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PROJECT ASSURANCES AND SAVINGS CLAUSE SUMMARY 

WRDA 2000 requires the inclusion of Project-Specific Assurances and 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, responsive to the 
requirements of WRDA 2000, conducted by the SFWMD for the Tentatively Selected Plan (TSP) identified in 
the SFWMD Central Everglades Planning Project  (CEPP) Post Authorization Change Report (PACR) Feasibility 
Study and Draft EIS dated May 2018. The analyses for Project Assurances and the Savings Clause followed 
identification of the SFWMD CEPP PACR TSP during plan formulation. In the Annex B analysis, the potential 
effects are analyzed through comparison of the TSP to the Future Without Project (FWO). This comparison 
segregates the effects of the intervening non-CERP and intervening CERP projects. In addition, Annex B also 
compares the SFWMD CEPP PACR TSP to the existing conditions (ECB) to inform evaluators of the cumulative 
potential effects of the CEPP PACR, CEPP and other intervening CERP and non-CERP projects relative to 
conditions experienced previously. 

Savings Clause 

The Savings Clause analyses described in Section 601(h)(5) of WRDA 2000 is a means to protect existing legal 
sources of water supply and maintain 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 385.36 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. 

Water Supply from Existing Legal Sources and Flood Protection 

Regional Water Supply 
As identified in the 2018 SFWMD CEPP PACR (Section 6.9.2.1 and Annex B), ssources of water to meet 
agricultural and urban demand in the LOSA and LECSAs will continue to be met by their current sources, 
primarily Lake Okeechobee, the Everglades (including the WCAs), surface water in the regional canal network, 
and the surficial aquifer system. Sources of water for the Seminole Tribe of Florida and Miccosukee Tribe of 
Indians of Florida are also influenced by the regional water management system (C&SF Project, including Lake 
Okeechobee); however, these sources will not be affected by the CEPP PACR project. In addition, water supplies 
to ENP with implementation of the TSP exceed FWO project and ECB volumes. Water sources for fish and 
wildlife located in the Northern Estuaries, WCA 2, WCA 3, and Florida Bay will not be diminished. Therefore, 
there will be no elimination or transfer of existing legal sources of water supply as a result of the TSP for the 
following: 

• Agricultural or urban water supply in the LOSA and LECSA 
• Allocation or entitlement to the Seminole Indian Tribe of Florida under Section 7 of the Seminole Indian 

Land Claims Settlement Act of 1987 (25 U.S.C. 1772e) 
• The Miccosukee Tribe of Indians of Florida 
• Water supply for ENP 



   
 

     
 

 
 

    
  

    
         

    
    

  
   

     
 

    

    
  

    
      

   
       

    
   

    
    

          
   

    

  
     

       
  

   
  

  
   

 
  

        
   

      
   

• Water supply for fish and wildlife 

The TSP would maintain the level of service for regional water supply for existing legal users. 

Regional Flood Protection 

As identified in the 2018 SFWMD CEPP PACR (Section 6.9.2.2 and Annex B), ccomparison of canal stages and 
groundwater levels at key locations indicate that implementation of the project will not reduce the levels of 
service for flood protection within the areas affected by the project, including the EAA, LECSA 2, and LECSA 3. 
This includes the areas affected by the project including the Seminole Indian Tribe of Florida’s Big Cypress 
Reservation and the Miccosukee Tribe of Indians of Florida’s reservation areas and resort. The CEPP PACR TSP 
maintains the pre-project flood protection level of service for the EAA by providing total pumping capacity in 
excess of the existing capacity. After the completion of STA 3/4, flood control in the Miami Basin and the NNR 
Basin were transferred to new pump stations G-372 and G-370, with a combined capacity similar to the original 
C&SF project pump stations, S-8 (4,170 cfs) and S-7 (2,490 cfs), to provide drainage for the upstream EAA basin. 

Local Water Supply and Flood Protection - Seepage Losses from the EAA A-2 Reservoir 

The 2018 SFWMD CEPP PACR indicated that the A-2 Inflow/Outflow Canal would be the primary seepage 
management canal along the northern extent of the A-2 project footprint and that seepage would be controlled 
through canal operations. Annex B of the SFWMD CEPP PACR incorporated the detailed assessments of the 
TSP within the EAA based on evaluation of 3-D groundwater modeling (MIKE SHE) results presented in Section 
A.9 of the SFWMD CEPP PACR Engineering Appendix (Appendix A). Based principally on the evaluation of 
Section A.9, SFWMD concluded in Annex B (Section B.2.2.2.2) that the MIKE SHE / MIKE 11 model results 
indicated there are no adverse impacts to flood protection in the EAA and that the TSP was therefore 
determined to meet the Savings Clause requirements to maintain the pre-existing levels of flood protection. 
The Flood Protection evaluation in Annex B, Section B.2.5.2, also concluded that a slurry cut-off wall will be 
constructed below the A-2 Reservoir embankment to ensure compliance with the Savings Clause and for flood 
protection in the EAA, with the additional storage volume capacity provided by the A-2 Reservoir, construction 
and operation expected to incidentally improve flood protection. Evaluation of the Holeyland Wildlife 
Management Area (WMA) was not explicitly discussed in Annex B. 

Following completion of the May 2018 “Review Assessment” by the Assistant Secretary of the Army for Civil 
Works (ASA(CW)) and the subsequent authorization of the SFWMD CEPP PACR under Section 1308 of the 
America’s Water Infrastructure Act (AWIA) of 2018, the SFWMD CEPP PACR TSP was refined to address the 
Secretary’s concerns, recommendations, and conditions as stated in the Review Assessment. The additional 
technical analyses that were completed to address the ASA(CW) concerns, recommendations, and conditions 
are detailed in Section 5.5 of the Corps’ Final Environmental Impact Statement (EIS) and included, in part, the 
following tasks: additional geotechnical data collection and development of the engineering properties of the 
subsurface materials, including hydraulic conductivity values to support the seepage analysis; and 2-
dimensional embankment seepage modeling as well as 3-dimensional groundwater modeling (including model 
calibration and sensitivity analysis of key design parameters and design assumptions) to verify and/or modify 
seepage cutoff wall depth for the impoundment, seepage pumping capacity requirements, and seepage 
collection canal design requirements necessary, and to demonstrate that water table elevations within the 
project area are maintained to levels that do not impact adjacent landowners.  Following completion of this 
additional analysis, sections A.7, A.8, and A.9 of the SFWMD CEPP PACR Engineering Appendix were updated 
by the SFWMD, with the updated sections jointly coordinated and reviewed by the project’s engineering team 



     
  

 

 
              

            
  

  
         

    
          

         
   

     
    

     
     

   

      
  

     
      
     

       
        

          
         

    
   

   
  

  
       

       
  

        
 

     
      

   
    

     

 

representatives at the Corps and SFWMD.  Since the 2018 SFWMD CEPP PACR evaluation of flood protection 
in the EAA was principally based on Section A.9, the following amended evaluation was conducted for 
incorporation with the Corps’ Final EIS. 

This section describes the methods for managing the anticipated seepage losses from the A-2 Reservoir and 
A-2 STA. Seepage will occur from the A-2 Reservoir and A-2 STA because the soil within approximately 200 feet 
below the surface of the site is relatively permeable and there is a head difference between these features and 
the surrounding land. The existing groundwater flow patterns beneath and in the area around the A-2 Reservoir 
and A-2 STA sites will be affected by seepage and how the A-2 Reservoir the seepage management features 
are designed, constructed and operated. The project is adjacent to different land uses where seepage impacts 
occur. These impacts are to the agricultural farmland immediately to the north of the A-2 Reservoir and A-2 
STA between the Miami Canal and North New River Canal, and the Holey Land Wildlife Management Area 
(WMA) to the south of the A-2 Reservoir and A-2 STA. For the farmland to the north, the 2018 SFWMD CEPP 
PACR prescribed that seepage will be controlled by operating the A-2 Reservoir Inflow/Outflow Canal to 
manage mounding or drawdown effects to groundwater. Minor mounding during dry periods and limited 
drawdown during wet periods will provide a positive beneficial effect based on local farming operations. For 
Holey Land WMA, seepage effects contributing to mounding will be managed by operating G-204, G-205 and 
G-206 to maintain the Holey Land WMA regulation schedule and avoid undesirable impacts. This will reduce 
the need for pumping to maintain the Holey Land WMA regulation schedule during dry periods. 

Agricultural Farming - Operation of the A-2 Reservoir Inflow/Outflow Canal to manage flood control and water 
supply 

Seepage to the farming operations north of the A-2 Reservoir and A-2 STA between the Miami Canal and North 
New River Canal is controlled by the seepage management features including A-2 Reservoir Inflow/Outflow 
Canal and cut-off wall. The seepage evaluation for the A-2 Reservoir and A-2 STA complex is documented in 
the revised Appendix A, Section A.9 (October 2019) and indicates that operation of the of the A-2 Reservoir 
Inflow/Outflow Canal will be able to be operated to mitigate the adverse effects of reservoir seepage and have 
the potential to provide beneficial flood control and water supply effects to farming operations. The MIKE-SHE 
groundwater modeling results presented in the revised Section A.9 assumed the Normal Full Storage Level 
(NFSL) in both the STA and Reservoir at elevations 12.5 ft-NAVD and 31.1 ft-NAVD, while also assuming a 
constant stage level for the A-2 Reservoir Inflow/Outflow Canal (variable across the scenarios evaluated; no 
consideration of gradients along the canal due to A-2 Reservoir inflow pump operations). The analysis 
demonstrates that operating the 
A-2 Reservoir Inflow/Outflow Canal at approximately elevation 6.8-7.0 feet NAVD will minimize drawdown or 
mounding effects from the project. During wet events and periods, the A-2 Reservoir Inflow/Outflow Canal 
will be operated in the low range (4.5 feet to 6.9 feet NAVD) maintaining pre-project groundwater conditions 
and existing agricultural flood control level of service. During dry events and periods, the A-2 Reservoir 
Inflow/Outflow Canal will be operated in the high range (7.0 feet to 10.1 feet NAVD) to mound groundwater 
maintaining pre-project and existing agricultural water supply. Depending on antecedent groundwater 
conditions, hydrologic events and operating elevations in both the low and high range, there are opportunities 
to manage groundwater levels to improve both agricultural flood control and water supply. 

In practice, the water levels in the reservoir will vary between the NFSL elevation of 31.1 ft-NAVD and the 
minimum allowed (conservation pool) stage. Thus, the impact of seepage is expected to be somewhat below 
the conditions presented above and depend on the reservoir level, the Inflow-Outflow canal operation and the 
seasonal operations of the farms. These dynamic operations should be further evaluated during pre-
construction engineering and design (PED) phase with a refined modeling tool that is able to predict a time-



 
 

 

    

         
     

    
       

   
   

 

   
    

    
  

 
  

   
     

  
   

 
    

 

  

varying operational schedule of the Inflow-Outflow Canal, considering flood control and water supply 
conditions to determine whether additional seepage features (e.g., a parallel seepage canal) may be required 
as part of the design. 

Holey Land WMA – Operation of G-204, G-205 and G-206 to maintain regulation schedule 

The regulation schedule for Holey Land WMA is established to mimic a natural hydroperiod for the purpose of 
restoring Everglades habitat. Water levels in Holey Land WMA are controlled by water pumped to the G372HL 
inflow structure and the G204, G205 and G206 outflow structures. Seepage to Holey Land to the south is 
uncontrolled leaving the reservoir site and will provide beneficial effects as source water to meet the target 
hydroperiod in Holey Land WMA. Excess seepage water during wet events and periods will be managed by 
utilizing the G204, G205 and G206 outflow structures to meet and maintain the Holy Land WMA regulation 
schedule. 

The analysis and operating protocols provide reasonable assurances that the pre-project level of service for 
flood control and water supply will be either maintained or improved. Additional hydraulic analysis and 
development of the project operating manual will be conducted during the pre-construction engineering and 
design phase of the project. 

Recommended Plan Design Refinements 
Following completion of the additional technical analyses to address the ASA(CW) concerns, recommendations, 
and conditions, preliminary review of the A-2 STA design in October 2019, and joint agency coordination, the 
Corps and SFWMD jointly recommended inclusion of an additional (or secondary) seepage canal within the A-
2 project boundary to allow the necessary operational flexibility within the A-2 Inflow/Outflow Canal during 
pumping operations while significantly reducing the potential for water level impacts north of the A-2 project 
footprint by maintaining water levels in line with those managed within agricultural fields to the north. 



  

  
 

  

 

   

           

              

               

                 

            

   

            

            

            

                

             

              

             

             

             

    

            

            

      

             

            

               

              

               

                  

          

    

       

         

        

           

         

          

      

  

Appendix A Engineering Appendix 

A.7 SUBSURFACE CONSIDERATIONS FOR CONSTRUCTION 

Geotechnical Exploration 

A.7.1.1 Existing Geotechnical Data 

The preliminary geotechnical exploration to define the stratigraphy and characterize the subsurface 

conditions beneath the proposed A-2 Reservoir included 25 test borings conducted primarily around the 

perimeter of the reservoir, 25 in situ permeability tests, and six test pits excavated within the A-2 

footprint. The field exploration program was carried out by Ardaman & Associates, Inc. The borehole 

advancement and Standard Penetration Test (SPT) sampling was conducted using rotary drilling 

equipment. 

The field exploration program for the A-2 Reservoir supplemented several geotechnical site assessments 

and associated laboratory materials testing programs that were previously conducted for the adjacent A-

1 site. The prior exploratory program was performed to determine the nature and engineering properties 

of the natural ground soils as part of the preparation of the A-1 reservoir Basis Of Design Report (BODR), 

which was submitted to the SFWMD on January 2006, and the Central Everglades Planning Project Final 

Integrated Project Implementation Report (CEPP PIR), which was prepared by the U.S. Army Corps of 

Engineers (USACE) and the SFWMD and submitted on July 2014. The boreholes associated with both sites 

were drilled to depths between 50 and 180 feet. Figure A.7-1.1 shows the approximate location of the 

test borings performed within the A-1 and A-2 sites from the different field exploration programs that 

were reviewed. 

Laboratory data were also obtained during the current geotechnical exploration for the proposed A-2 

Reservoir. Index properties, e.g., moisture content and grain size distribution, as well as laboratory 

permeability were determined for representative samples obtained during drilling.  

The boring and sampling results and laboratory test results from the current exploration program and 

from prior geotechnical reports for the adjacent A-1 Reservoir site were reviewed to define engineering 

properties of the existing soils within the project area to use in the seepage and stability analyses of the 

conceptual embankment cross section included in Appendix A.8. The similarity in the stratigraphy and 

soil properties between the two sites allows utilization of all the information collected during the A-1 Test 

Cell Program. A copy of the boring logs used in this review are included in Annex G-1. The test results 

used in the analyses are from the following geotechnical reports: 

 Conceptual Report of Geotechnical Exploration, Comprehensive Everglades Restoration Plan, 

Everglades Agricultural Area Reservoirs by Ardaman & Associates, Inc., dated May 2003. 

 Field Exploration Results, SFWMD EAA A-2 Storage Reservoir Project, Palm Beach County, 

Florida by Ardaman & Associates, Inc., dated March 13, 2018. 

 Field Exploration Results, Phase 1 Field Work, SFWMD EAA A-2 Storage Reservoir Project, Palm 

Beach County, Florida by Ardaman & Associates, Inc., dated February 28, 2019 

 Test Cell Program Technical Memorandum by Black & Veatch, dated January 2006. 

 Everglades Agricultural Area Reservoir A-1 Geotechnical Data Report by Black & Veatch, dated 

March 2006. 

May 2019 
A.7-1 



  

  
 

         

   

     

              
             

                
              

       

             
              

                
                 

                  
                   

        
       

                
                

            
             

                 
               

               
               

    

Appendix A Engineering Appendix 

 EAA Supplemental Geotechnical Services Geotechnical Data Report – Supplement 2 by Black & 

Veatch, dated March 2007. 

A.7.1.2 Recommendations for Additional Field Exploration 

Additional field testing will be required during the PED phase to better define the variations in the 
hydraulic properties of the various soil and limestone layers beneath the proposed A-2 reservoir and STA 
project. At least three deep test borings should be drilled using sonic drilling techniques (or equivalent) 
to provide continuous, undisturbed core samples on each wall to define the thickness and characteristics 
of the surficial aquifer beneath the proposed reservoir. 

A minimum of five test wells penetrating the full thickness of the surficial aquifer should be installed within 
the footprint of the A-2 reservoir. Each well should be geophysically logged. Piezometers should be 
installed in each stratum of interest to determine the drawdown in that stratum as a function of the radial 
distance from each test well as it is pumped at a constant rate. Measurements will also need to be made 
of the upward velocity as a function of depth (using a vertical flow logger) as the well is pumped. Pumping 
should continue until steady state conditions are reached but for no less than 24 hours. The range in 
horizontal and vertical hydraulic conductivity for each layer should be determined either analytically or 
using a numerical model like MODFLOW. 

The vertical hydraulic conductivity of the caprock should be determined at a minimum of five one-acre 
test plots. A minimum of five multi-level cluster of piezometers should be installed in the top of the Ft. 
Thompson formation just beneath the caprock and monitored continuously using pressure transducers as 
the area is flooded to create a vertical hydraulic gradient across the caprock. Measurements of the flow 
required to keep the area flooded to a constant depth should also be made continuously. Test periods 
should be no shorter than 24 hours. In addition, down the hole (packer) flow measurements should be 
taken downstream of the flooded area to determine the location of high flow zones. Furthermore, it is 
recommended to cut a vertical trench to help identify the Ft. Thompson layer and confirm the location of 
the high flow zones. 

May 2019 
A.7-2 
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Figure A.7.1-1. Boring Locations 

May 2019 
A.7-3 



  

  
 

 

                  

                 

             

                  

      

                 

               

        

        

          

                

                 

               

          

         

             

              

           

       

Appendix A Engineering Appendix 

Stratigraphy 

The in situ materials at the A-2 Reservoir site are similar to those investigated beneath the adjacent A-1 

site. The generalized subsurface profile for the A-2 Reservoir and STA site was generated using the boring 

data collected during the field exploration of the A-2 site along with data obtained from selected 

boreholes from the A-1 site due to their proximity to the A-2 site. The generalized subsurface profile used 

in the conceptual embankment design is as follows: 

 Surficial peat and marl: The peat (also referred to as “muck”) is a black, highly organic, fine 

grained soil with a variable thickness of one to two feet. In isolated areas, the muck is underlain 

by several inches to two feet of calcareous clay (locally called “marl”). 

 Caprock/upper limestone (Late Pleistocene Fort Thompson Formation): Hard, slightly 

weathered to un-weathered limestone layer with trace shells (generally referred to as 

“caprock”) varying in thickness from zero to about 10 feet and averaging about 4 feet within the 

A-1 and A-2 sites. Standard Penetration Resistance, N, was in the range of 12 to 50/3”. The 

upper 2 to 3 feet of caprock is relatively intact limestone (calcrete) with an approximately 3-ft 

joint spacing. Solution holes that extend through the upper layer of caprock into the softer and 

more fractured or jointed limestone beneath the upper layer provide some degree of vertical 

connection to the underlying more permeable limestones. These solution holes vary in size from 

6 to 12 inches and are infilled with peat and carbonate sand. Figure A.7.2-1 is a photograph of 

the caprock surface taken during surface preparation for construction of the A-1 embankment. 

Figure A.7.2-1 Surface of Caprock at A-1 Site 

May 2019 
A.7-4 



  

  
 

           

       

            

           

             

                

       

         

        

           

             

               

 

          

                

         

       

Appendix A Engineering Appendix 

Figure A.7.2-2 is a photograph of a dewatering trench excavated through the cap rock layer. 

Figure A.7.2-2 Dewatering Trench at A-1 Site 

 Silty carbonate sand with limestone layers (Fort Thompson Formation): Silty carbonate sand 

containing shell fragments and fractured limestone, extending to about 35 feet deep across the 

sites; average calcium carbonate content is 84 percent; average percent passing the No. 200 

sieve is about 22 percent. Standard Penetration Resistance, N, was in the range of 3 to 50/6”. 

Portions of this layer may also be weakly cemented. 

 Sand with sparse limestone layers and intervals of hard drilling (Early Pleistocene 

Caloosahatchee Formation): Shelly, fine-grained, sub-rounded, quartz sand mixed with shelly 

carbonate sand extending to about 60 feet. Proportions of calcium carbonate to quartz vary 

greatly; average calcium carbonate content is 40 percent and average percent passing the No. 

200 sieve is about 12 percent. Standard Penetration Resistance, N, was in the range of 5 to 

50/5”. 

 Sand and weakly cemented sandstone and limestone layers (Pliocene Tamiami Formation): fine 

to coarse grained sand interbedded with sandy clay to clayey sand, very fine to medium grained, 

calcareous, poorly consolidated limestone and moderately to well hardened, sandy, fossiliferous 

limestone extending to about 180 feet deep. 

May 2019 
A.7-5 
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The location of the test borings used in generating stratigraphic profiles for the four walls of the 

proposed A-2 Reservoir are provided in Figure A.7.2-3. A graphical representation of the 

stratigraphic profile along the four walls of the proposed A-2 Reservoir are presented in Figures 

A.7.2-4 through A.7.2-7, respectively. Table A.7.2-1 summarizes the thickness of each of the major 

layers used in the seepage and stability analyses for each of the four walls. 

Table A.7.2-1. Thickness of Geologic Unit Used in Seepage and Stability Modeling 

Geologic Unit 
Thickness Used in Analyses (feet) 

North Wall East Wall South Wall West Wall 
Upper Caprock 3 3 3 3 

Lower Caprock 9 5 2 4 

Upper Ft. Thompson 10 16 6 8 

Lower Ft. Thompson 12 8 9 9 

Caloosahatchee 35 35 35 35 

Tamiami 129 134 143 141 

May 2019 
A.7-6 



  

  
 

      

Appendix A Engineering Appendix 

Figure A.7.2-3. Selected Boring for Stratigraphic Profile 

May 2019 
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Figure A.7.2-4 Stratigraphic Profile Along South Side of A-2 Reservoir 

May 2019 
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Figure A.7.2-5 Stratigraphic Profile Along West Side of A-2 Reservoir 

May 2019 
A.7-9 
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Figure A.7.2-6 Stratigraphic Profile Along North Side of A-2 Reservoir 

May 2019 
A.7-10 
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Figure A.7.2-7 Stratigraphic Profile Along East Side of A-2 Reservoir (West Side of A-1) 

May 2019 
A.7-11 
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Laboratory Test Results 

Laboratory test results performed on samples from the current and prior geotechnical site explorations 

conducted for the adjacent A-1 site were reviewed to define the engineering properties to be used in the 

preliminary seepage and stability analyses for the conceptual design of the A-2 Reservoir dam 

embankments. The laboratory test results that were reviewed include: 

 Laboratory permeability tests (ASTM D-5084 Method C) performed on 7 reconstituted sand 

samples from the December 2018 test boring program. 

 Unconfined compressive strength (ASTM D2938) performed on twenty samples of the limestone 

cores from the December 2004 borings program performed at the Test Cell (within the A-1 site). 

 Rock quality test, including LA Abrasion (ASTM C535) and soundness testing (ASTM D5240) 

performed on samples of filter drain and riprap bedding produced during construction of the 

Test Cells at the A-1 site. 

 Gradation (ASTM D422), moisture content (ASTM D2216), carbonate content (Florida Test 

Method Designation FM 5-514), percent passing the No. 200 sieve (ASTM D1140), consolidated 

undrained triaxial tests, unconsolidated undrained triaxial tests, flexible wall permeameter tests 

(ASTM D5084) and corrosivity tests (FDOT) performed on selected samples of the soils from the 

A-1 and A-2 site as part of the evaluations performed for the Comprehensive Everglades 

Restoration Plan (CERP) Agricultural Area Reservoirs Conceptual Report of Geotechnical 

Exploration (testing performed by Ardaman), the Test Cell Program Technical Memorandum 

(testing performed by Nodarse & Associates, Inc.), the Everglades Agricultural Area Reservoir A-

1 Geotechnical Data Report (testing performed by Nodarse & Associates, Inc.), and the EAA 

Supplemental Geotechnical Services Geotechnical Data Report – Supplement 2 (testing 

performed by Nodarse & Associates, Inc.). 

Additional laboratory testing will be required during the PED phase of the A-2 Reservoir and STA project. 

Regional Hydrogeology 

The proposed reservoir site lies above the Surficial aquifer system. 

A.7.4.1 Surficial Aquifer System 

The surficial aquifer system in Palm Beach County is comprised of many components which may be 

differentiated by variations in lithology and relative hydraulic characteristics (Miller, 1988). The 

components include numerous discontinuous confining units that reflect varying stratigraphic facies. The 

aquifer system’s thickness is defined as the distance between the water table, near land surface, and the 

base which ranges to depths of more than 300 feet below sea level (200 feet below sea level on the A-2 

Reservoir site area – Miller, 1987). The average thickness in Palm Beach county from previous lithologic 

logs (Schneider, 1976, Swayze and others 1981) and more recent lithologic logs is about 200 feet. The most 

permeable part of the surficial aquifer system is identified as Zone I (transmissivities ranging from 1,000 

ft2/day along its flanks to 100,000 ft2/day along its axis - Swayze and Miller, 1984, p. 20) and the least 

permeable is Zone III (although transmissivity estimates were not provided, results determined by Scott 

May 2019 
A.7-12 
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Figure A.7.4-1 Locations and Boundaries of Zones I, II and III of the Surficial Aquifer System 

in Palm Beach County 

May 2019 
A.7-13 



  

  
 

                 

                

          

            

          

   

               

        

               

         

              

               

             

           

          

           

                 

               

                

 

         

                 

          

               

              

              

              

                  

           

              

 

   

               

              

               

     

              

                

              

Appendix A Engineering Appendix 

(1977 p.12-15) suggest they are very low throughout the zone. The A-2 Reservoir site is in Zone III. Figure 

A.7.4-1 shows the locations and boundaries of Zones I, II and III of the surficial aquifer system in Palm Beach 

County. The low-lying areas have not developed secondary porosities because of low ground water 

gradients (Miller, 1985a; 1985b). No distinct continuous clay layers or other definable layers of 

impermeable soil were encountered in our explorations across the site. 

Site Specific Hydrostratigraphy 

Based on the field explorations performed within the A-1 site, the surficial aquifer system consists of 

surficial peat/muck and organic soils underlain by the Fort Thompson Formation, the Caloosahatchee 

Formation, and the upper portions of the Pliocene Tamiami Formation.  The confining unit at the base of 

the surficial aquifer system consists of the lower portions of the Tamiami Formation and the upper 

portions of the Miocene Hawthorn Group.  The water table is close to the current ground surface. 

The limestone layers in the Fort Thompson Formation were reported to be the primary source of 

groundwater seepage into the site excavations made during construction of the A-1 Reservoir Test Cells. 

Water was reportedly seen streaming from the bottom of each of the three limestone layers encountered 

in the dewatered excavations. The limestone layers are jointed. The caprock contains interconnecting 

solution channels especially near the top, and single channels up to several inches in diameter that 

penetrate the full thickness of the layer. The solution channels in the caprock locally contain soil including 

peat and marl. Furthermore, the unconformity between the caprock and silty carbonate sand near the 

top of the Fort Thompson Formation appears to act as a conduit for increased horizontal groundwater 

flow. 

Full Scale Seepage Test (EAA Reservoir Test Cell Program) 

During the design of the A-1 Reservoir, Black & Veatch conducted a Test Cell Program to determine the 

hydraulic conductivity of the various layers that comprise the surficial aquifer system beneath the 

proposed reservoir. The construction, testing, and results of the test cell program are described in a 

Technical Memorandum included in Appendix 8-9 of the EAA Reservoir A-1 Basis of Design Report 

(SFWMD, 2006).  Two test cells were constructed, one with and one without a soil-bentonite cutoff wall. 

The test cells were constructed within the footprint of the proposed A-1 Reservoir immediately east of 

the east wall of the proposed A-2 Reservoir. Each test cell measured 500 feet square (at the embankment 

centerline) and consisted of an impoundment surrounded by a seepage collection canal. 

The stratigraphy beneath the test cells is nearly identical to the stratigraphy beneath the proposed A-2 

Reservoir. 

A.7.6.1 Test Cell Design 

Test Cell 1. Each test cell consisted of a square area enclosed by a zoned earthen embankment and 

surrounded by an excavated and unlined seepage collection canal (SCC). The embankments and SCCs are 

separated by a level stripped bench. Each SCC was equipped with pumps and piping to return collected 

seepage to the test cell. 

The embankment for Test Cell 1 (TC1) was designed without a seepage cutoff wall. It was constructed 

directly on cleaned caprock. The embankment upstream slope was designed with a layer of large stone 

riprap for erosion protection. This was separated from the upstream, sloping embankment core by a thin 
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layer of gravel bedding. A sloping chimney filter and drain separated the core material designated as 

select fill, from a zone of random fill comprising the downstream shell. The sloping chimney filter and 

drain extended as blankets under the random fill zone to the outer rock fill zone. A 10-foot wide berm of 

select fill placed around the embankment downstream toe retained seepage in the rock fill for collection 

into two drain sumps. Float operated pumps contained in the sumps returned the seepage to the SCC. 

Each embankment zone was designed to utilize locally excavated material, primarily from the SCC 

excavations. The zone materials were identical for both embankments. All were required to be free from 

organics. The following are the general specified characteristics for each embankment zone: 

 Select fill was defined as well-graded, minus 4-inch material. 

 Random fill was defined as 12-inch minus material. 

 Rockfill was defined as clean, well-graded rock less than 24 inches in maximum dimension and 

containing less than 10 percent by weight passing the 1-inch screen. 

 Filter material was defined as well-graded processed material with 0 to 5 percent passing the No. 

50 sieve. 

 Drain material was defined as well graded processed material with 0 to 5 percent passing the No. 

4 sieve. 

 Riprap was defined as reasonably well graded rock pieces with a median size of 24 inches and a 

maximum size of 36 inches 

The SCC design section for both test cells was identical and had 2H:1V side slopes and a bottom width of 

20 feet. The canals were unlined and crossed only by the site access road. At TC1 the area under the 

access road crossing the canal was not excavated. At Test Cell 2 (TC2) it was excavated and then backfilled 

with rockfill to form a base for the road. 

An approximately 120-foot square area in the center of each test cell was broken up by blasting. This was 

done to breach the caprock and enhance seepage access to the foundation, approximating a worst-case 

flow condition. Breach of the caprock in the test cells added a discontinuity in the model which allowed 

the properties of the caprock and Fort Thompson to be distinguished; it did not eliminate the caprock 

from the assessment. In TC1 the blasted rock was left in place. In TC2, the blasted rock was partially 

excavated and used as a source of rockfill. 

Test Cell 2. The embankment for Test Cell 2 (TC2) was designed with a select fill central core and a soil-

bentonite cutoff wall extending through the bottom of the core into the foundation. This was buttressed 

upstream by a zone of random fill and a rockfill zone for erosion protection. A chimney filter separated 

the core from a downstream random fill zone. The chimney filter continued downstream from the 

chimney as a blanket overlying a blanket drain. Both blankets extended downstream under most of the 

downstream random fill zone and extended the remainder of the way to an embankment toe drain as 

fingers. A PVC pipe perforated at its lower end, placed in each finger drain, and rising out of the fill allowed 

monitoring of the drain water level. 

The downstream toe drain contained a perforated HDPE pipe around the entire embankment perimeter 

that drained to two toe drain sumps located at the eastern embankment corners which were the lowest. 
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A layer of select fill placed around and covering the toe drain contained the seepage in the drain. Float 

operated pumps contained in the sumps returned the seepage to the SCC. 

A rock trencher was used to cut an initial trench through TC2 foundation caprock. This trench was 

backfilled with the trench spoil to allow embankment core select fill placement to the level for a working 

platform for cutoff wall construction. The remainder of the trench was then excavated with a long-arm 

excavator using bentonite slurry for trench support and a native soil and bentonite slurry backfill. The 

excavated spoil was mixed with bentonite using a dozer to work and blend the material and blade the 

blended slurry material back into the trench. These operations proceeded in sequence around the 

perimeter of the soil-bentonite cutoff wall until complete. Samples of the soil-bentonite backfill were 

tested for hydraulic conductivity.  All the samples had a hydraulic conductivity less than 1x10-7 cm/sec. 

Instrumentation. Each test cell had two nests of three open standpipe piezometers installed midway 

along each side of the bench between the embankments and the SCCs, one nest near the embankment 

downstream toe and one nest 100 feet away near the SCC. In TC1 the nests were aligned perpendicular 

to the embankment and SCC and separated by about 10 feet to allow room for drilling the installation 

holes. Each nest contained a shallow piezometer with a total depth of about 25 feet deep, a mid-level 

piezometer with a total depth of 60 feet, and a deep piezometer with a total depth of about 100 feet. 

They were all screened at the bottom with a 10-foot screen in the shallow piezometer and 20-foot screens 

in the deeper piezometers. The arrangement of each nest placed the shallowest piezometer closest to the 

embankment and the deepest next to the SCC. 

TC1 also had two other open standpipe piezometers installed in the foundation beneath the embankment 

on all four sides, both with 5-foot screens. One installed 20 feet downstream from the embankment 

centerline (the embankment piezometers) was drilled 15 feet into the foundation before placement and 

extended up as the embankment was constructed. The second (the foundation piezometers), 30 feet 

upstream from the centerline, was installed by drilling through the finished embankment and 5 feet into 

the foundation. In addition to the open standpipe piezometers, a vibrating wire piezometer was installed 

at a depth of 10 feet into the embankment core on each side, 26 feet upstream from the centerline. 

In TC2 the bench piezometer nests were like those in TC1 but aligned parallel to the embankment and 

SCCs. They were again spaced about 10 feet apart for working room. TC2 also had embankment open 

standpipe piezometers on each side, 20 feet downstream of the centerline, and vibrating wire 

piezometers installed in the core select fill at the centerline. 

Each test cell had staff gages and electronic pressure transducers to read water elevation in the cell and 

in the SCC. Flow meters were installed in the seepage return and fill/make-up water piping to the cells 

and the drain sump pump discharges. These flow meters readout locally and electronically. The electronic 

readouts for the water elevations and flow meters were all routed to a Remote Terminal Unit (RTU), one 

located at each test cell, containing an automatic data logger, a circular chart recorder, and LED displays. 

In addition to the open standpipe piezometers installed in the test cells, 3 nests of open standpipe 

background piezometers were installed outside the test cells, one nest southwest of TC1, one nest 

northeast of TC2, and one nest between the test cells. The nest construction is like those installed on the 

test cell benches and were aligned north to south with the deepest at the north end. Also, during the 

testing and monitoring period two more shallow piezometers were added, each about 500 feet south of 
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TC2 SCC corners. All the open standpipe piezometers except for these last two contain automatic 

electronic data loggers. 

A.7.6.2 Test Cell Seepage Testing 

The filling of TC1 started on April 4, 2005 with water from the Primary Canal. The Primary Canal level (as 

indicated by the staff gage) was initially at elevation 6.35 feet and the TC1 SCC level was at elevation 5.95. 

Pumping began from the TC1 SCC the following day when the level on the TC1 SCC staff gage was at 

elevation 6.05. 

TC1 filling attained the 4-foot water depth (12-foot water elevation) on the afternoon of April 5. The filling 

proceeded to approximately elevation 15.5 feet when it was decided, because of wet conditions 

developing on the bench area between the embankment and the canal, to stop filling and hold water level 

steady for a period of observation. The test cell water level was held at elevation 14 for approximately 13 

days from April 7 to April 20. Based on an assessment of the seepage losses from TC1 up to the holding 

elevation, it was calculated that the originally envisaged pumping capacity would be insufficient to fill the 

cell to elevation 20. During the hold period an additional 12" pump was mobilized to provide the 

necessary capacity to take the test to full depth. 

The filling then continued to the target water level elevation of 20 which was achieved. The test cell water 

level was held at near elevation 20 feet following this, by combined pumping from both the Primary Canal 

and SCC. 

During the filling of TC1, water immediately appeared on the bench between the embankment and the 

SCC. Springs or boils developed at identifiable joints and solution holes. With continued filling, new 

springs continued to develop, and the existing ones apparently increased in discharge. The east and north 

benches were the wettest, but springs and seeps were common on all sides and most numerous nearer 

to the embankment. The filling was slowed because of the seepage, and the springs were marked and 

observed. All the spring discharges appeared clear, however, and filling was completed to the target 

elevation on April 21, 2005. 

The filling of TC2 started on April 14, 2005 with water from the Primary Canal. The Primary Canal staff 

gauge was at elevation 6.60 feet and the TC2 SCC staff gauge was at 6.47 elevation feet. Water was added 

from the TC2 SCC soon after the start of filling. 

The filling in TC2 attained the 6-foot water depth (14-foot water elevation) on April 15. The holding period 

at this water elevation lasted for a period of approximately 4 days from April 15 to April 18. The filling 

continued to the target water level elevation of 20 which was achieved on April 19, 2005. 

The measured discharge from TC1 with the water level in the cell at elevation 20 feet and the water level 

in the seepage canal at elevation 6.25 feet was 3,900 gallons per minute as measured on April 23, 2005. 

The measured discharge from TC2 with the water level in the cell at elevation 20 feet and the water level 

in the seepage canal at 6.24 feet was 1,900 gallons per minute as measured on April 23, 2005. 

A.7.6.3 Black & Veatch Seepage Model Calibration 

Black and Veatch constructed a 2-dimensional finite element model of each test cell in SEEP/W using the 

as built geometries from the field. 
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The test cell program was designed to obtain average mass hydraulic conductivity values for each geologic 

unit, rather than assign specific conductivities to thin bands which could be of limited lateral extent, 

therefore the foundation soils were divided into broad geological units within the model. Four layers were 

used representing the Caprock, Fort Thompson, Caloosahatchee and Tamiami formations. 

The model construction and the analyses are further discussed in a Technical Memorandum entitled 

Reservoir Seepage Analysis included in Appendix 8-10 of the EAA Reservoir A-1 Basis of Design Report 

(SFWMD, 2006). The hydraulic conductivity values determined from Black & Veatch’s SEEP/W model are 

provided in Table A.7.6-1. Also shown in Table A.7.6-1 are the values used by Black & Veatch in the design 

and analysis of the A-1 embankment. 

Table A.7.6-1. Hydraulic Conductivity Values Derived from A-1 Test Cells and Used for Design 

Geologic Unit 

Derived from A-1 Test Cells Used for Design 

Horizontal 
Hydraulic 

Conductivity, kH 

(ft/day) 

Vertical 
Hydraulic 

Conductivity, 
kV 

(ft/day) 

Horizontal 
Hydraulic 

Conductivity, kH 

(ft/day) 

Vertical 
Hydraulic 

Conductivity, 
kV 

(ft/day) 

Caprock 400 1 100 1 

Ft. Thompson 1000 4 500 10 

Caloosahatchee 400 4 400 8 

Tamiami 300 1 36 18 

One of the primary assumptions of the SEEPW model is that seepage occurs in only two directions, i.e., 

within a single plane, e.g., the x,y plane. Seepage must remain in that plane, i.e., within the 2-D cross 

section. This is a reasonable assumption for the walls of a reservoir that are approximately the same 

length as the surrounding seepage canal but can lead to questionable results when the length of the wall 

is significantly smaller than the length of the surrounding seepage canal. The length of the centerline of 

the embankment surrounding the test cells is 2,000 feet whereas the length of the surrounding seepage 

canal is close to 4,000 feet. More importantly, the perimeter of the blasted caprock in the center of the 

cell is only 480 feet. A more realistic analysis of the test cell requires a 3-D model. In a 3-D model, seepage 

can flow in any direction from a location with higher hydraulic head to a location with lower hydraulic 

head, e.g., seepage can flow radially away from a square of circular area that is ponded relative to the 

surrounding terrain.  

Most sand aquifers have a ratio of kH/kV (anisotropy) in the range of 2 to 10 (Todd, 1980, Freeze & Cherry, 

1979). Fractured rocks can have a ratio of kH/kV less than 1 (Snow, 1969). Analyzing the seepage rate and 

flow pattern from a 3-D test cell with a 2-D seepage model may be the reason why the anisotropy 

predicted by Black & Veatch is so high, i.e., kH/kV greater than 100.  

A.7.6.4 Ardaman & Associates Seepage Model Calibration 

To model the test cell results, Ardaman constructed a three-dimensional groundwater flow model using 

the Groundwater Vistas pre- and post-processor and embedded version of MODFLOW 2005, the United 

May 2019 
A.7-18 



  

  
 

               

              

                    

              

     

              

          

             

              

              

  

           

                 

               

                 

              

               

               

                 

      

              

                 

              

                 

               

    

                

                

              

            

      

             

           

    
 

 
  

   

    

  

  

Appendix A Engineering Appendix 

States Geological Survey (USGS) finite difference modeling code. The model grid consists of 214 rows, 214 

columns, and 6 layers with a grid cell size of 10 feet by 10 feet.  The model was constructed with the test 

cell in the center and a 500-foot buffer from the edge on the canal to the edge of the model. The total 

area of the model measures 21,000 feet by 21,000 feet and extends from a top elevation of 30 feet NGVD 

to a depth of -216.5 feet NGVD. 

The model was constructed to represent the caprock at the top of the Upper Ft. Thompson formation, the 

Upper Ft. Thompson formation, the Lower Ft. Thompson, the Caloosahatchee, and the Tamiami geologic 

units presents beneath the test cell. To simulate the ponded area behind the embankment, the core of 

the embankment, and the blanket drain above the caprock and below the outer embankment shell, an 

additional layer was added to the top of the model. The model layers and thicknesses are provided in the 

following table. 

Table A.7.6-2. Thickness of Geologic Units Used in A-1 Test Cell Models 

Layer Number Geologic Unit 
Thickness 

(feet) 
2 Caprock 3 

3 Upper Fort Thompson 20.5 

4 Lower Fort Thompson 8 

5 Caloosahatchee 34.5 

6 Tamiami 156.5 

The A-1 cell design was used to construct the dimensions of the berm and pond area in the uppermost 

model layer. The top and bottom elevations of this uppermost layer were set to 5 and 10 feet, 

respectively, except for the berm elevation which was set at 30 feet. The pond was simulated in the layer 

be setting a constant head of 20 feet within the ponded area. The impervious interior and exterior 

portions of the berm were modeled by setting a relatively low hydraulic conductivity in those areas of 0.2 

feet/day. A relatively high hydraulic conductivity value of 1,000 feet/day was used in the remaining model 

area for this layer. The drain beneath the pervious portion of the berm was simulated using drain cells 

set at an elevation of 7.8 feet. 

The remaining five layers were modeled as flat with constant thicknesses. Because a 120-foot square area 

in the middle of the test cell was blasted to break up the Caprock (Layer 1) and the seepage collection 

canal was cut through the Caprock into the Upper Ft. Thompson, a relatively high hydraulic conductivity 

value (1,000 ft/day) was set in those areas of Layer 1 to represent the broken or excavated caprock. The 

hydraulic conductivity in the remainder of the layer was set to a consistent value. No boundary conditions 

were set in layer 2. 

The bottom of the canal surrounding the test cell is in the Upper Ft. Thompson (Layer 3). To simulate the 

canal, drain cells were added to this layer in the canal area and set to an elevation of 6.24 feet.  No other 

boundary conditions were set in Layer 3 or the remaining lower layers. The as-built monitor wells were 

entered as targets in the Upper Ft. Thompson, Caloosahatchee, and Tamiami for comparison to the 

observed hydraulic head values during simulations. 

Model Simulations and Results. Following model construction, steady state simulations were performed 

by varying the hydraulic conductivities of the layers until a reasonable match was made between the 
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simulated test cell seepage rate and the measured test cell seepage rate for TC1 of 3,900 gpm and 

between the simulated and measured water levels in the well clusters located adjacent to the outside toe 

of the embankment and the inside edge of the seepage collection canal, i.e., Monitor Wells 2A, 2B, 2C and 

3A, 3B, and 3C, respectively.  The modeled flow rate was the sum of the simulated flows captured by the 

drain on top of the Caprock (beneath the outer shell of the embankment) and the drain in the seepage 

collection canal surrounding the test cell. 

Model simulations were performed for two different assumptions for the vertical hydraulic conductivity 

of the caprock: 0.28 feet/day and 2.8 feet/day. Reasonable results were obtained for both scenarios. 

The following table presents the horizontal and vertical hydraulic conductivities based on the MODFLOW 

model calibration for both assumptions. 

Table A.7.6-3. Hydraulic Conductivity Values derived from Calibration of the A-1 Test Cell Model 

Layer 
Number 

Geologic Unit 
Scenario 1 Scenario 2 

kH 

(ft/day) 
kV 

(ft/day 
kH 

(ft/day) 
kV 

(ft/day) 
1 Caprock 0.28 0.28 2.8 2.8 

2 Upper Ft. Thompson 900 900 500 500 

3 Lower Ft. Thompson 50 25 50 25 

4 Caloosahatchee 50 25 50 25 

5 Tamiami 30 15 30 15 

Figure A.7.6-1 and Figure A.7.6-2 show the potentiometric surface map in the Upper Fort Thompson 

formation predicted by the MODFLOW model for TC1. Figure A.7.6-3 and Figure A.7.6-4 show the 

potentiometric surface map in the Upper Fort Thompson formation predicted by the MODFLOW model 

for TC2. 

The Ardaman MODFLOW model was then used with the values in Table A.7.6-3 to predict the seepage 

rates and piezometric water levels for TC2. The only difference in the Ardaman TC1 and TC2 models was 

the addition of the soil-bentonite cutoff wall in the TC2 model. Figure A.7.6-3 and Figure A.7.6-4 show 

the potentiometric surface map for the Upper Fort Thompson formation predicted by the MODFLOW 

model for TC2. 

A comparison of the measured and predicted water levels in the monitor well clusters and the measured 

and predicted seepage rates determined for both Ardaman scenarios for Test Cell 1 and Test Cell 2 are 

presented in Table A.7.6-4. 

A comparison of the measured and predicted water levels in the monitor well clusters and the measured 

and predicted seepage rates determined using the Ardaman MODFLOW model with the hydraulic 

conductivity values determined from the Black & Veatch 2-D SEEPW model and with the values selected 

by Black & Veatch for use in the A-1 Design is also provided in Table A.7.6-4. 
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Table A.7.6-4. Comparison of Predicted and Measured Results using Parameters from Other Studies 

Test 
Cell 

Models Result 

Piezometric Head (feet) 
Total Flow 

(gpm) 
2A 2B 2C 3A 3B 3C 

Target Values 8.61 7.71 6.90 7.38 7.02 6.83 3900 

TC1 

AAI-1 
Model result 7.63 7.55 7.51 7.10 7.11 7.16 3985 

Difference (in) 12 2 -7 3 -1 -4 2% 

AAI-2 
Model result 7.77 7.73 7.73 7.23 7.21 7.27 4101 

Difference (in) 10 0 -10 2 -2 -5 5% 

B&V 
SEEP/W 

Model result 6.85 6.67 6.59 6.66 6.64 6.57 2059 

Difference (in) 21 12 4 9 5 3 -47% 

B&V 
A-1 Design 

Model result 7.18 7.14 7.07 6.86 7.03 6.99 2019 

Difference (in) 17 7 -2 6 0 -2 -48% 

TC2 

Target Values 7.28 7.17 6.79 6.72 6.70 6.71 1900 

AAI-1 
Model result 6.83 6.93 7.13 6.61 6.72 6.91 1895 

Difference (in) 5 3 -4 1 0 -2 0% 

AAI-2 
Model result 7.15 7.22 7.39 6.81 6.89 7.06 1947 

Difference (in) 2 -1 -7 -1 -2 -4 2% 

B&V  
SEEP/W 

Model result 6.34 7.04 6.88 6.36 6.95 6.83 691 

Difference (in) 11 2 -1 4 -3 -1 -64% 

B&V 
A-1 Design 

Model result 6.62 7.14 7.12 6.51 7.02 7.02 1189 

Difference (in) 8 0 -4 3 -4 -4 -37% 

The parameters that give the least differences between measured and predicted flows and piezometric 

levels are from the Ardaman 3-D MODFLOW model for both Scenario 1 and Scenario 2. Scenario 1 uses a 

lower bound estimate for the vertical hydraulic conductivity of the caprock and Scenario 2 gives an upper 

bound value for the vertical hydraulic conductivity of the caprock. The difference between the predicted 

and measured flows for these two scenarios was 2% for Scenario 1 and 5% for Scenario 2 for TC1. The 

difference between predicted and measured flows for TC2 were 0% for Scenario 1 and 2% for Scenario 2. 

To determine how well the parameters derived from these two scenarios could simulate the 2-D flow 

from an operating STA or FEB without a cutoff wall, the calibrated parameters were input to the SEEPW 

model for the A-1 FEB. The predicted seepage loss from the FEB to the seepage canal was 2.3 cfs/ft/mile 

of levee for Scenario 1 and 2.2 cfs/mile/ft of levee for Scenario 2. Table A.7.6-5 is a compilation of 

measured seepage data from several STAs or FEBs in Palm Beach County. The range in reported seepage 

loss per mile of levee varies from 2.9 cfs/ft to 4.2 cfs/ft of head difference. The seepage loss computed 

from the parameters derived from the Ardaman MODFLOW models for both Scenario 1 and 2 are 

somewhat outside the range of values measured at other STAs but are within ± 30% of the average 

reported value and are considered reasonable for performing the seepage analyses in Appendix A.8. 

May 2019 
A.7-21 



  

  
 

            

   
  

  
 

 
  

 
 

    
      

 
  

 
 

     
 

 
  

 
 

  
  

    

 
  

 
        

 
 

 

  
 

 
      

    

 

            

                  

                 

            

              

                

             

            

           

                  

   

 

           

             

              

               

   

Appendix A Engineering Appendix 

Table A.7.6-5. Summary of Measured Seepage Losses from Constructed STAs and FEBs 

Test Site Location 
Lateral Seepage Rate 

cfs/ft/mile 
Reference 

STA-3/4 
Palm Beach 

County 
2.91 

Montgomery Watson Americas, Inc. 1999. "STA-
3/4 Field Investigations and Seepage Analysis." 

STA-2 
Palm Beach 

County 
3.7-4.2 

Dames and Moore. 2000. "Offsite Seepage Study 
STA-2" 

STA-2 
Palm Beach 

County 
3.7 

Dunkelberger Engineering & Testing, Inc. 2005. 
"Technical Memorandum, Offsite Groundwater 
Management Program, STA 2 Expansion Project." 

STA-2 
Palm Beach 

County 
3.6 - 3.7 Black and Veatch. 2005. “Basis of Design Report.” 

A-1 Flow 
Equalization 

Basin 

Palm Beach 
County 

3.05 
Abtew W. and Piccone, T. 2018. "A-1 Flow 
Equalization Basin Seepage Study" 

A.7.6.5 Discussion 

Both the horizontal and vertical hydraulic conductivity values derived from the Ardaman 3-D model differ 

from the values derived from the Black & Veatch 2-D SEEPW model. The seepage rates predicted using 

the calibrated 3-D model match the measured seepage rates from both Test Cell 1 and Test Cell 2. The 

seepage rates predicted by the 3-D MODFLOW model using the horizontal and vertical hydraulic 

conductivities derived by Black & Veatch from calibration of the Black & Veatch SEEPW model and those 

used in the A-1 design are lower than the measured values by 67% and 35%, respectively. 

The difference between the measured piezometric levels and the piezometric levels predicted using the 

Ardaman 3-D MODFLOW model are considered good to acceptable. The difference between the 

measured piezometric levels and the piezometric levels predicted using the hydraulic conductivities 

derived from the Black & Veatch SEEPW model and those used in the A-1 design are considered good to 

poor. 

A.7.6.6 Recommendations 

For performing the seepage, heave, subsurface soil erosion (piping) and slope stability analyses for the 

preliminary design of the A-2 Reservoir, Ardaman recommends that the range in hydraulic conductivities 

derived from the Ardaman 3-D MODFLOW model be used. The results of the seepage analyses should be 

considered lower bound values. The upper bound seepage losses could be as much as twice the predicted 

values from the analyses. 
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Figure A.7.6-1. Potentiometric Surface in Upper Ft. Thompson for TC1 (Scenario 1) 
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Figure A.7.6-2. Potentiometric Surface in Upper Ft. Thompson for TC1 (Scenario 2) 
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Figure A.7.6-3. Potentiometric Surface in Upper Ft. Thompson for TC2 (Scenario 1) 
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Figure A.7.6-4. Potentiometric Surface in Upper Ft. Thompson for TC2 (Scenario 2) 
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Seismicity 

The Uniform Building Code Seismic Zone Map (Gravity Dam Design Engineer Manual 1110-2-2200 by 

USACE, dated June 1995), shows that the entire state of Florida is in seismic Zone 0.  No capable faults or 

recent earthquake epicenters are known to exist near the project site. 

SFWMD's requirements for seismic evaluation of CERP high hazard potential dam projects, such as A-2 

Reservoir and STA A-2, are described in DCM-6.  Although Southern Florida is a low seismicity region, the 

possibility exists for earthquake imposed seismic loads on project structures. The potential earthquake 

loading is low enough that compacted embankments should not be damaged, but the natural sand 

foundations of the embankments could potentially be affected. 

Loose, saturated sandy soils are susceptible to liquefaction (loss of strength from shaking). This loss of 

strength could lead to sliding or settlement, possibly resulting in embankment failure. DCM-6 presents 

the design criteria developed jointly by the SFWMD and the U.S. Army Corps of Engineers (USACE) for 

evaluating liquefaction potential of CERP impoundments. 

Borrow 

The borrow material for the A-2 Reservoir and A-2 STA embankments will be derived from the silty sands 

of the Fort Thompson Formation. The main source of borrow will be from the excavation of the reservoir 

and STA canals with additional material being provided by borrow areas within the reservoir. The caprock 

will provide the source for large and small aggregate for roller compacted concrete (RCC), if needed, and 

gravel surfacing. Additional field exploration and laboratory analyses within the A-2 site will be required 

to further define the borrow materials. 

In addition to obtaining borrow material from the excavation required for the Project, there are existing 

stockpiles of processed (i.e. crushed) caprock and Fort Thompson material located within the A-1 FEB, 

that are available for use as borrow material for the Project. These stockpiles were produced from the 

processing of the material obtained from the excavation of the A-1 FEB seepage canal. 

Excavations 

Peat encountered within the A-2 site will be stripped from the caprock surface during foundation 

preparation of the A-2 Reservoir and A-2 STA embankments. The peat stripping procedure adopted during 

the Test Cells construction for the A-1 Reservoir was performed with agricultural scrapers and tractors. 

Test Cells stripping started with disking of the areas to promote drying. The surficial peat and marl were 

stripped from the entire footprint of each Test Cell including the seepage collection canals and the bench 

between the embankment and seepage collection canals. The areas with deeper or wet materials were 

completed with dozers pushing the soil into piles that were loaded to dump trucks with excavators. The 

stripped materials were transported to the perimeter of the active construction area and placed in berms. 

Based on the subsoil conditions encountered on the A-1 site during the construction of the Test Cells, 

blasting is expected to be required for breaking up the caprock for excavations in the A-2 Reservoir and 

A-2 STA area. As previously discussed in the BODR for the A-1 Reservoir, the seepage collection canals at 

the Test Cell sites were 20 feet deep, 20 feet wide at the bottom and had 2H:1V side slopes. The canals 

were drilled and shot, generally with a pattern of three 10-foot deep blast holes across the canal width. 
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The procedure recommended for excavation of the canals and borrow areas at the A-1 site may be 

adopted for use on the A-2 site. Excavation of the canals and borrow areas at the A-2 site should be 

performed as follows: first the caprock should be removed and transported to the future embankment 

location, the rock processing plant, or other stockpiles. After the caprock is removed, the underlying silty 

sand can be excavated using hydraulic excavators and stockpiled directly alongside the canals or borrow 

pits to promote drainage of excess moisture from the material. 

Crushing/Material Processing 

Recommendations developed for crushing and material processing for the EAA A-1 Reservoir site can be 

adopted for the A-2 site. The caprock will provide the source for large and small aggregate for Roller 

Compacted Concrete (RCC) and gravel surfacing. Creation of aggregates from the caprock will require 

crushing, screening, and washing to achieve the specified gradation. The caprock contains solution 

cavities and fractures filled with peat and marl. Because of the high groundwater table, the peat and marl 

remain moist and will adhere to the caprock when excavated. It is not possible to completely remove the 

muck/peat from the caprock surface during the stripping operation. A roller grizzly is typically used to 

effectively clean processed rock in Florida. 

The silty sands of the Fort Thompson Formation would be the source of random fill for construction of the 

earthen embankment.  The wet silty sands excavated and stockpiled during Test Cell construction for the 

A-1 Reservoir did not drain well and the moisture content in the stockpiled material was well above 

optimum for compaction. The soil on the surface of the stockpile dried and formed a hard crust that 

sealed in the moisture. If the wet silty sand is used for the construction of the A-2 embankment, it will 

require disking, harrowing, or turning with motor graders to reduce the moisture content to the optimum 

required for compaction. Scarifying the surface of each lift prior to placement of additional lifts will also 

be required. 

Additional handling and processing may be needed to obtain the silty sand fill that will be used to build 

the downstream shoulder of the embankment. Silty sand fill from the Fort Thompson Formation will need 

to be screened, as rock fragments within this material will be limited to no more than 12 inches in 

maximum dimension prior to compaction. 

Materials to be used during construction will be obtained from perimeter canals and/or borrow areas 

excavated within the A-2 Reservoir interior, except for the filter fill, which will be imported from Moore 

Haven, Florida. To minimize seepage losses, the borrow pits within the interior of the A-2 reservoir should 

be no closer than 400 feet from the inside toe of the embankment. 

Design Parameters 

Design parameters for the A-2 Reservoir analyses are included in Section A.8. 
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A.8 EMBANKMENT/DAM  DESIGN  

General  

This section summarizes the evaluation of the preliminary embankment cross sections proposed for 

development of the A-2 Reservoir. The embankment design is based on industry standard design criteria 

as well as various Design Criteria Memoranda (DCM) issued jointly by SFWMD, USACE, and FDEP as listed 

below in Section A.8.3. 

This study utilized information obtained from the several geotechnical site explorations and associated 

laboratory materials testing programs conducted on the adjacent A-1 site, as part of the preparation of 

the A-1 reservoir BODR and the CEPP PIR, and data obtained from other previous soil boring programs. 

Detailed field exploration must be performed for the A-2 Reservoir site to understand the behavior of the 

in situ materials when excavated, placed and compacted and to assess suitability of available borrow 

resources. 

Stability, seepage control, and erosion protection were considered, as well as potential foundation and 

embankment settlement. The selected embankment cross sections were developed based on the 

preferred conceptual cross section for the EAA A-1 Reservoir. However, the dimensions of the selected 

cross section were modified to accommodate a normal full storage depth of 22.6 feet corresponding to a 

normal full storage level (NFSL) of 31.1 feet (NAVD). Seepage and stability analyses considered steady 

state and rapid drawdown conditions. Boundary conditions inside the reservoir included the use of fixed 

heads of 31.1 feet (NAVD), as well as 35.6 feet (NAVD) to represent normal and surcharge pond levels, 

while boundary conditions in the outside canals included the use of a fixed head of 4.5 feet (NAVD) for a 

cross section to the North of the reservoir and 6.5 feet (NAVD) for cross sections to the East, West and 

South of the reservoir to represent the water levels in the outside canals. In addition, a fixed head 

boundary of 6.1 feet (NAVD) was set outside of the reservoir beyond the outside canal on the cross 

sections to the North and South of the reservoir to represent the water levels in the adjacent farmlands 

ditches. Furthermore, additional analyses were performed on the cross section to the North of the 

reservoir, in which the water level in the farmland ditches was increased to 8.5 feet (NAVD) to perform a 

sensitivity evaluation at that location. Seepage and stability analyses are discussed in more detail in 

Sections A.8.5 and A.8.6, respectively. 

Conceptual Dam Embankment 

A.8.2.1 Embankment Description 

An embankment design has been developed to use materials from the required canal excavations and 

available on-site borrow resources, and to minimize sorting and processing of the excavated materials for 

embankment construction. A filter (inclined chimney drain) is provided for internal piping control and 

drainage, and to control the phreatic surface in the downstream shell. The filter gradation and its width 

will be determined during the engineering design phase of the project. Seepage in the drain is expected 

to be relatively small compared to the foundation seepage. The chimney and blanket drain will be 

designed to carry at least 20 times the predicted seepage from the SEEP/W analyses. Testing will be 

performed during the PED phase to determine if on-site materials can be crushed and sorted to use as 
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Roller Compacted Concrete (RCC) material and riprap. Processed silica sand from Moore Haven, Florida 

(recommended for drains) will be used as filter fill material. 

A horizontal blanket filter will be placed over the caprock to relieve seepage pressures and control loss of 

infilled fine-grained material from the caprock and upper silty sand foundation. Solution holes in the 

caprock beneath the core of the embankment will be filled to a depth of 3 feet with lean concrete to 

minimize the potential for piping into the fractured rock below the caprock. The solution holes beneath 

the blanket drain will be filled with drain material. A filter will also be needed to protect against piping 

where seepage exits into the surrounding canals. The filter should consist of two layers: a coarse sand 

layer and a gravel layer both designed to meet the USACE filter requirements and to be safe against 

erosion during heavy flows in the canal. A seepage trench, extending to a depth of 15 feet, connected to 

the horizontal drain beneath outer shell of the embankment should also be evaluated. 

The downstream 3H:1V slope of the embankment will be covered with a layer of organic material, from 

the site stripping. The organic soil layer will be seeded to allow for vegetation growth and will be 

maintained in accordance with the SFWMD Standard Design criteria. 

The geometry of the typical conceptual design cross section (named cross section K(L)) selected for use in 

the seepage and stability analyses for this preliminary study of the proposed A-2 Reservoir is presented 

on Figure A.8.2-2. Cross section K(L) is the typical section of the west embankment of the A-2 Reservoir. 

Three additional typical sections F(L), J-1(L), and L(L), which represent the A-2 Reservoir’s north, south and 

east embankments, respectively, which have minor variations from typical section K(L), were also 

evaluated in the seepage and stability analyses. A map with the location of the typical cross sections that 

were evaluated in the seepage and stability analyses is presented on Figure A.8.2-1. The seepage and 

stability analyses discussed herein are for the NFSL Elevation of 31.10 feet (NAVD). A surcharge height of 

4.5 feet above the NFSL was also analyzed to consider the effect of this increase in the water level even if 

it occurs for a short period of time. A rapid drawdown condition was also analyzed during which the water 

level in the reservoir is lowered to the ground surface elevation of 8.5 feet (NAVD) at a rate of 1 foot per 

day, i.e., the reservoir is drawn down over a period of 22.6 days and 27.1 days for the cases of an NFSL 

Elevation of 31.10 feet (NAVD) and surcharge pond level elevation of 35.6 feet, respectively. The seepage 

and stability analyses for rapid drawdown conditions were performed 10 times during the drawdown 

period using a uniform time increment (2.26 days and 2.71 days for the NFSL Elevation of 31.10 feet 

(NAVD) and surcharge pond level elevation of 35.6 feet cases, respectively. The results of seepage and 

stability analyses with the most critical factor of safety are presented herein. The project site plan and 

typical cross sections K(L), F(L), J-1(L), and L(L) are presented in Annex C-1. 
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Figure A.8.2-1. Location of Typical Cross Sections 
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Figure A.8.2-2. Typical Dam Embankment Section-Cross Section K(L) 
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Design Criteria 

A.8.3.1 Sources 

United States Army Corps of Engineers (USACE) Design Manuals: 

 Engineer Regulation, ER 1110-2-1156, Engineering and Design: Safety of Dams - Policies and 

Procedures, 31 March 2014 

 Engineering Manual, EM 1110-2-1902, Engineering and Design: Slope Stability, 31 October 2003 

 Engineering Manual, EM 1110-2-2006, Roller-Compacted Concrete, 15 January 2000 

 Engineering Manual, EM 1110-2-2300, Earth and Rock-Fill Dams, General Design and 

Construction Considerations, 30 July 2004 

Acceler8 Design Criteria Team, Design Criteria Memoranda: 

 ‘Hazard Potential Classification,’ DCM-1, 19 August 2005 

 ‘Minimum Dimensions of Dams and Embankments,’ DCM-4, 9 August 2005 

 ‘Geotechnical Seismic Evaluation of CERP Dam Foundations,’ DCM-6, 16 May 2005 

A.8.3.2 Embankment Slope Stability Factors of Safety 

The minimum required factors of safety for each embankment design case are as follows: 

Design case Factor of safety 

End of Construction ............................................................................................... 1.3 

Steady Seepage at Normal Pool Level ................................................................... 1.5 

Steady Seepage with Surcharge Pool..................................................................... 1.3 

Steady Seepage with Earthquake Loading............................................................. 1.1 

Rapid Drawdown from Normal Pool...................................................................... 1.3 

Rapid Drawdown from Surcharge Pool.................................................................. 1.1 

A.8.3.3 Water Levels 

The Maximum Hazard classification of this embankment requires that the A-2 Reservoir be sized to store 

the PMP as described in Section A.5.2. A PMP of about 4.5 feet was used as the basis for the work 

presented here. The total embankment height will depend on the normal water level plus the freeboard 

requirements. Freeboard allowance is determined from the effects of wind and rainfall and other 

considerations as described in Section A.5.4. 

A.8.3.4 Seismic Loading 

Pseudo-static analyses that simulate earthquake activity were performed using a gravity horizontal 

acceleration coefficient of 0.05 and a gravity vertical acceleration coefficient of 0.025. 

Design Criteria Memorandum 6 (DCM-6) requires an evaluation of the liquefaction potential of the 

embankment foundations. The method of evaluation is based on assessment of continuous Standard 

Penetration Tests (SPT) in boreholes and comparison with standard design charts. This evaluation will be 

made when SPT boring data is available for the A-2 Reservoir Embankment centerline. 
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Embankment/Dam Materials 

A.8.4.1 General 

The economic feasibility of the EAA A-2 Reservoir depends on effective utilization of the available on-site 

materials during construction to the greatest extent possible. The development of the Test Cells allowed 

an evaluation of the suitability of on-site materials for embankment construction and erosion protection. 

Materials to be used during construction will be obtained from perimeter canals and/or borrow areas 

excavated within the A-2 Reservoir interior, except for the filter fill, which will be imported from Moore 

Haven, Florida. To minimize seepage losses, the borrow pits within the interior of the A-2 reservoir should 

be no closer than 400 feet from the inside toe of the embankment. 

Additional field exploration will be required to further define the construction materials within the A-2 

Reservoir site.  Table A.8.4-1 indicates the types of construction materials that were available on the A-1 

site and are expected to be available on the A-2 site. 

Table A.8.4-1. Availability of Construction Materials 

Embankment element Material Availability 

In-situ soils (Fort Thompson) On-site 

Watertight barrier Cement (for a cutoff wall) Imported 

Bentonite (for a cutoff wall) Imported 

Shoulder support In-situ soils (Caprock and Fort Thompson) On-site 

Internal drain Silica sand Imported 

Foundation drain Silica sand Imported 

Road stone Caprock (crushed) On-site 

Slope Protection 
Caprock On-site 

Cement (for RCC) Imported 

A.8.4.2 Subsurface Profile 

The in situ materials at the A-2 Reservoir site are similar to those investigated beneath the adjacent EAA 

Reservoir A-1 site. The generalized subsurface profile is provided in Section A.7.2. 

Borings from numerous soil exploration programs described in Section A.7.1 were used to develop a soil 

profile across the A-1 and A-2 sites. The locations of these borings are shown in Figure A.7.1-1. The boring 

logs used to develop the soil profile are presented in Annex G-1. Additional field exploration as described 

in Section A.7 must be performed within the A-2 site during the engineering design phase to further 

evaluate or confirm the stratigraphy, soil and rock characteristics, hydraulic conductivities, strength, and 

other engineering properties to be used in the design and construction of the proposed reservoir. 

A.8.4.3 Embankment Materials 

Based on the field explorations performed within the adjacent A-1 Reservoir site, the borrow material for 

the A-2 Reservoir and the A-2 STA will be derived from the caprock and silty sands of the Fort Thompson 

Formation. The main source of borrow will be the perimeter canals and/or borrow areas from within the 

interior of the reservoir. The caprock will provide the source for large and small aggregate for RCC and 

gravel surfacing. The silty sands of the Fort Thompson Formation would be the source of random fill for 

construction of the earthen embankment. 
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Laboratory testing for the A-1 Reservoir as well as the seepage tests performed in the Test Cells for 

Reservoir A-1 indicate that compaction of silty sand (-200 = 20%) from the Fort Thompson Formation 

should result in a horizontal hydraulic conductivity of approximately 0.09 ft/day. 

The downstream shell (shoulder) of the embankment will be constructed of silty sand fill from the Fort 

Thompson Formation. Rock fragments will be limited to no more than 12 inches in maximum dimension 

prior to compaction. Careful placement and compaction of the silty sand fill in lifts not exceeding 12 

inches thick should result in a relatively dense, low permeability zone. 

The core of the embankment will consist of silty sand from the Fort Thompson Formation that is processed 

(raked or screened) to eliminate rock fragments greater than 3 inches in maximum dimension. 

A graded filter constructed of imported silica sand, meeting the filter requirements for the silty sand of 

the Fort Thompson Formation, will be placed between the core and the downstream shell and between 

the downstream shell and the caprock foundation. A graded filter will also be installed below the RCC 

slope protection to allow seepage from the upstream shell during drawdown of the reservoir to drain 

through weep holes in the RCC. 

Additional field exploration within the A-2 site will be required to further define the borrow materials. 

Seepage Control 

A.8.5.1 General 

Seepage control has two principal design functions: 

 The first function is embankment and foundation stability: pore pressures and hydraulic 

gradients must be controlled to protect the embankment and foundation from internal erosion 

(piping) and to ensure stability 

 The second function is to mitigate off-site impacts due to increased seepage 

This section describes the minimum measures required to ensure stability. Seepage computer modeling 

has been performed to evaluate seepage control. 

A.8.5.2 Seepage Model Parameters 

The seepage analyses were performed using the engineering properties presented in Table A.8.5-1. These 

engineering properties were selected for the conceptual design cross sections of the A-2 Reservoir based 

on experience with similar soils on prior projects, evaluation of the test borings performed at the EAA A-

1 Reservoir site, evaluation of the 27 boreholes performed at the A-2 Reservoir site, and a review of the 

parameters used for the design and analysis of the adjacent EAA A-1 Reservoir embankment (described 

in Section A.7). The engineering properties for use in the final design cross sections of the A-2 Reservoir 

will be selected after the extensive field and laboratory testing program described above is completed. 
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Table A.8.5-1. Seepage and Stability Analysis Parameters 

Material Type 

sat 

(pcf1) 

 
(degrees) 

Scenario 1 Scenario 2 

kH/kV 

kv 

(ft/day) 

kh 

(ft/day) 

kv 

(ft/day) 

kh 

(ft/day) 

Muck (c=20psf) 70 0 0.28 0.28 0.28 0.28 1 

Random Fill (Dmax < 6 inch) 130 35 0.14 0.56 0.14 0.56 4 

Random Fill (Dmax < 12 inch) 130 35 0.14 0.56 0.14 0.56 4 

Filter Fill 130 35 >14 >28 >14 >28 2 

Core Fill (Dmax < 3 inch) 125 35 0.07 0.28 0.07 0.28 4 

Cutoff Wall 120 25 0.0028 0.0028 0.0028 0.0028 1 

Roller Compacted Concrete 150 35 NA NA NA NA NA 

Caprock 140 40 0.28 0.28 2.8 2.8 1 

Upper Ft. Thompson 125 33 900 900 500 500 1 

Lower Ft. Thompson 125 33 50 25 50 25 2 

Caloosahatchee 125 35 50 25 50 25 2 

Tamiami 130 35 30 15 30 15 2 
1 Pounds per cubic foot 

A.8.5.3 Embankment Seepage 

Seepage through the embankment and foundation under steady-state condition was modeled using the 

computer program SEEP/W. SEEP/W, developed by Geo-Slope International Ltd. of Calgary, Alberta, 

Canada, is a two-dimensional finite element seepage modeling program that generates the phreatic 

surface, hydraulic head distribution, and flow quantities within a two-dimensional seepage domain. 

Seepage analyses were performed for a NFSL water depth of 22.6 feet, which corresponds to a maximum 

design water level of 31.10 feet (NAVD). The water level inside the reservoir was represented with a fixed 

head boundary of 31.10 feet applied at the ground surface, inside slope face and vertical east, south, 

north, and west ends of cross sections K(L), F(L), J-1(L), and L(L), respectively. The approximate water level 

maintained in the farmland ditches was represented with a fixed head boundary of 6.1 feet on the vertical 

north and south ends of cross sections F(L) and J-1(L), respectively. In addition, the water level in the 

farmland ditches was also evaluated as 8.5 feet (NAVD) to perform a sensitivity evaluation. All the cross 

sections were extended 1,000 feet on the reservoir side and 2,000 feet outside the reservoir. The water 

levels in the existing canals were also represented with fixed head boundaries. To reduce the seepage 

force on the filters and at the toe along the east wall of A-2 Reservoir, it is recommended that a canal be 

excavated into the upper Ft. Thompson layer to EL. -4.5 feet (NAVD). Results of the seepage analyses 

were obtained in the form of total head and velocity distributions within the embankment and foundation 

soils, and flow rates through the embankment and foundation. Results of the seepage analyses are 

presented in Figures A.8.5-1 through A.8.5-12. The exit gradients as well as the computed factors of safety 

against soil heave and piping, for each case are presented in Tables A.8.5-2A and A.8.5-2B. The computed 

factors of safety for Cross Sections K(L), F(L), L(L), and J-1(L) meet or exceed the minimum required factor 

of safety of 20. A protective filter with minimum thickness of 2 feet is recommended to be placed from 

the toe to the bottom of the ditch along the canal as shown on Figure 8.2-2. 

The seepage rate from the A-2 Reservoir into the perimeter canals for cross sections K(L), F(L), L(L) and J-

1(L) computed from the SEEP/W models is presented in Table A.8.5-3. 

A cut-off wall was considered in the conceptual design cross sections of the A-2 embankment to force the 

seepage to pass vertically downward through the caprock and the Fort Thompson formation into the 
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Caloosahatchee formation due to piping potential within the caprock layer. The cut-off wall will be located 

beneath the center of the core fill extending three feet above the top of the caprock layer and extending 

to at least an elevation of -34 feet (NAVD), as shown on Figure A.8.2-1. The foundation cut-off will be 

installed below the groundwater level by using the slurry method of trench excavation, during which the 

trench will be stabilized using a mixture of water and bentonite. The backfill of the cut-off wall will consist 

primarily of a mixture of the excavated trench soils and processed commercial bentonite with sufficient 

Portland cement to minimize piping of the soil-bentonite backfill into a void in the fractured 

limestone within or below the caprock layer. The actual design of the soil-bentonite backfill will be 

conducted during the PED phase. 

Table A.8.5-2A. Factors of Safety against Soil Heave/Piping Scenario 1 

Case Steady Seepage with Normal Pool Steady Seepage with Surcharge Pool 

Cross Section K(L) F(L) J-1(L) L(L) K(L) F(L) J-1(L) L(L) 

Vertical Exit Gradient 0.002 0.001 0.030 0.002 0.002 0.001 0.038 0.003 

Critical Gradient, ’/w 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Factor of Safety 500 1000 33 500 500 1000 26 330 

Horizontal Exit Gradient 0.025 0.018 0.021 0.020 0.028 0.020 0.024 0.022 

Note: ’=sat-w 

Table A.8.5-2B. Factors of Safety against Soil Heave/Piping Scenario 2 

Case Steady Seepage with Normal Pool Steady Seepage with Surcharge Pool 

Cross Section K(L) F(L) J-1(L) L(L) K(L) F(L) J-1(L) L(L) 

Vertical Exit Gradient 0.004 0.002 0.042 0.004 0.004 0.003 0.050 0.005 

Critical Gradient, ’/w 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Factor of Safety 250 500 24 250 250 333 20 200 

Horizontal Exit Gradient 0.033 0.025 0.026 0.028 0.035 0.027 0.028 0.031 

Note: ’=sat-w 

Table A.8.5-3. Computed Seepage from the Reservoir 

Case 
Upstream 

Elevation (NAVD) 

Downstream 

Elevation (NAVD) 

Seepage (cfs/mile/ft-head) 

Cross Section 
Scenario 1 Scenario 2 

K(L) 31.1 6.5 1.36 1.27 

F(L) (Farmland GWL = 6.1 ft NAVD) 31.1 4.5 1.22 1.11 

F(L) (Farmland GWL = 8.5 ft NAVD) 31.1 4.5 1.41 1.26 

J-1(L) 31.1 6.5 0.91 0.89 

L(L) 31.1 6.5 1.45 1.26 
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Figure A.8.5-1A Steady State Seepage with Normal Pool - Cross Section K(L)_Scenario 1 

Figure A.8.5-1B Steady State Seepage with Normal Pool - Cross Section K(L)_ Scenario 2 

May 2019 
A.8-10 



          

          
 

               

               

Appendix A Engineering Appendix 

Figure A.8.5-2A Steady Seepage with Water Level at Surcharge Pool - Cross Section K(L)_ Scenario 1 

Figure A.8.5-2B Steady Seepage with Water Level at Surcharge Pool - Cross Section K(L)_ Scenario 2 
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Figure A.8.5-3A Critical Section for Rapid Drawdown - Cross Section K(L)_ Scenario 1 

Figure A.8.5-3B Steady State Seepage with Normal Pool - Cross Section K(L)_ Scenario 2 
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Figure A.8.5-4A Steady State Seepage with Normal Pool - Cross Section F(L)_ Scenario 1 

Figure A.8.5-4B Steady State Seepage with Normal Pool - Cross Section F(L)_ Scenario 2 
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Figure A.8.5-5A Steady Seepage with Water Level at Surcharge Pool - Cross Section F(L)_Scenario 1 

Figure A.8.5-5b Steady Seepage with Water Level at Surcharge Pool - Cross Section F(L)_Scenario 2 
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Figure A.8.5-6A Critical Section for Rapid Drawdown - Cross Section F(L)_ Scenario 1 

Figure A.8.5-6B Critical Section for Rapid Drawdown - Cross Section F(L)_ Scenario 2 
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Figure A.8.5-7A Steady State Seepage with Normal Pool - Cross Section J-1(L)_Scenario 1 

Figure A.8.5-7A Steady State Seepage with Normal Pool - Cross Section J-1(L)_Scenario 2 
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Figure A.8.5-8A Steady Seepage with Water Level at Surcharge Pool - Cross Section J-1(L)_ Scenario 1 

Figure A.8.5-8B Steady Seepage with Water Level at Surcharge Pool - Cross Section J-1(L)_ Scenario 2 
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Figure A.8.5-9A Critical Section for Rapid Drawdown - Cross Section J-1(L)_ Scenario 1 

Figure A.8.5-9A Critical Section for Rapid Drawdown - Cross Section J-1(L)_ Scenario 2 
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Figure A.8.5-10A Steady State Seepage with Normal Pool - Cross Section L(L)_ Scenario 1 

Figure A.8.5-10B Steady State Seepage with Normal Pool - Cross Section L(L)_ Scenario 2 
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Figure A.8.5-11A Steady Seepage with Water Level at Surcharge Pool - Cross Section L(L)_Scenario 1 

Figure A.8.5-11B Steady Seepage with Water Level at Surcharge Pool - Cross Section L(L)_Scenario 2 
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Figure A.8.5-12A Critical Section for Rapid Drawdown - Cross Section L(L)_ Scenario 1 

Figure A.8.5-12B Critical Section for Rapid Drawdown - Cross Section L(L)_ Scenario 2 
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Stability 

A.8.6.1 General 

Stability of the proposed A-2 Reservoir embankment was evaluated for an embankment height of 36.8 

feet above the average elevation of the existing ground surface. The stability analyses were performed 

using the pore pressure distributions determined from the results of the seepage analyses presented in 

Figures A.8.5-1 through A.8.5-12. 

A.8.6.2 Material Parameters 

The stability analyses were performed using the pore pressure distributions obtained from the respective 

seepage analyses, along with the shear strength and unit weight parameters presented in Table A.8.5-1. 

These engineering properties were selected for the conceptual design cross sections of the A-2 reservoir 

based on experience with similar soils on prior projects, evaluation of the test borings performed at the 

A-1 Reservoir site, evaluation of the two boreholes performed at the A-2 Reservoir site, and a review of 

the parameters used for the design and analysis of the adjacent EAA A-1 Reservoir embankment. The 

engineering properties for use in the final design cross sections of the A-2 Reservoir will be selected after 

the extensive field and laboratory testing program described above is completed. 

A.8.6.3 Embankment Slope Stability 

The stability analyses for the proposed A-2 Reservoir were performed using the computer model 

SLOPE/W. SLOPE/W, developed by Geo-Slope International Ltd. Of Calgary, Alberta, Canada, is a fully 

integrated slope stability analysis program. The computer program determines the critical failure surface 

for each failure mode by converging on the failure surface through an iterative procedure. Stability 

analyses on the most critical failure surfaces identified in the search routine were completed using 

Spencer’s method, which satisfies total force and moment equilibrium, considering static and pseudo-

static conditions that simulate seismic accelerations of the region. 

Pseudo-static analyses that simulate earthquake activity were performed using a gravity horizontal 

acceleration coefficient of 0.05 and a gravity vertical acceleration coefficient of 0.025. 

The results of the stability analyses and the parameters used in the analyses are presented in Figures 

A.8.6-1 through A.8.6-12. The required factor of safety and the computed factors of safety, for static 

conditions and seismic conditions, for each case are presented in Tables A.8.6-1 through A.8.6-4. As 

noted, the computed factors of safety, in all cases, meet or exceed the minimum required factors of safety. 
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Figure A.8.6-1 Results of Stability Analysis for Steady Seepage - Cross Section K(L) 

Figure A.8.6-2 Results of Stability Analysis for Rapid Drawdown - Cross Section K(L) 
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Figure A.8.6-3 Results of Stability Analysis for Earthquake Loading - Cross Section K(L) 

Figure A.8.6-4 Results of Stability Analysis for Steady Seepage - Cross Section F(L) 
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Figure A.8.6-5 Results of Stability Analysis for Rapid Drawdown - Cross Section F(L) 

Figure A.8.6-6 Results of Stability Analysis for Earthquake Loading - Cross Section F(L) 
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Figure A.8.6-7 Results of Stability Analysis for Steady Seepage - Cross Section J-1(L) 

Figure A.8.6-8 Results of Stability Analysis for Rapid Drawdown - Cross Section J-1(L) 
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Figure A.8.6-9 Results of Stability Analysis for Earthquake Loading - Cross Section J-1(L) 

Figure A.8.6-10 Results of Stability Analysis for Steady Seepage - Cross Section L(L) 
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Figure A.8.6-11 Results of Stability Analysis for Rapid Drawdown - Cross Section L(L) 

Figure A.8.6-12 Results of Stability Analysis for Earthquake Loading - Cross Section L(L) 
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Table A.8.6-1. Results of Stability Analysis for Cross Section K(L) 

Case Strength 

Parameters 

Minimum 
Required 
Factors of 

Safety 

Calculated Factor of Safety 

Upstream 
Slope 

Downstream 
Slope 

End of Construction Total 1.3 2.1 2.1 

Steady Seepage with Normal Pool Effective 1.5 2.1 2.1 

Steady Seepage with Surcharge Pool Effective 1.3 2.1 2.2 

Rapid Drawdown from Normal Pool Effective 1.3 2.1 NA 

Rapid Drawdown from Surcharge Pool Effective 1.1 2.1 NA 

Steady Seepage with Earthquake Loading Effective 1.1 1.7 1.8 

Table A.8.6-2. Results of Stability Analysis for Cross Section F(L) 

Case Strength 

Parameters 

Minimum 
Required 
Factors of 

Safety 

Calculated Factor of Safety 

Upstream 
Slope 

Downstream 
Slope 

End of Construction Total 1.3 2.1 2.2 

Steady Seepage with Normal Pool Effective 1.5 2.1 2.2 

Steady Seepage with Surcharge Pool Effective 1.3 2.1 2.2 

Rapid Drawdown from Normal Pool Effective 1.3 2.1 NA 

Rapid Drawdown from Surcharge Pool Effective 1.1 2.1 NA 

Steady Seepage with Earthquake Loading Effective 1.1 1.7 1.8 

Table A.8.6-3. Results of Stability Analysis for Cross Section J-1(L) 

Case Strength 

Parameters 

Minimum 
Required 
Factors of 

Safety 

Calculated Factor of Safety 

Upstream 
Slope 

Downstream 
Slope 

End of Construction Total 1.3 2.1 2.2 

Steady Seepage with Normal Pool Effective 1.5 2.1 2.2 

Steady Seepage with Surcharge Pool Effective 1.3 2.1 2.2 

Rapid Drawdown from Normal Pool Effective 1.3 2.1 NA 

Rapid Drawdown from Surcharge Pool Effective 1.1 2.1 NA 

Steady Seepage with Earthquake Loading Effective 1.1 1.7 1.8 
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Table A.8.6-4. Results of Stability Analysis for Cross Section L(L) 

Case Strength 

Parameters 

Minimum 
Required 
Factors of 

Safety 

Calculated Factor of Safety 

Upstream 
Slope 

Downstream 
Slope 

End of Construction Total 1.3 2.1 2.1 

Steady Seepage with Normal Pool Effective 1.5 2.1 2.1 

Steady Seepage with Surcharge Pool Effective 1.3 2.1 2.1 

Rapid Drawdown from Normal Pool Effective 1.3 2.1 NA 

Rapid Drawdown from Surcharge Pool Effective 1.1 2.1 NA 

Steady Seepage with Earthquake Loading Effective 1.1 1.7 1.8 

Erosion Protection 

A.8.7.1 General 

A variety of alternative wave protection systems are used in reservoir and coastal engineering schemes 

including: riprap, concrete slabs, concrete blocks, RCC flat plate, RCC stair step, bitumen systems, and 

various shapes of precast concrete blocks. Typically, the lowest cost protection is provided by using on-

site materials if they are suitable. The conceptual design cross sections selected for use in the seepage 

and stability analyses for this preliminary study of the proposed A-2 Reservoir incorporate RCC as a wave 

protection system. 

A.8.7.2 Roller Compacted Concrete (RCC) Flat Plate Slope Protection 

RCC is considered to be an appropriate means of erosion protection for the A-2 Reservoir embankments. 

As previously recommended in the BODR for the A-1 Reservoir, the RCC would be installed on a 3H:1V 

slope at a thickness of 15 inches. A control joint designed to accommodate shrinkage and control of 

irregular crack development (probably some type of lap joint configuration) should be provided at the top 

of the slope placement. A drainage layer should be provided beneath the RCC to remove water from 

behind the RCC during drawdown of the reservoir level. 

Foundations 

When the embankment crosses local features, such as the existing canals, special cleaning and backfill will 

be required to avoid differential movement. Foundation bearing capacity is not a significant consideration 

for the conceptual embankment cross section at this site. 

Settlement 

A.8.9.1 Foundation Settlement 

The most compressible material in the existing ground is the organic peat surface layer. This layer will be 

removed from the foundation prior to the A-2 Reservoir dam embankment construction. Materials 

beneath the peat are expected to deform elastically with minimal long-term residual movement under 

the stress of an embankment. It is not considered necessary to make allowance in the embankment height 

for settlement of the foundation. 
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A.8.9.2 Embankment Dam 

The materials comprising the embankment will consist of random excavation and “raked” random fill 

materials from the Fort Thompson Formation. These materials consist of rock pieces (up to 15 percent) 

and gravel and shells mixed with predominantly sandy silts and silty sands. At the water contents and 

densities anticipated after construction, it is not considered necessary to make significant allowance for 

settlement of embankment materials. 

Borrow 

A.8.10.1 General 

Material resources to support construction of the earthen embankment and RCC revetment (excluding 

cement and additives) are expected to be available on site, based on the field geotechnical explorations 

performed within the A-1 Reservoir site and the two boreholes performed within the A-2 Reservoir site. 

However, detailed field exploration must be performed for the A-2 Reservoir during the engineering 

design phase to further define the borrow materials. 

A.8.10.2 Embankment 

A.8.10.2.1 Random Fill (Dmax < 12 inch) 

Material excavated from the Fort Thompson Formation immediately below the caprock/upper limestone 

will serve as the source for random fill (Dmax < 12 inch). 

The random fill will be hauled to the embankment location and stockpiled either on the interior bench 

between the embankment and the internal borrow area, or in the location of its final placement in the 

embankment. 

A.8.10.2.2 Random Fill (Dmax < 6 inch) 

Material excavated from the Fort Thompson Formation immediately below the caprock/upper limestone 

will serve as the source for random fill (Dmax < 6 inch). In the core of the embankment, rock fragments 

larger than three inches will need to be removed to develop the low permeability area (water barrier) of 

the embankment. This sorting will occur on the embankment after initial spreading and before 

compaction using a “rock rake”. This material is expected to be readily available beneath the 

caprock/upper limestone in all site excavations. 

There are typically two layers of limestone within the upper 15 feet of the Fort Thompson Formation. 

These limestone layers are of low strength and can be removed with an excavator. Additional handling 

or raking will be required to remove the larger limestone pieces from the random fill material zone of the 

embankment. 

A.8.10.2.3 Filter Fill 

Filter fill, in the form of silica sand will be imported from Moore Haven, Florida. 

A.8.10.2.4 Roller Compacted Concrete (RCC) 

RCC will be obtained from a central batching plant and properly stored for use. Aggregates can be 

obtained by processing on-site rock materials. 
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A.8.10.2.5 Topsoil 

In accordance with SFWMD Design Standards, a layer of topsoil is to be added to the exterior face of an 

embankment prior to seeding. Area practice is that this topsoil material is obtained from the local peat 

(muck) and is expected to be available from the material removed from the embankment construction 

area. The peat can be stockpiled adjacent to the location of the exterior toe of embankment to reduce 

handling and cost. 

Embankment Sections Evaluation 

The evaluation of the conceptual embankment sections is discussed below. 

A.8.11.1 Typical Dam Embankment Sections 

An embankment with an upstream core of compacted silty sand and inclined chimney drain supported by 

the upstream core and outside shoulder (shell) comprised of compacted silty sand with rock fragments 

was evaluated for the A-2 Reservoir embankment. A typical conceptual cross section (Cross Section K(L)) 

was analyzed and was presented in Figure A.8.2-1. Cross Sections F(L), J-1(L), and L(L) were also evaluated 

in the seepage and stability analyses. These embankment alternatives were developed to utilize materials 

expected to be obtained from the borrow excavations with minimum material sorting and processing.  

The random fill consists of smaller unsorted rock pieces and silty sand placed without sorting or 

processing. The processed random fill zone (upstream core) is to be processed on the fill by raking to 

eliminate all rock pieces larger than three inches prior to compaction. The inclined chimney drain is 

provided for internal drainage, to protect against internal erosion of fines within the random fill, and to 

control the phreatic line in the downstream random fill zone. 

A horizontal blanket filter extends over the caprock to relieve seepage pressures and control loss of infilled 

fine-grained material from the caprock and upper silty sand foundation. The horizontal drain discharges 

into a seepage collection ditch at the downstream toe of the embankment. Silica sand, imported from 

Moore Haven, Florida, will be used as the source of filter fill. 

Top soil (using muck or peat stripped from the embankment foundation) and seeding is provided on the 

downstream slope. Upstream slope protection is provided by RCC using flat plate construction on the 

3H:1V slope extending to the top of the embankment. Muck will also be used to backfill the existing A-1 

FEB seepage canal along the east embankment of the A-2 Reservoir. 

Foundation preparation for these conceptual design cross sections include blading the caprock surface to 

remove muck and clay remaining after stripping and brushing the caprock surface using a power broom. 

The soil-bentonite-cement cutoff wall will be located generally beneath the center of the upstream core 

and extended a minimum of three feet above the caprock surface into the core. The cutoff trench will be 

widened through the caprock to allow placement of a lean concrete seal to a depth of 3 feet on each side 

of the cutoff. 

Materials to be used during construction will be obtained from perimeter canals and/or borrow areas 

excavated within the A-2 Reservoir interior. To minimize seepage losses, the borrow pits within the 

interior of the A-2 reservoir should be no closer than 400 feet from the inside toe of the embankment. 
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A.9 RESERVOIR SEEPAGE 

A.9.1 INTRODUCTION 

This section describes the methods for quantifying and managing the anticipated seepage losses from the 

A-2 Reservoir and A-2 STA. As with other surface water features such as STAs and canals, seepage will 

occur from the A-2 Reservoir and A-2 STA because the soil within approximately 200 feet below the 

surface of the site is relatively permeable and there is a head difference between these features and the 

surrounding land. The existing groundwater flow patterns beneath and in the area around the A-2 

Reservoir and A-2 STA sites will be affected by seepage and how the A-2 Reservoir seepage management 

features are built and operated. 

Both three-dimensional (3D) MIKE SHE groundwater modeling and two-dimensional (2D) SEEP/W 

groundwater modeling were performed to analyze seepage from the A-2 Reservoir complex. The aquifer 

parameters used in the A-2 Reservoir groundwater model were originally determined from previous 

calibrations of the groundwater models prepared for the EAA Reservoir A-1 Basis of Design Report (BODR) 

and the EAA A-1 FEB Final Design Documentation Report. Additional data was subsequently collected and 

analyzed by Ardaman & Associates (Ardaman), as described in Section A.7. In addition, a 3D MODFLOW 

model recalibration of the A-1 test cells was conducted by Ardaman resulting in two sets of hydraulic 

conductivities for each model layer that represents the hydrostratigraphic units of the site (Scenario 1 and 

Scenario 2). A description of the calibration approach is provided in Section A.7. The revised SEEP/W 

model methodology and the results are presented in Section A.8. 

The groundwater models were used to evaluate the following seepage impacts: 

• The effect of seepage on the A-2 Reservoir embankment stability (refer to SEEP/W 
documentation in Section A.8) 

• The amount of water the A-2 Reservoir and A-2 STA loses to seepage 

• The amount of seepage that is collected and returned to the A-2 Reservoir 

• The effectiveness of various seepage management/seepage control alternatives 

• The amount of unrecoverable seepage, if any, that migrates to surrounding areas for the various 
seepage control alternatives 

• The effect of any unrecoverable seepage on groundwater levels in the surrounding areas 

The project is surrounded by multiple land uses in which seepage impacts due to the project are evaluated. 

The surrounding areas include: 

1) Farmland to the north of the A-2 Reservoir, west of the Miami Canal and east of the North New River 

Canal, 

2) U.S. Highway 27 immediately east of the A-1 FEB, 

3) STA-3/4 to the south of the A-1 FEB, and 

4) the Holey Land to the south of the A-2 Reservoir. 

Goals for managing seepage to each of these areas are as follows: 
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• Farmland: Control seepage to prevent mounding or drawdown impacts to surrounding 
groundwater levels or impacts to existing farming operations. 

• U.S. Highway 27: Control seepage to prevent groundwater levels from rising into the base of the 
highway or into the adjacent drainage ditches along the east and west side of U.S. Hwy. 27 (as 
required by the Florida Department of Transportation). 

• STA-3/4: Control seepage to STA 3/4 and to the STA 3/4 Inflow Canal (which conveys water to 
STA 3/4) to an acceptable percentage of the capacity of STA 3/4. If an acceptable percentage 
cannot be defined, there may be the need to further reduce seepage to STA 3/4 at an added 
cost to the Project. 

• Holey Land: Control seepage impacts to the Holey Land to maintain regulation schedule and 
avoid any undesirable impacts. Assess potential for adjustments to water deliveries to offset 
additional seepage water entering Holey Land. 

For the purposes of this analysis impacts to the surrounding areas caused by seepage are defined as any 
change in groundwater levels greater than the predictive accuracy of the three-dimensional groundwater 
model. Based on a similar approach implemented in the seepage alternative analysis for the EAA Reservoir 
A-1 BODR (Black & Veatch, 2006), “impacts” are defined as greater than 0.25 feet of increase or decrease 
in the groundwater level over the existing (base) conditions. This threshold value was also tested such 
that the comparisons between model scenarios show minimal areas of impact introduced by numerical 
artifact. 

A.9.2 GROUNDWATER / SURFACE WATER MODEL DEVELOPMENT 

The groundwater model was developed using the MIKE SHE software by DHI. The saturated groundwater 

flow formulations and numerical solvers are analogous to MODFLOW (MIKE by DHI, 2019; McDonald and 

Harbaugh, 1984). This model was chosen for this project because it can be coupled to a one-dimensional 

surface water model (MIKE 11), with hydraulic formulations that are analogous to HEC-RAS (MIKE by DHI, 

2019; USACE, 2016). MIKE SHE and MIKE 11 can be dynamically integrated and thus, it is typically a suitable 

tool to represent integrated groundwater and surface water hydraulics. 

The computational unit in MIKE SHE is a single-sized squared cell, thus the model resolution selected has 

to be a tradeoff between areal extent included and the representation of horizontal spatial detail 

represented for the project features, in order to maintain a reasonable number of computational units 

and thus, feasible computational times. To overcome the limitations of a fixed numerical grid, it is typical 

and often useful to develop models of multiple scales and sizes and exchange information between these 

models. This methodology, which has been used in several CERP projects and studies, was used for this 

analysis and is discussed in the model validation section (A.9.2.3). The model discretization was selected 

through an iterative process where both, the model cell size and the domain extent were changed. The 

goal of the exercise was to include a distance well outside the boundary of the project that would result 

in negligible impact, i.e., fluxes across the external boundary and at the same time represent the spatial 

variation of the project features with reasonable accuracy. A horizontal computational grid size of 150 

feet x 150 feet was specified, which resulted in 2,667,672 computational nodes in the groundwater model. 

A distance of 150 feet was determined sufficiently small to represent the relative distances between the 

main project features. The model extent and represented features are described in the section below. In 

order to examine the near field effects in the region close to the reservoir levee, inflow canal and seepage 
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management features, a model with a much finer scale was developed and used to inform the coarser 

scale model. 

A.9.2.1 Groundwater Model Area 
The model boundary was delineated at a distance away from the A-2 Reservoir so that the effect of a 

specified boundary on the results and conclusions drawn from the model are minimal. Approximately half 

of the model boundary, along the north, northwest and northeast sides, was delineated along farm 

ditches. The rest of the boundary, in the south, southwest, and southeast sides falls along larger canals 

adjacent to natural wetlands or a treatment wetland area. The canals along the southwestern, southern, 

and southeastern boundary from west to east are the STA 5 Discharge Canal, STA 6 Discharge Canal, the 

L-3 Canal, the L-4 Canal, the STA 3/4 Discharge Canal, the L-5 Canal, L-6 Canal, and STA 2 Discharge Canal. 

The yellow polyline shown in Figure A.9.2-1 represents the model boundary. 

Figure A.9.2-1 Map of Project Area Showing Groundwater Model Domain 

A.9.2.2 Groundwater Model Parameters 
The groundwater model developed was discretized into 7 simulation layers representing 5 

hydrogeological layers. The Caprock and Fort Thompson formations were each represented by two 

computational layers to allow proper representation of difference in hydrologic properties within both 

formations. The aquifer parameters specified for each computational layer were based on the calibrated 

groundwater model parameters presented in Section A.7, Table A.7.6-3. These parameters were 

presented during multiple workshops sessions conducted after additional hydrogeological (boring) data 

was collected and analyzed, attended by SFWMD and USACE staff. The 3D analysis was conducted with 
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Scenario 1 shown in Table A.7.6-3 because it showed more accurate results than Scenario 2 (Table A.7.6-

4) and resulted in more conservative seepage estimates (Table A.8.5-3). Table A.9.2-1 shows the 

hydrogeological and computational layers and key aquifer properties included in the MIKE SHE model. 

Table A.9.2-1 Groundwater Model Parameters 

Hydrogeologic Unit Model Layer 

Layer Bottom Elev. (ft-NAVD) 

Along Each Side of the Reservoir 

Horizontal 

Conductivity 

(ft/day) 

Vertical 

Conductivity 

(ft/day) N E S W 

Muck 1 6.5 6.5 6.5 6.5 0.28 0.28 

Upper Caprock 2 3.5 3.5 3.5 3.5 0.28 0.28 

Lower Caprock 3 -5.5 -1.5 1.5 -0.5 900 900 

Upper Fort Thompson 4 -15.5 -17.5 -4.5 -8.5 900 900 

Lower Fort Thompson 5 -27.5 -25.5 -13.5 -17.5 50 25 

Caloosahatchee 6 -62.5 -60 -48.5 -52.5 50 25 

Tamiami 7 -191.5 -194 -191.5 -193.5 30 15 

Seepage Cutoff Wall Sheet Pile -34.1 -34.1 -34.1 -34.1 0.003 0.003 

The seepage management features include a cutoff wall which surrounds the A-2 Reservoir and was 

represented in the model using the sheet pile module in MIKE SHE. The sheet pile module, similar to the 

horizontal flow barrier (HFB) in the MODFLOW model, can reduce the conductance between adjacent 

model cells in both horizontal and vertical directions and across multiple hydrogeologic layers. The 

formulation below illustrates the calculation of the horizontal conductance (Ch), where k1 and k2 are the 

hydraulic conductivities in the adjacent cells (L/T) and kleak is a leakage coefficient of the sheet pile (1/T), 

dx is the cell size (L), dz1 and dz2 are the saturated layer thickness (L) of adjacent cells, and dz* is the 

maximum of dz1 and dz2. 

(from MIKE by DHI, 2019a) 

The ground elevation and depth to top of each simulated layer are specified within the model. The surface 

and top elevation of the groundwater model is defined by the 5-foot resolution LIDAR dataset for the EAA 

(2007-08_HHDEAA_5-ft_DEM2C_v1), obtained from the SFWMD GIS database. The average ground 

elevation of the farm areas north of the A-2 Reservoir is approximately 8.2 ft-NAVD. The average ground 

elevation in the natural areas in south of the A-2 Reservoir is approximately 11.4 ft-NAVD. The DEM was 

averaged to the 150-foot model resolution. The embankment heights for the A-2 Reservoir, the A-2 STA, 

and the A-1 FEB were added to the model topography. An excavation or borrow area within the reservoir 

is included as part of the design plans as a source of materials for the construction of the reservoir 

embankment. The proposed borrow area within the A-2 Reservoir as shown in the conceptual design 

cross-sections (provided in Annex C-1) was also represented in the model. This area is located 300 feet 

from the interior sides of the embankment, has an average top width of approximately 700 feet, a total 

area of approximately 1,400 acres and a bottom elevation of -4.5 ft-NAVD, crossing three to four layers of 

the model due to varying depths of the hydrogeological formations at the site (Table A.9.2-1). 
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Appendix A Engineering Appendix 

Figure A.9.2-2 Map of the Project Area Showing Topography* 

*Based on LiDAR from the dataset 2007-08_HHDEAA_5-ft_DEM2C_v1 

A.9.2.3 Validation of the 3D Groundwater Model 

Validation of Seepage Across the Reservoir Embankments and Cutoff Wall with the 2D SEEP/W Model 

In order to validate the 3D model and ensure consistency in results with the 2D analyses presented in 
Section A8, comparisons were made between both models. 

A comparison of the results from the 3D MIKE SHE groundwater model for the project and the 2D SEEP/W 
groundwater models of the A-2 Reservoir (described in Section A.8) was performed at coincident 
locations. The simulated seepage rates predicted by the two models were compared for the four sides of 
the reservoir embankment. The 2D and 3D model results are affected by the internal fixed head boundary 
conditions specified in the models. In order to approximate the 2D cross sections and boundary 
conditions, spatially varying internal fixed head boundary conditions were specified in the various layers 
of the 3D model. In other words, stages in the 3D model were fixed vertically and horizontally to replicate 
the fixed stage boundary conditions in the 2D model using similar relative distances between project 
features. 

The initial 3D simulations using the calibrated parameters in Table A.9.2-1 resulted in seepage rates across 
the embankments that were substantially lower than the 2D model predicted. One clear difference 
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between the two models is the spatial resolution. In particular, the 3-foot width of the cutoff wall cannot 
be accurately represented by the 3D model grid 150-foot cell size. To test the effect of the model 
resolution on the simulated seepage rates, a series of 3D model simulations zoomed into the northern 
wall cross section F(L) area were run with smaller cell sizes where only the effective width of the cutoff 
wall was reduced by decreasing the size of the cells adjacent to the sheet pile. All other parameters and 
relative distances remained the same as they are in the 150-foot model. The resulting effect on the 
seepage rates are shown in Figure A.9.2-3. 

Figure A.9.2-3 Model Resolution Impact on Predicted Seepage Rates Across the Northern Wall 

The results show that smaller sizes lead to an increasingly closer match to the 2D model, which predicts a 
seepage rate of 1.2 cfs per foot of head difference per mile of embankment (cfs/ft/mi) across the north 
embankment. The results indicate that the resistance across the wall was being overestimated by the 
large cell size used in the 3D model. 

This result is consistent with expectation. As the model resolution increases, the result from the 3D model 
approaches the 2D simulations. One approach of overcoming this challenge is to build the 3D model with 
a very fine mesh to allow proper representation of the cut off wall. This approach is impractical due to 
high computational requirements. An alternative approach widely used in CERP applications is the use of 
a fine scale model of a smaller model domain to inform adjustments to model parameters at the location 
of the cut-off wall to ensure that simulated fluxes match those produced from the high-resolution model. 

This approach was applied, and the 3D model calibration was conducted to scale an equivalent resistance 
along the cutoff wall for the larger coarse resolution model. In addition to the total seepage rate, the flow 
distribution across each of the layers was also considered. After performing parameter sensitivity tests 
for all hydrogeologic layers that included the sheet pile leakage coefficients, as well as vertical and 
horizontal conductivities, it was determined the 2D and 3D models seepage rates and layer flow 
distribution could be closely matched by increasing the conductivities in the Caloosahatchee layer 
adjacent to the cutoff wall. Since the thickness of the open portion of the Caloosahatchee (i.e., the portion 
without the cutoff wall) varies along each face of the reservoir, it was also determined that to match the 
seepage rates in all sides of the reservoir, the conductivity had to be adjusted based on the thickness of 
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the open portion. Under these conditions, factors that influence the ability of the canals that surround 
the reservoir to intercept seepage and cause a drawdown or mounding effect away from the reservoir are 
the canal stage, canal cross-sectional geometry and the hydraulic resistance of the aquifer material and 
channel bed sediments. In order to accurately simulate the aquifer-canal interaction, the localized (near 
field) groundwater head gradients between the reservoir, canal and adjacent land are important. At a 
coarse model resolution, and with a complicated hydrogeologic stratigraphy, such as the one present in 
the project site, it is challenging to properly simulate the head gradients along the aquifer-canal interface. 
In order to address this condition, which occurs whenever project features are at a scale finer than the 
resolution of the model, a way of representing the effect of those features is needed. The two most 
common approaches are to modify the model parameters close to the features to reproduce realistic 
system response (such as fluxes or stages) or to impose the appropriate flux or stage as a boundary 
condition without simulating them in the model. For this study, several cases of the full extent coarse 
scale model were run using different representation of the near field features and compared against a 
finer resolution (5-foot) groundwater model of a much smaller domain that included a segment of the 
north reservoir embankment and the A-2 Inflow-Outflow Canal. The objective was to find the 
combination of parameters in the coarse scale model that would match the fluxes observed in the fine 
scale, high resolution model. 

The canal cross section in the 5-foot model is defined in the model topography, which defines the top 
elevation of the groundwater model. The slope and depth match the canal cross section defined in the 
surface water model, i.e., cross section F(L) of the design drawings (Annex C-1, Figure A.9.2-5). The stages 
in the canal are fixed at 4.5 ft-NAVD as an internal boundary condition in the three top layers of the model. 
For the upper layer, the width of the fixed stage boundary matches the width of the cross section at 4.5 
ft-NAVD. For layers 2 and 3, the width of the fixed stage boundary matches the width of cross section at 
the bottom elevation of these layers. As was implemented in the large coarser model, the reservoir stage 
is fixed in the top layer of the groundwater model. These boundary conditions are illustrated in Figure 
A.9.2-6. The parameters in the fine scale model are exactly as defined in Table A.9.2-1 for the north side 
of the reservoir. The simulated fluxes from this model therefore represents the best estimate of expected 
fluxes due to the project features and was used to guide the adjustment and selection of parameters in 
the coarse model. 

Figure A.9.2-5. A-2 Inflow-Outflow Canal Cross Section 
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Figure A.9.2-6. Horizontal and Vertical Boundary Conditions in the 5-ft Model 

The left side of the figure shows the plan view and the right side is the cross -sectional view of the 
Inflow-Outflow Canal. 

The four coarse model (150 ft model grid) cases tested are the following: 

1. Integrated surface water/groundwater model – using a transient calculation to reach a steady-
state condition. This approach is computationally expensive because it requires the model to be 
run for several stress periods representing about two years to approach steady state. Canal stages 
are fixed only in the surface water model. The groundwater model time step was reduced to 1 
hour in order to reduce numerical instabilities that lead to inaccurate results, as further described 
below. 
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Appendix A Engineering Appendix 

2. Integrated surface water/groundwater model with a steady-state solution. Canal stages are fixed 
only in the surface water model. The model was set up to solve the groundwater equations in 
steady state mode. 

3. Groundwater model with fixed heads in the two cells adjacent to the canal with a steady-state 
solution. This test case is similar to the previous case but effectively removes the 1-D surface 
water model. By representing the canal with two cells (on each side of the canal alignment) this 
test case effectively simulates a wider canal. 

4. This last test case addresses the wider canal concern by implementing the groundwater model 
with fixed heads in only one cell adjacent to the canal (only the north side of the alignment of the 
A2 Inflow-Outflow Canal was fixed). This model as with the previous two test cases was simulated 
in steady-state solution mode. The surface water model is removed. 

Figure A.9.2-7 shows the variation in vertical head profiles (top to bottom layer) in four locations 
(four rows of cells of the 150-ft model) along the northern reservoir embankment from north to 
south. The top left plot is representative of the northernmost portion of the reservoir, the top 
right plot is representative of the portion between embankment/cutoff wall and the A-2 Inflow-
Outflow Canal, and the bottom left and right plots show the heads on the south side and north 
side of the canal, respectively. For comparison, the heads in the 5-foot model were averaged over 
the distance of one coarse model cell (150 feet). Table A.9.2-3 shows a statistical summary of the 
differences in heads between the four cases of the coarse resolution models and fine resolution 
model. Table A.9.2-4 shows a comparison of the total seepage rates across the north embankment 
for the five models. 

Figure A.9.2-7 Head Profiles of Various 150-ft Model Test Cases vs. a 5-ft Model 
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Table A.9.2-3 Total Statistical Differences in Head Gradients (ft) 
Simulation Minimum Difference Maximum Difference Mean Absolute Error 

Case 1 -7.0 0.8 2.4 

Case 2 -6.8 0.8 1.5 

Case 3 -5.0 0.8 1.4 

Case 4 -4.1 1.9 1.3 

Table A.9.2-4 Total Seepage Rate (cfs) Across North Embankment for Test Cases 
Simulation Seepage % Error 

5-foot model 178 -

Case 1 152 -15 

Case 2 153 -14 

Case 3 187 5 

Case 4 168 -6 

When using typical groundwater model computational time steps (e.g., 6-hour or greater), the integrated 
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model transient simulation (Case 1) produces inaccurate results that show groundwater heads 
accumulating over time, leading to mounding instead of drawdown north of the reservoir. This occurs 
because the zone of high conductance in the Lower Caprock and Upper Ft. Thompson layers leads to very 
rapid flow exchanges between MIKE 11 and MIKE SHE. The rapid exchanges, as well as the high resistance 
barrier created by the low conductivity of the upper two layers of the groundwater model, generate 
numerical oscillations resulting in a net positive flow towards cells adjacent to the canal that accumulate 
over time. This numerical instability is reduced by decreasing the groundwater model time step (1-hour), 
which leads to long and impractical simulation running times. The extensive run time makes a 
conceptualization based on a transient solution less practical for this analysis. To overcome this, the 
model was reconceptualized with a steady state formulation (Case 2). This approach, as with running the 
transient model for a long period to approach steady state is conservative in that it assumes the imposed 
boundaries (e.g. full reservoir) are kept in place for an extended period. 

The integrated model steady state solution (Case 2) produces results that match the 5-foot, fine 
resolution, model more closely than the transient model. Case 3 and Case 4 are improvements to the 
steady state model that further simplify the conceptualization by removing the MIKE 11 portion of the 
model and representing the canal network fully within the groundwater model. The groundwater only 
models, Cases 3 and 4, resulted in a lower overall error in the reservoir to canal head gradient and seepage 
estimates than the steady state integrated model (Case 2). Between the two groundwater only models, 
Case 3 and Case 4, Case 3 produced a slightly lower seepage rate error; however, Case 4 is considered 
more physically representative of the site since the width of the A-2 Inflow-Outflow Canal is 117.5 to 158.5 
feet at operating levels from 4.5 to 10 ft-NAVD, respectively, which is closer to the width of one model 
cell (150 feet). 

For this feasibility phase of the project the objective for the seepage analysis is to determine whether 

various proposed seepage management alternatives would effectively mitigate the impact to surrounding 

areas and to quantify impacts, if any, to lands surrounding the project. To properly evaluate the proposed 

project features and address the objectives of the analyses, Case 4, the steady-state conceptualization 

using the full 3D groundwater model without the 1D hydraulic package was deemed sufficient and 

appropriate. It is recommended that during the pre-construction engineering and design (PED) phase the 

appropriate modeling tool be reevaluated to address the questions that remain unanswered from this 

planning level analysis. 

As part of an extensive technical review of the modeling approach and conceptualization, additional 

validation of the model results using a variable grid MODFLOW model was successfully completed. The 

validation exercise, and results of the comparison are described separately in a Model Documentation 

Report (MDR) to be provided to the USACE. 

A.9.3 Seepage Management Model Scenarios 

A.9.3.1 Pre-Project Baseline Model 

In order to compare the results of the various seepage management alternatives with a baseline, a pre-

project conditions model was developed that represents the existing system in the vicinity of the project 

area (the Without Project condition). As determined in the model validation section above, the pre-project 

model, as well as the seepage alternatives, were simulated under steady state conditions using the MIKE 

SHE 3D groundwater model. The boundary conditions specified in the pre-project model are described 

below. 
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Groundwater External Boundary Conditions 

The external boundary conditions are the specified conditions in all model cells along the edge or 

perimeter of the model domain. They are specified as fixed heads and determine how the model domain 

interacts with the areas outside the simulation. 

A fixed groundwater elevation boundary condition of 6.1 ft-NAVD was specified along the edge of the 

model domain that correspond to farm fields, which represents the approximate groundwater level in the 

actively farmed agricultural fields (Black and Veatch, 2006). 

The canals adjacent to the wetland and natural areas are maintained at a higher elevation than the farm 

canals. A fixed groundwater elevation boundary condition of 9.0 ft-NAVD was specified along the edge of 

the model domain that is located within wetland areas (i.e. Rotenberger Tract, Holey Land, STA 3/4 and 

STA 2). To determine this value, the measured data at various locations along the boundary canals for the 

most recent years and available period of record in SFWMD’s DBHYDRO database were averaged (Figure 

A.9.3-1). 

The farm and natural/wetland area boundary conditions were preserved for all modeling scenarios so that 

the effect of the difference in the specified boundary conditions do not show up in comparison of 

alternatives to the base condition. 

Figure A.9.3-1 DBHYDRO Data at Locations Along the External Boundary of the Model 

Groundwater Internal Boundary Conditions 

Internal boundary conditions are specified in the top layer of the model to maintain fixed stages within 

existing impoundments and canals in the model area. To represent the depth of the canal, fixed stages for 

all existing canals were also specified in the second and third groundwater layers of the model (the upper 

and lower caprock). For all canals the stages were fixed along the width of one model cell (150 feet). The 

stage values specified for the existing impoundments and canals are shown on Table A.9.3-1. All stages 

were obtained from the measured data obtained from DBHYDRO. The average values in the historical 
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period of record were used for most areas, except for the STA 3/4 Inflow Canal, where the minimum value 

observed was specified. The stage assumption for the STA 3/4 Inflow Canal follows a similar methodology 

applied on north side of the reservoir in the post-project simulations, where the minimum stage for the 

Inflow-Outflow Canal was used. Using the minimum stage in the canal adjacent to the reservoir is 

conservative, given the higher head differential leads to higher seepage rates. The pre-project internal 

and external boundary extents are shown in Figure A.9.3-2. 

Figure A.9.3-2 Pre-Project External and Internal Boundary Conditions 

Table A.9.3-1 Fixed Stages for Existing Impoundments and Canals in Pre-Project Simulation 

Impoundment or Canal Name Fixed Stage (ft-NAVD) 

A-1 FEB 10.4 

STA 3/4 10.0 

STA 2 11.0 

Miami Canal 8.9 

NNR Canal 8.9 

STA 3/4 Inflow Canal 9.1 

A-1 FEB Seepage Canal 8.0 
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In both, pre- and post-project models, no internal boundary conditions were specified for the agricultural 

areas and agricultural ditches are not simulated. Thus, the farm canals within the model boundary are not 

operated and the groundwater levels at the farmland can increase or decrease above or below the normal 

operating levels. Although this assumption is not an actual representation of existing conditions, this 

methodology provides a measure of the seepage impact versus the pre-project condition for the various 

with-project alternatives. 

A.9.3.2 Proposed Project with Passive Seepage Management 

The proposed passive management model includes the existing features described above and the 

proposed project features, as described in Section A.9.2. The passive seepage management simulation 

provides a scenario where operations along the A-2 Inflow-Outflow Canal are controlled by the upstream 

stage conditions in the Miami Canal and the North New River Canal. 

The A-2 Reservoir depths of the seepage cutoff wall and the A-2 Reservoir Inflow-Outflow Canal were 

simulated based on the conceptual design cross sections (provided in Annex C-1). 

Groundwater External Boundary Conditions 

The external boundary conditions in all seepage alternatives are as described in the pre-project model 

section above. This ensures that the difference from the pre-project to the with-project scenarios are due 

only to changes induced by the project features and the assumed operations (stage). 

Groundwater Internal Boundary Conditions 

Fixed stages for the A-2 Reservoir and A-2 STA were added to the internal boundary conditions previously 

defined in the pre-project simulation. As with the pre-project conditions, the water level in the STA and 

Reservoir were specified as fixed heads at elevations 12.5 ft-NAVD and 31.1 ft-NAVD respectively within 

the top layer of the model. The canals surrounding the proposed impoundments were added with fixed 

stages to the top three layers of the with-project models. The canals and fixed stage values added in the 

with-project models are listed in Table A.9.3-2. Under the proposed project, the eastern portion of the A-

2 Inflow-Outflow Canal will replace the northern portion of the existing A-1 FEB seepage canal; thus 

accordingly, in the with-project models the A-1 Seepage Canal was removed along the northern portion 

of the A-1 FEB and replaced with the A-2 Inflow-Outflow Canal. The A-1 seepage canal is also removed 

along the shared boundary between the A-1 FEB and the A-2 Reservoir in the proposed project 

simulations. 

As in the pre-project simulation, no internal boundary conditions were used for the farm areas and farm 

ditches are not simulated. Thus, the farm canals within the model boundary are not operated and the 

groundwater levels at the farmland can increase or decrease above or below the normal operating levels. 

The with-project internal and external boundary extents are shown in Figure A.9.3-3. 
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Figure A.9.3-3 With-Project External and Internal Boundary Conditions 

Table A.9.3-2 Fixed Stages for Project Features in Passive Management Scenario 

Impoundment or Canal Name 
Fixed Stage 

(ft-NAVD) 
Basis for Stage 

A-2 Reservoir 31.1 Normal Full Storage Level (NFSL) 

A-2 STA 12.5 NFSL 

A-2 Reservoir Inflow-Outflow Canal 8.9 
Historical Stage Data for NNR & Miami Canals / 

Seepage Recovery 

A-2 STA Discharge Canal 8.9 Historical Stage Data for Miami Canal 

Canal East Side of the Reservoir 6.5 2D model cross section 

Canal West Side of the Reservoir 6.5 2D model cross section 

Figure A.9.3-4 shows the simulated groundwater head elevation in the caprock layer in the pre -

project (baseline) model. 

Figure A.9.3-5 shows the difference in groundwater head elevations between the passive seepage 

management scenario and the pre-project simulation (with-project minus pre-project). The results 

show that without any farm field or A-2 Inflow-Outflow Canal seepage pumping, the reservoir 
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seepage impact (differences above 0.25 feet) would extend approximately 2.7 miles north of the 

project under steady-state conditions.. The model results also show seepage impacts above 0.25 feet 

south of the reservoir in the Holey Land. Groundwater head mounding above this threshold reaches 

approximately a distance of 2.6 miles south of the reservoir. 

The resulting seepage impacts provides the justification for additional seepage management measures 

beyond the inclusion of a reservoir seepage cutoff wall to mitigate seepage impacts. The sections below 

show how these impacts can be mitigated with active seepage management alternatives. 
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Figure A.9.3-4 Steady-State Pre-Project Groundwater Head Elevation (Layer 2, Upper Caprock) 
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Figure A.9.3-5 Difference in Groundwater Head Elevation Passively Managed, Proposed Project Minus Pre-Project 
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A.9.3.3 Proposed Project Alternatives with Active Seepage Management 

Four alternatives to the proposed design were simulated to mitigate off-site seepage impacts on the lands 

north of the A-2 Reservoir and STA, as well as reduce seepage recovery pumping costs while maintaining 

dam embankment stability. The alternatives consist of modifying the proposed seepage cutoff wall depth 

on the north side of the A-2 Reservoir and the A-2 Reservoir Inflow-Outflow Canal depth along the portion 

of the canal adjacent to the north boundary of the A-2 Reservoir. In addition, the alternatives 

conceptualize an active seepage management system which consists of simulating seepage pumps that 

will control the stage in the A-2 Reservoir Inflow-Outflow Canal within a specified range when the A-2 

Reservoir Inflow-Outflow Canal is not conveying flows to or from the A-2 Reservoir and Spillways SW-2 

and SW-3 are closed. The seepage pumps will be three 200-cfs electric motor driven pumps at Pump 

Station P-1 (Section A.12) and they will pump seepage water from the A-2 Reservoir Inflow-Outflow Canal 

into the A-2 Reservoir. Section C.16 of the Draft Project Operating Manual included in Annex C further 

describes the proposed seepage management. 

For each alternative, the A-2 Reservoir Inflow-Outflow Canal was initially set to the minimum design stage 

of 4.5 ft-NAVD (described in Sections A.6 and A.12) for Pump Station P-1. Table A.9.3-3 shows the cut-off 

wall depths and canal bottom elevations used for each alternative. Given that the model does not 

include a surface water model component and the canals are represented by fixed stages in the 

groundwater model along the cells that align with the canals, for the alternatives with the deeper 

canal cross sections, the stages in the canal were fixed at the top four layers of the model (the model 

layers that will be incised by the deeper canal). 

Table A.9.3-3 Proposed Project Alternatives for Active Seepage Management 

Alternative 
North Seepage Cutoff Wall 

Bottom Elev. (ft-NAVD)* 

A-2 Reservoir Inflow-Outflow 

Canal Bottom Elev. (ft-NAVD) 

1 -34.1 -8.0 

2 -34.1 
-16.0 (along A-2 Reservoir boundary) 

-8.0 (along all other portions of canal) 

3 -65.0 -8.0 

4 -65.0 
-16.0 (along A-2 Reservoir boundary) 

-8.0 (along all other portions of canal) 

*The west, east and south sides of the seepage cutoff wall are set to a bottom elevation of -34.1 ft-NAVD for all 

model simulations. 

Figure A.9.3-6, Figure A.9.3-7, Figure A.9.3-8, and Figure A.9.3-9 show the differences in simulated 
groundwater head elevation between the proposed project and pre-project conditions for 
Alternatives 1, 2, 3, and 4, respectively. The extent of the impact shown is similar in all four 
alternatives. The effect of maintaining stages in the A-2 Inflow-Outflow Canal at 4.5 feet-NAVD causes 
a net drawdown in the lands north of the project towards the A-2 Inflow-Outflow Canal. Increasing 
the depth of the canal between Alternatives 1 and 2 and between Alternatives 3 and 4 showed 
negligible changes in the results. This is likely because the original canal depth and added depth of 
canal penetrate the zone of high hydraulic conductivity defined for the Lower Caprock and Upper Fort 
Thompson layers. A noticeable difference between alternatives is observed in the estimated seepage 
rates. Alternatives 3 and 4, which have the deeper cutoff wall along the north face of the reservoir 
show that the seepage is reduced by approximately half to the north when compared to Alternatives 
1 and 2 (Table A.9.3-4). 

October 2019 
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Appendix A Engineering Appendix 

Figure A.9.3-6 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 1, Canal Stage at 4.5 ft-NAVD 
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Appendix A Engineering Appendix 

Figure A.9.3-7 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 2, Canal Stage at 4.5 ft-NAVD 

October 2019 
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Appendix A Engineering Appendix 

Figure A.9.3-8 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 3, Canal Stage at 4.5 ft-NAVD 

October 2019 
A.9-22 



  

   
 

            

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A Engineering Appendix 

Figure A.9.3-9 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 4, Canal Stage at 4.5 ft-NAVD 

October 2019 
A.9-23 



  

   
 

       

 

 

 

 

 

    

    

    

    

    

                 

              
               
                 

                
         

               
                 

             
           

                
       
              

               
                

              

          
           

                 
                

                     
                

              
                

           
 

    

          

  

 

 

 

 

 

   

 

   

   

   

   

                

Appendix A Engineering Appendix 

Table A.9.3-4 Simulated Seepage Flows in the Alternatives Evaluated 

Alternative 

A-2 Reservoir Inflow-

Outflow Canal Stage 

(ft-NAVD) 

Total Groundwater Flow 

Across Northern Reservoir 

Embankment (cfs) 

Total Groundwater Flow 

North of A-2 Inflow-

Outflow Canal (cfs)* 

1 4.5 168.3 -0.2 

2 4.5 168.4 -0.3 

3 4.5 90.2 -0.4 

4 4.5 90.2 -0.4 

* Negative flow indicates flow direction is from the north farmland to the canal and vice versa . 

The model results demonstrate that the A-2 Inflow-Outflow Canal fully intercepts the seepage from 
the A-2 Reservoir and STA under full storage conditions (31.1 and 12.5 ft-NAVD, respectively) with 
the canal stage held at 4.5 ft-NAVD. The results also show that under these conditions a drawdown 

effect on the north farmlands is produced in all alternatives. The results of the alternatives and the 
passive management simulations represent book ends and bound the canal operation that minimizes 
impacts. The simulation with the A-2 Inflow Outflow canal at its design low elevation 4.5 ft-NAVD 
results in drawdown in the farmlands to the north of the reservoir. The simulation with the A-2 Inflow 
Outflow canal at elevation 8.9 ft-NAVD (passive management) results in mounding in the farmlands 
to the north of the reservoir. There is a canal elevation between these two bounds that will minimi ze 
impacts and result in no drawdown or mounding, in aggregate, across the farmlands to the north of 
the A2 STA/Reservoir complex. A series of simulations were performed to determine the elevation of 
the canal and verify that the impacts are spatially acceptable within the model domain. 

To find an optimal stage that would cause minimal impact north of the project, additional simulations 
were conducted with the Alternative 1 model (seepage cutoff wall set to -34.1 ft-NAVD on all 
sides/Inflow-Outflow Canal bottom set to -8.0 ft-NAVD) and varying the stages in the A-2 Inflow-

Outflow Canal. Figure A.9.3-10, Figure A.9.3-11, Figure A.9.3-12 and Figure A.9.3-13, show the 
groundwater head difference maps (project minus pre-project) for stages in the A-2 Inflow-Outflow 
canal at 6.6, 6.8, 7.0, and 7.2 ft-NAVD, respectively. The results show that these stages, reduced the 
drawdown effect north of the reservoir. The noticeable drawdown in the west (along the A-2 STA) 
and in the east (along the A-1 FEB) is due to the relatively higher stages that seep from the Miami and 
NNR Canals in the pre-project model and the change in stage along the A-1 FEB seepage canal 

maintained at 8.0 ft-NAVD during the pre-project model. The drawdown effect is reduced with 
increasing stages, but at stages above 7.0 ft-NAVD, the mounding effect north of the reservoir starts 
to occur. Table A.9.3-5 shows the estimated seepage across the northern embankment of the reservoir 
for the four stages mentioned above. As expected, seepage is reduced and flow to the north towards the 
farmland increases by a relatively small amount with increasing stages in the canal. 

Table A.9.3-5 Simulated Seepage Flows for Alternative 1 with Varying Stages in the A-2 Reservoir 

Inflow/Outflow Canal 

Alternative 

A-2 Reservoir Inflow-

Outflow Canal Stage 

(ft-NAVD) 

Total Groundwater Flow 

Across Northern Reservoir 

Embankment (cfs) 

Total Groundwater Flow 

North of A-2 Inflow-

Outflow Canal (cfs)* 

6.6 155.3 0.8 

1 
6.8 154.1 0.9 

7.0 152.8 1.0 

7.2 151.6 1.1 

*Negative flow indicates flow direction is from the north farmland to the canal and vice versa. 

October 2019 
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Figure A.9.3-10 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 1, Canal Stage at 6.6 ft-NAVD 

October 2019 
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Figure A.9.3-11 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 1, Canal Stage at 6.8 ft-NAVD 
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Figure A.9.3-12 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 1, Canal Stage at 7.0 ft-NAVD 
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Figure A.9.3-13 Difference in Groundwater Head Elevation, Proposed Project Minus Pre-Project 

Alternative 1, Canal Stage at 7.2 ft-NAVD 
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Appendix A Engineering Appendix 

A.9.3.4. Conclusions 

The results shown above indicate that with the shallower cutoff wall evaluated (depth of ~44 feet and 
bottom elevation -34.1 ft-NAVD), the impact of the seepage management features in the lands north of 
the reservoir can be reduced substantially by controlling the operations of the Inflow-Outflow Canal. The 

optimal operational stage in the canal for the steady-state condition evaluated is around 6.8 ft-NAVD. In 
practice, the water levels in the reservoir will vary between the NFSL elevation of 31.1 ft-NAVD and the 
minimum allowed stage. Thus, the impact of seepage is expected to be somewhat below the conditions 
presented above and depend on the reservoir level, the Inflow-Outflow canal operation and the seasonal 
operations of the farms. These dynamic operations should be further evaluated during pre-construction 
engineering and design (PED) phase with a refined modeling tool that is able to predict a time-varying 
operational schedule of the Inflow-Outflow Canal, considering flood control and water supply conditions 
to determine whether additional seepage features (e.g., a parallel seepage canal) may be required as part 
of the design. 

The model results also show seepage impacts above 0.25 feet south of the reservoir in the Holey 
Land. Groundwater head mounding above this threshold reaches approximately a distance of 2.6 
miles south of the reservoir. The simulated impact is below 1 foot and does not directly reach the 
Miami Canal. Implications of this impact may be beneficial to the Holey Land and/or to the STA 3/4 
as an additional source of water during drought conditions. However, it may also lead to unwanted 
flow during wet periods. The total estimated seepage through the southern reservoir embankment is 
estimated to be approximately 85 cfs for the steady-state conditions evaluated above. Although, the 
seepage flow magnitude will vary somewhat above and below this magnitude according to the stages 
in the reservoir, the STA 3/4 Inflow Canal and Holey Land, it is a relatively small fraction of the outflow 

capacity of this system via the S-7 (2,490 cfs) and S-8 (4,160 cfs) pump stations. Thus, it is anticipated 
that it will not pose a limitation to maintain the current regulation schedule of these structures. 

Finally, the project scenarios evaluated did not show significant impacts near U.S. Highway 27 that 
would indicate an increase of flood risk to the highway. In most cases, the area near the connection 
of the A-2 Inflow-Outflow Canal and the NNRC (adjacent to US 27) show a negative difference in 
groundwater head elevation between the project scenario and the pre-project simulation. The only 

exception, in which an increase in head or mounding is shown near the connection is in the Passive 
Management case, which is not the recommended operational condition for the Inflow-Outflow 
Canal. However, in this case the impact on the lands in the vicinity of the highway is below the 
significant threshold. 
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Impacts of Climate Change and Sea Level 
Change on EAA Reservoir 

Introduction 
The US Army Corps of Engineers (USACE) Civil Works Program and its water resources infrastructure 
represent a tremendous Federal investment that supports public health and safety, regional and 
national economic development, and national ecosystem restoration goals. 

The hydrologic and coastal processes underlying water resources management infrastructure have the 
potential to be sensitive to changes in climate and weather. Therefore, USACE has a compelling need to 
understand and adapt to climate change and variability while continuing to provide authorized 
performance despite changing conditions. The objective of USACE climate preparedness and resilience is 
to mainstream climate change adaptation in all activities to help enhance the resilience of USACE-built 
and natural water-resource infrastructure and reduce its potential vulnerabilities to the effects of 
climate change and variability. 

The US Army Corps of Engineers (USACE) Civil Works Program has developed tools to analyze the 
potential uncertainties of climate change and sea level change relative to USACE infrastructure. For this 
analysis, there are two main assessments that are applied: potential impacts from future sea level 
change and trends and projected future for hydrology. 

Sea level change and changes in storm and rainfall patterns associated with climate change could have a 
potentially dramatic impact on water resources infrastructure in the state of Florida, including Lake 
Okeechobee and the Everglades Agriculture Area (EAA) South Reservoir tentatively selected plan. 

Project Description 
The South Florida Water Management District (SFWMD) has proposed a Recommended Plan to build 
the EAA Storage Reservoir on State of Florida owned lands, A-2 Parcel.  The general location of the 
SFWMD and pertinent project features can be seen in Figure 1 and Figure 2 with a detailed image of the 
EAA Reservoir in Figure 3. The SFWMD study, if approved, would be a Post Authorization Change Report 
(PACR), to modify the Central Everglades Planning Project (CEPP), which was authorized as a Federal 
project by Congress in 2016 and part of the Central Everglades Restoration Project (CERP). The storage 
reservoir is designed to provide a further reduction of freshwater discharges from Lake Okeechobee into 
the Northern Estuaries, Caloosahatchee to the west and St. Lucie to the east.  Ultimately, the diversion 
of water from the Lake Okeechobee will be delivered to Everglades National Park (ENP) and the Florida 
Bay. The proposed reservoir (240,000 acre-ft) will operate in conjunction with existing storm water 
treatment areas (STAs) and flow equalization basins (FEBs) to achieve state water quality standards prior 
to sending the water south to ENP. 



 

   Figure 1 Location Map of Pertinent Watershed Features 



 

   Figure 2 Location Map of EAA Reservoir Tentatively Selected Plan 



 

   

    
   

      
      

      
   

    
    

  

       
     

     
   

 
    

    

Figure 3 Location Detail of EAA Reservoir 

Potential Impacts from Future Sea Level Change 
While the proposed EAA storage reservoir is land locked, there could be indirect effects to the project 
relative to tidally influenced Lake Okeechobee outlet structures (S-79 in the west and S-80 in the east). 
Additionally, water treated and discharged from the proposed EAA storage reservoir system eventually 
flows south to the ENP and into Florida Bay, a large brackish estuarine ecosystem that is sensitive to 
small fluctuations in salinity. Within southern ENP, low ground surface elevations mean that the project 
benefits would be impacted by future SLC through a reduced spatial extent of freshwater wetlands 
available. A minor change in salinity could have large swings in environmental benefits, which makes SLC 
an important factor for the success of the overall CEPP project. 

To better understand the effects of projected future sea level change on design, construction, operation, 
and maintenance of Federal water resources projects, the USACE has provided guidance via Engineer 
Regulation (ER) 1100-2-8162 and Engineer Technical Letter (ETL) 1100-2-1. Three relative SLC scenarios 
are detailed in this guidance, a Baseline (or “Low”) estimate, which is based on historic sea level rise and 
represents the minimum expected sea level change; an Intermediate estimate; and a High estimate 
representing the maximum expected sea level change. Depending on the projected rates of rise, sea 
levels relative to CEPP project features and the EAA Reservoir could rise between 0.7 feet to over 6.6 



     
 

 
    

    
 

 
     

 

     
     

     
       
      

     
        

  

   

        
    

     
    

     
    
         

  

        
     
    

    
  

     
      

  

     
    

  

  
  

feet by the year 2120. The following analysis evaluates potential effects on operation of the primary 
Lake Okeechobee outlet structures at S-79 and S-80 as it pertains to higher future sea level scenarios as 
well as investigate the potential change in freshwater distribution south into the Everglades National 
Park (ENP) and Florida Bay. 

Three National Oceanic and Atmospheric (NOAA) tide gages are used in this analysis for SLC projections 
due to the size and scope of the project; Fort Myers (8725520) in the Gulf of Mexico to represent the 
western Lake Okeechobee outlet, Daytona Beach Shores (8721120) in the Atlantic Ocean to represent 
the eastern Lake Okeechobee outlet, and Key West (8724580) in Florida Bay to represent the ENP 
wetlands. 

Lake Okeechobee has two main outlets; one to the east (C-44 St. Lucie Canal with S-80 Lock & Dam) and 
the other to the west (C-43 Caloosahatchee River/Canal with S-79 Lock & Dam) as the downstream tidal 
structures (see Figure 4). The three projected SLC trends as reported by the Daytona Beach Shores, FL 
(Tailwater of S-80) gage (8721120) range, in summary, between 0.38 ft. and 2.35 ft. by 2070 (50 years), 
and between 0.76 ft. and 6.55 ft. by 2120 (100 years). Additionally, the three projected SLC trends as 
reported by the Fort Myers, FL (Tailwater of S-79) gage (8725520) range, in summary, between 0.39 ft. 
and 2.36 ft. by 2070 (50 years) and between 0.79 ft. and 6.57 ft. by 2120 (100 years) as seen in Table 1. 
These future conditions could ultimately affect releases made from Lake Okeechobee depending upon 
initial conditions, storm severity and duration within the associated basins for which the C-43 and C-44 
Canals receive and convey interior storm runoff water other than from the lake. 

Currently, the S-80 structure is limited to discharge only when the Tailwater stage is 1.5 ft., NAVD88 or 
lower due to flood damage impacts of the South Fork area and mooring issues experienced at the Stuart 
Marina. Also, the S-79 structure is limited to discharge only when the Tailwater stage is 2.3 ft., NAVD88 
or lower due to flood impacts of the Orange River area. Hence, SLC considerations may result in an 
increase in hydraulic loading impacts on the Lake Okeechobee under future conditions, and the 
magnitude of those impacts will depend on which of the three projected trends adopted by the USACE 
occurs (see Figure 7 & Figure 8). These impacts would be caused by additional constraints of releases 
from the Lake during high water levels as prescribed in the lake’s regulation schedule. 

In Figure 5 and Figure 6, historic tailwater stage exceedance curves over the period of record (1 
September 1995 – 1 March 2016 for S-79, and 1 April 1995 – 15 April 2015 for S-80) using recorded 
instantaneous 15 minute interval data (non-daily average) were plotted for both as part of the analysis 
for discussion purposes, respectively. Daily averaged data is not representative nor indicative of 
potential impacts in the future due to tidal fluctuations that skew results. 

Figure 5 shows the tailwater stage exceedance Curve for S-80 indicating the percentage over the POR (1 
April 1995 – 15 April 2015) for which specific elevations were exceeded. This POR data set consists of 
“breakpoint” data (over 693,000 data points) retrieved at 15 minute intervals. 

Figure 6 shows the tailwater stage exceedance curve for S-79 indicating the percentage over the POR (1 
September 1995 – 1 March 2016) for which specific elevations were exceeded. This POR data set 
consists of “breakpoint” data (over 717,000 data points) retrieved at 15 minute intervals. 

A brief synopses of this data and analysis is that in the future, tailwater exceedance elevations would 
occur more frequently, thus potentially affecting opportunities for making releases from Lake 



       
      

      
    
    

     
      

       
    

    

      
     

 
      

   
 

    
    

   
      
   

    
  

 

Okeechobee. Using the S-79 data in Figure 5 as an example, the tailwater elevation has been at or above 
2.3 ft., NAVD88, 0.12% of the POR. Following the intermediate SLC projection from Figure 7, it can be 
assumed that sea levels in 2070 (50-year planning horizon) will be 0.87 ft. higher and have an 
exceedance increase to 1.05% and in 2120 (100-year planning horizon) will be 2.17 ft. higher with an 
exceedance increase to 41.6%. For S-80, the tailwater elevation has been at or above 1.5 ft. NAVD88, 
0.36% of the POR. Following Intermediate SLC projection, it can be assumed that sea levels in 2070 will 
be 0.85 ft higher and have an exceedance increase to 3.8% and in 2120 will be 2.15 ft. NAVD88, higher 
with an exceedance of 39.0%. It is clear for the 100-year planning horizon that SLC will have a dramatic 
effect on coastal structures and their ability to meet design discharge capacities unless structural 
changes or adaptive management actions are taken. 

A new Engineering Construction bulletin (ECB) 2018-2 Implementation of Resilience Principles in the 
Engineering & Construction Community of Practice, published in February 2018, requires an assessment 
of four principles relative to designing a project: prepare, absorb, recover, and adapt (PARA). In light of 
these principles, the SFWMD Recommended Plan and other CEPP goals will help meet this criteria. The 
project adds resilience to wetlands by decreased saltwater intrusion and by restoring sheetflow to the 
ENP. 

However, with respect to the Lake Okeechobee tidally influenced outlet structures, potential changes 
would need to be incorporated into future Lake Okeechobee regulation schedule analyses which could, 
in part, affect the volume of water available for the EAA Reservoir. The High SLC scenario would result in 
sea level increases on the order of 2 feet by the year 2070 and near complete ineffectiveness by 2120 
for the high curve. Increases of this magnitude would likely result in significant changes to the natural 
and built infrastructure at the S-79 and S-80 locations. This could lead to either increased or decreased 
operational limitations at these structures depending on the land use and other social and 
environmental changes that would occur. 



   
 

     
            

             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             

 

 

   

Table 1 Estimated Net Relative Sea Level Change Projections and Published Rates from Years 2022 to 2100 
(http://www.corpsclimate.us/ccaceslcurves.cfm) 

Year Daytona Beach Fort Myers Key West Average 
Low Int. High Low Int. High Low Int. High Low Int. High 

2020 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 
2025 0.04 0.07 0.15 0.04 0.07 0.15 0.04 0.06 0.15 0.04 0.07 0.15 
2030 0.08 0.14 0.32 0.08 0.14 0.32 0.07 0.13 0.32 0.08 0.14 0.32 
2035 0.11 0.21 0.51 0.12 0.21 0.51 0.11 0.21 0.51 0.11 0.21 0.51 
2040 0.15 0.29 0.72 0.16 0.29 0.72 0.15 0.28 0.71 0.15 0.29 0.72 
2045 0.19 0.37 0.94 0.2 0.38 0.95 0.18 0.36 0.93 0.19 0.37 0.94 
2050 0.23 0.46 1.19 0.24 0.47 1.19 0.22 0.45 1.18 0.23 0.46 1.19 
2055 0.27 0.55 1.45 0.28 0.56 1.46 0.26 0.54 1.44 0.27 0.55 1.45 
2060 0.3 0.65 1.73 0.32 0.66 1.74 0.29 0.64 1.72 0.30 0.65 1.73 
2065 0.34 0.75 2.03 0.35 0.76 2.04 0.33 0.74 2.02 0.34 0.75 2.03 
2070 0.38 0.85 2.35 0.39 0.87 2.36 0.37 0.84 2.33 0.38 0.85 2.35 
2075 0.42 0.96 2.68 0.43 0.98 2.7 0.4 0.95 2.67 0.42 0.96 2.68 
2080 0.46 1.08 3.04 0.47 1.09 3.05 0.44 1.06 3.02 0.46 1.08 3.04 
2085 0.5 1.19 3.41 0.51 1.21 3.43 0.48 1.18 3.39 0.50 1.19 3.41 
2090 0.53 1.32 3.8 0.55 1.34 3.82 0.51 1.3 3.78 0.53 1.32 3.80 
2095 0.57 1.44 4.21 0.59 1.46 4.23 0.55 1.43 4.19 0.57 1.44 4.21 
2100 0.61 1.58 4.64 0.63 1.6 4.66 0.59 1.56 4.62 0.61 1.58 4.64 
2105 0.65 1.71 5.09 0.67 1.74 5.11 0.63 1.69 5.07 0.65 1.71 5.09 
2110 0.69 1.85 5.56 0.71 1.88 5.58 0.66 1.83 5.53 0.69 1.85 5.56 
2115 0.72 2 6.04 0.75 2.02 6.07 0.7 1.97 6.02 0.72 2.00 6.04 
2120 0.76 2.15 6.55 0.79 2.17 6.57 0.74 2.12 6.52 0.76 2.15 6.55 

Figure 4 Location Map Illustrating Lake Okeechobee, Outlet Structures S-77 and S-308, and Tidal Structures S-79 and S-80 

http://www.corpsclimate.us/ccaceslcurves.cfm
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Figure 6 S-80 Tailwater, elevation exceedance curve 



 

     

 

     

Figure 7 Relative Sea Level Change Projection (related to C-43 – Gulf of Mexico, http://www.corpsclimate.us/ccaceslcurves.cfm) 

Figure 8 Relative Sea Level Change Projection (related to C-44 – Atlantic Ocean, http://www.corpsclimate.us/ccaceslcurves.cfm) 

http://www.corpsclimate.us/ccaceslcurves.cfm
http://www.corpsclimate.us/ccaceslcurves.cfm


 

     

  
    

     
  

   

     
    

     
    

     
      

     
  

      
    

    
  

   
    

       
    

 

 

Figure 9 Relative Sea Level Change Projection (Related to ENP - Florida Bay, http://www.corpsclimate.us/ccaceslcurves.cfm) 

Water from the EAA Reservoir will ultimately make its way to the ENP and Florida Bay by an additional 
160,000 acre-ft per year, on average. The increase in annual average volume of water will boost 
resiliency within the ENP and Florida Bay from potential environmental effects related to saltwater 
intrusion caused by SLC. The opposite will be true for the Northern Estuaries as freshwater discharges 
from Lake Okeechobee will decrease with the implementation of the EAA Reservoir and CEPP. 

Within the USACE 2014 CEPP PIR, the benefits lost to SLC were calculated by creating flood inundation 
maps corresponding to the respective SLC projection values of 0, +1, +2, +3, +4, and +5 feet. Table 2 
shows the available estuarine acreage, defined as areas inundated up to 2 ft., will be increased for the 
first two feet of sea level rise; however, the functionality of this additional estuarine habitat will depend 
upon the rate at which the freshwater wetlands convert. Based on the three SLC scenarios (Historic, 
Intermediate, Low), an additional two feet of SLC is likely to occur between 50 and approximately 200 
years into the future. Freshwater wetland habitat area loss was then estimated by taking the difference 
between the existing freshwater wetland habitat function acreage and the projected habitat function 
acreage for each SLC scenario and time point. Two estimates for each timeframe (20, 50, and 100 years) 
and SLR scenario (Historic, Intermediate, High rate) were evaluated. One estimate, denoted as “Low”, 
represents expected benefit reduction if peat soils are intact. The other estimate, denoted as “High”, 
represents the expected benefit reduction if peat soils are destroyed by sea level rise related salinity. 
The original CEPP feasibility study indicated that for the 20-, 50, and 100-year timeline scenarios, SLC 
would be responsible for decreasing environmental benefits by, 8, 21, and 37 percent, respectively, for 
the “High Rate” (Table 3). The high rate was used to illustrate the worst-case scenario with respect to 
SLC.  A further detailed analysis of habitat loss methodology can be found in the CEPP Final PIR, Annex I, 
July 2014. 

http://www.corpsclimate.us/ccaceslcurves.cfm


   

 

    

 

    

 

  

    
  

 
    

Table 2 Net Change in Habitat Loss due to Sea Level Change* 

*Note: This is table I-9 from the CEPP Final PIR, Annex I, July 2014 

Table 3 Percent Total Habitat 20, 50, and 100 years* 

*Note: This is table I-8 from the CEPP Final PIR, Annex I, 2014 

Relevant Current Climate and Climate Change 
4.1. Literature Review 

The USACE Institute for Water Resources (IWR) has developed a series of twenty-one documents that 
summarize current climate change science with respect to current USACE missions for the 2-digit 



   
  

   
  

 

 
    

 
  

     

   
   

   
   

        

 

    

Hydrologic Unit Code (HUC) Water Resource regions in order to assist USACE staff in meeting climate 
change adaptation policies set by the Assistant Secretary of the Army for Civil Works. Each report 
summarizes observed and projected climate and hydrological patterns cited in peer-reviewed literature 
and characterizes climate threats to USACE business lines. The Lake Okeechobee watershed is located in 
the South Atlantic-Gulf Region. 

With respect to observed data, the IWR report for the South Atlantic-Gulf Region finds a mild ascending 
trend in temperature and a mild descending trend in stream flow, mainly since the 1970s. However, 
clear agreement does not exist for either variable among the literature. Studies on precipitation indicate 
diverse results but, with more research exhibiting increasing annual and seasonal precipitation rather 
than decreasing, over the past 50 to 100 years. 

With respect to climate predictions, reasonable consensus indicates that the intensity and frequency of 
extreme storm events will increase in the future for the South Atlantic-Gulf Region, which may lead to 
increased runoff. However, there is little agreement on the future trends for stream flow and 
annual/seasonal precipitation. A significant increase in temperature (4°F – 8°F) is predicted for the 
region by the end of the century. Potential impacts to USACE business lines are illustrated in Figure 10. 

Figure 10 Summary of Projected Climate Trends and Impacts on USACE Business Lines 



    
  

  
   

    
      

     
      

    
  

   
    

    
   

   
     

    
  

    
         

      
  

   
   
  

    
   

   
     

  
   

     

4.2. Climate Hydrology Assessment Tool Observed Trends 
A qualitative analysis was conducted using data from the Fisheating Creek gage and two methods from 
the Climate Hydrology Assessment Tool. This tool allows users to access both existing and projected 
climate data to support consistent analyses and to potentially develop reliable climate change 
projections for USACE projects. The first qualitative method involves performing a linear regression of 
the annual maximum daily discharge and is shown as Figure 14. The second method is similar to the 
first, however it uses the largest 3-day annual maximum discharge and is shown as Figure 15. Note that 
in both Figure 14 and Figure 15, the p-value is equal to 0.09 and 0.10, respectively. In both cases, 
although the slope is negative, the p-value is greater than 0.05 which indicates the data does not exhibit 
a statistically significant slope and no trends are apparent. 

4.3. Nonstationarity Detection Tool 
The nonstationarity detection tool was utilized for the gage Fisheating Creek at Palmdale in accordance 
with ECB 2014-10. The tool analyzes whether the assumption of stationarity, which is the assumption 
that statistical characteristics of time-series data are constant over the period of record, is valid for a 
given hydrologic time-series data set. The Fisheating Creek at Palmdale gage was chosen as it is the only 
uncontrolled flow location into Lake Okeechobee and also the only gage within EAA Reservoir project 
area included in the USACE IWR predetermined dataset queried by the nonstationarity detection tool. 
Pertinent data from the United States Geological Survey (USGS) for the gage analyzed are shown in. The 
location of the Fisheating Creek at Palmdale gage with respect to Lake Okeechobee and the EAA 
Reservoir is shown in Figure 12. Results from the nonstationarity detection tool are shown in Figure 16. 

The dark grey lines indicated on Figure 16 in the graphic titled “Nonstationarities Detected using 
Maximum Annual Flow” indicate that the gage experienced abrupt nonstationarities twice: once in 1953 
and again in 1963. The first was attributed to a change in mean flow and the second to a change in the 
distributional pattern of flow. Referring to the USGS website for gage USGS 02256500 FISHEATING 
CREEK AT PALMDALE, the annual peak stage for 1953 is noted as being “not the peak stage for the 
year.” In addition, due to the occurrence of significant flood event in 1952, the more typical flow 
experienced in 1953 would be such to result in a nonstationarity from the previous year. For the second 
nonstationarity in 1963, the data from the USGS is not flagged; therefore, the reason for the 
nonstationarity is not known. The remaining graphics in Figure 16 illustrate that nonstationarities 
identified by the tool are not significant since only one method was capable of detecting the 
nonstationarity for each event. Results from the monotonic trend analysis also indicate there are no 
statistically significant trends for the gage analyzed (Figure 13). 



 

   

 

   

Figure 11 Pertinent Data for Fisheating Creek at Palmdale gage from USGS 

Figure 12 Location of Fisheating Creek at Palmdale Gage 



 

 

   Figure 13 Monotonic Trend Analysis Results 



 

   

 

 

   

 
   

 

Q = -29.45 * WY + 61907.4 
R2 = 0.03, p = 0.09 

Figure 14 Climate Hydrology Assessment Tool, Annual Maximum Daily Discharge at Fisheating Creek Gage 

Figure 15 Annual Maximum 3-Day Average Discharge 



 

 

   Figure 16 Output from Nonstationarity Detection Tool (USACE) 



    
  

  
      

      
    

  

    
   

  
    

   
    

    
      

   

 

     
 

 

 

Projected Changes to Watershed Hydrology and Assessment of 
Vulnerability to Climate Change 
5.1. The USACE Climate Hydrology Assessment Tool 

Figure 17 displays the range of forecast annual maximum monthly flows and the mean flow computed 
by 93 different hydrologic climate models for a period of 2000 – 2099 for the hydrologic unit code 
(HUC), HUC-4 Basin 0309 – Southern Florida. These forecast flows display trends consistent with that of 
observed data as well as available literature. No substantial trend is visible within the projected flows. 

An additional analysis was performed to provide first-order detection of any changes in floods for both 
the observed record and the projected future based on bias-corrected and spatially downscaled data 
from simulations developed for the Coupled Model Intercomparison Project Phase 5 (CMIP5) data, with 
hydrologic response simulated by the Variable Infiltration Capacity (VIC) model (Liang et al. 1994). 

The first-order statistical analysis for the simulations for 1950 to 1999 indicates a statistically significant 
decreasing linear trend for potential realizations of runoff for the 20th century (Figure 18). A statistical 
analysis of the projected hydrology for 2000 to 2099 indicates a statistically significant linear trend of 
increasing average annual maximum monthly flows (Figure 18). These trends are consistent with the 
literature for both observed and projected discharge, respectively. 

Figure 17 Projected Annual Maximum Monthly Flow - HUC-4 309 (Based on 93 combinations of Climate Change Model 
Projections) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
  

       
    

  
   

    
        

    

   
   

   
   

  
   

   
  

     

Q = 40.85 * WY -34322.9 
R2 = 0.18, p < 0.0001 

Q = -56.47 * WY + 156697 
R2 = 0.09, p = 0.03 

Figure 18 Trends in Historical & Projected Mean Annual Maximum Monthly Flow - HUC-4 0309 

5.2. The USACE Vulnerability Assessment Tool 
The Watershed Vulnerability Assessment Tool was used to examine the vulnerability of the EAA 
Reservoir project area, HUC-4 309, for the future flood risk reduction business line.  For the South 
Florida HUC 309 watershed, the dominant indicator is the urban 500-year floodplain for both the dry 
and wet scenarios and both 2050 and 2085 epochs. This shows that there is a potential higher 
vulnerability to the 500-year flood with respect to anticipated increases in the magnitude, extent, and 
depth of flooding in the watershed.  However, there are minimal differences in the 500-year floodplain 
indicator across wet/dry scenarios and epochs (Table 4 and Figure 18). 

Table 4 Flood Risk Reduction HUC Vulnerability Percentage for Wet and Dry Scenarios 

Epoch (year) 
Scenario 2050 2085 

Wet 56.78 % 57.54 % 
Dry 60.55 % 61.48 % 



 

 

   

  
    

      
       

   
     

    
   

   
   

  
 

   
    

   
     

  
    

  
   

Figure 19 Flood Risk Reduction HUC Summary 

Conclusion 
The preceding analysis shows that, for the intermediate SLC scenario of 0.85 feet of rise by the year 
2070 that the current threshold for tidal structure closure would increase from 0.12% to 1.05% at S-79 
and from 0.35% to 3.8% at S-80. The 100-year planning horizon through year 2120 has more uncertainty 
as structures S-79 and S-80, following the intermediate SLC curve will have their operational thresholds 
increased to 41.6% and 39.0% exceedance, respectively. These changes would need to be incorporated 
into future Lake Okeechobee regulation schedule analyses which could, in part, affect the volume of 
water available for the EAA Reservoir. The High SLC scenario would result in sea level increases on the 
order of 2 feet by the year 2070. Increases of this magnitude would likely result in significant changes to 
the natural and built infrastructure at the S-79 and S-80 locations. This could lead to either increased or 
decreased operational limitations at these structures depending on the land use and other social and 
environmental changes that would occur. From a purely hydraulic perspective, it appears likely that the 
USACE could maintain the overall capacity of the C-43 and C-44 through operational changes or, in the 
case of extreme sea level change at S-79, perhaps modification of the structure or even 
decommissioning of S-79 with a transition to S-78 being the final structure in the system. The effects of 
sea level rise have been analyzed per (EC 1165-2-212). This analysis looked at the effect of SLC on the 
benefits predicted for the selected SFWMD Recommended Plan. The results indicate that within the 50-
year planning horizon the average annual net project benefits are likely to be reduced by less than 8 
percent in comparison to the projected net annual average project benefits estimated assuming no sea 
level rise. This relatively moderate decrease in average annual project benefits occurs largely because of 



       
    

     
   

      
      

    
   

  
   

   
   

   
     

 

   
     

     
     

   
    

     
   

    
 

  
      

     
   

   
   

  
   

  
 

 

   
   

  
  

closely matching habitat losses under the future without condition. However, when considering total 
freshwater wetland habitat, sea level change will substantially reduce this habitat area. For instance, 
under the high rate sea level rise scenario, total project area habitat function will be reduced by 8, 21, 
and 39 percent at the 20, 50, and 100 year timelines, respectively. The total habitat function is 
significantly higher with the original CEPP authorization in place under any SLC scenario and timeframe 
when compared to the future without condition. The ability of the CEPP project to provide substantially 
higher habitat functionality when compared to the future without is partly a result of the increased 
freshwater flows that reduce the loss of freshwater habitat within Everglades National Park and the 
addition of the EAA Reservoir will only provide an additional volume of water to the Everglades National 
Park estuaries which is assumed to alleviate SLC scenarios. 

The traditional use of the habitat unit calculations conducted in the CEPP and CEPP PACR make it 
difficult to capture the value and underestimates the true project benefits associated with the timing 
shift of water deliveries and the additional flow volume introduced into the central Everglades by the 
CEPP PACR. The increase in freshwater flow to the Everglades that the CEPP PACR provides is effective in 
meeting the CERP goal. 

One of the more significant benefits to ENP of the CEPP PACR not captured by Habitat Units is the 
increase hydraulic head in Shark River Slough (SRS) compared to sea level. Coastal wetlands are prone to 
peat collapse and loss with rising sea levels. The increased volumes of water delivered to SRS during the 
dry season will maintain the same water depths as the CEPP but will do it for a longer period of time, 
which will make a critical difference in the intrusion of saltwater up into the freshwater marshes of ENP. 
A recent study by Dessu et at. (2018) looked at this head difference and concluded: “Results indicate 
that fresh-to-marine head difference (FMHD) was the single most important factor affecting marine-to-
freshwater hydrologic connectivity and transport of salinity upstream from the Gulf of Mexico.” The 
CEPP-PACR maybe the most significant increment to CERP for dealing with the degradation associated 
with accelerated sea level rise." 

The hydrologic analysis is an initial assessment on available historical data using a screening level tool. 
There do not appear to be any statistically significant trends that will impact the overall hydrology that is 
used in the EAA Reservoir. The science of climate change and hydrology is rapidly progressing and more 
work is likely needed in the future as data, numerical modeling tools and climate scenarios become 
more mature. In conclusion, the impacts of climate change on the EAA Reservoir in this PACR appear to 
be negligible, however more study will be needed as climate change tools and techniques evolve. 
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