878 41,168 41,168 

St. Lucie HUs 6,447 8,022 8,097 7,647 

Overall Northern Estuaries HUs 45,485 49,899 49,265 48,815 

Potential Lift 0 4,414 3,779 3,330 

The Northern Estuaries AAHU lifts were calculated as the difference between the FWP and FWO over the 
period of analysis (through year 2078). 

FWP HU trajectory was modeled to reflect the timeline of expected restoration effects. An ecological 
response time for the Northern Estuaries was estimated based on the expected response time of oysters 
and SAV to improved salinities. The ecological response time was estimated to be approximately 6 years 
following construction completion until full impact would be realized. Table 4-18 and Figure 4-7 show the 
trajectory of Northern Estuaries HUs for each alternative over the period of analysis, as well as the 
resulting AAHU lift. 

Table 4-18. Combined Northern Estuaries HU trajectory and average annual lift. 

Alternative 
ECB Estuary 
HUs (2028) 

FWP Estuary
HUs (2034) 

FWP Estuary
HUs (2078) 

Average Annual
Estuary HU Lift 

FWO 4,938 45,485 45,485 n/a 
1Bshlw 4,938 49,899 49,899 4,194 
1BW 4,938 49,265 49,265 3,591 
2Cr 4,938 48,815 48,815 3,163 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-7. Northern estuary HU trajectory. 

4.1.4.5 Summary of Alternative Performance 

Wetland, lake, and estuary HU were assumed of equal value and summed. Alternative 2Cr provides the 
most total HUs (including wetland, Lake Okeechobee, and Northern Estuaries), followed by Alternative 
1Bshlw and then Alternative 1BW. All alternatives provide a lift in HUs over the FWO. Table 4-19 and 
Figure 4-8 provide AAHU when considering the ecological response times of each of the three regions 
described above. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-19. AAHU lift. 

Project Area Alt 1Bshlw 
AAHU 

Alt 1Bshlw 
% Total 

Alt 1BW 
AAHU 

Alt 1BW 
% Total 

Alt 2Cr 
AAHU 

Alt 2Cr 
% Total 

Wetland 2,750 31.2% 2,750 31.6% 2,750 25.0% 
Lake 

Okeechobee 1,884 21.3% 2,374 27.2% 5,091 46.3% 
Northern 

Estuaries 4,194 47.5% 3,591 41.2% 3,163 28.7% 

Total 8,828 - 8,715 - 11,005 -

Figure 4-8. AAHU by alternative. 
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Section 4 Evaluation and Comparison of Alternative Plans 

4.1.4.6 Cost-effectiveness and Incremental Cost Analysis 

Costs and benefits for water storage and wetland restoration components were analyzed both 
independently and combined. However, a combined AAHU score summing all geographic areas of the 
study area, while not appropriately representing the significance of each geographic area, provides a 
valuable cumulative analysis for determining the plan that best meets the needs of the entire watershed. 
For this reason, the combined AAHUs were used to ensure a cost-effective alternative is identified. The 
Lake Okeechobee and Northern Estuaries benefits were calculated as the difference in AAHU between 
the FWP and FWO over the period of analysis (through year 2078). For sake of comparison, the FWO 
benefits have been set to 0 to show each action alternative’s lift over the FWO for, even though the FWO 
includes ecological improvements associated with the completed projects described in Section 2.5. 

For the incremental cost analysis, only the cost-effective plans are arrayed by increasing output to show 
changes in cost (marginal cost) and changes in output (marginal output) of each cost-effective alternative 
plan compared to the FWO condition cost, which is set to 0. The plan with the lowest incremental costs 
per unit of output of all plans is the first best-buy plan. Only larger cost-effective plans are compared to 
the first best buy plan in terms of increases in cost and increases in output. The CE/ICA for water storage 
components is summarized in Table 4-20. The wetland restoration component was selected previously in 
Section 3 and is displayed below in Table 4-21. 

Table 4-20. Water Storage Component CE/ICA summary. 

Criteria FWO 

Storage
Component 

1Bshlw 
Storage

Component 1BW 
Storage

Component 2Cr 
Total Implementation Costs* $0 $1,595,000,000 $1,514,000,000 $2,045,000,000 

Annual O&M $0 $14,407,000 $14,407,000 $12,424,000 

Average Annual Cost $0 $65,561,000 $62,968,000 $78,172,000 

Lake Okeechobee AAHU 0 1,884 2,374 5,091 

Estuary AAHU 0 4,194 3,591 3,163 

Total Storage AAHU 0 6,078 5,965 8,255 

Cost-effective NA YES YES YES 

AAC* per AAHU NA $12,089 $11,818 $10,682 

Best Buy NA NO NO YES 
*Costs are for water storage components only (not wetland restoration sites) with the exception of interest during 
construction, which includes both storage and wetland interest during construction. Interest during construction is 
non-separable due to planning level costs and overlapping schedules. These costs are planning-level for the purposes 
of comparison of alternatives and will be refined for the recommended plan. 

Table 4-21. Phase 2 Wetland restoration selected sites AAHU lift. 

SITES 
TOTAL 
ACRES 

TOTAL 
FIRST 
COSTS 

AVERAGE 
ANNUAL HUs 

AVERAGE 
ANNUAL 
COSTS 

AVERAGE 
ANNUAL COST 
PER AVERAGE 

ANNUAL HU 
Kissimmee River–Center 
and Paradise Run 

5,279 $109,000,000 2,750 $4,063,000 $1,480 
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Section 4 Evaluation and Comparison of Alternative Plans 

As each storage alternative produces a unique level of total storage AAHU and no alternative provides 
more output at a lower cost, each is cost effective. The best buy plan identified by the CE/ICA was 
Alternative 2Cr, which had the highest output but at the highest planning-level cost. Alternatives 1BW and 
1Bshlw were also considered as potential NER plans as smaller-scale, cost-effective plans. 

4.2 Sea Level Change Considerations 

According to USACE Engineering Regulation 1100-2-8162 dated 31 December 2013, potential relative sea 
level change (SLC) must be considered in every USACE coastal activity as far inland as the extent of 
estimated tidal influence. Research by climate science experts predicts continued or accelerated climate 
change for the 21st century and possibly beyond, which would cause a continued or accelerated rise in 
global mean sea level. In the case of LOWRP, alternatives have been formulated considering the entire 
range of possible future rates of SLC, represented by three scenarios of “low,” “intermediate,” and “high” 
SLC. The analysis of these three scenarios is provided in Annex H. 

It is assumed that SLC would affect all alternatives. The three projected SLC trends range 0.26–1.29 ft. by 
2050 (FWO) and 1.02–10.06 ft. by 2150 (100 years). SLC can cause a number of impacts in coastal and 
estuarine zones, including changes in shoreline erosion, inundation or exposure of low-lying coastal areas, 
changes in storm and flood damages, shifts in the extent and distribution of wetlands and other coastal 
habitats, changes to groundwater levels, and alterations to salinity intrusion into estuaries and 
groundwater systems (Climate Change Science Program 2009). For the purposes of LOWRP, the impact 
analysis has been divided into two categories: estuary impacts and inland impacts. These categories are 
discussed in more detail below. 

4.2.1 Estuary Impacts 

SAV that are important in the South Indian River Lagoon (the portion of the Indian River Lagoon under the 
jurisdiction of the South Florida Water Management District) include three Halophila species (including 
the federally-listed Halophila johnsonii), Halodule wrightii, Ruppia maritima, Syringodium filiforme, and 
Thalassia testudinum. American wild celery (Vallisneria americana) is the dominant SAV species in the 
upper Caloosahatchee Estuary and historically occurred as well-defined beds in shallow water (<1 m). 
Shoal grass (Halodule wrightii), turtle grass (Thalassia testudinum), and manatee grass (Syringodium 
filiforme) are the most common higher-salinity seagrasses in the Caloosahatchee Estuary. 

Although there are species-specific variations, SAV distributions are generally limited by four 
environmental factors: light, salinity, temperature, and nutrients (Dennison et al. 1993, Kemp et al. 2004). 
The LOWRP SLC analysis focused on light and salinity factors, as it is assumed that increased water depths 
and associated reduced light, along with increased salinity, resulting from SLC would impact SAV 
distribution, health, and abundance throughout the Northern Estuaries. Changes in temperature and 
nutrient loading could certainly be affected by SLC, but uncertainty is much higher in these categories. 

4.2.1.1 Light 

Light has been recognized as the primary limiting factor controlling the lower depth limit of SAV 
(Kenworthy 1994). Light requirements are typically determined by evaluating the species-specific needs 
of individual plants coupled with the maximum depth distribution of a given species. SAV responses to 
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Section 4 Evaluation and Comparison of Alternative Plans 

the light regime include changes in areal extent, shoot density, blade length and width, carbon uptake, 
chlorophyll composition, and above- and belowground biomass. Freshwater flows from Lake Okeechobee, 
along with increased water depths associated with SLC, impact timing and duration of light quality and 
quantity. 

The maximum water depths at which seagrasses will grow in the northern estuaries is 1.7 meters 
(Virnstein and Morris 1996). Under various SLC scenarios, this depth would be surpassed (see Annex H for 
projected SLC trends). There is a potential for SAV to migrate farther upstream, but migration would be 
limited by sea walls and other structures. Therefore, it is likely that SAV habitat will be reduced under all 
alternatives by reduced light due to increased water depths from SLC. 

4.2.1.2 Salinity 

SLC will likely increase salinity in the Northern Estuaries. Salinity affects SAV growth, which may be seen 
in a phenotypic response by individual plants. For example, Montague and Ley (1993) found that SAV 
biomass was directly proportional to salinity, with biomass decreasing as salinity variation increased. This 
is important as timing of freshwater flows from Lake Okeechobee may result in salinity fluctuations, which 
may, in turn, restrict SAV growth rates. 

In the upper estuary, the naturally occurring grass species, Vallisneria americana, will not survive 
prolonged periods of elevated salinity. Halodule wrightii persists in areas with high variation in salinity. 
Thalassia testudinum and Syringodium filiforme will not tolerate prolonged periods of reduced salinity as 
a result of manipulated water flow, and persist in areas with relatively low variation in salinity. Recent 
work in the Loxahatchee River has shown that low minimum daily salinity and high salinity fluctuation 
resulted in significant losses of S. filiforme (Ridler et al. 2006). Nonetheless, H. wrightii persisted 
throughout these same conditions. 

For example, during drought conditions the retention of freshwater in the upper Caloosahatchee River 
(i.e., above S-79) may result in salinities reaching a point that the extant populations of the freshwater 
SAV V. americana are extirpated from the lower river. Alternatively, the flow of additional freshwater 
during El Niño events may result in freshening the river to a point that downstream euryhaline SAV species 
are negatively impacted. 

In some cases, increased salinity resulting from SLC may counteract some of the higher flows from Lake 
Okeechobee that reduce seagrasses in the estuaries. Under higher SLC projections, there may be a shift 
to salinity-tolerant SAV species in the Northern Estuaries. 

4.2.2 Inland Impacts 

Although all the management measures proposed for LOWRP are inland, far from the coastline, there 
could be indirect effects to the project relative to tidally influenced Lake Okeechobee outlet structures 
S-79 in the west (Caloosahatchee River) and S-80 in the east (St. Lucie River); see Figure 4-9. It is assumed 
that SLC will have limited impacts on Lake Okeechobee or the watershed due to these outlet structures 
that would limit saltwater intrusion to the center of the state, depending on the projected SLC trends (see 
Annex H for more detail). However, increased sea level is likely to cause increased saltwater intrusion into 
coastal freshwater supply well fields. In response, urban and agricultural water users may seek to shift 
water deliveries from the natural system, thereby potentially increasing demands on the LOSA. The 
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Section 4 Evaluation and Comparison of Alternative Plans 

degree to which project water reservations will protect natural system water supplies has not been tested 
in this manner, so it presents a risk to project benefits. 

Caloosahatchee River 

St. Lucie River 

Figure 4-9. Location map shows Lake Okeechobee outlet structures in Caloosahatchee and St. Lucie. 

4.2.3 Sea Level Change Summary 

Since no increase in surface water stages within the Caloosahatchee and St. Lucie Inlet is expected with 
the implementation of any LOWRP alternatives, habitat loss for FWO is assumed to be similar to the FWP 
condition for all LOWRP alternatives. Saltwater intrusion would potentially affect water supply benefits of 
all alternatives. Therefore, SLC was considered during alternative comparison, but was not a major 
evaluation criterion. Flexibility in the design and operation of features for any alternative can be 
incorporated into the project during the planning phases to reduce impacts of SLC on project benefits. For 
instance, during dry times, ASR wells could be released into Lake Okeechobee and the water consequently 
be sent to the Northern Estuaries to maintain salinity levels optimum for estuary health. Any operational 
modifications to address SLC would be considered in a future Lake Okeechobee schedule update, as 
LOWRP is not the mechanism to propose these modifications. 

It is important to note that scientific unknowns present a significant source of uncertainty in the effects 
and timing of impacts from SLC. It is unclear how quickly and successfully natural area habitat and species 
can transition or adapt to the range of potential future conditions anticipated due to ongoing and 
accelerating global climate change. 

The most significant uncertainties associated with the SLC impacts on alterative benefits are: 1) the lag 
time between when estuaries become substantially impaired due to salinity impacts and when the 
transition estuarine habitat becomes fully productive, and 2) the degree to which project-related water 
reservations will protect natural system water supplies, given SLC-related demand from the 
developed areas. 
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Section 4 Evaluation and Comparison of Alternative Plans 

4.3 RECOVER System-wide Evaluation 

As required in the Programmatic Regulations, the RECOVER team, CERP’s interagency science group, 
evaluated ecological effects of the focused array of alternatives (1Bshlw, 1BW, and 2Cr) for the LOWRP. 
Areas evaluated include the Northern Estuaries, Lake Okeechobee (and associated watershed), and the 
LOSA (Everglades Agricultural Area and surrounding water use areas). The scope of the review covers all 
areas expected to be improved by CERP beyond the boundaries of the LOWRP footprint, and includes 
performance measures and best professional judgment that reach beyond the tools and expertise of the 
traditional USACE planning process. The tools and professional backgrounds of the reviewers represent 
multiple agencies and experience studying and modeling the ecology of south Florida. The purpose of the 
review is three-fold: to provide insight into whether some alternatives performed better ecologically than 
others, to indicate whether alternatives may lead to unintended ecological conditions, and to investigate 
unintended effects beyond LOWRP’s boundaries that could potentially contradict CERP on a regional 
scale. Here are the key findings: 

• The size of the LOWRP ASR system planned for implementation is the source of some uncertainty as 
it relates to the ecology of the Lake Okeechobee Watershed, Lake Okeechobee proper, and 
downstream areas associated with the Northern Estuaries.  While ASR technology has been available 
for nearly 25 years, their application has been on smaller scales than called for in the CERP “Yellow 
Book.”  In 2015, a Final Regional Aquifer Storage and Recovery Technical Data Report was completed 
for several ASR Pilot Studies including Lake Okeechobee and found that no “fatal flaws” had been 
observed that would prevent the implementation of ASRs (USACE and SFWMD 2015).  This report 
reduced the uncertainty associated with ASR technology by providing initial understanding of the 
potential environmental impacts and effectiveness of ASR use, albeit on a smaller scale (5 ASR wells) 
(USACE and SFWMD 2013).  The planned LOWRP ASR system (65-80 wells) will be three (3) to eight 
(8) times greater than the established Florida ASR systems such as Peace River Manasota Regional 
Water Supply Authority (21 wells) and the Tampa Aquifer Storage and Recovery Tampa ASR system 
(10 wells). The LOWRP plan calls for a phased installation of the 65-80 well ASR system. By 
implementing two (2) to three (3) wells at a time, the project team will be able to evaluate potential 
environmental impacts to the Upper Floridan aquifer, south lower Kissimmee River, Lake Okeechobee 
Watershed, Lake Okeechobee proper, and downstream estuaries of the St. Lucie and Caloosahatchee 
Rivers.  As part of this phased evaluation process, RECOVER recommends the project pursue similar 
ecotoxicological testing of ASR technology as conducted in the ASR pilot studies to address the 
uncertainty associated with the number of ASR wells planned for implementation by LOWRP. 

• The evaluation metric of Lake Okeechobee Regulatory Flows to the Northern Estuaries, shows an 
appreciable improvement between LOWRP alternatives and the FWO. However, it is uncertain if there 
is an ecologically significant difference between the LOWRP alternatives themselves. This was 
unexpected given the storage capacity differences between the alternatives. 

• Although Alternative 2Cr has more storage capacity than the other LOWRP alternatives, its 
performance does not appear to be significantly better than the other alternatives. Since FWO 
contains many of the large and important Northern Estuary restoration components such as CEPP, 
Indian River Lagoon South (IRL-S) and C-43 reservoir, the next added increment of improvement 
afforded by the Recommended Plan is small in comparison, but moves restoration one step closer to 
meeting the CERP targets. 

• There is no RECOVER performance measure to assess the site selection and size of areas for wetland 
restoration in the Lake Okeechobee Watershed. Therefore, the PDT developed and utilized a strategy 
for determining potential wetland restoration sites. Improving the extent and ecological function of 
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Section 4 Evaluation and Comparison of Alternative Plans 

wetlands is one of CERP’s major goals, and the project alternatives accomplish a portion of this 
system-wide goal. Wetland restoration, in conjunction with water storage features, is expected to 
increase overall efficiency and effectiveness of the LOWRP. Improving connectivity and wetland 
function in the watershed also benefits lake ecology by improving hydrological conditions for wildlife 
and vegetation within and adjacent to the project area. Information regarding methodology used by 
Plan Formulation to select wetland restoration sites can be found in Section 3. 

• In Lake Okeechobee, all alternatives improve ecological performance by reducing frequency and 
duration of low lake stages. However, all of the alternatives slightly increase the frequency of extreme 
high lake stages and reduce the duration of lake stages in the lower end of the ecologically beneficial 
range. As a result, all alternatives create conditions less optimal for non-vascular SAV like Chara spp. 
All of the alternatives improve conditions for panfish and vascular SAV, and make slight improvements 
in lake conditions for epipelon and epiphyton. It is important to note that infrequent low lake stages 
can have ecological benefits. While the reduction of extreme low lake stage may benefit upper littoral 
marshes, reductions in frequency and duration of stages in the lower end of the stage envelope may 
reduce opportunities for deeper-marsh vegetation to rebound from higher lake stages or tropical 
events. 

• LOWRP has the ability to improve water supply for existing legal users in the LOSA by reducing water 
supply cutbacks. All alternatives significantly reduce the cutback volume when compared to the FWO 
(and ECB). The frequency of water restrictions equally improves among all LOWRP alternatives 
compared to the FWO. Alternative 2Cr meets the target for severity (size of monthly water cutback), 
and outperforms all other alternatives. All LOWRP alternatives reduce the impacts of water 
restrictions in terms of frequency, duration, severity, and volume compared to the FWO (and ECB). 

• Overall, Alternative 2Cr performed the best across all areas considered under this evaluation. The 
major separation among the alternatives is heavily reliant on the assessment of alternative 
performance regarding LOSA. There is little evidence of ecologically significant differences between 
alternatives as determined in the evaluation of the Northern Estuaries and Lake Okeechobee. 
Ultimately, Alternatives 2Cr and Alt 1BW were equally beneficial across the Northern Estuaries and 
Lake Okeechobee regions, with Alternative 1BW performing better than Alternative 2Cr in the 
Northern Estuaries and Alternative 2Cr performing best in Lake Okeechobee. Alternative 1Bshlw 
performed the worst of all alternatives. 

• There was consensus that proceeding with an adaptive management approach can further increase 
the benefits of LOWRP and positively influence the implementation of LOWRP in ecologically sensitive 
areas. Adaptive management provides a means to learn during implementation and operations, 
improves delivery of benefits, and can minimize impacts, making it a significant source of ecological 
risk buy-down for LOWRP. 

• Additional future improvements will also be realized when operational changes come online as part 
of implementing components C and E (Environmental Water Supplies from the CRE and SLE) from the 
Restudy as well as operational changes to best manage Lake Okeechobee with the new CERP 
components as they become operational. 

4.4 Summary of Outputs of the Four Accounts 

Upon identification of the focused array of alternatives, each alternative plan and the FWO were 
evaluated to identify the expected effects on the environment, the economy, and society, and how well 
each plan met project objectives and avoided constraints. 
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Section 4 Evaluation and Comparison of Alternative Plans 

These are the four accounts that were evaluated: 

• National Economic Development (NED) – net value of the national output of goods and services 

• Regional Economic Development (RED) – regional economic activity 

• Environmental Quality (EQ) - non-monetary effects on significant natural and cultural resources 

• Other Social Effects (OSE) - societal and individual health and human safety 

4.4.1 National Economic Development 

NED benefits are defined as increases in the economic value of the goods and services that result directly 
from a project. These benefits are national in perspective. Benefit categories considered by the LOWRP 
analysis include recreation, water supply, and flood control. These three categories represent important 
national considerations; however, the primary consideration of LOWRP is ecosystem restoration. 

While selecting a plan is predicated on the degree and significance of environmental restoration efforts, 
the health of the environment has a correlation with economic and social well-being. The environmental 
restoration efforts of LOWRP are expected to improve conditions in the Lake Okeechobee Watershed, 
Lake Okeechobee, and the Northern Estuaries, which will lead to both direct and indirect economic 
benefits to commercial fisheries, property value, tax revenue, tourism, and other significant economic 
sectors. It is recognized that further actions are needed to achieve the restoration envisioned in CERP, 
which will have a direct correlation to the economic and social well-being of south Florida. 

Recreation: The effect of the proposed alternatives on outdoor recreation has been evaluated in 
Section 5, as required under the Federal Water Project Recreation Act of 1965, as amended. This project 
complies with the goals of the Recreation Act. This project would not adversely affect existing recreational 
opportunities; in fact, it would increase access for recreation by converting private lands to public along 
the historic Kissimmee River channel for the purposes of wetland restoration and water storage. The FWO 
condition assumes that continued degradation of ecosystems within the project area reduces or restricts 
environmentally based recreation activities. 

Water Supply: Increasing water supply availability for existing legal users within the LOSA is an objective 
of the LOWRP. There is also a legal requirement to evaluate impacts on legal water users and provide 
replacement sources of water of comparable quantity and quality if any adverse impacts are identified. 
As the purpose of the CERP is to restore, preserve, and protect the south Florida ecosystem while 
providing for other water-related needs of the region, the LOWRP improves water supply availability to 
existing legal users. 

All action alternatives reduce total cutback volumes and meet the RECOVER WS-1 Frequency and Severity 
of Water Restrictions for LOSA PM severity score target with scores of ≤7. Total cutback volumes are 
higher for the FWO condition. This analysis is provided in subsection 4.1.1. 

Flood Control: Flood control is a constraint of the project, and while no additional benefits are realized, 
all action alternatives and the FWO condition will maintain the level of service for flood protection. 

Navigation: No impacts to Lake Okeechobee navigation will be realized with the implementation of any 
alternative or the FWO condition. 
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Section 4 Evaluation and Comparison of Alternative Plans 

4.4.2 Regional Economic Development 

All action alternatives are anticipated to provide RED benefits due to creation of additional jobs, although 
negative RED impacts include the loss of ad valorem tax revenue to county governments in Highlands and 
Glades counties, where land acquisition will take place. The FWO is assumed to provide no additional RED 
benefits or negative impacts and is not included in the tables below. The construction of any 
recommended features would have a beneficial effect on employment and demand for local goods and 
services during the construction period. The Civil Works Regional Economic System (RECONS) Program 
was used to estimate direct and total job creation, as well as gross regional product (GRP) by locality. 
RECONS is a regional economic impact modeling tool that was developed to provide accurate and 
defendable estimates of regional economic impacts associated with USACE spending. While RECONS 
incorporates impact area data, as well as multipliers, direct ratios (jobs to sales, income to sales, etc.), and 
geographic capture rates were extracted from the economic models performed for different USACE 
projects. Table 4-22, Table 4-23, and Table 4-24 display the expected increase in jobs stemming from 
construction, construction management, and PED for each alternative, as well as the consequent increase 
in GRP. These jobs are expected to last for the duration of project life following construction completion 
and are consequently of more lasting significance than the increase in jobs resulting from O&M displayed 
in Table 4-25, Table 4-26, and Table 4-27. Increase in GRP is set to a 50-year period of analysis. In addition, 
if recreational features are included, it is anticipated that some lasting benefits would accrue to the area 
as a result of additional recreational use and the associated economic activity. 

Table 4-22. Alternate 1BW RED construction, construction management, and PED benefits. 

Region Direct Jobs Total Jobs Total GRP 
Local 5,853 7,416 $325,217,777 
State 16,798 27,339 $1,502,234,687 

National 17,056 31,535 $2,030,965,033 

Table 4-23. Alternate 1Bshlw RED construction, construction management, and PED benefits. 

Region Direct Jobs Total Jobs Total GRP 
Local 6,104 7,735 $339,187,994 
State 17,525 28,523 $1,567,391,583 

National 17,794 32,902 $2,118,843,490 

Table 4-24. Alternative 2Cr RED construction, construction management, and PED benefits. 

Region Direct Jobs Total Jobs Total GRP 
Local 7,931 10,049 $440,669,387 
State 22,726 36,979 $2,031,286,516 

National 23,073 42,655 $2,746,138,624 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-25. Alternative 1BW RED O&M benefits*. 

Region Direct Jobs Total Jobs Total GRP 
Local 152 188 $10,342,347 
State 241 366 $21,746,677 

National 243 396 $25,712,572 
*RED O&M benefits are the same for Alternative 1BW and 1Bshlw due to equal planning level O&M esti-
mates. 

Table 4-26. Alternative 1Bshlw RED O&M benefits*. 

Region Direct Jobs Total Jobs Total GRP 
Local 152 188 $10,342,347 
State 241 366 $21,746,677 

National 243 396 $25,712,572 
*RED O&M benefits are the same for Alternative 1BW and 1Bshlw due to equal planning level O&M esti-
mates. 

Table 4-27. Alternate 2Cr RED O&M benefits. 

Region Direct Jobs Total Jobs Total GRP 
Local 131 162 $8,918,812 
State 208 315 $18,753,433 
National 209 342 $22,173,457 

Negative RED impacts include the loss of ad valorem tax revenue to county governments where land 
acquisition will take place. Varying amounts of private land acquisition are required for all of the action 
alternatives. Societal and community impacts of land acquisition, while difficult to measure quantitatively, 
will vary by alternative. For the RED analysis, ad valorem tax data was used to assess initial impacts of land 
acquisition to counties. This analysis does not distinguish between willing and unwilling sellers. Based on 
previous coordination with local landowners, project lands include a mix of willing sellers, unwilling sellers, 
and undecided/undetermined sellers. Table 4-28, Table 4-29, Table 4-30, and Table 4-31 present 2017 
ad valorem tax data for property parcels in Highlands and Glades counties that overlap proposed project 
feature boundaries, where acquisition of land for wetland and aboveground storage sites will occur. As 
demonstrated in Figure 4-10, this includes significant acreage beyond the feature footprints due to the 
disparate nature of existing property parcel boundaries and proposed project feature boundaries. This 
approach is required for this segment of the analysis because ad valorem taxes are imposed on property 
parcel boundaries as they exist in the year assigned. Speculation as to 2017 ad valorem tax value of only 
the land directly required for feature construction will not be attempted for the purposes of this report. 
RED impacts do not include data pertaining to ASR acquisition sites; precise ASR well locations have not 
been determined as of this phase of the study. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-10. Example:  Feature footprint vs. existing parcel boundaries for the K-05 WAF. 

Table 4-28. Maximum 2017 forfeit ad valorem tax revenue for Highlands County for individual LOWRP 
features. 

LOWRP Individual Features 
Total Parcel 

Acres 
Private Parcel 

Acres 
2017 Ad Valorem 

Taxable Value 
Kissimmee River–Center Wetland 3,006 2,705 $1,323,497 
Paradise Run Wetland 680 199 $37,953 
K-05 Shallow Reservoir 745 745 $509,306 
K-42 Reservoir 21,450 21,450 $3,913,351 
K-05 WAF 340 340 $81,462 

Table 4-29. Maximum 2017 forfeit ad valorem tax revenue for Highlands County for LOWRP 
alternatives. 

Alternatives (not 
including ASR) 

Total Parcel 
Acres 

Private Parcel 
Acres 

2017 Ad Valorem 
Taxable Value 

1Bshlw 4,026 3,243 $1,442,912 
1BW 4,431 3,648 $1,870,756 
2Cr 25,136 24,354 $5,274,801 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-30. Maximum 2017 forfeit ad valorem tax revenue for Glades County for individual 
LOWRP features. 

LOWRP Individual Features 
Total Parcel 

Acres 
Private Parcel 

Acres 
2017 Ad Valorem 

Taxable Value 
Kissimmee River–Center Wetland N/A N/A N/A 
Paradise Run Wetland 6,368 3,287 $620,016 
K-05 Shallow Reservoir 16,618 10,790 $4,827,149 
K-42 Reservoir N/A N/A N/A 
K-05 WAF 16,697 11,060 $3,536,522 

Table 4-31. Maximum 2017 forfeit ad valorem tax revenue for Glades County for LOWRP alternatives. 

Alternatives (not 
including ASR) 

Total Parcel 
Acres 

Private Parcel 
Acres 

2017 Ad Valorem 
Taxable Value 

1Bshlw 23,065 14,347 $4,156,538 
1BW 22,987 14,077 $5,447,165 
2Cr 6,368 3,287 $620,016 

4.4.3 Environmental Quality 

The EQ account is used to present non-monetary effects on ecological, cultural, and aesthetic resources, 
including the positive and adverse effects of ecosystem restoration plans. Lake Okeechobee, Northern 
Estuaries, and wetland restoration benefits are described in subsection 4.1.1. All of the environmental 
quality outputs for the action alternatives and the FWO are displayed in Section 5. For the purposes of 
this section, three major environmental impact categories were considered in evaluating and comparing 
alternatives: effects to threatened and endangered species, effects to fisheries resources, and wetland 
impacts (Table 4-32). Impacts and benefits to these resources are discussed further in Section 5 and 
Appendix C. 

Regarding effects to threatened and endangered species, Alternative 1BW is preferable because it avoids 
critically endangered Florida grasshopper sparrow habitat within the WAF footprint. Alternative 2Cr is the 
least impactful to fisheries resources because the deep reservoir intake location is in an area considered 
low risk for fisheries, while surface storage intake locations for Alternatives 1Bshlw and 1BW are in areas 
considered high risk. However, all alternatives include ASR wells with intakes in high, medium, and low 
risk categories for fisheries. Alternative 1BW impacts the least amount of wetlands in the aboveground 
storage footprint, and may provide additional wetland habitat due to the water depths typically realized 
through operation of the facility. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-32. Summary of environmental quality considerations. 

Criterion FWO ALT 1Bshlw ALT 1BW ALT 2Cr 
Effects to Continued loss of 37% of the Avoids critically The entire 
Threatened habitat and aboveground storage endangered Florida aboveground 
and population footprint contains grasshopper sparrow storage footprint 
Endangered decline. potential habitat for habitat within WAF contains 
Species critically endangered 

Florida grasshopper 
sparrow. 

footprint. potential habitat 
for critically 
endangered 
Florida 
grasshopper 
sparrow. 

Effects to Further reduction • Aboveground • WAF intake location • Aboveground 
Fisheries in fisheries habitat storage intake considered to be high storage 
Resources function is 

possible, albeit to 
a lesser rate than 
in the past, likely 
resulting in a 
decrease in the 
abundance and 
diversity of 
fisheries resources 
on non-protected 
lands. 

location 
considered to be 
high risk for 
fisheries. 

• ASR wells 
associated with 
this alternative 
have intakes in 
high, moderate, 
and low risk 
categories. 

risk for fisheries. 
• ASR wells associated 

with this alternative 
have intakes in high, 
moderate, and low 
risk categories. 

intake 
location 
considered 
to be low risk 
for fisheries. 

• ASR wells 
associated 
with this 
alternative 
have intakes 
in high, 
moderate, 
and low risk 
categories. 

Wetland A portion of • Aboveground • WAF footprint impacts • Aboveground 
Impacts wetland soils 

located in the area 
could be altered as 
a result of future 
development. 
Wetland soils 
would be drained 
and/or displaced 
with fill materials 
to support the 
urban 
development. 

storage feature 
impacts a 
moderate amount 
of wetlands (1,058 
acres). 

• Shallow reservoir 
stage levels may 
allow for limited 
emergent 
wetlands within 
storage footprint. 

the smallest amount 
of wetlands (785 
acres). 

• Water levels may be 
suitable for growth of 
wetland vegetation 
due to water depths 
typically realized 
through operation of 
the facility. 

storage 
feature 
impacts the 
largest 
amount of 
wetlands 
(2,551 acres). 

• Deep 
reservoir 
stages are 
likely 
unsuitable 
for growth of 
wetland 
vegetation. 

4.4.4 Other Social Effects 

The primary purpose of the LOWRP is to identify alternatives that will improve the ecologic conditions of 
Lake Okeechobee and the Northern Estuaries, increase wetland habitat, and reduce water supply cutbacks 
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Section 4 Evaluation and Comparison of Alternative Plans 

for existing legal users within the LOSA. There are also other social effects and benefits of this project, 
including economic and recreational opportunities. 

Life Safety: Life loss estimates are largely based on societal risk, which considers the loss of life to the 
overall number of people that are present in the flood zone, known as the downstream population at risk 
(PAR). The PAR comprises residents, local work force, and transient or recreational populations. Societal 
risk is used to represent society’s general perception that probability of high life-loss consequences must 
be remediated. Planning-level breach assessments confirm that the probability of a breach is extremely 
low for each surface storage configuration in the final array of alternatives due to robust design criteria 
of modern design standards. 

Prime and Unique Farmland: The Farmland Protection Policy Act, 7 U.S.C. §4201, finds that the nation’s 
farmland is a unique natural resource and provides food and fiber necessary for the continued welfare of 
the people of the United States. The act requires the Secretary of Agriculture to report the effects, if any, 
of federal programs, authorities, and administrative activities with respect to the protection of United 
States farmland. Prime farmland is land that has the best combination of physical and chemical 
characteristics for producing food, feed, forage, fiber, and oilseed crops. Prime farmland is also used as 
cropland, pastureland, rangeland, forestland, or other land, but cannot be used as urban developed land. 
According to 7 CFR 657.5, unique farmland is land other than prime farmland that is used for the 
production of specific high-value food and fiber crops. Coordination with U.S. Department of 
Agriculture/Natural Resources Conservation Service (USDA/NRCS) to meet the requirements of the 
Farmland Protection Act is ongoing. NRCS identified 0.0214 % of the project lands to be prime and unique 
farmland. Additional coordination will occur during PED phase. Refer to Appendix C.4 for 
more information. 

Environmental Justice: Executive Order 12898, Federal Actions to Address Environmental Justice in 
Minority Populations and Low-Income Populations, requires the Federal Government to achieve 
environmental justice by identifying and addressing high, adverse, and disproportionate effects of its 
activities on minority and low-income populations. It requires the analysis of information such as the race, 
national origin, and income level for people in areas expected to be impacted by environmental laws, 
regulations, and policies. It also requires federal agencies to identify the need to ensure the protection of 
populations relying on subsistence consumption of fish and wildlife, through analysis of information on 
such consumption patterns and the communication of associated risks to the public. 

The communities surrounding Lake Okeechobee include a range of groups in terms of race and income. 
For the environmental justice demographic analysis, data from all 2015 census block groups within a 2-
mile radius of proposed LOWRP features in the focused array of alternatives are included. As displayed in 
Figure 4-11 and Table 4-33, minority and low-income populations live in the study area. The per capita 
income for the project area is approximately 39% below the state of Florida per capita income. Table 4-34 
displays block groups of minority populations within the project area and Table 4-35 displays the racial 
demographic summary of Brighton Reservation. Table 4-36 displays block groups of low-income 
populations. As recommended by the U.S. Environmental Protection Agency, if any block group exceeds 
50% minority population or is meaningfully greater than the county or state data, a minority or low-
income population should be identified. The majority of people who live on the Brighton Reservation are 
American Indian or Alaska Natives (68.4%). Minority Hispanic or Latino populations live in three block 
group locations in Okeechobee County and one block group location in Martin County. Minority Black or 
African populations live in one block group location in Okeechobee County. There are two block groups in 
Okeechobee County and two block groups in Martin County with populations below the poverty 
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Section 4 Evaluation and Comparison of Alternative Plans 

threshold. Only minority and low-income populations that exceed 50% of the total population are 
identified in summary tables below. 

Figure 4-11. Racial demographic summary by census tract. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-33. Per capita income for project area and surrounding areas (2015 inflation-adjusted dollars). 

Project
Area 

Brighton
Reservation 

Glades 
County 

Highlands
County 

Okeechobee 
County 

Martin 
County 

Population 46,911 662 13,272 98,328 39,255 151,586 

Per Capita Income $16,298 $42,724 $17,879 $21,117 $16,931 $34,742 

Source: U.S. Department of Commerce, Bureau of the Census 

Table 4-34. Per capita income for combined counties, state of Florida, and United States (2015 
inflation-adjusted dollars). 

Counties Combined Per Capita Income $27,261 

State of Florida Per Capita Income $26,829 

United States Per Capita Income $28,930 
Source: U.S. Department of Commerce, Bureau of the Census 

Table 4-35. Minority populations that exceed 50% of the total population as defined by block group as 
identified in bold text below. 

Total Population

W
hite A

lone

B
lack or A

frican 
A

m
erican A

lone 

A
m

erican Indian or 
A

laska N
ative A

lone

A
sian A

lone

N
ative H

aw
aiian or O

ther 
Pacific Islander A

lone

Som
e O

ther R
ace A

lone

Tw
o or M

ore R
aces 

N
ot H

ispanic or Latino 

H
ispanic or Latino 

County Census Tract 
Block 
Group 

Okeechobee 9102.02 1 1,980 1,797 0 0 0 0 169 14 773 1,207 
% Block Group 91% 0% 0% 0% 0% 9% 1% 39% 61% 

Okeechobee 9102.02 2 1442 1060 281 87 0 0 14 0 496 946 
% Block Group 74% 19% 6% 0% 0% 1% 0% 34% 66% 

Okeechobee 9102.02 3 1196 987 23 12 67 0 102 5 546 650 
% Block Group 83% 2% 1% 6% 0% 9% 0% 46% 54% 

Okeechobee 9103 2 1481 614 853 0 0 0 0 14 1244 237 
% Block Group 41% 58% 0% 0% 0% 0% 1% 84% 16% 

Martin 18.02 2 1494 1000 16 0 0 0 447 31 492 1002 
% Block Group 67% 1% 0% 0% 0% 30% 2% 33% 67% 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-36. Brighton Reservation racial demographic summary. 

Total Population

W
hite A

lone 

B
lack or A

frican A
m

erican A
lone 

A
m

erican Indian or A
laska N

ative 
A

lone

A
sian

Som
e O

ther R
ace 

Tw
o or M

ore R
aces 

H
ispanic or Latino 

662 139 7 453 7 20 36 44 
21% 1.10% 68.40% 1.10% 3% 5.40% 6.60% 

Table 4-37. Low-income populations that exceed 50% of the total population as defined by 
block group. 

County 
Census 

Tract 
Block 
Group 

Population for
whom Poverty

Status is 
Determined 

Population 
Below 

Poverty
Threshold 

Percentage of
Population*

Below Poverty
Threshold 

Okeechobee 9102.02 3 980 592 60.4% 
Okeechobee 9104.03 1 1063 568 53.4% 
Martin 18.02 1 768 440 57.3% 
Martin 18.02 2 1494 767 51.3% 

*For whom poverty status is determined 

An extensive public involvement effort has taken place throughout the LOWRP planning process to reach 
out to environmental justice communities. Government-to-government meetings were held individually 
with representatives of the MTIF and the STOF. Two Department of Interior Task Force public workshops 
were held. SFWMD hosted four local landowner workshops. See Appendix C, Part 3, for a summary of all 
the agency and public meetings. 

A summary of the major environmental justice assessment categories is provided below. The full 
environmental justice analysis is located in Appendix C. In general, LOWRP would provide benefits to 
quality of life by improving the estuarine environment and contributing to hydrologic improvements in 
Lake Okeechobee and the Northern Estuaries. It would translate into aesthetic and economic benefits for 
sport fishing and other recreational activities. However, during project planning, local communities and 
the STOF have expressed concerns about disproportionate adverse impacts. According to the Council on 
Environmental Quality regulation (40 CFR §1508.27), unique characteristics of the geographic area could 
include proximity to distinctive features such as historic or cultural resources, prime farmlands, wetlands, 
and ecologically critical areas. The STOF Brighton Reservation falls under this category and has been given 
special consideration when assessing the intensity of impacts listed below. 
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Section 4 Evaluation and Comparison of Alternative Plans 

The summary of environmental justice criteria and the determination if there is a potential 
disproportionate or adverse impact to an environmental justice community is discussed in Table 4-37. The 
full analysis is provided in Appendix C. Based on this analysis in compliance with Executive Order (E.O.) 
12898, Federal Actions to Address Environmental Justice in Minority Populations and Low Income 
Populations, none of the action alternatives result in disproportionate impacts upon one demographic 
over another. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-38. Summary of environmental justice criteria. 

Major Criteria (Full 
list in Appendix

C.2) Concern Potential Intensity of Impact 
Avoidance/Minimization/Mitigation

Measures 

Disproportionate
Adverse Impact to

Environmental 
Justice (EJ)
Community 

Proximity of project 
features to 
environmental 

Siting project features 
near these communities 
may amplify project 

All project alternatives contain 
ASR wells within 1 mile of an EJ 
community. Reservoir/WAF 

• Modification of reservoirs to include 
buffer zones from local communities 

Project features are not 
sited disproportionally 
close to EJ communities 

justice (EJ) impacts proximity to Brighton • Seepage canal to reduce offsite as compared to other 
communities Reservation and Tribal lands: 2.5 

miles for Alt 2Cr, 0.2 miles for Alt 
1Bshlw, 0.5 miles for Alt 1BW. 
Reservoirs and WAF for all 
alternatives are more than 5 
miles away from remaining EJ 
populations in the study area. 

impacts 

• Vegetation cover to reduce visual 
impacts of project levees 

communities within the 
project area.  EJ 
communities would not 
be impacted by project 
features more than any 
other community. 

Dam Breach 
Impacting Property 
and Life 

Impact to life and 
property in the event of 
a dam breach in the 
aboveground storage 
features 

Extremely low due to the low 
probability of reservoir/WAF 
breach for any alternative and 
robust design. 

• Reservoirs in close proximity to 
downstream communities have 
been modified to shallow storage to 
reduce risk 

• Qualitative risk assessment during 
planning indicates extremely low 
risk of breach 

• Additional dam safety risk 
assessments throughout the project 
will refine/inform reservoir design 

• Project features would be 
monitored throughout the life of the 
project to ensure safety of local 
communities 

The results of the risk 
assessment are in 
Appendix A. There is 
not a greater risk to an 
EJ community as 
compared to other 
nearby communities. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Major Criteria (Full 
list in Appendix

C.2) Concern Potential Intensity of Impact 
Avoidance/Minimization/Mitigation

Measures 

Disproportionate
Adverse Impact to

Environmental 
Justice (EJ)
Community 

Aesthetics Levees associated with 
reservoir/WAF may 
obstruct view of 
landscape (WAF levee 
height 15.5 ft, shallow 
reservoir height 15-16 
ft, deep reservoir height 
27.5 ft) 

The majority of the geographic 
area of the LOWRP is relatively 
flat with no significant change in 
topography which magnifies the 
aesthetic impact in the 
surrounding area. However, the 
existing HHD levees with a height 
of 20–25 ft. are located in the 
project area, which impacts the 
continuity of the viewshed. 

Project levees will be visible on the rise, 
but covered in grass to minimize the 
aesthetic impact and could be 
surrounded by trees to provide 
screening, a more natural look, and 
provide habitat for wildlife. 

There is not a greater 
aesthetic impact to an 
EJ community as 
compared to other 
communities. 

Air Quality Pollutants and smog 
from pump station use 
and during project 
construction 

Temporary, short-term impacts 
during construction and long-
term minor adverse effects to air 
quality from pump stations 

ASR system powered by electricity to 
reduce air quality impacts 

There is not a greater 
air quality impact to an 
EJ community as 
compared to other 
communities. 

Cultural and Historic 
Resources 

Potential to impact 
Traditional Cultural 
Properties, cultural, 
historic, and/or burial 
resources due to project 
implementation 

Unknown until more 
archaeological surveys are 
completed and more information 
is obtained about potential sites 
in the project area. At this time 
there are no known Traditional 
Cultural Properties within the 
footprint of any of the project 
alternatives. 

Research and cultural resources surveys 
conducted during the project planning 
period led to the modification of 
alternative footprints to avoid known 
cultural resource sites. Additional 
cultural resources surveys and 
ethnographic investigations will be 
conducted during later project phases 
to identify additional areas of concern. 
Implementation of the Burial Resources 
Agreement and avoidance and 
minimization efforts will be conducted 
in accordance with the Programmatic 
Agreement among the State Historic 
Preservation Office (SHPO), Advisory 

Cultural resource 
impacts may be 
experienced by all 
populations in the 
project area, regardless 
of race, ethnicity, or 
socioeconomic status, 
and are not 
disproportionately 
borne by EJ 
populations. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Major Criteria (Full 
list in Appendix

C.2) Concern Potential Intensity of Impact 
Avoidance/Minimization/Mitigation

Measures 

Disproportionate
Adverse Impact to

Environmental 
Justice (EJ)
Community 

Council on Historic Preservation (ACHP), 
and USACE regarding the LOWRP. 

Displacement of 
Endangered Species 
to Adjacent Private 
Lands 

Displacement of listed 
species could increase 
Endangered Species Act 
compliance cost and 
limit the range of 
economic activities on 
private lands 

Based on consultation with U.S. 
Fish and Wildlife Service 
(USFWS), the most likely species 
for dispersal due to LOWRP 
alternatives are the northern 
crested caracara and the Eastern 
indigo snake. There is a smaller 
potential to impact panther 
pathways. 

USFWS is currently monitoring caracara 
within the project area to determine 
potential movement patterns. USFWS 
can coordinate with the STOF and 
private landowners to develop safe 
harbor agreements that ensures they 
can still pursue economic activities and 
traditional practices on their land. 

At the time of this 
feasibility-level analysis 
USACE does not 
anticipate a 
disproportionate 
impact. There is not a 
higher risk of dispersing 
endangered species to 
an EJ community as 
compared to other 
communities. 

Water Supply Impact to existing Lake 
Okeechobee Service 
Area (LOSA) users to 
maintain existing legal 
water supply sources 

Positive impact for all LOSA users 
as all LOWRP alternatives reduce 
water shortage cutbacks. 

N/A The LOWRP water 
supply analysis shows 
that LOSA users will 
benefit from the 
project. 

Ranching/Agricultural 
Impacts 

Seepage impacting 
crops and livestock 

No impact anticipated due to 
construction of a seepage canal 
in all alternatives to limit 
seepage outside of the 
reservoir/WAF footprint 

Seepage canal and groundwater 
monitoring 

USACE analysis shows 
that a seepage canal 
will limit offsite impacts 
to all nearby 
communities. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Major Criteria (Full 
list in Appendix

C.2) Concern Potential Intensity of Impact 
Avoidance/Minimization/Mitigation

Measures 

Disproportionate
Adverse Impact to

Environmental 
Justice (EJ)
Community 

Water Supply 
Contamination 

ASR water mixing with 
water used for water 
supply 

No impact anticipated. Drinking 
water supply is obtained from 
the surficial aquifer (land surface 
to 170 ft. below land surface) in 
the project area. The ASR storage 
zone is 550 ft. to 1100 ft. below 
land surface in the project area. 
The surficial aquifer and ASR 
storage zone are separated by 
approximately 330 ft. of 
Hawthorn Group sands and clays, 
which form the intermediate 
confining unit. There is no 
possibility that the groundwater 
in the ASR storage zone will 
contaminate the surficial aquifer 
during normal ASR operations. 
Florida Department of 
Environmental Protection 
(FDEP)’s Underground Injection 
Control (UIC) permitting process 
requires that ASR systems will 
not impact existing users. 

Extensive testing and monitoring of 
existing ASR well systems, planned 
monitoring and adaptive management 
of ASR wells planned for the future 

At the time of this 
feasibility-level 
analysis, USACE does 
not anticipate a 
disproportionate 
impact. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Major Criteria (Full 
list in Appendix

C.2) Concern Potential Intensity of Impact 
Avoidance/Minimization/Mitigation

Measures 

Disproportionate
Adverse Impact to

Environmental 
Justice (EJ)
Community 

Fish and Wildlife 
Contamination 

Mercury 
bioaccumulation in fish 
and wildlife due to ASR 
storage 

Earlier testing shows that 
mercury concentrations are 
lower in recovered water than in 
recharge water. Sulfate in 
recovered water has a low to 
moderate risk of enhancing 
mercury methylation in 
downstream sediments. 
Operations can be performed to 
avoid fish and wildlife 
contamination. 

ASR system operation can be 
performed to minimize sulfate in 
recovered water and mercury and 
sulfate concentration analysis in test 
wells will be done during design. 

At the time of this 
feasibility-level 
analysis, USACE does 
not anticipate a 
disproportionate 
impact. 

Private Land 
Acquisition 

All alternatives require 
land acquisition from a 
mix of willing, unwilling, 
and undecided sellers as 
determined by 
landowner workshops 
conducted during the 
planning phase. 

Converting private land to public 
may decrease ad valorem tax 
contributions to respective 
county governments. 

The USACE and SFWMD have 
performed extensive outreach to the 
public to inform them of the potential 
for land acquisition resulting from this 
project. Landowners would be provided 
fair market compensation if their land is 
acquired. 

There is no land 
acquisition planned at 
an EJ community. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Protection of Children: E.O. 13045, Protection of Children from Environmental Health Risks and Safety 
Risks, requires each federal agency to “identify and assess environmental risks and safety risks [that] may 
disproportionately affect children” and ensure that its “policies, programs, activities, and standards 
address disproportionate risks to children that results from environmental health risks or safety risks.” 
The proposed project will not result in environmental health risks or safety risks that may have a 
disproportionate effect on children. Children will not be in the vicinity of any of the construction 
operations, nor should activities have an impact on children. 

Safety/Health: All alternatives would be designed to dam safety requirements defined in ER 1110-2-1156, 
“Safety of Dams- Policies and Procedures”. All alternatives would maintain the existing level of service for 
flood protection within the project area. 

Community Cohesion: Land use in the project area is a mix of single family, multi-family, mobile homes, 
vacant residential, grazing land soils, cropland soils, orchard groves, citrus, undefined, and general 
agricultural uses (not zoned). Private land acquisition is required for all of the alternatives. Societal and 
community impacts of land acquisition, while difficult to measure quantitatively, will vary by alternative 
depending on if landowners are willing or unwilling sellers. 

4.5 Identification of the National Ecosystem Restoration Plan 
The overarching goal of LOWRP is the environmental restoration of a northern Everglades ecosystem 
considered to be of both national and international significance. Selecting the National Ecosystem Res-
toration (NER) Plan requires careful consideration of the plan that meets planning objectives and con-
straints and reasonably maximizes environmental benefits while passing tests of cost effectiveness and 
incremental cost analyses, significance of outputs, acceptability, completeness, efficiency, and effective-
ness. In accordance with USACE guidance, the selected plan must be shown to be cost effective and jus-
tified to achieve the desired level of output (ER-1105-2-100 Appendix E, paragraph E-41). Additionally, 
alternative risks and uncertainties were considered. Table 4-38 summarizes the major selection criteria 
to identify the NER Plan. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Table 4-39. Summary of NER Plan major selection criteria. 

Alternative 

Reasonably 
Maximize 

Environmental 
Benefits in a 

Cost-Effective 
Manner Acceptability Completeness Efficiency Effectiveness Environmental Quality 

National Economic 
Development 

Regional
Economic 

Development 
Other Social 

Effects 

Risk and 
Uncertainty 

Considerations 

Alt 1Bshlw 

Provides benefits 
in a cost-effective 
manner. Higher 
cost than Alt1BW, 
lower cost than Alt 
2Cr. 

• Meets all applicable laws, 
regulations, and public 
policies. 

• Miccosukee Tribe of Indi-
ans of Florida do not sup-
port ASR wells, support 
wetland restoration, and 
shallow reservoir is prefer-
able to deep reservoir but 
less than WAF. 

• Seminole Tribe of Florida 
may support ASR wells 
pending additional stud-
ies, support wetland resto-
ration, and oppose shal-
low reservoir. 

• Closest proximity to 
Brighton Reservation. 

Complete Cost-
effective 

Effective 
• Meets all four 

planning objec-
tives. 

• Addresses all 
the identified 
problems. 

• Takes ad-
vantage of all 
the opportuni-
ties. 

• 37% of the aboveground 
storage footprint contains 
potential habitat for 
critically endangered 
Florida grasshopper 
sparrow. 

• Aboveground storage in-
take location considered 
high risk for fisheries. 

• ASR intake locations con-
sidered high-, medium-, 
and low-risk for fisheries. 

• Aboveground storage fea-
ture impacts a moderate 
amount of wetlands 
(1,058 acres). 

• Shallow reservoir stage 
levels may allow for lim-
ited emergent wetlands 
within storage footprint. 

• 35% reduction in 
water supply cut-
backs 

• Provides recrea-
tional opportunities 
(same for all alter-
natives) 

Total Jobs 
• 7,735 Local 
• 28,523 State 
• 32,908 Na-

tional 
Total GRP 

• $339M Local 
• $1.6B State 
• $2.1B Na-

tional 

• Life Safety: Ex-
tremely low 
probability of 
breach (below 
tolerable risk 
guidelines) 

• Environmental 
Justice: no dis-
proportionate 
impacts to mi-
nority or low-in-
come popula-
tions 

• This alternative 
is opposed by 
the STOF 

• 37% of the 
aboveground 
storage footprint 
contains 
potential habitat 
for critically 
endangered 
Florida 
grasshopper 
sparrow. 

• Potential to 
adversely affect 
unidentified 
historic 
properties. 

Alt 1BW 

Provides benefits in 
a cost-effective 
manner. Least cost 
alternative. 

• Meets all applicable laws, 
regulations, and public 
policies. 

• Miccosukee Tribe of 
Indians of Florida do not 
support ASR wells, support 
wetland restoration, and 
WAF is preferable to deep 
or shallow reservoir. 

• Seminole Tribe of Florida 
may support ASR wells 
pending additional 
studies, support wetland 
restoration, and do not 
support WAF. 

• Provides a minimum ½-
mile buffer from Brighton 
Reservation. 

Complete Cost-
effective 

Effective 
• Meets all four 

planning objec-
tives. 

• Addresses all 
the identified 
problems. 

• Takes ad-
vantage of all 
the opportuni-
ties. 

• Avoids critically endan-
gered Florida grasshop-
per sparrow habitat. 

• WAF intake location con-
sidered high risk for fish-
eries. 

• ASR intake locations con-
sidered high-, medium-, 
and low-risk for fisheries. 

• Aboveground storage fea-
ture impacts the least 
amount of wetlands (785 
acres). 

• WAF stage levels may be 
suitable for growth of 
wetland vegetation due 
to the water depths 
typically realized 
thorough operation of 
the facility. 

• 33% reduction in 
water supply cut-
backs 

• Provides recrea-
tional opportunities 
(same for all alter-
natives) 

Total Jobs 
• 7,416 Local 
• 27,339 State 
• 31,535 Na-

tional 
Total GRP 

• $325M Local 
• $1.5B State 
• $2.0B Na-

tional 

• Life Safety: Ex-
tremely low 
probability of 
breach (below 
tolerable risk 
guidelines) 

• Environmental 
Justice: no dis-
proportionate 
impacts to mi-
nority or low-in-
come popula-
tions 

• This alternative 
is opposed by 
the STOF 

• Avoids critically 
endangered 
Florida 
grasshopper 
sparrow habitat. 

• Potential to 
adversely affect 
unidentified 
historic 
properties. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Alternative 

Reasonably 
Maximize 

Environmental 
Benefits in a 

Cost-Effective 
Manner Acceptability Completeness Efficiency Effectiveness Environmental Quality 

National Economic 
Development 

Regional
Economic 

Development 
Other Social 

Effects 

Risk and 
Uncertainty 

Considerations 

Alt 2Cr 

The most expensive 
but the most cost-
effective 
alternative. 

• Meets all applicable laws, 
regulations and public 
policies. 

• Miccosukee Tribe of 
Indians of Florida do not 
support ASR wells, support 
wetland restoration, and 
deep reservoir is less 
preferable than shallow 
reservoir or WAF. 

• Seminole Tribe of Florida 
may support ASR wells 
pending additional 
studies, support wetland 
restoration, and consider 
deep reservoir in K-42 
footprint to be least 
objectionable Highest-cost 
plan. 

• Farthest distance from 

Complete Best-buy 
Plan 

Effective 
• Meets all four 

planning objec-
tives. 

• Addresses all 
the identified 
problems. 

• Takes ad-
vantage of all 
the opportuni-
ties. 

• The entire reservoir foot-
print contains potential 
habitat for critically en-
dangered Florida grass-
hopper sparrow 

• Aboveground storage in-
take location considered 
low risk for fisheries. 

• ASR intake locations con-
sidered high-, medium-, 
and low-risk for fisheries. 

• Aboveground storage fea-
ture impacts the largest 
amount of wetlands 
(2,551 acres). 

• Deep reservoir stages are 
likely unsuitable for 
growth of wetland vege-
tation. 

• 44% reduction in 
water supply cut-
backs 

• Provides recrea-
tional opportunities 
(same for all alter-
natives) 

Total Jobs 
• 10,049 Local 
• 36,979 State 
• 42,655 Na-

tional 
Total GRP 

• $441M Local 
• $2.0B State 
• $2.7B Na-

tional 

• Life Safety: Ex-
tremely low 
probability of 
breach (below 
tolerable risk 
guidelines) 

• Environmental 
Justice: no dis-
proportionate 
impacts to mi-
nority or low-in-
come popula-
tions 

• Reduced imple-
mentation risks 
because this is 
the STOF least 
objectionable al-
ternative 

• The entire reser-
voir footprint 
contains poten-
tial habitat for 
critically endan-
gered Florida 
grasshopper 
sparrow 

• Potential to 
adversely affect 
unidentified 
historic 
properties 

Brighton Reservation. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Alternative 1BW is recommended as the NER Plan for the following reasons: 

• The FWO condition is not effective, acceptable, complete, or efficient. 

• Alternative 1BW reasonably maximizes ecosystem restoration benefits compared to costs. The 
only best-buy plan identified by the CE/ICA was Alternative 2Cr, which had the highest output but 
at the highest planning-level total implementation cost ($464 million dollars more than 
Alternative 1BW and $394 million dollars more than Alternative 1Bshlw). Although a cost limit has 
not been identified, an alternative with significantly higher total implementation costs may be 
considered less desirable. Alternatives 1BW and 1Bshlw were also considered as potential NER 
plans as smaller-scale, cost-effective plans. The overall benefits and increment of cost-per-benefit 
for these plans are very similar; therefore, overall costs were considered. The total first cost of 
Alternative 1BW is approximately $70 million dollars less that Alternative 1Bshlw, therefore, 
Alternative 1BW is the NER plan. 

• Significance of outputs and differences in ecosystem benefits (wetland, Lake Okeechobee, 
northern estuaries) was a consideration considered during alternative selection. All alternatives 
would provide the same wetland restoration benefits since they all include the Paradise Run and 
Kissimmee River Center sites. Alternative 2Cr would provide more benefits to Lake Okeechobee 
and Alternatives 1Bshlw and 1BW would provide more benefits to the Northern Estuaries. Each 
alternative performs differently due to its unique project features and the associated optimized 
Lake Okeechobee operations (within the LORS 2008 bounds) to account for the additional 
infrastructure that each alternative provides. For the purposes of alternative comparison and plan 
selection, the LOWRP team weighted ecosystem restoration objectives equally and did not 
consider benefits for Lake Okeechobee or either estuary more significant or preferable than the 
other. 

• Alternatives 1Bw and 1Bshlw would divert a larger overall quantity of water as compared to 
Alternative 2Cr due to the co-location of ASR wells with surface storage in these alternatives. 
Alternatives with co-located ASR wells create additional available reservoir/WAF capacity because 
they could potentially be filled more than once during a season or high water event as the ASR 
wells recharge from the surface storage, essentially draining the reservoir and allowing it to be 
re-filled. Figure 4-12 demonstrates this additional storage capacity. Co-locating ASR with reservoir 
storage also increases overall storage capacity without increasing land acquisition requirements. 
Although Alternative 2Cr provides the greatest amount of surface storage and the ability to 
quickly capture larger peak events, it cannot be co-located with ASR wells2 and is thereby limited 
by the surface storage volume. 

2 Alternative 2Cr cannot be co-located with ASR wells because it would cause adverse impacts to nearby legal wa-
ter users, which is a constraint of this project. See Section 3.2 for more details. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-12. Sensitivity run of total reservoir volume for stand-alone reservoir vs. reservoir with co-
located ASR wells 

• Risk and uncertainty was considered for each alternative. All alternatives have a potential to 
adversely affect unidentified historic properties. Alternative 2Cr is lower risk with regards to STOF 
acceptability as it is the least objectionable alternative for the STOF. The USACE acknowledges 
that the STOF opposes Alternatives 1Bw and 1Bshlw and considers Alternative 2Cr the least 
objectionable alternative. It is important to note that the environmental justice analysis, in 
compliance with Executive Order (E.O.) 12898, Federal Actions to Address Environmental Justice 
in Minority Populations and Low Income Populations, none of the action alternatives result in 
disproportionate impacts upon one demographic over another, including impacts to the STOF. 
Regarding critically endangered Florida grasshopper sparrow habitat, Alternatives 1Bw and 
1Bshlw are lower-risk alternatives when compared to Alternative 2Cr as they either completely 
or partially avoid this habitat. 

• The water source for the WAF in Alternative 1Bw is more reliable than the water source for the 
reservoir in Alternative 2Cr. Alternative 1Bw includes a pump station that draws water from 
downstream of structure S-65E, which is considered Lake Okeechobee water. This direct 
connection ensures that there is a nearly constant source of water for this alternative to provide 
water storage when needed. Alternative 2Cr requires two pumps and would require re-pumping 
to have a direct hydraulic connection to the lake, thereby reducing project efficiencies. 

• The WAF in Alternative 1Bw may provide for growth of wetland vegetation due to the water depth 
typically realized during operation of the facility and would provide additional ancillary water 

LOWRP Final PIR and EIS August 2020 
4-50 



  

   
  

      
        

       
    

   

 

     

      
     

     
    
     
        

    
     

    
   

    
       

    
      

   
     

     

     
 

    

 
 

 
 

     

     

     

 
    

     

      

 

       

Section 4 Evaluation and Comparison of Alternative Plans 

quality benefits. The average depths of Alternatives 2Cr and 1Bshlw are likely too deep to support 
the growth of wetland habitat and may have reduced aesthetic values. 

• The WAF and wetland sites in this plan are adjacent to Lake Okeechobee and increase the amount 
of time that lake stage levels are within the ecologically preferred stage envelope, providing 
connectivity to Lake Okeechobee and a measurable improvement to lake ecology. 

4.6 Modification of the NER Plan to Become the Recommended Plan 

The original NER Plan footprint was modified based on more detailed design and feedback from 
stakeholders. The eastern boundary of the WAF was moved to the east to eliminate the unused land 
between the WAF and Paradise Run. This resulted in an increase in the WAF area and a decrease in the 
Paradise Run area. The WAF boundary and the Paradise Run boundary are now contiguous on the entire 
east side of the WAF. The WAF boundary area changed from approximately 12,500 acres to 13,600 acres 
and was further modified to avoid a communication tower in the southeast corner. This increased the 
storage volume to 46,000 ac-ft. The Paradise Run area changed from 4,100 acres to 3,600 acres and was 
modified to include an approximate 1,000-foot buffer from State Road 78 as requested by Glades County 
to allow for a commercial corridor. The portion of Paradise Run that was removed and added to the WAF 
footprint was an area that would be difficult to hydrate and would have low wetland restoration value. 
All of the WAF infrastructure was further developed from the conceptual level. This included the addition 
of internal embankments, tree islands, ungated auxiliary spillways, gated spillways, and culverts. The 
location of the outlet to HHD was moved to the north. In addition, the intake for the Kissimmee River-
Center wetland was changed from a submerged weir to a pump station. The modifications to the WAF 
footprint, while increasing the storage capacity, would have a minimal effect to Lake Okeechobee and 
Northern Estuary benefits as displayed in Table 4-39 and Table 4-40. More detail on the environmental 
benefits of the Recommended Plan is provided in Section 6. 

Table 4-40. Lake Okeechobee stage improvement comparison for the original and modified NER Plan 
(Recommended Plan). 

Lake Okeechobee Stage Levels 
(NVGD29) FWO 

Original 
NER Plan 

Modified NER 
Plan 

(Recommended
Plan) 

% Time Inside Ecologically Preferred Stage 
Envelope (12.5–15.5 ft.) 27.7% 31.9% 31.2% 

% Time Above Stage Envelope (>15.5 ft.) 29.9% 28.4% 28.1% 

% Time Below Stage Envelope (<12.5 ft.) 42.4% 39.7% 40.7% 

% Time Below Navigational Min. Stage (< 
12.56 ft.) 29.8% 26.9% 27.5% 

% Time Above Extreme High Stage (> 17 ft.) 0.4% 1.4% 1.2% 

% Time Below Extreme Low Stage (< 10 ft.) 3.3% 2.0% 2.2% 

Table 4-41. Reduction in Northern Estuary Flows in the original and modified TSP (Recommended Plan). 
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Section 4 Evaluation and Comparison of Alternative Plans 

Scenario 

Total % Reduction in 
Northern Estuary Flows
compared to the FWO 

FWO 0% 
Original TSP 29% 
Modified TSP (Recommended Plan) 30% 

Recreational features were added to the Recommended Plan (Figure 4-12) as an incidental project benefit 
to enhance the existing opportunities for resource-based activities in the study area. The LOWRP provides 
two major features for recreation. The levee top around the WAF would provide approximately 33 miles 
of trails that will form three loops using the internal embankments. The wetland areas will provide 
approximately 26 river miles accessible by small boats from the C-38 canal or the WAF. Small boat portage 
sites will serve as levee trail features and enhance the boat connections between the wetland areas, WAF, 
and adjacent waterways. The full recreational analysis is located in Appendix F. 
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Section 4 Evaluation and Comparison of Alternative Plans 

Figure 4-13. Location of recreational features in the Recommended Plan. 
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Section 4 Evaluation and Comparison of Alternative Plans 

4.7 Assuring Quality of Planning Models for Alternative Evaluation and Comparison 

The PDT coordinated with the Ecosystem Restoration Planning Center of Expertise (ECO-PCX) in 
accordance with EC 1105-2-412, Assuring Quality of Planning Models, to assure the quality of the LOWRP 
Planning Models, as submitted from the Jacksonville District to the ECO-PCX in support of the approval 
for single use of the model in the LOWRP (PIR). The review consisted of an evaluation of the technical 
quality, system quality, and usability of the model, as well as its conformance with current Corps policy. 

LOWRP planning models were developed to evaluate project alternatives within the project domain 
(ecoregion and/or watershed) in south Florida and have been used to quantify ecological benefits and 
support plan evaluation, comparison and selection and has developed by the USACE’s Jacksonville District 
with support from multiple federal, state and local agencies. In addition, some performance measures 
and model output have been tested on prior project planning alternatives, which have been reviewed by 
an interagency science coordination team called REstoration COordination and VERification (RECOVER). 
Some of the models that the team has used to differentiate between alternatives and identify project 
benefits for both Lake Okeechobee and the Northern Estuaries have been calibrated for use at a regional 
scale. This is because the PDT has these tools to identify how project benefits are achieved at a CERP-wide 
scale. 

Additionally, St. Lucie and Caloosahatchee Estuary project benefits and overall project performance were 
further verified by using additional performance measures, such as average annual Lake Okeechobee 
flows, number of months/years Lake Okeechobee contributes to a detrimental event, number of times 
extreme high flow criteria is exceeded, number of times high flow criteria is exceeded, and number of 
months minimum flows are not met to maintain the salinity envelope as further detailed in Section 
4.1.1.2. 

Therefore, although there is a degree of uncertainty using regional models to identify project-specific 
benefits, the project team, in conjunction with the ECO-PCX, has determined that measures are 
appropriate to use as a tool to compare performance of alternatives to each other in the effectiveness 
and efficiency analysis in Section 4.1.1 and 4.1.4 of this document, along with the NEPA evaluation. These 
models have indicated that Alternative 2Cr would provide the most benefits to Lake Okeechobee and 
Alternative 1Bshlw would provide the most benefits to the Northern Estuaries. Each alternative performs 
differently due to its unique project features and the associated optimized Lake Okeechobee operations 
(within the LORS 2008 bounds) to account for the additional infrastructure that each alternative provides. 
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Section 5 Environmental Effects 

SECTION 5 

5 ENVIRONMENTAL EFFECTS......................................................................................5-1 
5.1 Effect of the Final Array of Alternatives and the Recommended Plan ...................5-1 

5.1.1 Climate ...................................................................................................5-1 
5.1.2 Physical Landscape..................................................................................5-1 
5.1.3 Vegetative Communities .........................................................................5-2 
5.1.4 Threatened and Endangered Species .....................................................5-12 
5.1.5 State-listed Species ...............................................................................5-20 
5.1.6 Fish and Wildlife....................................................................................5-21 
5.1.7 Essential Fish Habitat ............................................................................5-25 
5.1.8 Hydrology .............................................................................................5-26 
5.1.9 Regional Water Management (Operations) ...........................................5-30 
5.1.10 Groundwater Resources ........................................................................5-30 
5.1.11 Water Quality .......................................................................................5-32 
5.1.12 Flood Control ........................................................................................5-33 
5.1.13 Water Supply ........................................................................................5-33 
5.1.14 Air Quality.............................................................................................5-35 
5.1.15 Hazardous, Toxic and Radioactive Waste...............................................5-35 
5.1.16 Noise ....................................................................................................5-36 
5.1.17 Aesthetics .............................................................................................5-37 
5.1.18 Land Use ...............................................................................................5-37 
5.1.19 Recreation ............................................................................................5-38 
5.1.20 Socioeconomics.....................................................................................5-39 
5.1.21 Environmental Justice ...........................................................................5-41 
5.1.22 Cultural Resources ................................................................................5-42 
5.1.23 Invasive and Exotic Species....................................................................5-43 
5.1.24 Effects on Native Americans ..................................................................5-45 

5.2 Effect of the Recommended Plan .......................................................................5-48 
5.2.1 Climate .................................................................................................5-49 
5.2.2 Physical Landscape................................................................................5-49 
5.2.3 Vegetative Communities .......................................................................5-50 
5.2.4 Threatened and Endangered Species .....................................................5-58 
5.2.5 State-listed Species ...............................................................................5-61 
5.2.6 Fish and Wildlife....................................................................................5-62 
5.2.7 Essential Fish Habitat ............................................................................5-66 

LOWRP Final PIR and EIS August 2020 
5-i 



  

   
  

    
    

    
    
    
    
    
     
    
    
    
    
    
    
    
    
    

 

 
       

    
   

    
    

    
    

  
   

 
    

     
      
      

       
       

   
    

       
     

        
       

Section 5 Environmental Effects 

5.2.8 Hydrology .............................................................................................5-66 
5.2.9 Regional Water Management (Operations) ...........................................5-70 
5.2.10 Groundwater Resources ........................................................................5-70 
5.2.11 Water Quality .......................................................................................5-71 
5.2.12 Flood Control ........................................................................................5-72 
5.2.13 Water Supply ........................................................................................5-73 
5.2.14 Air Quality.............................................................................................5-74 
5.2.15 Hazardous, Toxic and Radioactive Waste...............................................5-74 
5.2.16 Noise ....................................................................................................5-75 
5.2.17 Aesthetics .............................................................................................5-75 
5.2.18 Land Use ...............................................................................................5-75 
5.2.19 Recreation ............................................................................................5-77 
5.2.20 Socioeconomics.....................................................................................5-78 
5.2.21 Environmental Justice ...........................................................................5-80 
5.2.22 Cultural Resources ................................................................................5-81 
5.2.23 Invasive and Exotic Species....................................................................5-82 
5.2.24 Effects on Native Americans ..................................................................5-84 

List of Tables 
Table 5-1. Planning-level existing land use acres in the storage footprint for each alternative. ....... 5-3 
Table 5-2. Estimated existing land use acres in the wetland restoration sites. ................................. 5-4 
Table 5-3. Estimated wetland acreages within the complete footprints (storage and wetland sites) 

for the final array of alternatives. ............................................................................... 5-4 
Table 5-4. Estimated wetland acreages within the complete footprints (storage and wetland sites) 

for the final array of alternatives. ............................................................................... 5-5 
Table 5-5. Amount of time each alternative is within the Lake Okeechobee stage envelope. .......... 5-6 
Table 5-6. Lake Okeechobee individual ecological indicator performance measure scores for the 

existing condition baseline (ECB), FWO and final array of alternatives. The time 
period assessed for the abundance of each indicator is noted in the title, e.g., 
Summer or January + February. .................................................................................. 5-7 

Table 5-7. High- and low-flow events in the Caloosahatchee and St. Lucie estuaries. ...................... 5-7 
Table 5-8. Effects of the final array of alternatives on threatened and endangered species. ......... 5-13 
Table 5-9. Effects of the final array of alternatives on Lake Okeechobee Watershed hydrology. ... 5-26 
Table 5-10. Effects of the final array of alternatives on Lake Okeechobee hydrology..................... 5-26 
Table 5-11. Effects of the final array of alternatives on Northern Estuaries hydrology................... 5-27 
Table 5-12. Summary of Caloosahatchee Estuary flow. ................................................................... 5-29 
Table 5-13. Summary of St. Lucie Estuary flow................................................................................. 5-30 
Table 5-14. Effects of the final array of alternatives on groundwater resources............................. 5-31 
Table 5-15. Effects of the final array of alternatives on Lake Okeechobee Watershed water quality.5-32 
Table 5-16. Effects of the final array of alternatives on Lake Okeechobee water quality................ 5-32 
Table 5-17. Effects of the final array of alternatives on Northern Estuaries water quality.............. 5-33 

LOWRP Final PIR and EIS August 2020 
5-ii 



  

   
  

    
   

        
       
       
       

     
      

   
        
       
      

   
        
       
     

   
       
       

      

  
   

    
  

    
  

   
  

 
   

   
     

       
      
      
      

   
    

      
      
       
      
       
       
     
     
      

Section 5 Environmental Effects 

Table 5-18. Effects of the final array of alternatives on Lake Okeechobee Service Area water 
supply. ....................................................................................................................... 5-34 

Table 5-19. Effects of the final array of alternatives on Seminole Tribe of Florida water supply. ... 5-34 
Table 5-20. Effects of the final array of alternatives on air quality. ................................................. 5-35 
Table 5-21. Effects of the final array of alternatives on HTRW. ....................................................... 5-36 
Table 5-22. Effects of the final array of alternatives on recreation.................................................. 5-39 
Table 5-23. Projected net and percent population increase by county (2016 – 2045). ................... 5-39 
Table 5-24. Effects of the final array of alternatives on cultural resources in Lake Okeechobee 

Watershed. ................................................................................................................ 5-43 
Table 5-25. Effects of the final array of alternatives on cultural resources in Lake Okeechobee. ... 5-43 
Table 5-26. Effects of the final array of alternatives on cultural resources in Northern Estuaries. . 5-43 
Table 5-27. Effects of the final array of alternatives on invasive species for Lake Okeechobee 

Watershed. ................................................................................................................ 5-44 
Table 5-28. Effects of the final array of alternatives on invasive species for wetlands.................... 5-44 
Table 5-29. Effects of the final array of alternatives on invasive species for Lake Okeechobee...... 5-44 
Table 5-30. Effects of the final array of alternatives on invasive species for aboveground storage 

feature. ...................................................................................................................... 5-45 
Table 5-31. Effects of the final array of alternatives on invasive species for ASR. ........................... 5-45 
Table 5-32. Effects of the final array of alternatives on invasive species for Northern Estuaries.... 5-45 
Table 5-33. Estimated existing land use acres in the WAF footprint of the Recommended Plan.... 5-50 
Table 5-34. Estimated existing land use acres in the wetland restoration sites of the 

Recommended Plan................................................................................................... 5-51 
Table 5-35. Estimates wetland acreages within the complete footprints (storage and wetland 

sites) for the Recommended Plan. ............................................................................ 5-52 
Table 5-36. Estimated acres of upland and pastureland in the WAF footprint and in the restored 

wetland sites of the Recommended Plan.................................................................. 5-52 
Table 5-37. Amount of time the Recommended Plan is within the Lake Okeechobee Stage 

envelope. ................................................................................................................... 5-53 
Table 5-38. Lake Okeechobee individual ecological indicator performance measure scores for the 

Recommended Plan relative to ECB and FWO. The time period assessed for the 
abundance of each indicator is noted in the title, e.g. summer or January + 
February. ................................................................................................................... 5-54 

Table 5-39. High- and low-flow events in the Caloosahatchee and St. Lucie estuaries. .................. 5-54 
Table 5-40. Effects of the Recommended Plan on threatened and endangered species. ............... 5-59 
Table 5-41. Effects of the Recommended Plan on Lake Okeechobee Watershed hydrology. ......... 5-66 
Table 5-42. Effects of the Recommended Plan on Lake Okeechobee hydrology. ............................ 5-67 
Table 5-43. Effects of the Recommended Plan on Northern Estuaries hydrology. .......................... 5-67 
Table 5-44. Summary of Caloosahatchee Estuary flow. ................................................................... 5-70 
Table 5-45. Summary of St. Lucie Estuary flow................................................................................. 5-70 
Table 5-46. Effects of the Recommended Plan on groundwater resources..................................... 5-71 
Table 5-47. Effects of the Recommended Plan on Lake Okeechobee Watershed water quality. .... 5-71 
Table 5-48. Effects of the Recommended Plan on Lake Okeechobee water quality........................ 5-72 
Table 5-49. Effects of the Recommended Plan on Northern Estuaries water quality...................... 5-72 
Table 5-50. Effects of the Recommended Plan on Lake Okeechobee Service Area water supply. .. 5-73 
Table 5-51. Effects of the Recommended Plan on Seminole Tribe of Florida water supply. ........... 5-73 
Table 5-51. Effects of the Recommended Plan on air quality........................................................... 5-74 
Table 5-52. Effects of the Recommended Plan on HTRW................................................................. 5-74 
Table 5-53. Effects of the Recommended Plan on recreation.......................................................... 5-78 

LOWRP Final PIR and EIS August 2020 
5-iii 



  

   
  

     
   

   
       

       
    
      
      
      
      
      

 

 
    

     
     

      
  

    
  

   
      
     

    
    

    
   

   
    

  
   

       
      

 

 

 

Section 5 Environmental Effects 

Table 5-54. Projected net and percent population increase by county (2016 – 2045). ................... 5-78 
Table 5-56. Effects of the Recommended Plan on cultural resources in Lake Okeechobee 

Watershed. ................................................................................................................ 5-82 
Table 5-57. Effects of the Recommended Plan on cultural resources in Lake Okeechobee. ........... 5-82 
Table 5-58. Effects of the Recommended Plan on cultural resources in the Northern Estuaries. ... 5-82 
Table 5-59. Effects of the Recommended Plan on invasive species in Lake Okeechobee Watershed.5-83 
Table 5-60. Effects of the Recommended Plan on invasive species in wetlands. ............................ 5-83 
Table 5-61. Effects of the Recommended Plan on invasive species in Lake Okeechobee................ 5-83 
Table 5-62. Effects of the Recommended Plan on invasive species in the WAF. ............................. 5-83 
Table 5-63. Effects of the Recommended Plan on invasive species at ASR wells............................. 5-83 
Table 5-64. Effects of the Recommended Plan on invasive species in the Northern Estuaries. ...... 5-83 

List of Figures 
Figure 5-1. Flow results for the Caloosahatchee Estuary. .................................................................. 5-9 
Figure 5-2.  Extreme high-flow events in the Caloosahatchee Estuary. ........................................... 5-10 
Figure 5-3. Flow results for the St. Lucie Estuary.............................................................................. 5-11 
Figure 5-4.  Extreme high flow results for the St. Lucie Estuary. ...................................................... 5-12 
Figure 5-5. Lake Okeechobee performance for the LOWRP alternatives relative to the 

baseline conditions.................................................................................................... 5-28 
Figure 5-6. Lake Okeechobee high stages (>16.00 ft. NGVD): LOWRP RSM-BN simulations 

(1965-2005). .............................................................................................................. 5-29 
Figure 5-7. Parcel map and land ownership in the project footprint. .............................................. 5-38 
Figure 5-8. Population projections by county (2016-2045). ............................................................. 5-40 
Figure 5-9. Extreme high-flow events in the Caloosahatchee Estuary. ............................................ 5-55 
Figure 5-10. Flow results for the Caloosahatchee Estuary. .............................................................. 5-56 
Figure 5-11. Flow results for the St. Lucie Estuary............................................................................ 5-57 
Figure 5-12. Extreme high flow results for the St. Lucie Estuary...................................................... 5-58 
Figure 5-13. Lake Okeechobee performance for the LOWRP Recommended Plan relative to the 

baseline conditions.................................................................................................... 5-68 
Figure 5-14. Lake Okeechobee high stages (>16.00 ft. NGVD): LOWRP RSM-BN simulations 

(1965-2005). .............................................................................................................. 5-69 
Figure 5-15. Parcel map and land ownership for the Recommended Plan footprint....................... 5-77 
Figure 5-16. Population projections by county (2016 -2045). .......................................................... 5-79 

LOWRP Final PIR and EIS August 2020 
5-iv 



  

   
  

  

      

      
     

   
  

   
 

    
        

 

  

       
  

     

       
     

              
  

    

      

        

     

  

     
    

    
   

       
       

  

  

    
 

  

Section 5 Environmental Effects 

5 ENVIRONMENTAL EFFECTS 

5.1 Effect of the Final Array of Alternatives and the Recommended Plan 

This assessment of environmental effects evaluates the anticipated environmental effects of the 
alternative actions and the Recommended Plan described in Section 3.0 and Section 4.0. 

Since the focused array of alternatives contained a no-action alternative (referred to as future without 
project [FWO]), the three action alternatives were evaluated against the FWO to describe changes to 
existing conditions with implementation of each alternative. These potential effects are summarized 
within this section. The Tentatively Selected Plan (TSP) is referenced throughout the section as Alternative 
1BW. See Appendix C for a detailed discussion. This is the TSP that was released in the Draft PIR/EIS in 
July 2018. Since then the TSP has been optimized and the Recommended Plan is described and evaluated 
in this PIR/EIS. 

For this analysis, intensity was rated as follows: 

• Negligible — effect to the resource or discipline is barely perceptible, not measurable, and con-
fined to a small area. 

• Minor — effect to the resource or discipline is perceptible, measurable, and localized. 

• Moderate — effect is clearly detectable and could have appreciable effect on the resource or 
discipline; or the effect is perceptible and measurable throughout the project area. 

• Major — effect would have a substantial, highly noticeable influence on the resource or discipline 
on a regional scale. 

The duration of the effects in this analysis is defined as follows: 

• Short term — when effects last less than one year. 

• Long term — effects that last longer than one year. 

• No duration — no effect. 

5.1.1 Climate 

Implementation of any of the Lake Okeechobee Watershed Restoration Project (LOWRP) action 
alternatives would have a negligible effect on climate within the area. Minor, localized, and less-than-
significant effects to microclimate may occur under all action alternatives as a result of redistribution of 
water and shifts in vegetation. Potential effects may include increases in evapotranspiration, increases in 
localized rainfall, and temperature changes. Refer to subsection C.2.1.1 in Appendix C, Part 2, for a 
summary of the FWO conditions and Annex H for a detailed overview of the projected impact of climate 
change within the LOWRP area. 

5.1.2 Physical Landscape 

Under the FWO condition, it is likely that the lands within the project area will remain over-drained. The 
existing alluvial wetlands at Paradise Run and Kissimmee River–Center would exhibit hydroperiods that 
reflect changes in river stage and precipitation. 
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Section 5 Environmental Effects 

Implementation of all LOWRP action alternatives would result in rehydration of the Paradise Run wetland 
by placement of a pump station on the C-41A canal to bring in water. The Kissimmee River–Center wetland 
would be rehydrated by placement of a submerged weir in the C-38 canal at the north end of the site to 
divert water to the south and west into a created river channel. Wetlands that currently exist in the 
footprints of the shallow storage feature in Alternatives 1Bshlw and 2Cr would be submerged. Alternative 
1BW is a flow-through wetland attenuation feature (WAF), so additional wetlands may be created in this 
footprint. Construction of aquifer storage and recovery (ASR) wells would have a negligible effect on the 
physical landscape due to the limited area that these features occupy at any given site. Aboveground 
storage-assisted ASR wells would be constructed proximal to the shallow storage features in Alternatives 
1Bshlw and 1BW to ensure that piping, wellheads, and appurtenances would coexist near the toe of the 
shallow storage embankment. See Appendix C for additional information. 

• Geology: Geologic conditions are unlikely to change as a result of implementation of any of the 
LOWRP action alternatives. Effects to geologic resources would be negligible and have no duration 
due to the absence of existing or proposed mining in the project action area. 

• Soils: The areal extent of hydric soils would increase as a result of project implementation. 
Rehydration of the Kissimmee River alluvial floodplain at the Paradise Run and Kissimmee River-
Center wetland restoration sites would cause these areas to evolve to more natural pre-drainage 
conditions. Depressional wetlands adjacent to reservoirs would become better established. These 
effects are expected to be moderate and persist over the long term. 

• Aquifers: Groundwater levels in the unconfined surficial aquifer system (SAS) would rise 
concomitant with wetland rehydration. ASR wells are planned to augment aboveground storage 
in all action alternatives. Increased storage volume in the aquifer will reduce high flows to the 
estuaries if initiated in advance of a predicted high-water event. Recharged surface water will 
displace native groundwater in both aquifers. In areas where the Upper Floridan Aquifer (UFA) 
and Avon Park Permeable Zone (APPZ) are more saline, ASR will freshen the aquifer. These effects 
are expected to be moderate and persist over the long term. 

5.1.3 Vegetative Communities 

The effects of the final array of alternatives on the vegetative communities is documented below and 
compared to the FWO. Appendix C, subsection C.2.3.1, contains more detailed information. 

5.1.3.1 Lake Okeechobee Watershed 

Under all action alternatives, aboveground storage features with associated seepage canals and 
embankments would be constructed, ASR wells would be installed, and two wetland areas would be 
restored. For Alternatives 1Bshlw and 2Cr, most existing plant cover within the reservoir footprint will be 
removed, representing a significant impact to existing plant communities. Alternative 1BW is a WAF, 
designed as a flow-through marsh with storage characteristics; therefore, this feature may contain 
wetland plant species and is not as deep as the aboveground storage features in the other two 
alternatives. Table 5-1 shows the area of the aboveground storage feature for each action alternative and 
the existing land use (according to the Florida Land Use, Cover, and Form Classification System (FLUCCS) 
code descriptions). The acreages and values presented in this table are planning level for alternative 
comparative purposes and are subject to revision during later detailed design. Most of the storage sites 
are improved and unimproved pastures. The WAF footprint in Alternative 1BW contains 501 acres of 
uplands and 785 acres of wetlands that may naturally shift to wetland species. The shallow reservoir 
footprint in Alternative 1Bshlw contains 666 acres of uplands and 1,058 acres of wetlands that will be 
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Section 5 Environmental Effects 

removed. The deep reservoir footprint in Alternative 2Cr contains 510 acres of uplands and 2,551 acres 
of wetlands that will be removed. Implementation of all action alternatives results in a loss of both upland 
and wetland communities within the aboveground storage footprints. The restoration sites within 
Kissimmee River–Center and Paradise Run contain 2,748 acres of wetlands and 127 acres of uplands. The 
uplands and other land use types will be converted to wetlands restoring a total of 5,279 acres of 
wetlands. Table 5-2 shows the existing land use in the wetland sites (according to FLUCCS codes). The 
wetland restoration project components will offset wetland losses in the storage footprints because the 
with-project condition will be the full footprint with a wetland land use. Table 5-3 shows the acreage of 
wetlands within the action alternatives that include the storage and wetland footprints. Table 5-4 shows 
the acreage of uplands and pasturelands within the action alternatives that include the storage and 
wetland footprints that will be lost. 

Table 5-1. Planning-level existing land use acres in the storage footprint for each alternative. 

FLUCCS Code Description (2015) 

Alt 
1Bshlw 
(acres) 

Alt 1BW 
(acres) 

Alt 2Cr 
(acres) 

Improved pastures 11,213 11,051 8,185 
Unimproved pastures 266 135 2,659 
Citrus groves 34 13 0 
Herbaceous rangeland 20 27 313 
Shrub and brushland 43 59 0 
Palmetto prairies 0 0 5 
Upland hardwood forest 0 0 0 
Brazilian pepper 0 0 319 
Oak - cabbage palm forest 150 89 138 
Cabbage palm 452 326 54 
Channelized waterways, canals 0 2 1 
Reservoirs 24 6 371 
Mixed wetland hardwoods 5 3 0 
Mixed wetland hardwoods - mixed shrubs 43 16 135 
Cabbage palm savannah 0 0 155 
Freshwater marshes 966 662 1,937 
Sawgrass 0 0 38 
Wet prairies 44 103 269 
Emergent aquatic vegetation 0 0 17 
Total Storage Area 13,260 12,492 14,596 
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Section 5 Environmental Effects 

Table 5-2. Estimated existing land use acres in the wetland restoration sites. 

FLUCCS 
Level 4 
Code FLUCCS Code Description 

Paradise 
Run Area 

(acres) 

Kissimmee 
River– 

Center Area 
(acres) 

Total Wetland 
Restoration 
TSP (acres) 

2110 Improved pastures 1,286 796 2,082 

2120 Unimproved pastures 0 64 64 

3100 Herbaceous rangeland 19 3 23 

3200 Shrub and brushland 17 0 17 

3300 Mixed rangeland 40 0 40 

4200 Upland hardwood forest 35 4 39 

4270 Live Oak 0 3 3 

4271 Oak - cabbage palm forest 0 1 1 

4280 Cabbage palm 4 0 4 

5110 Streams and waterways 76 19 95 

5120 Channelized waterways, canals 2 3 4 

5300 Reservoirs 0 5 5 

5600 Slough waters 146 0 146 

6170 Mixed wetland hardwoods 32 0 32 

6172 Mixed wetland hardwoods - mixed shrubs 184 159 344 

6180 Cabbage palm savannah 15 4 19 

6410 Freshwater marshes 493 55 548 

6430 Wet prairies 840 41 881 

6440 Emergent aquatic vegetation 885 40 925 

7430 Spoil areas 10 0 10 

TOTALS 4,084 1,197 5,282 

Table 5-3. Estimated wetland acreages within the complete footprints (storage and wetland sites) for 
the final array of alternatives. 

Wetland Description 
Alt 

1Bshlw 
Alt 

1BW 
Alt 
2Cr 

Acres of Wetlands Lost -1,058 -785 -2,551 
Acres of Wetlands Gained in Paradise Run and Kissimmee 
River–Center Wetland Sites 5,279 5,279 5,279 

Total Net Wetlands Gained (acres) 4,221 4,494 2,728 

LOWRP Final PIR and EIS August 2020 
5-4 



  

   
  

    
 

        
      

         

     

     
     

 

  

     
     

          
   

        
    

  
  

    
       

       
       

    

  
   

     
 

   
       

    
  

    
   

      
  

   
 

  
        

     

Section 5 Environmental Effects 

Table 5-4.  Estimated wetland acreages within the complete footprints (storage and wetland sites) for 
the final array of alternatives. 

Alt 1Bshlw Alt 1BW Alt 2Cr 
Acres of uplands in storage footprint 666 442 510 
Acres of pasture and citrus groves in storage footprint 11,513 11,199 10,844 

Acres of pasture in wetland restoration footprint 2,146 2,146 2,146 

Acres of uplands in wetland restoration footprint 126 126 126 
Total acres of uplands and pasture lands lost 14,451 13,913 13,626 

5.1.3.2 Lake Okeechobee 

Minor beneficial effects to Lake Okeechobee’s littoral vegetation are anticipated as a result of any of the 
action alternatives. The overall effect of the action alternatives is to reduce dramatic fluctuations in water 
levels, maintaining lake stage within the ecologically preferred stage envelope (12.5–15.5 ft. NGVD) more 
frequently than the FWO. This is primarily a result of reductions in the frequency of low and extreme low 
stages (<12.5 ft. NGVD and <10.0 ft. NGVD, respectively) compared to the FWO. However, all action 
alternatives would reduce the frequency of stages at the upper end of the stage envelope as well 
(approximately 14.5–15.5 ft. NGVD), which would help offset the larger reductions in the frequency of 
stages at the lower end of the envelope (approximately 12.5–13.5 ft. NGVD). There were also different 
effects on extreme low vs. extreme high lake stages for all alternatives; extreme low stages were slightly 
reduced in frequency from the FWO while extreme high lake stages slightly increased. However, the 
overall occurrence of extreme high stages was still very low, at less than 2.0% for any of the action 
alternatives, while the return frequency of low lake stages for any of the action alternatives was still at 
least 4% higher than the RECOVER target (Table 5-5). 

Alternative 2Cr performed the best in all categories for Lake Okeechobee, keeping the lake within the 
preferred envelope more frequently, with less time above and below the envelope, and with lower 
durations of extreme events (high or low) than any of the other alternatives. Alternative 1Bshlw 
performed slightly better than 1BW for time within the envelope and time above the envelope, but slightly 
worse in extreme high lake stage and time below the envelope. However, all the differences between 
Alternatives 1Bshlw and 1BW were 0.6% or less, which is likely insignificant ecologically. Overall, the effect 
of stabilizing lake stages should benefit vegetation in the upper and lower marshes by reducing the intra-
and inter-annual varation that leads to encroachment of woody vegetation and exotic species at high 
elevations and loss of submerged aquatic vegetation (SAV) beds to open water or emergent marsh at 
low elevations. 

Table 5-6 shows the scores for the ecological indicators (Chara, cyanobacteria, epipelon, epiphyton, 
panfish, and vascular SAV). The combined scores show overall benefits under each of the action 
alternatives, but the effects varied by individual indicator. All action alternatives reduce the occurrence 
of lake stages below the beneficial envelope, so indicators that perform well under low-water conditions 
scored similar to or less than the FWO, while indicators that perform well when stages are within the 
preferred envelope all scored similar to or better than the FWO. As for individual alternatives, Alternative 
2Cr had the highest combined indicator score, driven by epiphyton and panfish, while Alternative 1Bshlw 
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Section 5 Environmental Effects 

scored the lowest, due primarily to its panfish score. Alternative 2Cr also had the worst (lowest) score 
among alternatives for cyanobacteria, because cyanobacteria presence is reduced when average May 
water levels are actually lower than the preferred stage envelope. In essence, because Alternative 2Cr has 
the largest storage available, it can result in a worse score than other alternatives just by holding lake 
stage within the beneficial envelope during droughts. While being within the lake stage envelope is 
beneficial for some indicators, cyanobacteria presence can be reduced (resulting in a higher indicator 
score) if stages are lower than the envelope. The extra storage in Alternative 2Cr is also evident by the 
much higher scores in both the epiphyton and panfish indicators, which do well when lake stages are 
within the stage envelope in spring and/or fall seasons. Refer to Appendix C for a detailed comparison of 
potential effects to vegetation. 

Table 5-5. Amount of time each alternative is within the Lake Okeechobee stage envelope. 

Lake Okeechobee 
Stages Stage Criteria 

Future 
Without 
Project 

Alt 
1Bshlw 

Alt 
1BW 

Alt 
2Cr 

Percent Time Inside 
Ecologically Preferred Stage 

Envelope 

Percent TIME 
between 12.5 ft 
and 15.5 ft 

27.7% 32.3% 31.9% 33.9% 

Percent Time Above Stage 
Envelope 

Percent TIME 
above 15.5 ft 29.9% 27.8% 28.4% 27.2% 

Percent Time Below Stage 
Envelope 

Percent TIME 
below 12.5 ft 42.4% 39.9% 39.7% 38.8% 

Percent Time Below 
Navigational Min. Stage 

Percent TIME < 
12.56 ft. 29.8% 26.7% 26.9% 25.0% 

Percent Time Above Extreme 
High Stage 

Percent TIME > 
17 ft. 0.4% 1.6% 1.4% 1.0% 

Percent Time Below Extreme 
Low Stage 

Percent TIME < 
10 ft. 3.3% 2.0% 2.0% 1.7% 

Percent Time Below 
RECOVER Low Stage Target 

(2.5% Time < 11 ft.) 
Percent TIME < 
11 ft. 9.7% 7.5% 7.8% 6.7% 

LOWRP Final PIR and EIS August 2020 
5-6 



  

   
  

   
    

   

  
 

 
 

 
 

 
 

 
 

 
 

  

        
        

 
        
        

        
 

  

        
    

   
   

     
      

    
     

    
   

    

   
  

 
  

  
    

    

   

    
 

 
 
  

  
 

  
 

 

     

Section 5 Environmental Effects 

Table 5-6. Lake Okeechobee individual ecological indicator performance measure scores for the 
existing condition baseline (ECB), FWO and final array of alternatives. The time period assessed for the 
abundance of each indicator is noted in the title, e.g., Summer or January + February. 

Condition Summer 
Chara 

Summer 
Cyanobacteria 

Spring+Fall
Epipelon 

Spring+Fall
Epiphyton 

January+February
Panfish 

Summer 
Vascular 

SAV 

Combined 
Ecological 

Score 

ECB 54 49 37.5 53 53 63 309.5 
FWO 55 49 34.5 50 49 66 303.5 
Alt 
1Bshlw 51 49 36 53.5 51 66 306.5 
Alt 1BW 52 48 36.5 52.5 52 67 308.0 
Alt 2Cr 52 45 36 56 56 67 312.0 

5.1.3.3 Northern Estuaries 

As shown in Table 5-7 and Figure 5-1, all action alternatives show a moderate beneficial effect to 
vegetation in the Caloosahatchee Estuary compared to the FWO as indicated by fewer high-volume flow 
months. Reduction in high flows and accompanying flow velocities result in more favorable salinities for 
SAV. For high-flow events in the Caloosahatchee Estuary, all action alternatives performed better than 
the FWO, having fewer months where flows were greater than 2,800 cubic feet per second (cfs) (see 
Figure 5-2). Alternative 1Bshlw has 10 fewer months over the period of record (POR) of high flows than 
the FWO, Alternative 1BW has 7 fewer months, and Alternative 2Cr has 6 fewer months. Flows greater 
than 2,800 cfs from direct Lake Okeechobee flows go from 23 months in the FWO to 13 months in 
Alternative 1Bshlw, 16 months in Alternative 1BW, and 17 months in Alternative 2Cr. All alternatives 
significantly reduce the number and duration of high-flow events, which provides a chance for the SAV to 
recover and become more resilient. 

For low-flow events in the Caloosahatchee Estuary, negligible and less-than-significant effects are 
predicted for all alternatives. The FWO and Alternative 2Cr have the same number of months where the 
low-flow criteria were not met. Alternatives 1BW and 1Bshlw both perform worse than the FWO with an 
additional one and two months, respectively, where low flows are below 450 cfs. The FWO includes the 
C-43 reservoir that is designed to help alleviate the low-flow events. A mean monthly inflow of at least 
450 cfs is needed from S-79 to ensure that the average monthly salinity at Ft. Myers (Yacht Basin) is < 10 
practical salinity unit (psu) (target maximum salinity for tape grass). 

Table 5-7. High- and low-flow events in the Caloosahatchee and St. Lucie estuaries. 

Events ECB FWO 
Alt 

1Bshlw 
Alt 

1BW Alt 2Cr 

Caloosahatchee Estuary — 
Number of months flow < 450 
cfs from C-43 Basin & Lake 
Okeechobee regulatory flows 
(Oct-July) 

116 23 25 24 23 
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Section 5 Environmental Effects 

Events ECB FWO 
Alt 

1Bshlw 
Alt 

1BW Alt 2Cr 

Caloosahatchee Estuary — 
Number of months flow > 
2,800 cfs from C-43 Basin & 
Lake Okeechobee regulatory 
flows (Jan-Dec) 

94 70 60 63 64 

Caloosahatchee Estuary — 
Number of months flow > 
2,800 cfs from only Lake 
Okeechobee flows (Jan-Dec) 

47 23 13 16 17 

Caloosahatchee Estuary — 
Number of months flow > 
4,500 cfs 

43 30 26 25 27 

St. Lucie Estuary — Number of 
months average flow < 350 cfs 95 83 83 83 83 

St. Lucie Estuary — Number of 
times 14-day moving average 
flow > 2,000 cfs for ≥ 14 days 
from local basins * 

99 50 52 51 51 

St. Lucie Estuary — Additional 
number of times 14-day 
moving average flow > 2,000 
cfs ≥ 14 days from Lake 
Okeechobee regulatory flows 

71 37 20 20 24 
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Figure 5-1. Flow results for the Caloosahatchee Estuary. 
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Section 5 Environmental Effects 

Figure 5-2.  Extreme high-flow events in the Caloosahatchee Estuary. 

As shown in Table 5-7 and Figure 5-3, all action alternatives show a moderate beneficial effect to 
vegetation in the St. Lucie Estuary compared to the FWO as indicated by fewer high-volume flow months. 
For high-flow events, all action alternatives performed better than the FWO, having fewer times where 
the 14-day moving average flow was greater than 2,000 cfs from Lake Okeechobee regulatory flows. 
Alternative 1Bshlw and Alternative 1BW performed the best, with a reduction to 20 times when the high-
flow criteria were not met compared to 37 times in the FWO. Alternative 2Cr had a reduction to 24 times 
when the high-flow criteria were not met. For extreme high-flow events (mean monthly flow > 3,000 cfs), 
all alternatives perform better than the FWO that had 25 months where the mean monthly flow was 
greater than 3,000 cfs. The number of mean monthly flows greater than 3,000 cfs were reduced to 21 for 
Alternative 1Bshlw, 22 for Alternative 1BW, and 23 for Alternative 2Cr (Figure 5-4). For the St. Lucie 
Estuary, Alternative 1BW provides the greatest reduction of high-flow events, followed by 1Bshlw and 
then 2Cr. All alternatives significantly reduce the number and duration of the high-flow events, which 
provides a chance for the SAV to recover and become more resilient. For low flows, negligible and less-
than-significant effects are predicted for all alternatives in the St. Lucie Estuary. The FWO and all action 
alternatives have the same number of months where the low-flow criteria were not met. Refer to 
Appendix C for a detailed comparison of potential effects to vegetation. 
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Figure 5-3. Flow results for the St. Lucie Estuary. 
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Section 5 Environmental Effects 

Figure 5-4. Extreme high flow results for the St. Lucie Estuary. 

5.1.4 Threatened and Endangered Species 

A number of federally listed threatened, endangered, and candidate species may occur within the study 
area: the Florida panther (Puma concolor coryi), Florida population of West Indian manatee and its critical 
habitat (Florida manatee) (Trichechus manatus), Everglade snail kite (Rostrhamus sociabilis plumbeus) and 
its critical habitat, northern crested caracara (Polyborus plancus audubonii), Florida grasshopper sparrow 
(Ammodramus savannarum floridanus), red-cockaded woodpecker (Picoides borealis), whooping crane 
(Grus americana), wood stork (Mycteria americana), Florida bonneted bat (Eumops floridanus), Eastern 
indigo snake (Drymarchon corais couperi), bluetail mole skink (Eumeces egregius lividus), sand skink 
(Neoseps reynoldsi), Okeechobee gourd (Cucurbita okeechobeensis ssp. okeechobeensis), smalltooth 
sawfish (Pristis pectinata) and its critical habitat, green sea turtle (Chelonia mydas), hawksbill sea turtle 
(Eretmochelys imbricata), leatherback sea turtle (Dermochelys coriacea), Kemp’s ridley sea turtle 
(Lepidochelys kempii), loggerhead sea turtle (Caretta caretta), and Johnson’s seagrass (Halophila 
johnsonii) and its critical habitat. Species described in the Table 5-8 were determined by the USACE to 
potentially be affected by the project. No-effect species determinations are described in Annex A, which 
contains the LOWRP Biological Opinion, Biological Assessment and the Comprehensive Everglades 
Restoration Plan (CERP) Programmatic Biological Assessment for the National Marine Fisheries Service 
(NMFS). 

LOWRP Final PIR and EIS August 2020 
5-12 



  

   
  

      
  

    
   

  

     

 
 

 
 

 
 

 

 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 

  
 

 

 
 

 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

  
 

 
 
 

 

 
 

 
 

 
 
 

 
 

 
  

 
 

  
 

 
 

 
 

Section 5 Environmental Effects 

Threatened and endangered species that the USACE anticipated would be affected by the project were 
compared to the FWO and all action alternatives, with the potential effects summarized in Table 5-8. 
Further details on the life history of each species and their effects determinations can be found in the 
Biological Assessment in Annex A. For a more detailed analysis, please refer to Appendix C. 

Table 5-8. Effects of the final array of alternatives on threatened and endangered species. 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Florida 
Grasshopper 
Sparrow 
(Ammodramus 
savannarum 
floridanus) 

Continued loss of 
habitat and 
population decline. 

37% (~4,800 acres) 
of the K-05 reservoir 
footprint contains 
potential 
grasshopper 
sparrow habitat; 
however most of 
the footprint is 
improved pastures 
and freshwater 
marshes. Until 
surveys can be 
completed, 
Alternative 1Bshlw 
may affect, but is 
not likely to 
adversely affect, 
grasshopper 
sparrows. 
The wetland 
restoration sites for 
all alternatives may 
affect, but are not 
likely to adversely 
affect, grasshopper 
sparrows. 

The K-05 wetland 
attenuation feature 
footprint does not 
contain any 
potential 
grasshopper 
sparrow habitat. 
The WAF footprint 
shifted and no 
longer contains the 
northeastern 
portion of the 
original K-05 
footprint. This shift 
also removed all 
potential 
grasshopper 
sparrow habitat 
from the footprint. 
Alternative 1BW 
will not affect the 
grasshopper 
sparrow. 
The wetland 
restoration sites for 
all alternatives may 
affect, but are not 
likely to adversely 
affect grasshopper 
sparrows. 

The entire K-42 
reservoir footprint 
(~14,600 acres) 
contains potential 
grasshopper 
sparrow habitat. 
There would be a 
greater impact to 
the grasshopper 
sparrow habitat as 
compared to 
Alternatives 1Bshlw 
and 1BW. 
Alternative 2Cr may 
affect the 
grasshopper 
sparrow. 
The wetland 
restoration sites for 
all alternatives may 
affect, but are not 
likely to adversely 
affect, grasshopper 
sparrows. 
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Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Northern 
Crested 
Caracara 
(Polyborus 
plancus 
audubonii) 

The study area’s rural 
and agricultural 
nature will remain 
largely intact and the 
abundance of the 
northern crested 
caracara will remain 
high in the project 
area. 

There are known 
and suspected 
caracara territories 
within the K-05 
reservoir footprint. 
Alternative 1Bshlw 
would remove 
approximately 
14,451 acres of 
potential habitat. 
There is additional 
caracara foraging 
habitat within the 
two wetland 
restoration sites. 
This alternative may 
affect northern 
crested caracara. 
A biological opinion 
exempting 
incidental take of 
caracaras will likely 
be needed. 

There are known 
and suspected 
caracara territories 
within the 1BW 
WAF footprint. 
Alternative 1BW 
would remove 
approximately 
13,972 acres of 
potential habitat. 
There is additional 
caracara foraging 
habitat in the WAF 
and the two 
wetland restoration 
sites. This 
alternative may 
affect northern 
crested caracara. 
A biological opinion 
exempting 
incidental take of 
caracaras will likely 
be needed. 

There are known 
and suspected 
caracara territories 
within the K-42 
reservoir footprint. 
Alternative 2Cr 
would remove 
approximately 
13,626 acres of 
potential habitat. 
There is additional 
caracara foraging 
habitat within the 
two wetland 
restoration sites. 
This alternative may 
affect northern 
crested caracara. 
A biological opinion 
exempting 
incidental take of 
caracaras will likely 
be needed. 

Florida 
Bonneted Bat 
(Eumops 
floridanus) 

Continued loss of 
habitat, including the 
destruction of natural 
roost sites, and 
natural disasters such 
as hurricanes. 

Benefits of 
increased wetlands 
and reservoirs for 
foraging. The 
wetland and 
reservoir sites 
contain uplands 
that may contain 
roosting trees, thus 
all alternatives may 
remove potential 
roosting habitat. 

Benefits of 
increased wetlands 
and WAF for 
foraging. The 
wetland and WAF 
sites contain 
uplands that may 
contain roosting 
trees, thus all 
alternatives may 
remove potential 
roosting habitat. 

Benefits of 
increased wetlands 
and reservoirs for 
foraging. The 
wetland and 
reservoir sites 
contain uplands 
that may contain 
roosting trees, thus 
all alternatives may 
remove potential 
roosting habitat. 

Alternative 1Bshlw 
will remove 2,812 
acres of uplands for 
roost trees. This 
alternative may 
affect the Florida 
bonneted bat. 

Alternative 1BW 
will remove 2,588 
acres of uplands for 
roost trees. This 
alternative may 
affect the Florida 
bonneted bat. 

Alternative 2Cr will 
remove 2,656 acres 
of uplands for roost 
trees. This 
alternative may 
affect the Florida 
bonneted bat. 
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Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Everglade Snail 
Kite 
(Rostrhamus 
sociabilis 

The continued loss of 
suitable habitat and 
refugia, especially 
during droughts in 
the lake, may have 
significant 
demographic 
consequences. 

Alternative 1Bshlw 
has a net gain of 
4,221 acres of 
wetlands, 
significantly 
increasing the 
spatial extent of 
suitable foraging 
opportunities for 
snail kites. 
Increase in time in 
the beneficial stage 
envelope improves 
the foraging habitat 
in the littoral zone 
of Lake Okeechobee 
for the snail kites, 
providing minor 
beneficial effects. 

Alternative 1BW 
has a net gain of 
4,494 acres of 
wetlands, 
significantly 
increasing the 
spatial extent of 
suitable foraging 
opportunities for 
snail kites. 
Increase in time in 
the beneficial stage 
envelope improves 
the foraging habitat 
in the littoral zone 
of Lake Okeechobee 
for the snail kites, 
providing minor 
beneficial effects. 

Alternative 2Cr has 
a net gain of 2,728 
acres of wetlands, 
significantly 
increasing the 
spatial extent of 
suitable foraging 
opportunities for 
snail kites. 
Increase in time in 
the beneficial stage 
envelope improves 
the foraging habitat 
in the littoral zone 
of Lake 
Okeechobee for the 
snail kites, 
providing minor 
beneficial effects. 

plumbeus) and 
its critical 
habitat 

Conversely, there is 
potential for short-
term minor adverse 
effects due to a 
slight increase in 
the amount of time 
that lake stays in 
the extremely high 
stages (>17 ft. 
NGVD) which may 
affect foraging 
habitat for the snail 
kites and their 
critical habitat. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the snail kite. 

Conversely, there is 
potential for short-
term minor adverse 
effects due to a 
slight increase in 
the amount of time 
that lake stays in 
the extremely high 
stages (>17 ft. 
NGVD) which may 
affect foraging 
habitat for the snail 
kites and their 
critical habitat. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the snail kite. 

Conversely, there is 
potential for short-
term minor adverse 
effects due to a 
slight increase in 
the amount of time 
that lake stays in 
the extremely high 
stages (>17 ft. 
NGVD) which may 
affect foraging 
habitat for the snail 
kites and their 
critical habitat. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the snail 
kite. 
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Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Wood Stork 
(Mycteria 
americana) 

Continued loss of 
habitat for foraging 
and nesting. 

Alternative 1Bshlw 
has a net gain of 
4,221 acres of 
wetlands, 
significantly 
increasing the 
spatial extent of 
suitable foraging 
opportunities and 
nesting habitat for 
wood storks. 
Increase in time in 
the beneficial stage 
envelope improves 
the foraging habitat 
in the littoral zone 
of Lake Okeechobee 
for the wood stork, 
providing minor 
beneficial effects. 
Conversely, there is 
potential for short-
term, minor adverse 
effects due to a 
slight increase in 
the amount of time 
that lake stages are 
in the extremely 
high stages (>17 ft. 
NGVD), which may 
affect foraging 
habitat for the 
wood stork. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the wood 
stork. 

Alternative 1BW 
has a net gain of 
4,494 acres of 
wetlands, 
significantly 
increasing the 
spatial extent of 
suitable foraging 
opportunities and 
nesting habitat for 
wood storks. 
Increase in time in 
the beneficial stage 
envelope improves 
the foraging habitat 
in the littoral zone 
of Lake Okeechobee 
for the wood stork, 
providing minor 
beneficial effects. 
Conversely, there is 
potential for short-
term, minor 
adverse effects due 
to a slight increase 
in the amount of 
time that lake 
stages are in the 
extremely high 
stages (>17 ft. 
NGVD), which may 
affect foraging 
habitat for wood 
stork. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the wood 
stork. 

Alternative 2Cr has 
a net gain of 2,728 
acres of wetlands, 
significantly 
increasing the 
spatial extent of 
suitable foraging 
opportunities and 
nesting habitat for 
wood storks. 
Increase in time in 
the beneficial stage 
envelope improves 
the foraging habitat 
in the littoral zone 
of Lake 
Okeechobee for the 
wood stork, 
providing minor 
beneficial effects. 
Conversely, there is 
potential for short-
term, minor 
adverse effects due 
to a slight increase 
in the amount of 
time that lake 
stages are in the 
extremely high 
stages (>17 ft. 
NGVD), which may 
affect foraging 
habitat for wood 
stork. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the wood 
stork. 

Eastern Indigo 
Snake 
(Drymarchon 
corais couperi) 

Maintenance of 
current water levels 
would not affect 
upland habitat. 

Alternative 1Bshlw 
would remove 
approximately 
14,451 acres of 
potential habitat 
and may affect 
Eastern indigo 
snakes. 

Alternative 1BW 
would remove 
approximately 
13,913 acres of 
potential habitat 
and may affect 
Eastern indigo 
snakes. 

Alternative 2Cr 
would remove 
approximately 
13,626 acres of 
potential habitat 
and may affect 
Eastern indigo 
snakes. 
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Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

West Indian 
manatee 
(Trichechus 
manatus) and 
its critical 
habitat 

Freshwater high-
volume flows into the 
Northern Estuaries 
would continue to 
degrade seagrasses. 

Within Lake 
Okeechobee, minor 
beneficial effects to 
vegetation within 
Lake Okeechobee’s 
extensive littoral 
zone are anticipated 
as a result of any of 
the alternatives that 
will improve the 
foraging habitat in 
Lake Okeechobee 
for manatees. 
Reduction in high-
volume flows from 
Lake Okeechobee to 
the Northern 
Estuaries would 
reduce stress on 
seagrass beds, 
thereby increasing 
foraging potential 
for manatee within 
this region and 
providing other 
minor beneficial 
effects to the 
manatee and its 
critical habitat. This 
alternative may 
affect, but is not 
likely to adversely 
affect, designated 
critical habitat for 
the West Indian 
manatee. 
ASR wells have the 
potential to create 
warm water refugia 
that may affect the 
manatee. This 
alternative may 
affect, but is not 
likely to adversely 
affect the manatee. 

Within Lake 
Okeechobee, minor 
beneficial effects to 
vegetation within 
Lake Okeechobee’s 
extensive littoral 
zone are 
anticipated as a 
result of any of the 
alternatives that 
will improve the 
foraging habitat in 
Lake Okeechobee 
for manatees. 
Reduction in high-
volume flows from 
Lake Okeechobee to 
the Northern 
Estuaries would 
reduce stress on 
seagrass beds, 
thereby increasing 
foraging potential 
for manatee within 
this region and 
providing other 
minor beneficial 
effects to the 
manatee and its 
critical habitat. This 
alternative may 
affect, but is not 
likely to adversely 
affect, designated 
critical habitat for 
the West Indian 
manatee. 
ASR wells have the 
potential to create 
warm water refugia 
that may affect the 
manatee. This 
alternative may 
affect, but is not 
likely to adversely 
affect the manatee. 

Within Lake 
Okeechobee, minor 
beneficial effects to 
vegetation within 
Lake Okeechobee’s 
extensive littoral 
zone are 
anticipated as a 
result of any of the 
alternatives that 
will improve the 
foraging habitat in 
Lake Okeechobee 
for manatees. 
Reduction in high-
volume flows from 
Lake Okeechobee 
to the Northern 
Estuaries would 
reduce stress on 
seagrass beds, 
thereby increasing 
foraging potential 
for manatee within 
this region and 
providing other 
minor beneficial 
effects to the 
manatee and its 
critical habitat. This 
alternative may 
affect, but is not 
likely to adversely 
affect, designated 
critical habitat for 
the West Indian 
manatee. 
ASR wells have the 
potential to create 
warm water refugia 
that may affect the 
manatee. This 
alternative may 
affect, but is not 
likely to adversely 
affect the manatee. 

LOWRP Final PIR and EIS August 2020 
5-17 



  

   
  

     

 
 

 

 
 

 

 
 

 
 
 

 
 

 

 
 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 

 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
  

 
 
 

 
 

 

 
 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 

 
 

  

 
 

 

 

 
 

 
 

 
 

 
 
 

 

 

 
 
 
 

 
 

 
 
 

 

 

 
 
 

 
 

 
 

 
 

 

Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Florida Panther 
(Puma concolor 
coryi) 

Maintenance of 
current water levels 
would not affect 
upland habitat. 

Construction of the 
K-05 reservoir 
would result in 
conversion of 
upland habitat that 
could potentially be 
used by Florida 
panther to 
transverse the area 
to reservoir habitat, 
thereby eliminating 
potential habitat 
within the panther 
primary zone in this 
region. However, as 
lands within LOWRP 
action area become 

Construction of the 
WAF would result in 
conversion of 
upland habitat to 
wetland habitat; 
however, the lower 
water depth will not 
be a geographic 
barrier as panthers 
could still traverse 
the WAF. In 
addition, as lands 
within LOWRP 
action area become 
restored to their 
more historic 
natural values, the 

Construction of the 
K-42 reservoir 
would result in 
conversion of 
upland habitat that 
could potentially be 
used by Florida 
panther to 
transverse the area 
to reservoir habitat, 
thereby eliminating 
potential habitat 
within the panther 
primary zone in this 
region. However, as 
lands within LOWRP 
action area become 

restored to their 
more historic 
natural values, the 
concomitant 
improved prey base 
could result in 
greater use of these 
areas by the Florida 
panther. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the panther. 

concomitant 
improved prey base 
could result in 
greater use of these 
areas by the Florida 
panther. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the panther. 

restored to their 
more historic 
natural values, the 
concomitant 
improved prey base 
could result in 
greater use of these 
areas by the Florida 
panther. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the panther. 

Okeechobee 
Gourd 
(Cucurbita 
okeechobeensis 
ssp. 
okeechobeensis) 

The conversion of 
pond apple forested 
swamps and marshes 
for agricultural 
purposes, as well as 
water level regulation 
within Lake 
Okeechobee, have 
been the principal 
causes of the 
reduction in both 
range and abundance 
of the Okeechobee 
gourd. 

Alternative 1Bshlw 
is likely to provide 
some benefits to 
the gourd due to 
the increase in the 
amount of time that 
lake stages are 
within the desired 
stage envelope. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the 
Okeechobee gourd. 

Alternative 1BW is 
likely to provide 
some benefits to 
the gourd due to 
the increase in the 
amount of time that 
lake stages are 
within the desired 
stage envelope. This 
alternative may 
affect, but is not 
likely to adversely 
affect, the 
Okeechobee gourd. 

Alternative 2Cr is 
likely to provide 
some benefits to 
the gourd due to 
the increase in the 
amount of time that 
lake stages are 
within the desired 
stage envelope. 
This alternative may 
affect, but is not 
likely to adversely 
affect, the 
Okeechobee gourd. 
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Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 
Gopher Tortoise Maintenance of Alternative 1Bshlw Alternative 1BW Alternative 2Cr 
(Gopherus current water levels would remove would remove would remove 
polyphemus) would not affect approximately approximately approximately 
[candidate upland habitat. 14,451 acres of 13,913 acres of 13,626 acres of 
species, not potential habitat. potential habitat. potential habitat. 
currently on This alternative may This alternative may This alternative may 
Threatened and affect the gopher affect the gopher affect the gopher 
Endangered list] tortoise. tortoise. tortoise. 

Smalltooth 
Sawfish (Pristis 
pectinata) and 
its critical 
habitat 

In the absence of 
land-based water 
storage facilities, 
disruptions caused by 
flood control 
regulatory freshwater 
flows would continue 
to cause extreme 
salinity fluctuations in 
the Northern 
Estuaries, resulting in 
an escalation of 
salinities unsuitable 
for estuarine biota. 

This alternative has 
the potential to 
provide a minor 
beneficial effect to 
the smalltooth 
sawfish and its 
critical habitat by 
reducing the 
volume of high-level 
flows from Lake 
Okeechobee to the 
Caloosahatchee 
River, thereby 
improving the 
overall salinity 
regime throughout 
the Caloosahatchee 
Estuary. 

This alternative has 
the potential to 
provide a minor 
beneficial effect to 
the smalltooth 
sawfish and its 
critical habitat by 
reducing the 
volume of high-level 
flows from Lake 
Okeechobee to the 
Caloosahatchee 
River, thereby 
improving the 
overall salinity 
regime throughout 
the Caloosahatchee 
Estuary. 

This alternative has 
the potential to 
provide a minor 
beneficial effect to 
the smalltooth 
sawfish and its 
critical habitat by 
reducing the 
volume of high-
level flows from 
Lake Okeechobee 
to the 
Caloosahatchee 
River, thereby 
improving the 
overall salinity 
regime throughout 
the Caloosahatchee 
Estuary. 

Green Sea 
Turtle (Chelonia 
mydas), 
Leatherback Sea 
Turtle 
(Dermochelys 
coriacea), 
Kemp’s Ridley 
Sea Turtle 
(Lepidochelys 
kempii), 
Loggerhead Sea 
Turtle (Caretta 
caretta) 

In the absence of 
land-based water 
storage facilities, 
disruptions caused by 
flood control 
regulatory freshwater 
flows would continue 
to cause extreme 
salinity fluctuations in 
the Northern 
Estuaries, resulting in 
an escalation of 
salinities unsuitable 
for estuarine biota. 

SAV and algal 
communities are 
common foraging 
areas for sea turtles. 
This alternative 
reduces high-flow 
events within the 
Northern Estuaries. 
That will reduce 
stress on SAV and 
promote increases 
in seagrass shoots, 
which could 
increase foraging 
opportunities for 
sea turtles in this 
region. 

SAV and algal 
communities are 
common foraging 
areas for sea 
turtles. This 
alternative reduces 
high-flow events 
within the Northern 
Estuaries. That will 
reduce stress on 
SAV and promote 
increases in 
seagrass, which 
could increase 
foraging 
opportunities for 
sea turtles in this 
region. 

SAV and algal 
communities are 
common foraging 
areas for sea 
turtles. This 
alternative reduces 
high-flow events 
within the Northern 
Estuaries. That will 
reduce stress on 
SAV and promote 
increases in 
seagrass shoots, 
which could 
increase foraging 
opportunities for 
sea turtles in this 
region. 
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Section 5 Environmental Effects 

Species FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Johnson’s 
Seagrass 
(Halophila 
johnsonii) 

Freshwater high-
volume flows into the 
St. Lucie Estuary and 
Indian River Lagoon 
would continue to 
degrade Johnson’s 
seagrass. 

This alternative has 
the potential to 
benefit Johnson’s 
seagrass by 
reducing excessive 
freshwater flows 
and improving the 
salinity regime 
throughout the St. 
Lucie Estuary and 
Indian River Lagoon. 

This alternative has 
the potential to 
benefit Johnson’s 
seagrass by 
reducing excessive 
freshwater flows 
and improving the 
salinity regime 
throughout the St. 
Lucie Estuary and 
Indian River Lagoon. 

This alternative has 
the potential to 
benefit Johnson’s 
seagrass by 
reducing excessive 
freshwater flows 
and improving the 
salinity regime 
throughout the St. 
Lucie Estuary and 
Indian River 
Lagoon. 

5.1.5 State-listed Species 

The LOWRP project area contains habitat suitable for the presence, nesting, and/or foraging of 12 state-
listed threatened species and one species of special concern. Threatened and endangered animal species 
include the American oystercatcher (Haematopus palliatus), black skimmer (Rynchops niger), least tern 
(Sternula antillarum), burrowing owl (Athene cunicularia), Florida sandhill crane (Grus canadensis 
pratensis), little blue heron (Egretta caerulea), roseate spoonbill (Platalea ajaja), Southeastern American 
kestrel (Falco sparverius paulus), tricolored heron (Egretta tricolor), gopher tortoise (Gopherus 
polyphemus), Florida pine snake (Pituophis melanoleucus mugitus), and Big Cypress fox squirrel (Sciurus 
niger avicennia). The species of special concern is Sherman's fox squirrel (Sciurus niger shermani). 

All LOWRP action alternatives show a slight performance improvement within the Northern Estuaries as 
indicated by fewer high-volume flow months, providing a minor beneficial effect to state-listed beach-
nesting birds. Implementation of all action alternatives would be expected to improve conditions for 
state-listed wading birds throughout much of the project area by restoring 5,279 acres of wetlands along 
the Kissimmee River floodplain. Alternative 1BW has the largest net gain of wetlands at 4,494 acres, 
followed by Alternative 1Bshlw with a net gain of 4,221 acres, and then Alternative 2Cr with a net gain of 
2,728 acres. Florida sandhill cranes may occur within all proposed reservoir and wetland restoration 
footprints and, as a result of construction, they may be displaced from reservoirs and to a lesser extent 
from wetlands. 

All LOWRP alternatives include storage features that would convert uplands to deep-water and wetland 
habitat, and wetland restoration sites that will convert uplands to wetlands. Burrowing owls, 
Southeastern American kestrels, Florida pine snakes, Big Cypress fox squirrels, and Sherman’s fox squirrels 
have a high probability of occurrence within all proposed reservoir and wetland restoration footprints 
and, as a result of construction, are likely to be displaced. All action alternatives would remove potential 
habitat: 13,913 acres for Alternative 1BW, 14,451 acres for Alternative 1Bshlw, and 13,626 acres for 
Alternative 2Cr. Prior to construction, surveys of these species will be conducted, and the USACE will 
coordinate with the Florida Fish and Wildlife Conservation Commission (FWC) on appropriate impact 
avoidance, minimization, and/or mitigation measures. For a more detailed analysis, please refer to 
Appendix C. 
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Section 5 Environmental Effects 

5.1.6 Fish and Wildlife 

A comparison of the FWO and LOWRP action alternatives and their potential effects on fish and wildlife 
within the LOWRP project area are summarized below. For a more detailed analysis, please refer to 
Appendix C. For further details on the effects of the alternatives, see the Fish and Wildlife Coordination 
Act Report in Annex A. 

Effects on federally and state-listed species are described in further detail in Appendix C. Changes in 
hydrology have the potential to affect prey forage base by altering hydroperiods and associated 
vegetation composition or structure. Changes in dominant vegetation structure have potential to affect 
the prey forage base. Hydrology will continue to be monitored under the LOWRP. 

5.1.6.1 Invertebrates 

Implementation of any LOWRP action alternative would provide a moderate beneficial effect to 
invertebrates within the project area. Within the Lake Okeechobee watershed and restored wetlands, 
invertebrates would rapidly colonize restored or newly created aquatic habitat. Increases in stages and 
hydroperiods within the restored wetlands would promote wetland vegetation transition through 
contraction of marshes and expansion of wet prairies and, in deeper regions, sloughs. In Alternative 1BW, 
approximately 12,500 acres of WAF may provide emergent vegetation that would offer habitat for a 
diverse population of invertebrates and provide some beneficial effects to the aquatic community in the 
watershed. Within the storage feature footprints of Alternatives 1Bshlw and 2Cr, a diverse population of 
invertebrates would not be expected, largely due to water level fluctuations and a lack of emergent 
vegetation. 

The intakes for the reservoirs and the ASR wells may cause the entrainment and impingement of aquatic 
invertebrates during operation. See subsection 5.1.6.2 for the analysis of action alternatives’ effects on 
aquatic invertebrates and fish. 

Minor beneficial effects to the aquatic invertebrate community within Lake Okeechobee are anticipated 
under any LOWRP action alternative. All action alternatives maintain stages within the ecologically 
preferred envelope (12.5–15.5 ft NGVD) more frequently than the FWO (Table 5-5) and provide minor 
beneficial effects for invertebrates (Table 5-6). All alternatives increase SAV, which provides a beneficial 
effect to invertebrate habitat. Due to the increased potential habitat, the invertebrate diversity and 
abundance is expected to increase in the pelagic, nearshore, and littoral zones. 

As compared with the FWO, all LOWRP action alternatives show a minor beneficial effect with 
performance improvement within the Northern Estuaries, as indicated by fewer high-volume flow 
months. Reductions in high-volume flows and salinity fluctuations would likely benefit oysters and other 
associated invertebrates (e.g., crabs, shrimp, snails, sea stars). Reduction in high flows and accompanying 
flow velocities would help lessen flushing of oyster spat into outer areas of the Northern Estuaries; these 
areas experience high salinities levels during the dry season, resulting in increased predation and disease 
in the oyster population. 

5.1.6.2 Fish 

The storage features, seepage canals, and perimeter canals may provide some deep-water refugia and/or 
littoral habitat for use by fish and amphibian species when the aboveground storage feature is drawn 
down. Alternative 1BW contains a WAF that would be operated for storage and may also provide wetland 
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Section 5 Environmental Effects 

habitat. In order to meet the project objectives, the operational plan for the reservoirs in Alternatives 
1Bshlw and 2Cr constrains the ability of the project site (either reservoir or seepage canal) to be optimized 
for management as habitat for fish and wildlife. Small areas of existing open water habitat (i.e., deeper 
than natural wetlands) would be lost under the reservoir construction footprint. When the reservoir is 
filled, aquatic (open-water) habitat will substantially increase. The reservoir in Alternative 1Bshlw would 
be approximately 14,800 acres; the reservoir in Alternative 2Cr would be approximately 14,600 acres. The 
open-water reservoirs would likely harbor fish typical of nearby canals. Water would be conveyed to the 
reservoirs by these canals, which also act as conduits for the introduction of many aquatic organisms, 
including fish. 

All alternatives have a potential significant impact on the entrainment and impingement of fish and other 
aquatic organisms. Due to the operation of the pumps, there will likely be some entrainment and 
impingement of fish and other aquatic organisms. Some of these organisms may survive the pumping 
process; others may be killed or disoriented enough that they become easy prey for other animals inside 
the reservoir (wading birds, alligators, turtles, or other fish). Species that will likely inhabit the storage 
features include largemouth bass, black crappie, gar, red ear sunfish, bluegill, and mosquitofish, as well 
as exotic species such as armored catfish and cichlids. Shallow-water fish bedding and rearing habitat will 
be limited to the margins of the reservoirs in Alternatives 1Bshlw and 2Cr. The design of the seepage canal, 
however, includes littoral areas for fish and wildlife use. 

All action alternatives have ASR wells in areas that have been identified by Florida Fish and Wildlife 
Conservation Commission (FWC) as high-risk for larval fish entrainment and impingement; they also have 
the potential to impact fish and aquatic invertebrates through entrainment and impingement. The 
number of ASR wells differs between the action alternatives (65 for Alternative 2Cr, 80 each for 
Alternative 1Bshlw and Alternative 1BW). The larval and post-larval stages of black crappie (Pomoxis 
nigromaculatus) are especially at risk because the C-38 canal south of S-65E became a favorite spawning 
location for this species after the channelization of the Kissimmee River. The larval and post-larval stages 
are poor swimmers and would be unable to escape intake velocities (0.25 ft/sec) when drawn into the 
water intake flow-field. This is important to note not only for those fish hatching near the shoreline, but 
also for those that may be drifting down from upstream spawning locations (including open-water 
spawners like threadfin or gizzard shad). Shad entrainment and impingement has been a major concern 
with many water withdrawal systems because shad are the primary forage food for many predators. 
Locally, they are nearly the sole food source of adult black crappie (FWC 2017). The highest-risk areas are 
in the lower Kissimmee River, south of S-65E, which is contiguous with Lake Okeechobee and is a critical 
spawning area for black crappie and several sunfishes. Moderate-risk areas, located along the rim canal, 
are farther from the critical fish spawning areas. The lowest-risk areas, located above S-65E, are farthest 
from the critical fish spawning areas and do not have a direct connection to Lake Okeechobee. 

All action alternatives have a potential significant impact on fish and aquatic invertebrates in the form of 
entrainment and impingement. Alternatives 1Bshlw and 1BW contain the K-05 reservoir/WAF that has an 
intake on the C-41A canal downstream of S-84 with uncontrolled access to the C-38 canal downstream of 
S-65E; this is considered by FWC to be high-risk for fisheries. Alternative 2Cr contains the K-42 reservoir, 
with an intake on the C-41A canal downstream of S-84 with access to the C-38 canal downstream of S-
65E, and an additional intake pump in the C-41A canal to pump into the reservoir; this is considered to be 
low-risk to fisheries. All alternatives may have a significant impact on the entrainment and impingement 
of fish and aquatic invertebrates if they operate at times of the year when these organisms are present. 

LOWRP Final PIR and EIS August 2020 
5-22 



  

   
  

   
  

    
     

  
   

 

    
    

    

   
  

     

    
   

    
    

  

  

  

  
         

    
    

   
   

 
   
        

  
  

   
   

  

  
  

  
      

     

Section 5 Environmental Effects 

All action alternatives would help improve conditions for fish in Lake Okeechobee by increasing the 
amount of time that water levels are in the beneficial stage envelope. Alternative 2Cr performs the best 
in this regard, followed by Alternative 1Bshlw and then Alternative 1BW. The same performance of the 
alternatives occurs for the extreme low lake stage (Table 5-5). This will help to increase both emergent 
and submerged aquatic vegetation habitat that the fish use in the nearshore and littoral zones. An 
increase in invertebrate and plankton populations and diversity will also benefit fish in the lake as an 
increased food source. 

All action alternatives would improve conditions for estuarine and marine resources throughout the 
Northern Estuaries by restoring more natural timing, volume, and duration of freshwater flows to the 
Caloosahatchee and St. Lucie estuaries; this provides minor beneficial effects for the fish. 

For high-flow events in the Caloosahatchee Estuary, all action alternatives performed better than the 
FWO, having fewer months where flows were greater than 2,800 cfs: Alternative 1Bshlw has 10 fewer 
months, Alternative 1BW has 7 fewer months, and Alternative 2Cr has 6 fewer months. 

Table 5-7 shows that all action alternatives significantly reduce the length of the high-flow events. They 
would provide moderate beneficial effects by reducing the number and duration of high-flow events into 
the Caloosahatchee Estuary, which is beneficial to the fish in the estuaries. In the St. Lucie Estuary, 
Alternative 1BW provides the greatest reduction of high-flow events, followed by 1Bshlw and then 2Cr 
(Figure 5-3). 

See Appendix C for greater detail on the fish analysis. 

5.1.6.3 Amphibians and Reptiles 

Amphibians and aquatic reptiles, including frogs, turtles, snakes, and alligators, would likely inhabit the 
reservoirs in Alternatives 1Bshlw and 2Cr, receiving minor beneficial effects. Alternative 1BW would likely 
provide additional wetland habitat for amphibians and reptiles, which is a major beneficial effect. 
Rehydration of previously dry areas within the watershed would increase spatial extent of suitable habitat 
for aquatic amphibian species in this area. Increase in forage prey availability (e.g., crayfish and other 
invertebrates, fish) in rehydrated areas will also directly benefit amphibian and reptile species. However, 
there would be a loss of habitat within reservoir footprints for upland reptiles and amphibians (e.g., toads, 
certain snakes, and box turtle), and through wetland conversion (e.g., for tree frogs or other aquatic/semi-
aquatic reptiles and amphibians). Alternative 1Bshlw would remove approximately 14,451 acres of 
potential habitat, Alternative 1BW would remove approximately 13,913 acres, and Alternative 2Cr would 
remove approximately 13,626 acres. 

SAV and algal communities are also common foraging areas for the green sea turtle. Reductions in high-
flow events within the Northern Estuaries would reduce stress on SAV and promote increases in seagrass 
shoots, potentially increasing foraging opportunities for green sea turtles in this region. 

5.1.6.4 Birds 

The freshwater wetlands of the Everglades are noted for an abundance and diversity of colonial wading 
birds. All alternatives will benefit wading birds by increasing foraging and nesting habitat in the wetland 
sites; Alternatives 1Bshlw and 2CR to a moderate level and Alternative 1BW to a major level. Impacts to 
the grasshopper sparrow, snail kite, and wood stork are further discussed in Section 5.1.4, Appendix C, 
and Annex A. Changes in hydrology have the potential to affect birds through alteration of vegetation 
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Section 5 Environmental Effects 

composition or structure or impacts to their forage base. Hydrology would continue to be monitored 
under LOWRP, with greater potential increases in forage base expected in Alternative 1BW due to the 
WAF. Ducks may also use the reservoirs, but the emergent vegetation associated with the WAF will 
increase the habitat value over the reservoirs in Alternatives 1Bshlw and 2Cr. The reservoirs in 1Bshlw and 
2Cr may create foraging habitat for osprey, bald eagle, terns, cormorant, and other aquatic birds that feed 
on fish. The WAF in 1BW is expected to provide significant foraging habitat. Forested or upland bird 
species (turkey, bobwhite quail, and songbirds) may lose habitat within the storage footprints. 

As predicted by the Trophic Hypothesis (RECOVER 2004), an increase in density of small fishes would 
directly benefit higher trophic level predators such as wading birds. Therefore, it is predicted that the 
action alternatives that provide the greatest benefit to small fish, as described in Appendix C, would also 
perform best overall for wading birds. All action alternatives have the potential for an adverse impact on 
overwintering, nesting, or foraging songbirds that utilize the uplands in the reservoir and wetland 
restoration site footprints. 

5.1.6.5 Mammals 

As compared with the FWO, potential minor beneficial effects to mammals are anticipated with 
implementation of any LOWRP action alternative. Small mammals, including raccoons and river otters, 
would benefit from increased small prey fish biomass in rehydrated areas of the watershed along the 
Kissimmee River. For further details concerning effects to state-listed and federally listed species, see 
subsection 5.1.4, Appendix C, and Annex A. Changes in hydrology also have the potential to affect prey 
forage base through altering of vegetation composition or structure. Hydrology would continue to be 
monitored under the LOWRP; potential effects to prey forage base and vegetation composition or 
structure are expected to be better with the WAF in Alternative 1BW. 

Mammals in the storage features will likely be limited to river otter. The LOWRP implementation, 
however, could have a significant and adverse effect on mammals dependent upon upland habitat (e.g., 
deer, armadillos, opossum, skunks, woodrats, and raccoons) due to the reservoir footprints and 
restoration of wetlands, triggering a vegetation transition from upland to deep-water and 
wetland habitat. 

5.1.6.6 Aircraft-Wildlife Strikes 

Aircraft-wildlife strikes pose risks to safe aviation and wildlife conservation. The 2013 Memorandum of 
Agreement (MOA) between the Federal Aviation Administration (FAA), the U.S. Air Force, U.S. Army Corps 
of Engineers (USACE), U.S. Environmental Protection Agency (USEPA), U.S. Fish and Wildlife Service 
(USFWS), and the U.S. Department of Agriculture - Wildlife Services established procedures necessary to 
coordinate their agency missions to more effectively address existing and future environmental conditions 
contributing to aircraft-wildlife strikes throughout the United States. These efforts are intended to 
minimize wildlife risks to aviation and human safety, while protecting the nation’s valuable environmental 
resources (FAA 2013). There are three airports within the LOWRP project area; of these, the Okeechobee 
County Airport (Okeechobee Jet Center; KOBE) is a National Plan of Integrated Airport Systems (NPIAS) 
airport. The other two airports, River Acres Airport (FAA ID FD70) and River Oak Airport (FAA ID OOFL) are 
not in the NPIAS system and do not require analysis pursuant to the MOA. River Acres Airport and River 
Oak Airport are both private, short, grass landing strips within airpark neighborhoods; both are general 
aviation or civilian airports that handle private aircraft and small-aircraft charter operations rather than 
scheduled passenger service. 
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Section 5 Environmental Effects 

The FAA MOA requires an analysis of project effects within these separation distances: 

• 5,000 feet (airports serving piston-powered (propeller) aircraft) 

• 10,000 feet (airports selling Jet-A fuel to serve turbine-powered aircraft) 

• 5 miles (airspace) 

For all airports, the FAA recommends a distance of 5 statute miles between the farthest edge of the 
airport’s airport operations area and a hazardous wildlife attractant if the attractant could cause 
hazardous wildlife movement into or across the approach or departure airspace. The basis for the 
separation criteria is found in existing FAA regulations. 

The Okeechobee Jet Center is 5.4 miles from the Paradise Run Wetland site in all alternatives, 6.2 miles 
from the K-05 reservoir in Alternative 1Bshlw and the WAF in Alternative 1BW, 8.1 miles from the 
Kissimmee River-Center Wetland site in all alternatives and 13.1 miles from the K-42 reservoir in 
Alternative 2Cr. ASR well clusters will negligibly change the existing ruderal herbaceous habitat conditions, 
and therefore, will not increase the risk of strike hazards. 

In all action alternatives, the wetland sites and the storage sites are located more than 5 miles from the 
Okeechobee Jet Center, so no discussion of mitigation recommendations is required. Although analysis of 
the two non-NPIAS airports is not required per the MOA, the 5,000-foot separation distance from project 
features was evaluated for both. River Acres Airport is 2.6 miles from the Kissimmee River-Center wetland 
in all alternatives, 3.3 miles from the K-42 reservoir in Alternative 2Cr, 7.4 miles from the K-05 reservoir 
in Alternative 1Bshlw, 8.2 miles from the WAF in Alternative 1BW, and 8.1 miles from the Paradise Run 
Wetland site in all alternatives. River Oak Airport is 1.0 miles from the K-05 reservoir in Alternative 1Bshlw, 
the WAF in Alternative 1BW and the Paradise Run Wetland site in all alternatives, 1.3 miles from the 
Kissimmee River-Center Wetland site in all alternatives and 6.0 miles from the K-42 reservoir in 
Alternative 2Cr. 

5.1.7 Essential Fish Habitat 

All LOWRP action alternatives may improve conditions for estuarine and marine resources throughout the 
Northern Estuaries by restoring more natural timing, volume, and duration of freshwater flows to the 
Caloosahatchee and St. Lucie estuaries, providing moderate beneficial effects. In the Caloosahatchee 
Estuary, flows greater than 2,800 cfs direct from Lake Okeechobee flows decrease from 23 months in the 
FWO to 13 in Alternative 1Bshlw, 16 in Alternative 1BW, and 17 in Alternative 2Cr, ultimately resulting in 
minor beneficial effects to essential fish habitat within the estuary. 

In the St. Lucie Estuary, all action alternatives performed better than the FWO, having fewer times where 
the 14-day moving average flow was greater than 2,000 cfs from Lake Okeechobee regulatory flows. 
Alternatives 1Bshlw and 1BW performed the best with a reduction to 20 times when the high flow criteria 
were not met compared to 37 times in the FWO. Alternative 2Cr had a reduction to 24 times when the 
high flow criteria were not met. Alternative 1BW has the potential to increase the acres of SAV, oysters, 
and healthy benthic habitat. The improvement of estuarine conditions will ultimately have a significant 
beneficial effect to essential fish habitat resources. For a detailed analysis of the Essential Fish Habitat, 
see the National Marine Fisheries Service Biological Assessment in Annex A, as well as Appendix C, Part 2. 
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Section 5 Environmental Effects 

5.1.8 Hydrology 

Table 5-9 presents a summary of the anticipated long-term hydrologic effects of the action alternatives. 
See Appendix C for a comprehensive discussion of these anticipated effects. Action alternatives 1Bshlw, 
1BW, and 2Cr are compared to the FWO; similarly, the hydrologic effects of the FWO are described based 
on comparison to the existing condition baseline (ECB). Both are based on the LOWRP Regional Simulation 
Model-Basins (RSM-BN) modeling representations. The determination of the directionality of the long-
term hydrologic change (improvements and/or adverse hydrologic change) within each specified 
geographic region is principally based on the results shown in Figure 5-5, Figure 5-6, and Table 5-9, Table 
5-10, Table 5-11, Table 5-12, and Table 5-13. 

Table 5-9. Effects of the final array of alternatives on Lake Okeechobee Watershed hydrology. 

Alternative Hydrologic Effects 

FWO 
At a regional level, the system would experience a moderate improvement to hydrology 
from ECB due to implementation of other CERP components and restoration efforts, and 
future revisions to the Lake Okeechobee Regulation Schedule (LORS). 

All Action 
Alternatives 

At a regional level, the system would experience an additional improvement to hydrology: 1) 
wetlands tend to decrease local temperature, atmospheric circulation, and duration and 
seasonality of flooding; 2) aboveground storage features would capture high peak flows, 
adding more flexibility into the system; and 3) ASRs would provide additional long-term 
storage to replenish the system as needed. 

Table 5-10. Effects of the final array of alternatives on Lake Okeechobee hydrology. 

Alternative Hydrologic Effects (all stages in NGVD29) 

FWO 

Peak stage in Lake Okeechobee would increase by less than 0.1 ft, from 17.58 ft, (ECB) to 
17.65 ft. (FWO). 
Days in the period of record (POR) with: 
Mean daily stage > 17.25 = 30 days; increase by <1% from ECB 
Mean daily stage > Zone A = 46 days; increase by <1% from ECB 
Mean daily stage > 16 = 1,162; increase by 2% from ECB 

Alt 1Bshlw 

Compared to the FWO, peak stage in Lake Okeechobee would increase by 0.6 ft., from 17.65 
ft. to 18.25 ft. 
Days in the POR with: 
Mean daily stage > 17.25 = 65; increase by <1% from FWO 
Mean daily stage > Zone A = 98; increase by <1% from FWO 
Mean daily stage > 16 = 1,167; increase by <1% from FWO 

Alt 1BW 

Compared to the FWO, peak stage in Lake Okeechobee would increase by 0.4 ft., from 17.65 
ft. to 18.05 ft. 
Days in the POR with: 
Mean daily stage > 17.25 = 55; increase by <1% from FWO 
Mean daily stage > Zone A = 83; increase by <1% from FWO 
Mean daily stage > 16 = 1,181; increase by <1% from FWO 

LOWRP Final PIR and EIS August 2020 
5-26 



  

   
  

   

 

  
  

 
  

 

  

  

 

  
  

 

  

 

  
  

  
 

 
 

 

 

  
  

  
 

 
 

 

 

  
  

  
 

 
 

 

Section 5 Environmental Effects 

Alternative Hydrologic Effects (all stages in NGVD29) 

Alt 2Cr 

Compared to the FWO, peak stage in Lake Okeechobee decreased by less than 0.1 ft., from 
17.65 ft. to 17.57 ft. 
Days in the POR with: 
Mean daily stage > 17.25 = 41; increase by <1% from FWO 
Mean daily stage > Zone A = 46; no change from FWO 
Mean daily stage > 16 = 1,120; decrease by <1% from FWO 

Table 5-11. Effects of the final array of alternatives on Northern Estuaries hydrology. 

Alternative Hydrologic Effects 

FWO 

Caloosahatchee Estuary: Mean monthly flows above 2,800 cfs and 4,500 cfs compared to the 
ECB are reduced by 24 and 13 months (25% and 30%), respectively. Mean monthly flows less 
than 450 cfs are reduced by 93 months (80%). 
St. Lucie Estuary: Mean monthly flows above 2,000 cfs and 3,000 cfs are reduced by 18 and 17 
months (36% and 40%), respectively. Mean monthly flows less than 350 cfs are decreased by 
12 months (13%). 

Alt 1Bshlw 

Caloosahatchee Estuary: Mean monthly flows above 2,800 cfs and 4,500 cfs are reduced from 
10 and 4 months (14% and 13%) compared to FWO, respectively. Mean monthly flows less 
than 450 cfs are increased by 2 months (8%) compared to FWO. 
St. Lucie Estuary: Improvements for high-volume flows and adverse effect for low-volume 
flows. Mean monthly flows above 2,000 cfs and above 3,000 cfs are reduced by 9 and 4 
months (28% and 16%), respectively. Mean monthly flows less than 350 cfs did not change 
compared to FWO. 

Alt 1BW 

Caloosahatchee Estuary: Mean monthly flows above 2,800 cfs and 4,500 cfs are reduced by 7 
and 5 months (10% and 17%) compared to FWO, respectively. Mean monthly flows less than 
450 cfs are increased by 1 month (4%) compared to FWO. 
St. Lucie Estuary: Improvements for high-volume flows and adverse effect for low-volume 
flows. Mean monthly flows above 2,000 cfs and above 3,000 cfs are reduced by 10 and 3 
months (31% and 12%), respectively. Mean monthly flows less than 350 cfs did not change 
compared to FWO. 

Alt 2Cr 

Caloosahatchee Estuary: Mean monthly flows above 2,800 cfs and 4,500 cfs are reduced by 6 
and 3 months (9% and 10%), respectively. Mean monthly flows less than 450 cfs did not 
change. 
St. Lucie Estuary: Improvements for high-volume flows and adverse effect for low-volume 
flows. Mean monthly flows above 2,000 cfs and above 3,000 cfs are reduced by 5 and 2 
months (16% and 8%), respectively. Mean monthly flows less than 350 cfs did not change 
compared to FWO. 
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Section 5 Environmental Effects 

Figure 5-5. Lake Okeechobee performance for the LOWRP alternatives relative to the 
baseline conditions. 
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Section 5 Environmental Effects 

Figure 5-6. Lake Okeechobee high stages (>16.00 ft. NGVD): LOWRP RSM-BN simulations (1965-2005). 

Table 5-12. Summary of Caloosahatchee Estuary flow. 

Criteria ECB FWO 
Alt 

1Bshlw 
Alt 

1BW 
Alt 
2Cr 

Number of months flow < 450 cfs from C-43 Basin 
& Lake Okeechobee regulatory flows (Oct-July) 116 23 25 24 23 

Number of months flow > 2,800 cfs from C-43 
Basin & Lake Okeechobee regulatory flows (Jan-
Dec) 

94 70 60 63 64 

Caloosahatchee Estuary — Number of months 
flow > 4,500 cfs 43 30 26 25 27 
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Section 5 Environmental Effects 

Table 5-13. Summary of St. Lucie Estuary flow. 

Criteria ECB FWO 
Alt 

1Bshlw 
Alt 

1BW 
Alt 
2Cr 

Number of months average flow < 350 cfs 95 83 83 83 83 

Number of times 14-day moving average flow > 2,000 cfs 
for >= 14 days from local basins* 99 50 52 51 51 

Additional number of times 14-day moving average flow > 
2,000 cfs >= 14 days from Lake Okeechobee regulatory 
flows 

71 37 20 20 24 

5.1.9 Regional Water Management (Operations) 

No regional changes in operations are planned in response to the LOWRP. Water management operations 
on Lake Okeechobee may be optimized to account for available storage within the LOWRP project 
features. Changes to the Lake Okeechobee Regulation Schedule (LORS) can only occur after great 
consideration and the required National Environmental Policy Act (NEPA) analysis is completed; the 
operation of the project features in any of the action alternatives will not directly trigger any changes in 
the LORS. No changes to the operations on the Kissimmee River are anticipated due to any of the action 
alternatives. 

5.1.10 Groundwater Resources 

The LOWRP project area is within the South Florida Water Management District (SFWMD) Lower 
Kissimmee River Water Supply Planning Area (SFWMD, 2014a). In conjunction with this planning effort, 
the Lower Kissimmee River Basin groundwater model was updated (SFWMD, 2014b). The UFA is the main 
groundwater supply source in the Lower Kissimmee Basin. One objective of the updated groundwater 
flow model is the evaluation of UFA groundwater withdrawals in the future (in the year 2035), which 
applies to the FWO condition. A second objective is to evaluate potential impacts to minimum flows and 
levels in lakes along the Lake Wales Ridge due to UFA groundwater withdrawals within the SFWMD and 
the Southwest Florida Water Management District (SWFWMD) boundaries. Modest increases in water 
demand are projected in the basin, with public water supply and domestic self-supply sources increased 
from 4.9 million gallons per day (MGD) to 6.0 MGD in 2035 (SFWMD, 2014a). Pumping of the UFA is 
predicted for agricultural and public water supply in both SFWMD and SWFWMD areas. However, the 
2035 simulations suggest that UFA water levels show a rebound or no significant effect beneath minimum 
flows and lake levels, given projected increases in UFA pumping and model uncertainty. 

Reservoir-assisted ASR wells located proximal to the shallow impoundment are unlikely to affect existing 
agricultural users to the north in Highlands County, although this will need further investigation during 
the underground injection control (UIC) permitting process. There are a few existing users of the UFA 
within and in proximity to the impoundment footprint for Alternatives 1Bshlw and 1BW. Because of the 
large number of permitted users north of the K-42 footprint (Alternative 2Cr) whose wells would be 
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Section 5 Environmental Effects 

impacted, UIC permitting of reservoir-assisted ASR wells at K-42 is unlikely to be successful. Table 5-14 
describes the groundwater resources for each alternative. 

Table 5-14. Effects of the final array of alternatives on groundwater resources. 

Aquifer FWO Alt 1Bshlw Alt 1BW ALT 2Cr 

Surficial 
Aquifer 
System 

Total water demand is 
expected to increase by 
15% by 2035, mostly due 
to agricultural demands. 
Surficial aquifer pumping 
will meet part of those 
demands. Extensive 
pumping of the surficial 
aquifer system (SAS) can 

Seepage from the 
completed K-05 
reservoir will be 
managed by a 
seepage canal and 
seepage pump 
stations. Eastward 
flowing seepage 
from K-05 will 

Seepage from the 
completed K-05 WAF 
will be managed by a 
seepage canal and 
seepage pump 
stations. Eastward 
flowing seepage from 
K-05 will hydrate the 
northern portions of 

Seepage from the 
completed K-42 
reservoir will be 
managed by a 
seepage canal and 
seepage pump 
stations. Existing 
permeability data 
suggest that seepage 

potentially affect 
regional water levels in 
this unconfined aquifer. 

hydrate the 
northern portions 
of the Paradise 
Run alluvial plain. 

the Paradise Run 
alluvial plain. 

losses from the K-42 
reservoir may be 
significant and may 
require mitigation 
during design phase. 

Upper 
Floridan 
Aquifer 

Estimated future 
demands on UFA 
groundwater may be 
limited near the Lake 
Wales Ridge in order to 
maintain minimum flows 
and levels in adjacent 
lakes. However, 
sufficient confinement 
separates Lake Istokpoga 
and Lake Okeechobee 
from the UFA, so 
increased demands are 
unlikely to affect water 
levels in these lakes. 

Construction of 
approximately 50 
UFA ASR wells will 
increase regional 
storage by 224,000 
acre-feet per year. 
Fully implemented 
ASR wells will 
reduce flows to 
the estuaries and 
augment lake 
levels during 
drought. 

Construction of 
approximately 50 UFA 
ASR wells will increase 
regional storage by 
224,000 acre-feet per 
year. Fully 
implemented ASR 
wells will reduce flows 
to the estuaries and 
augment lake levels 
during drought. 

Construction of 35 
UFA ASR wells total 
will increase regional 
storage by 196,000 
ac-ft per year. Fully 
implemented ASR 
will wells reduce 
flows to the 
estuaries and 
augment lake levels 
during drought. All 
ASR systems will be 
constructed in the 
watershed, with no 
facilities associated 
with the K-42 
reservoir. 

Avon Park 
Permeable 
Zone 

The APPZ is not a water 
supply source due to 
greater salinity 
compared to the UFA, as 
well as greater depth. It 
is unlikely that the APPZ 
will provide drinking 
water or agricultural 
irrigation supplies in the 
future. 

Approximately 30 
ASR wells in the 
APPZ will be 
paired with UFA 
wells. 

Approximately 30 ASR 
wells in the APPZ will 
be paired with UFA 
wells. 

Approximately 30 
ASR wells in the 
APPZ will be paired 
with UFA wells. 
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Section 5 Environmental Effects 

5.1.11 Water Quality 

Table 5-15 summarizes the assessment of project impacts to water quality. For detailed analyses, see 
Appendix C. Although water quality improvement is not an objective of the project, the water quality 
analysis conducted for the final array of alternatives demonstrates that the project may provide minor 
improvements to water quality for the action alternatives, mostly due to reduced water volume released 
to Lake Okeechobee. The major contributor to this reduced volume is the loss to ASR wells, which recover 
less water than is injected. 

Table 5-15. Effects of the final array of alternatives on Lake Okeechobee Watershed water quality. 

Alt Water Quality 

FWO 

Water quality would be expected to improve relative to present conditions as the result of 
establishment of Total Maximum Daily Loads (TMDLs) for the Lake Okeechobee Watershed and 
implementation of the associated Basin Management Action Plans (BMAPs) for the basins 
discharging to the lake. 

Alt 1Bshlw, 
Alt 1BW, 
Alt 2Cr 

The wetland restoration components would provide increased hydroperiods and retention times 
of watershed runoff, and both the wetland features and reservoirs would cause direct conversion 
of pasture and upland to wetland and/or reservoirs in the footprints. This combination of 
increased wetland quantity and quality may result in minor local improvements to water quality 
in portions of the watershed. Based upon the spatial extent of wetlands created within each 
alternative, wetlands within Alternative 1BW would provide the greatest potential improvement 
on water quality, followed by 1Bshlw and 2Cr as compared with the FWO. Although water quality 
is not an objective of the LOWRP, ancillary water quality benefits are anticipated. 

Table 5-16. Effects of the final array of alternatives on Lake Okeechobee water quality. 

Alt Water Quality 

FWO 
Water quality is expected to improve relative to present conditions as the result of establishment 
of TMDLs for Lake Okeechobee, and implementation of the associated BMAPs for the basins 
discharging to the lake. 

Alt 1Bshlw 

Water quality is expected to improve under this alternative primarily through reduced release 
volume due to losses to ASR wells. Results from a simple phosphorus (P) loading spreadsheet 
model showed reduced P loads ranging from 9% to 12% over the FWO. 

Alt 1BW 
Water quality is expected to improve under this alternative primarily through reduced release 
volume due to losses to ASR wells. Results from a simple P-loading spreadsheet model showed 
reduced P loads ranging from 9% to 12% over the FWO. 

Alt 2Cr 

Water quality is expected to improve under this alternative primarily through reduced release 
volume due to losses to ASR wells and to some extent, deposition in the reservoir. Results from a 
simple P-loading spreadsheet model showed reduced P loads ranging from 5% to 7% over the 
FWO. 
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Section 5 Environmental Effects 

Table 5-17. Effects of the final array of alternatives on Northern Estuaries water quality. 

Alt Water Quality 

FWO 

The number of low-salinity and high-salinity events would be expected to decrease for both the 
Caloosahatchee and St. Lucie estuaries relative to baseline conditions due to the implementation 
of other CERP projects such as C-43 and Indian River Lagoon (IRL)-South. Improved nutrient and 
dissolved oxygen conditions are expected to result from reduced high-flow events from Lake 
Okeechobee, improved Lake Okeechobee nutrient levels, and improved estuary basin runoff 
quality due to implementation of BMAP projects. 

Alt 1Bshlw, 
Alt 1BW, 
Alt 2Cr 

Implementation of any of the action alternatives may result in some improvement in Northern 
Estuaries salinity conditions due to the reduced high- flow events. Improved nutrient and 
dissolved oxygen conditions are expected to result from reduced high flow events from Lake 
Okeechobee, improved Lake Okeechobee nutrient levels, and improved estuary basin runoff 
quality due to implementation of BMAP projects. Although water quality is not an objective of 
the LOWRP, ancillary water quality benefits are anticipated. 

5.1.12 Flood Control 

The implementation of any of the action alternatives will not degrade the existing level of flood protection 
provided by various components of the Central and Southern Florida (C&SF) Project for this area. Further, 
the Recommended Plan will ensure flood protection of the area by following state-of-the-practice 
methods for design and construction of pertinent features of the plan. USACE Engineering Regulations 
(ERs) 1110-2-1150; “Engineering and Design for Civil Works Projects,” and 1110-2-1156, “Engineering and 
Design Safety of Dams – Policy and Procedures,” along with various other site/structure-specific 
regulations, will be adhered to prior to and during the preconstruction engineering and design (PED) 
phase. See Annex B for more details. 

5.1.13 Water Supply 

Table 5-18 summarizes the anticipated long-term effects of all alternatives on water supply. The summary 
is based on the RSM-BN LOWRP modeling representations of these baselines and alternatives. The period 
of simulation (1965-2005) used for the LOWRP hydrologic modeling encompasses a wide range of 
historical climatologic and meteorologic conditions that are representative of south Florida hydrology. 
This analysis period includes several moderately wet and moderately dry periods, as well as less frequent 
and potentially more impactful periods of both extreme high rainfall and extreme drought conditions. 
Analysis indicates that each action alternative in the final array maintains the pre-project levels of service 
for water supply for existing legal users, consistent with the requirements of Section 601 (h)(5)(A) of the 
Water Resources Development Act of 2000 (WRDA 2000) and maintains the rights of the Seminole Indian 
Tribe of Florida under the Compact among the Seminole Indian Tribe of Florida, the State of Florida, and 
the South Florida Water Management District consistent with the requirements of Section 601 (h)(5)(C) 
of WRDA 2000. 
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Section 5 Environmental Effects 

Table 5-18. Effects of the final array of alternatives on Lake Okeechobee Service Area water supply. 

Alternative Water Supply for Existing Legal Users 

FWO 

Minor improvement in water supply availability in LOSA compared to ECB. 
LOSA water supply cutback percentage would be improved for 7 of the 8 years in the POR 
with the largest water supply cutbacks. Water supply cutback frequency years and severity 
would be almost unchanged from ECB. 
EAA water supply would be improved over ECB. Mean annual Everglades Agricultural Area 
(EAA) water supply demands not met would be reduced from 7% in ECB to 6%. 

Alt 1Bshlw 

Water supply availability would be improved in LOSA. 
LOSA water supply cutback percentage would be improved for 7 of the 8 years with the 
largest water supply cutbacks. Water supply cutback frequency and duration would be 
improved from FWO. 
EAA water supply would be improved over FWO. Mean annual EAA water supply demands 
not met would be reduced from 6% in FWO to 4%. 

Alt 1BW 

Water supply availability would be improved in LOSA. 
LOSA water supply cutback percentage would be improved for 7 of the 8 years with the 
largest water supply cutbacks. Water supply cutback frequency and duration would be 
improved from FWO. 
EAA water supply would be improved over FWO. Mean annual EAA water supply demands 
not met would be reduced from 6% in FWO to 5%. 

Alt 2Cr 

Water supply availability would be improved in LOSA. 
LOSA water supply cutback percentage would be improved for all 8 years with the largest 
water supply cutbacks. Water supply cutback frequency and duration would be improved 
from FWO. 
EAA water supply would be improved over FWO. Mean annual EAA water supply demands 
not met would be reduced from 6% in FWO to 4%. 

Table 5-19. Effects of the final array of alternatives on Seminole Tribe of Florida water supply. 

Alternative Water Supply for Existing Legal Users 

FWO 

Minor improvement at Brighton Reservation compared to ECB. Percentage of demand not 
met would be reduced from 3.9% in ECB to 3.3%. 
Minor improvement at Big Cypress Reservation compared to ECB. Percentage of demand 
not met would be reduced from 4.1% in ECB to 3.7%. 

Alt 1Bshlw 

Minor improvement at Brighton Reservation compared to FWO. Percentage of demand not 
met would be reduced from 3.3% in FWO to 2.3%. 
Minor improvement at Big Cypress Reservation compared to FWO. Percentage of demand 
not met would be reduced from 3.7% in FWO to 3.1%. 

Alt 1BW 

Minor improvement at Brighton Reservation compared to FWO. Percentage of demand not 
met would be reduced from 3.3% in FWO to 2.4%. 
Minor improvement at Big Cypress Reservation compared to FWO. Percentage of demand 
not met would be reduced from 3.7% in FWO to 3.1%. 

Alt 2Cr 

Minor improvement at Brighton Reservation compared to FWO. Percentage of demand not 
met would be reduced from 3.3% in FWO to 2.1%. 
Minor improvement at Big Cypress Reservation compared to FWO. Percentage of demand 
not met would be reduced from 3.7% in FWO to 2.9%. 
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Section 5 Environmental Effects 

5.1.14 Air Quality 

Table 5-20 presents a summary comparison of effects on air quality between the FWO and alternatives. 
See Appendix C, for a detailed analysis of project impacts on air quality compliance and emissions of CO2. 

Table 5-20. Effects of the final array of alternatives on air quality. 

Geographic
Region FWO Alternatives 1Bshlw, 1BW, and 2Cr 

Lake 
Okeechobee 
Watershed 

Relative to ECB, population growth 
in area is expected to increase air 
pollution; however, air quality 
compliance is expected. 

No changes expected to air quality compliance 
resulting from implementation of any of these 
alternatives. The diesel-powered pump stations for 
each alternative would be in compliance with the 
most current air emission requirements at time of 
construction. 

Lake 
Okeechobee 

No change in compliance with air 
quality standards is expected 
relative to ECB. 

No changes expected to air quality compliance 
resulting from implementation of any of these 
alternatives. 

Northern 
Estuaries 

Increased development along the 
east coast of Florida will result in 
air quality degradation relative to 
ECB. Enforcement of Clean Air Act 
should limit impacts. 

No changes expected to air quality compliance 
resulting from implementation of any of these 
alternatives. 

5.1.15 Hazardous, Toxic and Radioactive Waste 

Table 5-21 presents a summary comparison of effects of the final array of alternatives on hazardous, toxic, 
and radioactive waste (HTRW). See Appendix C for the expanded HTRW assessment. See Annex G for 
HTRW reports and correspondence. See Appendix C for the residual agricultural chemical 
policy assessment. 
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Section 5 Environmental Effects 

Table 5-21. Effects of the final array of alternatives on HTRW. 

Geographic
Region FWO Alt 1Bshlw Alt 1BW Alt 2Cr 

Lake 
Okeechobee 
Watershed 

The lands would 
likely continue to be 
farmed, which would 
result in the 
additional 
application of 
agricultural 
pesticides and the 
inadvertent release 
of petroleum and 
pesticides in 
operation and 
maintenance areas. 

Agricultural lands in 
the project footprint 
would be 
remediated and 
further application 
and release of 
petroleum and 
pesticides would not 
occur. 

Agricultural lands in 
the project footprint 
would be 
remediated and 
further application 
and release of 
petroleum and 
pesticides would not 
occur. 

Agricultural lands in 
the project footprint 
would be 
remediated and 
further application 
and release of 
petroleum and 
pesticides would not 
occur. 

Northern 
Estuaries 

The lands in 
proximity to the 
northern estuaries 
would likely continue 
to be farmed, which 
would result in the 
additional 
application of 
agricultural 
pesticides and the 
inadvertent release 
of petroleum and 
pesticides in 
operation and 
maintenance areas 
into the estuaries. 

The lands in 
proximity to the 
northern estuaries 
would cease to be 
farmed, which would 
result in no 
additional 
application of 
agricultural 
pesticides and the 
inadvertent releases 
of petroleum and 
pesticides in 
operation and 
maintenance areas. 

The lands in 
proximity to the 
northern estuaries 
would cease to be 
farmed, which would 
result in no 
additional 
application of 
agricultural 
pesticides and the 
inadvertent releases 
of petroleum and 
pesticides in 
operation and 
maintenance areas. 

The lands in 
proximity to the 
northern estuaries 
would cease to be 
farmed, which would 
result in no 
additional 
application of 
agricultural 
pesticides and the 
inadvertent releases 
of petroleum and 
pesticides in 
operation and 
maintenance areas. 

5.1.16 Noise 

For all LOWRP action alternatives, there would be short-term, less-than-significant noise increases during 
construction activities. All action alternatives include additional pump stations, which would create long-
term, localized noise increases. Hospital-grade exhaust systems would be recommended (if practical) for 
the diesel engines to mitigate the increased noise. With 2 pump stations each, Alternatives 1Bshlw and 
1BW would have the least effect; Alternative 2Cr would add 3 pump stations, having the most noise effect. 

Electrically powered pumps associated with ASR wells would also result in long-term, localized noise 
increases during periods of well recharge; however, they are quieter than diesel-powered pumps. With 
65 ASR wells, Alternative 2Cr would have the least effect; Alternatives 1Bshlw and 1BW have 80 ASR wells 
each. The turbines are submerged to 30 ft. below the surface, which would dampen the noise. The 
compressor for the air-burst system (to clean the intake screen) would run infrequently for 5 minutes. 
There would be some noise during the day from the drill rig during well construction (duration 
approximately 1 month per well). 

LOWRP Final PIR and EIS August 2020 
5-36 



  

   
  

  

    
    

  
    

  
      

   
   

    
  

   
    

     
   

     
   
         

  
    

  

          
   

    
    
   

   

  

   
      

   
  

     
       

 
  

     
           

     
     

   

Section 5 Environmental Effects 

5.1.17 Aesthetics 

Aesthetic effects refer generally to impacts on the visual qualities of the environment. Restoration of the 
south Florida ecosystem is expected to result in a healthier environment that would support vigorous 
plant communities, larger fish and aquatic animal populations, and large numbers of wading birds, 
alligators, and mammals in perpetuity. People value viewing wildlife, wetlands, and open, relatively 
pristine spaces, as supported by tourism statistics for south Florida. During construction of all features, 
there will be a short-term significant negative impact to aesthetic values in the construction areas. 

All action alternatives show a significant increase in aesthetic value over the FWO due to restoration of 
wetlands in the Lake Okeechobee watershed, providing a minor beneficial effect with additional habitat 
for native plants and animals, and opportunities for wildlife viewing. Alternative 1BW will have the 
greatest increase in aesthetics due to the WAF and the likely addition of wetland vegetation habitat in the 
storage footprint. The proposed reservoirs in Alternative 1Bshlw and Alternative 2Cr will provide some 
potential habitat for fish and wildlife that will enhance the aesthetics of the area. 

For the reservoirs and WAF, there will be a long-term, major adverse impact due to levees in line of sight. 
An earthen dam will be visible on the rise, but would be covered in grass to minimize the aesthetic impact. 
There will be a moderately adverse impact by adding man-made features (i.e., pump stations, ASR wells, 
and aboveground storage) to the natural landscape. All alternatives will have a minor effect to the night 
sky (nightscape) within and in the vicinity of this project due to increased light pollution; measures will be 
taken to use lighting with the least impact, including shielded and amber lighting, as bluish-white light 
tends to have the most impact on wildlife, and increases glare and skyglow. There are no effects to public 
parks, conservation areas, or refuges in the project area. 

There would be an increase in aesthetic value in Lake Okeechobee due to improved lake stages which will 
improve water quality and clarity, submerged and emergent vegetation. In the Northern Estuaries, the 
action alternatives would increase the aesthetic value due to decreased high-flow events, which would 
result in lower suspended solids, increased water clarity, and the correct salinity envelope to maintain 
healthy SAV beds. These benefits could lead to an increase in wildlife viewing opportunities (Orth 
et al. 2006). 

5.1.18 Land Use 

The LOWRP project area consists of a mixture of private and public lands. The public lands belong to the 
SFWMD and the State of Florida. Publicly owned lands in the Paradise Run and K-05 footprints (Alternative 
1Bshlw and Alternative 1BW) are currently under lease for cattle grazing. The publicly owned lands in the 
Kissimmee River–Center Wetlands area are currently vacant. The K-42 footprint (Alternative 2Cr) consists 
of all privately-owned lands predominantly used as pasture. Figure 5-7 shows land ownership types. Table 
5-1 and Table 5-2 show the existing land use in the storage and wetland restoration sites. Table 5-3 shows 
the net offset of wetlands for each alternative. The existing land use in the footprint for each alternative 
is mainly improved pasture. Each alternative would result in conversion of agricultural (pasture) land to 
wetland or open water habitat. Potential adverse impacts on prime and unique farmland will be assessed 
during detailed design. There are no known conflicts between the LOWRP and the objectives of approved 
federal, regional, state, and local land use plans. Glades County has requested a buffer between the 
Paradise Run wetland and the WAF in Alternative 1BW and State Road (SR) 78 in order to allow for future 
development. A 1,000-foot buffer from SR 78 was provided in the Paradise Run area. 
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Section 5 Environmental Effects 

Figure 5-7. Parcel map and land ownership in the project footprint. 

5.1.19 Recreation 

For all action alternatives, the LOWRP features would provide a moderate beneficial effect on recreational 
opportunities in the Lake Okeechobee Watershed compared to the FWO project condition. Conversion of 
private lands to public lands and inclusion of recreational components of the project would increase 
recreational opportunities for the public. The LOWRP alternatives would provide minor beneficial effects 
on recreational activities in Lake Okeechobee and the Northern Estuaries due to improved ecological 
conditions. There would be no measurable change to navigation on Lake Okeechobee. Table 5-22 
describes effects of the final array of alternatives on recreation. See Appendix F for additional details on 
recreational features of the project. 
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Section 5 Environmental Effects 

Table 5-22. Effects of the final array of alternatives on recreation. 

Geographic
Region FWO Alternatives 1Bshlw, 1BW, and 2Cr 

Lake 
Okeechobee 
Watershed 

Recreational 
opportunities are not 
expected to change in 
the FWO condition. 

Private lands converted to public access would provide a moderate 
beneficial effect on recreational opportunities in the Lake 
Okeechobee Watershed. The aboveground storage features would 
offer small boat opportunities for fishing and frogging. The features 
would provide an alternate location for fishing during inclement 
weather on Lake Okeechobee. Levees would provide opportunities 
for hiking and biking. The aboveground storage features would likely 
be incorporated into the statewide FWC alligator and waterfowl 
quota hunting programs. The Paradise Run and Kissimmee River– 
Center wetland restoration components would offer new boat 
access within the watershed. 

Lake 
Okeechobee 

Recreational 
opportunities are not 
expected to change in 
the FWO condition. 

No changes are expected for navigation on Lake Okeechobee. 
Reductions in high and low water stages in Lake Okeechobee 
resulting from all alternatives would provide minor beneficial effects 
to recreation by improving lake ecology and thus recreational 
opportunities such as fishing, boating, and kayaking. 

Northern 
Estuaries 

Recreational 
opportunities are 
expected to improve 
in the FWO condition 
due to improved 
estuary health from 
the implementation 
of IRL-S and C-43 
reservoir which are 
included in the FWO. 

Reductions in high flows to the estuaries resulting from all action 
alternatives would provide minor beneficial effects by increasing 
water clarity and SAV coverage, thus enhancing fish utilization of 
estuaries and subsequently improving related recreational 
opportunities such as fishing, boating, and kayaking. 

5.1.20 Socioeconomics 

The socioeconomic assessment area consists of a predominantly agricultural and sparsely populated area 
in Highlands, Glades, Okeechobee, and Martin counties. The University of Florida Bureau of Economic and 
Business Research projects that the residential populations of these counties will grow by 55,846 from 
306,254 in 2016 to 362,100 in 2045, an increase of 18.2%. This increase is consistent with that projected 
previously in CERP planning efforts. Table 5-23 displays total and percent population increase by county 
projected between 2016 and 2045. Population projections by county are presented in Figure 5-8. 
Population projections are not anticipated to differ between the FWO and alternative conditions. 

Table 5-23. Projected net and percent population increase by county (2016 – 2045). 

County 
Projected Population Increase

(2016-2045) 
Percent 
Change 

Okeechobee 5,094 12.5% 
Highlands 18,069 17.8% 
Glades 2,253 17.3% 
Martin 30,430 20.2% 
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Section 5 Environmental Effects 

Figure 5-8. Population projections by county (2016-2045). 

As detailed in subsection 4.3.2, the infusion of construction funds into the regional economy will 
generate beneficial economic effects such as increased sales, additional jobs, increased labor income, 
and increased gross regional product during the construction period. Operation, maintenance, repair, 
replacement, and rehabilitation (OMRR&R) funds will have the same beneficial effects throughout the 
life of the project. The top three industries affected include construction, food and drink services, and 
engineering services. 

For all private-sector relocations, the non-Federal sponsor would provide relocation assistance for the 
affected business per the Uniform Relocation Act of 1970, as amended. Thus, it is expected that business 
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Section 5 Environmental Effects 

owners would have the opportunity to relocate to a suitable location in the region and socioeconomic 
impacts would therefore be less than significant. Agricultural jobs displaced by property acquisition may 
be transferred elsewhere in the regional economy. All private land acquisition will result in a decrease in 
ad valorem tax revenue for the counties in which the property is located. 

5.1.21 Environmental Justice 

Environmental justice analysis involves identifying and addressing, as appropriate, disproportionately high 
or adverse human health or environmental effects of federal programs, policies, and activities on minority 
and/or low-income populations. Executive Order 12898 requires an analysis of environmental effects, 
including human health, economic, and social effects of federal actions, and effects on minority and/or 
low-income communities, when such analysis is required by the NEPA. Several communities were 
identified in the project area as having a potential to be affected. Communities located west of the 
Kissimmee River and surrounding Lake Okeechobee have income significantly lower than state/national 
averages, and unemployment rates that are higher than the state and national averages. Another 
community that could be affected by the project is the Seminole Tribe of Florida’s (STOF) Brighton 
Reservation, which represents tribal nation lands. 

The LOWRP would provide benefits to quality of life by improving Lake Okeechobee ecology, improving 
the estuarine environment, and contributing to hydrological improvements in the historic Everglades. 
These wetland and estuarine habitat improvements would benefit fish and wildlife species abundance for 
recreation and subsistence fishing/hunting, as well as provide aesthetic value. The project would also 
improve water supply for existing legal users by reducing the number and severity of LOSA cutbacks. Based 
on the full analysis provided in Appendix C, no disproportionately high or adverse impacts are imparted 
upon the STOF and/or lower-income communities. 

Cumulative environmental justice effects are associated primarily with effects on public health and safety, 
air quality, traffic and noise, and socioeconomics from implementation of the LOWRP and other past, 
present and reasonably foreseeable actions. The timeframe will extend beyond the construction period 
indefinitely because impacts on socioeconomics and county revenues are long term and can continue to 
occur after construction. The LOWRP is expected to contribute to a net beneficial cumulative impact on 
the regional ecosystem and public health. While the spatial extent of natural plant communities would 
not be restored to historic proportions, the quality of vegetative communities would be improved and 
habitat improvement efforts are anticipated to benefit fish and wildlife resources. Cumulative effects to 
historic properties and culturally significant sites will potentially be long-term adverse effects if not 
avoided. Mitigation measures for effects to historic properties could potentially reduce the cumulative 
effect to minor long-term adverse effects. Mitigation measures for culturally significant sites are unknown 
and will be determined during a later phase. While anthropogenic effects on water quality are unlikely to 
be eliminated, water quality is expected to slowly improve over existing and recent past conditions. During 
detailed planning and design, the USACE and SFWMD are committed to ensuring that project feature 
implementation will not result in degradation of water quality. While effects on water supplies are unlikely 
to improve, water supplies available for agricultural and urban users are expected to remain stable until 
additional storage mechanisms are implemented. 

LOWRP Final PIR and EIS August 2020 
5-41 



  

   
  

  

    
   

 

       
     

    

    
    

    
      

             
      
     

     
 

    
      

   
  

     
    

   
    

   
   

       
      

        
        

       
          

  
   

  

 
      

    
    

  
    

Section 5 Environmental Effects 

5.1.22 Cultural Resources 

The use of the term “cultural resources” includes historic properties that are eligible or potentially eligible 
for National Register of Historic Places (NRHP) listing and culturally significant sites. For definitions of 
terms, see Section 10. 

Table 5-24 presents the FWO and effects of Alternatives 1Bshlw, 1BW, and 2Cr on cultural resources. See 
Section 4 for criteria used to evaluate the alternatives. Appendix C.2 contains a description of the full 
preliminary analysis, background information, and descriptions of terms. 

In conjunction with the National Historic Preservation Act (NHPA), formal consultation was initiated with 
the STOF’s Tribal Historic Preservation Office (THPO), the Miccosukee Tribe of Indians of Florida’s (MTIF) 
Native American Graves Protection and Repatriation Act (NAGPRA) representative, and the Florida State 
Historic Preservation Office (SHPO) (see Appendix C). A number of conclusions were drawn: 

1. Due to the timing of the LOWRP planning and inability to obtain entry onto private lands to 
conduct additional surveys, the USACE is currently unable to fully identify and evaluate cultural 
resources and determine effects of the undertaking on historic properties within portions of the 
LOWRP prior to completion of the Final Integrated Project Implementation Report and 
Environmental Impact Statement (PIR/EIS). 

2. Pursuant to Section 106 of the NHPA (54 U.S.C. 306108), the USACE is deferring final identification 
and evaluation of historic properties until after project approval, additional funding becomes 
available, and prior to construction by executing a Programmatic Agreement (PA) as provided in 
36 CFR § 800.4(b)(2). 

3. Cultural resource surveys and evaluations will be conducted in previously unsurveyed areas that 
have high potential for containing historic properties. Each suite of project features will be subject 
to separate consultation and consideration of effects during PED and prior to construction. These 
surveys and a final determination of effects for any historic properties within the area of potential 
effect (APE) will be coordinated with the SHPO and the appropriate federally recognized Native 
American Indian tribes. 

Under the NEPA process (40 CFR § 1501.2[d][2]), USACE has consulted for the LOWRP feasibility study. 
For consideration under the NHPA, determinations of potential effects and mitigation of those effects on 
cultural resources listed in Table 5-24, Table 5-25, and Table 5-26 are preliminary and should not be 
considered final. Further consultation is required in accordance with the PA and will be completed during 
the PED phase, after a refined APE has been developed. The Jacksonville District executed a PA with the 
SHPO and the Advisory Council on Historic Preservation (ACHP) which formally establishes procedures for 
a phased approach for satisfying compliance with Section 106 of the NHPA. The LOWRP is currently in 
compliance with the procedural requirements of the NHPA and will remain in compliance with the NHPA 
pre- and post-construction. 

The USACE prefers to avoid adverse effects to cultural resources. The project archaeologist, engineers, 
and plan formulators have worked closely together throughout the planning process for the LOWRP to 
determine alternatives and features of alternatives that reduce or eliminate such impacts. Pursuant to 36 
CFR § 800.1, where possible, the project design will be modified to avoid impacting significant historic 
properties and culturally significant sites. Where avoidance is not possible, minimization and/or mitigation 
measures will be considered, which could include, but are not limited to, data recovery excavations. The 
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Section 5 Environmental Effects 

mitigation measures will be developed in consultation with the SHPO, federally recognized tribes, and 
other interested parties as established in implementing regulations for Section 106 of the NHPA. 

Table 5-24. Effects of the final array of alternatives on cultural resources in Lake Okeechobee 
Watershed. 

Alternative 
Cultural Resources 

(Please refer to Cultural Resources in Appendix C.2.1 for further details) 

FWO 
Future development, agriculture, and construction related to population growth have the 
potential to affect cultural resources; however, state and federal regulations would apply, as 
appropriate. 

Alt 1Bshlw Potential adverse effects to 8GL72, 8GL492, 8GL496, 8OB364, 8OB365, 8GL494, and 8GL495. 
There is a potential to adversely affect unidentified historic properties. 

Alt 1BW Potential adverse effects to 8GL72, 8GL77, 8GL492 8GL496, 8OB364, 8OB365, 8GL77, 8GL494, 
and 8GL495. There is a potential to adversely affect unidentified historic properties. 

Alt 2Cr Potential adverse effects to 8GL492, 8GL46, 8OB364, and 8OB365. There is a potential to 
adversely affect unidentified historic properties. 

Table 5-25. Effects of the final array of alternatives on cultural resources in Lake Okeechobee. 

Alternative 
Cultural Resources 

(Please refer to Cultural Resources in Appendix C.2.1 for further details) 

FWO 
Future development, agriculture, and construction related to population growth have the 
potential to affect cultural resources; however, state and federal regulations would apply, as 
appropriate. 

Alt 1Bshlw No adverse effect on cultural resources. 
Alt 1BW No adverse effect on cultural resources. 
Alt 2Cr No adverse effect on cultural resources. 

Table 5-26. Effects of the final array of alternatives on cultural resources in Northern Estuaries. 

Alternative 
Cultural Resources 

(Please refer to Cultural Resources in Appendix C.2.1 for further details) 

FWO Future development and construction related to population growth have the potential to 
affect cultural resources; however, state and federal regulations would apply, as appropriate. 

Alt 1Bshlw No effect on cultural resources. 
Alt 1BW No effect on cultural resources. 
Alt 2Cr No effect on cultural resources. 

5.1.23 Invasive and Exotic Species 

All action alternatives have the potential—and likelihood—for establishment and spread of non-native 
invasive species and native nuisance species. Table 5-27 presents a summary of effects. Appendix C 
provides a more detailed description of the effects of each feature. Proposed restoration activities may 
have effects ranging from minor to major on the ecosystem drivers that directly or indirectly influence the 
spread of non-native species. These factors may affect invasive species positively or negatively, depending 
on the unique characteristics of individual species and the environmental conditions for a given biological 
invasion (Doren et al. 2009). Disturbed areas resulting from construction are likely to become established 
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Section 5 Environmental Effects 

with non-native invasive and native nuisance species. New flows created by operations of the proposed 
features may serve as vectors to spread invasive and native nuisance species into new areas. The large 
number of existing and potential invasive plant and animal species and the often-incomplete knowledge 
of invasive mechanisms for each species create moderate-to-high uncertainty in this evaluation. Long-
term monitoring in an adaptive management framework is critical to ensure efficient management of the 
most threatening non-native invasive species in the restoration footprint. Annex F contains proposed 
management activities to address invasive species. 

Table 5-27. Effects of the final array of alternatives on invasive species for Lake Okeechobee 
Watershed. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Alt 1Bshlw Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & reservoir. 

Alt 1BW Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & WAF. 

Alt 2Cr Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & reservoir. 

Table 5-28. Effects of the final array of alternatives on invasive species for wetlands. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Alt 1Bshlw Potential decrease in terrestrial invasive species but likely increases in wetland 
emergent species. 

Alt 1BW Potential decrease in terrestrial invasive species but likely increases in wetland 
emergent species. 

Alt 2Cr Potential decrease in terrestrial invasive species but likely increases in wetland 
emergent species. 

Table 5-29. Effects of the final array of alternatives on invasive species for Lake Okeechobee. 

Alternative Invasive Species 
FWO Invasive species would continue to spread with high and low lake elevations. 

Alt 1Bshlw 

Invasive species would continue to spread with moderate reductions in the 
frequency of Lake Okeechobee lake level fluctuations. The invasion rate for 
invasive aquatic and terrestrial species would be impacted by lake level 
fluctuations. 

Alt 1BW 
Invasive species would continue to spread with moderate reductions in the 
frequency of Lake Okeechobee lake level fluctuations. The invasion rate for 
invasive aquatic and terrestrial species will be impacted by lake level fluctuations. 

Alt 2Cr 
Invasive species would continue to spread with moderate reductions in the 
frequency of Lake Okeechobee lake level fluctuations. The invasion rate for aquatic 
and terrestrial species will be impacted by lake level fluctuations. 
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Section 5 Environmental Effects 

Table 5-30. Effects of the final array of alternatives on invasive species for aboveground storage 
feature. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Alt 1Bshlw Potential decrease in terrestrial invasive species but likely increases in submersed 
and floating invasive plant species. 

Alt 1BW Potential decrease in terrestrial invasive species but likely increases in wetland 
emergent species. 

Alt 2Cr Potential decrease in terrestrial invasive species but likely increases in submersed 
and floating species. 

Table 5-31. Effects of the final array of alternatives on invasive species for ASR. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Alt 1Bshlw Potential to decrease terrestrial invasive plant species; potential for new 
introductions with construction of features. 

Alt 1BW Potential to decrease terrestrial invasive plant species; potential for new 
introductions with construction of features. 

Alt 2Cr Potential to decrease terrestrial invasive plant species; potential for new 
introductions with construction of features. 

Table 5-32. Effects of the final array of alternatives on invasive species for Northern Estuaries. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Alt 1Bshlw Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & reservoirs. 

Alt 1BW Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & WAF. 

Alt 2Cr Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & reservoirs. 

5.1.24 Effects on Native Americans 

The MTIF and STOF rely upon the Everglades to support their cultural, subsistence, and commercial 
activities. Subsistence activities for members of the both the STOF and MTIF include gathering of 
materials, hunting, trapping, frogging, and fishing. The STOF’s Brighton Reservation lands are situated 
immediately adjacent to the LOWRP features. As part of the development of this project, consultation has 
occurred between the USACE, MTIF, STOF, and other interested, federally recognized tribes with ancestral 
ties to the region. Letters requesting participation in the project delivery team (PDT) were sent to both 
the Miccosukee and Seminole Chairmen on June 24, 2016 (Appendix C.3). Presentations and face-to-face 
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Section 5 Environmental Effects 

meetings, as well as email and phone correspondence, were conducted with tribal government staff 
members to brief them on alternatives and discuss issues of concern to each tribe. The following 
evaluations are designed to evaluate potential impacts to Native Americans as indicated by the tribes 
through government-to-government consultation. While the STOF has specified explicit concerns on the 
alternatives as described below, the MTIF has expressed general concerns with types of project features. 
Native American concerns extend beyond physical impacts to their lands and such considerations, while 
not always explicit, have been taken into account during discussions and consultations that have occurred 
with federally recognized tribes. Additional information on how Tribal feedback was taken into account 
during the evaluation and comparison of plans in provided in Section 4. Modifications of project footprint 
based on Tribal feedback is provided in Appendix E. 

5.1.24.1 Miccosukee Tribe of Indians of Florida 

General background information on the MTIF is provided in Section 2.6. No portion of the proposed action 
is located within or adjacent to known MTIF-owned lands, reservation lands, or traditional cultural 
properties. Pursuant to NHPA Section 106 (54 U.S.C. §306101 et. seq.), obligations regarding USACE trust 
responsibilities to federally recognized Native American Tribes, USACE has undertaken consultation with 
the MTIF; see Appendix C for details. Representatives for the MTIF have indicated that they have 
significant concerns over the use of ASR wells for water storage in all alternatives under consideration. 

Water quality is one of the highest priorities for the MTIF, and they desire that water be treated to drinking 
water standards before injecting the water into the aquifer, and before discharging the water back to the 
surface waters. The MTIF prefer shallow storage alternatives that will do more to improve water quality, 
provided the location of the storage feature does not unduly affect the STOF. The MTIF do not support 
ASR wells and desire alternatives that maximize the amount of aboveground storage without negatively 
impacting the STOF; they are concerned about disproportionate impacts to both the Indian Prairie and 
the STOF. The MTIF prefer reservoirs with twice the area of surface water storage and half the depth 
proposed by the USACE. The shallower depths are preferred to remove additional phosphorus from the 
water. The MTIF have some concerns about the flushing effect associated with initially rehydrating the 
wetland restoration areas. The MTIF would also like to see the restoration of as much naturally occurring 
wetlands as possible. 

5.1.24.2 Seminole Tribe of Florida 

General background information on the STOF is provided in subsection 2.6. Pursuant to NHPA Section 106 
(36 CFR § 800.4[b][2]), obligations regarding USACE trust responsibilities to federally recognized Native 
American Tribes, and in consideration of the Burial Resources Agreement between USACE and the STOF, 
consultation is detailed in Appendix C. During government-to-government consultation, the STOF has 
provided comments applicable to the entire project and comments specific to individual project features 
and/or individual alternatives. The STOF Brighton Reservation lands and tribe-owned lands are situated 
immediately adjacent to LOWRP proposed project features, including the shallow reservoir and WAF 
within the K-05 footprint, the Paradise Run wetland restoration site, and ASR well clusters. In a letter to 
the USACE dated March 6, 2018, the STOF expressed support for the Paradise Run and Kissimmee River– 
Center wetland restoration sites. They oppose both deep and shallow reservoirs within the K-05 footprint 
and do not support wetland restoration within the K-05 footprint. The STOF prefers to not have project 
features located within the K-05 footprint. Specific concerns include too-close proximity to the Brighton 
Reservation, flooding and seepage, impacts to the cultural landscapes, known and unexpected cultural 
resource impacts, endangered species displacement, and future development limitations. The STOF has 
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Section 5 Environmental Effects 

concerns regarding the expansive use of ASR for restoration, including impacts from clustering of wells, 
impacts to ecology, and water quality. The STOF recognizes that ASR technology could be beneficial to 
Everglades restoration if these issues can be addressed with future research. ASR wells would be more 
acceptable to STOF if they are located outside of any zone of influence that could result in harm to the 
groundwater resources on Brighton Reservation. The alternatives have been modified based on feedback 
from the STOF during government-to-government consultation. These modifications are documented in 
Appendix E. 

5.1.24.2.1 Paradise Run and Kissimmee River–Center Wetland Sites 

The locations of the proposed features for Paradise Run and Kissimmee River–Center wetland restoration 
areas are identical for each alternative. STOF leaders do not object to wetland restoration in the proposed 
footprints. There may be potential adverse effects to cultural resources within the wetland restoration 
areas; however, these impacts will be avoided, minimized, or mitigated during the PED phase of this 
project. Additional cultural resource surveys of the wetland restoration areas will be necessary to identify 
and avoid impacting historic properties that are of importance to the STOF and MTIF. 

5.1.24.2.2 ASR Wells 

The STOF prefers that the ASR wells and well clusters be located outside the zone of influence of 
reservation lands so STOF’s groundwater resources on Brighton Reservation are not affected. The STOF is 
concerned about ASR well seal failure (failure in the associated confining layers that could impact the 
STOF’s access to groundwater). The STOF has also questioned the impact of ASR well clusters on the 
quality of the underlying aquifer, and the quality of the water when it is returned to surface water systems. 
There is a potential to adversely affect cultural resources during ASR well construction; however, these 
impacts will be avoided, minimized, or mitigated during the PED phase of this project. Additional cultural 
resource surveys of the ASR well locations will be necessary to identify and avoid impacting historic 
properties that are of importance to both the STOF and MTIF. 

5.1.24.2.3 Alternative 1BW 

The STOF is concerned with the physical proximity of reservoirs to the Brighton Reservation and tribe-
owned lands. Many of the concerns raised by the STOF are greatly reduced in Alternative 1BW, which was 
developed in consultation with STOF leaders. Redesigns of this alternative moved the WAF to 0.5 miles 
away from the Brighton Reservation and tribe-owned lands. The WAF footprint was also reconfigured to 
avoid direct northern proximity to both Brighton Reservation and Tribal lands. The reconfiguration of this 
feature and a reduction in the operationally maintained water depth greatly reduced the volume of 
surface water storage in the WAF. The increased distance from the Brighton Reservation and reduced 
water depth reduces the impacts from seepage, flood risk, and impact to the cultural landscape. The 
impacts to cultural resources appear higher in Alternative 1BW compared to the other alternatives due to 
the possible presence of tree islands on nearby Brighton Reservation. Site 8GL77 (the Mulberry Mound 
site) is eligible for listing on the NRHP and has a high potential for containing burial resources. Two other 
cultural sites identified within the Alternative 1BW footprint (8GL494 and 8GL495) are both potentially 
eligible for listing on the NRHP and may be impacted by this alternative. Alternative 1BW has a higher 
probability to contain additional historic properties/cultural resources within the WAF than other 
alternatives. Additional cultural resource surveys of the WAF footprint will be necessary to identify and 
avoid impacting historic properties that are of importance to both the STOF and MTIF. These impacts will 
be avoided, minimized, or mitigated, as appropriate, during the PED phase of this project. 
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Section 5 Environmental Effects 

5.1.24.2.4 Alternative 1Bshlw 

The STOF is concerned with the physical proximity of the shallow reservoir in Alternative 1Bshlw to the 
Brighton Reservation and tribe-owned lands. Portions of the K-05 reservoir would be located within 1,000 
feet of STOF-owned land, and seepage canals are located within approximately 500 feet of tribe-owned 
lands. The proximity to the Brighton Reservation potentially increases impacts of seepage, flood risk, and 
impacts to the cultural landscape, and slightly increases the risk of endangered species displacement from 
the footprint of the reservoir to the Brighton Reservation. Two cultural sites identified within the 
Alternative 1Bshlw reservoir footprint (8GL494 and 8GL495) are potentially eligible for listing on the NRHP 
and may be impacted by this alternative. Previously conducted cultural resource surveys in portions of 
the reservoir footprint indicate a high potential for identifying additional cultural resources. Additional 
cultural resource surveys of the reservoir footprint will be necessary to identify and avoid impacting 
historic properties that are of importance to both the STOF and MTIF. These impacts will be avoided, 
minimized, or mitigated, as appropriate, during the PED phase of this project. 

5.1.24.2.5 Alternative 2Cr 

Alternative 2Cr removes many of the STOF concerns about the proximity of reservoirs to the Brighton 
Reservation and tribe-owned lands. This alternative includes the proposed K-42 reservoir, located 
approximately 5.0 miles from the Brighton Reservation and tribal owned lands; it also would be separated 
from the Brighton Reservation by the C-41A canal. This location greatly reduces the potential of impact 
from seepage, flood risk, and impacts to the cultural landscape, and may reduce the probability of 
endangered species displacement from the footprint of the reservoir. The impacts to cultural resources 
appear slightly reduced over other alternatives. A previously conducted limited archaeological survey of 
portions of the proposed reservoir location identified no cultural resources. Despite the lack of previously 
recorded cultural resources, this reservoir location has the potential to adversely affect cultural resources 
during construction. Lands in the K-42 footprint are in private ownership, so cultural surveys were not 
conducted there. Additional cultural resource surveys of the reservoir footprint will be necessary to 
identify and avoid impacting historic properties that are of importance to both the STOF and MTIF. These 
impacts will be avoided, minimized, or mitigated, as, appropriate during the PED phase of this project. 

5.2 Effect of the Recommended Plan 

This assessment of environmental effects evaluates the anticipated environmental effects of the 
Recommended Plan. The Recommended Plan is the modified Alternative 1BW, referred to herein as 
Alternative 1BWR, with the following modifications from the TSP presented in the July 2018 Draft PIR/EIS: 

• The eastern boundary of the WAF was moved to the east to eliminate a gap between the WAF 
and Paradise Run that is now incorporated into the project footprint. This resulted in an increase 
in the WAF area and a decrease in the Paradise Run area. The WAF boundary and the Paradise 
Run boundary are now contiguous on the entire eastern side of the WAF. 

• The southeast corner of the WAF was adjusted to avoid an existing communication tower. 

• The southern boundary of the Paradise Run wetland was shifted north to provide a 1,000-foot 
buffer from SR 78. 

• The WAF boundary area changed from 12,500 acres to 13,600 acres. 

• The Paradise Run area changed from 4,100 acres to 3,600 acres. 
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Section 5 Environmental Effects 

• All of the WAF infrastructure was developed from the conceptual level. This included the addition 
of internal embankments, tree islands, ungated auxiliary spillways, gated spillways, and culverts. 

• The location of the WAF outlet to Herbert Hoover Dike (HHD) was moved to the north. 

• The intake for the Kissimmee River-Center wetland was changed from a submerged weir to a 
pump station. 

The Recommended Plan was compared to and evaluated against the FWO to describe changes to existing 
conditions with implementation of the plan features. The potential effects are summarized within this 
section. Details regarding effects are provided within this section. See Appendix C for a detailed 
discussion. 

For this analysis, intensity was rated as follows: 

• Negligible — effect to the resource or discipline is barely perceptible, not measurable, and con-
fined to a small area. 

• Minor — effect to the resource or discipline is perceptible, measurable, and localized. 

• Moderate — effect is clearly detectable and could have appreciable effect on the resource or 
discipline; or the effect is perceptible and measurable throughout the project area. 

• Major — effect would have a substantial, highly noticeable influence on the resource or discipline 
on a regional scale. 

The duration of the effects in this analysis are defined as follows: 

• Short term — when effects last less than one year. 

• Long term — effects that last longer than one year. 

• No duration — no effect. 

5.2.1 Climate 

Implementation of the LOWRP Recommended Plan would have a negligible effect on climate within the 
action area. Minor, localized, and less-than-significant effects to microclimate may occur under the 
Recommended Plan as a result of redistribution of water and shifts in vegetation. Potential effects may 
include increases in evapotranspiration, increases in localized rainfall, and temperature changes. Refer to 
Section C.2.1.1 in Appendix C, Part 2, for a summary of the FWO conditions and Annex H for a detailed 
overview of the projected impact of climate change within the LOWRP area. 

5.2.2 Physical Landscape 

Under the FWO condition, it is likely that the lands within the project area will remain over-drained. The 
existing alluvial wetlands at Paradise Run and Kissimmee River–Center would exhibit hydroperiods that 
reflect changes in river stage and precipitation. Implementation of the LOWRP Recommended Plan would 
result in rehydration of Paradise Run wetland by placement of a pump station on the C-41A canal to bring 
in water. The Kissimmee River–Center wetland would be rehydrated by placement of an inflow pump in 
the C-38 canal at the north end of the site to divert water to the west into a created river channel. The 
aboveground storage in the Recommended Plan is a flow-through WAF, so additional wetlands may be 
created in this footprint. Construction of ASR wells would have a negligible effect on the overall physical 
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Section 5 Environmental Effects 

landscape due to the limited area that these features occupy at any given site. WAF-assisted ASR wells 
would be constructed proximal to the WAF, to ensure that the piping, wellheads, and appurtenances will 
coexist near the toe of the WAF embankment. See Appendix C for additional information. 

• Geology: Geologic conditions are unlikely to change as a result of implementation of the LOWRP 
Recommended Plan. Effects to geologic resources would be negligible due to the absence of 
existing or proposed mining in the project action area. 

• Soils: The areal extent of hydric soils would increase as a result of project implementation. 
Rehydration of the Kissimmee River alluvial floodplain at the Paradise Run and Kissimmee River-
Center wetland restoration areas would cause these areas to evolve to more natural pre-drainage 
conditions. Depressional wetlands adjacent to the WAF would become better established. These 
effects are expected to be moderate and persist over the long term. 

• Aquifers: Groundwater levels in the unconfined SAS would rise concomitant with wetland 
rehydration. ASR will augment aboveground storage. Increased storage volume in the aquifer will 
reduce flows to the estuaries if initiated in advance of a predicted high-water event. Recharged 
surface water will displace native groundwater in both aquifers. In areas where the UFA and APPZ 
are more saline, ASR will freshen the aquifer. These effects are expected to be moderate and 
persist over the long term. 

5.2.3 Vegetative Communities 

The effects of the Recommended Plan on the vegetative communities is documented below and 
compared to the FWO. Appendix C, subsection C.2.1.3, contains more detailed information. 

5.2.3.1 Lake Okeechobee Watershed 

Under the Recommended Plan, a WAF with associated seepage canals and embankments would be 
constructed, ASR wells would be installed, and two wetland areas would be restored. The Recommended 
Plan includes a WAF, designed as a shallow storage feature that may contain wetland plant species. Table 
5-33 shows the existing land use for the WAF in the Recommended Plan (according to the Florida Land 
Use, Cover, and Forms Classification System (FLUCCS) codes). Most of the WAF footprint is currently 
improved and unimproved pastures, but the footprint also contains 67 acres of uplands and 976 acres of 
wetlands that may naturally shift to species that can tolerate depths up to 4 ft. The wetland restoration 
sites within Kissimmee River–Center and Paradise Run contain 2,661 acres of wetlands and 114 acres of 
uplands.  The uplands and other land use types will be converted to wetlands restoring a total of 4,779 
acres of wetlands (Table 5-34). Due to the wetland restoration project components, wetland losses in the 
WAF footprint will be offset by the wetlands created in the two wetland restoration sites. Table 5-35 
shows the acreage of wetlands within the Recommended Plan that include the storage and wetland 
footprints. Table 5-36 shows the acres of uplands and pasturelands in the WAF and wetland footprints for 
the Recommended Plan. 

Table 5-33. Estimated existing land use acres in the WAF footprint of the Recommended Plan. 

FLUCCS 
Level 4 
Code Land Use Category 

WAF 
(acres) 

2110 Improved pastures 12,432 

2120 Unimproved pastures 120 
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Section 5 Environmental Effects 

FLUCCS 
Level 4 
Code Land Use Category 

WAF 
(acres) 

2210 Citrus Groves 1 

3200 Shrub and brushland 67 

5120 Channelized waterways, canals 1 

5300 Reservoirs 7 

6172 Mixed wetland hardwoods - mixed shrubs 38 

6410 Freshwater marshes 813 

6430 Wet prairies 124 

6440 Emergent aquatic vegetation 1 

7430 Spoil areas 28 

TOTAL AREA (acres) 13,632 

Table 5-34. Estimated existing land use acres in the wetland restoration sites of the Recommended 
Plan. 

FLUCCS 
Level 4 
Code FLUCCS Code Description 

Paradise 
Run Area 

(acres) 

Kissimmee 
River– 

Center Area 
(acres) 

Total Wetland 
Restoration 
Recommended 
Plan (acres) 

2110 Improved pastures 836 796 1,632 

2120 Unimproved pastures 0 64 64 

2130 Pasture 1 5 6 

3100 Herbaceous rangeland 23 3 26 

3200 Shrub and brushland 10 0 10 

3300 Mixed rangeland 40 0 40 

4200 Upland hardwood forest 35 0 35 

4270 Live Oak 0 3 3 

5110 Streams and waterways 76 19 95 

5120 Channelized waterways, canals 0 3 3 

5300 Reservoirs 146 5 151 

6170 Mixed wetland hardwoods 32 0 32 

6172 Mixed wetland hardwoods - mixed 
shrubs 

182 159 341 

6180 Cabbage palm savannah 7 4 11 

6410 Freshwater marshes 402 55 457 

6430 Wet prairies 830 41 871 

6440 Emergent aquatic vegetation 909 40 949 

7430 Spoil areas 53 0 53 

TOTAL AREA (acres) 3,582 1,197 4,779 
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Section 5 Environmental Effects 

Table 5-35. Estimates wetland acreages within the complete footprints (storage and wetland sites) for 
the Recommended Plan. 

Wetland Description 
Recommended 
Plan 

Acres of Wetlands Lost in the WAF -976 
Acres of Wetlands Gained in Paradise Run and 
Kissimmee River–Center Wetland Sites 4,779 

Total Net Acres of Wetlands Gained 3,803 

Table 5-36. Estimated acres of upland and pastureland in the WAF footprint and in the restored 
wetland sites of the Recommended Plan. 

Upland Description 
Recommended 

Plan 
Acres of uplands in the WAF footprint 67 
Acres of pasture in the WAF footprint 12,552 
Acres of pasture in wetland restoration footprint 1,702 
Acres of uplands in wetland restoration footprint 114 
Total acres of uplands and pasturelands lost 14,435 

5.2.3.2 Lake Okeechobee 

Minor beneficial effects to Lake Okeechobee’s littoral vegetation are anticipated as a result of the 
Recommended Plan. As shown in Table 5-37, the overall effect of the Recommended Plan is to reduce 
dramatic fluctuations in water levels, maintaining lake stage within the ecologically preferred stage 
envelope (12.5–15.5 ft. NGVD) more frequently than the FWO. This is primarily a result of reductions in 
the frequency of low and extreme low stages (<12.5 ft. NGVD and <10.0 ft. NGVD, respectively) compared 
to the FWO. The frequency of extreme low stages was reduced from the FWO by 1.1%, while the 
frequency of extreme high lake stages (>17.0 ft. NGVD) slightly increased compared to the FWO by 0.8%. 
There may be some concern that reducing the frequency of lower lake stages while also slightly increasing 
the frequency of extreme high lake stages could have a compounding effect, affecting the ability of marsh 
and SAV communities to recover at lower elevations after extreme high lake stages occur. However, the 
overall occurrence of extreme high stages was still very low, while the return frequency of low lake stages 
was still at least 5% higher than the RECOVER target. The Lake Stage Performance Measure for RECOVER 
suggested a duration of 2.5% for stages <11.0 ft. NGVD (3 months per decade) (RECOVER 2007), and the 
Recommended Plan had durations of 8.4%. While still considerably higher than the target, they represent 
improvements from the FWO frequency of 9.7%. The return frequencies of low lake stages were improved 
by 1.3% when compared to the RECOVER target for the FWO. Overall, the effect of stabilizing lake stages 
should benefit vegetation in the upper and lower marshes by reducing the intra- and inter-annual varation 
that leads to encroachment of woody vegetation and exotic species at high elevations and loss of SAV 
beds to open water or emergent marsh at low elevations. 

LOWRP Final PIR and EIS August 2020 
5-52 



  

   
  

    
   

     
   

    
      

    

       

    
 

 
 

 
   

    

     

 
 

 
   

 
     

  
     

  
       

 

Section 5 Environmental Effects 

In Table 5-38, the combined scores for the ecological indicators (Chara, cyanobacteria, epipelon, 
epiphyton, panfish, and vascular SAV) also show overall benefits for the Recommended Plan, but the 
effects varied by individual indicator. The Recommended Plan reduces the occurrence of lake stages below 
the beneficial envelope, so indicators that perform well under low-water conditions scored similar to or 
less than the FWO, while indicators that perform well when stages are within the preferred envelope all 
scored similar to or better than the FWO. Refer to Appendix C, Part 2, for a detailed comparison of 
potential effects to vegetation. 

Table 5-37. Amount of time the Recommended Plan is within the Lake Okeechobee Stage envelope. 

Lake Okeechobee Stages Stage Criteria FWO Recommended 
Plan 

Percent Time Inside Ecologically
Preferred Stage Envelope 

Percent TIME between 
12.5 ft and 15.5 ft 27.7% 31.2% 

Percent Time Above Stage Envelope Percent TIME above 
15.5 ft 29.9% 28.1% 

Percent Time Below Stage Envelope Percent TIME below 
12.5 ft 42.4% 40.7% 

Percent Time Below Navigational Min. 
Stage 

Percent TIME < 12.56 
ft. 29.8% 27.5% 

Percent Time Above Extreme High
Stage Percent TIME > 17 ft. 0.4% 1.2% 

Percent Time Below Extreme Low 
Stage Percent TIME < 10 ft. 3.3% 2.2% 

Percent Time Below RECOVER Low 
Stage Target (2.5% Time < 11 ft.) Percent TIME < 11 ft. 9.7% 8.4% 
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Section 5 Environmental Effects 

Table 5-38. Lake Okeechobee individual ecological indicator performance measure scores for the 
Recommended Plan relative to ECB and FWO. The time period assessed for the abundance of each 
indicator is noted in the title, e.g. summer or January + February. 

Condition 
Summer 

Chara 
Summer 

Cyanobacteria 
Spring+Fall 

Epipelon 
Spring+Fall 
Epiphyton 

January+February
Panfish 

Summer 
Vascular 

SAV 

Combined 
Ecological 

Score 

ECB 54 49 37.5 53 53 63 309.5 

FWO 55 49 34.5 50 49 66 303.5 

Recommended 
Plan 52 49 36.5 53 50 67 307.5 

5.2.3.3 Northern Estuaries 

As shown in Table 5-39, the Recommended Plan shows a moderate beneficial effect to vegetation in the 
Caloosahatchee Estuary compared to the FWO as indicated by fewer high-volume flow months. Reduction 
in high flows and accompanying flow velocities results in more favorable salinities for SAV. For high-flow 
events in the Caloosahatchee Estuary, the Recommended Plan performed better than the FWO, having 
10 fewer months where flows were greater than 2,800 cfs over the period of record (POR) of high flows 
than the FWO. Flows greater than 2,800 cfs from direct Lake Okeechobee flows decrease from 23 months 
in the FWO to 13 months in the Recommended Plan (Figure 5-9). The Recommended Plan significantly 
reduces the number and duration of high-flow events, which provides a chance for the SAV to recover 
and become more resilient (Figure 5-10). For low flow events in the Caloosahatchee Estuary, negligible 
and less-than-significant effects are predicted for the Recommended Plan. The Recommended Plan 
performs worse than the FWO with an additional month where low flows are below 450 cfs. The FWO 
includes the C-43 reservoir that is designed to help alleviate the low flow events. A mean monthly inflow 
of at least 450 cfs is needed from S-79 to ensure that the average monthly salinity at Ft. Myers (Yacht 
Basin) is less than 10 practical salinity units (psu) (target maximum salinity for tape grass). The 
Recommended Plan captures an estimated 86,012 acre-feet of water from flowing to the Gulf of Mexico 
in the Caloosahatchee (36.5% decrease in flows relative to the FWO). The Recommended Plan provides 
moderate beneficial effects in the reduction of high flows into the Caloosahatchee Estuary which are 
beneficial to the SAV in the estuaries. 

Table 5-39. High- and low-flow events in the Caloosahatchee and St. Lucie estuaries. 

Estuary Criteria ECB FWO 
Recommended 

Plan 
Caloosahatchee Estuary — Number of months flow < 
450 cfs from C-43 Basin & Lake O regulatory flows (Oct-
July) 

116 23 24 

Caloosahatchee Estuary — Number of months flow > 
2,800 cfs from C-43 Basin & Lake O regulatory flows 
(Jan-Dec) 

94 70 60 

Caloosahatchee Estuary — Number of months flow > 
2,800 cfs from only Lake flows (Jan-Dec) 47 23 13 

LOWRP Final PIR and EIS August 2020 
5-54 



  

   
  

    
 

 

  
     

  
    

   
 

 
   

  
   

  
   

 

 

  

Section 5 Environmental Effects 

Estuary Criteria ECB FWO 
Recommended 

Plan 

Caloosahatchee Estuary — Number of months flow > 
4,500 cfs 43 30 25 

St. Lucie Estuary — Number of months average flow < 
350 cfs 95 83 83 

St. Lucie Estuary — Number of times 14-day moving 
average flow > 2,000 cfs for >= 14 days from local 
basins * 

99 50 52 

St. Lucie Estuary — Additional number of times 14-day 
moving average flow > 2,000 cfs ≥ 14 days from Lake O 
Regulatory flows 

71 37 19 

Figure 5-9. Extreme high-flow events in the Caloosahatchee Estuary. 
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Section 5 Environmental Effects 

Figure 5-10. Flow results for the Caloosahatchee Estuary. 

The Recommended Plan shows a moderate beneficial effect to vegetation in the St. Lucie Estuary 
compared to the FWO as indicated by fewer high-volume flow months. For high-flow events, the 
Recommended Plan performed better than the FWO, having fewer times where the 14-day moving 
average flow was greater than 2,000 cfs from Lake Okeechobee regulatory flows with a reduction to 19 
times when the high-flow criteria was not met compared to 37 times in the FWO (Table 5-39, Figure 5-11). 
For extreme high-flow events (mean monthly flow > 3,000 cfs), the Recommended Plan performed better 
than the FWO that had 25 months where the mean monthly flow was greater than 3,000 cfs. The number 
of mean monthly flows greater than 3,000 cfs were reduced to 22 for the Recommended Plan (Figure 
5-12). The Recommended Plan significantly reduces the number and duration of the high-flow events, 
which provides a chance for the SAV to recover and become more resilient (Figure 5-11). For low flows, 
negligible and less-than-significant effects were predicted for the Recommended Plan in the St. Lucie 
Estuary. The FWO and the Recommended Plan have the same number of months where the low-flow 
criteria are not met (Table 5-39). The Recommended Plan captures 22,385 acre-feet from flowing to the 
Atlantic Ocean in the St. Lucie on average annually (17.3% decrease in flow relative to FWO). The 
Recommended Plan provides significant reduction of high-flow events, which is beneficial for the SAV in 
the estuaries. Refer to Appendix C, Part 2, for a detailed comparison of potential effects to vegetation. 
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Section 5 Environmental Effects 

Figure 5-11. Flow results for the St. Lucie Estuary. 
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Section 5 Environmental Effects 

Figure 5-12. Extreme high flow results for the St. Lucie Estuary. 

5.2.4 Threatened and Endangered Species 

A number of federally threatened, endangered, and candidate species may occur within the study area; 
the Florida panther (Puma concolor coryi), Florida population of West Indian manatee and its critical 
habitat (Florida manatee) (Trichechus manatus), Everglade snail kite (Rostrhamus sociabilis plumbeus) and 
its critical habitat, northern crested caracara (Polyborus plancus audubonii), Florida grasshopper sparrow 
(Ammodramus savannarum floridanus), red-cockaded woodpecker (Picoides borealis), whooping crane 
(Grus americana), wood stork (Mycteria americana), Florida bonneted bat (Eumops floridanus), Eastern 
indigo snake (Drymarchon corais couperi), bluetail mole skink (Eumeces egregius lividus), sand skink 
(Neoseps reynoldsi), Okeechobee gourd (Cucurbita okeechobeensis ssp. okeechobeensis), smalltooth 
sawfish (Pristis pectinata) and its critical habitat, green sea turtle (Chelonia mydas), hawksbill sea turtle 
(Eretmochelys imbricata), leatherback sea turtle (Dermochelys coriacea), Kemp’s ridley sea turtle 
(Lepidochelys kempii), loggerhead sea turtle (Caretta caretta), and Johnson’s seagrass (Halophila 
johnsonii) and its critical habitat. Species described in Table 5-40 were determined by the USACE to 
potentially be affected by the project. No effect species determinations are described in Annex A, which 
contains the LOWRP Biological Assessment, LOWRP Biological Opinion, and the CERP Programmatic 
Biological Assessment for the NMFS. 

Threatened and endangered species that the USACE anticipated would be affected by the project were 
compared to the FWO and the Recommended Plan, with the potential effects summarized in Table 5-40. 
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Section 5 Environmental Effects 

Further details on the life history of each species and their effects determinations can be found in the 
Biological Assessment and Biological Opinion in Annex A. For a more detailed analysis, please refer to 
Appendix C, Part 2. With continued coordination with USFWS, it was determined that a supplemental BA 
was not needed based on coordination of the Recommended Plan with the USFWS.  Effects 
determinations on federally listed species in the BA submitted concurrent with the Draft Integrated 
Project Implementation Re-port and Environmental Impact Statement (PIR/EIS) remained the same. 
Direct and/or indirect impacts within the action area resulting from the Recommended Plan remained the 
same.  The Final Biological Opinion will be included in Annex A upon receipt. 

Table 5-40. Effects of the Recommended Plan on threatened and endangered species. 

Species FWO Recommended Plan 
Florida Continued loss of habitat and The WAF footprint does not contain any potential 
Grasshopper population decline. grasshopper sparrow habitat. The Recommended Plan 
Sparrow will not affect the grasshopper sparrow. 
(Ammodramus The wetland restoration sites for the Recommended Plan 
savannarum may affect, but are not likely to adversely affect, 
floridanus) grasshopper sparrows. 

Northern Crested The study area’s rural and There are known and suspected caracara territories 
Caracara agricultural nature will remain within the 1BWR WAF and wetlands footprint. The 
(Polyborus plancus largely intact and the abundance Recommended Plan would remove approximately 14,482 
audubonii) of the northern crested caracara 

will remain high in the project 
area. 

acres of potential habitat. 
There is additional caracara foraging habitat in the WAF 
and the two wetland restoration sites. This alternative 
may affect northern crested caracara. 
Annex A contains a biological opinion including incidental 
take of caracaras. 

Florida Bonneted Continued loss of habitat, Benefits of increased wetlands and WAF for foraging. The 
Bat (Eumops including the destruction of wetlands and WAF site contain uplands that may contain 
floridanus) natural roost sites, and natural 

disasters such as hurricanes. 
roosting trees, thus the Recommended Plan may remove 
potential roosting habitat. The Recommended Plan will 
remove 245 acres of uplands for roost trees. The 
Recommended Plan may affect the Florida bonneted bat. 

Everglade Snail The continued loss of suitable The Recommended Plan will restore 4,779 acres of 
Kite (Rostrhamus habitat and refugia, especially wetlands, significantly increasing the spatial extent of 
sociabilis during droughts in the lake, may suitable foraging opportunities for snail kites. 
plumbeus) and its have significant demographic Increase in time in the beneficial stage envelope 
critical habitat consequences. improves the foraging habitat in the littoral zone of Lake 

Okeechobee for the snail kites, providing minor 
beneficial effects. 
Conversely, there is potential for short-term, minor 
adverse effects due to a slight increase in the amount of 
time the lake stays in the extremely high stages (>17 ft. 
NGVD), which may affect foraging habitat for the snail 
kites and their critical habitat. The Recommended Plan 
may affect, but is not likely to adversely affect, the 
snail kite. 
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Section 5 Environmental Effects 

Species FWO Recommended Plan 
Wood Stork Continued loss of habitat for The Recommended Plan will restore 4,779 acres of 
(Mycteria foraging and nesting. wetlands, significantly increasing the spatial extent of 
americana) suitable foraging opportunities and nesting habitat for 

wood storks. 
Increase in time in the beneficial stage envelope 
improves the foraging habitat in the littoral zone of Lake 
Okeechobee for the wood stork, providing minor 
beneficial effects. 
Conversely, there is potential for short-term, minor 
adverse effects due to a slight increase in the amount of 
time that lake stages are in the extremely high stages 
(>17 ft. NGVD), which may affect foraging habitat for 
wood stork. The Recommended Plan may affect, but is 
not likely to adversely affect, the wood stork. 

Eastern Indigo Maintenance of current water The Recommended Plan would remove approximately 
Snake levels would not affect upland 14,482 acres of potential habitat and may affect Eastern 
(Drymarchon habitat. indigo snakes. 
corais couperi) 

West Indian Freshwater high-volume flows Within Lake Okeechobee, minor beneficial effects to 
Manatee into the Northern Estuaries would vegetation within Lake Okeechobee's extensive littoral 
(Trichechus continue to degrade seagrasses. zone would improve the foraging habitat in Lake 
manatus) and its Okeechobee for manatees. 
critical habitat Reduction in high-volume flows from Lake Okeechobee 

to the Northern Estuaries would reduce stress on 
seagrass beds, also providing slightly more low flow 
augmentation during dry times will help provide the 
lower salinities needed in the upper estuary to support 
tape grass growth. Both of these improvements will 
increase foraging potential for manatee within this region 
and providing other minor beneficial effects to the 
manatee and its critical habitat. 
ASR wells have the potential to create warm water 
refugia that may affect the manatee. The Recommended 
Plan may affect, but is not likely to adversely affect, the 
manatee. 

Florida Panther Maintenance of current water Construction of the WAF would result in conversion of 
(Puma concolor levels would not affect upland upland habitat to wetland habitat; however, the lower 
coryi) habitat. water depth will not be a geographic barrier as panthers 

could still traverse the WAF. In addition, as lands within 
LOWRP action area become restored to their more 
historic natural values, the concomitant improved prey 
base could result in greater use of these areas by the 
Florida panther. The Recommended Plan may affect, but 
is not likely to adversely affect, the panther. 
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Section 5 Environmental Effects 

Species FWO Recommended Plan 
Okeechobee 
Gourd (Cucurbita 
okeechobeensis 
ssp. 
okeechobeensis) 

The conversion of the pond apple 
forested swamps and marshes for 
agricultural purposes, as well as 
water-level regulation within Lake 
Okeechobee, have been the 
principal causes of the reduction 
in both range and abundance of 
the Okeechobee gourd. 

The Recommended Plan is likely to provide some benefits 
to the gourd due to the increase in the amount of time 
that lake stages are within the desired stage envelope. 
The Recommended Plan may affect, but is not likely to 
adversely affect, the Okeechobee gourd. 

Gopher Tortoise 
(Gopherus 
polyphemus) 
[candidate 
species, not 
currently on 
Threatened and 
Endangered list] 

Maintenance of current water 
levels would not affect upland 
habitat. 

The Recommended Plan would remove approximately 
14,482 acres of potential habitat. The Recommended 
Plan may affect the gopher tortoise. 

Smalltooth In the absence of land-based The Recommended Plan has the potential to provide a 
Sawfish (Pristis water storage facilities, minor beneficial effect to the smalltooth sawfish and its 
pectinata) and its disruptions caused by flood critical habitat by reducing the volume of high-level flows 
critical habitat control regulatory freshwater 

flows would continue to cause 
extreme salinity fluctuations in 
the Northern Estuaries, resulting 
in an escalation of salinities 
unsuitable for estuarine biota. 

from Lake Okeechobee to the Caloosahatchee River, 
thereby improving the overall salinity regime throughout 
the Caloosahatchee Estuary. 

Green Sea Turtle 
(Chelonia mydas), 
Leatherback Sea 
Turtle 
(Dermochelys 
coriacea), Kemp’s 
Ridley Sea Turtle 
(Lepidochelys 
kempii), 
Loggerhead Sea 
Turtle (Caretta 
caretta) 

In the absence of land-based 
water storage facilities, 
disruptions caused by flood 
control regulatory freshwater 
flows would continue to cause 
extreme salinity fluctuations in 
the Northern Estuaries, resulting 
in an escalation of salinities 
unsuitable for estuarine biota. 

SAV and algal communities are common foraging areas 
for sea turtles. The Recommended Plan reduces high-flow 
events within the Northern Estuaries that will reduce 
stress on SAV and promote increases in seagrass shoots, 
which could increase foraging opportunities for sea 
turtles in this region. 

Johnson’s Seagrass Freshwater high-volume flows The Recommended Plan has the potential to benefit 
(Halophila into the St. Lucie Estuary would Johnson’s seagrass by reducing excessive freshwater 
johnsonii) continue to degrade Johnson’s 

seagrass. 
flows and improving the salinity regime throughout the 
St. Lucie Estuary and Indian River Lagoon. 

5.2.5 State-listed Species 

The LOWRP project area contains habitat suitable for the presence, nesting, and/or foraging of 12 state-
listed threatened species and one species of special concern. Threatened and endangered animal species 
include the American oystercatcher (Haematopus palliatus), black skimmer (Rynchops niger), least tern 
(Sternula antillarum), burrowing owl (Athene cunicularia), Florida sandhill crane (Grus canadensis 
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Section 5 Environmental Effects 

pratensis), little blue heron (Egretta caerulea), roseate spoonbill (Platalea ajaja), Southeastern American 
kestrel (Falco sparverius paulus), tricolored heron (Egretta tricolor), gopher tortoise (Gopherus 
polyphemus), Florida pine snake (Pituophis melanoleucus mugitus), and Big Cypress fox squirrel (Sciurus 
niger avicennia). The species of special concern is Sherman's fox squirrel (Sciurus niger shermani). 

The Recommended Plan shows a slight performance improvement within the Northern Estuaries as 
indicated by fewer high-volume flow months, providing a minor beneficial effect to state-listed beach-
nesting birds. Implementation of the Recommended Plan would be expected to improve conditions for 
state-listed wading birds throughout much of the project area by restoring 4,779 acres of wetlands along 
the Kissimmee River floodplain. Florida sandhill cranes may occur within the WAF and wetland restoration 
footprints and, as a result of construction, may be displaced from the WAF and to a lesser extent from 
wetland footprints. 

The Recommended Plan includes a WAF that may provide wetland habitat, and wetland restoration sites 
that will convert uplands to wetlands. Burrowing owls, Southeastern American kestrels, Florida pine 
snakes, Big Cypress fox squirrels, and Sherman’s fox squirrels have a high probability of occurrence within 
the WAF and wetland restoration footprints and, as a result of construction, are likely to be displaced. The 
Recommended Plan would remove 14,482 acres of potential habitat. Prior to construction, surveys of 
these species will be conducted, and the USACE will coordinate with the FWC on appropriate impact 
avoidance, minimization, and/or mitigation measures. For a more detailed analysis, please refer to 
Appendix C. 

5.2.6 Fish and Wildlife 

A comparison of the FWO and Recommended Plan and their potential effects on fish and wildlife within 
the LOWRP project area are summarized below. For a more detailed analysis, please refer to Appendix C, 
Part 2. For further details on the effects of the Recommended Plan, see the Fish and Wildlife Coordination 
Act Report in Annex A. 

Effects on federally and state-listed species are described in further detail in Appendix C, Part 2. Changes 
in hydrology have the potential to affect prey forage base by altering hydroperiods and associated 
vegetation composition or structure. Changes in dominant vegetation structure have potential to affect 
the prey forage base. Hydrology will continue to be monitored under the LOWRP. 

5.2.6.1 Invertebrates 

Implementation of the LOWRP Recommended Plan will provide a moderate beneficial effect to 
invertebrates within the action area. Within the Lake Okeechobee watershed and restored wetlands, 
invertebrates would rapidly colonize restored and newly created aquatic habitat. Increases in stages and 
hydroperiods within the restored wetlands would promote wetland vegetation transition through 
contraction of marshes and expansion of wet prairies and, in deeper regions, sloughs. In the 
Recommended Plan, the WAF may provide emergent vegetation at certain times of the year that may 
offer habitat for a diverse population of invertebrates and provide major beneficial effects to the aquatic 
community in the watershed. 

The intakes for the WAF and the ASR wells may cause the entrainment and impingement of aquatic 
invertebrates during operation. See subsection 5.1.6.2 for the analysis of action alternatives’ effects on 
aquatic invertebrates and fish. 
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Section 5 Environmental Effects 

Minor beneficial effects to the aquatic invertebrate community within Lake Okeechobee are anticipated 
under the LOWRP Recommended Plan. Table 5-37 shows that the Recommended Plan maintains lake 
stages within the ecologically preferred envelope more frequently than the FWO and provides minor 
beneficial effects for invertebrates (Table 5-38). The Recommended Plan increases emergent vegetation 
and SAV which provides a beneficial effect to invertebrate habitat. Due to the increased potential habitat, 
the invertebrate diversity and abundance is expected to increase in the pelagic, nearshore, and littoral 
zones. 

As compared with the FWO, the Recommended Plan shows a minor beneficial effect to invertebrates with 
performance improvement within the Northern Estuaries, as indicated by fewer high-volume flow 
months. Reductions in high-volume flows and salinity fluctuations would likely benefit oysters and other 
associated invertebrates (e.g., crabs, shrimp, snails, sea stars). Reduction in high flows and accompanying 
flow velocities would help lessen flushing of oyster spat into outer areas of the Northern Estuaries; these 
areas experience high salinities levels during the dry season, resulting in increased predation and disease 
in the oyster population. 

5.2.6.2 Fish 

The WAF, seepage canals, and perimeter canals may provide some refugia and/or littoral habitat for use 
by fish and amphibian species when the WAF is drawn down. The Recommended Plan contains a WAF 
that would be operated for storage and may also provide wetland habitat. Deeper natural sloughs in the 
WAF footprint may remain hydrated, creating refugia for fish during drier times, providing a beneficial 
effect in the watershed. The WAF will likely harbor fish typical of nearby canals. Water would be conveyed 
to the WAF by these canals, which also act as conduits for the introduction of many aquatic organisms, 
including fish. 

Due to the operation of the pumps, there will likely be some entrainment and impingement of fish and 
other aquatic organisms. Some of these organisms may survive the pumping process; others may be killed 
or disoriented enough that they become easy prey for other animals inside the WAF (wading birds, 
alligators, turtles, or other fish). 

Species that will likely inhabit the WAF include largemouth bass, black crappie, gar, red ear sunfish, 
bluegill, and mosquitofish, as well as exotic species such as armored catfish and cichlids. The design of the 
seepage canal includes littoral areas for fish and wildlife use. 

The ASR wells have the potential to impact fish and aquatic invertebrates through entrainment and 
impingement. The larval and post-larval stages of black crappie (Pomoxis nigromaculatus) are especially 
at risk because the C-38 canal south of S-65E became a favorite spawning location for this species after 
the channelization of the Kissimmee River. The larval and post-larval stages are poor swimmers and would 
be unable to escape intake velocities (0.25 ft/sec) when drawn into the water intake flow-field. This is 
important to note not only for those fish hatching near the shoreline, but also for those that may be 
drifting down from upstream spawning locations (including open-water spawners like threadfin or gizzard 
shad). Shad entrainment and impingement has been a major concern with many water withdrawal 
systems because shad are the primary forage food for many predators, and locally are nearly the sole food 
source of adult black crappie (FWC 2017). The highest-risk areas are in the lower Kissimmee River, south 
of S-65E, which is contiguous with Lake Okeechobee and is a critical spawning area for black crappie and 
several sunfishes. Moderate-risk areas, located along the rim canal, are farther from the critical fish 
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Section 5 Environmental Effects 

spawning areas. The lowest-risk areas, located above S-65E, are farthest from the critical fish spawning 
areas and do not have a direct connection to Lake Okeechobee. 

The Recommended Plan may have a potentially significant impact on the entrainment and impingement 
of fish and aquatic invertebrates. The Recommended Plan contains the WAF that has an intake on the C-
41A canal downstream of S-84 with uncontrolled access to the C-38 canal downstream of S-65E; this is 
considered by FWC to be high-risk for fisheries and may have a significant impact on the entrainment and 
impingement of fish and aquatic invertebrates if they operate at times of the year when these organisms 
are present. To minimize the impact, where ASR wells will be co-located with the WAF, the ASR pumps 
will pull water from the WAF and not the canals. In locations where the ASR wells will pull directly from 
canals, the intake will be designed to limit impingement and entrainment by using intake screens that are 
set at appropriate depths and include slot-size openings to reduce intake velocities, and/or a multi-stage, 
filter fabric-type system. When the project is authorized and PED is implemented, further design 
evaluations will be undertaken. 

The Recommended Plan will improve conditions for fish in Lake Okeechobee by increasing the amount of 
time that water levels are in the beneficial stage envelope. The Recommended Plan increases this time by 
3.5% (to 31.2%) when compared to the FWO (Table 5-37). This will help to increase both the emergent 
and submerged aquatic vegetation habitat that the fish use in the nearshore and littoral zones. An 
increase in invertebrate and plankton populations and diversity will also benefit fish in the lake as an 
increased food source. 

The Recommended Plan improves conditions for estuarine and marine resources throughout the 
Northern Estuaries by restoring more natural timing, volume, and duration of freshwater flows to the 
Caloosahatchee and St. Lucie estuaries; this provides minor beneficial effects for the fish. 

For high-flow events in the Caloosahatchee Estuary, the Recommended Plan performed better than the 
FWO, having fewer months where flows were greater than 2,800 cfs. The Recommended Plan significantly 
reduces high-flow events (Table 5-39) and provides moderate beneficial effects by reducing the number 
and duration of high-flow events into the Caloosahatchee Estuary, which is beneficial to the fish in the 
estuaries. In the St. Lucie Estuary, the Recommended Plan provides moderate beneficial effects for the 
fisheries in the estuaries by reducing the number and duration of high-flow events (Figure 5-11). 

5.2.6.3 Amphibians and Reptiles 

The Recommended Plan will provide additional wetland habitat for amphibians and reptiles, including 
frogs, turtles, snakes, and alligators, which is a major beneficial effect. Rehydration of previously dry areas 
within the watershed would increase spatial extent of suitable habitat for aquatic amphibian species in 
this area. Increase in forage prey availability (e.g., crayfish and other invertebrates, fish) in rehydrated 
areas will also directly benefit amphibian and reptile species. However, there would be a loss of habitat 
within the WAF footprint for upland reptiles and amphibians (e.g., toads, certain snakes, and box turtle), 
and through wetland conversion (e.g., for tree frogs or other aquatic/semi-aquatic reptiles and 
amphibians). The Recommended Plan would remove approximately 14,436 acres of potential habitat. 

SAV and algal communities are common foraging areas for the green sea turtle. Reductions in high-flow 
events within the Northern Estuaries reduce stress on SAV and promote increases in seagrass shoots that 
have the potentially increasing foraging opportunities for green sea turtles in this region. 
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Section 5 Environmental Effects 

5.2.6.4 Birds 

The freshwater wetlands of the Everglades are noted for an abundance and diversity of colonial wading 
birds. The Recommended Plan will benefit wading birds by increasing foraging and nesting habitat in the 
wetland sites and in the WAF. Impacts to the grasshopper sparrow, snail kite, and wood stork are further 
discussed in Section 5.1.4, Appendix C, and Annex A. Changes in hydrology have the potential to affect 
birds through alteration of vegetation composition or structure or impacts to their forage base. Hydrology 
would continue to be monitored under LOWRP, with potential increases in forage base expected in the 
WAF. The emergent vegetation associated with the WAF may increase the habitat value, especially for 
ducks. The WAF is expected to provide some foraging habitat. Forested or upland bird species (turkey, 
bobwhite quail, and songbirds) may lose habitat within the WAF and wetland footprints. 

As predicted by the Trophic Hypothesis (RECOVER 2004), an increase in density of small fishes would 
directly benefit higher trophic level predators such as wading birds. It is predicted that the Recommended 
Plan will provide benefits to small fish as described in Appendix C, Part 2, and therefore will provide 
benefits for wading birds. The Recommended Plan has the potential for an adverse impact on 
overwintering, nesting, or foraging songbirds that utilize the uplands in the WAF and wetland restoration 
site footprints. 

5.2.6.5 Mammals 

As compared with the FWO, potential minor beneficial effects to mammals are anticipated with 
implementation of the LOWRP Recommended Plan. Small mammals, including raccoons and river otters, 
would benefit from increased small prey fish biomass in rehydrated areas of the watershed along the 
Kissimmee River. For further details concerning effects to federally and state-listed species, see 
subsection 5.2.4, subsection 5.2.5, Appendix C, and Annex A. Changes in hydrology also have the 
potential to affect prey forage base through altering vegetation composition or structure. Hydrology 
would continue to be monitored under the LOWRP; potential effects to prey forage base and vegetation 
composition or structure are expected to be better with the WAF. 

Mammals in the WAF will likely be limited to river otter. The LOWRP implementation, however, could 
have a significant and adverse effect on mammals dependent upon upland habitat (e.g., deer, armadillos, 
opossum, skunks, woodrats, and raccoons) due to the WAF footprint and restoration of wetlands, 
triggering a vegetation transition from upland to deep-water and wetland habitat. There will be a loss of 
181 acres of uplands with the Recommended Plan. 

5.2.6.6 Aircraft-Wildlife Strikes 

The 2013 FAA MOA requires an analysis of project effects within these separation distances: 

• 5,000 feet (airports serving piston-powered (propeller) aircraft) 

• 10,000 feet (airports selling Jet-A fuel to serve turbine-powered aircraft) 

• 5 miles (airspace) 

For all airports, the FAA recommends a distance of 5 statute miles between the farthest edge of the 
airport’s airport operations area and a hazardous wildlife attractant if the attractant could cause 
hazardous wildlife movement into or across the approach or departure airspace. The basis for the 
separation criteria is found in existing FAA regulations. 
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Section 5 Environmental Effects 

The Okeechobee Jet Center is 5.4 miles from the Paradise Run Wetland site, 6.2 miles from the WAF, and 
8.1 miles from the Kissimmee River-Center Wetland site. ASR well clusters will negligibly change the 
existing ruderal herbaceous habitat conditions, and therefore will not increase the risk of strike hazards. 
The WAF and wetland sites in the Recommended Plan are located greater than the 5-mile separation 
distance from the Okeechobee Jet Center, so no discussion of mitigation recommendations is required. 
Although analysis of the two non-NPIAS airports is not required per the MOA, the 5,000-foot separation 
distance from project features was evaluated for both. River Acres Airport is 2.6 miles from the Kissimmee 
River-Center wetland, 8.2 miles from the WAF, and 8.1 miles from the Paradise Run Wetland site. River 
Oak Airport is 1.0 miles from the WAF and the Paradise Run Wetland site and 1.3 miles from the Kissimmee 
River-Center Wetland site. 

5.2.7 Essential Fish Habitat 

The LOWRP Recommended Plan may improve conditions for estuarine and marine resources throughout 
the Northern Estuaries by restoring more natural timing, volume, and duration of freshwater flows to the 
Caloosahatchee and St. Lucie estuaries, providing moderate beneficial effects. In the Caloosahatchee 
Estuary, flows greater than 2,800 cfs direct from Lake Okeechobee flows decrease from 23 months in the 
FWO to 13 months in the Recommended Plan, ultimately resulting in minor beneficial effects to essential 
fish habitat within the estuary. 

In the St. Lucie Estuary, the Recommended Plan performed better than the FWO, having fewer times 
where the 14-day moving average flow was greater than 2,000 cfs from Lake Okeechobee regulatory 
flows. The Recommended Plan had a reduction to 19 times when the high flow criteria were not met 
compared to 37 times in the FWO. The Recommended Plan increases SAV, oyster, and healthy benthic 
habitat. The improvement of estuarine conditions will ultimately have a significant beneficial effect to 
essential fish habitat resources. For a detailed analysis of the Essential Fish Habitat, see the National 
Marine Fisheries Service Biological Assessment in Annex A, as well as Appendix C, Part 2. 

5.2.8 Hydrology 

Table 5-41 presents a summary of the anticipated long-term hydrologic effects of the Recommended Plan 
(Alternative 1BWR). See Appendix C, Part 2, for a comprehensive discussion of these effects. The 
Recommended Plan is compared to the FWO; similarly, the hydrologic effects of the FWO are described 
based on comparison to the ECB. Both are based on the LOWRP RSM-BN modeling representations. The 
determination of the directionality of the long-term hydrologic change (improvements and/or adverse 
hydrologic change) within each specified geographic region is principally based on the results shown in 
Figure 5-13, Figure 5-14, and Table 5-41, Table 5-42, and Table 5-43. 

Table 5-41. Effects of the Recommended Plan on Lake Okeechobee Watershed hydrology. 

Alternative Hydrologic Effects 

FWO 
At regional level, the system will experience a moderate improvement to hydrology from ECB 
due to implementation of other CERP components and restoration efforts, and future 
revisions to the LORS. 

Recommended 
Plan 

At regional level, the system will experience an additional improvement to hydrology due to 
1) wetlands tend to decrease local temperature, atmospheric circulation, and duration and 
seasonality of flooding; 2) WAF will capture high peak flows, adding more flexibility into the 
system; and 3) ASRs will provide additional long-term storage to replenish the system as 
needed. 
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Section 5 Environmental Effects 

Table 5-42. Effects of the Recommended Plan on Lake Okeechobee hydrology. 

Alternative Hydrologic Effects (All stages in NGVD29) 

FWO 

Peak stage in Lake Okeechobee would increase by less than 0.1 ft., from 17.58 ft. (ECB) to 
17.65 ft. (FWO). 
Days in the POR with: 
Mean daily stage > 17.25 = 30; increase by <1% from ECB 
Mean daily stage > Zone A = 46; increase by <1% from ECB 
Mean daily stage > 16 = 1,162; increase by 2% from ECB 

Recommended 
Plan 

Compared to the FWO, peak stage in Lake Okeechobee decreased by 0.09 ft., from 17.65 ft. 
to 17.56 ft. 
Days in the POR with: 
Mean daily stage > 17.25 = 42; increase by <1% from FWO 
Mean daily stage > Zone A = 60; increase by <1% from FWO 
Mean daily stage > 16 = 1,185; increase by <1% from FWO 

Table 5-43. Effects of the Recommended Plan on Northern Estuaries hydrology. 

Alternative Hydrologic Effects 

FWO 

Caloosahatchee Estuary: Mean monthly flows above 2,800 cfs and 4,500 cfs compared to the 
ECB are reduced by 24 and 13 months (25% and 30%), respectively. Mean monthly flows less 
than 450 cfs are reduced by 93 months (80%). 
St. Lucie Estuary: Mean monthly flows above 2,000 cfs and 3,000 cfs are reduced by 18 and 
17 months (36% and 40%), respectively. Mean monthly flows less than 350 cfs are decreased 
by 12 months (13%). 

Recommended 
Plan 

Caloosahatchee Estuary: Mean monthly flows above 2,800 cfs and 4,500 cfs are reduced by 
10 and 5 events (14% and 17%), respectively. Mean monthly flows less than 450 cfs are 
increased by 1 event (4%). 
St. Lucie Estuary: Improvements for high-volume flows and no change for low-volume flows. 
Mean monthly flows above 2,000 cfs and 3,000 cfs and above 3,000 cfs are reduced by 6 and 
3 events (19% and 12%), respectively. Mean monthly flows less than 350 cfs did not change 
compared to FWO. 
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Section 5 Environmental Effects 

Figure 5-13. Lake Okeechobee performance for the LOWRP Recommended Plan relative to the 
baseline conditions. 
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Section 5 Environmental Effects 

Figure 5-14. Lake Okeechobee high stages (>16.00 ft. NGVD): LOWRP RSM-BN simulations 
(1965-2005). 
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Section 5 Environmental Effects 

Table 5-44. Summary of Caloosahatchee Estuary flow. 

Criteria ECB FWO Recommended Plan 
Number of months flow < 450 cfs from C-43 Basin & Lok regulatory 
flows (Oct-July) 116 23 24 

Number of months flow > 2,800 cfs from C-43 Basin & Lake 
Okeechobee regulatory flows (Jan-Dec) 94 70 60 

Mean Monthly Flow > 4500 cfs 43 30 25 

Table 5-45. Summary of St. Lucie Estuary flow. 

Criteria ECB FWO Recommended Plan 

Number of months average flow < 350 cfs 95 83 83 

Number of times 14-day moving average flow > 2,000 cfs for >= 14 
days from local basins* 99 50 52 

Additional number of times 14-day moving average flow > 2,000 cfs 
>= 14 days from Lake Okeechobee Regulatory flows 71 37 19 

5.2.9 Regional Water Management (Operations) 

No regional changes in operations are planned in response to the LOWRP. Water management operations 
on Lake Okeechobee may be optimized to account for available storage within LOWRP project features. 
Changes to the LORS can only occur after great consideration and the required NEPA analysis; the 
operation of the project features in the Recommended Plan will not directly trigger any changes in the 
LORS. No changes to the operations on the Kissimmee River are anticipated at this time due to the 
Recommended Plan. 

5.2.10 Groundwater Resources 

The LOWRP project area is within the SFWMD Lower Kissimmee River Water Supply Planning Area 
(SFWMD, 2014a). In conjunction with this planning effort, the Lower Kissimmee River Basin groundwater 
model was updated (SFWMD, 2014b). The UFA is the main groundwater supply source in the Lower 
Kissimmee Basin. One objective of the updated groundwater flow model is the evaluation of UFA 
groundwater withdrawals in the future (in the year 2035), which applies to the FWO condition. A second 
objective is to evaluate potential impacts to minimum flows and levels in lakes along the Lake Wales Ridge 
due to UFA groundwater withdrawals within the SFWMD and the SWFWMD boundaries. Modest 
increases in water demand are projected in the basin with public water supply and domestic self-supply 
sources increased from 4.9 MGD to 6.0 MGD in 2035 (SFWMD, 2014a). Pumping of the UFA is predicted 
for agricultural and public water supply in both SFWMD and SWFWMD areas. However, the 2035 
simulations suggest that UFA water levels show a rebound or no significant effect beneath minimum flows 
and lake levels, given projected increases in UFA pumping and model uncertainty. 
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Section 5 Environmental Effects 

WAF-assisted ASR wells located proximal to the shallow impoundment are unlikely to affect existing 
agricultural users to the north in Highlands County, although this will need further investigation during 
the underground injection control (UIC) permitting process. There are a few existing users of the UFA 
within the WAF footprint. Table 5-46 describes the groundwater resources for each alternative. 

Table 5-46. Effects of the Recommended Plan on groundwater resources. 

Aquifer FWO Recommended Plan 

Surficial 
Aquifer 
System 
(SAS) 

Total water demand is expected 
to increase by 15% by 2035, 
mostly due to agricultural 
demands. Surficial aquifer 
pumping will meet part of those 
demands. Extensive pumping of 
the SAS can potentially affect 
regional water levels in this 
unconfined aquifer. 

Seepage from the completed K-05 WAF will be 
managed by a seepage canal and seepage 
pump stations. Eastward flowing seepage from 
the WAF will hydrate the northern portions of 
the Paradise Run alluvial plain. 

Upper 
Floridan 
Aquifer 
(UFA) 

Estimated future demands on 
UFA groundwater may be limited 
near the Lake Wales Ridge in 
order to maintain minimum flows 
and levels in adjacent lakes. 
However, sufficient confinement 
separates Lake Istokpoga and 
Lake Okeechobee from the UFA, 
so increased demands are unlikely 
to affect water levels in these 
lakes. 

Construction of approximately 50 ASR wells will 
increase regional storage by 280,000 acre-feet 
per year. Fully implemented ASR wells will 
reduce flows to the estuaries and augment lake 
levels during drought. 

Avon Park 
Permeable 
Zone (APPZ) 

The APPZ is not a water supply 
source due to greater salinity 
compared to the UFA, as well as 
greater depth. It is unlikely that 
the APPZ will provide drinking 
water or agricultural irrigation 
supplies in the future. 

Approximately 30 ASR wells in the APPZ will be 
paired with UFA wells, providing approximately 
168,000 acre-feet of storage per year. 

5.2.11 Water Quality 

Table 5-47, Table 5-48, and Table 5-49 summarize the assessment of project impacts to water quality. For 
detailed analyses, see Appendix C, Part 2. Although water quality improvement is not an objective of the 
project, the water quality analysis conducted for the Recommended Plan demonstrates that the project 
may provide minor ancillary improvements to water quality. 

Table 5-47. Effects of the Recommended Plan on Lake Okeechobee Watershed water quality. 

Alternative Water Quality 

FWO 
Water quality is expected to improve relative to present conditions as the result 
of establishment of TMDLs and implementing the associated BMAPs for the 
basins discharging to the lake. 
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Section 5 Environmental Effects 

Alternative Water Quality 

Recommended 
Plan 

The wetland restoration components of the Recommended Plan will provide 
increased hydroperiods and retention times of watershed runoff, and both the 
wetland features and WAF will result in direct conversion of pasture and upland 
to wetland in the footprints. This combination of increased wetland quantity and 
quality may result in minor local improvements to water quality in portions of 
the watershed. Although water quality is not an objective of the LOWRP, 
ancillary water quality benefits are anticipated. 

Table 5-48. Effects of the Recommended Plan on Lake Okeechobee water quality. 

Alternative Water Quality 

FWO 
Water quality is expected to improve relative to present conditions as the result 
of establishment of TMDLs and implementing the associated BMAPs for the 
basins discharging to the lake. 

Recommended 
Plan 

Water quality is expected to improve under the Recommended Plan primarily 
through reduced release volumes due to losses to ASR wells.  Results from a 
simple P-loading spreadsheet model showed reductions in phosphorus loading 
between 8% to 11% over the FWO, depending on baseline concentrations. This 
would equate to reductions in loads of roughly 17 to 24 metric tons/yr from the 
Kissimmee River watershed based on the WY2014-WY2018 five year avg loading 
rate to Lake Okeechobee. 

Table 5-49. Effects of the Recommended Plan on Northern Estuaries water quality. 

Alternative Water Quality 

FWO 

Number of low-salinity and high-salinity events reduced for both Caloosahatchee 
and St. Lucie estuaries relative to baseline conditions. Improved nutrient and 
dissolved oxygen conditions expected to result from reduced high-flow events 
from Lake Okeechobee, improved Lake Okeechobee nutrient levels, and 
improved estuary basin runoff quality. 

Recommended 
Plan 

Implementation of the Recommended Plan may result in some improvement in 
salinity conditions in Northern Estuaries water quality due to the reduced high-
flow events. Improved nutrient and dissolved oxygen conditions expected to 
result from reduced high flow events from Lake Okeechobee, improved Lake 
Okeechobee nutrient levels, and improved estuary basin runoff quality due to 
implementation of BMAP projects. Although water quality is not an objective of 
the LOWRP, ancillary water quality benefits are anticipated. 

5.2.12 Flood Control 

The implementation of the Recommended Plan will not degrade the existing level of flood protection 
offered by various components of the C&SF Project for this area. Further, the Recommended Plan will 
ensure flood protection of the area by following state-of-the-practice methods for design and 
construction of pertinent features of the plan. USACE ERs 1110-2-1150, “Engineering and Design for Civil 
Works Projects,” and 1110-2-1156, “Engineering and Design Safety of Dams – Policy and Procedures,” 
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Section 5 Environmental Effects 

along with various other site/structure-specific regulations, will be adhered to prior to and during the PED 
phase. See Annex B for more details. 

5.2.13 Water Supply 

Table 5-50 and Table 5-51 summarize the anticipated long-term effects of the Recommended Plan on 
water supply. The summary is based on the RSM-BN LOWRP modeling representations of these baselines. 
The period of simulation (1965-2005) used for the LOWRP hydrologic modeling encompasses a wide range 
of historical climatologic and meteorologic conditions that are representative of south Florida hydrology. 
Analysis indicates that the Recommended Plan maintains the pre-project levels of service for water 
supply, consistent with the requirements of Section 601 (h)(5)(A) and Section 601 (h)(5)(C) of WRDA 2000 
for existing legal users and to maintain the rights of the STOF under the Compact among the STOF, State 
of Florida, and SFWMD. 

Table 5-50. Effects of the Recommended Plan on Lake Okeechobee Service Area water supply. 

Alternative Water Supply for Existing Legal Users 

FWO 

Minor improvement in water supply availability in LOSA compared to ECB. 
LOSA water supply cutback percentage would be improved for 7 of the 8 years in the POR 
with the largest water supply cutbacks. Water supply cutback frequency years and severity 
would be almost unchanged from ECB. 
EAA water supply would be improved over ECB. Mean annual EAA water supply demands not 
met would be reduced from 7% to 6%. 

Recommended 
Plan 

Water supply availability would be improved in LOSA. 
LOSA water supply cutback percentage would be improved for 7 of the 8 years with the 
largest water supply cutbacks. Water supply cutback frequency and duration would be 
improved from FWO. 
EAA water supply would be improved over FWO. Mean annual EAA water supply demands 
not met would be reduced from 6% in FWO to 5%. 

Table 5-51. Effects of the Recommended Plan on Seminole Tribe of Florida water supply. 

Alternative Water Supply for Existing Legal Users 

FWO 

Minor improvement at Brighton Reservation compared to ECB. Percentage of demand not 
met would be reduced from 3.9% in ECB to 3.3%. 
Minor improvement at Big Cypress Reservation compared to ECB. Percentage of demand not 
met would be reduced from 4.1% in ECB to 3.7%. 

Recommended 
Plan 

Minor improvement at Brighton Reservation compared to FWO. Percentage of demand not 
met would be reduced from 3.3% in FWO to 2.64%. 
Minor improvement at Big Cypress Reservation compared to FWO. Percentage of demand 
not met would be reduced from 3.7% in FWO to 3.3%. 
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Section 5 Environmental Effects 

5.2.14 Air Quality 

Table 5-52 presents a summary comparison of effects on air quality between the FWO and Recommended 
Plan. See Appendix C, Part 2, for a detailed analysis of project impacts on air quality compliance and 
emissions of CO2. 

Table 5-52. Effects of the Recommended Plan on air quality. 

Geographic
Region FWO Recommended Plan 

Lake 
Okeechobee 
Watershed 

Relative to ECB, population growth 
in area is expected to increase air 
pollution; however, air quality 
compliance is expected. 

No changes expected to air quality compliance 
resulting from implementation of the Recommended 
Plan. The diesel-powered pump stations would be in 
compliance with the most current air emission 
requirements at time of construction. 

Lake 
Okeechobee 

No change in compliance with air 
quality standards is expected 
relative to ECB. 

No changes expected to air quality compliance 
resulting from implementation of the Recommended 
Plan. 

Northern 
Estuaries 

Increased development along the 
east coast of Florida will result in 
air quality degradation relative to 
ECB. Enforcement of Clean Air Act 
should limit impacts. 

No changes expected to air quality compliance 
resulting from implementation of the Recommended 
Plan. 

5.2.15 Hazardous, Toxic and Radioactive Waste 

Table 5-53 presents a summary comparison of HTRW. See Appendix C, Part 2, for the expanded HTRW 
assessment. See Annex G for HTRW reports and correspondence. See Appendix C for the residual 
agricultural chemical policy assessment. 

Table 5-53. Effects of the Recommended Plan on HTRW. 

Geographic
Region FWO Recommended Plan 

Lake 
Okeechobee 
Watershed 

The lands would likely continue to be farmed, 
which would result in the additional 
application of agricultural pesticides and the 
inadvertent release of petroleum and 
pesticides in operation and maintenance 
areas. 

Agricultural lands in the project footprint 
would be remediated and further 
application and release of petroleum 
and pesticides would not occur. 

Northern 
Estuaries 

The lands in proximity to the northern 
estuaries would likely continue to be farmed, 
which would result in the additional 
application of agricultural pesticides and the 
inadvertent release of petroleum and 
pesticides in operation and maintenance areas 
to the estuaries. 

The lands in proximity to the northern 
estuaries would cease to be farmed, 
which would result in no additional 
application of agricultural pesticides and 
the inadvertent releases of petroleum 
and pesticides in operation and 
maintenance areas. 
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Section 5 Environmental Effects 

5.2.16 Noise 

For the LOWRP Recommended Plan, there would be short-term, less-than-significant noise increases 
during construction activities. The Recommended Plan includes five additional pump stations, which 
would create long-term, localized noise increases. Hospital-grade exhaust systems would be 
recommended (if practical) for the diesel engines to mitigate the increased noise. 

The Recommended Plan will have 80 ASR wells. Electrically powered pumps associated with ASR wells 
would also result in long-term, localized noise increases during well recharge; however, they are quieter 
than diesel-powered pumps. The turbines are submerged to 30 ft. below the surface, which would 
dampen the noise. The compressor for the air-burst system (to clean the intake screen) would run 
infrequently for 5 minutes. There would be some noise during the day from the drill rig during well 
construction (duration approximately 1 month per well). 

5.2.17 Aesthetics 

Aesthetic effects refer generally to impacts on the visual qualities of the environment. Restoration of the 
south Florida ecosystem is expected to result in a healthier environment that would support vigorous 
plant communities, larger fish and aquatic animal populations, large numbers of wading birds, alligators, 
and mammals in perpetuity. People value viewing wildlife, wetlands, and open, relatively pristine spaces, 
as supported by tourism statistics for south Florida. During construction of all features, there will be a 
short-term, significant negative impact to aesthetic values in the construction areas. 

The Recommended Plan shows a significant increase in aesthetic value over the FWO due to restoration 
of wetlands in the Lake Okeechobee watershed, providing a minor beneficial effect. The restoration of 
wetlands provides additional habitat for native plants and animals, and thus opportunities for wildlife 
viewing. The Recommended Plan will increase the aesthetics due to the WAF and the addition of wetland 
vegetation habitat in the storage footprint. There will be temporary, significant, adverse impact to 
aesthetic values during construction. For the WAF, there will be a long-term, major adverse impact due 
to levees in line of sight. An earthen dam will be visible on the rise, but will be covered in grass to minimize 
the aesthetics impact. There will be a moderate adverse impact by adding man-made features (i.e., pump 
stations, ASR wells, and a WAF) to the natural landscape. The Recommended Plan would have a minor 
effect to the night sky resource (nightscape) within and in the vicinity of this project due to increased light 
pollution. Measures will be taken to use lighting with the least impact, including shielded and amber 
lighting, as bluish-white light tends to have the most impact on wildlife, and increases glare and skyglow. 
There are no effects to public parks, conservation areas, or refuges in the project area. 

There would be some small improvements in Lake Okeechobee from LOWRP due to improved water 
quality, clarity, and improvements in SAV and EAV due to improved stages. In the Northern Estuaries, the 
Recommended Plan will increase the aesthetic value due to decreased high-flow events. Reductions in 
high-volume flows to the estuaries would result in lower suspended solids, increased water clarity, and 
the correct salinity envelope to maintain healthy SAV beds. These benefits could lead to an increase in 
wildlife viewing opportunities (Orth et al. 2006). 

5.2.18 Land Use 

The LOWRP project area consists of a mixture of private and public lands (Figure 5-15). The public lands 
belong to the SFWMD and the State of Florida. Publicly owned lands in the Paradise Run and WAF 
footprints are currently under lease for cattle grazing. The publicly owned lands in the Kissimmee River– 
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Center Wetlands boundary are currently vacant. Table 5-33 and Table 5-34 show the existing land use in 
the WAF and wetland restoration sites. The existing land use in the footprint of the Recommended Plan 
is predominantly improved pastures. The Recommended Plan would result in conversion of agricultural 
(pasture) land to wetland or open water habitat. Potential adverse impacts on prime and unique farmland 
will be assessed during detailed design. There are no known conflicts between the LOWRP and the 
objectives of approved federal regional, state, and local land use plans. Glades County has requested a 
buffer between the Paradise Run wetland and the WAF and SR 78 in order to allow for future 
development. A 1,000 ft. buffer was provided between SR 78 and the Paradise Run wetland feature. 
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Figure 5-15. Parcel map and land ownership for the Recommended Plan footprint. 

5.2.19 Recreation 

The LOWRP Recommended Plan features would provide a moderate beneficial effect on recreational 
opportunities in the Lake Okeechobee Watershed compared to the FWO project condition. Conversion of 
private lands to public lands and inclusion of recreational components of the project would increase 
recreational opportunities for the public. The Recommended Plan would provide minor beneficial effects 
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Section 5 Environmental Effects 

on recreational activities in Lake Okeechobee and the Northern Estuaries due to improved ecological 
conditions. There would be no measurable change to navigation on Lake Okeechobee. Table 5-54 
describes effects of the Recommended Plan on recreation. See Appendix F for additional details on 
recreational features. 

Table 5-54. Effects of the Recommended Plan on recreation. 

Geographic
Region FWO Recommended Plan 

Lake 
Okeechobee 
Watershed 

Recreational 
opportunities are not 
expected to change in 
the FWO condition. 
There are currently 
few opportunities for 
non-motorized boats 
to be isolated from 
motorized boats. 

Private lands converted to public access would provide a moderate 
beneficial effect on recreational opportunities in the Lake 
Okeechobee Watershed. The WAF would offer small boat 
opportunities for fishing and frogging, with hiking and biking 
opportunities on the levees near urban areas. The features would 
provide an alternate location for fishing during inclement weather 
on Lake Okeechobee. Levees would provide opportunities for hiking 
and biking. The WAF would likely be incorporated into the statewide 
FWC alligator and waterfowl quota hunting programs. The Paradise 
Run and Kissimmee River-Center wetland restoration components 
would provide new boat access within the watershed. 

Lake 
Okeechobee 

Recreational 
opportunities are not 
expected to change in 
the FWO condition. 

No changes are expected for navigation on Lake Okeechobee. 
Reductions in high and low water stages in Lake Okeechobee would 
provide minor beneficial effects to recreation by improving lake 
ecology, and thus recreational opportunities such as fishing, boating, 
and kayaking. 

Northern 
Estuaries 

Recreational 
opportunities are not 
expected to change in 
the FWO condition. 

Reductions in high flows to the estuaries would provide minor 
beneficial effects by increasing water clarity and SAV coverage, thus 
enhancing fish utilization of estuaries and subsequently improving 
related recreational opportunities such as fishing, boating, and 
kayaking. 

5.2.20 Socioeconomics 

The socioeconomic assessment area consists of a predominantly agricultural and sparsely populated area 
in Highlands, Glades, Okeechobee, and Martin counties. The University of Florida Bureau of Economic and 
Business Research projects that the residential populations of these counties will grow by 55,846 from 
306,254 in 2016 to 362,100 in 2045, an increase of 18.2%. This increase is consistent with that projected 
previously in CERP planning efforts. Table 5-55 displays total and percent population increase by county 
projected between 2016 and 2045. Population projections by county are presented in Figure 5-16. 
Population projections are not anticipated to differ between the FWO and the Recommended Plan. 

Table 5-55. Projected net and percent population increase by county (2016 – 2045). 

County 
Projected Population Increase

(2016 - 2045) 
Percent 
Change 

Okeechobee 5,094 12.5% 
Highlands 18,069 17.8% 
Glades 2,253 17.3% 
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County 
Projected Population Increase

(2016 - 2045) 
Percent 
Change 

Martin 30,430 20.2% 

Figure 5-16. Population projections by county (2016 -2045). 

As detailed in subsection 4.3.2, the infusion of construction funds into the regional economy will 
generate beneficial economic effects such as increased sales, additional jobs, increased labor income, 
and increased gross regional product during the construction period. OMRR&R funds will have the same 
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beneficial effects throughout the life of the project. The top three industries affected are construction, 
food and drink services, and engineering services. 

For all private-sector relocations, the non-Federal sponsor would provide relocation assistance for the 
affected business per the Uniform Relocation Act of 1970, as amended. Therefore, it is expected that 
business owners would have the opportunity to relocate to a suitable location in the region and 
socioeconomic impacts would therefore be less than significant. Agricultural jobs displaced by property 
acquisition may be transferred elsewhere in the regional economy. All private land acquisition will result 
in a decrease in ad valorem tax revenue for the counties in which the property is located. 

5.2.21 Environmental Justice 

Environmental justice analysis involves identifying and addressing, as appropriate, disproportionately high 
or adverse human health or environmental effects of federal programs, policies, and activities on minority 
and/or low-income populations. Executive Order 12898 requires an analysis of environmental effects, 
including human health, economic and social effects of federal actions, and effects on minority and/or 
low-income communities, when such analysis is required by the NEPA. Several communities were 
identified in the project area as having a potential to be affected. Communities located west of the 
Kissimmee River and surrounding Lake Okeechobee have income significantly lower than state/national 
averages, and unemployment rates that are higher than the state and national averages. Another 
community that could be affected by the project is the STOF’s Brighton Reservation, which represents 
tribal nation lands. 

The LOWRP would provide benefits to quality of life by improving Lake Okeechobee ecology, improving 
the estuarine environment, and contributing to hydrological improvements in the historic Everglades. 
These wetland and estuarine habitat improvements would benefit fish and wildlife species abundance for 
recreation and subsistence fishing/hunting, as well as providing aesthetic value. The project would also 
improve water supply for existing legal users by reducing the number and severity of LOSA cutbacks. Based 
on the full analysis provided in Appendix C, Part 2, no disproportionately high or adverse impacts are 
imparted upon the STOF and/or lower-income communities. 

Cumulative environmental justice effects are associated primarily with effects on public health and safety, 
air quality, traffic and noise, and socioeconomics from implementation of the LOWRP and other past, 
present and reasonably foreseeable actions. The timeframe will extend beyond the construction period 
indefinitely because impacts on socioeconomics and county revenues are long term and can continue to 
occur after construction. The LOWRP is expected to contribute to a net beneficial cumulative impact on 
the regional ecosystem and public health. While the spatial extent of natural plant communities would 
not be restored to historic proportions, the quality of vegetative communities would be improved and 
habitat improvement efforts are anticipated to benefit fish and wildlife resources. Cumulative effects to 
historic properties and culturally significant sites will potentially be long-term adverse effects if not 
avoided. Mitigation measures for effects to historic properties could potentially reduce the cumulative 
effect to minor long-term adverse effects. Mitigation measures for culturally significant sites are unknown 
and will be determined at a later phase. While anthropogenic effects on water quality are unlikely to be 
eliminated, water quality is expected to slowly improve over existing and recent past conditions. During 
detailed planning and design, the USACE and SFWMD are committed to ensuring that project feature 
implementation will not result in degradation of water quality. While effects on water supplies are unlikely 
to improve, water supplies available for agricultural and urban users are expected to remain stable until 
additional storage mechanisms are implemented. 
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Section 5 Environmental Effects 

5.2.22 Cultural Resources 

The use of the term “cultural resources” includes historic properties that are eligible or potentially eligible 
for NRHP listing, and culturally significant sites. For definitions of terms, see Section 10. 

Table 5-56 presents the FWO and effects of the Recommended Plan on cultural resources. See Section 4 
for criteria used for evaluation. Appendix C.2, contains a description of the full preliminary analysis, 
background information, and descriptions of terms. 

In conjunction with the NHPA, formal consultation was initiated with the STOF’s THPO, the MTIF’s 
NAGPRA representative, and the Florida SHPO (Appendix C). A number of conclusions were drawn: 

1. Due to the timing of the LOWRP planning and restrictions in access to private property, the USACE 
is currently unable to fully identify and evaluate cultural resources and determine effects of the 
undertaking on historic properties within portions of the Recommended Plan prior to completion 
of the Final PIR/EIS. 

2. Pursuant to Section 106 of the NHPA (54 U.S.C. § 306108), the USACE is deferring final 
identification and evaluation of historic properties until after project approval, additional funding 
becomes available, and prior to construction by executing a Programmatic Agreement (PA) as 
provided in 36 CFR § 800.4(b)(2). 

3. Cultural resource surveys and evaluations will be conducted in previously unsurveyed areas that 
have a high potential for containing historic properties. Each suite of project features will be 
subject to separate consultation and consideration of effects during PED and prior to 
construction. These surveys and a final determination of effects for any historic properties within 
the APE will be coordinated with SHPO and the appropriate federally recognized Native American 
Indian tribes. 

Under the NEPA process (40 CFR § 1501.2(d) (2)), USACE has undertaken formal consultation for LOWRP 
feasibility. For consideration under the NHPA, determinations of potential effects and mitigation of those 
effects on cultural resources listed in Table 5-56, Table 5-56, and Table 5-57 are preliminary and should 
not be considered final. Further consultation is required in accordance with the PA and will be completed 
during the PED phase, after a refined APE has been developed. The Jacksonville District executed a PA 
with the SHPO and ACHP which formally establishes the procedures for a phased approach to satisfy 
compliance with Section 106 of the NHPA prior to signing the ROD. The LOWRP is currently in compliance 
with the procedural requirements of the NHPA and will remain in compliance with the NHPA pre- and 
post-construction. 

The USACE prefers to avoid adverse effects to cultural resources. The project archaeologist, engineers, 
and plan formulators have worked closely together throughout the planning process for LOWRP to 
determine alternatives that reduce or eliminate such impacts. Pursuant to 36 CFR §800.4, where possible, 
the project design will be modified to avoid impacting significant historic properties and culturally 
significant sites. Where avoidance is not possible, minimization and/or mitigation measures will be 
considered, which could include, but are not limited to, data recovery excavations. The mitigation 
measures will be developed in consultation with SHPO, federally recognized tribes, and other interested 
parties as established in implementing regulations for Section 106 of the NHPA. 
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Section 5 Environmental Effects 

Table 5-56. Effects of the Recommended Plan on cultural resources in Lake Okeechobee Watershed. 

Alternative Cultural Resources 

FWO 
Future development, agriculture, and construction related to population growth have the 
potential to affect cultural resources; however, state and federal regulations would apply as 
appropriate. 

Recommended 
Plan 

Potential adverse effects to 8GL72, 8GL77, 8GL492, 8GL496, 8OB364, 8OB365, 8GL77, 
8GL494, and 8GL495. There is a potential to adversely affect unidentified historic properties. 

Table 5-57. Effects of the Recommended Plan on cultural resources in Lake Okeechobee. 

Alternative Cultural Resources 

FWO 
Future development, agriculture, and construction related to population growth have the 
potential to affect cultural resources; however, state and federal regulations would apply as 
appropriate. 

Recommended 
Plan 

No effect on cultural resources. 

Table 5-58. Effects of the Recommended Plan on cultural resources in the Northern Estuaries. 

Alternative Cultural Resources 

FWO Future development and construction related to population growth have the potential to 
affect cultural resources; however, state and federal regulations would apply as appropriate. 

Recommended 
Plan 

No effect on cultural resources. 

5.2.23 Invasive and Exotic Species 

The Recommended Plan has the potential—and likelihood—for establishment and spread of non-native 
invasive and native nuisance species. Table 5-59, Table 5-60, Table 5-61, Table 5-62, Table 5-63, and Table 
5-64 present a summary of effects. Appendix C, Part 2, provides a more detailed description of the effects 
of each feature. Proposed restoration activities may have effects ranging from minor to major on the 
ecosystem drivers that directly or indirectly influence the spread of non-native species. These factors may 
affect invasive species positively or negatively, depending on the unique characteristics of individual 
species and the environmental conditions for a given biological invasion (Doren et al. 2009). Disturbed 
areas resulting from construction are likely to become established with non-native invasive and native 
nuisance species. New flows created by operations of the proposed features may serve as vectors to 
spread invasive and native nuisance species into new areas. The large number of existing and potential 
invasive plant and animal species and the often-incomplete knowledge of invasive mechanisms for each 
species create moderate-to-high uncertainty in this evaluation. Long-term monitoring in an adaptive 
management framework is critical to ensure efficient management of the most threatening non-native 
invasive species in the restoration footprint. Annex F contains proposed management activities to address 
invasive species. 
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Section 5 Environmental Effects 

Table 5-59. Effects of the Recommended Plan on invasive species in Lake Okeechobee Watershed. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Recommended 
Plan 

Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & WAF. 

Table 5-60. Effects of the Recommended Plan on invasive species in wetlands. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Recommended 
Plan 

Potential decrease in terrestrial invasive species but likely increases in wetland emergent 
species. 

Table 5-61. Effects of the Recommended Plan on invasive species in Lake Okeechobee. 

Alternative Invasive Species 
FWO Invasive species would continue to spread with high and low lake elevations. 

Recommended 
Plan 

Invasive species would continue to spread with moderate reductions in the frequency of Lake 
Okeechobee lake level fluctuations. The invasion rate for aquatic and terrestrial species will 
be impacted by lake level fluctuations. 

Table 5-62. Effects of the Recommended Plan on invasive species in the WAF. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Recommended 
Plan 

Potential decrease in terrestrial invasive species, but likely increased in submersed and 
floating invasive plant species. 

Table 5-63. Effects of the Recommended Plan on invasive species at ASR wells. 

Geographic
Region Alternative Invasive Species 

FWO Invasive species present would continue to persist and expand. 
ASR Recommended 

Plan 
Potential to decrease terrestrial invasive plant species; potential for new 
introductions with construction of features. 

Table 5-64. Effects of the Recommended Plan on invasive species in the Northern Estuaries. 

Alternative Invasive Species 
FWO Invasive species present would continue to persist and expand. 

Recommended 
Plan 

Invasive species present would continue to persist and expand; potential for new 
introductions due to water diversions and created wetlands & WAF. 
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Section 5 Environmental Effects 

5.2.24 Effects on Native Americans 

The MTIF and STOF rely upon the Everglades to support their cultural, subsistence, and commercial 
activities. Subsistence activities for members of the both the STOF and MTIF include gathering of 
materials, hunting, trapping, frogging, and fishing. The STOF’s Brighton Reservation lands are situated 
immediately adjacent to the LOWRP features. As part of the development of this project, consultation has 
occurred between the USACE, MTIF, STOF, and other interested, federally recognized tribes with ancestral 
ties to the region. Letters requesting participation in the PDT were sent to both the Miccosukee and 
Seminole Chairmen on June 24, 2016 (Appendix C.3). Presentations and face-to-face meetings, as well as 
email and phone correspondence, were conducted with tribal government staff members to brief them 
on alternatives and discuss issues of concern to each tribe. The following evaluations are designed to 
evaluate potential impacts to Native Americans as indicated by the tribes through government-to-
government consultation. Throughout the tribal consultation process information provided by the tribes 
was considered in the formulation and evaluations of alternatives. USACE also modified the designs of the 
final array of alternatives, the TSP project features, and the Recommended Plan to address the concerns 
expressed by the STOF and MTIF. While the STOF has specified explicit concerns on the Recommended 
Plan as described below, the MTIF has expressed general concerns with types of project features. Native 
American concerns extend beyond physical impacts to their lands and such considerations, while not 
always explicit, have been taken into account during discussions and consultations that have occurred 
with federally recognized tribes. 

5.2.24.1 Miccosukee Tribe of Indians of Florida 

General background information on the MTIF is provided in Section 2.6. No portion of the proposed action 
is located within or adjacent to known MTIF-owned lands, reservation lands, or traditional cultural 
properties. Pursuant to Section 106 of the NHPA (54 U.S.C. §306101 et. seq.), obligations regarding USACE 
trust responsibilities to federally recognized Native American Tribes, USACE has consulted with the MTIF; 
see Appendix C for details. Representatives for the MTIF have indicated that they have significant 
concerns over the use of ASR wells for water storage in the Recommended Plan. 

The MTIF desire that water be treated to drinking water standards before injecting the water into the 
aquifer, and before discharging the water back to the surface. The MTIF prefer shallow storage 
alternatives that will do more to improve water quality, provided the location of the storage feature does 
not unduly affect the STOF. The MTIF do not support ASR wells and desire a Recommended Plan that 
maximizes the amount of aboveground storage without negatively impacting the STOF; they are 
concerned about disproportionate impacts to both the Indian Prairie and the STOF. The MTIF prefer 
reservoirs with twice the area of surface water storage and half the depth proposed by the USACE. The 
shallower depths are preferred to remove additional phosphorous from the water. The MTIF have some 
concerns about the flushing effect associated with initially rehydrating the wetland restoration areas. The 
MTIF would also like to see the restoration of as much naturally occurring wetlands as possible. 

5.2.24.2 Seminole Tribe of Florida 

General background information on the STOF is provided in Section 2.6. Pursuant to NHPA Section 106 
(36 CFR § 800.4[b][2]), obligations regarding USACE trust responsibilities to federally recognized Native 
American Tribes, and in consideration of the Burial Resources Agreement between USACE and the STOF, 
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Section 5 Environmental Effects 

consultation is detailed in Appendix C. During government-to-government consultation, the STOF has 
provided comments applicable to the entire project and comments specific to individual project features. 
The STOF Brighton Reservation and tribe-owned lands are situated immediately adjacent to LOWRP 
Recommended Plan features, including the WAF within the K-05 footprint, the Paradise Run wetland 
restoration site, and ASR well clusters. In a letter to the USACE dated March 6, 2018, the STOF expressed 
support for the Paradise Run and Kissimmee River–Center wetland restoration sites. In a letter to the 
USACE dated August 20, 2018, the STOF have expressed significant concerns with the criteria used in the 
selection of the TSP and its performance versus other alternatives. They oppose both deep and shallow 
reservoirs within the K-05 footprint, and do not support wetland restoration within the K-05 footprint. 
The STOF prefers not to have project features located within the K-05 footprint. There are Tribal concerns 
that the WAF would be modified to a deeper reservoir after project authorization. Specific concerns 
include too-close proximity to Brighton Reservation, the potential for flooding and seepage, impacts to 
the cultural landscapes, known and expected cultural resource impacts, endangered species 
displacement, environmental justice concerns, and limitation for future tribal expansion on and adjacent 
to Brighton Reservation. The STOF has expressed concern about risks to the community due to levee 
failure, overtopping, and seepage impacts to Brighton Reservation. While few of the projects benefits are 
located within the community, the STOF is concerned that they bear the brunt of the risks associated with 
the project. The STOF is concerned that construction of the WAF will directly impact significant sacred 
sites and burials as well as the ancestral landscape of the area adjacent to the Brighton Reservation. 
Specifically, the tribe is concerned with potential impacts to the Mulberry Mound Site (8GL77). Other 
significant concerns of the community include projects impact to surface water entitlements guaranteed 
in The Water Rights Compact of 1987, and the delivery of water supply resources during periods of 
drought. The STOF has also concerns of indirect impacts of the displacement of northern crested caracara 
and Eastern indigo snakes which may be displaced to Tribal lands. The STOF has concerns regarding the 
expansive use of ASR for restoration, including impacts from clustering of wells, the impacts to ecology, 
and groundwater quality. The STOF recognizes that ASR technology could be beneficial to Everglades 
restoration if these issues can be addressed with future research. ASR wells would be more acceptable if 
they are located outside of any zone of influence that could result in harm to the STOF groundwater 
resources on Brighton Reservation. The Recommended Plan has been modified based on feedback from 
the STOF. These modifications are documented in Appendix E. 

5.2.24.2.1 Paradise Run and Kissimmee River–Center Wetland Sites 

STOF leaders do not object to wetland restoration in the proposed footprints. There may be potential 
adverse effects to cultural resources within the wetland restoration areas; however, these impacts will be 
avoided, minimized, or mitigated during the PED phase of this project. Additional cultural resource surveys 
of the wetland restoration areas will be necessary to identify and avoid impacting historic properties that 
are of importance to the STOF and MTIF. 

5.2.24.2.2 ASR Wells 

The STOF is concerned with the number and proximity of ASR proposed for this project. The Tribe prefers 
that the ASR wells and well clusters be located outside the zone of influence of reservation lands so STOF’s 
groundwater resources on Brighton Reservation are not affected. The STOF is concerned about ASR well 
seal failure (failure in the associated confining layers that could impact STOF access to groundwater). The 
STOF has also questioned the impact of ASR well clusters on the quality of the underlying aquifer, and the 
quality of the water when it is returned to surface water systems. The STOF are concerned with ASR 
release impacts to fisheries from changes to water temperature and the dissolved oxygen, potential 
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Section 5 Environmental Effects 

methyl mercury in recovered ASR waters. There is a potential to adversely affect cultural resources during 
ASR well construction. Additional cultural resource surveys of the ASR well locations may be necessary to 
identify and avoid impacting historic properties that are of importance to both the STOF and MTIF. These 
impacts will be avoided, minimized, or mitigated during the PED phase of this project. 

5.2.24.2.3 Recommended Plan 

The STOF is concerned with the physical proximity of the WAF to the Brighton Reservation and tribal-
owned lands. Many of the concerns raised by the STOF about potential effects to Native Americans are 
greatly reduced in the Recommended Plan, which was developed in consultation with STOF leaders. At 
the request of the STOF, the WAF was redesigned to remove the northern impoundment area in the 
1Bshlw alternative and relocate the WAF farther southwest. This change and the establishment of a 0.5-
mile buffer from the Brighton Reservation and tribal-owned lands largely resulted in the configuration of 
the Recommended Plan. The reconfiguration of this feature and its corresponding reduction in the 
operationally maintained water depth greatly reduced the volume of surface water storage in the WAF. 
The increased distance from the Brighton Reservation and reduced water depth reduces the impacts from 
seepage, flooding, and impacts to the cultural landscape. The impacts to cultural resources appear higher 
in the Recommended Plan compared to the other alternatives evaluated due to the possible presence of 
tree islands on nearby Brighton Reservation. Site 8GL77 (the Mulberry Mound site) is eligible for listing on 
the NRHP and has a high potential for containing burial resources. Two other cultural sites identified 
within the Recommended Plan footprint (8GL494 and 8GL495) are both potentially eligible for listing on 
the NRHP and may be impacted. The Recommended Plan has a high probability to contain additional 
historic properties and cultural resources within the WAF footprint. Additional cultural resource surveys 
of the WAF will be necessary to identify and avoid impacting historic properties that are of importance to 
both the STOF and MTIF. These impacts will be avoided, minimized, or mitigated, as appropriate, during 
the PED phase of this project. 
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Section 6 The Recommended Plan 

RECOMMENDED PLAN 

The Lake Okeechobee Watershed Restoration Project (LOWRP) Recommended Plan, Alternative 1BWR 
(Alternative 1BW revised) (see Figure 6-1), will improve the quantity, timing, and distribution of water 
entering Lake Okeechobee, thus providing opportunities for better management of lake water levels for 
ecological and water supply purposes. The Recommended Plan reduces the frequency and duration of 
high-volume regulatory lake flows to the Caloosahatchee and St. Lucie estuaries, and improves system-
wide operational flexibility. The Recommended Plan will also restore portions of the historic Kissimmee 
River channel and floodplain. Recreational features included in the Recommended Plan will enhance the 
existing opportunities for resource-based recreation in the Lake Okeechobee watershed. 

Figure 6-1. LOWRP Recommended Plan features. 

6.1 Plan Description 

This subsection describes plan features, lands and interests in lands, project operations, adaptive 
management and monitoring plans (AMMP), invasive and nuisance species management plan, and 
recreational features. 

6.1.1 Plan Features 

The Recommended Plan includes a wetland attenuation feature (WAF), 80 total aquifer storage and 
recovery (ASR) wells (55 watershed ASR wells, 25 ASR wells co-located with the WAF), the Paradise Run 
and Kissimmee River–Center wetland restoration sites, and various recreational features in the WAF and 
wetland restoration sites. 

LOWRP Final PIR and EIS August 2020 
6-1 



   

     
  

   

   
    

   
           

     
  

   
    

 
 

   
  

   

    
        

    
  

   
   

  
         

  
   

    
   

     
 

      
    

     

      
   

  
 

       
      

     
  

    
   

Section 6 The Recommended Plan 

6.1.1.1 Wetland Attenuation Feature 

The WAF is located within the Indian Prairie sub-watershed west of the C-38 canal, north of SR 78, east of 
the Seminole Tribe of Florida (STOF) Brighton Reservation, and south of the C-41A canal. The WAF is used 
for surface storage to attenuate Kissimmee River basin flows when the Lake Okeechobee stage is above 
the ecologically-preferred stage envelope and to provide a water source for co-located ASR wells. 
Although a WAF provides aboveground storage like a typical reservoir, water levels may at times be 
suitable for growth of wetland vegetation due to the water depths typically realized through the designed 
operation of the facility. Thus, the peak flows from the Kissimmee Basin are the aquatic conditions that a 
WAF is directly designed to 'attenuate.' The WAF footprint, including the embankments, seepage canal, 
and other perimeter features, is approximately 13,600 acres, with a storage capacity of approximately 
46,000 acre-feet (ac-ft). The WAF includes a pump station located downstream of the existing S-84 
structure on the C-41A canal. The pump draws water downstream of S-65E that is considered water of 
Lake Okeechobee. 

6.1.1.2 Aquifer Storage and Recovery Wells 

Eighty ASR wells with 5 million gallons per day (MGD) capacity per well are proposed in clusters in various 
locations throughout the Lake Okeechobee watershed and co-located with the WAF (Figure 6-1). The well 
clusters will include a combination of wells that will utilize either the Upper Floridian Aquifer (UFA) or the 
Avon Park Permeable Zone (APPZ) for storage and recovery. Underlying geology and presence of existing 
users within the vicinity limit the siting of ASR wells. Proposed ASR cluster locations are based upon the 
findings of the 2015 Comprehensive Everglades Restoration Plan (CERP) ASR Regional Study; however, 
these locations are conceptual and may be adjusted based on the results of exploratory testing. 
Additionally, due to the uncertainties regarding the scale of the proposed ASR well cluster 
implementation, it is recommended that the ASR well systems be implemented in a phased approach and 
studies and monitoring be conducted as recommended by the National Research Council (NRC) of the 
National Academies of Sciences, which conducted their review on the CERP ASR Regional Study. Final 
siting will be determined during preconstruction engineering and design (PED), although initial siting of 
WAF co-located ASR wells will likely be on the southwest portion of the WAF due to greater water 
availability (Figure 6-2). 

• ASR wells co-located with the WAF: These wells can withdraw water from the WAF when it is full, 
thus providing additional storage capacity in the WAF. 

o There are three well clusters (25 wells total) co-located with the WAF. 

o ASR wells will recharge using water from the WAF and flow into the WAF prior to release 
into the Kissimmee River. 

o The combination of ASR wells and the WAF provides dynamic aboveground and 
belowground storage. 

o It is anticipated that the ASR wells will support maintenance of wetland habitat in the 
WAF during dry periods such that the risk of dryout is minimized. 

• Watershed ASR wells: The remaining 55 ASR wells are located throughout the watershed in 
several clusters. 

o One proposed cluster is located adjacent to the C-44 canal in Port Mayaca. This will flow 
out of the C-44 into Lake Okeechobee or to the St. Lucie River Estuary. 
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Section 6 The Recommended Plan 

o Three potential cluster areas, including refurbishments to existing wells, are located in 
the S-191 subwatershed. The wells will be adjacent to the L-63N, L-63S, or L-64 canals 
that can flow to Lake Okeechobee. 

o Two potential clusters, including refurbishments to existing wells, are located adjacent to 
the C-38 canal downstream of S-65E that flow back into the C-38 canal. 

o One cluster is located along Taylor Creek, downstream of S-192 and upstream of the S-133 
pump station which releases fresh water to Lake Okeechobee. 

o There is a well cluster along C-40 canal downstream of S-72 that can flow to 
Lake Okeechobee. 

o There is a well cluster along C-41 canal downstream of S-71 that can flow to 
Lake Okeechobee. 

o There is a well cluster along the C-43 canal in Moore Haven that can flow to 
Lake Okeechobee or the Caloosahatchee River. 

Figure 6-2. Conceptual WAF site plan, including 25 co-located ASR wells. 

6.1.1.3 Wetland Restoration Sites 

The purpose of wetland restoration component of the LOWRP is to increase the spatial extent and 
functionality of aquatic and wildlife habitat within the Lake Okeechobee Watershed by restoring the 
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Section 6 The Recommended Plan 

hydrology of selected isolated and riverine wetlands. The Recommended Plan will restore approximately 
4,800 acres of wetlands in the Paradise Run and Kissimmee River-Center locations (Figure 6-1). 

The Paradise Run site, approximately 3,600 acres, contains remnant Kissimmee River channel and 
floodplain. The site is located downstream of S-65E on the west bank of the C-38 canal, between the C-
41A canal and the Buckhead Ridge community. A pump station on the C-41A canal downstream of S-84 
will serve as the water source to bring water into the historic river channel running through the 
overdrained Paradise Run site. Approximately 24,500 linear feet of channel excavation will be performed 
to restore flow to a portion of the river and rehydrate the floodplain wetlands. The L-59 canal will be 
plugged to allow overland flow over the former canal. The flow will flow back into the C-38 canal by way 
of the WAF outlet canal and a system of culverts through the Herbert Hoover Dike (HHD) on the southeast 
corner of the site. 

The Kissimmee River–Center site, approximately 1,200 acres, is located on the west bank of the C-38 canal, 
about halfway between S-65D and S-65E. A pump station will be placed in the C-38 canal at the north end 
of the site to divert water to the west into a created river channel that mimics the historic Kissimmee 
River. Approximately 21,500 feet of channel excavation will be performed to create riverine habitat and 
to rehydrate floodplain wetlands. 

6.1.1.4 Recreational Sites 

The LOWRP provides two major features for recreation. The levee top around the WAF will offer 
approximately 33 miles of trails that will form 3 loops using the internal embankments. The wetland areas 
will provide approximately 26 river miles accessible via portages for small boats from the C-38 canal or 
WAF. Small boat portage sites will serve as levee trail features and enhance the boat interconnections 
between the wetland areas, the WAF, and adjacent waterways. Typical activities expected in the project 
area include bicycle riding, nature study, wildlife viewing, hiking, boating, canoeing/kayaking, fishing, and 
hunting. These are all well suited to the environmental purposes of the project. See Figure 6-3 for the 
recreation features, including proposed locations for public access sites. 

Facilities in the LOWRP include sufficient gravel parking with a boat ramp, trailheads, shelters, and small 
boat portages. Other recreational amenities include signage, vehicle and pedestrian gates, picnic tables 
and restroom facilities. These features and costs are described in detail in Appendix F. 

The proposed features of the LOWRP recreation plan will not require additional real estate to be 
purchased. All features will be compatible with the environmental purposes of the project. Program 
activities can be adjusted over time to better fit project purposes. 
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Figure 6-3. Conceptual locations of the boat ramp, portages, and trail shelters at the spillway sites. 
Site B includes access into the Paradise Run wetland. 
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Section 6 The Recommended Plan 

6.1.1.5 Recommended Plan Operational Considerations 

Hydrologic modeling was conducted for the Recommended Plan to optimize system-wide performance. 
It incorporated the current regulation schedule management bands of the 2008 Lake Okeechobee 
Regulation Schedule (LORS) with the Central Everglades Planning Project (CEPP) modifications for water 
supply deliveries to the Northern Estuaries, plus additional optimizations to three parts of the 
decision tree: 

• Class limits for Lake Okeechobee inflow and climate forecasts, including tributary hydrologic 
conditions, seasonal climate outlook, and multi-seasonal climate outlook 

• Stage level, as delineated by the 2008 LORS management bands 

• Stage trends (whether water levels are receding or ascending) 

Because the PDT incorporated LORS modifications as described above, LOWRP benefits gained from 
reducing freshwater flows to the Northern Estuaries are derived in part from operational refinements that 
can take place within the existing, inherent flexibility of the 2008 LORS, and in part with refinements that 
are beyond the schedule’s current flexibility. To confirm that benefits will still be achieved with the current 
LORS 2008 lake schedule, a sensitivity run was performed on the Recommended Plan with the unmodified 
Lake Okeechobee schedule (ALT1BWRLP) to verify that project benefits will still be obtained without these 
modifications (results are provided in Section 6.9.1.3). This run confirmed that LOWRP benefits, while 
reduced overall, occur independently of lake schedule modifications. Lake Okeechobee benefits are 
slightly higher in the sensitivity run scenario. 

It is important to note that the LORS revisions and environmental water supply deliveries to the Northern 
Estuaries identified in LOWRP are intended to inform future LORS and system-wide operational updates. 
The LOWRP Project Implementation Report/Environmental Impact Statement (PIR/EIS) will not be the 
mechanism to propose or conduct the required National Environmental Policy Act (NEPA) evaluation of 
modifications to the LORS and system-wide operational modifications. These actions will be conducted 
under other authority consistent with the Integrated Delivery Schedule (IDS). This analysis will identify 
water for the natural system and provide for all of LOWRP's purposes and CERP’s overarching objectives. 
The South Florida Water Management District (SFWMD) anticipates reservation of water that is 
intercepted for LOWRP storage aboveground and belowground, as well as protection of water stored in 
ASR belowground facilities. Water returned to Lake Okeechobee after LOWRP storage will be available to 
meet all Central and Southern Florida (C&SF) Project purposes and CERP's overarching objectives. 
LOWRP's stored water, upon return to Lake Okeechobee, will be accessible to both the lake ecology and 
water users in accordance with SFWMD's water supply program and the lake regulation schedule. 

The U.S. Army Corps of Engineers (USACE) expects to operate under the 2008 LORS until completion of 
the Lake Okeechobee System Operating Manual (LOSOM) effort, which coincides with the 2022 
completion of the HHD remediation to reduce risk. The change to Lake Okeechobee schedule due to the 
LOSOM effort is unknown at this time. Depending on the ultimate outcome of these future lake schedule 
revisions, including the level of inherent operational flexibility provided with these revisions, LOWRP 
implementation may still require further lake schedule revisions to optimize system-wide performance 
and ensure compliance with Savings Clause requirements. 
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Section 6 The Recommended Plan 

6.1.2 Lands and Interests in Lands 

Real estate interests and lands were preliminarily identified for the Recommended Plan as required to 
ensure the construction and Operations, Maintenance, Repair, Replacement, and Rehabilitation 
(OMRR&R) for LOWRP implementation. See Appendix D for more details. The real estate plan and 
associated acreages is tentative in nature. It is for planning purposes only and both the final real property 
lines and real estate costs provided are subject to change even after approval of the PIR/EIS. 

6.1.2.1 Wetland Attenuation Feature 

108 parcels encompassing approximately 13,600 acres will be required in fee. There are 35 parcels 
encompassing approximately 4,300 acres in public ownership. Approximately 73 parcels encompassing 
approximately 9,300 acres are privately owned. Approximately 40 landowners will be impacted. 

6.1.2.2 Aquifer Storage and Recovery Wells 

80 total ASR wells are planned to be located within the WAF and throughout the watershed. 25 ASR wells 
will be co-located with the WAF. The remaining 55 ASR wells will be located throughout the watershed. 
They are estimated to require 1.5 acres of land per well, impacting a total of approximately 83 acres. 

6.1.2.3 Wetland Restoration Sites 

61 parcels encompassing approximately 4,800 acres will be required in fee. The SFWMD owns 25 parcels 
encompassing approximately 2,200 acres. The State of Florida owns three parcels encompassing 132 
acres. Approximately 33 parcels encompassing 2,600 acres are privately owned. Approximately 16 
landowners will be impacted. 

6.1.2.4 Additional Lands 

The project features impact a number of parcels that reflect no acquisition requirement and/or a partial 
acquisition requirement, leaving a remainder parcel (the portion of the property remaining after a taking 
under eminent domain). A remainder parcel may be considered ‘damaged’ if it loses a portion of its value 
due to partial acquisition. Damages can occur for reasons such as diminished access and the shape of the 
remainder lands. To account for the impacted parcels, 15% was added to the Real Estate Incremental cost. 

6.1.2.5 Staging and Access 

Staging areas identified during the PED phase will be within the project footprint. Access to the project 
and the staging areas will be via public roads and SFWMD-owned lands situated within the project area. 
Additional access areas will be identified during the PED phase, as required. 

6.1.2.6 Utilities and Facility Relocations 

Preliminary aerial and ground inspections have revealed no major transmission lines within project areas. 
There are expected to be service lines for occupied structures in those project areas. Since these areas 
are to be acquired, no facility or utility relocations are expected. 

6.1.3 Project Operations 

The Draft Project Operating Manual (DPOM) in Annex C includes operational criteria based on the LOWRP 
hydrologic modeling assumptions and generally discusses the transitions to operations during the 
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Section 6 The Recommended Plan 

construction phase, the operational testing and monitoring period (OTMP), and the long-term OMRR&R 
phase. The project delivery team (PDT) recognizes that multiple revisions of the manual and operational 
fine-tuning will occur over the life of the project. The operations discussed herein represent the start-up 
operational strategy, recognizing that constraints in the system may be removed over time due to the 
completion of many of the LOWRP components, as well as other CERP and non-CERP Projects. The DPOM 
assumes completion of all LOWRP components. Modifications and/or revisions to the DPOM will occur 
during subsequent implementation phases such that a preliminary POM (PPOM) will be completed after 
detailed design is complete, and a final POM will be established after the OTMP. The POM is a living 
document that will continue to evolve throughout the life of the project (Figure 6-4). The POM will be 
updated at periodic intervals during the detailed design, construction, and OTMP of the project. 
Refinements to the operating criteria in the POM will be made as more project design details, data, 
operational experience, and general information are gained during these project phases. It is also 
anticipated that when the POM is completed and the long-term operations and maintenance phase is 
underway, it may be necessary to revise the POM periodically based on additional scientific information 
and implementation of other CERP or non-CERP activities. 

Figure 6-4. Evolution of the Project Operating Manual. 

6.1.3.1 System Operating Manual Updates 

Implementation of the CERP envisioned the need to create a System Operating Manual (the Master Water 
Control Manual is currently the primary governing document). This System Operating Manual will ensure 
that the operations of all projects, both CERP and non-CERP, are integrated within C&SF system operations 
in order to achieve the authorized purposes of the C&SF Project and the individual CERP and non-CERP 
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Section 6 The Recommended Plan 

projects. The LOWRP plan acknowledges that a revision to the existing lake regulation schedule, as well 
as the associated Volume 3 of the Master Water Control Manual – Lake Okeechobee and Everglades 
Agricultural Area (EAA), will be needed to integrate the features of LOWRP, as well as the HHD 
remediation, the Kissimmee River Restoration Project, and other CERP projects that are connected or 
adjacent to Lake Okeechobee. Therefore, it is anticipated that modifications to the 2008 LORS will be 
triggered by actions other than LOWRP implementation and the LOWRP PIR/EIS will not be the mechanism 
to propose or conduct the required NEPA evaluation of modifications to the 2008 LORS. 

6.1.4 Adaptive Management and Monitoring Plans 

The LOWRP AMMP (Annex D) identifies the monitoring information needed to inform LOWRP 
implementation and to document restoration progress to agencies, the public, and Congress. The overall 
objective of the AMMP is to focus resources on refinement of LOWRP to fine-tune performance due to 
inevitable uncertainties based on existing knowledge and knowledge that will be gained through 
monitoring and assessment. Consistent with Water Resources Development Act (WRDA) 2016 
implementation guidance for Section 1161, and Section 2039 as amended, monitoring will continue until 
the success criteria identified in the monitoring and adaptive management plan are determined to have 
been met, even though Federal cost-sharing is limited to 10 years. 

CERP’s interagency science group—Restoration, Coordination and Verification (RECOVER)—provided 
support in the development of LOWRP’s AMMP, as did PDT scientists, engineers, and water operators. 
Expertise included input from more than 10 agencies and both tribes of south Florida, consisting 
collectively of decades, if not centuries, of scientific and operational knowledge of the Everglades, Lake 
Okeechobee, and the estuaries. Using this knowledge, key questions were identified for analysis to inform 
LOWRP design, implementation, and potential adjustments for optimizing project performance. 

The LOWRP AMMP contains descriptions of monitoring that should address specific uncertainties 
identified during LOWRP planning, required parameters such as water quality and water levels, and 
ecological features that track LOWRP’s progress toward achieving its objectives. The monitoring data will 
also be used to ensure LOWRP’s conformance to applicable legal requirements. The monitoring 
descriptions are detailed in Annex D. For each LOWRP objective, the monitoring parameters, their value 
to LOWRP, timeframe needed to see changes, measurement frequencies, decision criteria for triggering 
adaptive management options, and suggested adaptive management options are provided in the AMMP 
text. The information is also summarized per project objective. Monitoring durations, which are specified 
in Annex D, are dependent on the intended use of the monitoring. Regulatory monitoring will be 
continued as long as required by applicable regulations. The adaptive management and ecological success 
monitoring will continue up to 10 years, per WRDA 2007 Section 2039, in coordination with the phases of 
LOWRP construction. See Annex D for a description of the rolling implementation of the monitoring and 
the feedback that the data will provide to inform management decisions. 

Part 1 of the AMMP is the LOWRP adaptive management (AM) and ecological monitoring. A fundamental 
principle of AM is that a project can be adjusted to achieve higher performance toward the project’s goals 
and objectives and to remain within its constraints. In AM, the adjustments are based on a scientifically 
efficient and sound process of learning from data. These adjustments should be viewed as intelligently 
fine-tuning the project, the need for which is almost inevitable in large-scale, long-term restoration 
projects like CERP and LOWRP. Given this fundamental principle of AM, the LOWRP AMMP provides 
suggestions for potential improvements and refinements, called Adaptive Management Options (AM 
Options). The suggestions are based on current experience and knowledge and are not required actions, 

LOWRP Final PIR and EIS August 2020 
6-9 



   

     
  

     
    

     
     

    
    

   

    
 

 
  

   
  

 

  

   
  

   

  

     
    

   
      

 
 

    
   

  

   

  
    

  
   

  

   
    

   

Section 6 The Recommended Plan 

nor are they meant to limit agencies from considering other options. All of the AM Options are considered 
part of the Recommended Plan for authorization, although some will require more information about 
project footprint and performance in order to perform a full NEPA analysis, permitting, and agency 
coordination before they could be initiated. The AM Options are included in the LOWRP cost estimates 
and described here per WRDA 2007 USACE implementation guidance (August 2009). Below is a list of 
uncertainties and recommended monitoring actions to reduce these uncertainties: 

Lake Okeechobee Uncertainties - AM Options 

• Adjust water level operations as appropriate for the ecological indicators, including but not 
limited to, recessions, low water, reduced highs, etc. 

• Perform additional habitat management and/or species operations (e.g., exotic/nuisance 
vegetation removal, muck removal, prescribed burning, plantings, harvest regulations, etc.). 

• Provide additional nutrient reductions in inflow and/or in-lake nutrient levels to reduce negative 
impacts to target attributes (e.g., sediment capping or dredging, stormwater treatment areas 
(STA), etc.). 

• Implement additional faunal monitoring or analyses. 

• Implement additional fish monitoring or analyses, adjust fishery regulations, stocking 
program, etc. 

ASR Uncertainties – AM Options 

• ASR Recovery Efficiency 

o Back-plugging individual wells to draw from fresher portions of the aquifers (well 
testing/assessment will be needed to do this). 

o Concentrating well clusters in areas that have the highest quality or best aquifer attributes 
and reducing the numbers of wells in poor producing areas (this option will best be served 
by constructing well clusters in a multi-phased approach, so that subsequent wells can be 
sited in the most optimal locations). 

o Operational tweaks, such as allowing the well to recover “passively” using only the 
natural, artesian pressure of the UFA (instead of actively pumping the ASR well during 
recovery) to modify recovery efficiency. 

• ASR – Methyl Mercury (me-Hg) 

o Blend ASR recovered water with surface water in the WAF or flowing receiving water to 
dilute sulfate concentrations to surface water quality at the respective site. 

o Quantify the relationship between sulfate concentration and chloride and/or specific 
conductance in recovered water at representative ASR systems so sulfate loading in the 
receiving water can be predicted. 

o Generally, the Fish and Wildlife Commission (FWC) collects the fish, Florida Department 
of Environmental Protection (FDEP) analyzes fish, and Department of Health (DOH) issues 
advisories. FWC samples Lake Okeechobee once every seven years. Therefore, if sulfate 
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Section 6 The Recommended Plan 

levels indicate an increased risk of me-Hg bioaccumulation, additional samples will be 
needed (likely annually until the risk is characterized). 

o Annual collection of largemouth bass (N=5) per site (4 quadrants). 

• ASR Fish Entrainment 

o Implement new intake screening techniques (smaller pore size or larger screen area). 

o ASR systems at the WAF work conjunctively (recharging and recovering to the WAF) to 
minimize impacts to Kissimmee River fisheries. 

o Run the pumps when fish are not spawning or adjust operations to minimize impacts to 
larval fish. 

o Re-instate larval fish monitoring at the Kissimmee ASR system during future operations 
to conduct a risk characterization study. 

Estuary Uncertainties – AM Options 

• Optimize flows to get the correct salinity in the correct locations for submerged aquatic 
vegetation (SAV) and oysters. 

• SAV 

o Remove muck. 

o Assess water quality. 

o Plant SAV. 

• Oysters 

o Remove muck. 

o Add oyster cultch. 

o If spat is a limiting factor, add mature oysters to existing beds or add spat or seeded cultch 
to water column, add travertine tiles. 

• Remove or cap fine sediments. 

• Install sediment traps. 

• Install breakwaters to protect areas from shear stress and/or sediment accumulation. 

Invasive Plant and Animal Uncertainties – AM Options 

• Use standard practices (burning, flooding, herbicides) or novel techniques to control or eradicate 
invasive plants. 

• Adjust LOWRP-related management decisions, such as timing of delivering water, or routing 
water through an area slightly differently than originally specified, in addition to informing the 
invasive and nuisance species management team about actions taken. 

• Contribute monitoring data to the refinement of invasive risk assessment tools used by invasive 
species management practitioners. 
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Section 6 The Recommended Plan 

• Redesign existing or planned features during PED, as appropriate and feasible, based on lessons 
learned by ongoing invasive species management efforts in south Florida, to make the features 
less supportive of invasive exotic species proliferation/movement. 

Wetland Uncertainties – AM Options 

• Plant desirable species. 

• Change hydrology. 

• Implement fire management. 

• Remove undesirable/exotic plant (or animal) species to allow natural vegetation to establish. 

Water Supply Uncertainties – AM Options 

• Adjust operations of WAF and ASR system (changing timing and rate of releases/recovery). 

• Consider operations to recover more water from ASR wells that are in “fresh” aquifers (i.e., 
aquifers with specific conductance < 1,275 micromohs/cm) to maximize recovery efficiency/rate. 

In addition to the AM and Monitoring Plan, Annex D contains the Water Quality Monitoring Plan (Part 2), 
and Hydrometeorological Monitoring Plan (Part 3). These include regulatory monitoring associated with 
water quality and the U.S. Fish and Wildlife Service (USFWS) Biological Opinion (BO), as well as 
hydrometeorological monitoring to inform system operations, and ecological success monitoring directly 
related to project objectives. 

6.1.5 Invasive and Nuisance Species Management Plan 

The Invasive and Nuisance Species Management Plan (INSMP), located in Annex F, has been developed in 
accordance with Executive Order (E.O.) 13112, “Invasive Species,” signed (03 February 1999); the USACE 
Invasive Species Policy (03 June 2009); and CERP Guidance Memorandum 062.00 (CGM62), “Invasive and 
Native Nuisance Species Management (11 July 2012). ” The purpose of this plan is to outline measures for 
preventing, controlling, reducing, and monitoring invasive species within the LOWRP footprint in order to 
achieve restoration benefits. To achieve these goals, the plan proposes to perform both initial and long-
term invasive species management within the WAF, wetlands, and ASR sites. The INSMP is a living 
document and will be updated throughout design, construction, and OMRR&R. 

6.2 Recommended Plan Benefits 

The Recommended Plan includes water storage in the WAF and ASR wells and wetland restoration in the 
Kissimmee River–Center and Paradise Run wetland sites, along with various recreational features. Benefit 
categories include environmental restoration, recreation, water supply, resiliency to climate change, and 
other benefits. Lake Okeechobee, Northern Estuaries, and water supply benefits have been evaluated by 
hydrologic performance via the Regional Simulation Model – Basins (RSM-BN). 

6.2.1 Environmental Restoration Benefits 

The LOWRP Recommended Plan will improve the quantity, timing, and distribution of water entering Lake 
Okeechobee; provide for better management of lake water levels; reduce freshwater flows to the 
Caloosahatchee and St. Lucie estuaries; improve system-wide water management operational flexibility; 
and restore portions of the historic Kissimmee River channel and floodplain. Maintaining Lake 
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Section 6 The Recommended Plan 

Okeechobee stage levels within the ecologically preferred stage envelope will benefit plant and animal 
communities by providing appropriate depths and seasonality of flooding, concentrating prey resources 
in the marsh for wading birds, improving nesting and foraging habitat for endangered Everglade snail 
kites, increasing spawning habitat for sport fish, increasing light penetration for submerged and emergent 
plants at the edge of the marsh, and creating a diverse littoral vegetation community. Reducing the return 
frequency, volume, and duration of freshwater flows to the Northern Estuaries will improve salinity and 
turbidity conditions, benefiting seagrass beds and the animals that inhabit them. The restoration of 
historic Kissimmee River sites will result in improved connectivity, more natural hydrologic conditions, 
and improved habitat for fish and wildlife resources. The flow-through WAF may provide wetland habitat, 
resulting in improved connectivity, more natural hydrologic conditions, and improved habitat for fish and 
wildlife resources. 

6.2.1.1 Lake Okeechobee Watershed 

The Recommended Plan includes wetland restoration in Paradise Run and Kissimmee River–Center 
locations. The restoration effort will restore portions of the historic Kissimmee River floodplain wetlands. 
Wetlands restored/created by the Recommended Plan will work in conjunction with the ongoing 
Kissimmee River Restoration (KRR) Project, which restores more than 40 square miles of river-floodplain 
ecosystem, including more than 12,000 acres of wetlands. The Kissimmee Basin forms the headwaters of 
Lake Okeechobee and the Everglades; together they comprise the Kissimmee-Okeechobee-Everglades 
system. LOWRP and KRR will perform together to increase the overall natural habitat connectivity within 
the watershed. 

The PDT anticipates that many species will rapidly colonize restored and newly created habitat. Wetland 
restoration will provide emergent vegetation that will offer habitat for a diverse population of 
invertebrates, amphibians, reptiles, wading birds, and provide major beneficial effects to the aquatic 
community on the watershed. The deeper natural sloughs in the WAF footprint will provide a major 
beneficial effect in the watershed by creating refugia for fish during drier times. As predicted by the 
Trophic Hypothesis (RECOVER 2004), an increase in density of small fishes will directly benefit higher 
trophic level predators such as wading birds. Small mammals, including raccoons and river otters, will 
benefit from increased small prey fish biomass in rehydrated areas of the watershed along the 
Kissimmee River. 

As the TSP was refined to become the Recommended Plan, the footprint of the Paradise Run wetland site 
was modified to remove the space between the WAF and the wetland restoration site as well as 
accommodate a shift in the WAF footprint.  The habitat units (HU) were re-calculated for the revised 
Paradise Run wetland site. Table 6-1 shows the HU lift for each wetland site in the Recommended Plan. 
Table 6-2 shows the average annual habitat units (AAHU) from 2028 through 2078 for each wetland site 
in the Recommended Plan. The full habitat unit analysis is located in Appendix G. 
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Section 6 The Recommended Plan 

Table 6-1. HU lift for each wetland site in the Recommended Plan. 

Wetland 
Site 

Paradise 
Run 

Kissimmee 
River-
Center 

Wetland 
Recommended 

Plan 
ECB HUs 1,507 343 1,850 
FWO HUs 1,165 269 1,434 
FWP HUs 3,583 1,196 4,779 
HU Lift 2,418 927 3,345 

Table 6-2. AAHU lift for each wetland site in the Recommended Plan. 

Wetland 
Site 

Paradise 
Run 

Kissimmee 
River-
Center 

Wetland 
Recommended 

Plan 
FWO AAHUs 1,363 312 1,675 
FWP AAHUs 3,325 1,018 4,344 
AAHU Lift 1,963 706 2,669 

6.2.1.2 Lake Okeechobee 

The LOWRP will increase the amount of time Lake Okeechobee is within the ecologically preferred stage 
envelope, primarily through reductions in the frequency of low and extreme low stages (<12.5 ft. National 
Geodetic Vertical Datum of 1929 [NGVD29] and <10.0 ft. NGVD29, respectively) (Table 6-3). Ecological 
benefits will result from reducing dramatic fluctuations in water levels, improving marsh inundation 
patterns by reducing intra- and inter-annual variations that tend to benefit invasive species and reduce 
littoral extent. Extreme low stages lead to encroachment of woody vegetation and exotic species at high 
elevations, loss of submerged plant beds to emergent marsh at low elevations, and loss of aquatic fauna 
throughout the dried marsh. Stages above the preferred envelope, which will also be reduced with the 
Recommended Plan, cause greater mixing of nutrients and sediment from the deep, open-water (pelagic) 
portion of the lake; reduce light penetration at the edge of the marsh; increase nutrient transport to the 
inner marsh; reduce the overall marsh size through loss of plants in deeper areas; and alter the plant 
community to one dominated by invasive species. 

The LOWRP will improve conditions for fish in Lake Okeechobee by creating better conditions for the 
emergent and submerged aquatic vegetation habitat that the fish use in the nearshore and littoral zones. 
An increase in invertebrate and plankton populations and diversity will provide an increased food source. 

LOWRP Final PIR and EIS August 2020 
6-14 



   

     
  

    

   
 

 

    

    

    

    

    

    
 

   
   

  
      

 
    

 

     

   

 
 

 
 

 
 

 
 

 

 

     
     

     
      

     
 

      
    

    
     

  
        

  

Section 6 The Recommended Plan 

Table 6-3. Lake Okeechobee stage envelope improvements with the Recommended Plan. 

Lake Okeechobee Stage Levels FWO 
Recommended 

Plan 

Percent Time Inside Ecologically Preferred Stage Envelope 27.7% 31.2% 

Percent Time Above Stage Envelope 29.9% 28.1% 

Percent Time Below Stage Envelope 42.4% 40.7% 

Percent Time Below Navigational Min. Stage (< 12.56 ft.) 29.8% 27.5% 

Percent Time Above Extreme High Stage (Percent Time > 17 ft.) 0.4% 1.2% 

Percent Time Below Extreme Low Stage (Percent Time < 10 ft.) 3.3% 2.2% 

The effectiveness of the Recommended Plan for Lake Okeechobee was assessed with an index score 
composed of three lake performance measures (PMs). The scores were weighted as follows: 45% lake 
stage envelope, 45% ecological indicator score, and 10% extreme high and low lake stage (methodology 
further documented in Appendix G-4). Table 6-4 shows the resulting score for the Recommended Plan 
and comparison scenarios. The Lake Weighted Index Score indicates a 9.2% improvement over the pre-
CERP Baseline (PCB1), or 78% achievement of the lake index score CERP goal when including authorized 
projects in the FWO condition. 

Table 6-4. Lake Okeechobee performance of the Recommended Plan relative to CERP goals. 

Scenario Description 

Lake 
Weighted 

Index 
Score 

Percent 
Improvement 

relative to Pre-
CERP Baseline 

Percent of 
CERP Goal 
Achieved 

PCB1 Pre-CERP Conditions 0.64 0.0% 0% 
Existing Conditions Current 0.67 3.7% 32% 
Future Without Project Authorized Projects 0.68 5.3% 45% 
ALT1BWR LOWRP Recommended Plan 0.70 9.2% 78% 
CERPA CERP Goal 0.72 11.7% 100% 

Table 6-5 shows the Lake Okeechobee HUs. The three PMs are combined with the Ecological Indicator 
HUs contributing 45%, the Stage Envelope HUs contributing 45% and the Extreme Stage HUs contributing 
10% (2.5% for extreme low and 7.5% for extreme high). The Recommended Plan (Alt 1BWR) provides a 
habitat unit lift of 2,673 acres. Table 6-6 shows the trajectory of Lake Okeechobee HUs for the 
Recommended Plan from 2028 through 2078, as well as the average annual Lake Okeechobee HU lift. The 
average annual Lake Okeechobee HU lift for the Recommended Plan is 1,770. The full habitat unit analysis 
is located in Appendix G. 
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Section 6 The Recommended Plan 

Table 6-5. Combined Lake Okeechobee HUs for the Recommended Plan. 

ECB FWO 
Alt 

1BWR 
Ecological Indicator HUs 109,052 106,938 108,347 
Stage Envelope HUs 25,977 26,906 29,039 
Extreme Stage HUs 43,201 42,971 42,101 
Overall Lake O HUs 178,230 176,814 179,488 
Potential Lift (acres) 1,416 0 2,673 

Table 6-6.  Summary of Recommended Plan Lake Okeechobee habitat unit trajectory. 

Condition 

ECB Lake 
O HUs 
(2028) 

FWP 
Lake O 

HUs 
(2030) 

FWP 
Lake O 

HUs 
(2033) 

FWP 
Lake O 

HUs 
(2038) 

FWP 
Lake O 

HUs 
(2053) 

FWP 
Lake O 

HUs 
(2078) 

Average 
Annual 

Lake O HU 
Lift 

FWO 178,228 178,172 178,087 177,945 177,521 176,814 N/A 
1BWR 178,228 178,543 178,858 178,984 179,488 179,488 1,770 

6.2.1.3 Northern Estuaries 

The LOWRP reduces the return frequency, volume, and duration of freshwater flows from Lake 
Okeechobee that flow into the Caloosahatchee and St. Lucie estuaries, thus reducing the turbidity, 
sedimentation, and moderate unnatural changes in salinity that are detrimental to estuarine 
communities. Reductions in turbidity and sedimentation will allow greater light penetration, promoting 
the growth of seagrass beds. These reductions will also help lessen the flushing of oyster spat into outer 
areas of the estuaries; these areas experience high salinity levels during the dry season, resulting in 
increased predation and disease in the oyster population. 

Compared to FWO, the LOWRP reduces the number of times the Caloosahatchee Estuary high flow criteria 
(mean monthly flow >2,800 cubic feet per second [cfs]) and extreme high flow criteria (mean monthly 
flow > 4,500 cfs) are exceeded by 14% and 17%, respectively (Figure 6-5). The restoration target for 
Caloosahatchee Estuary is zero exceedances for both high flow and extremely high flow criteria over the 
period of record. 

Compared to FWO, the LOWRP reduces the number of times the St. Lucie Estuary high flow criteria (mean 
monthly flow between 2,000 to 3,000 cfs) and the extreme high flow criteria (mean monthly flow > 3,000 
cfs) are exceeded) by 19% and 12%, respectively (Figure 6-6). The restoration target for the St. Lucie 
Estuary is for high flow criteria exceedance no more than 9 times, and for extreme high flow criteria 
exceedance no more than 12 times over the period of record. 

The restoration goal is to re-establish salinity regimes suitable for the maintenance of healthy, naturally 
diverse, and well-balanced estuarine ecosystems. Runoff from the watershed and freshwater flows from 
Lake Okeechobee both contribute to salinity fluctuations for the Northern Estuaries. Too much freshwater 
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from watershed/basin runoff and freshwater flows from Lake Okeechobee can reduce salinity levels in 
the estuaries, and insufficient dry-season flows can cause damaging high salinity extremes. 

Figure 6-5. Number of times Caloosahatchee Estuary high flow criteria is exceeded. 
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Section 6 The Recommended Plan 

Figure 6-6. Number of times St. Lucie Estuary high flow criteria is exceeded. 

The number of months where the flow is greater than 2,800 cfs from the C-43 Basin and Lake Okeechobee 
cause large freshwater flows to the Caloosahatchee Estuary that are outside of the RECOVER Salinity 
Envelope Criteria. The LOWRP will decrease by 43% the number of months with Lake Okeechobee 
freshwater flows that cause the salinity envelope criteria not to be met (Figure 6-7). The number of 
months where the minimum flows are not met will increase by 4% (Figure 6-7). This is due to the LORS 
operational modifications further described in Appendix A. The events that will still occur will be shorter 
in duration. 

In the St. Lucie Estuary, the number of times the 14-day moving average flow is greater than 2,000 cfs 
from Lake Okeechobee freshwater flows is used to predict the number of large freshwater flows that 
cause the salinity envelope criteria not to be met. The LOWRP will decrease these events by 49% . The 
number of months where the minimum flows are not met will not change (Figure 6-8). As with the 
Caloosahatchee Estuary, the events that still occur will be shorter in duration. 
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Figure 6-7. Number of times salinity envelope criteria are not met for the Caloosahatchee Estuary. 
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Section 6 The Recommended Plan 

Figure 6-8. Number of times salinity envelope criteria are not met for the St. Lucie Estuary. 

Authorized CERP projects included in the FWO condition (C-43 West Basin Storage Reservoir, Indian River 
Lagoon South Project, and CEPP) reduce freshwater flows to the Northern Estuaries, although these 
events are predominantly of short duration and moderate (or less) in volume. Implementation of the 
LOWRP Recommended Plan will provide an additional increment of the benefits envisioned in CERP and 
will build upon those achieved in the Northern Estuaries with implementation of other CERP projects. 

The additional storage and flow attenuation provided by the LOWRP Recommended Plan will allow for a 
reduction in freshwater flows that the previously authorized projects did not address. The freshwater 
flows that the plan will capture, store, and redirect are of much longer duration and higher in volume than 
those managed by previous projects. After the benefits claimed in the previously authorized projects, the 
remaining CERP system-wide goals must address more extreme conditions. Projects like the LOWRP must 
deal with larger magnitude events that present a significant design challenge and usually cost more per 
incremental lift. Another challenge is a reduced sensitivity in performance measures (e.g., capture 10 
larger events rather than 30 smaller events, so the improved “event count” is not as dramatic 
mathematically but is of significance within the ecosystem). 

The LOWRP will reduce the moderately high freshwater flows from Lake Okeechobee to the Northern 
Estuaries and manage some of the extremely high and longer duration lake inflows by diverting larger 
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Section 6 The Recommended Plan 

flows to storage. Holding and diverting larger freshwater flows becomes more expensive, but the 
ecological significance of doing so cannot be understated. The capacity for the estuaries to withstand, and 
recover from, these continued perturbations in volume and duration of high-flow events is being tested 
over and over. LOWRP reduces flows to the St. Lucie Estuary by an additional 17% and to the 
Caloosahatchee Estuary by an additional 36% for a total of a 30% reduction when compared to the FWO 
condition (Table 6-7, Table 6-8, and Table 6-9). 

Table 6-7. Reduction in St. Lucie Estuary flows with the Implementation of LOWRP. 

ECB FWO LOWRP 
St. Lucie Estuary Average Annual Flow 165,000 cfs 129,501 cfs 107,116 cfs 
Percent St. Lucie Flow Reduction for LOWRP 
over FWO n/a n/a 17% 

Table 6-8. Reduction in Caloosahatchee Estuary flows with the Implementation of LOWRP. 

ECB FWO LOWRP 
Caloosahatchee Estuary Average Annual Flow 416,071 cfs 235,824 cfs 149,810 cfs 
Percent Caloosahatchee Flow Reduction for 
LOWRP over FWO n/a n/a 36% 

Table 6-9. Total estuary flow reduction with the Implementation of LOWRP. 

ECB FWO LOWRP 
St. Lucie Estuary Average Annual Flow 165,000 cfs 129,501 cfs 107,116 cfs 
Caloosahatchee Estuary Average Annual Flow 416,071 cfs 235,824 cfs 149,810 cfs 
Total Flow 581,071 cfs 365,326 cfs 256,926 cfs 
LOWRP Total Flow Reduction over FWO n/a n/a 30% 

Reducing the duration and return frequency of freshwater flows allows more time for the estuaries to 
recover and establish resiliency. The implementation of the LOWRP may increase the acres of SAV, oyster, 
and healthy benthic habitat. The improvement of estuarine conditions will ultimately have a beneficial 
effect to essential fish habitat resources. SAV and algal communities are also common foraging areas for 
the green sea turtle. Reductions in freshwater flows within the Northern Estuaries reduce stress on SAV 
and promote increases in seagrass shoots, potentially increasing foraging opportunities for green sea 
turtles in this region. 

Oysters improve overall water clarity by acting as natural water filters, as well as providing habitat for 
juvenile fish and other species. The estuaries are currently showing signs of vulnerability to state change. 
The reproductive capability of the oysters is extremely stressed. In the spring of 2018, following Hurricane 
Irma, oyster monitoring showed the lowest number of oyster spat in the entire period of record of the 
RECOVER monitoring program (14 years). Table 6-10 shows the projected increased acreage of suitable 
habitat from the implementation of the Recommended Plan when compared to the FWO condition. The 
Caloosahatchee Estuary gains 58 acres of suitable oyster habitat and the St. Lucie Estuary gains 8 acres. 
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Section 6 The Recommended Plan 

Table 6-10. Oyster Habitat Suitability Index (HSI) for the St. Lucie Estuary (SLE) and the Caloosahatchee 
River Estuary (CRE) for the FWO and Recommended Plan*. 

Estuary Parameters FWO Recommended Plan Change 
St. Lucie Daily Average Salinity at US1 17.09 17.46 0.37 

St. Lucie Total Average Habitat unit 
(HSI>0.5) (Acres) 372 380 8 

Caloosahatchee Daily Average Salinity at the 
MARKH 23.45 23.88 0.43 

Caloosahatchee Total Average Habitat unit 
(HSI>0.5) (Acres) 4,571 4,629 58 

* Oyster habitat suitability index (HSI) models initially developed by Cake (1983) have been used to predict 
suitable oyster habitat in the Northern Estuaries. Barnes et al. (2007) used an HSI model to simulate 
habitat responses to proposed freshwater inputs to the Caloosahatchee Estuary. The oyster HSI model 
used in this study was built on the relationships developed in the Caloosahatchee River Estuary and St. 
Lucie Estuary1. 

The Recommended Plan (Alt 1BWR) provides a habitat unit lift of 4,843 acres when compared to the FWO 
condition (Table 6-11). The average annual Northern Estuaries HU lift for Recommended Plan is 4,601 
(Table 6-12). The full habitat unit analysis is located in Appendix G. 

Table 6-11. Combined Northern Estuaries HUs for the Recommended Plan. 

ECB FWO 
Alt 

1BWR 
Caloosahatchee HUs 2,839 39,038 42,233 
St. Lucie HUs 2,099 6,447 8,097 
Overall Northern Estuaries HUs 4,938 45,485 50,329 
Potential Lift Compared to FWO NA NA 4,843 

Table 6-12. Combined Northern Estuaries HU trajectory and average annual lift for the Recommended 
Plan. 

Planning 
Condition 

ECB Estuary 
HUs (2028) 

FWP Estuary 
HUs (2034) 

FWP Estuary 
HUs (2078) 

Average Annual 
Estuary HU Lift 

FWO 4,938 45,486 45,486 N/A 
1BWR 4,938 50,329 50,329 4,601 

1 The daily freshwater inflows derived from the Regional Simulation Model (RSM) were used to predict daily 
salinity with a time series model developed by Qiu and Wan (2013). 
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Section 6 The Recommended Plan 

6.2.2 Recreational Benefits 

Recreational features have been added to the LOWRP as an incidental project benefit to enhance the 
existing opportunities for resource-based activities in the study area. These recreation benefits were not 
used in the justification of the plan. A summary of recreational costs and benefits is provided below. 
Appendix F contains the full recreational anlaysis. 

The LOWRP features will accommodate public access and enhance the existing opportunities for resource-
based recreation found in the study area. Due to the large public interest in outdoor recreation 
opportunities, the LOWRP area will experience increased visitation rates because of its geographic 
proximity to Lake Okeechobee, the Kissimmee River, and several other water management areas, all of 
which currently experience visitors from all over the state and nation. 

Recreational benefits were calculated using unit day value (UDV), a National Economic Development 
benefit evaluation procedure contained in Engineering Regulation (ER) 1105-2-100 (22 Apr 2000), 
Appendix E, Section VII. See Appendix F for the full UDV analysis. The justification of incurring additional 
costs for recreation features is derived by utilizing a benefit-to-cost ratio. The tangible economic 
justification of the proposed ancillary recreation project component can be determined by comparing the 
equivalent average annual charges (facility costs) against the estimate of the equivalent average annual 
benefits, which will be realized over the period of analysis (project lifespan). Table 6-13 displays 
recreational net annual benefits and a benefit-to-cost ratio of 2.2.4. 

Table 6-13. Recreation costs and net annual benefits ($FY20). 

Construction $2,669,000 
Lands & Damages $0 
PED* $426,000 
Construction Management** $270,000 
Interest During Construction*** $349,000 
Total Investment $3,714,000 
Amortized $138,000 
OMRR&R $65,000 

Average Annual Cost $189,650 

Unit Day Value $9.11 
Average Daily Users 134 
Average Annual Users 48,990 
Average Annual Benefits $446,301 
Benefit to Cost Ratio 2.2 
Net Annual Benefits $243,717 
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Section 6 The Recommended Plan 

* Recreation Planning, Engineering, and Design (PED) costs presented here constitute estimate external to Total 
Project Cost Sheet.  The proportion of total project recreation construction cost out of total project construction 
cost is applied to total project PED cost to estimate total project recreation CM cost. These costs differ from initial 
recreation costs used for alternative comparison due to a higher level of design detail to inform cost estimates. 
**Recreation construction management (CM) costs presented here constitute estimate external to Total Project 
Cost Sheet. The proportion of total project recreation construction cost out of total project construction cost is 
applied to total project CM cost to estimate total project recreation CM cost. 
***Recreation IDC calculated by contract and summed. Contract-by-contract recreation CM and recreation PED 
costs estimated using the methodology described above, substituting total project construction costs for contract-
by-contract project construction costs and total project recreation construction costs for contract-by-contract 
project recreation costs as applicable. IDC calculated over the following ROM schedule estimates by feature site and 
Civil Works Sub-Feature Description: C&CM (Paradise Run & Kissimmee River Center - 12 months; WAF – 96 months) 
and PED (Paradise Run & Kissimmee River Center – 24 months; WAF – 48 months) 

This analysis concludes that the Recommended Plan (Alt 1BWR) incidental NED total project recreation 
features (TPCS contracts 6, 7, 8a) benefit to cost ratio is 2.4.FY20 average annual recreation NED 
benefits of $446,301 and average annual costs of $189,650, amounting to net annual benefits of 
$256,651 over a fifty year period of analysis. 

6.2.3 Other Benefits 

Water supply is inextricably linked to restoration features of the project because LOWRP features will 
benefit both environmental and water supply objectives. Water supply benefits will come as a direct result 
of keeping Lake Okeechobee water levels within the ecologically preferred band, which is above the water 
supply cutback trigger levels. ASR wells will provide the ability to store water in the UFA when lake levels 
rise above those desirable for lake ecology. Water stored in ASR wells can be recovered during dry periods 
to assist in keeping lake levels within the ecologically preferred band. Compared to the FWO, the 
Recommended Plan will reduce water supply cutback volume to the LOSA by 24%, thus increasing the 
availability of water supply to existing legal users of Lake Okeechobee (Table 6-14). 

Table 6-14. Water Restrictions for Lake Okeechobee Service Area (POR 1965–2005). 

Simulation Cutback Total (1,000 acre-feet) 
ECB 857 
FWO 688 
Recommended Plan (Alternative 1BWR) 520 
Reduction in cutbacks compared to FWO 24% 

Ancillary water quality improvements may result from implementation of the Recommended Plan. Results 
of a simple phosphorus load simulation model showed the implementation of the LOWRP may reduce the 
phosphorous loadings to the lake by 8 to 11% over the future without project condition. 

The Recommended Plan also boosts resiliency to potential climate change effects by increasing freshwater 
in Lake Okeechobee and the Northern Estuaries watershed system, and buffering natural system areas 
and the underlying aquifer against possible sea level rise and minor decreases in rainfall. 
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Section 6 The Recommended Plan 

6.2.4 Contribution to Achievement of Interim Goals and Interim Targets 

Section 601(h)(3)(C)(III) of WRDA 2000 (P.L. 106-541) required that CERP promulgate Programmatic 
Regulations which will include the “establishment of interim goals to provide a means by which the 
restoration success of the Plan may be evaluated throughout the implementation process.” 
Section 385.38 of the Programmatic Regulations (33 CFR Part 385) describes the intent and the underlying 
principles for establishing interim goals and a process for their development 33 CFR § 385.38. 
Recommendations for interim goals and interim targets were developed by RECOVER in 2005. An 
intergovernmental agreement signed in 2007 among the USACE, the U.S. Department of the Interior 
(USDOI) and SFWMD established interim goals for CERP. Section 385.38 also established the requirement 
to develop interim targets to measure progress toward meeting other water-related needs of the south 
Florida region, and described the intent, underlying principles, and the process for establishing interim 
targets. An agreement between the USACE and SFWMD, signed in 2007, established interim targets. 

The Programmatic Regulations also required that each PIR describe how the project contributes to the 
achievement of interim goals and interim targets 33 CFR § 385.26(a)(3)(xv)). Quantitative and qualitative 
predictions based on results from the RECOVER approved performance measures, information gained 
from additional ecological planning tools, and best professional judgment was used to evaluate the 
progress toward the interim goals. 

6.2.4.1 Progress toward Interim Goals 

Each of the performance measures for the LOWRP planning effort were derived from those approved for 
use in CERP by RECOVER. Detailed information about the performance measures and the methodology 
that was used to quantify ecosystem benefits and support plan evaluation and selection of the 
Recommended Plan can be found in Appendix G. The LOWRP Planning Model underwent peer review per 
Engineering Circular (EC) 1105-2-412, “Assuring Quality of Planning Models (31 March 2011).” It was 
recommended for single use by the National Ecosystem Restoration Planning Center of Expertise (ECO-
PCX), and approved by the USACE HQ Model Certification Panel. Outputs from the regional hydrologic 
models used in plan formulation (RSM-BN) were also used to evaluate and help quantify LOWRP’s 
progress toward meeting interim goals relevant to LOWRP objectives. The RSM-BN was approved for use 
through the current USACE engineering software validation process. Table 6-15 summarizes the LOWRP’s 
effects on the interim goal indicators. Most analyses compare the Recommended Plan to the FWO project 
condition. When “acre-feet” are cited, this refers to an analysis of an average-annual water budget over 
the period of hydrologic model simulation (1965–2005). 
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Section 6 The Recommended Plan 

Table 6-15. LOWRP effects on interim goals. 

Lake Okeechobee Indicators 
2.2 Water Levels: Reduce the frequency of undesirable high and low lake stages and increase the frequency 
of natural spring recession events. 
Regarding water levels, LOWRP is expected to see most improvement in the duration of low lake stages. 
Compared to FWO, LOWRP is predicted to reduce the duration of low stages (<12.5 ft. NGVD) by 33.6 days per 
year over the POR compared to the FWO, and reduce the duration of extreme low stages (<10 ft. NGVD) by 4.9 
days per year over the POR. LOWRP is predicted to reduce the duration of high stages >15 ft. NGVD by 8.4 days 
per year over the POR. However, LOWRP is predicted to increase the duration of extreme high stages >17 ft. 
NGVD by 3.5 days per year over the POR. Improvements in water levels are expected to improve habitat for 
wildlife, such as panfish, wading birds, waterfowl, and snail kites. 
2.4 Aquatic Vegetation: Increase the areal coverage of desirable native vegetation. 
Hydroperiod explains most of the spatial variation in littoral plant taxonomic structure in Lake Okeechobee 
(Richardson et al. 1995). Short hydroperiod regions can support non-native species, including torpedograss, 
melaleuca and Brazilian pepper. Reducing the duration of low lake conditions can help prevent invasions from 
nonnative plant species, as it can be difficult for non-native species to successfully invade native plant habitat 
that remains inundated with water (Lockhart 1995, Smith et al. 2004). 

Northern Estuaries Indicators 
1.1 American Oysters: Increase areal coverage of American oysters in the Caloosahatchee and St. Lucie 
estuaries. 
In the Caloosahatchee Estuary, more oysters are estimated under LOWRP relative to the FWO and ECB at Cape 
Coral; values were similar for LOWRP and the FWO at the more downstream and saline Shell Point. In the 
St. Lucie Estuary, the predicted seasonal pattern for oysters is similar at Roosevelt (US-1) Bridge, although 
densities are an order of magnitude lower than in the Caloosahatchee (there are fewer oysters to start with). 
More oysters are predicted under LOWRP relative to the FWO. 
1.2 Submerged Aquatic Vegetation: Increase the areal coverage and improve the functionality of SAV in the 
Northern Estuaries. 
The maximum area of seagrass occurs in August and September in both estuaries,. More SAV is predicted under 
the LOWRP than either the FWO or the ECB. Functionality of existing seagrass beds in the Caloosahatchee and 
St. Lucie Estuaries is expected to improve with reductions in high flows and accompanying flow velocities. 
1.3 Flows: Reduce high- and low-volume flows to the Caloosahatchee and St. Lucie estuaries. 
High-volume flows (>2,800 cfs) to the Caloosahatchee Estuary are predicted to be reduced from 70 months in 
the FWO to 60 months with LOWRP (out of the 492 months in the period of record); incidences of low-volume 
flows (<450 cfs) are predicted to increase slightly from 23 months in the FWO to 24 months with LOWRP. In the 
St. Lucie Estuary, the 14-day moving average flow is predicted to exceed 2,000 cfs from Lake Okeechobee flows 
37 times in the FWO and 19 times with LOWRP; the number of months where average monthly flows <350 cfs 
occurred is predicted to be 83 months for both the FWO and the LOWRP. 

System-wide Water Volume 
5.1 Quantity of Freshwater Lost to Tide: Reduce the quantity of freshwater lost to tide. 
On average annually, LOWRP is predicted to prevent an estimated 86,012 acre-feet of water from being lost to 
the Gulf of Mexico in the Caloosahatchee Estuary (36.5% reduction in flows relative to the FWO) and 22,385 
acre-feet from being lost to the Atlantic Ocean in the St. Lucie Estuary (17.3% reduction in flows relative to 
FWO). 
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Section 6 The Recommended Plan 

6.2.4.2 Progress toward Interim Targets 

Output from RSM-BN and LOWRP performance measures were used to evaluate and help quantify 
LOWRP’s progress toward meeting interim targets. Table 6-16 summarizes the LOWRP’s effects on the 
interim target indicators. Most analyses compare the Recommended Plan to the FWO. The interim targets 
analyzed in this section are based upon the objectives of the LOWRP. 

Table 6-16. LOWRP progress toward meeting interim targets. 

Indicators Interim Target Summary of Project Effects 

1. Water 
Volume 

Distribute water across the ecosystem 
in a manner that reflects natural 
conditions while providing for other 
water-related needs of the region. 

In general, increased water supplies and 
improved spatial distribution to the natural 
systems enables increased availability of water 
for other water related needs in the LOSA. 

2. Water Supply 
to Lake 
Okeechobee 
Service Area 

Increase water supplies available for 
existing legal users in the LOSA. 

Improvements to water supply performance from 
ECB and FWO in regard to frequency, distribution, 
and severity of water restrictions on existing legal 
users in LOSA. 

6.2.5 Ecosystem Services 

Ecosystem services can be defined as the benefits human beings receive from resources and processes 
supplied by ecosystems (Murray et al. 2013). Some ecosystem services are material resources that can be 
used by people, such as food, timber, water, and medicine. Other ecosystem services come from 
ecological processes, such as carbon sequestration that results from the formation of peat soils. 
Describing ecosystem services helps capture a fundamental value of ecosystems: that they support human 
life on Earth. 

LOWRP will improve the ecological condition of Lake Okeechobee, the watershed and the associated 
estuaries and therefore should boost several ecosystem services: aesthetics; biodiversity and species 
composition; atmospheric carbon sequestration; commercial fishing; frogging; recreation in the forms of 
biking, hiking, estuary fishing, some kinds of hunting and non-motor boating; ecological connectivity of 
landscapes; educational opportunities; water supply to existing legal uses in LOSA; and wildlife-associated 
activities such as wildlife photography, tours, and viewing. 

6.2.6 Socioeconomic Impacts 

The following sections describe socioeconomic impacts to the Lake Okeechobee watershed, Lake 
Okeechobee, and the Northern Estuaries. 

6.2.6.1 Lake Okeechobee Watershed 

Restored wetlands will provide carbon sequestration, nutrient retention, improved natural habitat, and 
recreational opportunities. Increased recreational opportunities may result in increased visitation and 
ecotourism to local counties, thus providing regional tourism economic benefits. 
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Section 6 The Recommended Plan 

6.2.6.2 Lake Okeechobee 

Freshwater fishing within Lake Okeechobee and the broader Everglades region is world-renowned, and is 
an integral part of the local and regional economy. There are no known recent studies that estimate the 
economic impact of recreation and other ecosystem services provided by a healthy Lake Okeechobee 
system and the specific benefits resulting from the LOWRP. However, one study prepared for the Bonefish 
and Tarpon Trust (Fedler 2009) provides insights into the economic impact of the Lake Okeechobee fishery 
by disaggregating the $3.9 billion expenditures by 2.8 million anglers in Florida during the 2006 calendar 
year (USFWS and U.S. Census Bureau 2007). The study estimated that retail expenditures by anglers 
targeting freshwater species within the Everglades region, including Lake Okeechobee, exceeded $205 
million in 2006, generating approximately $353 million in total economic activity. The expenditures also 
directly supported 3,495 local jobs and provided approximately $45 million in federal, state, and local 
taxes in 2006. These estimates can be adjusted to 2017 values by applying updated statewide numbers 
published in 2014 (USFWS and U.S. Census Bureau 2014) and consumer price inflation statistics published 
by the U.S. Department of Labor’s Bureau of Labor Statistics. Freshwater fishing in the Everglades region 
currently generates approximately $418 million in expenditures, $788 million in total economic activity, 
and $100 million in taxes each year. Utilization of the Lake Okeechobee fishery and the ecosystem of 
which it is a part contributes the majority of these economic benefits. Improvements in the lake from the 
Recommended Plan may benefit the local economy. 

6.2.6.3 Northern Estuaries 

There are limited analyses that attempt to quantify the economic impacts of specific high rainfall events 
leading to Lake Okeechobee regulatory flows. Most recently, the high rainfall and resulting freshwater 
flows to the Northern Estuaries during late 2015 and 2016 had a clear effect on tourism and recreation. 
Black Hills State University and the University of Florida's Tourism Crisis Management Initiative conducted 
a survey in the summer of 2016. They found that more than 70% of those who planned to visit Martin, St. 
Lucie, Lee, and Palm Beach counties during the time of the freshwater flows decided to avoid travel to 
their original destinations. Of the approximately 70% who indicated that they will change their plans, half 
postponed their travel plans and 32% opted to travel to alternative destinations. The results of this survey 
were supported by data on hotel occupancy rates in Martin County. Total rooms booked in the county in 
2016 were 3.3% less than they were in 2015. The downturn in occupancy rates in Martin County occurred 
during a period (2015 to 2016) when room demand across the state grew approximately 1.2% (Martin 
County 2017). In another study, Florida Tax Watch estimated that Lee County lost out on up to $185 
million in tourist spending during the summer of 2016 due to the freshwater flows (Florida Tax 
Watch 2017). 

There are numerous opportunities to enhance recreational features throughout the project area. 
Enhancing utilization of the estuaries by fish will improve related recreational opportunities such as 
fishing, boating, and kayaking. The economic output attributed to the use of the St. Lucie Estuary and 
other connected inshore areas in Martin and St. Lucie counties has been estimated to be $873 million per 
year (Indian River Lagoon Economic Update (ECFRPC and TCRPC 2016)). The industry groups included are: 
1) Living Resources; 2) Marine Industries; 3) Recreation and Visitor-related; and 4) Resource Management. 
Notably, the economic activity generated though the Recreation and Visitor-related industry group 
accounts for almost half of the $873 million per year valuation. This $873 million annual contribution is 
substantial, but it may be much less than the total value of the ecosystem services provided. A broad-
based economic analysis comparable to the Indian River Lagoon Economic Update (ECFRPC and TCRPC 
2016) has not been published for the Caloosahatchee Estuary. However, some studies have examined the 
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Section 6 The Recommended Plan 

economic activity attributable to the Caloosahatchee Estuary through individual industry groups, again 
using input-output models. One such study by Hodges et al. (2015) concluded that the Marine-related 
industries in Lee County that are dependent on the health of the estuary and the ecosystem services 
contributed $1.27 billion to the economy in 2013. Another study reported the Recreation and Visitor-
related industry group employed one out of every three people in Lee County, generating $3 billion in 
economic impact each year (Aitchison et al. 2017). Like the Indian River Lagoon Economic Update, both 
Hodges et al. (2015) and Aitchison et al. (2017) considered only the economic activity generated from 
selected industry groups. The total value the ecosystem services provided by the Caloosahatchee Estuary 
could be much greater than the combined $4.27 billion suggested by these two studies. 

6.3 Environmental Considerations 

The following subsections describe environmental considerations of the Recommended Plan. 

6.3.1 Water Quality 

Table 6-17 summarizes the assessment of project impacts to water quality. The water quality analysis 
demonstrates that the project may provide minor improvements to water quality, primarily through 
reductions in freshwater flows to Lake Okeechobee. The WAF and ASR wells are not expected to adversely 
affect tributary or Lake Okeechobee water quality. ASR recovery is typically low in dissolved oxygen (DO) 
and will be aerated as necessary to be compatible with the receiving water body requirements. The 
combination of ASR and the WAF is expected to dampen the salinity flux in the estuaries and help 
incrementally improve achievement of desired salinity envelopes in the estuaries from reduction in high 
flow events associated with Lake Okeechobee freshwater flows. For detailed analyses, see Appendix C, 
Part 2. 

Table 6-17. Recommended Plan water quality improvements. 

Geographic Region Water Quality Improvements 
Lake Okeechobee Watershed (Paradise Run The wetland restoration components will 
and Kissimmee River–Center Wetlands) provide increased hydroperiods and retention 

times of watershed runoff, and both the 
wetland features and WAF will result in direct 
conversion of pasture and upland to wetland 
and/or WAF in the footprints. This 
combination of increased wetland quantity 
and quality may result in minor local 
improvements to water quality in portions of 
the watershed. 

Lake Okeechobee The Recommended Plan is expected to 
improve water quality primarily through 
reduced flow volume to the lake. Results from 
a simple phosphorus load analysis showed 
reduced phosphorus loading from 8% to 11% 
over the FWO project condition. 
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Section 6 The Recommended Plan 

Geographic Region Water Quality Improvements 
Northern Estuaries The Recommended Plan is expected to reduce 

high-flow events, which may result in some 
improvement in Northern Estuaries water 
quality, and in improved salinity conditions. 
Improved nutrient and dissolved oxygen 
conditions are expected to result from 
reduced high-flow events from Lake 
Okeechobee, improved Lake Okeechobee 
nutrient levels, and improved estuary basin 
runoff quality due to implementation of Basin 
Management Action Plan (BMAP) projects. 

6.3.2 Past, Present, and Reasonably Foreseeable Actions Affecting Resources within the 
Project Area 

Cumulative effects are defined in 40 CFR § 1508.7 as those effects that result from the incremental impact 
of the action when added to other past, present, and reasonably foreseeable future actions, regardless of 
what agency (federal or non-federal) or person undertakes such other actions. Cumulative impacts can 
result from individually minor but collectively significant actions that take place over a period of time. 
Table 6-18 and Table 6-20 summarize past, present, and projected USACE efforts that cumulatively affect 
the regional environment of south Florida. 
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Section 6 The Recommended Plan 

Table 6-18. Past, present, and reasonably foreseeable future actions and plan affecting the 
project area. 

Component 

Past 
Actions/Authorized 

Plans 
Current Actions and 

Operating Plans 

Reasonably 
Foreseeable Future 
Actions and Plans 

Status of • C&SF Project (1948) • MWD 8.5 Square Mile Area • The state of Florida has 
Non-CERP 

Projects 
• Everglades National 

Park (ENP) Protection 
GRR (2000) 

• MWD Tamiami Trail 
water quality programs 
like BMAPs that are 

and Expansion Act Modifications Limited intended to improve 
(1989) Reevaluation Report (2008) water quality 

• Modified Waters • C&SF C-51 West End Flood • MWD Closeout 
Delivery (MWD) GDM Control Project • Natural Resources 
and Final EIS (1992) • Kissimmee River Restoration Conservation Service 

• C-111 South Dade Project (NRCS) Wetland 
General Reevaluation • Seepage Barrier near the L- Reserve Projects 
Report (GRR) (1994) 31 N Levee (Miami-Dade • State Dispersed Water 

Limestone Products Projects 
Association) 

• Tamiami Trail Modifications 
Next Steps Project 

• SFWMD Florida Bay 
Initiatives 

• C-111 South Dade Project 
(Contracts 8, 8A, and 9) 

Operations • Water Supply and • Lake Okeechobee Regulation • 2008 LORS to be 
Plan for Lake Environment (WSE) Schedule (2008 LORS) replaced by Lake 
Okeechobee, 

Water 
Conservation 
Area 3A, ENP 

and the 
SDCS 

Lake Okeechobee 
Regulation Schedule 
(2000) 

• Interim Operational 
Plan 2002 to Present 

• SFWMD Lower East Coast 
(LEC) Regional Water Supply 
Plan 

• Everglades Restoration 
Transition Plan (ERTP) 

Okeechobee System 
Operating Manual 
(LOSOM) anticipated in 
2022 after completion 
of HHD rehabilitation 

October 2012 to present; 
deviation includes Increment 
1 and Increment 1.1 and 1.2 
and 2.0 Operational 
Strategies 

• Herbert Hoover Dike Dam 
Safety Modification Study 
(HHD DSMS) risk reduction 
measures (2011 through 
2025) 

• SFWMD periodically 
revises the LEC 
Regional Water Supply 
Interim Plan. 

• ERTP to be replaced by 
Combined Operating 
Plan (anticipated 2020) 
that will include MWD 
and C-111 
components. 
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Section 6 The Recommended Plan 

Component 

Past 
Actions/Authorized 

Plans 
Current Actions and 

Operating Plans 

Reasonably 
Foreseeable Future 
Actions and Plans 

CERP Congressional Authorization • Future CERP Projects 
Projects Received: 

• Broward County Water 
Preserve Areas Project C-9 
Impoundment and Seepage 
Management Area 

• Caloosahatchee River (C-43) 
West Basin Storage Reservoir 

• Central Everglades Planning 
Project Project Partnership 
Agreement (PPA) North and 

(Lake Okeechobee 
Watershed Restoration 
Project, Western 
Everglades Restoration 
Project) 

• CERP LORS 
(Component F) upon 
completion of north 
and south of lake 
storage features 

PPA New Water 
• Everglades Agricultural Area 

Storage Reservoir and 
Stormwater Treatment Area 

Congressional Authorization 
Received and Construction in 
Progress: 
• Indian River Lagoon-South 

Project 
• Picayune Strand Restoration 

Project 
• Site 1 Impoundment Project 
• Biscayne Bay Coastal 

Wetlands Project 
• C-111 Spreader Canal 

Western Project (operated 
by SFWMD) 

• Broward County Water 
Preserve Areas Project C-11 
Impoundment 

• CEPP PPA South, including 
USDOI removal of portions of 
the old Tamiami Trail 
roadway and SFWMD 
construction of the increased 
S-333 structure 

For the LOWRP FWO condition, other CERP and non-CERP projects that improve the condition of Lake 
Okeechobee that have been authorized, are under construction, or are completed, are assumed to be in 
place. It is important to note that the Central Everglades Planning Project (CEPP) authorized in 2016 
including the Flow Equalization Basin on the A-2 parcel is included in the FWO assumptions rather than 
the Everglades Agricultural Area Storage Reservoir and Stormwater Treatment Area (EAA Storage 
Reservoir and STA) authorized in 2018. The EAA Reservoir and STA recommends a 240,000 ac-ft storage 
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Section 6 The Recommended Plan 

reservoir and treatment wetlands on the A-2 parcel. At the time of LOWRP planning efforts, the EAA 
Storage Reservoir and STA was in the planning process but not yet authorized. Consistent with plan 
formulation policy for development of FWO conditions, LOWRP planning conditions included projects that 
are authorized, under construction, or completed. A full discussion of the FWO project condition is located 
in Section 2 of the main report. 

However, as the LOWRP and EAA Storage Reservoir and STA and STA planning projects progressed, the 
LOWRP team anticipated that these projects would complement each other to improve conditions in Lake 
Okeechobee and Northern Estuaries. Additionally, it seemed reasonably foreseeable that the EAA Storage 
Reservoir and STA would be authorized. Although this project was not included in the FWO condition, the 
LOWRP decided to perform a sensitivity run of the potential compatibility of project benefits provided by 
both projects or if storage south of the lake would reduce the need of storage north of the lake. 

A sensitivity analysis with the ‘CERP-like’ LOWRP alternative was conducted with the EAA Storage Reservoir 
and STA to determine additional Lake Okeechobee and northern estuary benefits. From an effectiveness 
standpoint, this alternative comes very close to achieving the total CERP goal in reducing the volumes of high-
flow flows to the Northern Estuaries. The two projects also meet the CERP goal for lake-weighted 
improvements of Lake Okeechobee. From this sensitivity run, the LOWRP team learned that storage is 
necessary both north and south of the lake to meet the restoration purposes described in the CERP. The 
Restudy identified storage north and south of Lake Okeechobee as necessary individual components of 
CERP for restoration of the natural system. While both storage locations improve operational flexibility 
for Lake Okeechobee, they do so in different ways. Functionally, because the volume of water in the Lake 
system itself, (Lake Okeechobee is second largest freshwater lake in the contiguous US), the water within 
Lake Okeechobee is larger than can be stored either north or south of the lake. Adding storage in either 
location does not affect the ability of the other to store water, but it reduces the strain on the lake and 
the Herbert Hoover Dike. Having storage in both locations, per the CERP plan, minimizes the need to 
release water to the estuaries during wet conditions and enhances the ability to provide water to all parts 
of the system during dry times. 

From an effectiveness standpoint, this sensitivity run showed that the LOWRP ‘CERP-like’ alternative 
combined with the EAA Storage Reservoir and STA meets the CERP goal in reducing the number of high-
flow events to the Northern Estuaries and the Lake Okeechobee Index Score, and comes very close to 
meeting the CERP goal for reduction in flow volumes from Lake Okeechobee to the Northern Estuaries 
(Table 6-19). 

Table 6-19. Effectiveness of ‘CERP-Like’ LOWRP Alternative with the EAA storage reservoir and STA. 

Metric (36-year POR)* 
CERP 
Goal 

‘CERP-Like’ LOWRP 
Alternative 

‘CERP-Like’ LOWRP + 
EAA STORAGE 

RESERVOIR AND STA 
Reduction in number of high-flow estuary 
events 

81% 67% 
(83% of CERP goal) 

81% 
(100% of CERP goal) 

Reduction in flow volumes from Lake 
Okeechobee to the Northern Estuaries 

80% 57% 
(71% of CERP goal) 

72% 
(90% of CERP goal) 

Lake Okeechobee Index Score (% 
improvement) 

11.7% 10.0% 
(85% of CERP goal) 

13.7% 
(100% of CERP goal) 

* Based on the 36-year modeled simulation period (1965-2000) available from RECOVER 
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Section 6 The Recommended Plan 

The results of the sensitivity analysis further reiterates the need for storage both north and south of Lake 
Okeechobee. Although storage south of the lake, the EAA Reservoir and STA, has been authorized, this 
does not change the need for storage north of the lake or the selection of the LOWRP Recommended 
Plan. Functionally, because of the large volume of water in the Lake system itself, the water within Lake 
Okeechobee is larger than can be stored either north or south of the lake. Adding storage in either location 
does not affect the ability of the other to store water, but it reduces the strain on the lake and the Herbert 
Hoover Dike. Having storage in both locations, per the CERP plan, minimizes the need to release water to 
the estuaries during wet conditions and enhances the ability to provide water to all parts of the system 
during dry times. 

The 1999 Restudy identified storage north and south of Lake Okeechobee as necessary individual 
components of CERP for restoration of the natural system. While both storage locations improve 
operational flexibility for Lake Okeechobee, they do so in different ways. Due to the unique purpose and 
function of storage in each location, the LOWRP Recommended Plan will complement other authorized 
CERP projects including the EAA Reservoir and STA project to improve conditions in Lake Okeechobee and 
the Northern Estuaries. 

• South of Lake Okeecobee Storage: Per the 1999 Restudy description, the purpose of above 
ground storage south of the lake is to improve the timing of environmental deliveries to the Water 
Conservation Areas, including reducing damaging flood releases from the Everglades Agricultural 
Area to the Water Conservation Areas, reducing Lake Okeechobee regulatory releases to the 
estuaries, meeting Everglades Agricultural Area irrigation and Everglades water demands, and 
increasing flood protection in the Everglades Agricultural Area. Storage south of Lake Okeechobee 
provides additional capacity to send lake water south when lake stages are high and regulatory 
releases are required, thus decreasing the need to send water to the east and west coasts. Storage 
south of the lake also provides water supply for the Everglades during the dry season months, 
providing needed flows benefitting the natural ecosystem and in addition, supplements deliveries 
to the regional canal system which is beneficial to agricultural, municipal, and industrial water 
users. However, storage south of the lake does not provide water to the lake or to the Northern 
Estuaries during dry periods. Storage south of Lake Okeechobee is focused on capturing water 
during the wet season to improve deliveries to the southern Everglades system during dry times 
while enhancing the operational flexibility of Lake Okeechobee. 

• North of Lake Okeechobee Storage: The purpose of above ground storage north of the lake, 
pursuant to the 1999 Restudy, is to detain water during wet periods for later use during dry 
periods. Storage north of Lake Okeechobee provides water to the lake during dry times, 
benefitting lake ecology and downstream ecosystems, and also improves reliability of water 
supply for environmental and other water-related needs. Storage north of the lake also captures 
water during high flow periods, helping to reduce regulatory releases to the Northern Estuaries 
and moderate high lake stages. As envisioned in CERP, Lake Okeechobee is not intended to serve 
as a long-term storage reservoir, but rather to enable a healthy functioning lake with seasonally 
fluctuating stages. The increased storage capacity will reduce the frequency of large regulatory 
releases from the lake that are damaging to the downstream estuary ecosystems and will benefit 
the lake’s littoral ecosystems by reducing both high and low lake stages. The distinction between 
the two purposes is important as neither subsumed by the other. 
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Section 6 The Recommended Plan 

6.3.3 Cumulative Effects 

Cumulative environmental effects for the proposed action were assessed in accordance with guidance 
provided by the President’s Council on Environmental Quality (CEQ). The primary goal of cumulative 
effects analysis is to determine the magnitude and significance of the environmental consequences of the 
proposed action in the context of the cumulative effects of other past, present, and future actions. Table 
6-20 shows the net cumulative effects of the various resources that are directly or indirectly impacted. 
LOWRP is expected to have a net beneficial cumulative impact on the regional ecosystem. Further 
information on cumulative effects can be found in Appendix C, Part 2. 

Table 6-20. Summary of cumulative effects. 

Condition Hydrology 
Past 
Actions 

Flood and water control projects have greatly altered the natural hydrology. 

Present 
Actions 

Federal and state agencies are coordinating on and implementing projects to improve 
hydrology. 

Proposed 
Action 

Implement Recommended Plan in order to realize additional reductions in highflow events 
from Lake Okeechobee to the Northern Estuaries. Improvement in the timing and 
distributions of flows into Lake Okeechobee. Reductions in high flow events from Lake 
Okeechobee to the Northern Estuaries. Rehydrate previously drained areas. Significant 
beneficial hydrologic effects are anticipated within the Lake Okeechobee watershed through 
rehydration of previously drained areas. 

Future 
Actions 

Additional CERP projects propose to restore hydrology to more natural conditions (e.g., 
Western Everglades Restoration Project and Loxahatchee River Watershed Restoration 
Project). Future refinements to water control manuals such as the Combined Operational 
Plan, Kissimmee River Headwaters, and future updates to the LORS will further improve 
hydrology within the Northern Estuaries and Greater Everglades. 

Cumulative 
Effect 

Although it is unlikely that natural hydrologic conditions will be fully restored to pre-drainage 
conditions, hydrology will improve. CERP is expected to improve the quantity, quality, timing, 
and distribution of freshwater flow. 

Condition Threatened and Endangered Species 

Past 
Actions 

Water management practices and urbanization resulted in the degradation of existing habitat 
function and direct habitat loss, leading to negative population trends of threatened and 
endangered species. 

Present 
Actions 

Ongoing efforts have been made by federal and state agencies to implement projects to 
improve hydrology within the project area, thus improving habitat for some threatened and 
endangered species. 

Proposed 
Action 

Implement Recommended Plan to provide more habitat and foraging opportunities for the 
Everglades snail kite, Florida manatee, Florida panther, and the wood stork. 

Future 
Actions 

Projects will be implemented to maintain threatened and endangered species within the 
project area. 

Cumulative 
Effect 

Habitat improvement, monitoring, and management of threatened and endangered species 
are anticipated to allow populations to be maintained. Improvement of degraded populations 
is expected to be facilitated by the restoration and enhancement of suitable habitat through 
efforts to restore more natural hydrologic conditions within the project area. 
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Section 6 The Recommended Plan 

Condition Fish and Wlidlife Resources 

Past 
Actions 

Water management practices resulted in aquatic vegetation community changes and a 
resultant disruption of aquatic productivity and function that has had repercussions 
throughout the food web, including effects on wading birds, large predatory fishes, reptiles, 
and mammals. 

Present 
Actions 

Ongoing efforts are being made by federal and state agencies to implement projects to 
improve hydrology within the project area to restore habitat conditions for fish and wildlife 
resources. 

Proposed 
Action 

Rehydration within previously dry areas of the Lake Okeechobee watershed will increase the 
spatial extent of suitable habitat for several fish and wildlife resources. Increases in forage 
prey availability (crayfish, other invertebrates, and fish) will directly benefit amphibian, 
reptile, small mammal, and wading bird species. Nesting and foraging activities of resident 
wading bird species are anticipated to be significantly improved. Although upland species 
occurring within the action area are adapted to the naturally fluctuating water levels, there is 
an increased potential that species currently utilizing upland habitat may be negatively 
affected. There are expected beneficial effects to fish and wildlife resources within Lake 
Okeechobee due to increased time within the preferred stage envelope. Reductions in the 
number of freshwater flows to the Northern Estuaries are anticipated to improve suitable 
habitat for key indicator species such as oysters. ASR wells have the potential to negatively 
affect fisheries near the intakes. 

Future 
Actions 

Some level of improvement to fish and wildlife resources is expected to occur as a result of 
implementation of projects with the capability of improving the timing, quantity, quality, and 
distribution of freshwater flow to the study area. Hydrologic restoration planned as part of 
CERP will further improve fish and wildlife habitat. 

Cumulative 
Effect 

Habitat improvement efforts are anticipated to benefit fish and wildlife resources. 

Condition Vegetation and Wildlife 

Past 
Actions 

Drainage of Florida’s interior wetlands, conversion of wetlands to agriculture, and urban 
development reduced the spatial extent and quality of wetland resources. 

Present 
Actions 

State and federal regulatory agencies are taking steps to reduce wetland losses. 

Proposed 
Action 

Significant beneficial effects are anticipated within the Lake Okeechobee watershed from 
restoring wetland habitat which will rebuild the complex mosaic of habitats across the 
landscape and restore portions of the Kissimmee River floodplain. Beneficial effects to 
vegetation within Lake Okeechobee are anticipated by reductions in the number of high flow 
events to the Northern Estuaries which are anticipated to improve conditions for SAV. 

Future 
Actions 

Some level of improvement to vegetative communities is expected to occur as a result of 
implementation of projects with the capability of improving the timing, quantity, quality, and 
distribution of freshwater flow to the study area. More natural hydrology as part of the CERP 
will assist in restoring natural plant communities. 

Cumulative 
Effect 

While the spatial extent of natural plant communities will not be restored to historic 
proportions, the quality of vegetative communities will be improved. 
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Section 6 The Recommended Plan 

Condition Cultural Resources 

Past 
Actions 

Flood and water control projects, conversion of wetlands into agriculture and urban 
development had adverse unmitigated effects to cultural resources, either directly or 
indirectly. 

Present 
Actions 

State and federal agencies are making efforts to conduct cultural resource investigations near 
the project area, thereby avoiding or minimizing adverse effects to cultural resources. 

Proposed 
Action 

While effects of the proposed action have been evaluated, a final determination of effects on 
cultural resources is not complete. Each suite of features will be subject to separate 
consultation and consideration of effects during PED as the area of potential effect (APE) may 
be subject to change based on final designs or modifications of project features. USACE has 
consulted with stakeholders, including the State Historic Preservation Office, Advisory Council 
on Historic Preservation, Seminole Tribe of Florida and the Miccosukee Tribe of Indians of 
Florida, Seminole Nation of Oklahoma, and Thlopthlocco Tribal. The USACE executed a 
Programmatic Agreement as provided in 36 CFR § 800.4[b][2]. 

Future 
Actions 

Continued improvement to hydroperiods and extreme water level events in Lake Okeechobee 
could stabilize the environment and prevent impacts to cultural resources within the wetland 
restoration areas and in Lake Okeechobee. Transferring significant cultural sites within the 
project area from private ownership into public ownership may assist in protecting sites from 
impacts from agriculture and other anthropogenic activities. 

Cumulative 
Effect 

Cumulative effects to cultural resources are not anticipated based on the placement of 
features north of Lake Okeechobee and as features are operationally distinct from other CERP 
features. 

Condition Water Quality 

Past 
Actions 

Water quality has been degraded by urban, suburban, commercial, industrial, recreational, 
and agricultural development in addition to channelization (such as Kissimmee River) and 
drainage within the project area and upstream. 

Present 
Actions 

Efforts to improve water quality  are ongoing. The state of Florida has adopted a Total 
Maximum Daily Load (TMDL) for Lake Okeechobee and the Lake Okeechobee Watershed. In 
an effort to achieve the water quality improvements necessary to meet the TMDL in the lake 
and watershed, the Florida legislature established the Northern Everglades and Estuaries 
Protection Program, which directed the Florida Department of Environmental Protection 
(FDEP) to develop and implement water quality improvement plans called Basin Management 
Action Plans (BMAPs) that provided milestones and management measures necessary to meet 
the TMDL within a measured period. 

Proposed 
Action 

The Recommended Plan may provide ancillary water quality benefits. Results from a simple 
phosphorus loadanalysis showed load reductions from 8% to 11% over the FWO project 
condition. 

Future 
Actions 

Actions by the State of Florida will decrease nutrient concentration and loadings to the project 
area. 

Cumulative 
Effect 

While anthropogenic effects on water quality are unlikely to be eliminated, water quality is 
expected to slowly improve over existing and recent past conditions. During detailed planning 
and design, the USACE and SFWMD are committed to ensuring that project feature 
implementation will not result in water quality degradation. 
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Section 6 The Recommended Plan 

Condition Water Supply/Flood Control 

Past 
Actions 

Water supply and flood control for agricultural and urban users have benefited from 
construction and operation of the C&SF project. 

Present 
Actions 

Availability of water from Lake Okeechobee for agricultural users was diminished through 
implementation of 2008 LORS. The SFWMD has implemented Restricted Allocation Area Rules 
to cap allocations to existing legal users within the LOSA and Indian Prairie Basin. 

Proposed 
Action 

Implementation of the project will benefit existing legal users of water supplies within the 
LOSA. 

Future 
Actions 

Future supplies will not change unless additional CERP storage features are implemented to 
increase water availability. 

Cumulative 
Effect 

While effects on water supplies are unlikely to fully restore the level of service experienced 
prior to implementation of 2008 LORS, water supply availability will improve as additional 
storage is constructed. 

6.3.3 LOWRP Recommended Plan with CERP Storage 

The CERP identifies storage features north, south, east, and west of Lake Okeechobee that work together 
to achieve beneficial ecological effects. The combination of these storage features with other CERP 
components provides synergy in achieving Everglades restoration. These complete storage components 
are critical to the overall success of the CERP. The previously authorized projects are components that 
were identified in the CERP and are being implemented incrementally over time, consistent with the 
Integrated Delivery Schedule, reducing the risks and uncertainties associated with project planning 
and implementation. 

6.3.4 CERP Components and Revised LOWRP Components Comparison 

The LOWRP scope includes portions of 3 CERP components: 

1. North of Lake Okeechobee Storage Reservoir (Component A) 

2. Lake Okeechobee Aquifer Storage and Recovery (Component GG) 

3. Lake Okeechobee Watershed Water Quality Treatment Facilities (Component OPE) 

Since CERP began, seventeen years of updated science, new information, improved hydrologic modeling 
tools, and varying water treatment assumptions have led to the differences between CERP components 
and the LOWRP Recommended Plan. Aboveground storage, belowground storage (ASR wells), and 
wetland restoration sites have been retained for LOWRP planning purposes. Water quality treatment 
features, like STAs and reservoir-assisted STAs (RASTA), although proposed in CERP Components A and 
OPE, have not been carried forward in the current LOWRP effort. The state of Florida has adopted a Total 
Maximum Daily Load (TMDL) for Lake Okeechobee and the Lake Okeechobee Watershed. In an effort to 
meet the TMDL in the lake and watershed, the Florida legislature established the Northern Everglades 
and Estuaries Protection Program, which directed the FDEP to develop and implement water quality 
improvement plans called Basin Management Action Plans (BMAPs) that provide milestones and 
management measures necessary to meet the TMDL within a measured period. State water quality 
programs like BMAPs can be used to meet the intent of water quality improvements originally proposed 
by CERP components A and OPE. As a result, water quality features are no longer within the project scope. 
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Section 6 The Recommended Plan 

Subsections 6.3.4.1, 6.3.4.2, and 6.3.4.3 below compare the LOWRP scope from the authorized Central 
and Southern Florida Project Comprehensive Review Study (Restudy) to the current project scope for 
ecosystem restoration included in this feasibility analysis. 

6.3.4.1 North of Lake Okeechobee Storage Reservoir (Component A) 

The CERP Component A included a 17,500-acre reservoir with total storage capacity of 200,000 acre-feet 
in Kissimmee River Region and a 2,500-acre STA. LOWRP proposes to implement a portion of this 
component by constructing a 13,600-acre WAF that provides approximately 46,000 acre-feet of storage 
by capturing freshwater flows. Operated in conjunction with co-located ASR wells, the WAF will allow 
more dynamic storage because the ASR wells will recharge from the WAF when it is full, thus creating 
more capacity within the WAF. For this reason, on an annual basis, surface storage co-located with ASR 
wells can capture and redirect more water than a much larger surface storage feature without co-located 
ASR wells. 

The Recommended Plan does not preclude future increments of CERP planning for additional storage 
north of Lake Okeechobee to provide additional water storage and peak flow attenuation. It also 
recognizes that improvements in water supply for existing legal users in LOSA will need to be considered 
in future increments of CERP that provide additional storage for capturing water currently being sent to 
tide from Lake Okeechobee or capturing water from other sources. Future CERP increments that provide 
this additional storage will increase water made available in the regional system for other water-
related needs. 

6.3.4.2 Lake Okeechobee Aquifer Storage and Recovery (Component GG)  

CERP proposed to increase the storage capacity north of Lake Okeechobee by implementing a series of 
ASR wells adjacent to Lake Okeechobee with a capacity of one billion gallons per day in Glades and 
Okeechobee counties. As described in the Restudy, ASR wells address multiple CERP purposes including 
1) provide regional storage while reducing evapotranspiration and acquisition of land; 2) increase water 
storage for agricultural, urban, and environmental purposes; 3) improve Everglades’ hydropatterns; 4) 
reduce regulatory freshwater flows to the St. Lucie and Caloosahatchee estuaries; and 5) maintain and 
enhance the existing level of flood protection. 

The original CERP Restudy plan envisioned a total of 333 ASR wells constructed throughout south Florida, 
with 200 of those wells associated with Lake Okeechobee. During the CERP ASR Regional Study, a 
groundwater model was constructed that determined that a reduced total of about 140 ASR wells could 
be constructed in south Florida, with about 80 of those wells associated with Lake Okeechobee. LOWRP 
recommends implementation of a total of 80 ASR wells, with 55 wells throughout the Lake Okeechobee 
watershed, and 25wells co-located within the WAF. This does not preclude future increments of CERP 
planning for implementation of ASR well technology. 

6.3.4.3 Lake Okeechobee Watershed Water Quality Treatment Facilities (Component OPE) 

The CERP originally proposed to construct two RASTAs and restore approximately 3,500 acres of wetlands 
throughout the Lake Okeechobee watershed basin. Water quality features in this component (RASTAs) 
were not retained for LOWRP formulation due to state water quality programs that act to meet the intent 
of water quality improvements originally proposed by this component. Therefore, LOWRP formulated for 
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Section 6 The Recommended Plan 

only the wetland restoration portion of this component to restore the hydrology of selected isolated and 
riverine wetlands in the watershed. 

LOWRP recommends implementing the Paradise Run and Kissimmee River–Center wetland restoration 
features to meet the CERP component target and enhance the restoration effort along the Kissimmee 
River. The Paradise Run restoration involves rehydrating approximately 3,600 acres of historic riverine 
and floodplain ecosystem. The Kissimmee River–Center wetland restoration involves restoring 
approximately 1,200 acres of historic riverine and floodplain habitat along the Kissimmee River in Pool E. 
Implementation of these features will complete this CERP component. 

6.3.4.4 Future Operational Opportunities 

The LOWRP plan formulation effort evaluated optimized Lake Okeechobee operations to best utilize the 
infrastructure proposed in each alternative. Independent of benefits provided to the Northern Estuaries, 
additional operational flexibility is possible via targeted, supplemental environmental deliveries from Lake 
Okeechobee to optimize flows within preferred flow regimes. There are future opportunities to address 
these CERP components: Environmental Water Supply Deliveries to the Caloosahatchee Estuary 
(Component E) and Environmental Water Supply Deliveries to the St. Lucie Estuary (Component C). This 
PIR is not recommending changing the existing LORS schedule, only providing recommendations to inform 
a future regulation schedule study. 

This opportunity for operational flexibility provided by the LOWRP will improve salinity conditions to the 
St. Lucie and Caloosahatchee estuaries. By their nature, these operations should maintain or slightly 
improve the extreme flows (both high and low flows) but are more targeted at optimizing the flow regime 
closer to targets. Additional benefit from LOWRP storage may be realized if components E and C are 
implemented in operations. 

6.3.5 Incomplete or Unavailable Information 

The analyses provided in this document are based upon current knowledge of the physical and biological 
conditions in the action area and on projections of the most probable future conditions, as indicated by 
hydrologic models. The PDT recognizes that there is uncertainty in the predictions derived from these 
models that stems from input variability, measurement errors, parameter uncertainty, model structure 
uncertainty, and algorithmic (numerical) uncertainty as outlined in the CERP Model Uncertainty Workshop 
Report (RECOVER 2002). As a result, there is uncertainty as to whether the specific performance indicators 
and measures used to characterize the overall system performance actually capture that overall 
performance. The likelihood of capturing all the processes occurring in a system as complex as the 
Everglades within simulation models is low. There will always be some uncertainty present in predicting 
environmental benefits associated with any CERP project because of the size and complexity of the 
Everglades ecosystem as well as the difficulty in fully understanding its physical and biological processes. 
However, the outputs of the sub-regional hydrologic models used to assess projected hydrologic changes 
and to quantify ecosystem benefits for LOWRP were the best data available to predict the most likely 
hydrologic changes as a result of the project. Even though uncertainty is recognized, ecological benefits 
derived from performance measure metrics are useful in making planning-level decisions. These values 
provide a quantitative means for comparing alternatives to identify the best performing alternative. 

New technical information or models may be developed as the Recommended Plan is implemented, and 
the observed results may differ from predicted results. Considering this, it may be necessary to adjust 
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Section 6 The Recommended Plan 

operations to address the new information or observed results to achieve better performance for 
environmental restoration and protection, and to ensure the health, safety, and well-being of the general 
public and affected individuals. Using an AM approach during implementation of LOWRP, as documented 
in Annex D, will provide new information to address uncertainties and risks over time, decrease the 
potential for costly mistakes, and ultimately support fulfillment of the LOWRP restoration goals 
and objectives. 

6.3.6 Unavoidable Adverse Environmental Effects 

As discussed under each resource in Section 5, adverse effects associated with implementing the 
Recommended Plan are expected to be minimal to moderate. Unavoidable potentially adverse impacts 
that will result from implementation of the LOWRP include effects to native upland species including the 
threatened Eastern indigo snake, threatened northern caracara and endangered Florida panther, that may 
be displaced by the conversion of uplands to wetlands; effects to larval fish impingement and entrapment 
with the WAF pumps and ASR wells; and temporary short-term impacts to air quality, the noise 
environment, and aesthetic resources from operation of construction equipment through lands 
designated for staging, access, and construction. Temporary disturbances to and displacement of fish and 
wildlife resources to other nearby habitat will occur during construction. Vegetation may be lost during 
construction within in the WAF, ASR, and wetland footprints where project features will be constructed. 

Significant beneficial effects to fish and wildlife resources are anticipated from the LOWRP. Changes in 
hydrology have the potential to affect prey forage base through alteration of vegetation composition or 
structure. However, adverse effects to some upland species, such as the threatened Eastern indigo snake, 
threatened northern caracara, and endangered Florida panther, will occur due to restoring wetland sites 
and constructing the WAF. These effects are expected to be short-term as upland species could expand 
into other areas of suitable habitat created as a result of LOWRP implementation. Larval fish may suffer 
impingement/entrapment in WAF pumps and ASR wells. Hydrologic conditions and vegetation will 
continue to be monitored under LOWRP. 

Non-native and invasive plant infestations in the project area may be exacerbated by soil disturbance 
during construction and hydrological modification, and may require active management as described in 
the Invasive and Species Nuisance Species Management Plan (Annex F). Many non-native and invasive 
species are flourishing in a variety of habitats and are negatively affecting the ecology throughout 
the Everglades. 

Public and privately-owned lands are being utilized for the LOWRP. Negative impacts include the loss of 
ad valorem tax revenue to county governments after land acquisition. The Regional Economic 
Development analysis in Section 4 documents the 2017 ad valorem tax data for Highlands and Glades 
counties, where land will be acquired for wetland and WAF sites. 

Potential adverse impacts on prime and unique farmland will be assessed during detailed design. There 
will be no adverse impacts to wetland acreage. The LOWRP Recommended Plan provides a net gain of 
wetland acreage as a result of the Paradise Run and Kissimmee River-Center wetland restoration sites. 

The LOWRP will potentially have adverse effects to cultural resources, some of which are unavoidable and 
long-term, and/or cannot be assessed until the detailed design phase of the project. The USACE prefers 
to avoid adverse effects to cultural resources. The project archaeologist, engineers, and plan formulators 
have worked closely together throughout the planning process for LOWRP to determine alternatives and 
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Section 6 The Recommended Plan 

features that reduce or eliminate impacts to cultural resources. Pursuant to 36 CFR § 800.1, the project 
design will be modified, where possible, to avoid impacting significant historic properties and culturally 
significant sites. Where avoidance is not possible, minimization and/or mitigation measures will be 
considered. Mitigation measures will be developed during the PED phase in consultation with the State 
Historic Preservation Office (SHPO), tribal groups, and other interested parties as established in 
implementing regulations for Section 106 of the National Historic Preservation Act (NHPA) (see 
Appendix C). 

With regards to sites containing human remains, the Jacksonville District and the STOF entered into a 
Burial Resources Agreement pursuant to the USACE Trust Responsibility as outlined in the 01 November 
2012, Chief of Engineers Memorandum, ”Tribal Consultation Policy.” The Burial Resources Agreement 
establishes a framework that will serve as the basis for consultation regarding the presence of burial 
resources within the Jacksonville District's area of action and jurisdiction for the Civil Works and 
Regulatory Programs, respectively. It sets forth procedures that will ensure culturally sensitive treatment 
of burial resources. This agreement is not intended to clarify or interpret the responsibilities of the 
Jacksonville District pursuant to NHPA Section 106, nor does it guide investigations required by NHPA 
Section 106. Rather it is intended to set forth procedures that will ensure meaningful consultation with 
respect to burial resources. Although they are not signatories of the Burial Resources Agreement, the 
presence of burial resources will also require consultation with the Miccosukee Tribe of Indians of Florida 
and other appropriate, federally recognized tribes pursuant to NHPA Section 106, the USACE Trust 
Responsibility, and other federal regulations, executive orders, and departmental policies, including the 
2008 CERP Policy on Human Remains. 

6.3.7 Irreversible and Irretrievable Commitment of Resources 

An irreversible commitment of resources is one in which the ability to use and/or enjoy the resource is 
lost forever. An irretrievable commitment of resources is one in which, due to decisions to manage the 
resource for another purpose, opportunities to use or enjoy the resource as they presently exist are lost 
for a period of time. Construction of the proposed project will include many features considered 
permanent, including the LOWRP water storage features and restoration of portions of the historic 
Kissimmee River channel. Such construction and structural modifications are proposed on such a large 
scale that these features represent an irreversible and irretrievable commitment of resources. Resources 
to be committed if the project is approved include expenditure of state and federal funding, labor, energy, 
and project materials to build, operate, and maintain the proposed project. 

6.4 Cost Estimates of Restoration Elements 

LOWRP cost estimates are intended to present a Total Project Cost (construction and non-construction 
costs) at the current price level to be used for project justification or authorization. The costing efforts 
are also intended to produce a final product (cost estimate) that is reliable and accurate. 

The LOWRP cost estimate was prepared in Micro-Computer Aided Cost Estimating System ( MCACES) MII 
tool. This estimate is supported by the preferred labor, equipment, materials, and crew/production 
breakdown. The project team performed a preliminary risk analysis to addresses project uncertainties and 
set contingencies for the final alternative array cost items. Guidance for estimating costs, the fully funded 
(escalated for inflation through project completion) cost estimate, and the Total Project Cost Summary, 
including the preliminary risk analysis, are provided in Appendix B. 
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Section 6 The Recommended Plan 

The Recommended Plan has a more detailed level of engineering design than did the final array of 
alternatives. The project team has performed a cost schedule risk analysis to reevaluate the risk-based 
contingency (36%) used during plan formulation to account for uncertainties. 

Table 6-21 includes a breakdown of the estimated construction and non-construction costs for ecosystem 
restoration activities. Recreation costs are not included in the table below but are included in the cost 
share. This is because ecosystem restoration costs are for habitat unit benefits and recreation costs are 
for NED benefits. Total project costs, including cost share, are provided in Table 6-29 below. Non-
construction costs generally include lands, easements, rights-of-way, and relocations (LERR), Engineering 
During Construction (EDC), PED, and Supervision and Administration (S&A) costs. Costs were estimated at 
Fiscal Year 2020 price levels and rounded to the nearest $1,000. The 2.75% federal discount rate and a 
50-year economic period of analysis were used to amortize costs and determine the project investment 
costs. Based on preliminary engineering and design of the Recommended Plan, the average annual cost 
is $95,712,000 (Table 6-22 and Table 6-23). 

Table 6-21. Total ecosystem restoration first costs (2020 price level) sans recreation costs. 

Construction Phase Items Cost1 

Wetland Attenuation Feature (WAF) $933,812,000 
ASR Wells $387,778,000 
Paradise Run and Kissimmee River–Center Wetlands $123,060,000 
Construction Features Sub-Total $1,444,650,000 
Preconstruction, Engineering, and Design (PED) $230,489,000 
Construction Management (S&A) $146,343,000 
Lands and Damages $139,112,000 

Total First Cost $1,960,594,000 
1 Construction costs in this table include contingencies 

Table 6-22. Ecosystem restoration investment costs sans recreation costs. 

Total Ecosystem Restoration First Cost $1,960,594,000 
Interest During Construction* $206,883,000 

Total Investment Cost $2,167,477,000 
*IDC calculated over the following ROM schedule estimates by feature site and Civil Works Sub-Feature Description: 
C&CM (Paradise Run & Kissimmee River Center - 12 months; WAF – 96 months; ASR – 120 months) and PED (Paradise 
Run & Kissimmee River Center – 24 months; WAF – 48 months; ASR - 24 months) and Lands & Damages (Paradise 
Run & Kissimmee River Center - 13 months; WAF – 97 months; ASR – 121 months) 

Table 6-23. Ecosystem restoration average annual costs sans recreation costs. 

Interest and Amortization $80,311,000 
OMRR&R Storage $14,407,000 
OMRR&R Wetlands $994,000 

Total Average Annual Costs $95,712,000 
*IDC calculated over the following ROM schedule estimates by feature site and Civil Works Sub-Feature Description: 
C&CM (Paradise Run & Kissimmee River Center - 12 months; WAF – 96 months; ASR – 120 months) and PED (Paradise 
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Section 6 The Recommended Plan 

Run & Kissimmee River Center – 24 months; WAF – 48 months; ASR - 24 months) and Lands & Damages (Paradise 
Run & Kissimmee River Center - 13 months; WAF – 97 months; ASR – 121 months) 

6.4.1 Real Estate 

Fee title will be required for the project footprint of the WAF, Paradise Run wetland, and Kissimmee River– 
Center wetland. The ASR wells are anticipated to be located within existing SFWMD rights-of-way. The 
estimated real estate costs are presented in Table 6-24. A contingency of 40%, derived from the Real 
Estate Incremental cost, was applied to all real estate acquisition for the planning-level estimate. The 
project features impact a number of parcels that reflect no acquisition requirement and/or partial 
acquisition requirement that leaves a remainder parcel with a high degree of certainty for being damaged. 
Damages can occur for reasons such as diminished access and the shape of the remainder lands. To 
account for the impacted parcels, 15% was added to the Real Estate Incremental cost. 

Table 6-24. Preliminary real estate acquisition costs (lands and damages*). 

Feature Acquisition Costs 
K-05 WAF $103,076,000 
Paradise Run Wetland $26,270,000 
Kissimmee River–Center Wetland $8,920,000 

ASR Wells $847,000 

Total Real Estate Acquisition Costs $139,112,000 

* – Contingency of 40% included in real estate acquisition costs. The contingency is based on Real Estate 
Incremental costs. Cost rounded to closest $1,000. 

6.4.2 Operations, Maintenance, Repair, Replacement and Rehabilitation for Project Features 

OMRR&R begins after physical project construction and OTMP is complete, and generally includes all 
operation activities and maintenance needed to keep the project features functioning as intended. 
OMRR&R for the LOWRP will occur for all new facilities constructed as a result of the project. 

The Operations and Maintenance Costs Methodology Report Database developed by SFWMD was used 
to calculate OMRR&R costs. This tool is useful in calculating basic operations, maintenance, and repair 
costs. It is based on historical accruals for similar operations, maintenance, and repair activities. 
Rehabilitation and replacement costs include those costs required to keep the pump station operable for 
the period of analysis, and in perpetuity. Repair and rehabilitation costs on items such as pumps, drivers, 
and switchgear are assumed to be rehabilitated or replaced once during the 50-year life cycle. 
Rehabilitation costs are typically only 35-45% of replacement costs; in order to provide a conservative 
estimate for LOWRP features, major equipment replacement is considered in the estimate. Replacement 
is estimated to occur 30 years after placing the station into operation. The replacement cost includes 
engineering and structural modification costs as well as the equipment costs. Table 6-25 lists the expected 
average annual OMRR&R costs for new LOWRP facilities. 
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Section 6 The Recommended Plan 

Table 6-25. Annual OMRR&R costs for new LOWRP facilities sans recreation facilities. 

Structure OMRR&R Costs 
K-05 WAF $1,349,000 
Kissimmee River–Center Wetland $244,000 
Paradise Run Wetland $750,000 
ASR Wells $13,058,000 
Total Annual OMRR&R Costs New Facilities $15,401,000 

6.4.3 Invasive Species Management 

Invasive species management costs accrue during all phases of the project, as shown in Table 6-26. 
Pre-construction management activities, construction phase activities, and OTMP activities are all 
construction-based activities, and are included in thePreconstruction Engineering Design account of the 
Total Project Cost Summary. Management of invasive species, including surveillance, control, etc., will 
occur throughout the OMRR&R phase. 

Table 6-26. Summary of cost estimates for invasive species management. 

1 Year Pre-Construction $5,018,790 
Construction Phase $1,400,874 
Operational Testing & Monitoring Phase $402,029 
1 Year OMRR&R Phase $818,164 
50 Year OMRR&R Phase* $36,232,635 
Total Cost $43,054,328 
Average Annual Cost $760,800 

*Includes Year 1 OMRR&R Phase 

6.4.4 Monitoring and Adaptive Management 

The methods, locations, timing, and funding requirements for conducting adaptive management and 
monitoring are included in Annex D. The LOWRP monitoring plan was designed to provide the monitoring 
required to address LOWRP-specific needs while being integrated with other Everglades monitoring to 
take advantage of existing monitoring efforts, knowledge, and information. The LOWRP AMMP leverages 
several existing programs to avoid redundancies and ensure cost-effectiveness. Since LOWRP relies on 
existing physical instrumentation, stations, locations, servicing, and analysis efforts funded by RECOVER, 
CERP sponsors, and partner agencies, the monitoring requirements described in the LOWRP plan are 
limited to the additional increase in monitoring resources and analysis efforts necessary for LOWRP-
specific questions. The LOWRP monitoring plan assumes these other monitoring efforts will continue into 
the future at least for the period required by LOWRP. Adaptive management and monitoring costs accrue 
during different phases of the project, as shown in Table 6-27. These costs (1% of total first costs for 
monitoring and 3% for adaptive management) will be updated as the Recommended Plan is optimized. 
Post-construction monitoring will occur either during 10-year cycles or in perpetuity, including the period 
of analysis; this is part of OMRR&R costs. 
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Section 6 The Recommended Plan 

Table 6-27. Summary of cost estimates for monitoring and adaptive management. 

Feature 
Construction Costs-

Construction General 
Funding ($FY20) 

Adaptive Management Options1 $2,620,000 

Pre-construction Data Investigation (PED) – Adaptive Management $1,048,000 

Pre-construction USFWS BO Ecological Monitoring $1,637,000 

Construction Phase Monitoring 

Adaptive Management & Ecological Monitoring2 $11,174,000 

Water Quality $1,579,000 

USFWS BO Ecological Monitoring3 $1,638,000 

Sub-total Construction Phase 
Monitoring 

$14,017,000 

Operational Testing and Monitoring Period (OTMP) 

Water Quality Monitoring $808,000 

Hydrometeorological Monitoring $1,734,000 

USFWS BO Ecological Monitoring $0 

Sub-total OTMP Monitoring $2,542,000 

Total Construction Phase Adaptive Management and Monitoring $21,864,000 

Post-construction Monitoring Costs – average annual cost in perpetuity, 
including the period of analysis 

Operations and 
Maintenance Funding 

($FY20) 

Hydrometeorological $1,324,000 

Water Quality $240,000 

USFWS BO Ecological Monitoring 0 

Total Post Construction OMRR&R (dollars per year) $1,564,000 

1Adaptive Management Options are primarily operations and design/implementation based, and not 
separate contingency options. This table has been updated to reflect actual adaptive management and 
monitoring costs in Annex D and include a 31% contingency. Total funding estimate is less than the blanket 
4% used in the Total Project Cost estimate. 
2Adaptive Management and Monitoring (Ecosystem Restoration Success) plan costs are construction 
funded up to 10 years post construction, per HQ implementation guidance on Section 1161 of 2016 Water 
Resources Development Act. 
3 Biological Opinion monitoring is construction funded prior to and during construction implementation. 
4 WQ and Hydrology monitoring is part of Operations and Maintenance costs for the life of the project. 
Water quality costs vary from initial years of operations and then are lower after 5 years of operations 
per permitting requirements. 

6.4.5 Operational Testing and Monitoring Period Costs 
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Section 6 The Recommended Plan 

As defined in the CERP Master Agreement, the OTMP means a reasonable, limited period of time within 
the period of construction, after physical construction has been completed, during which the authorized 
CERP project, or a functional portion of the authorized CERP project, is operated, tested, and monitored. 
The constructed features will be tested to ensure that they operate as designed, and to allow for any 
adjustments to such features as may be necessary so that they perform as designed. 

6.4.6 Cultural Resources Preservation Costs 

The identification, evaluation, and mitigation of cultural resources for the life of the project are included 
in Table 6-28. Pursuant to ER 1105-2-100, Appendix C, para. C-4.d(6)(c), federal responsibility for data 
recovery costs is capped at 1% of the total federal amount authorized for appropriation. Anything above 
the 1% cap will be cost-shared between the Federal Government and the non-federal sponsor, as 
identified in ER 1105-2-100, Appendix C, para. C-4.h(3). 

Costs in Table 6-28 account for Phase I cultural resources surveys wherein the goal of the survey is to 
locate, identify, and evaluate cultural resources within the area of potential effects; Phase II evaluation 
studies wherein archaeological test excavation are undertaken to determine site integrity and NRHP 
eligibility; and Phase III data recoveries wherein an archaeological site is scientifically excavated as a 
mitigation of an adverse effect. 

Table 6-28. Cultural resources cost breakdown by project feature. 

Recommended Plan 
Feature 

Cost of 
Phase I 

Cost of 
Phase II 

Cost of Phase 
III (Data

Recovery) 1 Total 
Kissimmee River–Center $475,000 $400,000 $600,000 $1,475,000 
Paradise Run $1,615,000 $400,000 $600,000 $2,615,000 

Wetland Attenuation 
Feature (WAF) and WAF 
ASR 

$2,210,000 $2,000,000 $3,000,000 $7,210,000 

Watershed ASR Well 
Locations 

$500,000 $400,000 $600,000 $1,500,000 

USACE PED Management $300,000 $500,000 $700,000 $1,500,000 
Total2 $5,100,000 $3,700,000 $5,500,000 $14,300,000 

1 Federal share of Data Recovery is up to 1% of the total Federal amount authorized for appropriation ER 
1105-2-100, App. C, para. C-4.d.(5)(f);. In the event that data recovery costs exceed the 1% level, those 
costs exceeding 1% will be shared with the non-federal sponsor per ER 1105-2-100, App. C, para. C-4.h.(3). 
2 Cultural resources costs include PED Management costs; the total is rounded. 

6.5 Cost-Sharing 

According to Section 601 of WRDA 2000, the Federal Government and the non-federal sponsor will share 
the total first cost of the restoration features of LOWRP, including the value of LERR and PED costs (Table 
6-29). The non-federal sponsor will provide LERR and manage a portion of construction or provide cash, 
as necessary, to meet its 50% share of the total first cost balance. 
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Section 6 The Recommended Plan 

Table 6-29. Cost share for the LOWRP Recommended Plan ($FY20). 

Item Federal Cost 
Non-Federal 

Cost Total1 

Ecosystem Restoration (ER) 

Restoration Construction1 $788,952,000 $655,698,000 $1,444,650,000 

PED $115,244,500 $115,244,500 $230,489,000 
Construction Management $73,171,500 $73,171,500 $146,343,000 
LER&R $2,929,000 $136,183,000 $139,112,000 

ER Subtotal $980,297,000 $980,297,000 $1,960,594,000 

Recreation (NED) 

Recreation Construction $1,334,500 $1,334,500 $2,669,000 

PED2 $213,000 $213,000 $426,000 

Construction Management3 $135,000 $135,000 $270,000 

Recreation Subtotal $1,682,500 $1,682,500 $3,365,000 

Total Project Cost $981,979,500 $981,979,500 $1,963,959,000 

Associated Average Annual Costs 

OMRR&R - LOWRP Features $7,700,500 $7,700,500 $15,401,000 

OMRR&R - Invasive Species $380,400 $380,400 $760,800 

OMRR&R- Monitoring (annual cost over 
10- year cycle) $418,500 $418,500 $837,000 

OMRR&R - Monitoring (perpetual cost) $1,783,500 $1,783,500 $3,567,000 

OMRR&R - Recreation $0 $65,000 $65,000 

1Construction costs totals are FY20 First Costs Rounded to the nearest $500 and include a 31% contingency 
1 Recreation Pre-construction, Engineering, and Design (PED) costs presented here constitute estimate external to 
Total Project Cost Sheet. The proportion of total project recreation construction cost out of total project 
construction cost is applied to total project PED cost to estimate total project recreation CM cost. 
2 Recreation construction management (CM) costs presented here constitute estimate external to Total Project Cost 
Sheet.  The proportion of total project recreation construction cost out of total project construction cost is applied 
to total project CM cost to estimate total project recreation CM cost. 

6.5.1 Cost-sharing of Real Estate 

The total estimated cost for real estate is $139,112,000 (rounded). The Federal portion of the cost share 
will be $2,929,000. The remainder will be creditable to the non-federal sponsor share of the project cost 
pursuant to Section 601 (e)(5) of WRDA 2000. 

6.5.2 Cost -sharing of Operations, Maintenance, Repair, Replacement and Rehabilitation 

Section 601(e)(4) of WRDA 2000 specifies that the OMRR&R of authorized projects of the CERP is cost-
shared equally by the Federal Government and the non-federal sponsor. The federal and non-federal 
sponsors’ obligations to provide OMRR&R will continue indefinitely unless the project is de-authorized by 
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Section 6 The Recommended Plan 

Congress. OMRR&R costs associated with recreation features of the plan will be funded 100% by the 
non-federal sponsor. 

6.5.3 Cost-sharing of Monitoring 

Generally, CERP post-construction project monitoring is cost-shared for a maximum period of 10 years. 
Given that the construction of all project features may require more than 10 years, the duration of cost-
shared monitoring will extend past 10 years for the entire project; however, monitoring activity associated 
with individual project features will not be cost-shared for more than 10 years after transfer of the project 
component to the OMRR&R phase. Annex D provides an explanation of rolling implementation into 10-
year monitoring windows. These efforts will be cost-shared during the construction phase of the project 
in accordance with Section 601(b)(2) of WRDA 2000. The post-construction costs become part of the 
project’s OMRR&R plan, which will be cost-shared as described in the recommendations section of 
this report. 

RECOVER will perform system-wide monitoring as part of the CERP Monitoring Assessment Program. Data 
collected as part of this monitoring program is critical to the overall success of CERP projects. System-wide 
monitoring funds are provided by and for RECOVER, and are independent from project-level funding. 
Project operations follow water management rules developed in the DPOM (Annex C). Operational 
monitoring is cost-shared during the OMRR&R phase of the project. 

6.5.4 Cost-sharing of Cultural Resources Preservation 

Data recovery for cultural resources is a 100% federal responsibility until the cost of data recovery reaches 
1% of the total amount authorized for appropriation. Data recovery caps are identified in ER 1105-2-100, 
Appendix C, para, C-4.d.(5)(f). 

6.5.5 ASR Water Quality Cost Sharing 

The USACE and the State of Florida have developed specific details of water quality cost sharing based on 
potential scenarios for each source water location included in the Recommended Plan. Existing state 
surface and groundwater standards for each location have defined the applicable standards and criteria 
for the ASR water quality treatment cost-share. The cost-share language is provided in Section 8. 

6.5.6 Non-federal Sponsor Work-in-Kind 

The non-federal sponsor may be provided in-kind credit for project-related work, including in-kind work 
completed prior to execution of a Project Partnership Agreement (PPA), as described in Section 
601(e)(5)(B) of WRDA 2000, as amended by Section 6004 of WRDA 2007. The Secretary of the Army may 
provide credit, including in-kind credit, toward the non-federal share for the reasonable cost of any work 
performed in connection with the study, pre-construction engineering and design, or construction that is 
necessary for the implementation of the plan if these conditions are met: 

a) The work is defined in an agreement between the Secretary and the non-federal sponsor 
providing for such credit. 

b) The agreement prescribes the terms and conditions of the credit. 

c) The project is ultimately being authorized by Congress as a federal project. 
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Section 6 The Recommended Plan 

d) The Secretary of the Army determines that the work performed by the non-federal sponsor is 
integral to the project. 

Should the non-federal sponsor construct portions of the LOWRP prior to execution of a PPA, this work 
must be covered by a Pre-Partnership Credit Agreement (PPCA). The non-federal sponsor may receive 
credit for such pre-construction engineering and design, as well as construction costs, upon execution of 
the PPA for LOWRP. Such credit will be applied toward the non-federal sponsor’s share of the costs 
associated with the implementation of the project as authorized by Section 601(e)(5)(C) of WRDA 2000, 
shall not include cash reimbursements, and shall be subject to these terms: 

a) the authorization of the LOWRP project by law 

b) a determination by the Secretary of the Army that the construction work completed under the 
PPCA is integral to the authorized CERP project 

c) a certification by the District Engineer that the costs are reasonable, allowable, necessary, 
auditable, and allocable 

d) a certification by the District Engineer that the activities have been implemented in accordance 
with USACE design and construction standards and applicable federal and state laws 

Per Section 601(e)(5)(E) of WRDA 2000, in-kind credit is subject to audit by the Secretary of the Army. 

6.6 Plan Implementation 

Implementation of LOWRP will occur over many years and include many actions by USACE and SFWMD. 
This subsection discusses the major implementation phases that are expected to occur after 
Congressional authorization and appropriation of funding for project construction. USACE and the 
SFWMD will likely execute a single PPA prior to construction. The PPA will include the phased construction 
of logical groupings of plan elements, agreed upon by the USACE and SFWMD, that achieve the inter-
related project hydrologic and ecological benefits, maximizing them to the extent practicable consistent 
with project dependencies and the LOWRP AMMP (see Annex D). 

6.6.1 Implementation and Construction Sequencing 

Development of sequencing for LOWRP features considers that a number of previously authorized large 
capital investment CERP projects await implementation. Several other basic principles were considered in 
development of an implementation plan for LOWRP features: 

1. Construction of LOWRP features cannot proceed until it is determined that construction and 
operation of the feature: 
a. Will not cause or contribute to a violation of state water quality standards; and 
b. Will not cause or contribute to a violation of other water quality standards; and 
c. Reasonable assurances exist that demonstrate adverse impacts will not occur to flora and 

fauna in the area influenced by the project features. 

2. Sequencing considers the earliest opportunity to realize benefits, including the features that can 
provide benefits by utilizing existing state-owned lands. 

3. The sources of material needed for the WAF were considered to minimize costs associated with 
double handling and stockpiling of materials. 
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Section 6 The Recommended Plan 

4. Where possible, sequencing will include steps and timing to test concepts and address 
uncertainties, as described in the LOWRP AMMP (Annex D). Specific incremental implementation 
of ASR systems has been included in the construction sequencing to address recommendations 
from the NRC and other stakeholders. 

5. Recreation features will be constructed in conjunction with corresponding LOWRP plan features. 

Other factors may influence implementation such as funding availability, maintaining cost-share balance, 
and the integration of projects that may be constructed by other agencies. The USACE and the SFWMD 
will, through a robust public process, undertake integration of the Recommended Plan and the other CERP 
projects authorized or awaiting authorization into the CERP program’s IDS, which contains the Master 
Implementation Sequencing Plan (MISP). 

Project features were grouped into three separate construction elements (Table 6-30) based upon the 
unique functions of the Recommended Plan features. The ASR sequencing is shown by location in Figure 
6-9. 

Table 6-30. Project Features by Element 

Watershed ASR Project Features Construction Contract 
• Kissimmee Basin ASR • Contract 1a and 1b 
• Taylor Creek/Nubbin Slough Basin ASR • Contract 2a and 2b 
• Port Mayaca ASR • Contract 3 
• Moore Haven ASR • Contract 4 
• Indian Prairie ASR • Contract 5 

Wetland Project Features Construction Contract 
• Paradise Run • Contract 6 
• Kissimmee River–Center • Contract 7 

Wetland Attenuation Area Project Features Construction Contract 
• K-05 WAF • Contract 8a 
• Co-located ASR wells • Contract 8b* 

* Contract 8b—construction of the co-located ASR wells—may be done concurrently with construction of the K-05 
WAF, but may not be constructed prior to Contract 8a. 
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Section 6 The Recommended Plan 

Figure 6-9. Construction sequencing 

Phasing of construction is useful in informing financial decisions and budgets, and identifying the accrual 
of benefits. The cost-effectiveness of the features within the Recommended Plan has been thoroughly 
examined during the screening of options that made up the complete alternatives, and substantial 
standalone project benefits have been identified. 

ASR system implementation is phased to demonstrate that ASR is feasible at specific locations.ASR 
feasibility is defined during two phases of implementation: 1) construction and aquifer testing of the 
exploratory boreholes, and 2) construction and monitoring of ASR system during operational testing. 

1. Exploratory Boreholes:  The ability of an aquifer to accept, store, and transmit water is 
defined by aquifer performance tests conducted in the exploratory borehole. If aquifer 
permeability is suitable for ASR, the exploratory borehole will be completed as a permanent 
Floridan aquifer system monitoring well, and the feasibility evaluation will advance to the 
operational testing stage. 

2. ASR System Monitoring During Operational Testing:  Monitoring of the entire ASR system 
(wells plus surface facility) is required by several permits. Whenever an ASR system is in 
operation, monitoring of the physical and geochemical characteristics of groundwater and 
surface water must occur as required by Underground Injection Control (UIC), Comprehensive 
Everglades Restoration Plan Regulation Act (CERPRA), and National Polluntant Flow 
Elimination System (NPDES) permits for each facility.  Monitoring programs produce the data 
needed to quantify recovery efficiency, to characterize water quality during each recharge-
storage-recovery phase of an ASR cycle, and subsequently reduce uncertainties about ASR 
system performance.  Additional monitoring, studies, and investigations beyond permit 
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Section 6 The Recommended Plan 

requirements may occur in response to specific uncertainties, for example those identified by 
the NRC. The AMMP (Annex D) describes responses to uncertainties in greater detail. 

In both funding-unconstrained and funding-constrained implementation scenarios presented later in this 
section, watershed ASR  systems will be the first to be designed and constructed to demonstrate ASR 
system performance at several locations. The  proposed but not mandatory sequencing begins with the 
ASR systems in the Kissimmee River Basin CNT 1a (C-38N and C-38S) and Taylor Creek/Nubbin Slough 
Basin CNT 2a (L-63N). These locations have existing infrastructure that can be utilized and will avoid 
impacts to tribal areas. ASR system performance will be established during successive cycle tests as 
prescribed in the UIC permit for each facility.  ASR system operations are feasible if the target recovery 
efficiency values are achieved,  no deleterious water quality changes occur, no impacts to surface or 
subsurface resources are identified, and the physical plant of the ASR system performs as designed.   If 
ASR system operations are feasible at the initial locations, design and construction of additional ASR 
systems in the Kissimmee River Basin (CNT 1b) and Taylor Creek/Nubbin Slough Basin (2b) will proceed, 
followed by systems at Indian Prairie (CNT 5), Moore Haven (CNT 3), Port Mayaca (CNT 4), and the K-05 
WAF(CNT 8b). While the proposed order of construction has been presented in this document, each ASR 
system included in the Recommended Plan is independent. The benefits achieved by each cluster are 
independent of each other and are each individually analyzed per NEPA requirements in this document. 

A potential implementation scenario with unconstrained resources and funding is provided to 
demonstrate the duration of full design and construction of all project features, without considering 
construction dependencies, funding appropriation, outside factors such as changing priorities or litigation, 
and physical limitations such as staging and access. This illustrates a best-case implementation timeframe 
for simultaneous execution and construction of all project features, which will achieve realization of the 
full LOWRP benefits within 11 years. The unconstrained implementation timeline is based on the longest 
duration activities that must occur in series. The two longest activities that must occur in series are real 
estate acquisition and construction of the K-05 WAF. Real estate acquisition completion is assumed to be 
5 years (60 months). Construction of the WAF is estimated to be 6 years (72 months), similar to the 
estimated duration of the CEPP EAA reservoir. This assumes all design activities will be performed in 
parallel during real estate acquisition. Design durations range from 18 months for ASR wells to 24 months 
for the wetland restoration features to 48 months for the WAF. Construction durations are estimated to 
be 32 months for watershed ASR wells, 36 months for Kissimmee River Center, 48 months for Paradise 
Run, 24 months for the co-located ASR wells and 72 months for the WAF. Uncertainty surrounding the 
timing of LOWRP dependencies, funding, resources, and stakeholder input, as well as potential conflicting 
priorities, will likely lead to a longer implementation period. The implementing agencies are committed 
to engaging in a public process to integrate LOWRP into the IDS, which defines the order in which CERP 
projects will be planned, designed, and constructed. 

Figure 6-10, Figure 6-11, Figure 6-12, and Figure 6-13 present a potential design and construction duration 
associated with a constrained resources and funding implementation scenario. The anticipated duration 
required for real estate acquisition was considered a primary assumption for this potential scenario with 
features requiring smaller acreages for implementation expected to be constructed first. Current levels of 
funding along with the current IDS (June 2018) schedule for already authorized project construction also 
influenced this scenario. LOWRP features requiring less construction funding were considered to be 
implemented before larger more funding-intensive features. The constrained implementation scenario 
and construction duration assumes constrained project funding of up to $100 million per year ($50 million 
federal, and $50 million non-federal sponsor) that escalates through time. It is assumed that real estate 
acquisition and design of the first LOWRP features will begin immediately after authorization. 
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Figure 6-10. Potential constrained implementation scenario for LOWRP design and construction (Page 1 of 4). 
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Figure 6-11. Potential constrained implementation scenario for LOWRP design and construction (Page 2 of 4). 
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Figure 6-12. Potential constrained implementation scenario for LOWRP design and construction (Page 3 of 4). 
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Figure 6-13.  Potential constrained implementation scenario for LOWRP design and construction (Page 4 of 4). 

LOWRP Final PIR and EIS August 2020 
6-57 



   

     
  

    
  

 
   

     
   

   
    

    
  

     
    

     
   

   
  

     
   

             
  

    
    

       

   
   

  
   

  
  

 
 
 

  
     

   
  

    
    

  
  

  

   

    
         

Section 6 The Recommended Plan 

The potential constrained scenario assumes implementation of the Kissimmee River ASR wells first with a 
duration of 46 months to allow for testing of the system to validate assumption made during the 
development of the PIR/EIS. ASR well clusters will then be implemented in series for a total duration for 
design and construction of the full ASR system within 21 years (252 months) of authorization. During PED, 
the ASR systems will be evaluated in a manner that reflects consideration for fish and wildlife concerns as 
described in the Biological Opinion and the Florida Fish and Wildlife Conservation Commission letter dated 
January 24, 2017. The Paradise Run wetland restoration design will occur 56 months after authorization 
allowing for sufficient time to acquire real estate. Construction is assumed to begin immediately after 
design completion. The total duration estimated for design and construction completion is 7 years 6 
months (90 months) or 12 years 2 months (146 months) after authorization. The construction of the 
Paradise Run wetland will disconnect the L-59 drainage canal from its eastern outlet at G-34. The Paradise 
Run design will accommodate an inflow structure to maintain the design L-59 flood risk reduction 
requirements and to ensure flow within the southern portion of Paradise Run, until such time that the K-
05 WAF is constructed and replaces the function of the eastern portion of the L-59 canal. The Kissimmee 
River Center wetland restoration design will begin immediately after completion of Paradise Run design 
or 7 years 5 months (89 months) after authorization. The total duration estimated for design and 
construction completion is 3 years 3 months (39 months) or 10 years 8 months (128 months) after 
authorization. The K-05 WAF design is estimated to begin after completion of Kissimmee River Center 
design and acquisition of all real estate required for construction. Design will begin 10 years 2 months 
(122 months) after authorization. The total duration estimated for K-05 WAF design and construction 
completion is 15 years 6 months (186 months) or 25 years 9 months (309 months) after authorization. 
The contract 8b design and construction of the co-located ASR wells may be done concurrently with 
construction of the K-05 WAF, but may not be constructed prior to Contract 8a. 

Other viable options for the implementation of construction phases may be considered in the future. This 
flexibility is essential to successful LOWRP implementation, given the uncertainties associated with the 
lengthy implementation period and the inevitable improvement in scientific knowledge about the 
functioning of the greater Everglades that will occur as planned CERP and non-CERP projects are 
completed. Features not included in the Recommended Plan shall not be added to any of the 
implementation phases without proper coordination, or NEPA analysis, if necessary. 

Federal laws and regulations applicable to implementing the CERP require PIRs to address certain 
assurances as part of the project recommendation for approval and subsequent implementation. For the 
LOWRP PIR, the analyses for LOWRP associated with Section 601(h)(4) and 601 (h)(5) of WRDA 2000 and 
the Programmatic Regulations for the CERP (33 CFR Part 385) for Project-Specific Assurances and Savings 
Clause were conducted for the Recommended Plan. The USACE and SFWMD will undertake updated 
project assurances and Savings Clause analyses for the implementation phases that are selected to be 
included in the Project Partnership Agreement. The USACE District Engineer will ensure that Project-
Specific Assurances and Savings Clause requirements are met per construction phase, per applicable 
policies and laws. NEPA documentation will be updated, if applicable, as revisions are made to Water 
Control Plans and/or Project Operating Manuals associated with each feature. Compliance with the 
requirements of the Savings Clause will be maintained throughout the entirety of the LOWRP 
implementation period. 

6.6.2 Preconstruction Engineering and Design 

Appendix A represents a limited level of design but includes documentation of all engineering 
assumptions and conceptual designs. PED for Recommended Plan features could begin after 
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Section 6 The Recommended Plan 

Congressional authorization and upon SFWMD’s concurrence, consistent with the implementation 
phases. USACE will prepare a Detailed Design Report (DDR) updating the conceptual design and prepare 
initial, intermediate, and final plans and specifications for each phase of construction. All work will be 
coordinated and reviewed between the USACE and the SFWMD, and approved by the USACE and SFWMD 
prior to construction, to ensure that the work meets USACE standards and regulations and incorporates 
SFWMD design guidance, as applicable. PED will include site-specific surveys and geotechnical 
investigations. During the design phase, detailed analyses, subsurface investigations, and site 
investigations will be conducted to prepare construction documents. During PED, project assurances, 
Savings Clause analysis, and operating manuals will be updated consistent with the implementation 
phases, if necessary. The lead construction agency (USACE or SFWMD) will prepare and submit aCERPRA 
permit application (373.1502, Fla. Stat.) to the FDEP. The FDEP will review the application material to 
determine if it offers reasonable assurance that the feature will be consistent with state water quality 
standards in compliance with rules in effect at the time of application. See subsection 6.1 for a list of plan 
features to be constructed. 

USACE continues the usage of the NGVD29 system for elevation comparisons used with monitoring data, 
hydrologic modeling, and design for Florida. This allows the continuity of years of valuable data to be 
transitioned during PED to the more accurate North American Vertical Datum of 1988 (NAVD88). This PIR 
continues of the usage of NGVD29 and NAVD88, where appropriate, in hydrologic modeling and 
preliminary design of LOWRP Recommended Plan features. In PED, the NGVD29 elevations will be 
converted to NAVD88 for design analyses and completion of construction documents (plans and 
specifications). In some prior instances, the local sponsor has requested both vertical datums to be 
referenced during PED. There are appropriate conversions based on spatial relevance to maintain design 
intent changing from NGVD29 to NAVD88. 

6.6.3 Construction 

The project will be constructed using conventional means and methods. Multiple contracts will be 
awarded in a sequenced and phased approach. Construction contracts for project features will not be 
awarded by the USACE prior to obtaining CERPRA permit authorization or other water quality certification, 
as applicable. The project features will be sequenced in contracts that maximize opportunities to realize 
benefits with water that meets state water quality standards, capitalize on use of onsite material, reduce 
multiple handling scenarios, and maintain flood control operations of existing features. Adaptive 
Management will help with future development of the implementation and sequencing. 

6.6.4 Operational Testing and Monitoring Period 

Prior to initiating OTMP, each major operational component will undergo a short period of testing and 
commissioning. This includes functional performance tests on all features to verify all modes of operation 
and to verify other relevant contract requirements. Following the testing and commissioning, operational 
testing and monitoring will be conducted for one full wet season (1 June to 30 November). If the OTMP 
begins after the start of a wet season, the OTMP should be extended as needed to encompass a full wet 
season. Contractor services to be provided during the OTMP will include, but will not be limited to, 
vegetation management (including control of exotics); answering questions on equipment operation; 
contacting the appropriate vendor/manufacture for response or site visits; arranging and officiating 
supplemental owner training sessions; and assisting in resolution of functionality issues. The OTMP 
activities of the construction contractor will be separate from, and supplemental to, the warranty 
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Section 6 The Recommended Plan 

requirements of the contract. The USACE and SFWMD will share in the responsibilities for conducting 
water management operations during OTMP. 

During OTMP the Federal Government and the non-federal sponsor will work together closely to identify 
any features that are not operating as designed. Any such features will be identified in writing to the 
District Engineer and the non-federal sponsor. At the conclusion of the OTMP, the District Engineer and 
the non-federal sponsor will decide as to whether the project is “operational,” as defined in the CERP 
Master Agreement. When the feature, or a functional portion of the feature, is determined to be 
operational, the feature(s) will be transferred to SFWMD for OMRR&R. 

6.6.5 Floodplain Management and Flood Insurance Programs Compliance 

As LOWRP is part of the multi-purpose C&SF program, the non-federal sponsor agrees to participate in 
and comply with applicable federal floodplain management and flood insurance programs consistent with 
its statutory authority. Not less than once each year, the non-federal sponsor shall inform affected 
interests of the extent of protection afforded by the authorized CERP project. 

The non-federal sponsor shall publicize floodplain information in the area concerned. They shall provide 
this information to zoning and other regulatory agencies for their use in preventing unwise future 
development in the floodplain and in adopting such regulations as may be necessary to prevent unwise 
future development and to ensure compatibility with protection levels provided by the CERP project. 

The non-federal sponsor shall comply with Section 402 of WRDA 1986, as amended (33 U.S. C. 701b-12), 
which requires a non-federal interest to have prepared a floodplain management plan, within one year 
after the date of signing a PPA for the authorized CERP project. The plan shall be designed to reduce the 
impacts of future flood events in the project area, including, but not limited to, addressing those measures 
to be undertaken by non-federal interests to preserve the level of flood protection provided by the 
authorized CERP project. As required by Section 402, as amended, the non-federal sponsor shall 
implement such plan not later than one year after completion of construction of the authorized CERP 
project. The non-federal sponsor shall provide an information copy of the plan to the government upon 
its preparation. 

The non-federal sponsor shall prescribe and enforce regulations to prevent obstruction of, or 
encroachment on, the authorized CERP project or on the lands, easements, and rights-of-way determined 
by the government to be required for the construction and OMRR&R of the authorized CERP project that 
could reduce the level of protection the authorized CERP project affords; hinder operation or maintenance 
of the authorized CERP project; or interfere with the authorized CERP project’s proper function. 

6.6.6 Environmental Commitments 

The USACE commits to avoiding, minimizing, or mitigating for adverse effects during construction 
activities by including the following commitments in the contract specifications: 

1. The contractor will be required to keep construction activities under surveillance, management, 
and control to avoid pollution of surface waters, ground waters, and wetlands. The contract 
specifications will require the contractor to employ best management practices (BMP) with regard 
to erosion and turbidity control. 

2. The contractor will be required to prevent oil, fuel, or other hazardous substances from entering 
the air, ground, drainage, local bodies of water, or wetlands. The contract specifications will 
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Section 6 The Recommended Plan 

require that the contractor adopt safe and sanitary measures for the disposal of solid wastes, and 
will require a spill prevention plan. The contractor will also be required to transport and dispose 
of any construction and demolition debris in accordance with applicable requirements. 

3. The contractor will be required to keep construction activities under surveillance and control to 
minimize damage to the environment by noise and air pollution. 

4. The contractor will be required to keep construction activities under surveillance, management, 
and control to minimize interference with, disturbance to, and damage to fish and wildlife. The 
contractor will be required to inform the construction team of the potential presence of 
threatened and endangered species in the work area, the need for construction conservation 
measures, and any requirements resulting from Endangered Species Act (ESA) Section 7 
consultation. 

5. The contractor will be required to take appropriate measures to protect historic, archeological, 
and cultural resources within the work area. 

6. The contractor will be required to keep construction activities under surveillance, management, 
and control to prevent the transfer and spread of invasive species due to construction activities. 
The contract specifications will require the contractor to employ BMPs and measures designed to 
prevent the transfer and spread of invasive species. 

In addition, as required under WRDA 2000, the CERP Programmatic Regulations, and current USACE policy, 
the PDT has taken the following actions: 

1. The PDT has identified water to be reserved or allocated for the natural system. Annex B 
addresses this requirement. 

2. The Recommended Plan has been evaluated in light of its potential effects on existing legal 
sources of water and the level of service for flood protection. Annex B addresses this requirement. 

3. WRDA 2000, the authorizing legislation for CERP, has now made a formal monitoring plan a 
requirement for all CERP restoration projects. The Recommended Plan includes adaptive 
management, water quality, hydrometeorologic, and ecological monitoring activities to ensure 
that the intended purposes of the project will be achieved through long-term operations. Annex 
D addresses this requirement. 

4. In addition to the project-level monitoring plan, the PDT has developed a nuisance and exotic 
vegetation control plan which strives to either prevent or reduce the establishment of invasive 
and non-native species within the project area. Annex F addresses this requirement. 

5. USACE guidance interpreting the WRDA of 2007 (Section 2039) requires preparation of an 
adaptive management plan for all ecosystem restoration projects. USACE Implementation 
Guidance for Section 2039 of the Water Resources Development Act of 2007 (WRDA 2007) – 
Monitoring Ecosystem Restoration (31 August 2009). Adaptive management is a formal process 
for continually improving management policies and practices by learning from their outcomes. In 
the context of LOWRP, the adaptive management plan provides an approach for addressing 
project uncertainties by testing hypotheses, linking science to decision making, and adjusting 
implementation of the project as necessary, to improve the probability of restoration success. 
Annex D addresses this requirement. 

6. The Recommended Plan has been evaluated in light of its potential effects on fish and wildlife 
resources, including effects to federally listed species. Early consultation was initiated with USFWS 
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Section 6 The Recommended Plan 

on June 15, 2018 with completion of a Biological Assessment (BA) on the TSP. Additional 
coordination took place with USFWS and it was determined that a supplemental BA was not 
needed based on the change in footprints for the Recommended Plan and/or effects 
determinations in the BA submitted concurrent with the Draft PIR/EIS remain the same. The 
USACE commits to mitigation requirements resulting from ESA Section 7 consultation. Final 
mitigation requirements have been provided by USFWS in the BO. Additional information can be 
found in Annex A. 

6.7 Project Assurances and Savings Clause 

WRDA 2000 requires the inclusion of Project-Specific Assurances and the Savings Clause analyses within 
each CERP PIR. Project-Specific Assurances ensure that the water needed for the natural system to achieve 
CERP restoration goals is identified and subsequently protected from other potentially competing uses. 
The Savings Clause protects existing legal sources of water supply, such as water for municipal and 
agricultural uses, and ensures that CERP implementation does not reduce the level of service for flood 
protection. Refer to Annex B for complete documentation of the Project Assurances and Savings Clause 
analysis for the Recommended Plan, responsive to the requirements of WRDA 2000. 

Based on the analysis, the level of service for LOSA water supply is improved by the project. Water 
returned to Lake Okeechobee after LOWRP storage will be available to meet all C&SF Project purposes 
and CERP's overarching objectives. LOWRP's stored water, upon return to Lake Okeechobee, will be 
accessible to both benefit the lake ecology and meet existing legal users’ needs. 

The following subsections summarize the results of the Savings Clause Analysis. 

6.7.1 Project Assurances: Identification of Water Made Available for the Natural System and Water 
for Other Water-Related Needs 

Section 601(h)(4) of WRDA 2000, entitled “Project-Specific Assurances,” requires CERP PIRs to: 

• Identify the appropriate quantity, timing, and distribution of water dedicated and managed for 
the natural system. 

• Identify the amount of water to be reserved or allocated for the natural system necessary to 
implement under state law. 

The 2003 Programmatic Regulations for the CERP (33 CFR Part 385), which were developed in response 
to statutory requirements in WRDA 2000, further established the processes and procedures to guide the 
USACE in the implementation of the CERP. Section 385.35(b) of the Programmatic Regulations requires 
that each PIR identify the quantity, timing, and distribution of water to be dedicated and managed for the 
natural system necessary to meet the restoration goals of the CERP. This evaluation considers the 
availability of the pre-CERP baseline water and previously reserved water, and whether improvements in 
water quality are necessary. Section 385.35(b) of the Programmatic Regulations also requires that 
procedures be developed for identifying water generated by the CERP for use in the human environment 
and specifies that the quantity, timing, and distribution of water for other water-related needs be 
identified in CERP PIRs. 
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Section 6 The Recommended Plan 

6.7.1.1 Project Assurances: Identifying Water for the Natural System 

Identification of water for the natural system is quantified at four locations in the Recommended Plan: 1) 
releases from the WAF and co-located wetland attenuation ASR to Lake Okeechobee, 2) releases from 
watershed ASR (ASR separate from the WAF to Lake Okeechobee), and deliveries to the restored wetland 
features in the Lake Okeechobee watershed at 3) Kissimmee River-Center, and 4) Paradise Run. These 
locations represent inflows to the basins where ecosystem benefits (habitat units) are expected as a result 
of implementation of the Recommended Plan. Water returned to Lake Okeechobee or delivered to 
wetland features (Kissimmee River-Center and Paradise Run) was quantified. The volumes of water at the 
10th, 50th, and 90th percentiles are identified for the Recommended Plan (future with project) condition 
only (Table 6-31). Because the LOWRP storage features do not exist in the pre-project condition, water is 
not quantified for the without project condition. Benefits projected for the Northern Estuaries are the 
result of reduced flows from Lake Okeechobee and therefore water for the natural system is not 
identified. 

Table 6-31. Water made available for the natural system by the LOWRP (difference between 
Recommended Plan and FWO). 

Location 

Water Available 
equaled or exceeded
10% of Water Years 

(1,000 ac-ft) 

Water Available equaled
or exceeded 50% of 

Water Years (1,000 ac-ft) 

Water Available equaled
or exceeded 90% of 

Water Years (1,000 ac-ft) 
Watershed ASR 165 37 0 
WAF Assisted by Co-
located ASR Wells 

47 30 3 

Kissimmee River-
Center Wetlands 

68 30 4 

Paradise Run 
Wetlands 

135 60 8 

6.7.1.2 Water to be Reserved or Allocated for the Natural System 

The Recommended Plan provides additional water for the natural system. As required by Section 
601(h)(4)(A) of the of the WRDA 2000 and Section 385.35 of the Programmatic Regulations for the 
Implementation of CERP, the water made available by the project will be protected using the State of 
Florida’s reservation or allocation authority under state law. The SFWMD will protect the water made 
available by the project features using its reservation or allocation authority as required by 373.470, 
Florida Statutes (F.S.). Protection of water made available by project features is required in order for the 
SFWMD and the Department of the Army to enter into a PPA to construct the project features. 

6.7.1.3 Project Assurances: Identifying Water Made Available for Other Water-related Needs 

The ability of the LOWRP to provide water to meet other water-related needs in the LOSA was analyzed 
for the Recommended Plan. Based on the analysis, the water supply level of service for existing legal users 
in LOSA is improved over the FWO. Increased water supply does not enable new or expanded allocations 
in LOSA. 
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Section 6 The Recommended Plan 

6.7.2 Savings Clause Summary 

The Savings Clause analyses, described in Section 601(h)(5) of WRDA 2000, is a means to protect users of 
legal sources of water supply and flood protection that were in place at the time of enactment of WRDA 
2000. Section 385.36 of the Programmatic Regulations requires that CERP PIRs determine if existing legal 
sources of water will be eliminated or transferred as a result of project implementation. If a project is 
expected to result in an elimination or transfer of an existing legal source of water, the PIR shall include 
an implementation plan that ensures a new source of water of comparable quantity and quality is 
available to replace the source that is being transferred or eliminated. Section 385.37 of the Programmatic 
Regulations requires that CERP PIRs include analyses to ensure the level of service for flood protection 
will not be reduced by implementation of the CERP project features. 

6.7.2.1 Savings Clause: Water Supply from Existing Legal Sources 

During high lake stage events, the Recommended Plan will draw water from Lake Okeechobee into a WAF 
or watershed ASR facilities for retention until Lake Okeechobee stage falls. The WAF and co-located ASRs 
(wetland attenuation ASRs) and watershed ASR facilities will provide storage capacity and attenuation of 
high flows, prior to delivery back to Lake Okeechobee. The cumulative water storage capacity of the 
Recommended Plan will decrease high volume freshwater flows from Lake Okeechobee that are currently 
conveyed to the Northern Estuaries. 

With implementation of the Recommended Plan, sources of water to meet agricultural and urban demand 
in the LOSA will continue to be met by their current sources, primarily Lake Okeechobee. Sources of water 
for the Seminole Tribe of Florida and Miccosukee Tribe of Indians of Florida are influenced by the regional 
water management system (C&SF Project, including Lake Okeechobee); these sources will not be 
negatively affected by the project. Water sources for fish and wildlife located in Lake Okeechobee and the 
Northern Estuaries will not be diminished. Therefore, as a result of the Recommended Plan, there will be 
no elimination or transfer of existing legal sources of water supply for the following: 

• Agricultural or urban water supply in LOSA 
• Allocation or entitlement to the Seminole Tribe of Florida under Section 7 of the Seminole Indian 

Land Claims Settlement Act of 1987 (25 U.S.C. 1772e) 
• Water supply for fish and wildlife in Lake Okeechobee or the Northern Estuaries 

6.7.2.2 Savings Clause: Flood Protection 

The implementation of the Recommended Plan will not degrade the existing level of flood protection 
offered by various components of the C&SF Project for this area. The LOWRP features do not contribute 
to an increased Lake Okeechobee stage. The optimized LORS schedule, recommended as part of the 
LOWRP, allows only a slight increase in the top of the schedule stage from 17 to 17.5 ft NGVD 29. The 
small increase in the top of the schedule does not increase the risk to the rehabilitated HHD assumed in 
the LOWRP future condition. HHD rehabilitation is scheduled for completion in 2022. While LOWRP 
recommends changes to the current LORS schedule, this study is not the mechanism to implement those 
changes. A separate effort with associated NEPA will be required for any future LORS changes.  

Further, the Recommended Plan will ensure flood protection of the area through engineering design and 
construction following state-of-the-practice methods for design and construction of pertinent features of 
the plan. USACE ER 1110-2-1150, “Engineering and Design for Civil Works Projects,” and ER 1110-2-1156, 
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Section 6 The Recommended Plan 

“Engineering and Design Safety of Dams – Policy and Procedures,” along with various other site/structure-
specific regulations, will be adhered to prior to and during the PED phase. 

6.8 Project Concerns and Controversies 

The planning of LOWRP and selection of the Recommended Plan relied on extensive existing scientific and 
local knowledge of Lake Okeechobee, the surrounding watershed, and associated water bodies and 
estuaries, from the initial defining of the problems and opportunities to the evaluation of alternatives and 
estimation of potential restoration performance. While the Recommended Plan is based on this wealth 
of knowledge, concerns and controversies were documented during the planning process. The LOWRP 
AM Plan (Annex D) provides a forum to address the concerns and controversies exacerbated by 
information gaps. The AM Plan provides site- and question-specific methods to inform ongoing project 
adjustments intended to address controversies and continually improve project performance. 
Uncertainties exist in every natural resource management and restoration effort, and it is not unexpected 
to have controversies associated with a project of LOWRP’s scale with its proximity and importance to 
many varied users and supporters. The AM Plan documents a culmination of scientific and local knowledge 
that has developed over decades of experience, and structured methods for obtaining information to 
resolve LOWRP-specific questions. It helps to promote the role of science in restoration and in the 
management of concerns and controversies. 

6.8.1 Proposed LOWRP Features in Close Proximity to the STOF Brighton Reservation, Tribal Lands, 
and Local Communities 

Local communities, including the STOF, have expressed concern regarding potential impacts of siting 
LOWRP features near their lands. The LOWRP team considered Alternative 2Cr in the focused array of 
alternatives that is located farther from the Brighton Reservation. This alternative was not selected as the 
TSP for the following reasons: 1) this alternative is significantly more expensive than the other 
alternatives, 2) this alternative proposes deep reservoir storage, which increases overall seepage 
concerns, 3) this location does not allow co-location of ASR wells with the reservoir, which reduces the 
overall operational flexibility of the reservoir, 4) surface storage lands for this alternative are all privately 
owned, increasing impacts to local landowners and increasing overall real estate administrative and 
acquisition costs, 5) the entire reservoir footprint for this alternative contains potential habitat for 
critically-endangered Florida grasshopper sparrow, 6) the reservoir in this alternative impacts the largest 
amount of wetlands of all the alternatives, and 7) the deep reservoir storage in this alternative is less 
suitable for the growth of wetland vegetation within the reservoir footprint than the other two 
alternatives that include shallow surface storage. More detail on the alternative selection process is 
provided in Section 4. 

Throughout the LOWRP planning process, the project has been modified based on Tribal and stakeholder 
feedback to reconfigure the surface storage footprint to avoid direct northern proximity to the Brighton 
Reservation, avoid a known significant cultural site, reduce the depth of the surface storage pool, provide 
a buffer between the surface storage feature and Brighton Reservation and Tribal lands, and provide a 
greater buffer for future commercial development along State Road 78. 

Extensive dam safety and seepage analyses have been performed during the project planning phase and 
will be continued during later project phases. USACE has a legal obligation to avoid degradation of existing 
levels of flood protection to areas outside the project footprint. A primary project constraint is to maintain 
flood protection as per the Assurances Provisions in the WRDA 2000 § 601(h).  Additional detailed 
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Section 6 The Recommended Plan 

modeling during PED and monitoring during construction will be performed to ensure that current levels 
of flood protection are maintained. The project will be designed so there are no changes to flood 
protection caused by the project. The USACE has completed a qualitative risk assessment for the WAF in 
general accordance with Best Practices in Dam and Levee Safety Risk Analysis (2016) and Safety of Dams 
– Policy and Procedures, ER 1110-2-1156. 

Breach modeling at various reservoir stages was completed to explore life safety potential from breach of 
the project. The likelihood of a breach will be extremely low due to low head reservoir levels being 
planned, use of modern design standards for water impoundment features, and modern state of practice 
construction methods for dams.  The WAF is not a normal dam or levee that intercepts uncontrolled flow 
from a river or upstream feature; water would only enter the WAF from pumping or direct rainfall. 
Therefore, the water surface elevation in the WAF will be completely controlled and there is no potential 
for unintended loading outside of direct rainfall events. Any rainfall event that caused a significant 
increase in WAF stage would also result in direct rainfall flooding on the lands around the WAF. This 
significantly limits the potential for incremental consequences from breach following extreme weather 
events.  In the very unlikely event that the WAF did breach, the water from breach would eventually flow 
into either Indian Prairie Canal or into the rim canal around HHD where it would be pumped back into 
Lake Okeechobee via Pump Station S-127 or allowed to flow through Lock 127 into Lake Okeechobee. 

Flooding from all breach scenarios would be prohibited from directly impacting the currently developed 
areas of the Brighton Reservation because the Indian Prairie Canal and adjacent levees (also known as C-
40), which acts as a hydraulic barrier and would intercept the flow of water and drain the flood from the 
land back into Lake Okeechobee.  Therefore, the expected population at risk within the reservation 
approaches zero, with the only potential for population to be at risk if they were in the pasture lands 
northeast of C-40 at the time of breach.  Even under that scenario, flood depths would be shallow and 
generally not considered life threatening.  Flooding from breach would mostly impact undeveloped land 
around the WAF or the primarily residential community of Buckhead Ridge. 

The worst breach scenario from a consequence scenario would be a breach immediately adjacent to 
Buckhead Ridge at normal high pool in the WAF.  Under such a scenario, the expected depth of flooding 
is predicted to range from 0.2 to 6.5 feet across the inundation area from breach (with deeper depths 
occurring in undeveloped low lying wetland areas), but only about 0.5 to 2 feet deep in the developed 
areas of Buckhead Ridge. Buckhead Ridge lies at lower elevation than the drainage basin that extends 
from HHD out to the L-59 interceptor levee; events that caused significant rise in reservoir levels would 
result in flooding of Buckhead Ridge, as water in the basin generally flows to the HHD rim canal where it 
is pumped back into the lake. 

A major rain event that increases the reservoir by feet, will significantly overwhelm the existing drainage 
infrastructure causing flooding of the area, making normal pool the worst case for incremental 
consequences.  Additional recommendations produced by the risk assessment to reduce the risks in the 
Buckhead Ridge community will be incorporated into the WAF design. Environmental risk from a breach 
of this facility would be relatively low with no major industrial facilities or sensitive preservation areas in 
the predicted inundation area. For more information on this analysis, see Appendix A. Many features are 
proposed to reduce the impacts of seepage to nearby communities, including a seepage canal surrounding 
the perimeter of the WAF with the exception of where the WAF borders the Paradise Run site. Seepage 
and effects on groundwater in surrounding properties, effects on existing local drainage infrastructure, 
and dam safety evaluation and design criteria will be further refined during the project PED phase. Prior 
to construction, groundwater levels will be monitored to establish a baseline condition. Groundwater 
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Section 6 The Recommended Plan 

levels will continue to be monitored to ensure there are no offsite impacts during construction and project 
operations. 

6.8.2 Incremental Restoration and Future Opportunities 

The National Academy of Sciences (National Resource Council 2007) has recommended the 
implementation of CERP through an incremental adaptive restoration (IAR) process. LOWRP has adopted 
that recommendation and has formulated a solution for an increment of overall restoration of the south 
Florida ecosystem. Incidentally, there are problems and opportunities remaining. LOWRP is not meeting 
all storage targets of CERP north of Lake Okeechobee that are based on the understanding of the pre-
drainage Everglades; however, LOWRP does provide significant and substantial restoration of the 
northern Everglades ecosystems, Lake Okeechobee, and the Northern Estuaries. Although the 
Recommended Plan provides a significant increase in water storage north of Lake Okeechobee, additional 
actions outside the scope of the current LOWRP effort may be needed to achieve the restoration 
envisioned in CERP. The actions may include: 

• Additional storage throughout the Lake Okeechobee watershed to move closer to a more natural 
timing and distribution of flows coming into the lake. 

• Further reduction of regulatory flows from Lake Okeechobee to the St. Lucie and Caloosahatchee 
estuaries through additional storage north of the lake and optimized Lake Okeechobee operations 
to improve estuary habitat for indicator species oysters and SAV. 

• Lake Okeechobee schedule optimizations to meet lake stage requirements within the preferred 
ecological band and reduce excursions into extreme high and low lake stages. 

• System-wide operational optimization to increase storage within the system and provide 
improved overall quantity, timing, and distribution of flows. 

6.8.3 Project Footprint and Scope 

Multiple stakeholders requested that storage options outside the project footprint to the north in the 
Kissimmee and Istokpoga basins be investigated during the LOWRP plan formulation process, along with 
considering operational changes to store more water in the Kissimmee Chain of Lakes or within Lake 
Okeechobee. While federal authority provided under CERP did not allow formulation farther to the north 
for storage elements, the PDT recognizes that additional storage outside the current LOWRP footprint and 
scope will benefit the system. The importance of non-structural effects on system-wide storage is 
understood. Although this formulation effort considered optimized Lake Okeechobee operations 
associated with each alternative evaluated to determine the future benefit of the infrastructure2, this 
study is not recommending any changes to the existing LORS. Information gained from the formulation 
process may be used to inform a future LORS update. Likewise, future optimization of the Kissimmee and 
Istokpoga basins structural operations may lead to additional system-wide benefits through optimized 
timing and distribution of flows coming into Lake Okeechobee. Water managers for the USACE and the 
SFWMD will continue to evaluate system-wide operations as conditions change, such as HHD 

2 Hydrologic modeling for LOWRP was optimized to maximize estuary benefits using the 2008 LORS with 
modifications proposed by CEPP along with new optimizations proposed by LOWRP (proposed lake operational 
optimizations to take advantage of HHD repairs and new infrastructure proposed by LOWRP). The model results in 
the effectiveness evaluation reflect these optimizations. 
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Section 6 The Recommended Plan 

rehabilitation and implementation of other CERP projects, including the Indian River Lagoon - South 
project and CEPP, to determine if changing conditions warrant changes to system-wide operations. Under 
USACE regulations, such operations changes require notifying the public, evaluating the effects of 
proposed alternatives, and preparation and coordination of proposed revisions to water control manuals. 

6.8.4 Water for Other Water-related Needs 

During the LOWRP plan formulation, agricultural, tribal, and municipal/industrial water supply 
stakeholders expressed concerns about lack of progress on CERP projects intended to increase water 
supply and the loss of water supply experienced during the transition from the Water 
Supply/Environmental (WSE) schedule to implementation of the LORS. 

As initially authorized in WRDA 2000, the CERP North of Lake Okeechobee Storage Reservoir conceptual 
design was a 17,500-acre aboveground reservoir capable of storing up to 200,000 acre-feet of water. The 
CERP also envisioned 200 ASR wells in the northern Lake Okeechobee watershed. Through the research 
and modeling performed in the 2015 ASR Regional Study, it was determined that the number physically 
implementable is fewer due to geologic conditions and the number of permitted UFA users already in the 
area. The LOWRP PIR is recommending authorization of an increment of the aboveground storage 
identified in the Restudy and the maximum number of ASR wells the geology will support. LOWRP 
proposes to implement this component by constructing an approximately 12,500-acre WAF in the 
Kissimmee Basin in Glades County. The WAF will provide approximately 46,000 acre-feet of storage by 
capturing Kissimmee River-Istokpoga Basin freshwater releases south of the S-65E and S-84 outlet 
structures. Operated in conjunction with 80 ASR wells (25 co-located with the K-05 WAF and 55 in the 
watershed), the storage components will capture and return to Lake Okeechobee more than 490,000 
acre-feet of water that will have been lost to tide. 

This additional storage volume provided north of Lake Okeechobee provides a substantial benefit to 
existing legal water users within the LOSA by decreasing water supply cutback volumes by 24% over the 
FWO condition. Additional improvement in water supply for existing legal LOSA users should be 
considered in future increments of CERP that provide additional storage. Future CERP increments that 
provide this additional storage will increase water made available in the regional system for other water-
related needs. 

6.8.5 Water Quality 

Multiple stakeholders requested that water quality be added as an objective for the LOWRP and provided 
feedback on the importance of water quality both in the northern watersheds and in Lake Okeechobee. 
Although water quality improvement is not a study objective, ancillary water quality improvements are 
anticipated and were evaluated in this PIR. The implementation of the Recommended Plan is predicted to 
reduce phosphorus loadings to the lake, primarily through reduced flow volumes due to losses to ASR 
wells. Results from a simple phosphorus load simulation modeling exercise showed reductions ranging 8– 
11% in phosphorus loadi over the FWO condition, depending on baseline concentrations. More detail on 
this analysis is available in Section 5 and Appendix C. Additionally, the current and proposed state actions, 
including the adoption of TMDLs and the Lake Okeechobee BMAP, are anticipated to improve water 
quality to further meet hydrologic restoration objectives. 
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Section 6 The Recommended Plan 

6.8.6 Effects on Endangered Species 

To achieve restoration objectives, the Recommended Plan includes construction of infrastructure and 
increases the amount of water ponded in areas potentially inhabited by endangered species, including 
the caracara, indigo snake, and Florida bonneted bat. The USFWS will provide recommendations in their 
BO to avoid or minimize harmful effects on endangered species potentially affected by the project. The 
STOF has expressed concerns with the displacement of endangered species onto the Brighton Reservation 
lands. The USFWS will address this concern in their BO. For more information, refer to Annex A. 

6.8.7 Effects of Invasive Species on the South Florida Ecosystem 

South Florida contains numerous harmful invasive plant and animal species that have the potential to 
significantly alter ecological communities throughout the region. Concerns have been expressed that 
hydrologic restoration efforts to improve the greater Everglades, including the LOWRP, may be ineffectual 
if invasive plant and animal species continue to spread and overtake natural communities of plants and 
animals. Scientists generally agree that restoring natural system processes and managing those areas 
provide greater resilience to threats posed by invasive species; refer to Annex F. 

6.8.8 Climate Change 

Although the magnitude of the effects of climate change, including rising sea levels, temperature changes, 
and changing rainfall patterns, is uncertain, it is generally acknowledged that climate change will affect 
both natural system and human environmental conditions in south Florida during the next century. 
Although the CERP was formulated in 1999 without the benefit of the current level of understanding about 
possible climate change effects, scientists and agency water managers agree that implementation of the 
plan will provide an important adaptation response for both the natural system and the human 
environment. The effects of sea level change on the benefits predicted for the Recommended Plan is 
described further in Section 6.9.1.4. 

6.8.9 Reliance on ASR Wells 

Due to the urbanization and agricultural use of the lands north of Lake Okeechobee that were formerly 
inundated seasonally, along with the C&SF Project flood control infrastructure required to maintain flood 
protection in the region, it is not possible to restore the natural floodplain storage and habitat to meet 
the historic quantity, timing, and distribution of flow into Lake Okeechobee and the Northern Estuaries. 
Alternate storage options are required to mimic both the natural landscape storage that once existed and 
the timing of flows into Lake Okeechobee created by slow overland flow of water through the Kissimmee 
River and Lake Istokpoga watersheds. CERP identified 200,000 ac-ft of aboveground storage and 200 ASR 
wells in the vicinity of the Lake to meet the flow quantity, timing, and distribution restoration goals. Due 
to the enormous volume of Lake Okeechobee itself, implementation of large amounts of storage 
envisioned in CERP are required to have a substantial effect on lake health and reduction of flows to the 
Northern Estuaries. A change of lake stage by just six inches requires approximately 260,000 acre-feet of 
storage. The LOWRP planning process looked at multiple scales of aboveground storage to meet the 
storage requirements set in CERP and found few viable options for large-scale aboveground storage at 
depths envisioned in CERP (greater than 11.5 ft.). Instead, the Recommended Plan relies heavily on ASR 
well technology to achieve long-term inter-annual storage. 
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Section 6 The Recommended Plan 

As previously mentioned in subsections 6.3.4.2 and 6.8.4, the CERP plan included 200 ASR wells north of 
Lake Okeechobee and a requirement for a subsequent ASR Regional Study. The study determined that 
implementation of 200 ASR wells north of Lake Okeechobee will not be possible. The LOWRP 
Recommended Plan includes 80 ASR wells to provide long-term storage that will benefit regional 
ecological and public/agricultural water supply. Uncertainties exist in implementation of ASR wells, 
including effects on the regional groundwater system for the specific well configuration proposed in the 
Recommended Plan and uncertainty in the recovery efficiency in each location. The effects on the regional 
groundwater system will be addressed during PED through exploratory drilling and detailed groundwater 
modeling of the proposed well locations. The recovery efficiencies used in the LOWRP plan formulation— 
70% efficiency for the UFA wells and 30% for the APPZ wells—are considered conservative. Actual 
recovery efficiencies may be higher based on the experience of the Kissimmee River ASR Pilot project, 
which has seen close to 100% recovery efficiency from the UFA. 

6.8.10 Land Acquisition 

During project scoping, stakeholders expressed concerns about potential impacts of private land 
acquisition, and have encouraged the use of public lands to the extent practicable. A portion of the land 
required for the Recommended Plan is already owned by the SFWMD. Most land required for the 
watershed ASR wells was previously acquired under the C&SF Project along the C&SF canal rights-of way. 
If planning and design during PED phase confirm parcels outside of the project footprint have become 
landlocked, then a new access location will be identified and authorized by means of Sponsor acquired 
easements and design modifications to accommodate those easements.  The new access will provide 
suitable ingress and egress for all impacted parcels. More details on land acquisition and land ownership 
are provided in Appendix D. 

The percentage of public and private land ownership within the project footprint was considered as a 
screening criterion, along with many other factors. The use of public lands to the extent practicable 
minimizes impacts to local tax rolls, avoids risks of unwilling sellers and implementation of eminent 
domain authority, and reduces overall real estate acquisition costs and timelines. Access to private land 
may be delayed or denied for surveys, leading to higher cost contingencies and potential schedule delays. 
It is also preferable to have public land in a project footprint due to ease of access for geotechnical, 
cultural, and environmental surveys to reduce overall project contingency costs and the risk of an 
unanticipated cultural or environmental discovery. 

6.9 Risk and Uncertainty 

Issues of risk and uncertainty are inherent in the planning, design, and implementation of the 
Recommended Plan. This subsection contains an overview of feasibility, forecasting, and implementation 
issues. This subsection also contains a discussion of the role of LOWRP’s AM strategies in addressing risk 
and uncertainty; the LOWRP AM Plan in Annex D provides more detail. Monitoring and adaptive 
management strategies will continue to evaluate and address issues pertaining to construction 
sequencing, ecosystem connectivity, and potential for early restoration benefits, thus continuing to 
reduce uncertainties and increase the likelihood for overall project success. 
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Section 6 The Recommended Plan 

6.9.1 Planning 

Simulation model confidence and project performance are two primary areas of focus for this risk and 
uncertainty evaluation. This analysis addresses the reliability and accuracy of the assumptions and tools 
used to forecast future with project (FWP) and FWO project conditions. 

6.9.1.1 Hydrologic Simulation Tools 

The RSM-BN regional model was approved for use through the current USACE Engineering software 
validation process. Qualified senior USACE engineers conducted the validation reviews with support from 
technical experts. USACE approval indicates that the software is technically/theoretically sound and 
approved for use by knowledgeable and trained staff for purposes consistent with the software’s purposes 
and limitations. The modeling tool was used to evaluate the effects of the final array of alternatives. 

Model building/generic software tools (STELLA, Excel, etc.) are generally allowed for use under the 
validation process, but these tools are not pre-validated and additional USACE Agency Technical Review 
(ATR) of the inner workings of the model is required. ATR is conducted by a qualified senior team from 
separate USACE Districts not involved in the project. All other LOWRP modeling tools, including the 
Reservoir Sizing and Operations Screening (RESOPS) tool applied during preliminary screening efforts, 
were approved for use in LOWRP through the ATR process. 

The LOWRP modeling strategy identified these tools as the best models available for assessment of the 
hydrologic effects of LOWRP. Appendix A provides additional information on the USACE model review 
process and the LOWRP modeling strategy. 

6.9.1.2 Uncertainty of Project Benefits: Predicting Ecosystem Response to Hydrologic Change 

There is no standardized methodology for predicting ecosystem benefits that result from habitat 
restoration projects. For the USACE planning process, the most apparent adverse risks of employing a 
given benefit estimation methodology are: 1) the most effective project alternative is not selected for 
implementation, 2) the selected project provides significantly fewer benefits than estimated, or 3) the 
selected project significantly harms the resource. An uncertainty analysis is typically used to reduce the 
likelihood of these adverse outcomes. The LOWRP team has reviewed the LOWRP planning model to 
document qualitative and, where possible, quantitative assessments of how well the LOWRP planning 
model represents the anticipated ecosystem benefits of the alternatives. The team performed this review 
to ensure that decision-makers are informed about uncertainties that affect interpretation of planning 
model outputs. The LOWRP Adaptive Management and Monitoring Plan (Annex D) was developed to 
address risk and uncertainty. 

For LOWRP, the two most apparent sources of uncertainty in the overall benefits quantification arise from 
(a) the use of regional hydrologic models for the prediction of changes in hydrology and (b) the use of 
performance measures to represent the ecological significance of the predicted change in hydrologic 
conditions. The LOWRP Planning Model underwent peer review per EC 1105-2-412, 31 May 2011, 
“Assuring Quality of Planning Models,” and was recommended for single use by the National Ecosystem 
Restoration Planning Center of Expertise (ECO-PCX) on January 12, 2018. 
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Section 6 The Recommended Plan 

6.9.1.3 Lake Okeechobee Regulation Schedule 

The PDT incorporated LORS modifications into the formulation process by modifying the lake schedule 
specifically for each alternative to evaluate the potential benefits of proposed infrastructure. Therefore, 
LOWRP benefits gained from reducing freshwater flows to the Northern Estuaries are derived in part from 
operational refinements that can take place within the existing, inherent flexibility of the 2008 LORS, and 
in part with refinements that are beyond the schedule’s current flexibility. The LOWRP modeling effort 
provided reasonable and likely implementable future operating conditions under LOWRP that can be 
translated to an implementable regulation schedule. The USACE has authority to perform a study to revise 
LORS, when needed, and implement it after compliance with NEPA and other rules and regulations, so 
there is a high likelihood that the LORS will be modified. 

A sensitivity run was performed on the Recommended Plan (ALT1BWR) with the unmodified Lake 
Okeechobee schedule (ALT1BWRLP) to verify that project benefits will still be obtained without these 
modifications. This run confirmed that LOWRP benefits, while reduced overall, occur independently of 
lake schedule modifications. Rather than calculate habitat units for this comparison, the LOWRP team 
decided to use the following metrics to compare performance with and without the modified lake 
schedule: Lake Okeechobee Standard Score, Number of times the Northern Estuaries high flow criteria 
were exceeded and minimum flows were not met, and LOSA demand cutback volumes. The results are 
described in more detail below. 

Lake Okeechobee benefits are slightly higher in the sensitivity run scenario (Table 6-32); however, estuary 
benefits decreased in this run. The number of high estuary freshwater flows increases and the salinity 
envelope criteria were met less often for both estuaries in this run (Figure 6-14, Figure 6-15, Figure 6-16, 
and Figure 6-17). LOSA water supply cutback volumes were also slightly higher with the unmodified lake 
schedule (Figure 6-18). The differences between the Recommended Plan and the sensitivity run with the 
unmodified lake schedule are due to the trade-offs in estuary and Lake Okeechobee benefits in both 
operational scenarios. 

Table 6-32. Sensitivity run results for Lake Okeechobee standard score. 

Lake Okeechobee Standard 
Score (Out of 100) FWO 

Recommended Plan 
(Alt 1BWR) 

Sensitivity Run 
(Alt 1BWRLP) 

Low Lake 88.62 92.2 91.71 
High Lake 97.78 94.01 98.45 
Score Below Envelope 47.85 55.07 49.62 
Score Above Envelope 71.73 74.46 79.3 
Total (Out of 400) 305.98 315.74 319.08 
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Figure 6-14. Caloosahatchee Estuary high-flow criteria sensitivity run. 
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Figure 6-15. Caloosahatchee Estuary salinity criteria sensitivity run. 
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Figure 6-16. St. Lucie Estuary high-flow criteria sensitivity run. 
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Figure 6-17. St. Lucie Estuary salinity criteria sensitivity run. 
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Section 6 The Recommended Plan 

Figure 6-18. Water supply cutbacks for the Recommended Plan with unmodified lake schedule. 

6.9.1.4 Sensitivity of Project Benefits to Climate Change 

LOWRP is vulnerable to climate change and at risk over the project life cycle (2028-2128) due to the 
following climate factors: increasing air temperatures, increases in extreme storm frequency and 
intensity, increasing streamflow, and rising sea level. This section focuses on the uncertainty regarding 
estuary benefits in light of climate change scenarios. Two main metrics are used to measure the sensitivity 
of LOWRP estuary benefits to climate change: water depths and salinity levels. Project benefits within 
the northern Lake Okeechobee watershed and the lake itself are not likely to be significantly reduced 
within the project planning period and are not included in this analysis. 

6.9.1.4.1 Increased Water Depths due to Climate Change 

Assumptions have been made regarding the sensitivity of LOWRP benefits to sea level change (SLC) based 
on system recognized ecosystem responses to hydrology changes. The USACE utilizes three SLC scenarios: 
1) baseline (or “low”) estimate, which is based on historic sea level rise and represents the minimum 
expected SLC, 2) intermediate estimate, and 3) high estimate, representing the maximum expected SLC. 
This analysis and these tools are further detailed in Annex H. For the northern estuaries sea level change 
benefit impact assessment, the optimum depth for sea grass was determined to be between 2.6 to 9.2 
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feet. This methodology did not consider changes to salinity or light transmittance that both affect sea 
grass habitat suitability. 

6.9.1.4.1.1 Caloosahatchee Estuary 

The total area of the Caloosahatchee Estuary used for LOWRP benefit calculations is 70,979 acres, 
although at the time of this report, 14,814 acres of current bathometry data was available for the SLC 
sensitivity analysis. The Fort Myers, FL gage was used to estimate relative sea level change predictions for 
the Caloosahatchee Estuary. Suitable depths for sea grass habitat are projected under the three USACE 
SLC scenarios (Figure 6-19 and Table 6-33). 

Table 6-34 displays the year that each projected SLC scenario will exceed suitable depths for sea grass 
habitat. Under the high SLC projection, suitable habitat for sea grasses will be available in the 
Caloosahatchee Estuary until the year 2115. This projection assumes no operational or structural changes 
in the Caloosahatchee River. Section 6.9.1.4.3 provides a discussion on potential future actions that could 
be considered to maintain estuary health. 

Figure 6-19. Caloosahatchee Estuary estimated relative sea level change projections 

Table 6-33. Ft. Myers baseline, 50 year, and 100 year SLC projections (values expressed in feet relative 
to NAVD88) 

Year 
USACE Low SLC 

Projection 
USACE Intermediate SLC 

Projection 
USACE High SLC

Projection 
2028 -0.13 -0.1 0.35 
2078 0.27 0.93 3.01 
2128 0.66 2.31 7.52 
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Table 6-34. Ft. Myers curve intersections for USACE high, intermediate, and low SLC projections 

Curve Intersections Critical Elevation #1 (Year) 
USACE High SLC Projection 2115 
USACE Intermediate SLC Projection 2223 
USACE Low SLC Projection 2831 

6.9.1.4.1.2 St. Lucie Estuary 

The total area of the St. Lucie Estuary used for LOWRP benefit calculations is 14,994 acres, although at the 
time of this report, current bathometry data was available for 6,500 acres. The Daytona Beach Shores, FL 
gage was used to estimate relative sea level change predictions for the St. Lucie Estuary. With the 
exception of the 100 year USACE high SLC projection, suitable depths for sea grass habitat are projected 
under the remaining scenarios (Figure 6-20 and Table 6-35). Table 6-36 displays the year that each 
projected SLC scenario will exceed suitable depths for sea grass habitat. Under the high SLC projection, 
suitable habitat for sea grasses will be available in the St. Lucie Estuary until the year 2119. This projection 
assumes no operational or structural changes in the St. Lucie River. Section 6.9.1.4.3 provides a discussion 
on potential future actions that could be considered to maintain estuary health. 

Figure 6-20. St. Lucie Estuary estimated relative sea level change projections 

Table 6-35. Daytona Beach Shores baseline, 50 year, and 100 year SLC projections (values expressed in 
feet relative to NAVD88) 

Year 
USACE Low SLC 

Projection 
USACE Intermediate SLC 

Projection 
USACE High SLC

Projection 
2028 -0.52 -0.40 -0.04 
2078 -0.14 0.52 2.61 
2128 0.25 1.89 7.10 
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Section 6 The Recommended Plan 

Table 6-36. Daytona Beach Shores curve intersections for USACE high, intermediate, and low 
SLC projections 

Curve Intersections Critical Elevation #1 (Year) 
USACE High SLC Projection 2119 
USACE Intermediate SLC Projection 2232 
USACE Low SLC Projection 2910 

6.9.1.4.2 Increased Salinity Levels due to Climate Change 

Under natural conditions, estuarine environments may experience substantial variation in salinity due to 
storm events, changes in season, and decadal cycles in regional weather patterns. On geologic time scales, 
plants and animals have adapted to estuarine variability to the extent that many species rely upon 
estuaries for habitat, complex reproductive cycling, sanctuary from predation, and sustenance of key 
elements of an expanded food web including birds, marine fish and mammals, etc. The manner in which 
freshwater inputs are balanced via tidal exchange with the open ocean defines the salinity envelope, 
which may be differ among estuaries as a consequence of unique morphology, degree of connection with 
the sea, tidal height, and so forth. Salinity patterns directly influence productivity, population distribution, 
community composition, predator-prey relationships, and food web structure in the inshore marine 
habitat (Myers and Ewel 1990, Kennish 1990). 

The RSM-BN model is not capable of simulating tidal boundaries, therefore the LOWRP team has made 
qualitative assumptions for the effects of salinity change on the estuary ecosystem. Havens (2015) has 
document the effects on salinity in Florida’s estuaries and responses of oysters, seagrass, and other animal 
and plant life. Climate change in the Northern Estuaries is expected to lead to long periods of higher 
estuarine salinity interrupted for short periods with a flush of fresh water (Havens 2015). Higher sea level 
will exacerbate the high salinity conditions during low-flow periods. A future in which sea level change 
causes more salty ocean water moving into estuaries and longer-lasting droughts causing periods of 
reduced freshwater input could stress estuarine organisms (Havens 2015). The shifts in magnitude and 
timing of precipitation and flows will affect the salinity distributions in estuaries and therefore the habitat, 
growth, and vulnerability of oyster populations and associated species. While estuarine oysters can 
tolerate freshwater during the winter, very low salinities cause high degrees of physiological stress under 
spring and summer temperature conditions (Schumway 1996). In general, increased salinity will provide 
some improvement for oyster habitat and increase oyster growth rates, although it may allow for 
increased predation of oyster spat and higher susceptibility to diseases. 

6.9.1.4.3 Discussion 

Although coastal Florida is susceptible to climate change, project benefits would be preserved due to 
existing structures in the Caloosahatchee River and St. Lucie River to manage water levels and tidal 
inflows, including the S-79 lock and dam and the S-80 lock and dam (Figure 6-21), and due to flexibility in 
the design and operation of features incorporated into the project during the planning phases. By creating 
additional storage north of Lake Okeechobee, the LOWRP Recommended Plan will provide additional 
operational flexibility within the Lake Okeechobee watershed. For instance, during dry times, water from 
ASR wells proposed for LOWRP could be recovered and subsequently released into Lake Okeechobee and 

LOWRP Final PIR and EIS August 2020 
6-80 



   

     
  

      
      

   
     

   

   
      

    
       

  

          
  

      
    

        
    

 

 
     

  

  
   

     
   

  
  

Section 6 The Recommended Plan 

the water consequently flows to the Northern Estuaries to maintain salinity levels optimum for estuary 
health. Any operational modifications to address climate change will be considered in a future Lake 
Okeechobee schedule update, as LOWRP is not the mechanism to propose these modifications. Climate 
change has been incorporated into the project risks, design, and cost contingency. Resiliency and adaptive 
management, however, should be revisited during PED. 

Although outside of the current LOWRP scope, other future actions could be considered to maintain 
estuary health. A potential climate change adaptation, such as converting gravity flow structures to pumps 
in the Caloosahatchee and St. Lucie Rivers could increase freshwater flows to counteract high salinity 
conditions in the estuaries. Additionally, beneficial use of dredged material could be used to create higher 
areas or mounds within the estuaries at depths suitable for SAV. 

SLC projections will likely not lead the team to select a plan other than the Recommended Plan.  Since no 
increase in surface water stages within the Caloosahatchee and St. Lucie Inlet are expected with the 
implementation of LOWRP, habitat loss for the FWO condition is assumed to be similar to the FWP 
conditions. This means that the proportional habitat loss due to sea level rise affects both the FWP and 
FWO conditions fairly equally. There is a potential for a larger plan to provide more flexibility in the 
operation of the Lake Okeechobee watershed; however, the impact of this operational flexibility on 
project benefits has not been calculated. 

Figure 6-21. Lake Okeechobee outlet structures in the Caloosahatchee and St. Lucie Rivers. 

6.9.2 Design and Implementation 

The feasibility assessment included evaluations of design and construction issues, such as project 
scheduling, technology, construction cost estimate contingencies, land availability, and hazardous or toxic 
waste. Adaptive Management is included in the LOWRP implementation schedule to reduce uncertainties 
during implementation using on-the-ground data. The Adaptive Management and Monitoring Plan 
(Annex D) incorporates the monitoring and adaptive management strategies that will be used to address 
the uncertainties described below. 
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6.9.2.1 ASR Wells 

Several uncertainties exist regarding ASR wells: 

• Hydrogeologic uncertainties related to effectiveness of storage and ability to recover water 

• Wildlife effects related to potential for impingement/entrapment of larvae on the intake of the 
ASR wells 

• Increases in methyl mercury in the water 

• Water quality of recovered water 

6.9.2.2 Wetlands 

These uncertainties exist for wetland sites: 

• Potential displacement of endangered species, particularly the possible presence of grasshopper 
sparrows, in the Kissimmee River–Center wetland 

• Potential for wetlands to become water users, taking away Lake Okeechobee benefits during dry 
conditions 

6.9.2.3 WAF 

Several uncertainties for the WAF will be addressed during PED: 

• Seepage and effects on groundwater in surrounding properties 

• Effects on existing local drainage infrastructure 

• Dam safety evaluation and design criteria 

6.9.2.4 Cultural Resources 

Due to a lack of prior cultural resource surveys, USACE completed the Cultural Resources Assessment 
Survey on SFWMD lands to reduce the uncertainties about the presence/absence of cultural resources for 
as many of the alternatives as possible. The survey was designed to identify cultural resources within two 
of the alternatives and provide additional information about the potential of these alternatives to contain 
historic properties. The survey area was generally representative of the type of environmental conditions 
that are present within the remainder of the 1Bshlw and 1BW alternatives. 

Due to the timing of the LOWRP, limited access to private property, and funding constraints during this 
phase of the study, USACE is currently unable to fully identify and evaluate cultural resources and 
determine effects of the undertaking on historic properties within portions of the Recommended Plan 
prior to completion of the EIS. Pursuant to 54 U.S.C. 306108 and 36 CFR § 800.4(b)(2), USACE is employing 
a phased process to identify and evaluate historic properties and assess effects when the project has been 
approved by the Congress and the appropriate funding obligated. USACE is deferring final identification 
and evaluation of historic properties until after project approval, after additional funding becomes 
available, and prior to construction by executing a Programmatic Agreement (PA). The PA formally 
establishes procedures for a phased approach for satisfying compliance with NHPA Section 106 and 
resolution of adverse effects. 
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Section 6 The Recommended Plan 

The investigations in the Alternative 1Bshlw and 1BW footprints and portions of the Paradise Run wetland 
relocated one previously recorded site and identified the four new archaeological sites (8GL494, 8GL495, 
8GL496, and 8OB365); additional sites may be located during PED. The survey investigated approximately 
10 percent of the K-05 WAF footprint. The remainder of the Recommended Plan will be subject to 
additional Phase I cultural resources surveys. Each suite of project features will be subject to separate 
consultation and consideration of effects during PED. Identification of additional, potentially significant 
sites may result in changes to project features, either to avoid the sites or design mitigation features. This 
could also lead to longer implementation schedules as avoidance, minimization, and/or mitigation plans 
are developed. 

6.9.2.5 Project Schedules 

Implementation of LOWRP will occur over many years and will include many actions by USACE and 
SFWMD. There is extensive uncertainty regarding when construction will begin and end, influenced by 
funding, legal requirements, permitting, and authorization, among other factors. In order to manage 
expectations and uncertainties regarding the project schedule, the Recommended Plan is composed of 
implementation phases that include the construction of logical groupings of Recommended Plan features 
agreed upon by the USACE and SFWMD. 

6.9.2.6 Construction Cost Estimate Contingencies 

A preliminary cost schedule risk analysis was performed during plan formulation to develop rough order 
of magnitude contingencies. See Appendix B for additional detail. 

6.9.2.7 Land Availability and Acquisition Issues 

Land required for the watershed ASR wells was previously acquired under the C&SF Project along the 
C&SF canal rights-of-way. Some of the new lands required for the project, but not already included in the 
C&SF Project, are already in public ownership, including 4,298 acres in the K-05 WAF, 2,106 acres in the 
Paradise Run wetland, and 133 acres in the Kissimmee River–Center wetland. 

Uncertainties surrounding land acquisition include willingness of landowners to sell; acquisition schedule 
risk to meet construction schedules; the potential for any unknown utility relocations not identified during 
the study; the potential presence of minerals and mineral rights on lands to be acquired; and the potential 
for hazardous, radioactive, or toxic waste (HTRW) materials on the lands to be acquired. 

6.9.2.8 Residual Agricultural Chemicals and Hazardous or Toxic Waste 

Consistent with the September 14, 2011 memorandum from Jo-Ellen Darcy, Assistant Secretary of the 
Army (Civil Works) (ASA (CW)), unless addressed as part of normal engineering and construction activities, 
SFWMD, the non-federal sponsor, will be 100% responsible for the costs of all actions taken due to the 
presence of residual agricultural chemicals, at no expense to the federal government. Any future costs 
associated with the presence of residual agricultural chemicals at the federal project site will be a 100% 
SFWMD responsibility. As stated in the memorandum, normal project engineering and construction 
activities will remain part of total project cost, provided that these are the same activities required to 
implement the project features absent the presence of residual agricultural chemicals. More specifically: 
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Section 6 The Recommended Plan 

• SFWMD will ensure the development, planning, and execution of federal, state, and/or locally 
required response actions to address residual agricultural chemicals, including any soil 
management activities, at 100% SFWMD cost. 

• SFWMD is 100% responsible for costs of characterization of the project lands necessary to 
determine an appropriate response action for the residual agricultural chemicals. 

• Removal of soils that are Resource Conservation and Recovery Act (RCRA) hazardous waste is a 
100% SFWMD responsibility. 

• SFWMD is 100% responsible for the costs of characterizing the project lands in preparation for 
conducting a response action for removal of soils that are identified as hazardous waste. 

• SFWMD will regularly update the District Commander regarding its progress in developing and 
ensuring execution of the required response actions. 

• SFWMD agrees that any future costs associated with the presence of residual agricultural 
chemicals remaining on federal project lands are 100% SFWMD responsibilities, including any 
potential liability related to their presence. This includes future responsibility for any 
disposal units. 

• SFWMD acknowledges that the Jacksonville District will not conduct actions to address residual 
agricultural chemicals during the OMRR&R phase of the project. 

• Based upon coordination with resource agencies, if the USACE determines in the future that 
project soils containing residual agricultural chemicals will need to be removed or isolated, and 
SFWMD requests incorporation of impacted soils into project features or requests that the 
materials remain on-site in a disposal unit, SFWMD will demonstrate compliance with the 
September 14, 2011 memorandum from Jo-Ellen Darcy, ASA (CW), and the USACE will 
demonstrate compliance to USACE Headquarters prior to execution of the work. 

Appendix C contains a discussion of the CERP Residual Agricultural Chemical policy requirements as it 
applies to this project. Annex G contains HTRW reports, sampling protocol, and correspondence. 
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Section 7 Environmental Compliance 

7 ENVIRONMENTAL COMPLIANCE 

The National Environmental Policy Act (NEPA) requires a summary of public participation, which is 
detailed in this section. In addition to NEPA, coordination with agencies has been conducted as required 
by other federal laws, statutes, and Executive Orders (EOs), and is detailed in this section as well. 

7.1 Public Involvement 

Agency coordination and public involvement has taken place throughout the LOWRP planning process. 
The interagency Project Delivery Team’s (PDT) outreach and public involvement has been a critical 
component of the development of this Integrated Project Implementation Report and Environmental 
Impact Statement (PIR/EIS). 

7.1.1 Scoping 

A NEPA scoping letter dated 28 June 2016 was used to invite comments from federal, state, and local 
agencies; affected Native American tribes; and interested private organizations and individuals. Scoping 
comments were accepted through 12 August 2016. A Notice of Intent (NOI) to prepare an EIS for the 
LOWRP was published in the Federal Register (81 Fed. Reg. 137 (18 July 2016); 81 FR 46659) on 18 July 
2016. A public scoping meeting was held 26 July 2016 in Okeechobee, Florida. Appendix C, Part 3, contains 
a copy of the scoping letter, NOI, scoping letters received, and a comment response matrix. 

7.1.2 Agency Coordination and Public Involvement 

In accordance with 33 C.F.R § 385.26(a), required consultation, as defined in 33 C.F.R. § 385.3, has 
occurred with all required agencies, including: 

a. U.S. Department of Interior (USDOI) 
b. U.S. Environmental Protection Agency (USEPA) 
c. U.S. Department of Commerce (DOC) 
d. Seminole Tribe of Florida (STOF) 
e. Miccosukee Tribe of Indians of Florida (MTIF) 
f. Florida Department of Environmental Protection (FDEP) 
g. Other federal, state, and local agencies as designated in 33 C.F.R. § 385.26(a). 

In accordance with 33 C.F.R § 385.26(e)(3), required coordination, as defined in 33 C.F.R. § 385.3, has 
occurred with all required agencies, including: 

a. U.S. Fish and Wildlife Service (USFWS) 
b. National Marine Fisheries Service (NMFS) 
c. Florida Fish and Wildlife Conservation Commission (FWC) 
d. Other appropriate agencies as required by applicable law. 

PDT membership consists of those individuals designated by the U.S. Army Corps of Engineers (USACE) 
and South Florida Water Management District (SFWMD), the implementing agencies, and representatives 
designated by other government agencies or tribes. Interagency participation is encouraged to gain 
technical skills and knowledge of other agencies. Several federal, tribal, and state agencies are active 
members of the PDT. Participants include the USEPA, USFWS, United States Geological Survey, National 
Park Service, MTIF, STOF, FWC, Florida Department of Agriculture and Consumer Services, and FDEP. 
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Section 7 Environmental Compliance 

Representatives from Highlands, Okeechobee, Glades, Martin, Palm Beach, Lee, and St. Lucie counties are 
also active participants. Designated public comment periods provide opportunities for public participation 
during PDT meetings. 

At the beginning of the planning process, agencies, including the USDOI, USFWS, Bureau of Indian Affairs 
(BIA), SFWMD (the local sponsor), and the tribes, were asked to become cooperating agencies under NEPA 
for the LOWRP. The BIA and the STOF agreed. Due to the robust interagency process planned for this 
project, the other agencies and tribes did not wish to enter into a cooperating agency agreement; 
however, these agencies were fully involved in all phases of the LOWRP planning process. 

Public outreach efforts for the LOWRP began early in the planning process and were done in compliance 
with 33 C.F.R. § 385.18. Due to intense public, political, and media interest in restoration of the south 
Florida ecosystem, public participation is a critical component of the development of this PIR. Workshops 
were held at key phases of the LOWRP planning process during the formulation of project objectives, 
management measures, and evaluation of alternatives. Project and program information may be made 
available in languages other than English upon request. See Appendix C, Part 3, for a summary of all the 
agency and public meetings. 

The USDOI Office of Everglades Restoration Initiatives South Florida Ecosystem Restoration Task Force 
Working Group hosted a series of public workshops and provided input to the USACE. Presentations were 
also provided to the SFWMD Governing Board, the Water Resources Analysis Coalition, and the 
Committee on Independent Scientific Review of Everglades Restoration Progress. See Appendix C, Part 3, 
for a list of interagency coordination and public presentations conducted throughout the planning process 
for the LOWRP. 

See Appendix C, Part 3 for agency coordination with the FDEP, NMFS, State Historic Preservation Office, 
United States Department of Agriculture (USDA), National Resources Conservation Service, and USFWS. 
Government-to-government meetings were held individually with representatives of the MTIF and STOF 
and are documented in Appendix C, Part 3. Regularly occurring government-to-government 
meetings/teleconferences were held with the STOF during the planning phase. Two STOF Community 
Meetings were held on the Brighton Reservation (November 2017 and June 2018) to present the final 
array of alternatives and to solicit input from the Community on the Tentatively Selected Plan (TSP). Five 
government-to-government meetings/teleconferences were held with the MTIF. 

7.1.3 Draft Project Implementation Report and Environmental Impact Statement 

The Notice of Availability (NOA) of the LOWRP Draft PIR/EIS was published in the Federal Register 83 Fed. 
Reg. 130 (06 July 2018); 83 FR 31535) on 6 July 2018 and mailed to interested stakeholders to begin the 
45-day review period. The review period closed on 20 August 2018.  The Draft PIR/EIS was filed in 
accordance with ER-FRL-8994-7, Amended Environmental Impact Statement Filing System Guidance for 
Implementing 40 CFR 1506.9 and 1506.10 of the Council on Environmental Quality’s Regulations 
Implementing the NEPA (14 January 2011), and made available for public and agency review. 

7.1.4 Revised Draft Project Implementation Report and Environmental Impact Statement 

An NOA for the Revised Draft PIR/EIS was published in the Federal Register on 27 June 2019 and mailed 
to interested stakeholders to begin the 45-day review period. The review period closed on 3 September 
2019. The Revised Draft PIR/EIS was filed in accordance with ER-FRL-8994-7, Amended Environmental 
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Impact Statement Filing System Guidance for Implementing 40 CFR 1506.9 and 1506.10 of the Council on 
Environmental Quality’s Regulations Implementing the NEPA (14 January 2011), and made available for 
public and agency review. 

7.1.5 Comments and Responses 

Appendix C, Part 3, contains a comment response matrix detailing comments received during the NEPA 
scoping process, review of the July 2018 Draft PIR/EIS and July 2019 Revised Draft PIR/EIS, and other public 
comment periods, along with USACE responses. 

7.1.6 Statement Recipients 

Copies of the 28 June 2016 scoping letter, the 6 July 2018 NOA of the Draft PIR/EIS, the 5 July 2019 NOA 
of the Revised Draft PIR/EIS, and this document were mailed to the parties listed in Appendix C, Part 3. 
Recipients included federal, state, and local agencies; affected Native American tribes; and interested 
private organizations and individuals. A complete mailing list is available upon request. A copy of the Draft 
PIR/EIS, Revised Draft PIR/EIS, and this document are posted on the USACE Jacksonville District website 
at the following address: 

https://www.saj.usace.army.mil/LOWRP/ 

7.2 Compliance with Environmental Laws, Statutes and Executive Orders 

Table 7-1 provides a summary of environmental compliance with each Federal Act, EO, or applicable law. 
Appendix C, Part 4, contains detailed descriptions of the coordination completed to date and the status 
of any ongoing or compliance issues. 

LOWRP Final PIR and EIS August 2020 
7-3 

https://www.saj.usace.army.mil/LOWRP/


   

    
  

  

  
   

 
 

     

 
 

  

 

   

  

 
 

   
  

 

 
 

 
      

 

  
   

   
  

    
  

 

  
 

 

 
 

  
  

  
  

 

  
 

   
 

Section 7 Environmental Compliance 

Table 7-1: Compliance with environmental laws, regulations, and Executive Orders. 

Law, Policy and
Regulations Status Comments 

Anadromous Fish 
Conservation Act 

LOWRP complies with this Act. Proposed action would not adversely affect anadromous fish species. 

Archaeological Resources 
Protection Act of 1979 

LOWRP complies with this Act and will 
continue to comply throughout construction 
and operation. 

This statute was enacted to protect archaeological resources and sites on 
federal and Indian lands. The LOWRP will not affect cultural resources on 
federal or Indian lands. 

American Indian Religious 
Freedom Act 

LOWRP complies with this Act. The policy of the U.S. is to protect and preserve the inherent rights of 
freedom to believe, express, and exercise traditional religions of American 
Indians, Alaska Native Groups, and Native Hawaiians. These rights include, 
but are not limited to, access to sites, use and possession of sacred objects, 
and the freedom to worship through ceremony and traditional rites. 

Bald and Golden Eagle 
Protection Act 

LOWRP complies with this Act. Proposed action would not adversely affect the bald eagle. No take permits 
are required. 

Clean Air Act 
LOWRP will comply with this Act as 
applicable based on detailed design; will 
obtain any required permits. 

Potential for permanent sources of air emissions. Air emissions permits may 
be required for large diesel pumps. 

Clean Water Act of 1972 

LOWRP complies with this Act. Will obtain 
Water Quality Certification (WQC) from the 
State of Florida and any required National 
Pollutant Discharge Elimination System 
(NPDES) permits and update 404(b) analysis 
prior to construction. 

In accordance with the Clean Water Act, a Section 404(B)(1) Evaluation has 
been completed and is contained within Appendix C.4, subsection C.4.32. 
A Comprehensive Everglades Restoration Plan Regulation Act permit would 
be sought from State of Florida for Water Quality Certification. 

Coastal Barrier Resources Act 
and Coastal Barrier 
Improvement 
Act of 1990 

These Acts are not applicable to this project. There are no designated coastal barrier resources in the project area that 
would be affected by this project. 
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Section 7 Environmental Compliance 

Law, Policy and
Regulations Status Comments 

Coastal Zone Management 
Act of 1972 

LOWRP complies with this Act and obtaining 
concurrence by the State of Florida. 

A Florida Coastal Zone Consistency Determination was prepared in 
accordance with the provisions of 15 C.F.R. Part 930 and is located in 
Appendix C.4, subsection C.4.32. The USACE determined that the proposed 
action is consistent, to the maximum extent practicable, with the 
enforceable policies of Florida’s approved Coastal Zone Management 
Program. A letter was received on 6 September 2019 from the State 
Clearinghouse stating that based on the information submitted and minimal 
project impacts, the state has no objections to the subject project and, 
therefore, it is consistent with the Florida Coastal Management Program 
(FCMP). 

Endangered Species LOWRP complies with this Act and Formal consultation initiated with USFWS on 22 June 2018, with completion 
Act of 1973 consulting with NMFS and USFWS as 

appropriate. 
of Biological Assessment (BA). The Draft Biological Opinion (BO) was 
received from USFWS on 19 November 2018. With continued coordination 
with USFWS, it was determined that a supplemental BA was not needed 
based on coordination of the Recommended Plan with the USFWS.  Effects 
determinations on federally listed species in the BA submitted concurrent 
with the Draft Integrated Project Implementation Re-port and 
Environmental Impact Statement (PIR/EIS) remained the same.  Direct 
and/or indirect impacts within the action area resulting from the 
Recommended Plan remained the same. The Final BO was received from 
USFWS on 19 December 2019.  The Final BO is included in Annex A.  NMFS 
provided a Programmatic BO for the Comprehensive Everglades Restoration 
Plan to the USACE on 17 December 2013 that includes the LOWRP. No 
further NMFS consultation is required. 

Estuary Protection LOWRP complies with this Act. The objectives of the proposed action are focused on environmental 
Act of 1968 protection. The proposed action provides increased opportunities to 

redirect large freshwater flows from Lake Okeechobee to the Northern 
Estuaries, allowing for the re-establishment of oyster and seagrass 
populations that are important for providing water quality and habitat 
functions within the Northern Estuaries. 
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Section 7 Environmental Compliance 

Law, Policy and
Regulations Status Comments 

Farmland Protection Policy 
Act of 1981 

LOWRP presently complies and will continue 
to comply with this Act at the time of 
construction. 

Coordination with USDA/NRCS to meet the requirements of the Farmland 
Protection Act is ongoing. NRCS identified 0.0214% of the project lands to be 
prime and unique farmland. At this time, additional analysis is not needed 
because of the change in footprints for the Recommended Plan. Additional 
coordination will occur during PED phase. The proposed project is in 
compliance with this Act. Refer to Appendix C.4 for more information. 

Federal Water 
Project Recreation Act/Land 
and Water Conservation 
Fund Act 

LOWRP complies with this Act. Effects of proposed action on outdoor recreation were described in 
subsection 5.2.15.3 and Appendix C.2.15. The proposed action does not 
adversely affect existing recreational opportunities. The proposed action will 
create new recreational opportunities within the Lake Okeechobee 
watershed. 

Fish and Wildlife 
Coordination 
Act of 1958, as amended. 

LOWRP complies with this Act. The proposed action was coordinated with USFWS. USFWS actively 
participated on the LOWRP team, providing information on fish and wildlife 
elements for the project. The Draft Fish and Wildlife Coordination Act 
Report (CAR) was received on 15 June 2018 and is included in Annex A. The 
Final CAR is included in Annex A. 

Magnuson-Stevens Fishery 
Conservation and 
Management Act 

LOWRP complies with this Act. An Essential Fish Habitat (EFH) assessment was prepared and coordinated 
was initiated with the NMFS on 15 June 2018. In a letter received from 
NMFS on 27 August, 2019; NMFS concurs with the USACE’s determination of 
anticipated minimal EFH effects through implementation of the LOWRP. 
Therefore, NMFS has no EFH conservation recommendations to provide. 
This satisfies the consultation procedures outlined in 50 C.F.R. Section 
600.920 of the regulation to implement the EFH provisions of the 
Magnuson-Stevens Act. 

Marine Mammal Protection 
Act of 1972 

LOWRP presently complies with this Act, 
and will continue to comply with the Act at 
the time of construction. 

Project sites are accessible to West Indian Manatees. Safeguards to protect 
threatened and endangered species during construction will be 
incorporated to protect marine mammals in the area. 

Marine Protection, Research 
and Sanctuaries Act 

This Act is not applicable. Ocean disposal is not a component of this project; therefore, this Act is not 
applicable. 

Migratory Bird Treaty Act of 
1918 

LOWRP presently complies with this Act, 
and will continue to comply with the Act at 
the time of construction. 

The proposed action will not adversely affect migratory bird species. The 
proposed action is expected to benefit species by improving habitat and 
increasing availability of foraging opportunities. The USACE is in compliance 
and will be in full compliance with the Act at the time of construction. 
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Section 7 Environmental Compliance 

Law, Policy and
Regulations Status Comments 

National Environmental LOWRP is in compliance with this Act during Initial public coordination for this project began with the distribution of a 
Policy Act of 1969 public and agency review of this document, 

preparation of Final EIS, and signing of 
Record of Decision. 

scoping letter dated 28 June 2016, announcing the preparation of the Draft 
EIS and inviting public and agency comment (Appendix C.3). On 18 July 
2016, a NOI to prepare an EIS was published in the Federal Register (81 Fed. 
Reg. 137). A public scoping meeting was held on 26 July 2016 in 
Okeechobee, FL. A Notice of Availability (NOA) of the Draft EIS was 
published in the Federal Register (83 Fed. Reg. 130; 83 FR 31535) on 6 July 
2018 and mailed to interested stakeholders, beginning the 45-day review 
period. The review period closed on 20 August 2018. Public meetings were 
held on 31 July 2018 in Lehigh Acres, FL; 1 August 2018 in Stuart, FL; and 
2 August 2018 in Okeechobee, FL. A NOA for the Revised Draft EIS for the 
LOWRP was published in the Federal Register (84 FR Volume 3216883) 5 July 
2019 and mailed to stakeholders soliciting comments for this action. 
Comments were accepted through September 3, 2019. All comments 
received during the review period and at public meetings, along with 
responses, are included in Appendix C.3. Upon public and agency review, of 
the Final EIS, and the signing of the Record of Decision, this project would be 
in full compliance with this Act. 

National Historic 
Preservation Act of 1966 
(NHPA) 

LOWRP complies with this Act. USACE 
executed a Programmatic Agreement with 
the SHPO and ACHP in consultation with 
Indian Tribes for compliance with this Act. 

Significant cultural resources exist within the vicinity of the project area. 
Section 106 of the NHPA allows compliance with this Act using a phased 
approach. After the project is authorized and PED is implemented, further 
investigations and consultation will be conducted. Each suite of features will 
be consulted on as they arise to ensure that the most up-to-date 
information is considered in the subsequent determination of effects. 
Consultation has been initiated and a Programmatic Agreement as provided 
in 36 C.F.R. § 800.4(b)(2) was executed among the ACHP, Florida SHPO, 
and USACE. 

Native American Graves 
Protection and Repatriation 
Act 

LOWRP complies with this Act. This Act applies to federally owned lands, including reservation lands. The 
LOWRP does not occur on federally owned lands or reservation lands. 
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Section 7 Environmental Compliance 

Law, Policy and
Regulations Status Comments 

Resource Conservation and 
Recovery Act, as Amended by 
the Hazardous and Solid 
Waste Amendments of 1984; 
CERCLA, as Amended by the 
Superfund Amendments and 
Reauthorization Act of 1986; 
Toxic Substances Control Act 
of 1976. 

USACE anticipates that LOWRP will be in 
compliance with this Act upon review of this 
document by the FDEP. 

Historical environmental assessments indicate significant items regulated 
under these laws or other laws related to hazardous, toxic, or radioactive 
waste (HTRW) substances have been discovered through previous Phase 1 
HTRW assessments of the project area. Essentially all parcels within the 
project footprint require significant environmental assessment or updates. 
Compliance with this Act will be achieved prior to land certification. If any 
items regulated under these laws are discovered, the USACE and the Non-
federal Sponsor will comply with applicable requirements. 

Rivers and Harbors Act of 
1899 

LOWRP complies with this Act. The proposed action will not obstruct navigable waters of the United States. 

Submerged 
Lands Act of 1953 

LOWRP complies with this Act. The proposed action reduces freshwater flows to the Caloosahatchee 
Estuary and the St. Lucie Estuary that will ultimately benefit the ecological 
habitats that occur on submerged estuarine lands of the State of Florida. 
The Project does not occur on submerged lands and no construction is 
expected on submerged lands. 

Wild and Scenic 
River Act of 1968 

This Act is not applicable. No designated wild and scenic rivers are located within project area. 

EO 11514, Protection and 
Enhancement of 
Environmental Quality 

LOWRP complies with this EO. The objectives of the proposed action are focused on environmental 
protection. The proposed action provides increased opportunities to 
redirect large freshwater flows from Lake Okeechobee to the Northern 
Estuaries, allowing for the re-establishment of oyster and seagrass 
populations that are important for providing water quality and habitat 
functions within the Northern Estuaries.  The proposed action changes the 
timing and distribution of flows into Lake Okeechobee per the CERP goals. 
The proposed action also restores wetlands in the project area. 

EO 11593, Protection and 
Enhancement of the Cultural 
Environment 

LOWRP complies with this EO. LOWRP is in compliance for this EO. There are no buildings registered that 
are part of the American Building survey and no properties that are 
registered on the National Register of Historic Places. 

EO 11988, 
Floodplain Management 

LOWRP complies with this EO. The purpose of this EO is to discourage federally induced development of 
floodplains. Commitment of lands to restoration precludes such 
development. 
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Section 7 Environmental Compliance 

Law, Policy and
Regulations Status Comments 

EO 11990, 
Protection of Wetlands 

LOWRP complies with this EO. Portions of the project area are existing wetlands. This project seeks to 
protect and restore those areas. Other portions of the project are 
uplands/pasture land, portions of which will be converted to a wetland 
attenuation feature. The WAF will increase wetland acreage in 
this watershed. 

EO 12962, Recreational 
Fisheries 

LOWRP complies with this EO. The proposed action is expected to improve recreational fisheries in Lake 
Okeechobee, the Northern Estuaries. The proposed action may significantly 
impact larval fish and aquatic invertebrates through entrainment and 
impingement in the aquifer storage and recovery (ASR) wells if the ASRs 
operate when these organisms are present in the surface water. The ASR 
system will be evaluated during design in a manner that reflects 
consideration for fish and wildlife concerns as described in the Biological 
Opinion and the Florida Fish and Wildlife Conservation Commission letter 
dated January 24, 2017. 

EO 12898, Federal Actions to 
Address Environmental 
Justice in Minority 
Populations and Low Income 
Populations 

LOWRP complies with this EO. A full environmental justice analysis was completed (Appendix C, Part 2). 
The analysis demonstrates the project will not disproportionately adversely 
affect any minority or low-income population. 

EO 13007, Indian Sacred Sites This EO is not applicable This EO directs executive branch agencies with statutory or administrative 
responsibility for the management of federal lands. The proposed action 
would not affect Department of Defense-owned or USACE-managed lands. 

E.O. 13045, Protection of 
Children from Environmental 
Health Risks and Safety Risks 

LOWRP complies with this EO. The proposed action is not expected to have environmental or safety risks 
that may disproportionately affect children. 

E.O. 13089, 
Coral Reef Protection 

This EO is not applicable Coral reefs are not affected. 

EO 13122, 
Invasive Species 

LOWRP complies with this EO. A nuisance and exotic vegetation control plan was prepared to prevent or 
reduce establishment of invasive and non-native species within the project 
area. The vegetation control plan is located in Annex G. 
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Section 7 Environmental Compliance 

Law, Policy and
Regulations Status Comments 

EO 13175, Consultation and 
Coordination with Indian 
Tribal Governments 

LOWRP complies with this EO. USACE will continue to consult with members and representatives of the 
STOF, the MTIF, Seminole Nation of Oklahoma, and Thlopthlocco Tribal 
Town throughout PED. See Appendix C, Part 5 for specifics. The USACE 
developed the 01 November 2012 Tribal Policy Memorandum, which 
dictates federal responsibilities, including Trust Responsibilities, to federally 
recognized tribes. 

EO 13186, Responsibilities of 
Federal Agencies to Protect 
Migratory Birds 

LOWRP complies with this EO. The proposed action will not adversely affect migratory bird species. The 
proposed action is expected to benefit species by improving habitat and 
increasing availability of foraging opportunities. 

Memorandum on 
Government to Government 
Regulations with Native 
American Tribal 
Governments (59 Fed. Reg. 
85 (04 May 1994)) 

LOWRP complies with this Memorandum. The USACE consulted with the MTIF, STOF, Seminole Nation of Oklahoma, 
and Thlopthlocco Tribal Town. Consultation is ongoing and will continue 
throughout PED (see Appendix C, Part 3 and Part 5). 

Seminole Indian Claims 
Settlement Act of 1987 

LOWRP complies with this Act. This Act also involves an agreement known as the Water Rights Compact, 
which specifically defines tribal water rights. The analysis contained in the 
PIR demonstrates that the number and severity of water shortages and 
water shortage cutbacks are reduced by this project. 

LOWRP Final PIR and EIS August 2020 
7-10 



   

    
  

     

  
   

 
   

   
     

  
  

   

  
            

     
     

            
         

      
       

     
     

   
  

  

     
    

    
   

       
     

  
      

      
   

  

   
          

        
      

   
   

Section 7 Environmental Compliance 

7.3 Compliance with USACE CERP Agricultural Chemical Policy 

The USACE HTRW policy (ER 1165-2-132) directs that construction of Civil Works projects in HTRW-
contaminated areas should be avoided where practicable. In September 2011, the Assistant Secretary of 
the Army for Civil Works provided clarification to this HTRW policy for CERP Projects (Memorandum for 
Deputy Commanding General for Civil and Emergency Operations, Subject: Comprehensive Everglades 
Restoration Plan (CERP) – Residual Agricultural Chemicals, Dated 14 September 2011). A copy of this policy 
is included in Appendix C. If specific criteria are met, this policy memorandum authorizes residual 
agrichemicals to remain on project lands and allows the USACE to integrate response actions directly into 
the construction plan. 

7.4 Compliance with Florida Statutes 

The State of Florida enacted several laws pertaining to implementation of CERP projects. Section 
373.470(3)(c), Florida Statutes (Fla. Stat.), requires the SFWMD, in cooperation with the USACE, to submit 
a complete a project implementation report to address the project component’s economic and 
environmental benefits, engineering feasibility, and other factors in Section 373.1501, Fla. Stat., sufficient 
to allow the district to obtain approval under Section 373.026, Fla. Stat. Section 373.026(8), Fla. Stat. then 
requires FDEP to review and approve the report before it is formally submitted to Congress for 
authorization and before state appropriation for construction and other implementation activities can be 
received (except the purchase of lands from willing sellers). Section 373.1501, Fla. Stat., sets forth the 
SFWMD’s responsibilities regarding CERP and the analysis procedures to be followed by the SFWMD. 
Section 373.1502, Fla. Stat., establishes the permitting process and requirements for issuance of certain 
regulatory permits for CERP projects. Sections 373.470 and 373.472 Fla. Stat., establish the “Save Our 
Everglades Trust Fund,” funding and reporting requirements, and procedures for distributions from the 
trust fund. 

The SFWMD’s State Compliance Report, which analyzes the topics listed in Section 373.1501 Fla. Stat., is 
included in Annex B. In addition to the above-described statutory requirements, other sections of 
Chapters 373 (Water Resources) and 403 (Environmental Control), Fla. Stat., include requirements that 
may apply to various aspects of CERP project planning and implementation. Chapter 403, Fla. Stat., and 
the implementing rules, govern “facilities that discharge, or potentially discharge, pollutants to surface 
and groundwaters, and the discharge of air pollutants”. These facilities that may also be regulated under 
the Federal Clean Water and Safe Drinking Water Acts and the Federal Clean Air Act. Based on the 
information contained in this PIR, the Recommended Plan complies with the applicable statutory 
provisions. Annex A contains a detailed explanation of how the project complies with the applicable 
requirements for CERP projects contained in the Florida statutes. 

7.4.1 Permits, Entitlements, and Certifications 

The USACE will obtain WQC prior to advertising any construction contract. Section 402 [National Pollutant 
Discharge Elimination System (NPDES)] permits required under the Clean Water Act may be necessary for 
the construction (non-point source runoff) of project features, depending on means and methods of 
construction. The USEPA delegated this program to the State of Florida’s FDEP for implementation. The 
ASR wells need Underground Injection Control (UIC) and NPDES permits. At this time, a NPDES permit is 
not be required for the operation of the other LOWRP features, as the project does not involve the 
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Section 7 Environmental Compliance 

discharge of pollutants. All required permits, including UIC permits, and/or modifications to existing 
permits would be acquired prior to construction activities. 

7.4.2 Compliance with Applicable Water Quality Standards and Permitting Requirements 

The LOWRP is not expected to significantly affect Lake Okeechobee’s and the Northern Estuaries’ 
compliance with applicable water quality criteria. In general, any short-term impacts to water quality 
associated with construction of the Recommended Plan would be ameliorated by construction 
sequencing, best management practices for erosion and sedimentation control, and monitoring during 
construction. If potentially adverse effects are observed or predicted, longer-term impacts to water 
quality associated with the operation of project features will be addressed through operational 
monitoring and adaptive management actions. 

7.4.3 Coastal Zone Management Act of 1972 

The Coastal Zone Management Act Consistency Statement is in Appendix C, Part 4. The proposed plan 
complies with this Act and meets the primary goal of the State Comprehensive Plan through preservation 
and protection of the environment. A letter was received on 6 September 2019 from the State 
Clearinghouse stating that based on the information submitted and minimal project impacts, the state 
has no objections to the subject project and, therefore, it is consistent with the Florida Coastal 
Management Program (FCMP). 
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Section 8 Recommendations 

DISTRICT ENGINEER’S RECOMMENDATIONS 

The Lake Okeechobee Watershed Restoration Project (LOWRP) is integral to achieving restoration in Lake 
Okeechobee, the Northern Everglades, and historic Kissimmee River floodplain wetlands sites. The LOWRP 
plays an important role in meeting Comprehensive Everglades Restoration Plan (CERP) system-wide 
ecosystem, water supply, and other recreational objectives. The project will improve the quantity, timing, 
and distribution of water entering Lake Okeechobee; provide for better management of lake water levels; 
reduce high flows to the Caloosahatchee and St. Lucie estuaries (Northern Estuaries) downstream of the 
lake; improve system-wide operational flexibility; restore floodplain wetlands along portions of the 
historic Kissimmee River; and reduce water shortage cutback volumes for existing legal users in the Lake 
Okeechobee Service Area (LOSA). Better management of Lake Okeechobee stage levels within the 
ecologically preferred stage envelope benefits plant and animal communities of Lake Okeechobee by 
concentrating prey resources in the littoral zone where wading birds forage, providing optimal light levels 
for photosynthesis in the summer months to benefit bulrushes and submerged plants, and favoring 
development of a diverse emergent plant community, along with providing water supply benefits to LOSA 
existing legal users. Reducing high flows to the Northern Estuaries will improve salinity and turbidity 
conditions and benefit seagrass beds and the animals that inhabit and utilize them. Restoring portions of 
the historic Kissimmee River floodplain wetlands would result in more natural hydrologic conditions and 
improved habitat for fish and wildlife resources. 

The specific components of LOWRP are increments of several components of the CERP. Implementation 
of this plan is expected to be adaptively managed and sequenced in phases that include constructing 
logical groupings of Recommended Plan features that are compatible with other CERP and non-CERP 
components. I find that LOWRP features described below are an integral part of CERP. 

Wetland Attenuation Feature: The Wetland Attenuation Feature (WAF) is located in the K-05 footprint 
within the Indian Prairie sub-watershed west of the C-38 canal, north of SR 78, east of the Seminole Tribe 
of Florida Brighton Reservation, and south of the C-41A canal. The WAF will be used for surface water 
storage to attenuate peak flows into Lake Okeechobee from the Kissimmee River Basin. The WAF 
footprint, including the embankments, seepage canal, and other perimeter features, is approximately 
13,600 acres with a storage capacity of approximately 46,000 ac-ft. A pump station located downstream 
of the existing S-84 structure on the C-41A canal serves as the water source for the proposed WAF. The 
pump draws water downstream of S-65E that is classified as water of Lake Okeechobee. The WAF will 
have a perimeter embankment and internal embankments dividing the WAF into cells. A seepage canal 
will be constructed around the perimeter embankment. 

Aquifer Storage and Recovery Wells: Eighty total aquifer storage and recovery (ASR) wells are proposed 
in clusters in various locations throughout the watershed. The well clusters will include a combination of 
wells that will utilize either the Upper Floridian Aquifer or the Avon Park Permeable Zone for storage and 
recovery.  Proposed ASR cluster locations are based upon the findings of the 2015 CERP ASR Regional 
Study; however, these locations are conceptual and may be adjusted based on the results of exploratory 
testing. To address uncertainties regarding the implementation of the ASR well clusters proposed in this 
plan, it is recommended that ASR be implemented in a phased approach and studies and monitoring be 
conducted as recommended by the National Research Council (NRC) of the National Academies of 
Sciences. Final siting will be determined during preconstruction engineering and design (PED). The 
proposed cluster locations include: 

• ASR wells co-located with the WAF: Co-locating ASR wells with the WAF increases total 
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Section 8 Recommendations 

storage capacity and provides dynamic aboveground and belowground storage. There are 
three well clusters (approximately 25 wells total) located within the WAF. ASR wells will 
recharge using the WAF surface water and release into the WAF prior to release into the 
Kissimmee River. 

• Watershed ASR wells: The remaining 55 ASR wells are located throughout the watershed. 

o One potential well cluster is located adjacent to the C-44 canal in Port Mayaca. This 
would release out of the C-44 canal into Lake Okeechobee or to the St. Lucie River 
Estuary. 

o Three potential cluster areas, including refurbishments to existing wells, are located 
in the S-191 subwatershed. The wells will be adjacent to the L-63N, L-63S, or L-64 
canals that can release to Lake Okeechobee. 

o Two potential clusters, including refurbishments to existing wells, are located 
adjacent to the C-38 canal downstream of S-65E that can release back into the C-38 
canal. 

o One potential well cluster is located along Taylor Creek, downstream of S-192 and 
upstream of the S-133 pump station, which releases to Lake Okeechobee. 

o One potential well cluster is located along the C-40 canal downstream of S-72 that 
would release to Lake Okeechobee. 

o One potential well cluster is located along the C-41 canal downstream of S-71 that 
would release to Lake Okeechobee. 

o One potential well cluster along the C-43 canal in Moore Haven that would release to 
Lake Okeechobee or the Caloosahatchee River. 

Wetland Restoration Sites: Wetland restoration includes the Paradise Run and Kissimmee River-Center 
sites. The Paradise Run site, approximately 3,600 acres, contains historic Kissimmee River channel and 
floodplain. The site is located downstream of S-65E on the west bank of the C-38 canal, between the C-
41A canal and the Buckhead Ridge community. A pump station on the C-41A canal downstream of S-84 
serves as the water source for the wetland restoration project. This component is intended to restore 
natural flow to portions of the remnant river channel and restore natural hydroperiod to the floodplain 
wetlands. The pump station will release water into the historic Kissimmee River channel running through 
the Paradise Run site. Channel excavation will also be performed to reconnect remnant river channel. An 
overflow structure will be placed between the north and south sections of Paradise Run to control the 
flow and to connect both sides through the L-59 berms. The flow will release back into the C-38 canal by 
way of a culvert through the Herbert Hoover Dike, on the southeast corner of the site. 

The Kissimmee River-Center site, approximately 1,200 acres, is located on the west bank of the C-38 canal, 
about halfway between S-65D and S-65E. A pump will be placed in the C-38 canal at the north end of the 
site to divert water into the wetland area. A channel will be dug in the approximate location of the historic 
Kissimmee River. There will be a gated culvert on the downstream end of the new channel to allow higher 
stages to pass and to retain lower stages to hydrate the wetlands. The USACE shall seek water quality 
certification on the above features, as appropriate. 

Therefore, I recommend that the LOWRP as described in the section of the report entitled “The 
Recommended Plan,” with such modifications that may be deemed advisable at the discretion of the Chief 
of Engineers, be authorized for construction. The total estimated first cost for the ecosystem restoration 
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LOWRP features is $1,963,959,000 (Fiscal Year (FY) 2020 price level), with an estimated Federal cost of 
$981,979,500 and an estimated non-Federal cost of $981,979,500. The total first cost of the recreation 
features is $2,669,000. The estimated total annual cost of operation, maintenance, repair, replacement, 
and rehabilitation (OMRR&R) of LOWRP features (not including recreation) is $15,401,000 with an 
estimated Federal annual OMRR&R cost of $7,700,500 and an estimated non-Federal OMRR&R cost of 
$7,700,500. The average annual monitoring cost—which includes both 10-year cycle costs amortized over 
the period of analysis and the annual cost of longer-term monitoring requirements—is $837,000 with an 
estimated Federal cost of $419,000 and a non-Federal cost of $419,000. The estimated cost for OMRR&R 
of the recreation elements—a 100% non-Federal sponsor responsibility—$65,000. 

8.1 Items of Local Cooperation 

The above recommendations are made with the provision that the non-Federal sponsor and the Assistant 
Secretary of the Army for Civil Works enter into binding project partnership agreements defining the 
terms and conditions of cooperation for implementing the project, and that the non-Federal sponsor 
agrees to perform the following items of local cooperation: 

a. Provide 50% of total project costs consistent with Section 601(e) of the Water Resources 
Development Act (WRDA) of 2000, as amended, including authority to perform design and 
construction of project features consistent with Federal law and regulation. 

b. Provide all lands, easements, and rights-of-way—including suitable borrow and dredged or 
excavated material disposal areas—and perform or assure the performance of all relocations that 
the Federal government and the non-Federal sponsor jointly determine to be necessary for the 
construction, operation, maintenance, repair, replacement, and rehabilitation of the project and 
valuation in accordance with the Master Agreement. 

c. Shall not use the ecosystem restoration features or lands, easements, and rights-of way required 
for such features as a wetlands bank or mitigation credit for any other non-CERP projects. 

d. Give the Federal government a right to enter, at reasonable times and in a reasonable manner, 
upon land that the non-Federal sponsor owns or controls for access to the project for the purpose 
of inspection and, if necessary, for the purpose of constructing, completing, operating, 
maintaining, repairing, replacing, or rehabilitating the project. 

e. Assume responsibility for OMRR&R of the project or completed functional portions of the project, 
including mitigation features, in a manner compatible with the project’s authorized purposes and 
in accordance with applicable Federal and state laws and specific directions prescribed in the 
OMRR&R manuals and any subsequent amendments thereto. Cost-sharing for OMRR&R will be 
in accordance with Section 601(e) of WRDA 2000, as amended. Notwithstanding Section 528(e)(3) 
of WRDA 1996 (110 Stat. 3770), the non-Federal sponsor shall be responsible for 50% of the cost 
of OMRR&R activities authorized under this section. 

f. Operate, maintain, repair, replace, and rehabilitate the recreational features of the project. The 
non-Federal sponsor is responsible for 100% of the cost. 

g. Keep the recreation features—and access roads, parking areas, and other associated public use 
facilities—open and available to all on equal terms. 

h. Unless otherwise provided for in the statutory authorization for this project, comply with Section 
221 of the Flood Control Act of 1970 (Public Law 91-611), as amended, and Section 103 of the 
WRDA of 1986 (Public Law 99-662), as amended, which provides that the Assistant Secretary of 
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the Army for Civil Works shall not commence the construction of any water resources project or 
separable element thereof until the non-Federal sponsor has entered into a written agreement 
to furnish its required cooperation for the project or separable element. 

i. Hold and save the Federal government free from all damages arising from construction, 
operation, maintenance, repair, replacement, and rehabilitation of the project and any project-
related betterments, except for damages due to the fault or negligence of the Federal government 
or the Federal government’s contractors. 

j. Keep and maintain books, records, documents, and other evidence pertaining to costs and 
expenses incurred pursuant to the project to the extent and in such detail as will properly reflect 
total project costs in accordance with the Master Agreement between the Department of the 
Army and the non-Federal sponsor dated 13 August 2009, including Article XI Maintenance of 
Records and Audit. 

k. Perform, or cause to be performed, any investigations for hazardous substances that are 
determined necessary to identify the existence and extent of any hazardous substances regulated 
under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 42 
U.S.C. Ch. 103, that may exist in, on, or under lands, easements, or rights-of-way necessary for 
the construction, operation, and maintenance of the project; except that the non-Federal sponsor 
shall not perform such investigations without prior specific written direction by the Federal 
government on lands, easements, or rights-of-way that the Federal Government determines to 
be subject to the navigation servitude without prior written specific direction from the 
government. 

l. Assume complete financial responsibility for all necessary cleanup and response costs of any 
CERCLA-regulated materials located in, on, or under lands, easements, or rights-of-ways that the 
Federal government determines necessary for construction, operation, maintenance, repair, 
replacement, and rehabilitation of the project. 

m. As between the Federal government and the non-Federal sponsor, the non-Federal sponsor shall 
be considered the operator of the project for purposes of CERCLA liability. To the maximum extent 
practicable, the non-Federal sponsor shall operate, maintain, repair, replace, and rehabilitate the 
project in a manner that will not cause liability to arise under CERCLA. 

n. Prevent obstruction of, or encroachments on the project (including prescribing and enforcing 
regulations to prevent such obstructions or encroachments) such as any new developments on 
project lands, easements, and rights-of-way or the addition of facilities which might reduce the 
outputs produced by the ecosystem restoration features, hinder operation and maintenance of 
the project, or interfere with the project’s proper function. 

o. Comply with the applicable provisions of the Uniform Relocation Assistance and Real Property 
Acquisition Policies Act of 1970 (Public Law 91-646 [42 U.S.C. Ch. 61]), as amended by Title IV of 
the Surface Transportation and Uniform Relocation Assistance Act of 1987 (Public Law 100-17), 
and the Uniform Regulations contained in 49 CFR Part 24, in acquiring lands, easements, and 
rights-of-way, and performing relocations for construction, operation, and maintenance of the 
project, and inform all affected persons of applicable benefits, policies, and procedures in 
connection with said act. 

p. Comply with all applicable Federal and state laws and regulations, including, but not limited to, 
Section 601 of the Civil Rights Act of 1964 (Public Law 88-352 [42 U.S.C. § 2000d]) and Department 
of Defense Directive 5500.11 issued pursuant thereto; Army Regulation (AR) 600-7, entitled 
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“Nondiscrimination on the Basis of Handicap in Programs and Activities Assisted or Conducted by 
the Department of the Army”; and all applicable Federal labor standards requirements including, 
but not limited to, 40 U.S.C. §§ 3141-3148 and 40 U.S.C. §§ 3701-3708 (revising, codifying and 
enacting without substantive change the provisions of the Davis-Bacon Act [formerly 40 U.S.C. § 
276a et seq.], the Contract Work Hours and Safety Standards Act [formerly 40 U.S.C. § 327 et 
seq.], and the Copeland Anti-Kickback Act [formerly 40 U.S.C. § 276c]). 

q. Provide 50% of that portion of total data recovery activities associated with historic preservation 
that exceed 1% of the amount authorized to be appropriated for LOWRP; data recovery costs 
under 1% of the authorized LOWRP cost will be funded in their entirety by the Federal 
government. Any costs of data recovery that exceed 1% of the amount authorized to be 
appropriated for LOWRP shall not be included in project construction costs or project OMRR&R 
costs (as defined by the Master Agreement); therefore, credit shall not be afforded to the non-
Federal sponsor for costs or work-in-kind associated with data recovery activities that exceed 1% 
of the amount authorized to be appropriated for the LOWRP. 

r. Do not use Federal funds to meet the non-Federal sponsor’s share of total project costs unless 
the Federal granting agency verifies in writing that the expenditure of such funds is expressly 
authorized and in accordance with Section 601 (e)(3) of the WRDA of 2000, as amended, and in 
accordance with the Master Agreement. 

s. The non-Federal sponsor agrees to participate in and comply with applicable Federal floodplain 
management and flood insurance programs consistent with its statutory authority: 

1. Not less than once each year, the non-Federal sponsor shall inform affected interests of 
the extent of protection afforded by the project. 

2. The non-Federal sponsor shall publicize floodplain information in the area concerned and 
shall provide this information to zoning and other regulatory agencies for their use in 
preventing unwise future development in the flood plain, and in adopting such 
regulations as may be necessary to prevent unwise future development and to ensure 
compatibility with protection levels provided by the project. 

3. The non-Federal sponsor shall comply with Section 402 of WRDA 1986, as amended (33 
U.S.C. § 701b-12), which requires a non-Federal interest to have prepared, within one 
year after the date of signing a project partnership agreement for the project, a floodplain 
management plan. The plan shall be designed to reduce the impacts of future flood 
events in the project area, including but not limited to, addressing those measures to be 
undertaken by non-Federal interests to preserve the level of flood protection provided by 
the project. As required by Section 402, as amended, the non-Federal sponsor shall 
implement such plan not later than one year after completion of construction of the 
project. The non-Federal sponsor shall provide the Federal Government an information 
copy of the plan upon its preparation. 

4. The non-Federal sponsor shall prescribe and enforce regulations to prevent obstruction 
of or encroachment on the project—or on the lands, easements, and rights-of-way 
determined by the Federal government to be required for the construction, operation, 
maintenance, repair, replacement, and rehabilitation of the project—that could reduce 
the level of protection the project affords, hinder operation or maintenance of the 
project, or interfere with the project’s proper function. 
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t. Execute, or certify that the Florida Department of Environmental Protection (FDEP) executed 
under state law, the reservation or allocation of water for the natural system as identified in the 
Project Implementation Report (PIR) for this authorized CERP project was reserved or allocated 
under state law as required by Section 601(h)(4)(B)(ii) of WRDA 2000 and the non-Federal sponsor 
shall provide information to the Federal government regarding such execution. In compliance 
with 33 CFR Part 385, the District Engineer will verify such reservation or allocation in writing. Any 
change to such reservation or allocation of water shall require an amendment to the project 
partnership agreement after the District Engineer verifies in writing, in compliance with 33 CFR 
Part 385, that the revised reservation or allocation continues to provide for an appropriate 
quantity, timing, and distribution of water dedicated and managed for the natural system after 
considering any changed circumstances or new information since completion of the PIR for the 
authorized CERP project. 

u. Consistent with the September 14, 2011, Memorandum from Jo-Ellen Darcy, ASA (CW), the non-
Federal sponsor shall be 100% responsible for the cost of all actions taken due to the presence of 
residual agricultural chemicals, at no expense to the Federal government and any future costs 
associated with the presence of residual agricultural chemicals at the Federal project site are 
100% a non-Federal sponsor cost and responsibility. As stated in the September 14, 2011 
memorandum, normal project engineering and construction activities will remain part of the total 
project cost provided that these are the same activities required to implement the project 
features absent the presence of residual agricultural chemicals. 

v. The determination of applicable water quality standards for the water associated with this project 
and any necessary treatment or remediation of this water shall be made by regulatory agencies 
with jurisdiction over any laws or regulations which apply to this project. Cost share for water 
quality treatment as follows: 

1. If source water violates applicable surface water quality standards, the non-Federal sponsor 
shall be responsible for treatment costs necessary to prevent the violation of those surface 
water standards prior to well recharge. Additional treatment costs necessary to further 
reduce the concentration of pollutants in source water to meet Underground Injection 
Control (UIC) and/or applicable groundwater standards prior to well recharge shall be cost-
shared as a project cost. 

2. To the extent that source water becomes contaminated by virtue of the addition of 
substances required for pre-injection treatment and injection, changes or interactions in the 
ASR well, or retrieval, all costs of treating the water to comply with applicable water quality 
standards shall be cost-shared as a project cost. 

3. In cases where the source water violates applicable surface water standards but there is no 
applicable UIC or groundwater standard for the constituent causing the violation, and there 
is no increase in contamination resulting from those factors identified in paragraphs (2) and 
(4), the non-Federal sponsor shall be responsible for treatment costs to prevent violation of 
applicable water quality standards prior to release of retrieved water back into the source 
water body. 

4. If the water in the affected aquifer violates applicable groundwater quality standards, the 
non-Federal sponsor shall report this to the appropriate regulatory authorities for a 
determination of the party or parties responsible for causing this contamination. If the Federal 
project is to proceed at that site, the Non-Federal Sponsor shall certify to the Federal sponsor 
that any necessary measures to prevent violations of groundwater quality standards prior to 
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Section 8 Recommendations 

surface release from the project at that site have been accomplished by the party or parties 
determined to be responsible for remediating the aquifer contamination. Costs of such 
measures shall not be a Federal responsibility and shall not be included in the total project 
costs. Where there is an increase in contamination in the groundwater resulting from those 
factors identified in paragraph (2) above,  due to natural occurrence, or due to the subsurface 
interaction between stored and native aquifer water, additional treatment costs necessary to 
bring groundwater into compliance with applicable surface water quality standards necessary 
for release shall be cost shared as a project cost where it is determined to be economically 
feasible and within the scope of the original project. 

8.2 Wetland Attenuation Feature Recommendations 

The USACE, with non-Federal sponsor concurrence, selected shallow storage for inclusion in the 
Recommended Plan. The USACE and the non-Federal sponsor recognize that geotechnical exploration 
results showed high seepage rates in the project area that would be exacerbated by the additional head 
of deep storage, presenting technical challenges to deep storage that made wetland attenuation a more 
feasible alternative. Although the WAF will be shallow, it is still considered a high-hazard dam (see USACE 
Engineering Regulation (ER) 1110-2-1156 and Design Criteria Memorandum 1 (DCM-1), Hazard Potential 
Classification) due to the potential consequences if the facility were to fail, particularly in the Buckhead 
Ridge community. The USACE Jacksonville District’s Potential Failure Mode Analysis and Qualitative Risk 
Assessment concluded that the WAF would likely be below the societal tolerable risk guidelines, assuming 
further design refinements and it is constructed using current dam safety industry standards. The USACE 
Jacksonville District project team and non-Federal sponsor reviewed the qualitative dam safety risks. The 
non-Federal sponsor agrees with the feasibility-level study and the determination that deep storage is not 
recommended for this project area. 

8.3 Incremental Restoration and Future Opportunities 

The NRC has recommended the implementation of CERP through an incremental adaptive restoration 
(IAR) process. LOWRP has adopted that recommendation and has formulated a solution for an increment 
of overall restoration of the south Florida ecosystem. Incidentally, there are problems and opportunities 
remaining. LOWRP is not meeting all storage targets of CERP north of Lake Okeechobee that are based on 
the understanding of the pre-drainage Everglades; however, LOWRP does provide significant and 
substantial restoration of the northern Everglades ecosystems, Lake Okeechobee, and the Northern 
Estuaries. Although the Recommended Plan provides a significant increase in storage north of Lake 
Okeechobee, additional projects outside the scope of the LOWRP effort may be needed to achieve the 
restoration envisioned in CERP. The actions may include: 

• System-wide operational optimization and adaptive management to provide for better overall 
quantity, timing, and distribution of flows. 

• Additional storage throughout the Lake Okeechobee watershed to move closer to a more natural 
timing and distribution of flows coming into the lake. 

• Further reduction of freshwater from Lake Okeechobee to the St. Lucie and Caloosahatchee 
estuaries through additional storage throughout the system and optimized Lake Okeechobee 
operations to improve estuary habitat for indicator species oysters and SAV. 

• Lake Okeechobee schedule optimizations to meet lake stage requirements within the preferred 
ecological band and reduce excursions into extreme high and low lake stages. 
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Section 9 List of Report Preparers 

LIST OF REPORT PREPARERS 

This section provides a list of persons involved in the preparation (Table 9-1) and review (Table 9-2) of 
this document. 

Table 9-1. List of LOWRP Project Implementation Report Preparers. 

Name Organization Discipline/Expertise Role in Document Preparation 
Andy Rodusky SFWMD Biologist Environmental Effects/Benefit Evaluation 
Angie Huebner USACE Biologist Invasive Species Management Plan 
Bob Verrastro SFWMD Geologist Hydrogeology Analyses/Engineering 

Appendix 
Christopher Bukolt USACE Real Estate Real Estate 
Clay Brown SFWMD Civil Engineer / 

Modeling 
Hydrologic Modeling 

David Colangelo SFWMD Real Estate Real Estate Appendix 
Donald Nelson USACE Real Estate Real Estate & Land Evaluation 
Elizabeth Caneja SFWMD Project Management Land Use Evaluation/Review 
Emmanuel Freeman USACE Real Estate Real Estate Evaluation/Real Estate 

Appendix 
Gretchen Ehlinger USACE Biologist Environmental Effects/ NEPA 

Compliance/ Adaptive 
Management/Ecological Monitoring 
Plan/ Benefit Evaluation 

Guy Ivie USACE Technical 
Communication 

Technical Editing 

Jason Moser USACE Archaeologist Cultural & Historic Resources/Native 
American 

Jen Miller USACE Communications Corporate Communications 
Jerry Krenz SFWMD Planner Recreation 
Jim Riley USACE Environmental 

Engineer 
Water Quality Monitoring Plan 

Joel Gaillard USACE Civil Engineer Engineering Appendix 
June Mirecki USACE Geologist Hydrogeology Analyses/Engineering 

Appendix 
Kris Esterson SFWMD Water Supply Water Supply and Savings Clause 

Evaluation 
Lisa Aley USACE Planner Plan Formulation 
Luis Colon SFWMD Scientist State Compliance Report/Review 
Mark Rinaman USACE Environmental 

Engineer 
HTRW Analysis 

Marty Harm USACE Economist Economic Evaluation/Recreation Plan 
Matt Alexander SFWMD Civil Engineer Engineering Evaluation 
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Name Organization Discipline/Expertise Role in Document Preparation 
Matt Morrison SFWMD Project Management Various Sections/Review 
Michelle Ferree SFWMD Project Management Various Sections/Review 
Rafael Torres-Pagan USACE Civil Engineer/Cost Cost Appendix 
Rebecca Onchaga USACE Planner Technical Editing 
Savannah Lacy USACE Civil Engineer/Water 

Management 
Project Operations Manual 

Scott Thourot SFWMD Professional Engineer Various Sections/Review 
Stacie Auvenshine USACE Biologist Endangered Species Act 
Steffany Olson SFWMD Project Management Various Sections/Review 
Tim Gysan USACE Project Management Executive Summary/Review 
Tom James SFWMD Water Quality Water Quality Monitoring Plan 
Walter Wilcox SFWMD Civil Engineer / 
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Hydrologic Modeling/Review 

Zach Welch SFWMD Biologist Environmental Effects 
Zulamet Vega-Liriano USACE Civil Engineer/H&H Hydrology and Hydraulic 

Analysis/Climate Change/Engineering 
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Table 9-2. List of Project Implementation Report Technical and Quality Control Reviewers. 1,2 

Name Organization Discipline/Expertise Role in Document Preparation 
Abe Cooper SFWMD Lawyer TRB Reviewer 
Adam Stuart USACE Water Management Technical Reviewer 
Andrew LoSchiavo USACE Biologist DQC Reviewer 
Armando Ramirez SFWMD Tribal Liaison TRB Reviewer 
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Brooks Moore USACE Lawyer DQC Reviewer 
Carlos Cepero USACE Civil Engineer / 

Geotechnical 
DQC Reviewer 
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Carol Bernstein USACE Operations DQC Reviewer 
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Cheol Mo SFWMD Water Quality TRB Reviewer 
Chief RE USACE Real Estate DQC Reviewer 
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Name Organization Discipline/Expertise Role in Document Preparation 
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DQC Reviewer 
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Jason Engle USACE Civil Engineer/H&H DQC Reviewer 
Jeff Couch USACE Project Management DQC Reviewer 
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Jill Skaggs SFWMD Infrastructure TRB Reviewer 
John Pax USACE Lawyer DQC Reviewer 
Jon Lane USACE Operations/Invasive 

Species 
DQC Reviewer 
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Engineer/Geotechnical 

DQC Reviewer 

Jose Otero SFWMD Applied Hydraulics TRB Reviewer 
Julianne LaRock SFWMD Water Quality TRB Reviewer 
Kelly Keefe USACE Planner DQC Reviewer 
Kevin Wittman USACE Economist DQC Reviewer 
Kim Taplin USACE Project Management / 

Tribal Liaison 
Technical Reviewer 

Laureen Borochaner USACE Civil Engineer DQC Reviewer 
Lichun Zhang SFWMD Modeling TRB Reviewer 
Liqiong Zhang SFWMD Modeling TRB Reviewer 
Luis Alejandro USACE Water Management DQC Reviewer 
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USACE Civil Engineer/Cost DQC Reviewer 
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Nicole Niemeyer SFWMD Water Quality TRB Reviewer 
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Name Organization Discipline/Expertise Role in Document Preparation 
Rebecca Lee-Duffel USACE Environmental Engineer DQC Reviewer 
Rick McMillen USACE Operations/Multiprojects DQC Reviewer 
Robert Kukleski SFWMD Environmental TRB Reviewer 
Russ Weeks USACE Civil Engineer/H&H DQC Reviewer 
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Section 10 Glossary of Acronyms and Terms 

10 GLOSSARY OF ACRONYMS AND TERMS 

10.1 List of Acronyms 
A 
ac Acres 
ac-ft Acre-Feet 
AAC Average Annual Cost 
AAHU Average Annual Habitat Unit 
AM Adaptive Management 
AMMP Adaptive Management and 

Monitoring Plan 
APE Area of Potential Effect 
APPZ Avon Park Permeable Zone 
ASR aquifer storage and recovery 
ATR Agency Technical Review 

B 
BA Biological Assessment 
BIA Bureau of Indian Affairs 
BMAP Basin Management Action 

Plans 
BMP Best Management Practices 

C 
CEPP Central Everglades Planning 

Project 
CERP Comprehensive Everglades 

Restoration Plan 
CERPRA Comprehensive Everglades 

Restoration Plan Regulation 
Act 

C&SF Central and Southern Florida 
CE/ICA Cost Evaluation/Incremental 

Cost Analysis 
CEM Conceptual Ecological Models 
CEQ Council on Environmental 

Quality 
CERCLA Comprehensive Environmental 

Response, Compensation, and 
Liability Act 

cfs Cubic Feet Per Second 

D 
DOI 
DPOM 

E 
EAA 
EC 
ECB 
ECO-PCX 

EDC 

EIS 

EJ 
EM 
EO 
EOC 
EQ 
ER 
ERTP 

ESA 

F 
FAA 

FDACS 

FDEP 

FEB 
FLUCCS 

FOS 

Department of Interior 
Draft Project Operation 
Manual 

Everglades Agricultural Area 
Engineering Circular 
Existing Conditions Baseline 
Ecosystem Restoration 
Planning Center of Expertise 
Engineering During 
Construction 
Environmental Impact 
Statement 
Environmental justice 
Engineering Manual 
Executive Orders 
End of Construction 
Environmental Quality 
Engineering Regulation 
Everglades Restoration 
Transition Plan 
Endangered Species Act 

Federal Aviation 
Administration 
Florida Department of 
Agriculture and Consumer 
Services 
Florida Department of 
Protection 
Flow Equalization Basin 
Florida Land use, cover and 
form classification system 
Factor of Safety 
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Section 10 Glossary of Acronyms and Terms 

FWC Florida Fish and Wildlife 
Conservation Commission 

FWO Future Without Project (or the 
No Action Alternative under 
NEPA) 

FWP Future With Project 
ft Feet 

G 
GIS Geographic Information 

System 
GRP Gross Regional Product 

H 
HHD Herbert Hoover Dike 
HQUSACE Headquarters, U. S. Army 

Corps of Engineers 
HSI Habitat Suitability Indices 
HTRW Hazardous, Toxic and 

Radioactive Waste 
HU Habitat Unit 

I 
IAR Incremental Adaptive 

Restoration 
IDC Interest During Construction 
IDS Integrated Delivery Schedule 
INSMP Invasive and Nuisance Species 

Management Plan 
IWR Institute for Water Resources 

J 

K 
KRR Kissimmee River Restoration 

L 
LERR Lands, Easements, Rights-of-

way and Relocations 
LORS Lake Okeechobee Regulation 

Schedule 
LOSA Lake Okeechobee Service Area 

LOWRP 

LT 

M 
MISP 

MOA 
MTIF 

N 
NAGPRA 

NAVD 
NED 

NEPA 

NER 

NGVD 

NHPA 

NMFS 

NOA 
NPDES 

NPIAS 

NPS 
NRCS 

O 
OMRR&R 

OPE 

OSE 

Lake Okeechobee Watershed 
Restoration Project 
Long Term 

Master Implementation 
Sequencing Plan 
Memorandum of Agreement 
Miccosukee Tribe of Indians of 
Florida 

Native American Graves 
Protection and Repatriation 
Act 
North Atlantic Vertical Datum 
National Economic 
Development 
National Environmental Policy 
Act 
National Ecosystem 
Restoration 
National Geodetic Vertical 
Datum 
National Historic Preservation 
Act 
National Marine Fisheries 
Service 
Notice of Availability 
National Pollution Discharge 
Elimination System 
National Plan of Integrated 
Airport Systems 
National Park Service 
Natural Resource 
Conservation Service 

Operations, Maintenance, 
Repair, Rehabilitation, and 
Replacement 
Office of Planning and 
Evaluation 
Other Social Effects 
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Section 10 Glossary of Acronyms and Terms 

OTMP Operations Testing and 
Monitoring Period 

P 
Pcf Pounds per Cubic Foot 
PDT Project Delivery Team 
PED Preconstruction, Engineering, 

and Design 
PIR Project Implementation 

Report 
POM Project Operating Manual 
POR Period of Record 
PPOM Preliminary Project Operating 

Manual 
PPA Project Partnership 

Agreement 
PPCA Pre-Partnership Credit 

Agreement 
Psf Pounds per Square Foot 
psu Practical Salinity Units 

Q 

R 
RA Risk Analysis 
RASTA Reservoir-Assisted 

Stormwater Treatment Area 
RECONS Regional Economic System 
RECOVER Restoration Coordination and 

Verification 
RED Regional Economic 

Development 
RESOPS Reservoir Sizing Operations 

Screening Model 
ROD Record of Decision 
RSM Regional Simulation Model 
RSM-BN Regional Simulation Model for 

Basins 

S 
S&A Supervision and 

Administration 

SAJ 

SAS 
SAV 

SCORP 

SFWMD 

SHPO 

STA 
STOF 
SWFWMD 

T 
THPO 

TMDL 
TSP 

U 
UDV 
UFA 
UIC 
USACE 

USDA 

USDOI 

USEPA 

USFWS 

USGS 

V 

W 
WAF 

Jacksonville District, U.S. Army 
Corps of Engineers 
Surficial Aquifer System 
Submerged Aquatic 
Vegetation 
Statewide Comprehensive 
Outdoor Recreation Plan 
South Florida Water 
Management District 
State Historic Preservation 
Office 
Stormwater Treatment Area 
Seminole Tribe of Florida 
Southwest Florida Water 
Management District 

Tribal Historic Preservation 
Office 
Total Maximum Daily Load 
Tentatively Selected Plan 

Unit Day Value 
Upper Floridan Aquifer 
Underground Injection Control 
United States Army Corps of 
Engineers 
United States Department of 
Agriculture 
United State Department of 
Interior 
United States Environmental 
Protection Agency 
United States Fish and Wildlife 
Service 
United States Geological 
Survey 

Wetland Attenuation Feature 
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WQ 
WRDA 

WAF 

Water Quality 
Water Resources 
Development Act 
Wetland Attenuation Feature 

X 

Y 

Z 
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Section 10 Glossary of Acronyms and Terms 

10.2 Glossary of Terms 

A 

Acre — Area of land equal to 43,560 square feet. 
In the S.I. metric system, one acre is equal to 
4,046.9 square meters or 2.471 hectares. 

Acre-foot — The quantity of water required to 
cover 1 acre to a depth of 1 foot.  Equal to 43,560 
cubic feet (1,233.5 cubic meters). 

Activity — A specific project task that requires 
resources and time to complete. 

Adaptive Management — A process for learning 
and incorporating new information into the 
planning and evaluation phases of the 
restoration program. This process ensures that 
the scientific information produced for this 
effort is converted into products that are 
continuously used in management decision-
making. 

Adverse Effect – In relation to historic 
properties, an adverse effect is found when an 
undertaking may alter, directly or indirectly, any 
of the characteristics of a historic property that 
qualify the property for inclusion in the NRHP in 
a manner that will diminish the integrity of the 
property’s location, design, setting, materials, 
workmanship, feeling, or association. 

Adverse Impact — The detrimental effect of an 
environmental change relative to desired or 
baseline conditions. 

Affected Environment — Existing biological, 
physical, social, and economic conditions of an 
area subject to change, both directly and 
indirectly, as a result of a proposed human 
action. 

Air Quality — Measure of the health-related and 
visual characteristics of the air, often derived 
from quantitative measurements of the 
concentrations of specific injurious or 
contaminating substances. 

Anthropogenic — Of, relating to, or resulting 
from the influence of human beings on nature. 

Aquatic — Consisting of, relating to or being in 
water; living or growing in, on or near the water; 
or taking place in or on the water. 

Aquifer — An underground geologic formation, 
a bed or layer of earth, gravel or porous stone, 
that yields water or in which water can be 
stored. 

Authorization — An act by the Congress of the 
United States, which authorizes use of public 
funds to carry out a prescribed action. 

B 

Baseline — The initial approved plan for 
schedule, cost or performance management, 
plus or minus approved changes, to which 
deviations will be compared as the project 
proceeds. 

Benthic — Bottom of rivers, lakes, or oceans; 
organisms that live on the bottom of water 
bodies. 

Best Management Practices — The best 
available land, industrial and waste management 
techniques or processes that reduce pollutant 
loading from land use or industry, or which 
optimize water use. 

Biological Opinion — Document issued under 
the authority of the Endangered Species Act 
stating the U.S. Fish and Wildlife Service and/or 
the National Marine Fisheries Services finding as 
to whether a Federal action is likely to jeopardize 
the continued existence of a threatened or 
endangered species or result in the destruction 
or adverse modification of critical habitat. 

Borrow Canal — Canal or ditches where material 
excavated is used for earthen construction 
nearby. Also, typically denotes a canal with no 
conveyance or water routing purpose. 
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Section 10 Glossary of Acronyms and Terms 

areas with physical or biological features 

Canal — A human-made waterway that is used 
for draining or irrigating land or for navigation by 
boat. 

Candidate Species — Plant or animal species not 
yet officially listed as threatened or endangered, 
but which is undergoing status review by the U.S. 
Fish and Wildlife Service or the National Marine 
Fisheries Service. 

Central and Southern Florida Project (C&SF) — 
A multi-purpose project, first authorized by 
Congress in 1948, which provides flood control, 
water supply protection, water quality 
protection and natural resource protection. 

Channel — Natural or artificial watercourse, 
with a definite bed and banks to confine and 
conduct continuously or periodically flowing 
water. 

Coastal Ridge — Area of land bordering the 
coast whose topography is elevated higher than 
land further inland. 

Comprehensive Everglades Restoration Plan 
(CERP) — The plan for the restoration of the 
greater Everglades and to meet water supply and 
flood protection needs in the urban and 
agricultural regions of south Florida. 

Control Structure — A human-created structure 
that regulates the flow of waters or the level of 
waters. 

Conveyance Capacity — The rate at which water 
can be transported by a canal, aqueduct, or 
ditch. In this document, conveyance capacity is 
generally measured in cubic feet per second 
(cfs). 

Cost-Benefit Analysis — An analysis, often 
stated as a ratio, used to evaluate a proposed 
course of action. 

Critical Habitat — A description, which may be 
contained in a Biological Opinion, of the specific 

essential to the conservation of a listed species 
and which may require special management 
considerations or protection; these areas have 
been legally designated via Federal Register 
notices. 

Cubic feet per second (cfs) — A measure of the 
volume rate of water movement.  As a rate of 
stream flow, a cubic foot of water passing a 
reference section in 1 second of time. One cubic 
foot per second equals 0.0283 meter /second 
(7.48 gallons per minute). One cubic foot per 
second flowing for 24 hours produces 
approximately 2 acre-feet. 

Culture – The National Park Service defines 
culture as “a system of behaviors, values, 
ideologies, and social arrangements. These 
features, in addition to tools and expressive 
elements such as graphic arts, help humans 
interpret their universe as well as deal with 
features of their environments, natural and 
social. Culture is learned, transmitted in a social 
context, and modifiable. Synonyms for culture 
include life ways, customs, traditions, social 
practices, and folkways. The terms folk culture 
and folk life might be used to describe aspects of 
the system that are unwritten, learned without 
formal instruction, and deal with expressive 
elements such as dance, song, music and graphic 
arts as well as storytelling." 

Cultural Resources – Encompasses both 
culturally significant sites and historic properties. 

Culturally Significant Site – Geographically 
defined areas supporting current or past human 
use such as a community meeting area, spiritual 
sites, places of worship, medicinal plant 
gathering areas or cemeteries and burial sites. 

Culvert — A concrete, metal or plastic pipe that 
transports water. 
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Section 10 Glossary of Acronyms and Terms 

D 

Data – (cultural resources) Per Engineering 
Regulation 1105-2-100(b)(10), the DOI defines 
“data” as “evidence about historic and 
prehistoric periods, which are buried in the 
ground” and recovered as evidence…when 
construction projects pose threats that would 
result in their irreparable loss or destruction.” 

Data Recovery – (cultural resources) also known 
as Mitigative Excavations is a way to remedy or 
offset an adverse effect or a change in qualifying 
characteristics within an archaeological site. 
Through mitigative excavations, important 
information that makes the site eligible for NRHP 
listing is retrieved from the site before the site’s 
integrity is compromised or destroyed. 

Discharge — Discharge: the flow of water exiting 
a pump, culvert, or other hydraulic structure. 

Dry Downs — Refers to marsh water levels going 
below ground in the Everglades.  Dry downs 
occur naturally in the pre-drainage Everglades, 
but were not as frequent, nor as long in duration 
as does occur in the current system. 

Dry Season — Hydrologically, for south Florida, 
the months associated with a lower incident of 
rainfall, typically November through May. 

Duration — The period of time over which a task 
occurs, in contrast to effort, which is the amount 
of labor hours a task requires; duration 
establishes the schedule for a project, and effort 
establishes the labor costs. 

E 

Ecology — The science of the relationships 
between organisms and their environments, also 
called bionomics; or the relationship between 
organisms and their environment. 

Ecosystem — A functional group of animal and 
plant species that operate in a unique setting 
that is mostly self-contained. 

Effectiveness — A measure of the quality of 
attainment in meeting objectives; this is 
distinguished from efficiency, which is measured 
by the volume of output achieved for the input 
used. 

Endangered Species — Any species or 
subspecies of bird, mammal, fish, amphibian, 
reptile, or plant which is in serious danger of 
becoming extinct throughout all, or a significant 
portion of its range.  Federally endangered 
species are officially designated by the U.S. Fish 
and Wildlife Service or the National Marine 
Fisheries Service and published in the Federal 
Register. 

Enhancement — Measures which develop or 
improve the quality or quantity of existing 
conditions or resources beyond a condition or 
level that would have occurred without an 
action; i.e., beyond compensation. 

Environmental Consequences — The impacts to 
the Affected Environment that are expected 
from implementation of a given alternative. 

Environmental Impact Statement (EIS) — An 
analysis required by the National Environmental 
Policy Act for all major Federal actions, which 
evaluates the environmental risks of alternative 
actions. 

Estuary — A water passage where the tide meets 
a river current; an arm of the sea at the lower 
end of a river. 

Evaluate — To appraise or determine the value 
of information, options or resources being 
provided to a project. 

Evaporation — The change of a substance from 
the solid or liquid phase to the gaseous (vapor) 
phase. 

Evapotranspiration — Evapotranspiration is part 
of the hydrologic cycle that is a combination of 
evaporation and transpiration.  Solar energy 
induces evaporation, causing water vapor to 
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Section 10 Glossary of Acronyms and Terms 

condense and fall as precipitation.  A portion of 
the precipitation seeps into the ground and is 
consumed by plants.  It is then recycled back into 
the atmosphere in the form of transpiration. 

Exotic species — Introduced species not native 
to the place where they are found. 

F 

Fallowed Land — Cultivated land that lies idle 
during a growing season. 

Feasibility Study — The second phase of a 
project. The purpose is to describe and evaluate 
alternative plans and fully describe 
recommended project. 

Federally Endangered Species — An endangered 
species which is officially designated by the U.S. 
Fish and Wildlife Service or the National Marine 
Fisheries Service and published in the Federal 
Register. 

Flow — The volume of water passing a given 
point per unit of time. 

Instream Flow Requirements — Amount of 
water flowing through a stream course needed 
to sustain instream values. 

Minimum Flow — Lowest flow in a specified 
period of time. 

Peak Flow — Maximum instantaneous flow in a 
specified period of time. 

G 

Geospatial Data — Information, which includes, 
but is not limited to surveys, maps, aerial 
photography, aerial imagery, and biological, 
ecological and hydrological modeling coverage’s. 

Goal — Something to be achieved. Goals can be 
established for outcomes (results) or outputs 
(efforts). 

Groundwater — Water stored underground in 
pore spaces between rocks and in other alluvial 
materials and in fractures of hard rock occurring 
in the saturated zone. 

Groundwater Level — Refers to the water level 
in a well, and is defined as a measure of the 
hydraulic head in the aquifer system. 

Groundwater Pumping — Quantity of water 
extracted from groundwater storage. 

Groundwater Seepage — Groundwater flow in 
response to a hydraulic gradient. 

Groundwater Table — The upper surface of the 
zone of saturation, except where the surface is 
formed by an impermeable body. 

H 

Habitat — Area where a plant or animal lives. 

Hammock — Localized, thick stands of trees that 
can grow on natural rises of only a few inches in 
the land. 

Historic Properties – Encompasses 
archaeological, traditional, and built 
environment resources, including but not limited 
to buildings, structures, objects, districts and 
sites over 50 years of age. 

Hydraulic Gradient — Denotes slope of 
watercourse, above or below ground water 
level. Typically, defines energy loss or 
consumption in the conveyance process. 

Hydraulic Head (Lift) — Denotes relative 
comparison of water stages for gravity flow. 
Pump stations generally provide lift or increase 
water level elevations. 

Hydrologic Condition — The state of an area 
pertaining to the amount and form of water 
present.  For example, saturated ground (water 
table at surface), lake stage and river flow rate. 
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Hydric — Characterized by, relating to, or 
requiring an abundance of moisture. 

Hydrologic Response — An observed decrease 
or increase of water in a particular area. 

Hydrology — The scientific study of the 
properties, distribution and effects of water on 
the earth’s surface, in the soil and underlying 
rocks, and in the atmosphere. 

Hydropattern — Refers to depth as well as 
hydroperiod. Hydropatterns are best 
understood by a graphic depiction of water level 
(above as well as below the ground) through 
annual cycles. 

Hydroperiod — For non-tidal wetlands, the 
average annual duration of flooding is called the 
hydroperiod, which is based only on the 
presence of surface water and not its depth. 

Impoundment — An aboveground reservoir 
used to store water. 

Independent Technical Review Team — A group 
autonomous of the Project Team established to 
conduct reviews to ensure that design products 
are consistent with established criteria, 
guidance, procedures and policies. 

Indicator Species — Organism, species, or 
community which indicates presence of certain 
environmental conditions. 

Invertebrate — A small animal that does not 
have a backbone, examples include crayfish, 
insects and mollusks, which can be indicators of 
ecosystem status. 

J 

K 

L 

Lag — The amount of time after one task is 
started or completed before the next task can be 
started or completed. 

Land Classification — An economic classification 
of variations in land reflecting its ability to 
sustain long-term agricultural production. 

Levee — A human-created embankment that 
controls or confines water. 

Littoral Zone — The shore of land surrounding a 
water body that is characterized by periodic 
inundation or partial saturation by water level. 
Typically defined by species of vegetation found. 

Local Sponsor — The South Florida Water 
Management District. 

M 

Macrophytes — Visible plants found in aquatic 
environments, including sawgrass, sedges and 
lilies. 

Marl — Soils comprised of clays, carbonates, and 
shell remains. 

Marsh — An area of low-lying wetland. 

Master Program Management Plan (MPMP) — 
A document which describes the framework and 
processes to be used by the USACE and the 
SFWMD for managing and monitoring 
implementation of the Comprehensive 
Everglades Restoration Plan. 

Mercury — Heavy metal that is toxic to most 
organisms when concerted into a byproduct of 
inorganic-organic reaction.  Distributed into the 
environment mostly as residual particles from 
industrial processes. 

Mitigation — To make less severe; to alleviate, 
diminish or lessen; one or all of the following 
may comprise mitigation: (1) avoiding an impact 
altogether by not taking a certain action or parts 

LOWRP Final PIR and EIS August 2020 
10-9 



   

   
  

  
     

 
    

  
  

    
 

    
 

    
   

  
  

 

    
 

 

      
     

 

  
  

   

   
 
 

  
  

   
  

    
  

   
  

 

   
 

   
 

 
   

 
  

  
  

  

   
     

 

 

       
   

  
       

  
   

  
       

       
   

 
 

   
   

  
 

   
  

  
  

  
  

  
  

    
 

  

Section 10 Glossary of Acronyms and Terms 

of an action; (2) minimizing impacts by limiting 
the degree or magnitude of an action and its 
implementation; (3) rectifying an impact by 
repairing, rehabilitating or restoring the affected 
environment; (4) reducing or eliminating an 
impact over time by preservation and 
maintenance operations during the life of an 
action; and (5) compensating for an impact by 
replacing or providing substitute resources or 
environments. 

Model — A tool used to mathematically 
represent a process which could be based upon 
empirical or mathematical functions.  Models 
can be computer programs, spreadsheets, or 
statistical analyses. 

Monitoring — The capture, analysis and 
reporting of project performance, usually as 
compared to plan. 

Muck — Soil type consisting of 25% to 65% plant 
material mixed with sand silt, and clay. 

N 

National Economic Development (NED) — 
Corps of Engineers benefit evaluation process 
used to justify Recreation expenditures. 

No Action Alternative — The planning process 
by which the action agency decides to not carry 
forth any planned action to alter existing 
conditions. In this report the No Action 
Alternative is the same as the Future Without 
Project Condition (FWO) and is referred to 
throughout the document as FWO. 

Northern Estuaries – Refers to the 
Caloosahatchee Estuary on the west coast of 
Florida and the St. Lucie Estuary on the east 
coast. 

O 

Objective — A goal expressed in specific, directly 
measurable terms. 

Off-peak — Less than peak design flow rate 
during storm runoff producing events. 

Operation, Maintenance, Repair, 
Rehabilitation, Replacement (OMRR&R) — 
100% local sponsor responsibility to OMRR&R 
recreation facilities and amenities. 

Outreach — Proactive communication and 
productive involvement with the public to best 
meet the water resource needs of south Florida. 

Oxygen Demand — The biological or chemical 
demand of dissolved oxygen in water. Required 
by biological processes for respiration. 

P 

Peat — Soil type consisting of 65% or more plant 
material with relatively little mineral matter. 
Everglades peat is formed mostly from partially 
decayed sawgrass.  The upper 12 inches is a 
nearly black, finely fibrous peat which contains 
approximately 10% mineral soil.  The subsoil is 
brown, fibrous peat which rests on the 
underlying rock, sand or marl. 

Performance Measure — A desired result stated 
in quantifiable terms to allow for an assessment 
of how well the desired result has been 
achieved. 

Periphyton — The biological community of 
microscopic plants and animals attached to 
surfaces in aquatic environments, for example 
algae. 

Phosphorus (P) — Element or nutrient required 
for energy production in living organisms. 
Distributed into the environment mostly as 
phosphates by agricultural runoff (fertilizer) and 
life cycles.  Frequently the limiting factor for 
growth of microbes and plants in south Florida. 

Programmatic Regulations — Section 601(h) of 
WRDA 2000 states that the overarching purpose 
of the Comprehensive Plan is the restoration, 
preservation and protection of the south Florida 
ecosystem while providing for the other water 

LOWRP Final PIR and EIS August 2020 
10-10 
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related needs of the region, including water 
supply and flood protection.  The purpose of the 
regulations is to ensure that the goals and 
objectives of CERP are achieved. The regulations 
will contain: (1) processes for the development 
of Project Implementation Reports, Project 
Cooperation Agreements and operating manuals 
that ensure the goals and objectives of the plan 
are achieved; (2) processes that ensure new 
scientific, technical, or other information such as 
that developed through adaptive management is 
integrated into the implementation of the plan; 
and (3) processes to establish interim goals to 
provide a means by which the restoration 
success of the plan may be evaluated throughout 
the implementation process. 

Project — A sequence of tasks with a beginning 
and an end that uses time and resources to 
produce specific results.  Each project has a 
specific, desired outcome, a deadline or target 
completion date and a budget that limits the 
amount of resources that can be used to 
complete the project. 

Project Partnership Agreement (PPA) — A 
document that describes the roles and 
responsibilities of the USACE and SFWMD for 
real estate acquisition, construction, 
construction management and operations and 
maintenance. 

Project Delivery Team — An interdisciplinary 
group formed from the resources of the 
implementing agencies, which develops the 
products necessary to deliver the project. 

Project Duration — The time it takes to 
complete an entire project from starting the first 
task to finishing the last task. 

Project Implementation Report (PIR) — A 
decision document that will bridge the gap 
between the conceptual design contained in the 
Comprehensive Plan and the detailed design 
necessary to proceed to construction. 

Proposed Action — Plan that a federal agency 
intends to implement or undertake and which is 
the subject of an environmental analysis. 
Usually, but not always, the proposed action is 
the agency's preferred alternative for a project. 
The proposed action and all reasonable 
alternatives are evaluated against the no action 
alternative. 

Public Involvement — Process of obtaining 
citizen input into each stage of the development 
of planning documents. Required as a major 
input into any EIS. 

Public Outreach — A program-level activity with 
the objectives of keeping the public informed of 
the status of the overall program and key issues 
associated with restoration implementation and 
providing effective mechanisms for public 
participation in the restoration plan 
development. 

Pump Station — A human constructed structure 
that uses pumps to transfer water from one 
location to another. 

Q 

Quality Assurance (QA) — The process of 
evaluating overall project performance on a 
regular basis to provide confidence that the 
project will satisfy the relevant quality 
standards. 

Quality Control (QC) — The process of 
monitoring specific project results to determine 
if they comply with relevant quality standards, 
and identifying means of eliminating causes of 
unsatisfactory performance. 

R 

Recharge — The processes of water filling the 
voids in an aquifer, which causes the piezometric 
head or water table to rise in elevation. 

Record of Decision — Concise, public, legal 
document which identifies and publicly and 
officially discloses the responsible official's 
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decision on the alternative selected for 
implementation. It is prepared following 
completion of an Environmental 
Impact Statement. 

Reservoir — Artificially impounded body 
of water. 

Restoration — The recovery of a natural 
system’s vitality and biological and hydrological 
integrity to the extent that the health and 
ecological functions are self-sustaining over 
time. 

Restoration Coordination and Verification 
(RECOVER) — A program-level activity whose 
role is to organize and apply scientific and 
technical information in ways that are most 
effective in supporting the objectives of the 
Comprehensive Everglades Restoration Plan. 

Restudy — The Central and South Florida Project 
Comprehensive Review Study, authorized by the 
Water Resources Development Act of 1992, 
which examined the Central and Southern 
Project to determine the feasibility of modifying 
the project to restore the south Florida 
ecosystem and provide for other water-related 
needs of the region, and which resulted in The 
Final Integrated Feasibility Report and 
Programmatic Environmental Impact Statement, 
which was transmitted to Congress on July 1, 
1999. 

Risk Analysis — An evaluation of the feasibility 
or probability that the outcome of a project or 
policy will be the desired one; usually conducted 
to compare alternative scenarios, action plans 
or policies. 

S 

Scoping — The process of defining the scope of 
a study, primarily with respect to the issues, 
geographic area, and alternatives to be 
considered. The term is typically used in 
association with environmental documents 

prepared under the National Environmental 
Policy Act. 

Scrub — A community dominated by pinewoods 
with a thick understory of oaks and saw 
palmetto, and which occupies well-drained, 
nutrient-poor sandy soils. 

Seepage — Water that escapes control through 
levees, canals or other holding or conveyance 
systems. 

Sheet Flow — Water movement as a broad front 
with shallow, uniform depth. 

Slough — A depression associated with swamps 
and marshlands as part of a bayou, inlet or 
backwater; contains areas of slightly deeper 
water and a slow current; can be thought of as 
the broad, shallow rivers of the Everglades. 

South Florida Ecosystem — An area consisting of 
the lands and waters within the boundary of the 
South Florida Water Management District, 
including the Everglades, the Florida Keys and 
the contiguous near-shore coastal waters of 
South Florida. 

Spatial Extent — Area that is continuous without 
non-integrating internal barriers or land usage. 

Spillway — Overflow structure of a dam. 

Stakeholders — People or organizations having 
a personal or enterprise interest in the results of 
a project, who may or may not be involved in 
completing the actual work on that project. 

Stormwater — Surface water resulting from 
rainfall that does not percolate into the ground 
or evaporate. 

Subsidence — A local mass movement that 
principally involves the gradual downward 
settling or sinking of the earth’s surface with 
little or no horizontal motion. It may be due to 
natural geologic processes or mass activity such 
as removal of subsurface solids, liquids, or gases, 
ground water extraction, and wetting of some 
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types of moisture-deficient loose or porous 
deposits. 

Surficial Aquifer — An aquifer that is closest to 
the surface and is unconfined; the water level of 
a surficial aquifer is typically associated with the 
groundwater table of an area. 

Sustainability — The state of having met the 
needs of the present without endangering the 
ability of future generations to be able to meet 
their own needs. 

Swamp — A generally wet, wooded area where 
standing water occurs for at least part of the 
year. 

T 

Threatened species — Legal status afforded to 
plant or animal species that are likely to become 
endangered within the foreseeable future 
throughout all or a significant portion of their 
range, as determined by the U.S. Fish and 
Wildlife Service or the National Marine Fisheries 
Service. 

Trade-off — Allowing one aspect of a project to 
change, usually for the worse, in return for 
another aspect of the project getting better. 

Traditional Cultural Property – The NPS defines 
“traditional” in this context as referring “to those 
beliefs, customs, and practices of a living 
community of people that have been passed 
down through the generations, usually orally or 
through practice. The traditional cultural 
significance of a historic property, then, is 
significance derived from the role the property 
plays in a community's historically rooted 
beliefs, customs, and practices.” 

Tributary — A stream feeding into a larger 
stream, canal or waterbody. 

U 

V 

W 

Water Budget — An account of all water inflows, 
outflows and change in storage for a pre-
specified period of time. 

Wetland Attenuation Feature (WAF) — 
Aboveground flow through impoundment with a 
primary function to attenuate peak flow events 
and secondary function as wetland habitat 

Watershed — A region or area bounded 
peripherally by a water parting and draining 
ultimately to a particular watercourse or body of 
water. 

Wetlands — Areas that are inundated or 
saturated by surface water or groundwater at a 
frequency and duration sufficient to support a 
prevalence of vegetative or aquatic life that 
requires saturated or seasonally saturated soil 
conditions for growth and reproduction. 

Wet Season — Hydrologically, for south Florida, 
the months associated with a higher than 
average incident of rainfall, June through 
October. 

Wildlife Corridor — A relatively wide pathway 
used by animals to transverse from one habitat 
arena to another. 

Wildlife Habitat — An area that provides a water 
supply and vegetative habitat for wildlife. 
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