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SECTION 4 
DEVELOPMENT OF ALTERNATIVE PLANS 

 
4.1 ESTABLISHING MANAGEMENT MEASURES 
 
4.1.1 Background 
 
The LNWR and WCA-2A are two significant ecological resources that have been impacted 
since the construction of the C&SF Project.  A detailed description of the problems and 
opportunities occurring in these ecosystems is provided in Section 2 of this document.  Both 
of these natural resource areas have been incorporated into the water management system of 
South Florida and are adversely affected by storing water for municipal, industrial, and 
agricultural water supply and subsequent withdrawals and operations for flood control.  
These manipulations of water cause disruptions in hydroperiods and hydropatterns, and lead 
to unnatural, elongated periods of severe dry periods and flooding.  These factors have 
resulted in repeated unacceptable stresses on the aquatic environment and declines in habitat 
function within the remainder of the historic Everglades. 
 
Opportunities for restoration in these natural areas exist along the eastern portions of these 
natural systems, where areas of undeveloped land remains.  Prior studies, including the 
Restudy, identified areas that can be utilized as aboveground storage impoundments.  The 
impoundments would serve to store excess water from rainfall that is currently lost to tide 
through the Hillsboro Canal and Intracoastal Waterway.  This water storage would provide 
an alternate source for water deliveries to municipal areas to the east during dry periods 
thereby reducing adverse ecological effects in the adjacent natural areas associated with 
withdrawing water, reducing seepage out of LNWR, and reducing the duration of high water 
stages resulting in adverse ecological effects within the LNWR and WCA-2A.   
 
4.1.2 Plan Formulation and Evaluation Process 
 
The plan formulation process for the Site 1 Impoundment Project stemmed from prior 
planning efforts that produced an array of management measures, site analyses, and 
alternatives.  A PDT was formed of various local, state, and federal agency personnel.  The 
team used an iterative process to identify the merits of individual components and evaluate 
alternative plans to determine how well the plans met the planning objectives, performance 
measures, and evaluation criteria.  Figure 4.1-1 indicates the sequence of planning actions 
that were followed for this Federal water resources project.     



Section 4 Development of Alternative Plans 

Final Site 1 Impoundment PIR and EA April 2006  
4-2 

FIGURE 4.1-1: PLAN FORMULATION AND EVALUATION 
 

 
 
The Restudy identified the primary purpose of the Site 1 Impoundment as supplementing 
water deliveries to the Hillsboro Canal during dry periods.  The additional water provided by 
the impoundment would thereby reduce demands on Lake Okeechobee and LNWR.  This 
purpose is reflected in the project objectives and the performance measures established for 
those objectives.  Project-specific objectives were also developed based on overall CERP 
ecologic goals that include increasing the spatial extent of natural areas, improving habitat 
function and quality, and improving native plant and animal abundance and diversity.  The 
project-specific objectives that were developed are listed below: 
 

• Maximize the amount of water available to the greater Everglades system; 
• Reduce damaging fresh water flow discharges to the estuarine system; 
• Increase the spatial extent and quality of fish and wildlife habitat in the LNWR; 
• Increase the spatial extent and quality of fish and wildlife habitat in WCA-2A; 
• Improve hydroperiods and hydropatterns in the LNWR;  
• Improve hydroperiods and hydropatterns in WCA-2A; 
• Increase spatial extent of functional estuarine habitat; 
• Improve recreation at the project site. 

 
In addition to the goals and objectives, project constraints were developed to ensure that the 
proposed project would not reduce levels of service for flood protection nor quantities of 
water available for municipal, industrial, and agricultural water supplies.  Management 
measures were developed to address the project-specific and system-wide goals and 
objectives listed above.  The following section describes the process by which these 
measures were developed and evaluated.  
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4.1.3 Development of Management Measures and Screening Criteria 
 
The management measures that were considered were obtained from previous studies and 
were consistent with the CERP objective to supplement water supply deliveries to southern 
PBC and northern Broward County via the Hillsboro Canal by capturing and storing water 
that is currently discharged to tide.  The supplemental deliveries would also reduce water 
demands from Lake Okeechobee and the WCAs, including the LNWR.  Management 
measures included both structural and non-structural elements.  Management measures and 
subsequent alternative plans for this project were consistent with those that were produced 
during prior planning efforts. 
 
Previous efforts include the following: 
 

• Water Supply Preserves (Everglades Coalition/National Audubon Society); 
• East Coast Buffer (conducted by SFWMD); 
• WPAs Land Suitability Analysis (USACE and SFWMD); 
• Governor’s Commission Conceptual Plan;  
• Restudy (USACE and SFWMD); and 
• WPAFS (USACE). 

 
An interdisciplinary PDT was created to compile screening criteria to address each 
management measure.  The screening criteria included evaluations of environmental impact 
and overall effectiveness to meet overall system-wide and project-level objectives.  Impacts 
to municipal water supplies were utilized as a project constraint.  Table 4.1-1 contains the 
management measures that were considered and screening criteria used to eliminate 
management measures from further consideration.   
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TABLE 4.1-1: MANAGEMENT MEASURES AND SCREENING CRITERIA 
 

Screening Criteria 
Management 

Measure Environmental 
Degradation 

Incapable of 
meeting project 

objectives 

Impacts to 
Municipal 

Water Supply 
Effectiveness

Reverse  
Osmosis X    

Seepage  
Management   X  

ASR    X 
Partitioning of  
Lake 
Okeechobee 

X 
 

  

Well Field X  X  
Above-Ground 
Impoundment     

Additional 
Storage in  
Lake 
Okeechobee 

X X   

The following paragraphs summarize the results of the screening efforts that were performed.  
The summaries include both the beneficial effects of the management measures, as well as 
provide specific rationale for elimination. 
 
• Reverse Osmosis:  Reverse osmosis of brackish water from the Floridan Aquifer or 

seawater would add additional water supply for the municipal and industrial water supply 
and it does not involve direct withdrawals from natural areas or deplete water supplies 
within the Biscayne aquifer.  However, it was determined to be unacceptable due to 
potential environmental degradation due to the disposal of its waste products.  Reverse 
osmosis is not as effective as surface storage of water in reducing peak discharges and 
capturing run-off normally discharged to tide due to the slow process of extracting and 
treating the water.  Reverse osmosis would do little to retain water within the natural 
areas.   

 
• Seepage Management:  Seepage management can retain water within natural areas 

without any need for additional storage volume and also does not require treatment to 
meet water quality standards.  The disadvantage of seepage management is that it would 
prevent eastward flow of groundwater therefore depleting the amount of water available 
for withdrawal into the public water supply systems and cause more water to be utilized 
from the WCAs and Lake Okeechobee.  Seepage management would also not store 
enough water to provide a supplemental source sufficient to offset adverse impacts to 
natural areas caused by withdrawals of water. 

 
• ASR:  Although ASR is expected to be effective for storing water during periods of high 

water levels and excess canal flow, ASR, by itself, is not as effective as surface storage of 
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water in reducing peak discharges and capturing run-off normally discharged to tide due 
to the slow process (currently estimated at five mgd per well) of treating and injecting 
water.  A separate pilot project is underway investigating the technical feasibility of ASR 
in the Hillsboro Canal basin.  As such, ASR wells are not considered for this component, 
but may be addressed in a future PIR pending the results of the pilot study. 

 
• Partitioning of Lake Okeechobee:  This management measure was eliminated due to 

the severe ecological degradation that would occur to Lake Okeechobee with the 
construction of a levee through the middle of the lake to separate it into ecologically and 
water supply managed areas.  An investigation of the effect caused by partitioning Lake 
Okeechobee into two compartments, reservoir on the east and littoral on the west, was 
completed as part of the Restudy.  The conclusion by the Restudy was that environmental 
concerns were deemed too significant to allow further consideration of this management 
measure. 

 
• Well Field:  The construction of a surficial well field could be developed as a 

supplemental water source to the LEC.  However, a Biscayne/Surficial well field located 
at the Site 1 Impoundment area would likely adversely impact the adjacent LNWR and 
WCA-2A since the cone of influence would probably extend into the natural system west 
of the protective levees.  Furthermore, the cone of influence could also extend eastward 
and potentially draw down lakes in surrounding developed areas.  However, this 
alternative would likely worsen ecological conditions in the Everglades during the dry 
season (by withdrawing additional water from the natural system), would do little to 
retain water in the natural system, and was therefore eliminated from further 
consideration. 
 

• Aboveground Impoundment:  An aboveground impoundment would not impede 
groundwater flow to adjacent municipal water supplies but would allow for the continued 
flow of groundwater into these areas.  Additionally, an aboveground impoundment would 
be effective in reducing peak discharges and capturing run-off normally discharged to 
tide.  Environmental degradation should be minimal, as an aboveground impoundment 
would still provide for aquatic benefits.  

 
• Additional Storage in Lake Okeechobee:  (a non-structural management measure) 

Modeling has shown that the average annual storage in the proposed Site 1 Impoundment 
is approximately 20,000 acre-feet of water without ASR.  The area of Lake Okeechobee 
is 730 square-miles or roughly 467,000 acres.  The 20,000 acre-feet of water stored in 
Lake Okeechobee would make an approximate 0.04 foot difference in pool change in a 
day.  Therefore, the regulation schedule for Lake Okeechobee would not need to be 
revised to accommodate 20,000 acre-feet of water.  However, the additional water from 
Lake Okeechobee to the LEC basins for demand would need to be routed south through 
the STA-1 East or STA-1 West for treatment prior to entering the LNWR and then 
discharging to the LEC.  The additional demands on Lake Okeechobee would translate 
into less water available for the natural system, leading to environmental degradation.  
Additionally, this non-structural management measure would not capture any water that 
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is lost to tide, which falls east of the LNWR.  As such, damaging freshwater discharges to 
the estuaries would continue. 

 
4.2 ALTERNATIVE SITE ANALYSIS 
 
After screening of the management measures concluded that an aboveground reservoir would 
best meet the CERP system-wide and project-specific goals and objectives, an alternative site 
analysis was conducted to determine the most feasible and productive location to construct 
an above-ground impoundment.  The following factors were identified in the evaluation of 
the alternate sites: 
 

• Land use; 
• Land suitability; 
• Ability to capture water from the Hillsboro Canal; 
• Environmental degradation; and 
• Impacts to existing municipal areas. 

 
The USACE/SFWMD WPAs Land Suitability Analysis included a consideration of natural 
resources, land use, land cover, hydrology, and geophysical characteristics (i.e., soils and 
transmissivity) to identify lands in Palm Beach, Broward and Miami Dade Counties for 
further study.  The National Audubon Society (1997, Water Preserve Areas; Defining 
Biological Functions and Spatial Extent) convened a workshop of 31 biologists and other 
scientist from government, universities, and non-governmental organizations with expertise 
in the ecology of eastern Everglades wetlands.  The result of these two efforts along with the 
SFWMD East Coast Buffer Study identified lands for the Restudy, which should be used for 
water management, wetlands, regulatory compatible use, and agricultural reserve.  As 
presented in Figure 4.2-1, there were limited areas for above-ground impoundments in the 
LEC that would provide the same benefits.  For the purpose of this analysis, four alternative 
sites (Figure 4.2-2) were analyzed for utilization as an above-ground impoundment in lieu of 
project lands already acquired.  The following paragraphs summarize the evaluation of each 
site:  
 

• Alternate Site Number 1:  EAA - The EAA is large enough to accommodate any 
size impoundment required to achieve project goals and objectives.  Environmental 
degradation would be minimal since the majority of wetland areas have already been 
converted to uplands for crop production.  However, the majority of rainfall in the 
LEC of Florida falls within the eastern coastal region, outside of the EAA.  The 
spatial distribution of average rainfall is presented in Figure 4.2-3.  As such, the EAA 
could not capture enough rainfall to fulfill the project storage requirements.  In 
addition, pumping stormwater from the urban areas of the LEC may have a 
detrimental effect on theWCAs.  Also, the Everglades Agricultural Storage Reservoir, 
another CERP component, has been proposed for this area. 

 
• Alternate Site Number 2:  Agricultural Reserve - The Agricultural Reserves area is 

located along the eastern edge of the LNWR north of the project area.  There is also 
another CERP component, the Agricultural Reserve Reservoir, proposed for this area.  
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Early in the WPAFS, a planning workshop was held in PBC to decide the best use of 
lands associated with the Agricultural Reserves.  The attendees at the workshop 
decided to retain lands east of State Road 7 for agricultural interests in PBC and 
utilize lands west of State Road 7 for CERP or water management functions.  
Construction of an impoundment in this area would require water to be withdrawn 
from theLWDD, as no sites within this area are in close proximity to the Hillsboro 
Canal.  Additionally, improvements in infrastructure would be required to achieve the 
capacity necessary to conduct additional water flows of both the CERP proposed 
Agricultural Reserve Reservoir and the Site 1 Impoundment combined.  As such, 
negative impacts to the municipal water supply in the vicinity of the project area 
would likely occur. 

 
• Alternative Site Number 3:  South of the Hillsboro Canal within WCA-2A - A 

levee and impoundment would be created within the existing WCA.  While this 
alternative would meet the general purpose of the proposed Site 1 Impoundment, it 
would violate a goal of CERP to enhance ecological values.  Storage of water at 
depths of six or eight feet within this site would decrease the spatial extent of natural 
areas, flood functional habitat, and also reduce the native plant and animal species 
abundance and diversity.  As such, this alternative site was eliminated. 

 
• Alternative Site Number 4:  North of the Hillsboro Canal adjacent to the LNWR 

This area is southwest of the Agricultural Reserve Site.  The area was originally 
degraded wetlands, but was converted into the Loxahatchee Mitigation Bank.  Use of 
this property would meet the needs of the project, but like the Agricultural Reserves, 
water would need to be withdrawn from the LWDD.  Additionally, improvements in 
infrastructure would be required to achieve the capacity necessary to conduct 
additional water flows of the Site 1 Impoundment.  As such, negative impacts to the 
municipal water supply in the vicinity of the project area would be expected.  In 
addition, implementation of the project at this site would reduce the function of the 
existing wetland compensatory mitigation.  Also, impacting an existing mitigation 
bank would require a re-evaluation of Federal and State permits.  Any impacts to the 
bank would require a significant amount of compensatory mitigation to offset any 
impacts to the area.  As the majority of the surrounding area is either developed or 
zoned as agricultural, securing enough land to provide wetland compensatory 
mitigation would be extremely difficult. 

 
4.2.1 Alternative Described in the Restudy  
 
Section 9.1.8.11 of the Restudy describes the alternative plan as per Section 385.26 of the 
CERP Programmatic Regulations (33 CFR Part 385): 
 
 “(A)n above-ground reservoir with a total storage capacity of approximately 15,000 acre-
feet located in the Hillsboro Canal Basin in southern Palm Beach County.  A series of ASR 
[aquifer storage and recovery] wells with a total capacity of approximately 150 million 
gallons per day and associated pre- and post- water quality treatment will also be part of this 
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feature located adjacent to the reservoir or along the Hillsboro Canal.  The initial design of 
the reservoir assumed 2,460 acres with water levels fluctuating up to 6 feet above grade.” 
 
4.2.2 Alternative Plans 
 
4.2.2.1 Initial Array of Alternatives 
 
Prior planning efforts, including the Restudy and WPAFS, produced an array of alternative 
plans for an aboveground impoundment at the proposed project location.  The alternative 
plans from these prior efforts were utilized by the PDT to maximize efficiency in the plan 
formulation and evaluation process.   
 
In addition to the “No-Action” alternative, the previous studies contributed to the 
development of six alternatives that were carried through preliminary screening.  Numerous 
iterations were performed by utilizing hydrologic computer simulations of the proposed 
impoundment and the surrounding areas during the previous studies.  The surrounding areas 
included both the LNWR and WCA-2A.  Two final alternatives were identified for further 
evaluation and cost estimating.  The following alternative plans were evaluated to determine 
effects on LNWR, WCA-2A, and the estuarine portion of the Hillsboro Canal and the 
AIWW. 
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FIGURE 4.2-1:  COMPARISON OF LAND SUITABILITY ANALYSIS TO 
AUDUBON’S BIOLOGICAL FUNCTION WORKSHOP 

 

 




