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A ENGINEERING DESIGN DRAFT APPENDIX 

The engineering appendix of the PIR is a comprehensive record of the technical support given by the 
USACE SAJ Engineering Division to the Lake Okeechobee Watershed Restoration Project (LOWRP), with 
technical information and analyses provided by the following engineering disciplines: Civil, Geotechnical, 
Hydrology and Hydraulic, Structural, Mechanical, and Electrical. This appendix presents the specific 
component features and engineering requirements, focusing primarily on the hydraulic designs. 

This Revised Draft engineering appendix, which is organized by technical discipline within each sub‐
element, will include the following general information: an overview of the features of the LOWRP 
Recommended Plan; overview status of engineering design activities and analyses; discussion of general 
construction procedures; overview of preliminary civil site design information; overview of geotechnical 
considerations and analyses; overview of hydrologic and hydraulic design and analyses; documentation 
of the hydrologic modeling. Note that all structures are subject to change in type and capacity following 
full analysis during Pre‐construction Engineering and Design (PED). Detailed design will determine all 
appurtenant features for each structure. Although some of these appurtenant features are listed in the 
report, other features necessary to the function of the structure are not due to the level of detail of this 
study. Discharge is defined as the flow rate of water out of a hydraulic structure or conveyance (Friedel, 
2013). The use of this term is not intended to have any implications in terms of the term discharge used 
in the Clean Water Act. 

For the summary of costs, cost considerations and assumptions, refer to Appendix B. Consistent with the 
formulation approach, the sub‐elements are defined as: 1) K‐05 Wetland Attenuation Feature (WAF); 2) 
wetlands; and 3) Aquifer Storage and Recovery (ASR) Systems. 

A.1 Lake Okeechobee Watershed Restoration Project 

The project area covers a portion of the Lake Okeechobee watershed in Florida. It includes four major 
drainage basins: Fisheating Creek, Indian Prairie, Taylor Creek/Nubbin Slough, and portions of the Lower 
Kissimmee (S‐65D and S‐65E) totaling approximately 920,000 acres that drain into Lake Okeechobee. The 
project area includes portions of Glades, Highlands, Okeechobee, St. Lucie, and Martin counties, along 
with the Seminole Tribe of Florida (STOF) Brighton Reservation. The majority of the LOWRP features are 
located in the Indian Prairie sub‐basin, although there are proposed ASR wells located in throughout the 
project area. The study area includes the project area, along with Lake Okeechobee and the 
Caloosahatchee and St. Lucie Estuaries (collectively referred to as the “Northern Estuaries”), totaling 
approximately 1,450,000 acres. The project features will include a wetland attenuation feature denoted as 
K‐05, wetland restoration areas totaling 4,800 acres named Paradise Run and Kissimmee River–Center, 
and ASR wells. The purpose of the LOWRP as a part of the Comprehensive Everglades Restoration Plan 
(CERP) is to improve the quantity, timing, and distribution of water flows to and within the Everglades 
system by addressing the problems created by the Central and South Florida (CS&F) Project. Existing 
conditions are summarized in Section 2, “Existing and Future Without Conditions,” of the PIR/EIS. 

A.2 Design Data 

Following is the design data used for the project. 

A.2.1 Aerial and Map Atlases 

Google Earth aerial mapping was used for the preliminary layout of facilities. 
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A.2.2 Light Detection and Ranging (LiDAR) Survey Data 

Survey data has been generated using airborne light detection and ranging (LiDAR). The LiDAR data was 
not collected in relation to this planning project, but is of sufficient detail in the project area to be used 
for planning purposes. Elevations will be shown in 0.1 feet (tenths of feet) and refer to the North American 
Vertical Datum of 1988 (NAVD88). Plan coordinates are based on the North American Datum of 1983 
(NAD83), Florida State Plane Coordinate System for the Florida east zone in U.S. feet. It is anticipated that 
the LiDAR data will be used more extensively in future design efforts. However, the LiDAR data is not 
sufficiently accurate for final design. During the detailed PED for LOWRP, additional LiDAR data will be 
obtained and conventional land surveys will be conducted as appropriate for each structure as well as 
levee and canal alignments. No additional LiDAR is planned as part of the planning phase of this project. 
The vertical accuracy is of the LiDAR data set is 0.690 U.S. Survey Foot root mean square error. The 
expected horizontal accuracy of the equipment used at the height of flight is 1.50 feet. 

A.2.3 Land Survey Data 

No land survey data was collected other than the LiDAR discussed above. Land survey requirements will 
be developed during pre‐construction engineering and design (PED). The cost for these surveys has not 
been estimated. The cost is included implicitly in the component cost estimate in Appendix B under the 
PED line item. 

A.2.4 Dam Safety Considerations 

The K‐05 WAF will impound water for months at a time during each wet season. The WAF is considered 
a dam according to criteria in USACE Engineering Regulation (ER) 1110‐2‐1156 Dam Safety Policies and 
Procedures based on total water volume impounded at full pool and duration of hydraulic loading. The 
dam will be considered a high‐hazard facility according to ER 1110‐2‐1156 and Design Criteria 
Memorandum 1 (DCM‐1), Hazard Potential Classification, due to the potential for life loss if the facility 
were to fail, particularly in the Buckhead Ridge community. The reservoirs proposed by the CERP Yellow 
Book, which is consistent with the proposed LOWRP WAF, are somewhat unique in that they are off river, 
pumped systems with no unregulated inflow except for direct rainfall occurring over the footprint of the 
reservoir. 

SAJ performed a Potential Failure Mode Analysis (PFMA) and Qualitative Risk Assessment in order to 
satisfy the requirements in Chapter 21 (Dam Safety Policy for Planning and Pre‐Construction Engineering 
and Design) of ER 1110‐2‐1156 and draft Engineering and Construction Bulletin (ECB) Interim Approach 
for Risk‐Informed Designs for Dam and Levee Projects. The risk assessment concluded that all potential 
failure modes that could be identified at this stage of the project had been addressed by feasibility level 
design. The assessment also modeled and mapped multiple breach scenarios around the facility to 
understand the potential flooding that could result from failure of the facility. Given that the design 
concepts for the WAF addressed all identified potential failure modes, the risk assessment judged that 
the WAF would likely be below the societal tolerable risk guideline (defined in ER 1110‐2‐1156) assuming 
further refinement of the design concepts and construction of the WAF is completed in accordance with 
current dam safety industry standards. Although considered below tolerable risk guidelines, the PFMA 
and consequence assessment generated several recommendations that should be considered during 
project design to further reduce risk around the project in accordance with As Low As Reasonably 
Practicable (ALARP) principles. 
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Breach at normal high pool was considered to have the highest life safety risk at the project. Breach 
modeling was also completed at the probable maximum precipitation (PMP) reservoir stage. However, 
water would only enter the pump storage reservoir from pumping or direct rainfall. Therefore, any 
hydrologic event that caused a significant increase in reservoir stage would also result in direct rainfall 
flooding in the populated areas around the reservoir. The critical breach location from a life safety 
perspective would be along the southeastern boundary in the vicinity of Buckhead Ridge. Breaches in 
other reaches of the reservoir would not be expected to result in life threatening flood depths in any 
populated areas. Breach in the vicinity of Buckhead Ridge at normal high pool would inundate about 900 
structures and would impact a population of about 1,500 people. The expected depth of flooding is 
predicted to range from 0.2 to 6.5 feet across the inundation area from breach at normal high pool, but 
only about 0.5 to 2 feet deep in the developed areas of Buckhead Ridge. 

Flooding would mostly impact undeveloped land around the W.A.F. or the primarily residential 
community of Buckhead Ridge. The water from breach would flow into either Indian Prairie Canal or 
would be pumped into Lake Okeechobee via Pump Station S‐127. Environmental risk from a breach of 
this facility would be relatively low with no major industrial facilities or sensitive preservation areas in the 
predicted inundation area. 

The site is being proposed in an area of primarily poorly graded fine sands that are more prone to internal 
erosion than other soil types. However, the feasibility design recognizes this and includes features that 
will significantly reduce the likelihood of internal erosion from initiating. The PFMA indicated that the 
most likely primary risk driving potential failure modes are backwards erosion piping through the 
embankment and backwards erosion piping through the foundation. Other potential failure modes 
considered were in the categories of overtopping, seismic failure modes, structure failure, damage from 
animals, and internal erosion. 

Risk will continue to inform the design of this project as it progresses from feasibility level design into a 
constructed project. A semi‐quantitative risk assessment will be performed during design, after pre‐final 
construction plans and specifications are developed. This risk assessment will include an additional PFMA 
based on detailed design and will be used to make additional risk based modifications to the project design 
as needed. This risk assessment will be further reviewed and altered as necessary after construction is 
complete and as‐built records are available. The reservoir will include a first filling plan, which will require 
a slow, deliberate filling of the reservoir, with increases in pool timed to allow steady state conditions to 
develop and detailed inspection before further increasing the WAF pool elevation. The risk assessment 
will also be revised if needed after first filling of the WAF. This approach allows for risk to inform the 
design, construction, operation, and maintenance at each stage of the project. Lastly, an emergency 
action plan will also be developed for the WAF portion of the project based on breach modeling performed 
as part of the risk assessments. 

All risk assessments are For Official Use Only and will not be released to the public. Specific dam‐related 
documents and calculations are presented later in this document, particularly in Annex A‐1, Hydraulic 
Design, and Annex B‐1, Geotechnical Data. 

A.2.5 Datums Used in this Report 

Hydrologic modeling concerning Lake Okeechobee stages for this project was performed using the 
National Geodetic Vertical Datum of 1929 (NGVD29). Operational data for Lake Okeechobee and 
associated canals is currently gathered in the NGVD29 datum. As noted above, the project will be 
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designed and built using the North American Vertical Datum of 1988 (NAVD88). Plates and other 
references to future project elements are related in NAVD88. Modeling and references to current 
conditions are related in NGVD29. Water gauges and other project elements containing elevations will 
be set during PED and construction and the exact conversion from NAVD88 to NGVD29 in those locations 
will be noted on the gauge. NOAA‐NGS developed the VERTCON software to provide a conversion 
between NGVD29 and NAVD88. The VERTCON conversion ranges from NAVD88 equals NGVD29 minus 
1.19 feet to minus 1.21 feet depending on the location within the project. 

A.2.6 Civil – Site Design Data 

Data required for the civil site design was not collected as part of this planning project. Any civil site design 
data will be collected during PED. Data collected solely for civil site design is expected to include 
topographical surveys for ground truthing of LiDAR and structure locations, as well as in other locations 
deemed critical by the project team. Additional explorations (geotechnical, cultural resources, LiDAR) will 
be collected for use by all engineering disciplines and incorporated into the civil site design. 

A.2.7 Geotechnical Data 

This portion of the Engineering Appendix provides a summary of the geotechnical design assumptions and 
analyses performed for the project. Design calculations and additional information are located in the 
Geotechnical Annex. As limited geotechnical data is available for this study, future geotechnical 
investigations are expected. A scope of work for future geotechnical investigations is located at the end 
of the annex. 

A.2.7.1 References 

Geotechnical design of the project features is based on guidance found in USACE Engineering Manuals 
(EMs), design standards (DS) from the U.S. Department of Interior Bureau of Reclamation, design criteria 
memoranda (DCM) from Acceler8, the American Society for Testing and Materials (ASTM), and other 
published guidance/testing standards. Applicable guidance includes: 

 ASTM C33/C33M 2016, Standard Specification for Concrete Aggregates 

 DCM‐4, Minimum Dimensions of Dams and Embankments 

 DCM‐9, Dam Safety Instrumentation and Monitoring 

 DS No. 13, Embankment Dams, Chapter 5, “Protective Filters,” and Chapter 8, “Seepage” 

 EM 1110‐2‐1601, Hydraulic Design of Flood Control Channels 

 EM 1110‐2‐1901, Seepage Analysis and Control for Dams 

 EM 1110‐2‐1902, Slope Stability 

 EM 1110‐1‐1904, Settlement Analysis 

 EM 1110‐2‐1905, Bearing Capacity of Soils 

 EM 1110‐2‐1908, Instrumentation of Embankment Dams and Levees 

 EM 1110‐2‐1913, Design and Construction of Levees 

 EM 1110‐2‐2100, Stability Analysis of Concrete Structures 
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 EM 1110‐2‐2300, General Design and Construction Considerations for Earth and Rock FillDams 

 EM 1110‐2‐2504, Design of Sheet Pile Walls 

 EM 1110‐2‐2906, Design of Pile Foundations 

 EM 1110‐2‐2909, Conduits, Culverts, and Pipes 

 FEMA ‐ Filters for Embankment Dams, Best Practices for Design and Construction 

 GCME/Carollo, Geo‐Appendix B Dam Slope Stability Analysis Results, Caloosahatchee River (C‐43) 
West Basin Storage Reservoir Design, Bid Package 4, Civil Works 

A.2.8 Hydraulic Data 

Hydraulic data were gathered from several sources, including canal and structure “as‐built” drawings and 
flow and stage recorders. Refer to element‐specific sections of this report (A.6.3, A.6.3.4, A.7.3, and 
A.7.3.4) along with Annex A‐1 for complete hydraulic design data information. 

The project canals were assumed to be maintained to “as‐built” specifications. The operation of the 
proposed project structures will require close coordination with the operation of several SFWMD and local 
water control district structures. Detailed design and construction will also require coordination with 
many agencies. The design and construction of project features will meet all applicable federal, state, and 
local regulatory requirements. 

A.2.8.1 Pump Stations Design 

The proposed project includes multiple pump stations. The project pump stations include a WAF inflow 
pump station and two perimeter canal seepage return pump stations, along with an inflow station at 
Paradise Run and another inflow pump station at Kissimmee River Center. Pump station capacities will be 
determined through hydrologic modeling. The main WAF inflow pump station is 1,600 cfs and is based 
on the 1,500 cfs capacity used during hydrologic modeling with a 100 cfs lower flow pump for finer water 
control. The seepage pump stations of 100 cfs for each station are based on preliminary seepage 
calculations. The wetland inflow pump stations of 200 cfs and 100 cfs for Paradise Run and Kissimmee 
River Center, respectively, are based on hydrating the wetlands to the desired elevation in 30 days. The 
capacity of each pump station will be optimized based on modeling during PED and may change slightly 
based on that modeling. The expected range of water surface elevations on both the intake and discharge 
sides of each pump station may be determined through canal stage records, local ground elevations, and 
operational parameters from the hydrologic modeling. These elevations will be used to define the normal 
pumping head differential and the maximum pumping head differential for each pump station. These 
head differentials provide mechanical engineers with the static head component of the total head value 
that the pumps must overcome. 

Pump mixes will also be suggested to provide flexible operations during varying headwater and tail water 
conditions, while minimizing pump cycling. A mix of pump sizes will be utilized to reduce operations and 
maintenance costs and provide operational flexibility. The preliminary designs of these structures will be 
standardized whenever possible to simplify design, construction, and future operations and maintenance. 

Computational methods for pump station design are described further in EM 1110‐2‐3102, General 
Principles of Pumping Station Design and Layout, EM 1110‐2‐3104, Structural and Architectural Design of 
Pumping Stations, and EM 1110‐2‐3105, Mechanical and Electrical Design of Pump Stations. The pump 
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station design will follow the SFWMD Major Pumping Station Engineering Guidelines, 4th Edition, as well. 
Lessons learned from similar projects will be incorporated into the design. Additional detail related to the 
pumping stations for this project can be found in Annex A‐1. 

A.2.8.2 Culverts Design 

The proposed project includes several gated culvert structures. Gated culvert structures provide flow 
control using sliding gates. The design discharges for the project’s gated culverts will assume the gates are 
completely open, out of the water, and do not restrict flow through the structures. The conceptual designs 
of these structures will be standardized whenever possible to simplify design, construction, and future 
operations and maintenance. 

Culverts are hydraulically short conduits that convey flow through embankments or past some other 
obstruction to flow. They are constructed from a variety of materials and are available in many different 
shapes and configurations. They may be single‐barrel or multiple‐barrel structures. An exact theoretical 
analysis of culvert flow is extremely complex because the flow is usually non‐uniform, with regions of 
varying flow. Hydraulic jumps often form inside or downstream of the culvert barrel. As the flow rate and 
tail water elevations change, the flow type within the barrel changes. An exact hydraulic analysis involves 
backwater and drawdown calculations, energy and momentum balance, and application of the results of 
hydraulic studies. An extensive hydraulic analysis is usually impractical and not warranted for the design 
of most culverts. Culvert design, therefore, is often based on empirical approximations. One of the first 
steps is to establish the type of control that applies. 

The types of control used in the design of culverts are: 

 Inlet Control – Inlet control occurs when the culvert barrel is capable of conveying more 
flow than the inlet will accept. The control section of a culvert operating under inlet 
control is just inside the barrel entrance. Critical depth occurs at or near this location, 
and the flow regime immediately downstream is supercritical. Hydraulic characteristics 
downstream of the inlet control section do not affect the culvert capacity. The 
upstream water surface elevation and the inlet geometry represent the major flow 
controls. The inlet geometry includes the inlet shape, inlet cross‐sectional area, and the 
inlet configuration. 

 Outlet Control – Outlet control flow occurs when the culvert barrel is not capable of 
conveying as much flow as the inlet opening will accept. The control section for outlet 
control flow in a culvert is located at the barrel exit or further downstream. Either 
subcritical or pressure flow exists in the culvert barrel under these conditions. All of the 
geometric and hydraulic characteristics of the culvert play a role in determining its 
capacity. These characteristics include all of the factors governing inlet control, the 
water surface elevation at the outlet, and the barrel characteristics. 

For each type of control, different factors and formulas are used to compute the hydraulic capacity of a 
culvert. Under inlet control, the cross‐sectional area of the culvert, inlet geometry, and elevation of 
headwater at entrance are of primary importance. Outlet control involves the additional consideration of 
the tail water elevation of the outlet channel and the slope, roughness and length of the culvert barrel. A 
discussion of these two types of control with charts for selecting a culvert size for a given set of conditions 
is included in the Federal Highway Administration (FHWA) Hydraulic Design Series No. 5, “Hydraulic Design 
of Highway Culverts.” 
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Outlet control will be used for the design of the LOWRP project culverts. Hydrologic Engineering Center 
River Analysis System (HEC‐RAS) modeling and spreadsheet tools will be used to perform the necessary 
calculations. The design flow that is provided for a project culvert is for the entire structure, whether it is 
single‐ or multiple‐barrel. Stilling basins and riprap will be added to many of the culvert designs to provide 
energy dissipation and erosion protection. 

Computational methods for culvert design are described further in EM 1110‐2‐1602, Hydraulic Design of 
Reservoir Outlet Works, EM 1110‐2‐2902, Conduits, Culverts and Pipes, and FHWA‐HIF‐12‐026, Hydraulic 
Design of Highway Culverts. Additional detail related to the culverts that are to be constructed for this 
project can be found in Annex A‐1. 

A.2.8.3 Spillway Design 

The proposed project includes several gated and un‐gated spillway structures. Gated spillway structures 
provide efficient flow control using sliding gates, while un‐gated spillways provide flow control within the 
various project cells by allowing water to efficiently flow between cells when the water surface exceeds a 
pre‐determined elevation. Spillways will be designed to be in conformance to engineering guidance found 
in USACE EM 1110‐2‐1603, Hydraulic Design of Spillways. Any ogee spillway will have vertical gates for 
controlled discharge operations. The spillways will have picket railings to accommodate recreational 
opportunities at the structures where locations are appropriate. Additional detail related to the spillways 
that are to be constructed for this project can be found in Annex A‐1. 

A.2.8.4 Canals Design 

Preliminary design of diversion canals for the project will be based initially on the relationship Q = vA, 
where Q is the flow rate, v is the flow velocity, and A is the cross‐sectional area. 

The hydraulic performance of any necessary conveyance canals will be verified through HEC‐RAS modeling 
during the PED phase of this project. 

The current canal design accounts for additional cross‐sectional area between the water surface and the 
top of bank, minimizing the risk of overtopping. In addition, a bench has been included in the current 
design of the outflow canal for redundancy. 

A.2.8.5 References 

Hydraulic design of the water control structures is based on USACE engineering manuals, U.S. Department 
of Transportation, FHWA Design Criteria, and SFWMD rules and regulations. Applicable guidance includes: 

 EM 1110‐2‐1100 Coastal Engineering Manual 

 EM 1110‐2‐1415 Hydrologic Frequency Analysis 

 EM 1110‐2‐1420 Hydrologic Engineering Requirements for Reservoirs 

 EM 1110‐2‐1601 Hydraulic Design of Flood ControlChannels 

 EM 1110‐2‐1602 Hydraulic Design of Reservoir Outlet Works 

 EM 1110‐2‐1603 Hydraulic Design of Spillways 

 EM 1110‐2‐1901 Seepage Analysis and Control for Dams 
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 EM 1110‐2‐1913 Design & Construction of Levees 

 EM 1110‐2‐2220 Gravity Dam Design 

 EM 1110‐2‐2300 Earth & Rock‐Fill Dams General Design & Construction Considerations 

 EM 1110‐2‐2400 Structural Design of Spillways & Outlet Works 

 EM 1110‐2‐2902 Conduits, Culverts and Pipes 

 EM 1110‐2‐3102 General Principles of Pumping station Design and Layout 

 EM 1110‐2‐3104 Structural and Architectural Design of Pumping Stations 

 EM 1110‐2‐3105 Mechanical and Electrical Design of Pump stations 

 EM 1110‐2‐5025 Dredging and Dredged Material Management 

 ER 1110‐8‐2(FR) Inflow Design Floods for Dams and Reservoirs 

 ETL 1110‐2‐584 Design of Hydraulic Steel Structures 

 FHWA‐IP‐85‐15 Hydraulic Design of Highway Culverts 

 Basis of Review for Environmental Resource Permit Applications within the South Florida Water 
Management District, Appendix 6‐Above Ground Impoundments 

A.2.9 Structural Data 

Typical plans and sections for standard designs are shown in the plates in Annex C‐1. These drawings are 
to scale and illustrate primary design features. The table below is a list of structures on the project. 
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Table A‐1. Summary of Recommended Plan features. 

Structure/Feature 
Number 

Structure/Feature 
Type 

Location 

S‐720 Inflow Pump (WAF) North Cell 

S‐721 Inflow Pump (PR) North Paradise Run 

S‐722 Weir West Perimeter Central Cell 

S‐723 L‐59 Inflow Culvert L‐59 at Perimeter Canal 

S‐724 Cell Division Spillway North to Central Cell 

S‐724W Ungated Cell Spillway North to Central Cell 

S‐725 Seepage Pump North Perimeter of South Cell 

S‐726 Weir North Perimeter of South Cell 

S‐727 Cell Division Spillway Central to South Cell 

S‐727W Ungated Cell Spillway Central Cell to Paradise Run 

S‐728 Primary WAF Outlet East Perimeter of South Cell 

S‐728W Emergency Ungated Spillway East Perimeter of South Cell 

S‐729 Gated Culvert to Outlet Canal Outlet Canal 

S‐730 South Paradise Run Inlet Riser Culvert South Paradise Run 

S‐731 Spillway to C‐38 Outlet Canal 

S‐732 South Paradise Run Outlet Riser Culvert South Perimeter Paradise Run 

S‐733 Seepage Pump South Perimeter of South Cell 

S‐734 Seepage Canal Emergency Outlet Riser Culvert South Perimeter of South Cell 

S‐735 Inflow Pump (KRC) North End of KRC 

S‐736 Outlet Riser Culvert South End of KRC 

A.2.9.1 Design Criteria 

Structural design criteria is governed by multiple Engineering Manuals published by USACE as well as 
manuals from the American Society of Civil Engineers (ASCE) and American Concrete Institute (ACI). All 
designs use the Load Resistance Factor Design (LRFD) methodology which assigned factors to increase the 
ultimate loading from dead and live loads experienced by the structure. Structure design will also use 
the South Florida Water Management District (SFWMD) Design Guideline 001 (DGS001) for wind loading. 
More detailed descriptions of the loading conditions and design can be found below. 

A.2.9.2 Loading Conditions 

Each standard design will be developed to withstand usual, unusual, and extreme loading conditions. 
Usual loading conditions include loads most frequently experienced by the structural system when 
performing its primary function throughout its normal service life. Unusual loading conditions, such as 
construction or maintenance operations, produce short duration loads, and their occurrence is not 
frequent. Extreme conditions such as the standard project floods, and hurricane wind force represent the 
worst‐case scenario; extreme loads represent the widest deviation from the usual and unusual loading 
conditions. 
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A.2.9.3 Stability 

EM 1110‐2‐2100, Stability Analysis of Concrete Structures, will be followed for flotation, overturning, and 
sliding stability analyses. According to EM 1110‐2‐2100, a factor of safety is required in sliding and 
flotation stability analyses to provide a suitable margin of safety between the loads that can cause 
instability and the strength of the materials along potential failure planes that can be mobilized to prevent 
instability. The required factor of safety is a product of a basic factor of safety, a loading condition factor 
to account for load condition probability, a structure importance factor to account for the different risk 
levels accepted for critical and normal structures, and a site information factor to account for the 
knowledge of the structure and foundation strength parameters. 

A.2.9.4 Concrete 

EM 1110‐2‐2104, Strength Design for Reinforced Concrete Hydraulic Structures, and ACI‐318‐14, Building 
Code Requirements for Structural Concrete, will be used for structural concrete design. According to EM 
1110‐2‐2104, loads and loading combinations are divided into Usual, Unusual, and Extreme categories 
based on the duration and frequency. The Usual and Unusual categories are designed to meet 
serviceability limit state requirements of the structure and the Extreme category meets the strength limit 
state. If a structure has limited fluid pressures, ACI 318 load factors can be used. The compressive strength 
of concrete is designed to resist the factored loads on the hydraulic structure. 

A.2.9.5 Dewatering 

Two types of dewatering systems have been assumed for this project: steel sheet pile cofferdam with 
underwater concrete seal and open excavation with well points and sump pumps. Culvert installation is 
performed using the cut and cover method with sequential partitioned steel sheet pile cells. Cell sizes are 
limited by groundwater control using well point systems. Gate wells may require a sealed‐bottom 
cofferdam system. All applicable structures such as pump stations, gated spillways and culverts will be 
designed with permanent bulkhead slots for long‐term maintenance dewatering. 

A.2.9.6 Louvers 

All louvers will be the aluminum, weather‐resistant type, vertical blade, with removable stainless steel 
bird/insect screens, and made to withstand a wind load of not less than that specified on the structural 
drawings. Wall louvers will bear the Air Movement and Control Association (AMCA) certified ratings 
program seal for air performance and water penetration in accordance with AMCA 500‐D and AMCA 511. 
The pressure drop through the louver will not exceed 0.40 inches water gauge at 2,000 feet per minute. 
The louvers will have an active Florida Product Approval Number as required by the Florida Building Code 
and an active Miami‐Dade County Notice of Acceptance Number. The louvers will meet the Florida 
Building Code Testing Standards (TAS) TAS 100(A), TAS 201, TAS 202, and TAS 203. Mounting hardware 
will be of stainless steel. 

A.2.9.7 References 

The following additional design manuals were used in the development of standard conceptual designs: 

 ASCE 7‐10 Minimum Design Loads for Buildings and Other Structures 

 ACI 318‐14 Building Code Requirements for Structural Concrete 
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 AASHTO LRFD Bridge Design Specifications 

 EM 1110‐2‐2104 Strength Design for Reinforced Concrete Hydraulic Structures 

 ETL 1110‐2‐584 Design of Hydraulic Steel Structures 

 EM 1110‐2‐2502 Retaining and FloodWalls 

 EM 1110‐2‐2504 Design of Sheet Pile Walls 

 EM 1110‐2‐3102 General Principles of Pump station Design and Layout 

 EM 1110‐2‐3104 Structural and Architectural Design of Pump Stations 

 EM 1110‐2‐2400 Structural Design and Evaluation of Outlet Works 

 EM 1110‐2‐2902 Conduits, Culverts, and Pipes 

 EM 1110‐2‐2007 Structural Design of Concrete Lined Flood Control Channel 

A.2.10 Mechanical and Electrical Data 

Pump stations will be designed in accordance with (but not limited to) the following: 

 EM 1110‐2‐3102 General Principles of Pump station Design and Layout 

 EM 1110‐2‐3105 Mechanical and Electrical Design of Pump Stations 

 Hydraulic Institute (HI) standards 

 SFWMD’s Major Pump Station Engineering Guidelines, 4th edition (MPSEG) 

 CERP Standard Design Manual 

A.2.10.2 General 

In order to construct project features, all the residential and commercial properties contained within or 
adjacent to the area will be acquired, the associated structures demolished, and the associated utility 
distribution lines relocated, abandoned, or salvaged. Since the project sites are located in relatively 
undeveloped areas, only limited utility relocation issues are foreseen. Preliminary aerial and ground 
inspections have revealed no significant potential for conflicts with existing major utility systems. 
Relocation of major utilities will be avoided whenever possible. A communications tower has been 
identified in the project area. This tower will be relocated. The cost of all relocations will be borne by the 
local sponsor. 

A.2.10.3 Electrical Lines 

Electrical lines will most likely exist in those few project areas that contain inhabited facilities. These lines 
will be removed during the demolition process. It is not anticipated that any major electrical lines or 
towers will require relocation. New electrical service lines will need to be installed to provide power to 
the required project features. We anticipate that the adjacent electrical distribution line will need to be 
upgraded for this project. 
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A.2.10.4 Communication Lines and Towers 

Telephone lines will most likely exist in those few project areas that contain inhabited facilities. These 
lines will be removed during the demolition process. Any major communication lines or towers will 
require relocation. 

A.2.10.5 Fiber Optic 

A close inspection of all construction areas will be made to assure no interference with underground fiber 
optic cables. No fiber optic service has yet been identified near any of the project sites. 

A.2.10.6 Water 

A close inspection of all construction areas will need to be made to assure no interference with water 
lines. No water lines have yet been identified near any of the project sites. 

A.2.10.7 Sewer 

A close inspection of all construction areas will need to be made to assure no interference with sewer 
lines. No sewer lines have yet been identified near any of the project sites. There are likely to be septic 
tank systems associated with residences in the project area. These systems will be removed. 

A.2.10.8 Natural Gas 

A close inspection of all construction areas will need to be made to assure that there is no interference 
with natural gas lines. A natural gas transmission pipeline was identified in southern Highlands County 
using the National Pipeline Mapping System (U.S. Department of Transportation (DOT), 2018). This gas 
pipeline parallels State Road 70 between the Kissimmee River and the intersection of State Roads 70 and 
27 near Archbold, FL. SR70 is outside the Recommended Plan footprints but within the original study area. 

A.2.10.9 Petroleum 

A close inspection of all construction areas will need to be made to assure that there is no interference 
with petroleum pipelines. No petroleum or hazardous liquid pipelines have yet been found in Glades or 
Highlands Counties (US DOT, 2018). 

A.2.10.10Other Underground Utilities 

Other underground utilities may exist in those project areas that contain inhabited facilities. These lines 
will be removed during the demolition process. It is not anticipated that any major other underground 
facilities will require relocation. 

A.3 Recommended Plan 

The Recommended Plan will benefit the Northern Estuaries by decreasing the number and severity of high 
volume regulatory flood control releases sent from Lake Okeechobee. The Recommended Plan will also 
benefit Lake Okeechobee ecology by increasing the duration in the ecologically favorable water level 
band. There are benefits to water supply, as the number of cutbacks will be reduced. Water supply from 
the lake to existing users is currently reduced during extreme low stages in Lake Okeechobee. This will be 
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improved by storing approximately 46,000 acre‐feet of water in the K‐05 wetland attenuation feature and 
the use of 80 Aquifer Storage and Recovery (ASR) wells. Wetland restoration will also provide habitat 
benefits. For a full discussion of the proposed project elements and their benefits, see Section 6.0 
(Recommended Plan) of the main report. 

The Recommended Plan was formulated by analyzing the wetland options and the aboveground storage 
options separately and then combining them into the Recommended Plan. The number of ASR wells is 
directly linked to the aboveground storage locations and therefore were analyzed as part of the 
aboveground storage alternatives. The Recommended Plan for wetlands is the Paradise Run and 
Kissimmee River–Center locations. The Recommended Plan for aboveground storage/ASRs is the 
alternative 1BW. This is a wetland attenuation feature (WAF) alternative of a modified K‐05 location along 
with 80 ASR wells. Fifty‐five of these wells are in the general watershed and the remaining 25 wells are 
WAF‐assisted adjacent to K‐05. 

The K‐05 WAF, Wetlands, and ASR wells include construction of several features in each project element. 

The K‐05 WAF will have a perimeter embankment and internal embankments dividing the wetland 
attenuation feature into cells. The total area of the WAF is approximately 13,600 acres. A seepage canal 
will be constructed around the perimeter embankment. Structures will include a 1,600 cubic feet per 
second (cfs) inflow pump station, two 100 cfs seepage pumps, spillways connecting each cell, and an 
outflow structure. There will be a building associated with each major structure. Toe roads, crest roads, 
and other connecting roads will provide vehicular access to each project feature. Toe roads will have 
small diameter circular HDPE culverts spaced at 500 to 1,500 feet apart (based on local topography) to 
drain the area between the embankment and the toe road. Each of the three cells in the WAF has a 
different design water full elevation. The elevation was determined by taking the average of high and low 
elevations at the perimeter of each cell and adding four feet for the average water depth. The result was 
rounded to the nearest foot. The northern cell water elevation is 25.0 feet NAVD88. The center cell water 
elevation is 23.0 feet NAVD88. The southern cell water elevation is 20.0 feet NAVD 88. 

The ASR wells that augment storage at the WAF will include the ASR wellhead structure and pumps, well 
piping, intake and discharge piping, concrete pad, and ancillary covered operational control panels. ASR 
wells are planned to be located in pairs, with one pad and control panel serving each pair of wells. ASR 
wells located in the watershed will include ASR wellhead structures and pumps, well piping, intake and 
discharge piping, concrete pad, and a single control building for ASR system operation. 

The Kissimmee River–Center wetland will have a 100 cfs inflow pump in the C‐38 canal to divert water 
into the wetland area. A channel will be dug in the approximate location of the historic Kissimmee River. 
There will be a gated culvert on the downstream end of the new channel to allow higher stages to pass 
and retain lower stages to hydrate the wetlands. 

The Paradise Run wetland will have a 200 cfs inflow pump, and three culverts for water inflow and release. 

To address quantity, timing, and distribution of the water through the LOWRP project, various types of 
infrastructure were considered during the formulation process such as: a flow equalization basin (FEB), 
deep and shallow storage reservoirs, wetland attenuation features, spreader canals, pumps, canal 
backfilling and canal plugs, levee removal and levee gaps, culverts/gated structures, seepage barrier walls, 
seepage control pumps, hydraulic ridge detention areas, and step‐down levees. See below Figure A‐1 
through Figure A‐4. 
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Figure A‐1. Project overview map. 
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Figure A‐2. WAF Structure map. 
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Figure A‐3. Paradise Run Structure map. 
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Figure A‐4. Kissimmee River Center Structure map. 

A.3.1 Project Features 

Detailed information concerning the project features is in Table A‐2 below. 
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Table A‐2. Summary of Recommended Plan features. 

Structure/Feature 
Number 

Structure/Feature 
Type 

Design
Capacity 

(cfs) 
Location 

S‐720 Inflow Pump (WAF) 1,600 North Cell 

S‐721 Inflow Pump (PR) 200 North Paradise Run 

S‐722 Weir not applicable 
West Perimeter Central 
Cell 

S‐723 L‐59 Inflow Culvert 200 L‐59 at Perimeter Canal 

S‐724 Cell Division Spillway 1,500 North to Central Cell 

S‐724W Ungated Cell Spillway 1,500 North to Central Cell 

S‐725 Seepage Pump 100 
North Perimeter of 
South Cell 

S‐726 Weir not applicable 
North Perimeter of 
South Cell 

S‐727 Cell Division Spillway 1,500 Central to South Cell 

S‐727W Ungated Cell Spillway 1,500 
Central Cell to Paradise 
Run 

S‐728 Primary WAF Outlet 1,500 
East Perimeter of South 
Cell 

S‐728W Emergency Ungated Spillway 1,500 
East Perimeter of South 
Cell 

S‐729 Gated Culvert to Outlet Canal 200 Outlet Canal 

S‐730 South Paradise Run Inlet Riser Culvert 50 South Paradise Run 

S‐731 Spillway to C‐38 1,700 Outlet Canal 

S‐732 South Paradise Run Outlet Riser Culvert 100 
South Perimeter 
Paradise Run 

S‐733 Seepage Pump 100 
South Perimeter of 
South Cell 

S‐734 
Seepage Canal Emergency Outlet Riser 
Culvert 

190 
South Perimeter of 
South Cell 

S‐735 Inflow Pump (KRC) 100 North End of KRC 

S‐736 Outlet Riser Culvert 75 South End of KRC 

Key: cfs = cubic feet per second 

A.3.2 Pre‐Tentatively Selected Plan Design 

Due to an expedited schedule, limited data, and the absence of site‐specific data, the design for 
alternative development employed best professional judgment and prior knowledge of existing LOWRP 
components. The assumptions and limited design will be captured in latter sections of this Appendix. The 
assumptions and limited design to date contributed to the development of the final array of alternatives. 
For a description of the final array of alternatives, see Section 3, “Formulation of Alternative Plans,” and 
Section 4, “Evaluation and Comparison of Alternative Plans,” of the main report. 
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A.3.3 Cost Estimates 

Refer to the PIR main report Cost Engineering for cost development and methods to include the LOWRP 
Recommended Plan cost. 

A.4 Status of Engineering Design Activities and Analyses 

The following sections describe the status of engineering design activities and analyses. 

A.4.1 Level of Design Efforts 

Design Engineering Regulation ER 1110‐2‐1150, Engineering and Design for Civil Works Projects, provides 
guidance for feasibility‐level design to accompany decision documents. Early during the LOWRP project 
scoping, risks were identified that accompanied the expedited planning process. The risks were presented 
in a project risk register. Other items on the risk register were not specific to engineering, but involved 
releasing a draft report without TSP refinements and development of the typical level of detail. 

The team identified work that would be deferred to PED. The up‐front project risks recognized the 
potential for these design activities to significantly affect project costs. Due to the limited design, it is 
expected that higher risk based contingencies would be generated yet Cost Certification would still be 
achieved. 

A.4.2 Recommendation for Design Completion 

Features of the Recommended Plan have been identified according to available data, historic information, 
and best engineering judgment. All project components will be optimized during PED phase for cost 
efficiency and performance, incorporating updated data and information as it becomes available. Design 
completion recommendations are provided by project element. 

A.5 General Construction Procedures Discussion 

It is envisioned that the project will be constructed using conventional means and methods. The project 
features will be scoped by project elements and will be conceptually placed in contracts that maximize 
opportunities to realize benefits with features already in the existing system. To the fullest extent possible, 
the features/contracts will maximize the use of onsite material, reduce multiple handling scenarios, and 
maintain flood control operations and level of service provided by existing features. 

Other schedule and construction assumptions included that all engineering design work would be 
completed by the USACE with in‐house resources. Independent External Peer Review (IEPR) may be 
performed using an outside engineering firm. Beginning with investigative information gathering, 
multiple contracts would be awarded every year based on construction durations estimated from existing 
similar USACE construction projects. Adaptive Management will help with future development of the 
implementation and sequencing. During PED, detailed analyses, subsurface investigations, and site 
investigations will be conducted to prepare construction documents. 

A.5.1.1 K‐05 Wetland Attenuation Feature 

Conceptual construction and land impacts will be provided in the main PIR document. During PED phase, 
construction requirements and sequencing will be further investigated and defined for USACE contracts. 
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The work in the area would need to be sequenced together based on earthwork dependencies and the 
continuing functioning of existing canals and levees in the project area. There are multiple structures and 
embankments which will need access and electrical service. 

A.5.1.2 Wetlands 

Conceptual construction and land impacts will be provided in the main PIR document. During PED phase, 
construction requirements and sequencing will be further investigated and defined for USACE contracts. 

Kissimmee River–Center does not have any dependencies on existing features or other project elements. 
It is assumed that the work in the area would not need to be sequenced together based on earthwork 
dependencies. An access road will be constructed connecting Larson Dairy Road on the western side of 
the wetland around the northern perimeter of the wetland to the pump station at the C‐38 canal. The 
culvert outlet will be accessed via NW Riverside Road and a currently private road. The Paradise Run 
features may be completed in FY34 at the same time as the K‐05 wetland attenuation feature due to 
possible dependencies with the wetland attenuation feature which will be explored during PED. Electrical 
service will be required for the culvert gates and pump station. 

A.5.1.3 Aquifer Storage and Recovery Systems 

ASR systems consist of a surface facility with water pre‐treatment components, intake and outfall 
structures, one or more recharge/recovery (or ASR) wells, and groundwater monitoring wells. Some 
project ASR systems are integrated with K‐05 operations (WAF‐assisted), while other ASR systems are 
“stand‐alone” and are located adjacent to flowing surface water. ASR system configuration will differ 
between WAF‐assisted versus watershed systems. ASR system design and construction will be optimized 
to have many ASR wells associated with a minimum number of water pre‐treatment lines and operational 
controls. Monitoring wells will be located so that the fewest number of wells will be required to evaluate 
groundwater quality and flow yet still maintain permit compliance. 

Conceptual construction impact acreage is provided in the main PIR document. Because ASR systems 
occupy a relatively small footprint, generally less than a few acres, these impacts are expected to 
be minimal. 

The construction for the ASRs are currently scheduled to start in FY24. Conceptual construction and land 
impacts is provided in the main PIR document. Briefly, the sequence of ASR system construction will 
proceed beginning with watershed ASR systems, followed by ASR systems located at the WAF. This 
sequence allows for evaluation of ASR feasibility at smaller systems, prior to the construction of the more 
extensive ASR component at the WAF. During PED phase, construction requirements and sequencing will 
be further investigated and defined for USACE contracts. 

The watershed ASRs have no dependencies with the rest of the project with the exception of the WAF‐
assisted ASRs. Each location, to be determined later in the planning process, can be a stand‐alone project. 
Each ASR system is dependent on access to electrical service. 

A.5.1.3.1 ASR Construction 

The first task for ASR system construction is to construct and test an exploratory borehole to determine 
site‐specific hydrologic characteristics of the storage zone. If hydrologic characteristics are favorable, the 
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borehole will be completed as an ASR recharge/recovery well. The surface facility and wellheads will be 
designed and constructed around the ASR well, adjacent to the surface water source. The surface facility 
consists of surface water intake and pump, components to filter and disinfect surface water prior to 
recharge in the ASR well, pumps to recover water from the ASR well, and a discharge structure to return 
recovered water to a surface water body. Construction of the surface facility occurs around the existing 
ASR well. Completion of the ASR well and details on design and construction of the surface facility will be 
defined during PED. 

A.6 K‐05 Wetland Attenuation Feature 

The following subsections describe the K‐05 WAF. 

A.6.1 Civil ‐ Site Design 

Features identified in the Recommended Plan have been designed to the level of detail necessary to 
provide cost estimates. Best professional judgment as well as previous project design knowledge for dam 
and aboveground storage projects were used during plan formulation alternative development and design 
efforts. 

Components of the WAF have been identified and sized appropriately according to available data, historic 
information, and best engineering judgment. All project components will be optimized during PED phase 
for cost efficiency and performance, incorporating updated data and information as it becomes available. 

A.6.1.1 General Status of Completed and Non‐Executed Efforts 

The following civil site project efforts were not initiated during the feasibility phase: 

 Evaluation of alignments 

 Site grading 

 Aesthetics 

 Relocation of facilities 

 Required improvements on lands to enable proper construction of componentsand 
disposal of material 

 Identification of methods for accomplishing relocations to include appropriate lands 

Design‐level analyses will be performed during PED. 

A.6.1.2 Surveying Mapping Geospatial data 

During PED phase, site‐specific surveys of the features, utilities to be relocated, and internal canals to be 
filled will be done for the design. Survey data has been generated using airborne LiDAR. The LiDAR data 
was not collected in relation to this planning project but is of sufficient detail in the project area to be 
used for planning purposes. Elevations will be shown in 0.1 feet (tenths of feet) and refer to the North 
American Vertical Datum of 1988 (NAVD88). Plan coordinates are based on the North American Datum of 
1983 (NAD83), Florida State Plane Coordinate System for the Florida east zone in U.S. feet. It is anticipated 
that the LiDAR data will be used more extensively in future design efforts. However, the LiDAR data is not 
of sufficient accuracy for final design. During PED for the K‐05 WAF, additional LiDAR data as well as 
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conventional land surveys will be conducted as appropriate for each structure as well as levee and canal 
alignments. No additional LiDAR will be collected during the planning phase of the project. The vertical 
accuracy is of the LiDAR data set is 0.690 U.S. Survey Foot root mean square error. The expected 
horizontal accuracy of the equipment used at the height of flight is 1.50 feet. 

A.6.1.3 Access 

Access to this project area is primarily from SR78 on the south and SR70 to the north. The access from 
SR70 is on the opposite side of the C‐41A canal and would require the use of Ruck’s Dairy Road, currently 
a low volume roadway with a bridge across C‐41A. Depending on the bridge design and other factors, a 
temporary bridge may be required to access the project from the north and roadway improvements may 
be required. Due to the large size of the project at about 21 square miles, numerous haul roads and other 
internal access roads will be required for construction. 

A.6.1.4 Material Balance and Disposal 

Earthwork cut and fill quantities will be completed during PED phase to balance the on‐site use of material 
as much as possible. 

A.6.1.5 Utility Relocations 

No major transmission lines have been identified. There are expected to be service lines for the few 
occupied structures in the project area. Since these areas are to be acquired and abandoned, no major 
utility relocations are expected. A utility survey will be conducted during PED to identify any conflicts due 
to existing buried water, sewer, electrical or natural gas mains. 

A.6.2 Geotechnical Design 

The features presented herein represent elements of the Recommended Plan. Due to the limited amount 
of geotechnical investigation data, most of the current geotechnical design is extrapolated from widely 
separated borehole locations and assumes that these conditions are representative of those that will be 
encountered during construction. Preliminary or tentative design parameters and conditions presented 
below will need to be validated with site‐specific subsurface exploration which will be one of the first 
orders of work during PED. 

A.6.2.1 Soils 

The surface soils at the K‐05 WAF footprint are very similar to those observed elsewhere on the Indian 
Prairie plain. Soils are mapped as Immokalee sand, Pineda fine sand, Basinger fine sand, and Boca fine 
sand (NRCS, 2018). These soils developed in response to climate and drainage during the Holocene Epoch. 
All soils developed on sandy and silty marine sediments that serve as parent material. Sandy marine 
sediments are clearly identified at relatively shallow depths beneath the Holocene soils. Parent materials 
were deposited at high sea levels during the Quaternary Period and soil profiles developed on these 
sediments during the Holocene. The Immokalee sand is the most widely occurring in the K‐05 area. This 
soil occurs in upland flatwoods environments on marine terraces. Pineda fine sand commonly occurs in 
drainageways of flatwoods on marine terraces. Boca fine sand commonly occurs in drainageways of 
flatwoods on marine terraces. Basinger fine sand commonly occurs in depressions on marine terraces. 
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Surface soils in the area of the K‐05 footprint are characterized as SP or SP‐SM, or generally poorly graded 
sands and slightly silty sands, with silt content less than 12 percent by weight. All soils in the area of K‐05 
show high values of saturated hydraulic conductivity, indicating that these soils are permeable. NRCS 
(2018) mapping data shows saturated hydraulic conductivity values of approximately 9.2 x 10‐3 

centimeters per second (0.43 feet per day), as estimated in the upper 10 centimeters of the soil horizon. 
Figure A‐5 below shows the saturated hydraulic conductivity of the surface soil. 

Figure A‐5. Saturated hydraulic conductivity values of surface soil. 

A.6.2.2 Geology 

Shallow subsurface geology and hydrogeologic conditions were explored during a geotechnical 
investigation in the area of the K‐05 footprint, conducted in 2017 (USACE, 2017). Five exploratory 
boreholes were drilled, and these were located primarily in the central portions of the footprint and north 
of the footprint. Most borings terminated at depths between 15 and 30 feet below ground surface (bgs). 
The 2017 effort supplemented two earlier investigations (Challenge Engineering and Testing, 2007, 2008). 
Eleven borings were obtained in the 2007 effort, primarily at locations north of the C‐41A Canal. Nine 
borings terminated at either 60 feet or 80 feet below land surface. Two borings terminated at 150 feet 
below land surface. Six additional borings were obtained in the 2008 effort, north and south of the C‐41A 
Canal. All borings terminated at depths between 29 and 49 feet below land surface. 

Shallow borings show the sedimentary evolution of the Kissimmee River Basin from marine to fluvial 
depositional environments during the late Pleistocene through Holocene Epochs. Alluvial sediments 
consisting of poorly graded quartz sand with occasional silt overlie marine deposits that are poorly graded 
sands and silty sands. The uppermost appearance of carbonate shell fragments characterizes the upper 
surface of marine deposition, at elevations ranging from +8 to ‐31 feet NAVD88. Shallow borings obtained 
in 2017 consist primarily of poorly graded quartz sands (SP), slightly silty sands (SP‐SM), and silty sands 
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(SM). Boring logs from the 2007 exploration also showed poorly graded quartz sands (SP), slightly silty 
sands (SP‐SM), and silty sands (SM) at depths less than 30 feet. Marine silts (ML) and silty sands (SM) with 
shell occur from 30 feet to 80 feet below land surface. Deeper, pre‐Quaternary age units occur in the 150 
feet deep boring obtained north of C‐41A. Fine‐grained gray and olive gray silty sands with angular shell 
and phosphate grains suggest reworked Hawthorn Group sediments at depths of 130 feet to 150 feet 
below land surface. Boring logs from the 2008 exploration showed similar shallow subsurface lithologies 
(SP, SP‐SM) as appeared in the 2007 and 2017 boring logs. 

The Surficial Aquifer System (SAS or water table aquifer) is included in the marine and alluvial deposits 
that overlie Hawthorn Group sediments in the project area. Measurements of hydrologic characteristics 
(hydraulic conductivity, transmissivity, and storativity) in the area of K‐05 are limited. A single pump test 
was conducted near Moore Haven, southwest of the project area, and yielded moderate transmissivity 
values of 110,000 gallons per foot per day (Klein et al., 1964). Recharge of the SAS in the project area is 
from local rainfall. Discharge occurs locally as outflow to drainage canals or regionally to Lake 
Okeechobee. 

It is necessary to define the hydrogeologic setting of lithologic units and aquifers below the SAS because 
ASR is proposed to augment storage at the K‐05 WAF footprint. Figure A‐6 shown below is a generalized 
hydrogeologic diagram of the deeper subsurface geologic units that are applicable to proposed ASR wells. 

The deepest lithologic unit of interest in southern Highlands and Glades Counties is the Avon Park 
Formation (mid to late Eocene). This unit is encountered at depths of 790 to 840 feet below land surface 
(bls) in the northern portion of the project area and dips to approximately 1,220 bls in the southeast near 
Lake Okeechobee. (Campbel, 1990; CH2MHill, 2004, 2008). The Avon Park Formation consists of fine‐
grained, micritic to fossiliferous limestone, dolomitic limestone, and dolostone (Reese and Richardson, 
2008). The Avon Park Permeable Zone (APPZ; Reese and Richardson, 2008) occurs within the Avon Park 
Formation, and was formerly known as the middle Floridan aquifer. A leaky confining unit separates the 
lower portion of the UFA from the APPZ. 

The Ocala Limestone (late Eocene) overlies the Avon Park Formation in Glades County. This unit is a chalky 
to fossiliferous, mud‐rich to calcarentic limestone (Reese and Richardson, 2008). Near the project area, 
the top of the Ocala Limestone is encountered at depths that range between 540 feet bls (Kissimmee 
River ASR System, CH2MHill, 2004) and 650 feet bls (Paradise Run, CH2MHill, 2008; Brighton Reservation, 
Missimer Ground Science, 2007), and generally dips to the south. The upper contact of the Ocala 
Limestone shows significant topographic variation (as much as 200 to 300 feet, Reese, 2004), and this 
topographic variation may have implications for ASR well construction. The Ocala Limestone thickness 
varies between approximately 200 and 400 feet in the project area. 
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Figure A‐6. Generalized hydrogeologic framework in the project area at Paradise Run. 
Source: CH2MHill, 2008. 

LOWRP Final PIR and EIS August 2020 
A‐25 



       

             
 

 

 

 
                     

                                 
                                   
                         
                         

                                   
                                   
                           

                                     
   

 

                     
                           

                         
                         
                       

                         
                           

                         
                             
                     

 

                           
                           
                             

                               
                           

 

                               
                               

                       
                               
                           

           
 

                           
                             

                               
                             
                         

                               
                             

                                     
                             
                                 

           

Appendix A Engineering Appendix 

The Suwannee Limestone (Early Oligocene) is a pale orange‐to‐tan fossiliferous medium‐grained 
calcarenite. Where present, this formation occurs at depths of 750 to 950 feet bls (Reese and Richardson, 
2008), and thins to the east. The Suwannee Limestone is not easily recognized in cores east of Glades 
County, and is absent in exploratory boreholes at the Brighton Reservation (Missimer Groundwater 
Science, 2007) and Kissimmee River ASR (KRASR) (CH2MHill, 2004). However, the Suwannee Limestone 
was shown at depths of approximately 850 to 950 feet bls in an exploratory borehole at Moore Haven 
(GLF‐6, southwest of the project area; Reese and Richardson, 2008), and at 550 to 610 feet in exploratory 
borehole for HIF‐42 at Paradise Run (Highland County; CH2MHill 2008). The uppermost permeable zone 
of the FAS is the upper Floridan aquifer (UFA), and occurs primarily in the Ocala Limestone in the LOW 
project area. 

Hawthorn Group (Late Oligocene‐Miocene) sediments overlie the Suwannee and Ocala Limestones 
throughout south Florida, including Glades County (Scott, 1988; Missimer, 2002). The Group consists of 
two formations, the Arcadia Formation and the overlying Peace River Formation. Hawthorn Group 
sediments are distinguished from underlying limestones by their high and variable siliciclastic and 
phosphatic content, gray‐green coloration, and gamma‐ray log response (Reese and Richardson, 2008). 
The basal Hawthorn unit is phosphate‐rich, and shows pronounced gamma‐ray log responses that 
contrast with low response in the phosphate‐poor Ocala Limestone. Clays occur within the Arcadia 
Formation, and dolomite is the primary carbonate mineral (Scott, 1988). The Arcadia Formation/basal 
Hawthorn Group lies unconformably on the Ocala Limestone in the project area. Sediments of the 
Hawthorn Group serve as confinement between the FAS and the SAS. 

The Peace River Formation overlies the Arcadia Formation throughout south Florida. The Peace River 
Formation consists of interbedded quartz sands, clays and carbonates, which quartz sands dominating the 
formation (Scott, 1988). Undifferentiated Hawthorn Group sediments occur at depths of 178 feet to 650 
feet at the Brighton Reservation (Missimer Groundwater Science, 2007), from 140 feet to 550 feet at 
Paradise Run (CH2MHill, 2008), and 170 to 562 feet bls at KRASR (CH2MHill, 2004). 

Groundwater quality in the upper portions of the SAS is fresh, because recharge infiltrates primarily from 
rainfall. Groundwater quality becomes increasingly saline towards the base of the SAS due to mixing of 
fresh groundwater with relict seawater (Reese and Wacker, 2009). SAS groundwater quality 
(approximately 130 to 140 feet bls) at the Kissimmee River ASR system is brackish, showing chloride 
concentrations that range between 630 mg/L to 720 mg/L, and total dissolved solids concentrations 
ranging between1700 mg/L and 2000 mg/L. 

Groundwater quality characteristics of the Upper Floridan Aquifer are defined using data from exploratory 
boreholes and ASR wells at KRASR, Paradise Run, and Brighton Reservation. Native groundwater in the 
UFA at KRASR is generally fresh, showing chloride concentrations that range between 150 mg/L and 280 
mg/L, and total dissolved solids concentrations that range between 540 mg/L and 810 mg/L (USACE, 
2013). Chloride concentration (190 mg/L) and total dissolved solids concentration (680 mg/L) measured 
in the UFA at Paradise Run also indicate generally fresh groundwater (CH2MHill, 2008). At the Brighton 
Reservation, chloride concentrations in the UFA (634 to 1,200 feet bls) actually decreased with depth, 
from 1,700 mg/L (640 to 936 feet bls) to 655 mg/L (640 to 1,216 feet bls) indicating fresher groundwater 
in lower portions of the UFA (Missimer Groundwater Science, 2007). Overall, groundwater quality in the 
UFA at the LOW project site is generally fresh, which suggests the likelihood of high percent volume 
recoveries during ASR system cycle tests. 
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The Avon Park Permeable Zone (APPZ) is a thick, transmissive aquifer that occurs below the UFA 
throughout south Florida (Reese and Richardson, 2008). Groundwater quality characteristics of the APPZ 
are defined from the same exploratory boreholes used for UFA characterization. Native groundwater in 
the APPZ generally is more saline than UFA groundwater. At KRASR, chloride (356 mg/L) and total 
dissolved solids (902 mg/L) reflect water quality at the uppermost portion of the APPZ, and probably are 
not representative of the entire aquifer. Chloride concentration (8,600 mg/L) and TDS concentration (3600 
mg/L) indicate brackish groundwater quality in the APPZ (1,310 to 1,530 feet bls) at the Paradise Run 
exploratory borehole (CH2MHill, 2008). At the Brighton Reservation, chloride was measured during 
aquifer performance testing range between 740 mg/L and 1,040 mg/L. To the west of the LOW project 
area, the APPZ occurs at greater depths. Well GLF‐6 near Moore Haven, the APPZ shows chloride 
concentrations that range between 1,711 mg/L and 1,811 mg/L, and total dissolved solids concentrations 
that range from 3,549 mg/L to 4,164 mg/L. Groundwater quality of the APPZ varies considerably across 
the project area, but it is reasonable to expect that brackish water will be encountered. ASR percent 
volume recoveries will be low during early ASR cycle tests, and large recharge volumes will be required to 
freshen the APPZ. 

A.6.2.3 General Status of Completed and Non‐Executed Efforts 

The following sections describe the general status of completed and non‐executed efforts. 

A.6.2.3.1 Subsurface Investigations 

In August and September of 2017, USACE performed five Standard Penetration Test (SPT) borings for the 
proposed K‐05 WAF site. Each of these borings was drilled to a depth of 30 feet below ground surface. 
The borings show the sedimentary evolution of the Kissimmee River Basin from marine to fluvial 
depositional environments during the Late Pleistocene through Holocene Epochs. Alluvial sediments 
consisting of poorly graded quartz sand with occasional silt overlie marine deposits that are poorly graded 
silty sands. The uppermost appearance of carbonate shell fragments characterizes the upper surface of 
marine deposition, at elevations ranging between +8 and  ‐31 feet (NAVD88). The 2017 exploration 
augments two earlier subsurface explorations (Challenge Engineering and Testing, 2007; Challenge 
Engineering and Testing, 2008) that consisted of borings and test pits constructed primarily along the C‐
41A Canal (see Annex B for more information). As two of the previous borings were drilled to a depth of 
150 feet below ground surface, the bottom elevation in each seepage/slope stability section was based 
on these deeper borings. 

A.6.2.3.2 Groundwater Studies 

As a part of the 2017 fieldwork, constant head gravity tests (CHT) and double ring infiltrometer tests (DRI) 
were performed. The hydraulic conductivity of the in‐situ soils is based on the results from the CHT and 
DRI tests performed. 

With respect to the constant head gravity tests, the Hvorslev equation (“Case 4”; Hvorslev, 1951) was 
used to calculate the hydraulic conductivity in the vertical direction (ky) and in the saturated portion of 
the surficial aquifer. Using an anisotropy ratio (kx/ky) of 10 based on guidance from the Bureau of 
Reclamation for stratified deposits (Department of Interior, 2014), the hydraulic conductivity in the 
horizontal direction (kx) was estimated. Comparing the hydraulic conductivity values determined by the 
field testing with published values for the same material types, over half of the field values closely match 
the maximum published values for the same material classification, especially for a fine sand (SP). The 
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similarity between the values obtained from the constant head tests and the published values supports 
the validity of this approach and greater confidence in the use of these values in seepage modeling. See 
Annex B for test result values. 

With respect to the double ring infiltrometer tests, ASTM D 3385‐09 was used to calculate the incremental 
infiltration rate (in cm/h) from a constant water level maintained within the inner test ring. From United 
States Geological Survey (USGS) Open‐File Report 01‐65, “Ultimately, the infiltration rate reaches a 
constant value known as the saturated soil infiltration rate. Rubin and Steinhardt (1963) and Rubin and 
others (1964) showed that the final infiltration rate reached under these conditions is equal to the vertical 
hydraulic conductivity of a saturated soil.” For each completed test, a plot of the incremental infiltration 
rate versus time was created to see if the data trended towards a constant value – which was then 
estimated to be the hydraulic conductivity in the vertical direction. Of the 12 tests performed, only six 
tests had data that showed any likely trend with time and the hydraulic conductivity values determined 
by the trend estimations were assigned to the surface layer in the seepage modeling. See Annex B for 
test result values. 

A.6.2.3.3 Preliminary Design Parameters for the 2D Seepage Analysis 

The preliminary design parameters selected for the 2D seepage modeling are based on field data, 
laboratory test results, and published values for similar materials. Anisotropy values (ky/kx) are based on 
Figures 8.3.2.3.1‐1 and 8.3.2.3.3‐1 in the BOR reference Design Standards No. 13, Embankment Dams, 
Chapter 8, Seepage. These values will be updated during PED. 

1. Embankment Material: Based on the borings and laboratory test results to date, this 
material will likely be a poorly graded sand with silt characterized by a saturated 
hydraulic conductivity value (kx) of 4.0E‐3 cm/s (1.31E‐4 ft/s) (estimated from published 
values referenced by the BOR). 

2. Surficial Overburden Layer: A thin (1.5 foot), silty‐sand layer characterized by a 
saturated hydraulic conductivity value of 7.9E‐3 cm/s (2.6E‐4 ft/s) in the horizontal 
direction (estimated from the DRI tests performed). 

3. Shallow Alluvial Deposits: A 30‐foot layer of poorly graded sand with silt characterized 
by a saturated hydraulic conductivity value (kx) of 5.3E‐2 cm/s (1.74E‐3 ft/s)(estimated 
from the CHTs performed). 

4. Deeper marine deposits: A 120‐foot layer of poorly graded sand with silt characterized 
by a saturated hydraulic conductivity value (kx) of 3E‐2 cm/s (9.84E‐4 ft/s) (estimated 
from published values referenced by the BOR). 

5. Soil Cement Armoring: Considering that the soil cement will be made from suitable 
embankment material obtained from interior borrow operations, an order of magnitude 
less (for kx) than that chosen for embankment material was used to account for the 
addition of cement to the soil. 

6. Fine Drainage Gravel: The fine drainage gravel will likely be an ASTM C33 No. 89 size 
aggregate. For the Herbert Hoover Dike (HHD) project, permeability tests run on same 
size material determined a “K” value ranging from 1,360 fpd to 3,430 fpd at maximum 
density. To be conservative, a value of 2,000 fpd (7.1E‐1 cm/s) will be used forkx. 

7. Coarse Drainage Gravel: The hydraulic conductivity of the modeled coarse drainage 
gravel was based on information contained in Transportation Research Record 1519 ‐
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Laboratory Study of Hydraulic Conductivity for Coarse Aggregate Bases. In this 
reference, the hydraulic conductivity for non‐stabilized No. 57 size aggregate was 
approximately 34,000 fpd. As the coarse drainage gravel will likely be an ASTM C33 No. 
4 size aggregate, which is coarser than a No. 57 size aggregate, a conservative value of 
34,000 fpd (12 cm/s) will be used for kx. 

8. Filter Sand: Based on the grain size curve for a C33 Fine Aggregate, this filter material is 
predominately a fine‐to‐medium sand. Requiring that the filter material be washed 
before being brought to the project site, a permeability value (kx) falling within the 
published range for a fine‐to‐medium sand will be used (source BOR). 

Table A‐3 below provides the preliminary hydraulic parameters for each material type. 

Table A‐3. Preliminary hydraulic parameters for each materialtype 

Material 
Modeled 

Bottom Elev. 
(ft, NAVD88) 

Kx (cm/s) Kx (ft/s) Ky/Kx 

1 – Embankment Material 17.0 4E‐3 1.31E‐4 0.25 

2 – Surficial Overburden Layer 15.5 7.9E‐3 2.6E‐4 0.1 

3 – Shallow Alluvial Deposits  ‐14.5 5.3E‐2 1.74E‐3 0.1 

4 – Deeper Marine Deposits  ‐114.5 3E‐2 9.84E‐4 0.1 

5 – Soil Cement Armoring ‐‐‐ 4.0E‐4 1.31E‐5 1 

6 – Fine Drainage Gravel ‐‐‐ 7.1E‐1 2.32E‐2 1 

7 – Coarse Drainage Gravel ‐‐‐ 12 3.93E‐1 1 

8 – Filter Sand ‐‐‐ 2.8E‐2 9.25E‐4 1 

A.6.2.3.4 Seepage and Groundwater Control 

With respect to the embankment for the K‐05 WAF, seepage will be managed by the soil‐cement facing 
on the interior slope, an underdrain system just below the soil‐cement armoring, an internal vertical 
(chimney) filter and horizontal (blanket) drain, and piping to covey any seepage collected by the 
chimney/blanket‐drain system. Seepage passing below these features (in the foundation materials) will 
be captured by the construction of an exterior seepage canal, offset from the exterior toe of the 
embankment. Properly designed and placed, an exterior seepage canal can intercept nearly all of the 
seepage leaving the impoundment not collected by other means. A seepage canal is not anticipated 
parallel to the Paradise Run wetland. 

With respect to the embankment required for the Paradise Run wetland, seepage will be managed by a 
filtered toe drain exit. 

A.6.2.3.5 Seepage Modeling 

For the preliminary design of the K‐05 WAF embankments and adjacent seepage canals, SEEP/W was used 
to predict the seepage rate through and under the embankments and into the seepage canals. The 
software was also used to verify that each embankment will be safe with respect to seepage, uplift 
pressures, and exit gradients. SEEP/W is a 2D finite element program for analyzing groundwater seepage 
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and pore‐water pressure within porous soil and rock and Version 8.12.3.7901 (as a part of the GeoStudio 
2012 software suite) was used for all analyses. SEEP/W inputs consist of cross sectional geometry, 
hydraulic conductivity, and boundary conditions for the flow domain. Output results consist of phreatic 
surface, head distribution, hydraulic gradient, flow directions, and flow quantities within the flow domain. 

A conceptual 2D seepage model was developed from the lithologies shown in the SPT borings. These 
lithologies were generalized into three conceptual model layers: a surficial soil layer comprised of poorly 
graded sands with silt (SP‐SM); a middle layer consisting of poorly graded, fine‐grained sand (SP) to 
represent alluvial deposits; and a basal layer consisting of poorly graded sands with silt (SP‐SM) to 
represent marine deposits. 

A.6.2.3.5.1 Embankment, Drainage Features, and Canal Geometries 

With respect to the WAF embankment, the side slopes will be 3H:1V, 14‐foot crest width, and a vertical 
height ranging from 13.5 to 19.5 feet. At this stage in the design (conceptual), a vertical chimney filter (3 
feet wide, top elevation 4 feet above normal pool) was placed in the downstream portion of the 
embankment. To adequately convey the seepage intercepted by the chimney filter, a blanket drain 
consisting of an outer shell of filter sand with a (fine) drainage gravel core was added to each WAF 
embankment. The modeled thickness of the blanket drain was 3 feet (i.e. 1 foot sand, 1 foot gravel, 1 foot 
sand). Seepage conveyed by the blanket drain will be collected by a perpendicularly oriented, perforated 
drainpipe that will have outlets spaced evenly along the downstream (D/S) toe of the embankment. On 
the upstream (U/S) side of the embankment, a 1‐foot thick section of soil cement (covering the crest, U/S 
slope, and toe area) was modeled over a 1‐foot thick layer of filter sand. If after long‐term, stead‐state 
seepage conditions have developed, a rapid drawdown of the pool is necessary, seepage trapped within 
the embankment can safely drain out through this underlying filter layer to a perforated drainpipe with 
solid‐pipe exits along the U/S toe of the embankment. Figure A‐7 shows this conceptual section at an 
outlet location. Additionally, in order to provide an adequate factor of safety (FOS) against boiling along 
the D/S toe, a filter section (15 feet in length) was added consisting of 9 inches of fine drainage gravel 
overlying 9 inches of filter sand. 

The seepage canal will be trapezoidal in shape with 1V:3H side slopes and a 30‐foot bottom width (see 
Figure A‐8). This feature will not be located within the Paradise Run area (as seepage leaving the 
impoundment into that area is considered a benefit), but will be adjacent to the rest of the WAF 
embankment with the final canal size and geometry to be determined through subsequent design 
analyses during PED. The outlet canal leaving Paradise Run will also be trapezoidal – with a bottom 
elevation varying from 8 feet (by the WAF) to 6 feet (near C‐38). This canal will be bordered by an 
embankment on each side (3H:1V side slopes, top elevation at 30 feet), to allow for a higher stage within 
the canal than in the surrounding wetland area (see Figure A‐9). 
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Figure A‐7. Typical WAF embankment section with internal/external drainage features 

Figure A‐8. Typical seepage canal geometry 

LOWRP Final PIR and EIS August 2020 
A‐31 



       

             
 

 

 

 
 
 

 
 

           

       

               

                                  
                       

                                  
                           

                        
 

             

Appendix A Engineering Appendix 

Figure A‐9. Typical outlet canal geometry 

A.6.2.3.5.2 Cross Sections Analyzed 

Three cross sections were analyzed for this Appendix: 
 Section 1: A section through the western side of the WAF into the area beyond. This section 

models a 7‐foot WAF normal pool and includes the adjacent seepage canal. 
 Section 2: A section from Paradise Run (PR) into the WAF. This section models the deepest WAF 

normal pool (8 feet), highest embankment height (19.5 feet) with an adjacent PR pool. 
 Section 3: A section through the outlet canal that releases into C‐38. 

Figure A‐10. Location of Seepage Sections Modeled 
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A.6.2.3.5.3 Boundary Conditions 

Three different types of boundary conditions were used in each of the seepage sections analyzed: No 
Flow, Constant Head, and Potential Seepage Face. 

 No Flow: Water cannot pass through the boundary and neither a total hydraulic head nor a flow 
rate has been specified. 

 Constant Head: A total hydraulic head (in feet of water) has been specified at the boundary nodes. 
This boundary condition is applied at locations where the head value is known with reasonable 
confidence. 

 Potential Seepage Face: Applied to nodes at the ground surface where seepage may, but does not 
necessarily, exit the model. During PED of the project, this boundary condition will also be used 
to model the internal drainage pipes. When applied to a node, this boundary condition causes 
the SEEP/W software to determine which of the other two boundary conditions should be used 
at that node. If seepage exits a model face at the node having the potential seepage face 
boundary condition, that node is treated as having a constant head boundary using the node 
elevation as the constant head; otherwise the node is treated as having a no flowboundary. 

These boundary conditions were applied as follows: 
 A no‐flow boundary was set along the bottom of each section. The bottom elevation in each of 

the sections modeled is ‐114.5 feet (NAVD88) – which is the termination depth of boring CP06‐
LOWSP‐CB‐0016 (Challenge 2007). 

 With respect to the vertical face created by the right and left ends of each section, a no‐flow 
boundary was also used. Each section was made long enough (to the right and left) to where 
adding any additional length did not change (with any significance) the amount of seepage leaving 
the impoundment. 

 Where a water body was present (the WAF pool, adjacent canal stage, etc.), a constant‐head 
boundary was set to model that feature. These water surface elevations were provided by the 
Water Resources Engineering Branch. 

 Where the above boundary conditions were not used, a potential seepage face boundary was 
used for most of the remaining nodes – which would allow the software to determine the water 
surface elevation at those locations. 

A.6.2.3.5.4 Seepage Modeling Results 

Whenever the exit gradient equals or exceeds the critical gradient of the material being analyzed, internal 
erosion could occur. As a result, node pairs in each seepage section were examined to determine the 
likelihood of boiling/loss based on the magnitude and direction of seepage‐flow velocity vectors at those 
locations. (In SEEP/W, a large velocity vector indicates a higher flow velocity and therefore, is a good 
indicator of where higher exit gradients may be found.) Hydraulic exit gradients were calculated using 
the relationship 

∆𝐻 
𝑖𝑒 = 

𝐿 
where 
ie = average hydraulic exit gradient 
ΔH = the change in total head between two node points 
L = the distance between the nodes 
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The distance between node locations was generally 1 foot or more. Vertical exit gradients were compared 
to critical hydraulic gradients in the same direction to calculate a factor of safety (FOS) against boiling by 
the equation 

𝑖𝑐𝑣 
𝐹𝑂𝑆𝑏𝑜𝑖𝑙𝑖𝑛𝑔 = 

𝑖𝑒𝑣 
where 
icv = critical vertical gradient 
iev = average hydraulic gradient in the vertical direction FOSboiling 

The critical vertical gradient was calculated by dividing the effective unit weight of the soil through which 
the seepage is moving by the unit weight of water. For new dams, the USBR recommends a FOS of 4 
against boiling (or heave). 

With respect to Section 1, without a downstream filter blanket out from the embankment toe, under 
steady‐state seepage conditions from a normal pool in the WAF, the calculated FOS against boiling was 
1.8 at the downstream toe. If the filter blanket is added to the seepage model, the FOS increases to 81. 
One reason for such an increase in the FOS is that with a filter blanket, the hydraulic gradient is easily 
relieved by a filter medium that is two orders of magnitude greater in conductivity. With a filter blanket 
present beyond the downstream embankment toe, within the seepage canal, the FOS against boiling at 
the bottom of the canal is 10.6 and the calculated flow rate into the seepage canal is 2.84E‐3 cfs/lf. With 
respect to Section 2, without a downstream filter blanket running from the embankment toe to the K‐05 
service road, under steady‐state seepage conditions from a normal pool in the WAF, the calculated FOS 
against boiling is 0.5 at the downstream toe. If the filter blanket is added to the seepage model, the FOS 
increases to 81. With respect to the outlet canal, the calculated FOS against boiling at the exterior toe of 
the adjacent embankments is 3.3, which is acceptable considering the purpose of these embankments 
and their location within Paradise Run. 

In terms of seepage, where there is an adjacent seepage canal, that feature captures almost 100 percent 
of the seepage loss from the WAF. Where there is no seepage canal (i.e. along Paradise Run), seepage 
loss from the WAF moves eastward to recharge Paradise Run. A table showing the results of all of the 
seepage model runs is included in Annex B. 

A.6.2.3.6 Slope Stability Modeling 

Slope stability analyses were performed using SLOPE/W, a component of the GeoStudio 2012 software 
suite (Version 8.12.3.7901). The analyses considered the soil parameters from the subsurface 
investigations at the site, laboratory test results, and historical information. SLOPE/W’s formulation is 
based on the general limited equilibrium method and uses an iteration scheme to find the critical slip 
surface and corresponding minimum factor of safety. The method of analysis chosen to determine the 
factor of safety with respect to stability was Spencer’s procedure (EM 1110‐2‐1902, Slope Stability) – 
which is the preferred method of the USACE because it fully satisfies static equilibrium for each slice within 
the failure area. 

A.6.2.3.6.1 Preliminary Strength Design for Slope Stability Analysis 

The preliminary design parameters used in the stability analysis are also based on field data, laboratory 
test results, and published values for similar materials. These values will be refined as more data is 
obtained during PED. 
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1. Embankment Material: As the embankment fill will likely come from the excavation of the 
exterior seepage canal and other on‐site borrow sources, the unit weights and strengths 
estimated for the Shallow Alluvial Deposits were increased to account for placement in 
compacted lifts (i.e. moist unit weight Ym = 120 pcf, saturated unit weight Ys = 125 pcf, cohesion 
c = 0 psf, and a phi angle = 32 degrees). 

2. Surficial Overburden Layer: Based on the testing performed to determine the “dry” and“moist” 
unit weight of several soil samples, a “moist” unit weight of 106 pcf was chosen for this 
material. The saturated unit weight was estimated to be 109 pcf by the equation Ys = (1‐
1/Gs)*Yd+Yw. Total stress End‐of‐Construction (EOC) strengths were estimated at c = 0 psf and 
phi = 29 deg (from Hunt and BOR shear‐strength tables). Effective stress Long‐Term (LT) 
strengths were estimated at c = 0 psf and phi = 29 deg (from Hunt). 

3. Shallow Alluvial Deposits: Based on the testing performed to determine the “dry” and “moist” 
unit weight of several soil samples, a “moist” unit weight of 119 pcf was chosen for this 
material. The saturated unit weight was estimated to be 123 pcf by the equation Ys = (1‐
1/Gs)*Yd+Yw. Total stress EOC strengths were estimated at c = 0 psf and phi = 30 deg (from 
Hunt and BOR shear‐strength tables). Effective stress LT strengths were estimated at c = 0 psf 
and phi = 30 deg (from Hunt). 

4. Deeper Marine Deposits: For these deposits, a saturated unit weight of 125 pcf was estimated 
along with a total stress EOC strength of c = 0 psf and phi = 33 deg. Effective stress LTstrengths 
were estimated at c = 0 psf and phi = 33 deg (from Hunt). 

5. Soil Cement Armoring: The unit weights used for Embankment Material were used for this 
material but the phi angle was based on test results for soil cement armoring from the C‐43 
project (i.e. phi=35 degrees). 

6. Fine Drainage Gravel: The moist unit weight (115 pcf) was estimated by assuming that the fine 
drainage gravel will likely be crushed granite, with approximately 30 percent void space. With 
the void spaces filled with water, the saturated unit weight increases to around 130 pcf. For 
both the EOC and LT strengths, a value of c =0 psf and phi = 35 degrees was considered to be 
conservative. 

7. Coarse Drainage Gravel: It is likely that this material will also be made from largergranite 
particles and as such, will have the same properties as the fine drainage gravel. 

8. Filter Sand: For this stage in the project, the following properties were assumed for the filter 
sand: Ym = 115 pcf, Ys = 120 pcf, c = 0 psf, and phi = 33 deg. 

Table A‐4 provides the selected strength parameters for each material type. 

LOWRP Final PIR and EIS August 2020 
A‐35 



       

             
 

 

 

 
                 

 

 

 
 

 

  

             

               

               

               

               

               

               

             

 

      
 

                             
                         

                           
 

    
 

                         
                       
                             

               
 

      
 

                               
                                 

                               
                               

Appendix A Engineering Appendix 

Table A‐4. Selected strength parameters for each material type. 

Material 
Unit Weight 
moist & sat 

(pcf) 

EOC Strength 
Parameters 

c & phi 
(psf/deg) 

LT Strength 
Parameters 

c & phi 
(psf/deg) 

1 – Embankment Material 120/125 0/32 0/32 

2 – Surficial Overburden Layer 106/109 0/29 0/29 

3 – Shallow Alluvial Deposits 119/123 0/30 0/30 

4 – Deeper Marine Deposits ‐‐‐/125 0/33 0/33 

5 – Soil Cement Armoring 120/125 0/35 0/35 

6 – Fine Drainage Gravel 115/130 0/35 0/35 

7 – Coarse Drainage Gravel 115/130 0/35 0/35 

8 – Filter Sand 115/120 0/33 0/33 

A.6.2.3.6.2 Cross Sections Analyzed 

The sections analyzed for seepage were also used to evaluate the stability of the respective 
embankment/canal in each section. In each analysis, the pore‐water pressures computed by SEEP/W 
were imported into SLOPE/W and the Mohr‐Coulomb strength model was used for all materials. 

A.6.2.3.6.3 Cases Analyzed 

For new embankment dams, EM 1110‐2‐1902 lists four conditions for analysis: End‐of‐Construction (EOC); 
Long‐Term (LT  ‐ steady‐state seepage, maximum normal pool); Maximum Surcharge Pool; and Rapid 
Drawdown (RDD). A seismic loading should also be analyzed, where applicable. For this Appendix, EOC, 
LT, Max Surcharge Pool, and RDD were analyzed. 

A.6.2.3.6.4 Stability Modeling Results 

Considering the sections modeled, the resulting factors of safety all met or exceeded the minimum FOS 
required for slope stability per EM 1110‐2‐1902 (see Table A‐4). Figures A‐11 to A‐13 show some of 
critical failure surfaces determined by SLOPE/W. Additional figures can be found in Annex B. All design 
cases and required factors of safety in the table below are from Table 3‐1, EM 1110‐2‐1902. 
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Table A‐5. Slope Stability Results for each Design Case. 

Design Case 
WAF/PR Pool
Elevation (ft

NAVD88) 
Slope 

Required 
Factor of 

Safety 

Calculated 
Factor of 

Safety 

Section 1 

End‐of‐Construction (EOC) No Pool Upstream 1.3 1.91 

End‐of‐Construction (EOC) No Pool Downstream 1.3 2.27 

End‐of‐Construction (EOC) No Pool Canal Slope 1.3 1.59 

Steady State‐Normal Pool 25 Downstream 1.5 2.19 

Steady State‐Surcharge Pool 29 Downstream 1.4 2.15 

Rapid Drawdown 25 to 18 Upstream 1.3 1.30 

Section 2 

End‐of‐Construction (EOC) No Pool Upstream 1.3 1.90 

End‐of‐Construction (EOC) No Pool Downstream 1.3 2.24 

Steady State‐Normal Pool 23 Downstream 1.5 2.13 

Steady State‐Surcharge Pool 27 Downstream 1.4 2.15 

Rapid Drawdown 23 to 15 Upstream 1.3 1.42 

Section 3 

End‐of‐Construction (EOC) GW at 10 ft Ext. Slope 1.3 1.88 

End‐of‐Construction (EOC) GW at 10 ft Int. Slope 1.3 1.59 

Steady State w/Canal at EL 22 ft 18 Ext. Slope 1.5 1.57 

Steady State w/Canal at EL 22 ft 18 Int. Slope 1.4 1.84 

Rapid Drawdown 18 Int. Slope 1.3 1.58 
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Figure A‐11. Section 1, Critical Failure Surface from Steady State Condition, Normal Pool 

Figure A‐12. Section 2, Critical Failure Surface from Steady State Condition, Normal Pool 
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Figure A‐13. Section 3, Critical Failure Surface with Outlet Canal at 20 Feet NAVD88 

A.6.2.3.6.5 Recommended Embankment Instrumentation 

An adequate instrumentation and monitoring system is required by the “Federal Guidelines for Dam 
Safety” as well as by good engineering practice. The purpose of the instrumentation is fourfold, to (1) 
provide data to validate design assumptions, (2) provide information on the behavior of the water control 
structures, (3) observe the performance of critical known features, and (4) advance the state‐of‐the‐art 
of dam engineering. Per Design Criteria Memorandum 9 (Dam Safety Instrumentation and Monitoring), 
the recommended minimum instrumentation for a high and significant hazard potential classification dam 
is as follows: 

1. Piezometers: Installed at the crest, downstream slope, and toe of the embankment to measure 
the location of the phreatic surface at each monitoring section and note any changes with time. 
Additionally, there will likely be piezometers installed below the upstream soil‐cementarmoring 
to monitor any uplift pressure during a drawdown event. 

2. K‐05 WAF Level Gauges: A minimum of four (4) gauges, located north, south, east, and west of 
the center of the WAF. 

3. Wind and Rain Gauges: A minimum of one monitoring station unless another already exists 
within a 4‐mile radius of the project site. 

4. Seepage Monitoring: At the outfall points for the internal seepage collection system. These 
monitoring points will be monitored visually and possibly by the installation of a weir or Parshall 
flume. 

5. Settlement: Survey reference monuments will be set to facilitate the periodic monitoring of the 
embankment crest for settlement. Monitoring sections will be spaced along the embankment 
alignment with no more than 5,000 linear feet between sections. 
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A.6.2.3.7 Settlement Analysis 

Settlement analyses will be performed for each of the project embankments and structures during PED. 
Based on the limited field investigations performed to date, it is anticipated that the majority of the 
settlement will be elastic (i.e. immediate), with some consolidation settlement occurring in the clayey 
sand layers encountered by the borings. 

A.6.2.3.8 Foundation Design for Structures 

With respect to each of the anticipated water control structures required for this portion of the project, 
a site specific foundation design will be performed during PED that will include seepage/slope‐stability 
analyses, bearing capacity and settlement analyses, cofferdam design, filter design, and other 
foundation/excavation/dewatering design analyses. 

A.6.2.3.9 Earthquake Studies 

While the project site does not lie within a zone of active seismicity, appropriate methods will be used to 
analyze the liquefaction potential and/or to estimate the embankment deformation from a potential 
seismic event. ER 1110‐2‐1806, Earthquake Design and Evaluation for Civil Works Projects, will be used as 
a guide for this analysis. 

A.6.2.3.10 Preliminary Foundation Design 

The wetland attenuation feature embankment will be built on grade after clearing/grubbing operations 
have been performed and any unsuitable foundation material is removed and backfilled with 
embankment fill. The excavations made for the water control structures will likely require a steel 
cofferdam to facilitate the construction of each structure in the dry. Any settlement will likely be elastic 
(i.e. immediate) given the free‐draining, coarse‐grained nature of the foundation materials encountered 
by the borings. 

A.6.2.3.11 Revetment Design and Turf Reinforcement 
Revetment for this project will be composed of graded, natural stone (riprap) that is non‐calcareous in 
nature for long‐lasting durability in place. Once all of the hydraulic velocity data has been provided to 
Geotechnical Branch, the riprap design for each structure will be performed using the following guidance: 

 EM 1110‐2‐1601 Hydraulic Design of Flood Control Channels (1994), Chapter 3 and Hydraulic 
Design Chart (HDC) 712‐1 

 EM 1110‐2‐2300 General Design and Construction Consideration for Earth and Rock Fill Dams 
(2004) 

 ASTM D6092 Standard Practice for Specifying Standard Sizes of Stone for Erosion Control (2014) 
 ASTM C33/33M Standard Specification for Concrete Aggregates (2016) 

Riprap gradations for the zones immediately upstream and downstream of the proposed water control 
structures will be designed using the D50 method for highly turbulent areas. Preliminary design values of 
6 fps to 10 fps (for Structures S‐729 and S‐724 respectively) indicate that the D50 for 165 pcf stone will 
range from 5 inches to 13.6 inches, approximately. 

With respect to the downstream slope of the WAF embankment, this area will likely have a sod cover with 
an underlying turf reinforcement mat (TRM). The primary reason for the TRM will be that if, over time, 
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bare spots develop, the underlying embankment material will be kept in place during times of prolonged 
or heavy rainfall. 

A.6.2.3.12 Dewatering 

Given the sandy soils located throughout the project area, open pumping (for the shallowest of 
excavations), wellpoints and/or wells, and steel cofferdams will likely be used to facilitate the work in the 
dry. Ultimately, the method selected will be based on the soils encountered, the required excavation 
depth, and if any adjacent water bodies exist at each location. 

A.6.2.3.13 Excavatability Analysis 

Based on borings performed within the project limits, the foundation materials are unconsolidated and 
consist mainly of upland sands with silt. As a result, it is anticipated that typical earthmoving equipment 
will be used and that rippers and blasting will not be necessary. 

A.6.2.3.14 Soil‐Cement 

It is anticipated that 12 to 18 inches of flat‐plate soil cement will be required to armor the embankment 
crown and interior slope. The coarse aggregate for the soil‐cement production will come from interior 
borrow sources and will likely consist of sands classified as SP, SP‐SM, and SM (per the Unified Soil 
Classification System). As such, it is also anticipated that the cement content of the soil‐cement mix will 
fall between 7 and 11 percent (by weight) of dry soil used. This will be verified by a soil‐cement test mix 
program that will include test pits to obtain bulk samples and laboratory tests to determine the optimum 
cement content for long‐term strength and durability requirements. 

Uplift/stability analyses will be performed to determine the factor of safety against flotation/sliding during 
a controlled (i.e. emergency), rapid drawdown condition. Other conditions commonly analyzed for uplift 
are wind and wave set‐up and breach with full pool loss. However, these conditions are considered to be 
too conservative and could lead to design features and armoring thicknesses that exceed what will 
adequately withstand the rigors of normal and emergency situation operation scenarios. 

A.6.2.3.15 Anticipated Construction Techniques 

All embankment dam materials (excluding soil‐cement armor) will be placed in horizontal lifts (6 to 12 
inches loose lift prior to compaction) and compacted in a direction which is parallel to the embankment 
dam axis. Placement of embankment materials will be in the dry, and will not be allowed on any portions 
of the embankment dam foundation until that portion has been proof‐rolled, inspected, tested, and 
approved. Mixing of materials from adjacent embankment sections will not be allowed. Dumping ahead 
of the lift being placed will not be allowed. All spreading equipment will be required to have a "u" type 
blade, unless otherwise approved. 

With respect to the chimney and blanket drain placement, some overbuild of these features is anticipated 
in order to meet the minimum line‐and‐grade requirements that will be shown on the drawings. Drain 
sand material will be placed such that the materials are always between 0.5 and 1.5 feet ahead of (higher 
than) the adjacent zone(s). Dumping ahead of the lift being placed will not be allowed. All spreading 
equipment will be required to have a "u" type blade, unless otherwise approved. 

LOWRP Final PIR and EIS August 2020 
A‐41 

https://A.6.2.3.15
https://A.6.2.3.14
https://A.6.2.3.13
https://A.6.2.3.12


       

             
 

 

 

 
          

 

                             
                         

                                 
                           

                                 
                 

 

            
 

                             
   

 

                  
 

                           
                             

                           
                     

                           
                               

                           
                         

               
 

                      
 

 

                                 
                                 

                       
                           

                       
                               
   

 

                  
 

                               
                         

                                   
                                     

                           
                         

                         
                               

         

Appendix A Engineering Appendix 

A.6.2.3.16 Potential Borrow and Disposal Sites 

Embankment material will likely come from the excavation of the exterior seepage canal while the 
aggregate for soil‐cement production will come from interior borrow sources located throughout the K‐
05 WAF footprint. The construction of the seepage canal provides an adjacent borrow source for the WAF 
embankment and multiple borrow sources for soil‐cement production will limit the haul distance from 
any one borrow site to the interior face of the embankment. Disposal of suitable and unsuitable material 
will be in areas clearly indicated on the drawings. 

A.6.2.3.17 Additional Field Investigations and Laboratory Testing 

During PED, additional field investigations and laboratory testing will be performed as discussed in the 
following paragraphs. 

A.6.2.3.17.1 Geotechnical Investigation for the K‐05 WAF Embankments and Canals 

For the K‐05 embankments and associated canals, Standard Penetration Test (SPT) borings will be 
performed every 500 to 1,000 feet along the proposed alignments and will be continuously sampled. 
These borings will be deep enough to adequately characterize the foundation conditions below each 
embankment/canal. Where cohesive materials are encountered, undisturbed Shelby tube samples will 
be obtained so that shear‐strength and consolidation values can be determined. Along the proposed 
seepage/drainage canal alignments, test pits will also be performed so that bulk samples can be obtained 
for compaction tests and for soil‐cement strength and durability tests. Additionally, laboratory tests to 
determine grain‐size, moisture content, Atterberg limits, and specific gravity will be performed on 
boring/test‐pit samples to further characterize the materials encountered. 

A.6.2.3.17.2 Geotechnical Investigations for all K‐05 WAF Culverts, Siphons, Spillways, andDivide 
Structures 

Each structure will receive a minimum of two SPT borings and core barrel drilling in rock, where 
encountered. At least one boring will be deep enough to identify all suitable bearing layers and to 
establish the hydrogeological properties of underlying strata for modeling purposes. Where cohesive 
materials are encountered, undisturbed Shelby tube samples will be obtained so that shear‐strength and 
consolidation values can be determined. Laboratory tests to determine grain‐size, moisture content, 
Atterberg limits, and specific gravity will also be performed on boring samples to further characterize the 
materials encountered. 

A.6.2.3.17.3 Geotechnical Investigations for all K‐05 WAF Pump Station Structures 

All of these structures will be constructed, in part, below the groundwater table. Therefore, the field 
investigations will include groundwater level measurements to facilitate the design of the dewatering 
system at each structure location. At least four SPT borings will be performed for each pump station and 
core barrel drilling will be used if rock is encountered. One boring will be deep enough to identify all 
suitable bearing layers and to establish the hydrogeological properties of underlying strata for modeling 
purposes. Where cohesive materials are encountered, undisturbed Shelby tube samples will be obtained 
so that shear‐strength and consolidation values can be determined. Laboratory tests to determine grain‐
size, moisture content, Atterberg limits, and specific gravity will also be performed on boring samples to 
further characterize the materials encountered. 
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A.6.2.3.17.4 Geotechnical Investigations for Groundwater Modeling 

A full‐scale pumping test with monitoring wells is recommended to be performed to establish the overall 
transmissivity of the subsurface materials. Companion borings will be drilled alongside select core borings 
to conduct field hydraulic tests of the underlying strata. These hydraulic tests will include specific capacity, 
constant head recharge, and possibly slug tests. Laboratory tests will also be performed on remolded 
samples to determine the vertical permeability of soils. 

A.6.2.3.17.5 Geotechnical Investigations for Groundwater Monitoring 

Monitoring wells open to shallow and intermediate depths of the SAS will be constructed around the 
periphery of the K‐05 WAF. These wells will be instrumented with pressure transducers to measure 
groundwater levels year round. The objectives of this groundwater monitoring program will be 1) to 
establish how groundwater levels vary seasonally prior to construction of the K‐05 WAF; 2) to document 
changes in groundwater levels during construction; and 3) to evaluate post‐construction groundwater 
levels when water is stored in the K‐05 WAF. A separate monitoring plan for groundwater levels and 
quality will be required for the Underground Injection Control (UIC) permit application for ASR systems 
associated with the K‐05 WAF. A groundwater monitoring plan will be developed during the PED phase 
as part of the Underwater Injection Control permitting requirements. 

A.6.2.3.17.6 Summary of Additional General Geotechnical Exploration for K‐05 WAF 

Additional shallow exploratory boreholes will be required to supplement earlier geotechnical borings for 
the design of the K‐05 embankment and to refine seepage management measures. Locations of existing 
shallow depth exploratory boreholes proximal to the K‐05 WAF project area are shown in Figure A‐14. 
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Figure A‐14. Locations of shallow boreholes in the project area (outline shows the approximate 
footprint of the proposed K‐05 WAF). 

A.6.2.4 Hazardous, Toxic, and Radioactive Wastes 

The USACE‐SAJ HTRW personnel worked with the SFWMD to identify and review available environmental 
assessments and documentation associated with the parcels contained within the footprint of the LOWRP 
Recommended Plan K‐05 WAF elements. 

At a minimum and regardless of previous environmental investigations, a desktop screening‐level 
environmental site assessment should be conducted for each parcel to provide additional budgetary and 
screening information to help refine and confirm alternative selection decision making. 

For parcels that are not screened out, a Phase I environmental site assessment should be completed prior 
to acquisition to ensure the identification and resolution of any HTRW sites prior to projectconstruction. 

The USACE will review the HTRW condition of the affected parcels and ensure that the proper due 
diligence is performed in accordance with ER 1165‐2‐132 prior to certifying lands for construction. Should 
remediation of HTRW contamination be required, it is the responsibility of the SFWMD, the non‐federal 
sponsor and is not a creditable cost to the project. 
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A.6.3 Hydraulic Design 

This WAF will be designed to capture and store specific volumes of runoff that would otherwise be 
captured in Lake Okeechobee as determined through hydrologic modeling. The WAF will be an above 
ground design. The necessary depth of this WAF was calculated according to the storage volume required 
and the area available to achieve a targeted volume of approximately 46,000 acre‐feet. This wetland 
attenuation feature will have an inflow pump station, an emergency overflow spillway, and a drawdown 
structure/gated culvert. 

The WAF embankment side slopes will be 3H:1V. Embankment side slopes are generally set at 3H:1V, 
4H:1V, or 5H:1V depending on such factors as foundation conditions, borrow material characteristics, 
duration of high water, wind set‐up and wave run‐up effects, and maintenance. This slope will require the 
least amount of borrow material, while still allowing maintenance operations such as mowing. 

Each embankment will have an adjacent seepage canal to capture foundation seepage. When available, 
existing canals will be utilized as seepage canals. Other seepage control measures will be utilized as 
necessary (see Geotechnical Appendix). Material quantities (cut and fill) will be calculated for the WAF 
based on conceptual seepage canal cross‐sections and lengths (cut) and conceptual embankment cross‐
sections and lengths (fill). Cut and fill quantities will be based on the required amount of material 
necessary for the construction of an embankment of nominal height for each cell as well as material 
available from excavation of the seepage canal. The nominal height of the embankment in the north cell 
is 16.5 feet. The nominal height of the embankment in the center cell is 16.0 feet. The nominal height of 
the embankment in the south cell is 13.0 feet. The height of the embankment will vary based on the 
topography. For cost estimation purposes, a compaction factor of 0.85 and a swell factor of 1.10 will be 
used, and 70 percent of the excavated material will be assumed usable. Shortfalls in fill material will be 
met with additional excavation within the project footprint. The material quantities calculations will be 
updated during detailed design, when more comprehensive topographic and geotechnical data will be 
available. The nominal embankment heights were developed for the Draft version of this report with 
preliminary (1D) modeling. The embankment height analysis was updated for this Revised Draft version 
based on geometric changes to the WAF footprint. The analysis was performed with the same tool used 
on the Draft and Interim versions. 

The WAF is intended to have outlet structures with invert elevations set to allow complete drainage for 
maintenance. Computational methods for aboveground storage design are described further in EM 1110‐
2‐1420, Hydrologic Engineering Requirements for Reservoirs; EM 1110‐2‐1901, Seepage Analysis and 
Control for Dams; EM 1110‐2‐1913, Design and Construction of Levees; EM 1110‐2‐2220, Gravity Dam 
Design; EM 1110‐2‐2300, General Design and Construction Considerations for Earth and Rock Fill Dams; 
and ER 1110‐8‐2(FR), Inflow Design Floods for Dams and Reservoirs. 

A.6.3.1 General Status of Completed and Non‐Executed Efforts 

Features identified in the Recommended Plan have been designed to the level of detail necessary to 
provide cost estimates and determine feasibility of hydraulic design. All components have been identified, 
sized appropriately according to available modeling data, historic information, and best engineering 
judgment. All project components will be optimized during PED phase for cost efficiency and performance, 
incorporating updated data and information as it becomes available. General hydraulic design of all 
identified components are described in the following sections. 
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A.6.3.2 General 

This section provides a brief overview of the hydraulic design criteria, parameters, and intent/purpose of 
project features. Detailed hydraulic design of individual components including hydraulic design data 
sheets can be found in Annex A‐1. Currently, all elevations are referenced to NAVD88; elevations may be 
provided in both NGVD 29 and NAVD 88 when revised during PED. 

A.6.3.2.1 Design Criteria and Parameters 

The following sections describe the design criteria and parameters. 

A.6.3.2.1.1 Head Loss 

Due to the relatively flat topography between the upstream and downstream ends of each structure, the 
hydraulic head losses across many of the control structures are low, resulting in the design of larger 
structures (number and size of barrels, bays, etc.) than may typically be assumed for other regions. The 
use of pumps was avoided wherever possible to reduce operation and perpetual maintenance costs. 
During PED phase, the USACE SAJ expects to optimize system operations and therefore structure sizes for 
cost and performance efficiencies. 

A.6.3.2.1.2 Flow and Velocity 

Design flow rate for the inflow pump station was determined based on the Regional Simulation Model for 
Basins (RSM‐BN) model outputs. To capture cost impact adequately, structures and canals shall be 
designed for maximum capacity scenarios. Optimization of these features will be conducted during the 
PED phase for performance and cost efficiency. 

Where applicable, canals will be designed to maintain a velocity of 2.5 fps or less to avoid potential erosion 
damage. Given the small topographical relief of the project area, this is typically the condition under 
normal operations, regardless. 

A.6.3.3 Site 

The following sections contain site information. 

A.6.3.3.1 General Information 

The K‐05 WAF site features several structures. There will be a 1,600 cubic feet per second (cfs) inflow 
pump station, two 100 cfs seepage pumps, a spillway connecting each WAF cell, along with an outflow 
structure and emergency spillway in the southern cell. Toe roads, crest roads, and other connecting roads 
will provide vehicular access to each project feature. Other design features include an inflow bay, outflow 
canal, and a perimeter seepage control canal. 

A.6.3.3.1.1 Purpose 

The purpose of the K‐05 WAF is to capture water from the C‐38 canal downstream of S‐65E before and 
during high flow events. The WAF will store the water until drier periods when it can be released back to 
the C‐38 canal or be drawn down by the WAF‐assisted ASRs. This reduces the volume and changes the 
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timing of stormwater entering Lake Okeechobee, which reduces the frequency of large releases to the 
estuaries. 

A.6.3.3.1.2 Location 

The K‐05 WAF will be located in Glades County, with the extreme northern end of the wetland attenuation 
feature in Highlands County. The wetland attenuation feature will be bound on the north by the C‐41A 
canal. It is separated from the C‐38 canal on the east by Paradise Run. The Seminole Brighton Reservation 
is to the west. Lake Okeechobee and the Herbert Hoover Dike (HHD) is to the south less than a mile away, 
with SR78 and Buckhead Ridge in between the proposed wetland attenuation feature and HHD. 

A.6.3.3.1.3 Features 

The K‐05 WAF will have the following features: 

 Canals: The WAF will have a canal around the perimeter to control seepage and minimizethe 
WAF seepage impact to surrounding areas. The exact location of the canal and possible gaps 
such as at adjacent wetland locations will be further refined during PED. 

 Culverts and Spillways: There will be several culverts and spillways in the WAF. Each cell 
embankment will have a spillway penetration to allow water flow between the cells. There will 
also be a spillway at the WAF outlet. These spillways and culverts will be further refined during 
PED. 

 Pump Stations: There will be several pump stations for the WAF. These will include a 1,600 cfs 
inflow pump on the C‐41A canal downstream of S‐84, and two 100 cfs seepage pumps on the 
west side of the WAF in the seepage canal to return seepage water to the WAF. The locationand 
size of these pump stations will be further refined during PED. 

 Other Features: Emergency spillways will be provided for each WAF cell. These spillways willbe 
further refined during PED. 

 Additional Detail: Additional detail regarding the hydraulic design of the various features for this 
project can be found in Annex A‐1. 

A.6.3.4 Hydraulic Design Data Sheets 

Hydraulic design data sheets of features contained within the Recommended Plan can be found in Annex 
A‐1. 

A.6.4 Structural Design 

The following sections contain structural design information. 

A.6.4.1 General Status of Completed and Non‐Executed Efforts 

Structural design of pump stations, overflow spillways, culverts, and weirs will be completed during the 
PED phase. During PED phase the structural calculations will be completed after survey, hydraulic design, 
and geotechnical investigations are performed. The structural design will conform to the appropriate 
engineering manuals (EM), engineering regulations (ER), or design criteria memoranda (DCM). 
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A.6.4.2 Pump Stations 

A.6.4.2 Pump stations are designed to EM 1110‐2‐3102 General Principals of Pumping Station Design and 
Layout and EM 1110‐2‐3104 Structural and Architectural Design of Pump Stations. Structural stability 
analysis, wind loading, and concrete design will be designed to EM 1110‐2‐2100 Stability Analysis of 
Concrete Structures, EM 1110‐2‐2104 Strength Design for Reinforced Concrete Hydraulic Structures, ASCE 
7‐10 Minimum Design Loads for Buildings and Other Structures, ACI 318‐14 Building Code Requirements 
for Structural Concrete, and SFWMD’s Major Pump Station Engineering Guidelines, 4th Edition(MPSEG). 

A.6.4.2.1 S‐720 Pump Station 

This pump station will serve as the intake for the K‐05 WAF at the northern limit of the project. The pump 
station will draw water from the C‐41A Canal via an intake canal downstream of the S‐84 Spillway. S‐720 
will have four electric 375 cfs pumps for the main intake of 1,500 cfs and an additional 100 cfs electric 
pump. We anticipate that the adjacent electrical distribution line will need to be upgraded to serve this 
station. The building superstructure, operating floor, and substructure will be reinforced concrete with a 
bridge crane supported by the building columns running the length of the station in order to perform 
maintenance on the pumps. Crane size will be dependent on the weight of the pumps. A service bridge 
and maintenance bridge over each intake bay will be designed to current AASHTO LRFD Bridge Design 
Specifications. A mechanical trash rake will be mounted to the service bridge in each bay to remove large 
debris from blocking the intake. 

A.6.4.2.2 S‐725 and S‐733 Pump Station 

The S‐725 and S‐733 pump stations are seepage canal pump stations. The S‐725 is located along the 
seepage canal on the northern embankment of the southwest cell and S‐733 is located along the seepage 
canal on the southern embankment of the southeast cell along State Road 78. The pump stations remove 
water from the seepage canal and recirculate it back into the WAF to minimize the impacts to surrounding 
lands. Each pump station has two electric 50 cfs pumps for a 100 cfs capacity. Pumps are submerged in 
the seepage canal and are supported by a concrete platform. A service bridge and maintenance bridge 
over each intake bay will be designed to current AASHTO LRFD Bridge Design Specifications. A steel sheet 
pile wall with concrete cap supports the platform and extends outward from the pump station to form 
retaining walls along the embankment. Wingwalls extend outward to the bottom of the embankment on 
both sides of the levee. Intake bays will each have a trash rack to block large debris from entering the 
pumps. 

A.6.4.3 Overflow Spillways 

Spillways will be designed to EM 1110‐2‐2400 Structural Design and Evaluation of Outlet Works. Structural 
stability analysis, retaining walls, hydraulic steel structures, and concrete design will be designed to EM 
1110‐2‐2100 Stability Analysis of Concrete Structures, EM 1110‐2‐2104 Strength Design for Reinforced 
Concrete Hydraulic Structures, ETL 1110‐2‐584 Design of Hydraulic Steel Structures, EM 1110‐2‐2502 
Retaining and Flood Walls, ASCE 7‐10 Minimum Design Loads for Buildings and Other Structures, and ACI 
318‐14 Building Code Requirements for Structural Concrete. 
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A.6.4.3.1 S‐724 and S‐727 Gated Spillways 

The S‐724 and S‐727 spillways are ogee weir spillways along the interior levees separating each cell. S‐
724 separates the north and center cells and S‐727 separates the center and south cells. Each spillway is 
designed to be the control structures to move water between each cell at a maximum flow of 1500 cfs. 
Spillways will have two 16 foot wide bays each with a lift gate that rests on the crest of the ogee weir. 
Downstream of the weir, concrete hydraulic jumps on the concrete surface provide energy dissipation. 
The foundation, weir, and superstructure of the spillways are reinforced concrete in accordance with 
current design standards. A 16 foot wide service bridge across the structure provides vehicle access to 
each side of the interior levee. Sheet pile wingwalls serve as a retaining wall and extend from the concrete 
structure to the limits of the embankment. 

A.6.4.3.2 S‐728 Spillway 

This spillway is an ogee weir spillway located on the eastern southern cell embankment. This spillway 
serves as the primary outlet for the WAF with a maximum flow of 1500 cfs. The ogee weir is designed to 
allow this spillway to pass a low flow to regulate the south cell water levels. S‐728 will have three 14foot 
wide bays each with a lift gate that rests on the crest of the ogee weir. Downstream of the weir, concrete 
hydraulic jumps on the concrete surface provide energy dissipation. The foundation, weir, and 
superstructure of the spillways are reinforced concrete in accordance with current design standards. A 
16 foot wide service bridge across the structure provides vehicle access to each side of the WAF 
embankment levee. Sheet pile wingwalls serve as a retaining wall and extend from the concrete structure 
to the limits of the embankment. 

A.6.4.3.3 S‐731 Spillway 

This spillway is an ogee weir spillway located on Herbert Hoover Dike. This spillway connects the WAF, 
Paradise Run wetlands and the C‐38 Canal and has a maximum flow of 1700 cfs. The structure regulates 
water in the WAF outlet canal from S‐728 flowing into the C‐38 Canal and eventually to Lake Okeechobee. 
S‐731 will have three 14 foot wide bays each with a lift gate that rests on the crest of the ogee weir. 
Downstream of the weir, hydraulic jumps on the concrete surface provide energy dissipation. The 
foundation, weir, and superstructure of the spillways are reinforced concrete in accordance with current 
design standards. A 16 foot wide service bridge across the structure provides vehicle access to each side 
of the WAF embankment levee. Sheet pile wingwalls serve as a retaining wall and extend from the 
concrete structure to the toe of the embankment. 

A.6.4.3.4 Auxiliary Overflow Spillways 

There are three auxiliary overflow spillways on the crest of the levee, S‐724W, S‐727W, and S‐728W. 
Spillways S‐724W and S‐728W are located adjacent to Spillways S‐724 and S‐728. S‐727W is located on 
the eastern embankment of the center cell. Each emergency spillway allows for passive release of water 
over the levee in high water storm event equal to their respective adjacent overflow spillway. Spillways 
will be reinforced concrete lower than the levee crest and extend down the embankment. Riprap extends 
outward 50 feet from the toe of the embankment to provide erosion protection. Concrete on the levee 
crest will be designed to accommodate vehicle traffic traversing the levee. 
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A.6.4.4 Culverts 

Culverts will be designed to EM 1110‐2‐2902 Conduits, Culverts, and Pipes. Structural stability analysis, 
hydraulic steel structures, retaining walls, and concrete design will be designed to EM 1110‐2‐2100 
Stability Analysis of Concrete Structures, EM 1110‐2‐2104 Strength Design for Reinforced Concrete 
Hydraulic Stuctures, ETL 1110‐2‐584 Design of Hydraulic Steel Structures, EM 1110‐2‐2502 Retaining and 
Flood Walls, ASCE 7‐10 Minimum Design Loads for Buildings and Other Structures, and ACI 318‐14 Building 
Code Requirements for Structural Concrete, respectively. 

A.6.4.4.1 Culvert S‐723 

This culvert is a single 6 foot square cast in place reinforced concrete square box culvert that penetrates 
the western WAF embankment into the second cell. The culvert connects the L‐59 interceptor canal to 
the seepage canal around the WAF. Flow through the culvert is controlled by a 6x6 foot stainless steel 
vertical slide gate on the upstream side. The inlet structure is made of reinforced concrete retaining walls 
parallel to the flow that match the slope of the embankment. The slide gate actuator is mounted on top 
of the headwall. Seepage along the structure will be controlled by a filter diaphragm and a blanket drain. 
A control building by the structure will house all electrical components for the structure. 

A.6.4.4.2 Culvert S‐734 

This culvert is a double 72 inch diameter reinforced concrete pipe that connects the seepage canal with 
the C‐38 canal along the southern boundary of the WAF. The culvert serves as a gravity outlet from the 
seepage canal to augment the seepage pump stations. The inlet for the structure is a concrete riser 
structure with an aluminum stop log riser to control flow through the culvert. Concrete wingwalls extend 
from the riser structure and outlet structure to the limits of the seepage canal leveeembankment. 

A.6.4.5 Weirs 

There are two weirs, S‐722 and S‐726, which intersect the seepage canal along the outside of the western 
embankment of the WAF. Both weirs will maintain a desired water level in the seepage canal as well as 
prevent backflow up the seepage canal. Weirs will be a steel sheet pile system with a concrete cap on the 
top of the lower, rectangular notch in the center of the weir. 

A.6.4.6 Communications Facility 

A project communications facility will be located near Pump Station S‐720 in the northern limits of the 
WAF. The facility will provide a connection to the SFWMD backbone microwave communications system 
and will serve as a local communications hub for the project. The communications building facility is a 
precast concrete building that contains electrical equipment for the communications facility, a backup 
LPG generator, and a self‐supported 300 foot communications tower. The communications building and 
tower will be based on the SFWMD standard designs adapted to the site. The tower and antenna heights 
will be determined by a path study from the SFWMD. 

A.6.5 Mechanical and Electrical Design 

The K‐05 WAF will incorporate an inflow pump station on the north end (S‐720), a seepage pump station 
on the west side (S‐725), and a seepage pump station on the south side (S‐733). The inflow pump station 
is not designed or intended for flood control. 

LOWRP Final PIR and EIS August 2020 
A‐50 



       

             
 

 

 

 
              

 

                           
                           

 
 

            
 

                       
                                     

                                       
                                   

                           
                                 
                         

 

    
 

                                   
                           
                           

     
 

                                 
                               

                           
 

                           

                    

                  

        

                  

        

            
 

                                 
                                     

                                     
                               

 

          
 

                                       
                                     

                             

Appendix A Engineering Appendix 

A.6.5.1 General Status of Completed and Non‐executed Efforts 

During PED the mechanical and electrical calculations will be completed after survey, hydraulic design, 
and geotechnical investigations are performed. Conceptual design is developed in order to make cost 
assumptions. 

A.6.5.2 LPG Standby Generator and Fuel System 

A small LPG backup/standby generator (about 60kW) may be required for auxiliary/communications 
equipment in the event of a power outage. An LPG fuel system, with a 3,000 gallon underground tank will 
be supplied for the standby generator. The LP fuel supply will be enough for a minimum 14 day, 24 hours 
per day run time at the average fuel consumption rate. A cathodic protection system will be provided to 
protect buried metallic components including the tank, pipe, anchors, conduit, etc. An LPG Stationary 
Tank Monitor will also be provided to transmit tank levels and provide alarms. Aboveground pipe will be 
ASTM A53/A53M black steel and will conform to NFPA 54 and NFPA 58. 

A.6.5.3 Pump Stations 

The pump stations will consist of an inflow supply canal (for the inflow pump station), a seepage supply 
canal (for the seepage pump stations), separate inlet bays, trash/debris removal systems, vertical pumps, 
electric motor drives with in‐line or right angle gear speed reducers, discharge piping, discharge 
structures, and accessories. 

Life cycle cost analyses of alternatives for the intake and discharge configurations for both the inflow and 
seepage pumps will be performed. For the pump intakes, Formed Suction Intakes (FSI’s) and Suction Bells 
will be analyzed. For the pump discharges, siphon and non‐siphon configurations will beanalyzed. 

Pump stations will be designed in accordance with (but not limited to) the following: 

 EM 1110‐2‐3102 General Principles of Pumping Station Design and Layout 

 EM 1110‐2‐3105 Mechanical and Electrical Design of Pump Stations 

 Hydraulic Institute (HI) Standards 

 SFWMD Major Pump Station Engineering Guidelines, 4th Edition, (MPSEG) 

 CERP Standard Design Manual 

A.6.5.3.1 Station Design Capacity and Pump Mix 

Based on existing assumptions, the inflow pump station will have a design capacity of 1,600 cfs. The 
seepage pump stations will have a design capacity of 100 cfs each. The pump mix will include a minimum 
of two pumps of each capacity used to achieve the pump station design capacity. The pump mix for the 
inflow pump station and seepage pump stations will be described in Inflow Pumps and SeepagePumps. 

A.6.5.3.2 Supply Canals and Inlet Bays 

The supply canals and inlet bays will serve as the approach for the pump intake, a location for the trash 
removal system, and as a means of isolating and dewatering a pump suction bay. The depths of the supply 
canals will be determined by considering water surface elevation in the supply canal, minimum required 
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submergence over the pump intakes, and minimum vertical clearance between the pump intakes and the 
floor of the sump. Minimum submergence for the pumps will be determined by using Hydraulic Institute 
Standard 9.8 and 2.3 (HI 9.8 & 2.3) and EM 1110‐2‐3105, Mechanical and Electrical Design of Pumping 
Stations, for either suction bell or FSI intakes. FSI design will follow the guidelines for the Type 10 FSI. The 
minimum submergence, and thus supply canal depth, may be adjusted based on the physical model test 
that will be conducted during PED. 

A.6.5.3.3 Discharge Arrangement 

The discharge structure for the inflow pump station will be located in the embankment with discharge 
pipes, siphon break/air vent valves, an overflow basin, and a discharge weir. The seepage pumps will not 
operate with a siphon discharge. Therefore, the discharge structure for the seepage pump station will 
include straight discharge pipe, an air vent, a flap valve, and discharge apron. To prevent backflow (two 
means are necessary) from the impoundment area back to the C‐41A and perimeter canals, the invert of 
the discharge pipes for both the inflow and seepage pumps will be set at elevation one foot higher than 
the pumping high water level in the discharge basin. For the second means of backflow prevention, the 
inflow pump station will also incorporate an overflow weir at the discharge basin. 

The seepage pump station will incorporate flap valves, which will be installed on the ends of the discharge 
pipes of the seepage pumps for the same reasons. An automated siphon break valve will be installed on 
the top of the inflow pump discharge piping to prevent reverse flow and allow the discharge pipe to drain 
when the pumps are stopped. The air release/vent valve on the inflow pumps will also open when a pump 
is started to allow air to escape during filling to establish a siphon. It will close when the pipe is full. The 
air release valve will have a manual override in case of automatic actuator failure. An air vent will be 
included on the seepage pump to allow air to escape and provide vacuum relief. After the siphon is 
established, the static head that the pumps will operate against will be the difference between the sump 
and discharge water surface elevations, which results in lower energy consumption by the inflow pumps. 

A.6.5.3.4 Discharge Basin and Apron 

The discharge basin apron will be a concrete sill that will receive the flow from the discharge structure. 
The discharge basin apron will allow the water velocity to slow and prevent erosion at the outlet. A 
discharge basin weir for pump backflow prevention will be required. A riprap or concrete apron will be 
provided downstream of the discharge basin weir for further erosion protection. The dimensions of the 
discharge apron will be based on an analysis of the pump station flow and velocity leaving the discharge 
chambers. 

A.6.5.3.5 Flow Measurement 

Because the inflow pumps discharge over a fixed weir, the level of the water in the discharge basin can be 
sensed and related to the height of water flowing over the weir. This depth can then be related to the 
flow of water over the weir. There may be uncertainties to the size of discharge basin, which will allow 
turbulence to dissipate before going over the weir. It is suggested that this be model tested with the 
pump, intake, and discharge arrangement. 

The seepage pumps may or may not discharge into a basin. If not, then flow measurement for these pumps 
can be accomplished by measuring the sump water elevation and using the discharge pipe elevation, and 
checking the pump curve for a corresponding flow. 
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A.6.5.3.6 Dewatering System 

Bulkhead gates will be provided and can be installed in the inlet bays (bulkhead slots) so the pump suction 
area from just in front of the trash racks can be dewatered. Dewatering will be performed using portable 
pumps. 

A.6.5.3.7 Start‐up 

Large electric motors over 100 HP will have soft‐start capability to ease power demand. 

A.6.5.3.8 Testing 

Physical modeling of the pump station’s intake and pumps (including pump intakes and discharge 
arrangements) will be required. Each pump size will be modeled. Results of the modeling will be used to 
finalize the intake channel configuration, suction channel floor elevation, pump elevation, pump intake, 
discharge elevation, and to verify operation of the siphon discharge. 

A.6.5.3.9 Major Pump Station Equipment 

The following sections describe major pump station equipment. 

A.6.5.3.9.1 Inflow Pumps 

The total inflow pumping capacity of 1,600 cfs will be provided by four pumps of 375 cfs capacity and a 
100 cfs auxiliary pump. The minimum pumping requirements provided by the USACE‐SAJ, manufacturer 
pump curves, and pumping system loss calculations to determine TDH will be used to determine required 
pump performance during PED. The pumps will be vertical, axial flow, lineshaft pumps operating at a 
speed (RPM) yet to be determined. 

The pumps will have stainless steel impellers, shafts, shaft enclosing tubes, impeller bowls, anddiffusers. 
Pump discharge head and column will be carbon steel construction. The pumps will be equipped with 
water‐lubricated bearings lubricated with product (canal) water. 

The inflow pumps will be driven by electric motors with either right‐angle gear or in‐line gear speed 
reducers. Backup power will not be provided for the pumps. A small backup generator will be provided 
for minor equipment such as sensors and RTUs. 

A.6.5.3.9.2 Seepage Pumps 

The total seepage pumping capacity of 100 cfs will be provided by two pumps of equal capacity. The 
minimum pumping requirements provided by the USACE, manufacturer pump curves, and pumping 
system loss calculations to determine TDH will be used during PED to determine required pump 
performance. The pumps will be vertical, axial flow, lineshaft pumps operating at approximately 600 rpm. 

The pumps will be equipped with water‐lubricated bearings lubricated with (product) canal water. The 
pumps will have stainless steel impellers, shafts, perforated shaft enclosing tubes, impeller bowls, and 
diffusers. Pump discharge head and column will be carbon steel construction. 
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The seepage pumps will be electric motor driven. Backup power will not be provided for the 
seepage pumps. A small backup generator will be provided for minor equipment such as sensors and 
RTUs. 

A.6.5.3.9.3 Electric Motors 

The inflow pumps will be driven by electric motors. The required motor horsepower rating will be derived 
by examining the horsepower requirements when operating in the required operating range from the 
minimum static head (and corresponding minimum total dynamic head (TDH)), through the design point 
(design point static head and TDH), to the maximum static head (and corresponding maximum TDH), in 
the siphon condition, to the maximum static head and TDH in the priming state. The existing electrical 
service may need to be upgraded to run the inflow pump. 

For electric motor drives, the minimum horsepower rating required will be determined during PED. 

A.6.5.3.9.4 Gear Reducers 

Right‐angle gear or in‐line gear speed reducers will be provided for transferring power from the motor 
drives to the inflow pumps. Gear reducers will be designed in accordance with AGMA 11 with a minimum 
service factor of 2. Bearings will be rated for an L‐10 life of 100,000 hours. The gear reducers will be 
equipped with a self‐contained forced oil lubrication system, including a primary mechanically driven oil 
pump, an auxiliary, electrically driven oil pump, and oil cooler. The oil coolers will reject heat to the 
atmosphere. The oil coolers will be designed in accordance with the Heat Exchanger Institute (HEI) 
standards. All auxiliaries will be mounted directly to the gear reducers. The gear reducers will include anti‐
reverse rotation devices. The minimum transmission efficiency will be 97 percent. A minimum tooth 
hardness of Rockwell 58C will be required. 

A.6.5.3.9.5 Combustion and Cooling Air Systems 

Combustion air for the back‐up generator, if used, will be taken from the inside of the pump station. This 
will reduce the noise on the outside of the pump station. 

Intake air fans will be started each time a pump motor or a back‐up generator is started. These fans will 
provide combustion and cooling air for the generator engine and cooling air for the motors. Exhaust air 
fans will be started each time a pump motor or a back‐up generator is started to remove engine/motor 
heat from the pump station. The intake and exhaust fans will also start by manual switch and by 
thermostat. 

Each wall exhaust fan opening will be provided with a hurricane rated louver (or hood) and motorized 
damper. Ventilation air intakes shall incorporate supply air fans, motorized dampers, and roll filters. 

The intake and exhaust fan capacities will be sized to provide the building with a slight positive pressure. 

A.6.5.3.9.6 Trash Rake/Rack System 

Trash racks to capture intake channel debris will be provided in each pump suction channel. There are 
two trash rake systems that will likely be considered to clean the intake debris: Duperon Corporation’s 
flex‐type (catenary) rake and Hydro Component Systems’ (HCS) dual raker, rail‐type, rake system 

LOWRP Final PIR and EIS August 2020 
A‐54 



       

             
 

 

 

 
                                 

     
 

                                   
                                       
                               
               

 

                                     
                                 

                                         
     

 

                               
 

    
 

                         
                             

                                   
                 

 

                                   
                                   

                               
                                     

   
 

                                   
                               

                                   
                                   
                                   

                                   
                                   

                               
       

 

        
 

                                 
                           
                           

               
 

                               
               

Appendix A Engineering Appendix 

(telescoping arm trash rake). The SFWMD will help decide which trash rake system is appropriate at each 
of these stations. 

The Duperon trash rake system would likely come with a conveyor to remove intake debris and deposit it 
into a debris bin at an end of the intake structure. Each pump bay section will have an independent trash 
rake system that will run automatically when its associated pump is operated. The conveyor will operate 
when any of the flex rake sections operate. 

The HCS trash rake system would be controlled by head differential at the trash rack. A raker would be 
deployed to clean a section of the trash rack whose sensors indicate a raking operation head differential. 
Intake debris would be carried by a raker to be dumped in its associated debris bin (one at each end of 
the intake structure). 

The design head loss used for the pump design point will be as per manufacturer’s recommendation. 

A.6.5.3.9.7 Bridge Crane 

As per EM 1110‐2‐3105, Mechanical and Electrical Design of Pumping Stations, subsection 9.3, 
“Equipment Handling,” the crane capacity should be large enough to lift the completely assembled motor 
or pump, but not both at the same time. Based on weights submitted by various manufacturers, the size 
of the bridge crane will be determined during PED. 

The clearance from finished floor to the bottom of the crane beam will be calculated. This clearance will 
not be sufficient to remove the whole pump assembly in one lift. This clearance calculation will allow the 
removal of a 12‐foot long component assuming a 5‐foot spreader beam/rigging assembly is used and the 
component is going to be lifted to a 4.5‐foot tall flatbed truck. An additional 3‐foot clearance will be added 
for maneuverability. 

As per SFWMD MPSEG, the crane will be a top running, double girder design bridge crane. The crane 
service shall be Class 1‐C in accordance with the Crane Manufacturers Association of America. The design 
of the overhead crane shall be in accordance with ANSI B 30.2, Overhead and Gantry Cranes Top Running 
Bridge, Single or Multiple Girder Top Running Trolley Hoist. The bridge will be motor driven and travel the 
entire length of the station. The travel will have two speeds plus inching control to permit close positioning 
of the loads. The travel system will have an automatic brake system that is applied when bridge movement 
ceases or power is lost. The trolley will also have power driven travel and automatic brakes. The hoist 
mechanism will have two speeds plus inching control with an automatic brake system capable of safely 
supporting the design load. 

A.6.5.3.9.8 Slide Gates and Actuators 

As per SFWMD MPSEG, all slide gates used to close openings in the structure shall be custom 
manufactured gates made from stainless steel with full metal wedges and wall thimbles. All 
accoutrements shall be Type 316L stainless steel for corrosion resistance. Gates will meet the 
requirements of American Water Works Association (AWWA) C561. 

The slide gate actuator motors will be sized in accordance with EM 1110‐2‐3105, Mechanical and Electrical 
Design of Pumping Stations, Appendix D, “Closure Gate.” 
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A.6.5.3.9.9 Heating, Ventilation, and Air Conditioning (HVAC) 

Site Criteria: Design of HVAC systems will be as stipulated herein and based on ASHRAE climatic design 
information for Miami, Florida. The following design temperatures and ventilation rate criteria were used 
for system design parameters. 

Outside Design Conditions: 

Heating: 47° F dry bulb (ASHRAE 2009 99.6 percent condition) 

Cooling: 91.2° F dry bulb, 77.6° F wet bulb (ASHRAE 2009 0.4% condition) 

Inside Design Conditions: (see Table A‐6) 

Table A‐6. Inside design conditions for HVAC design 

Area Heating Cooling 

Control Room, Break Room, 
Communications Room 

68 degrees F 70 degrees F, 50% RH 

Locker Room 68 degrees F 75 degrees F 

Operating Room, Workshop 40 degrees F 101 degrees F 

As per SFWMD Major Pumping Station Engineering Guidelines 4th Edition, the operator control/break 
room, first floor break room, communications room, and locker room shall be mechanically cooled with a 
design temperature as shown above, and shall include humidity control to keep monitoring equipment 
cool and dry. The rooms shall be served by dedicated, commercial DX split systems, with air handlers 
inside and condensing units located outside the control building. The communications room shall 
incorporate a redundant system that will alternate cooling/heating (lead/lag) between systems and act as 
a back‐up in the case of one system failing. The workshop shall be (force) ventilated. 

The humidity will be controlled with the unit’s cooling coil during cooling season. The leaving coil 
temperature should be around 52˚F to 54˚F to achieve dehumidification and maintain the space between 
50% to 55% relative humidity. 

Internal loads at the control building are shown in Table A‐7. 

Table A‐7. Miscellaneous loads at the control building 

Room Load Remarks 

Control Center, Upper Level 150W X 3 Computers, ASHRAE Fundamentals 2005 

Telecom, Upper Level 2000W Servers 

Kitchenette, Upper Level 300 BTU/hour Refrigerator, ASHRAE Fundamentals 2005 

Workshop, Lower Level 

Breakroom 300 BTU/hour 

2050 BTU/hour 

Refrigerator, ASHRAE Fundamentals 2005 

Microwave, ASHRAE Fundamentals 2005 

The insulation values for the building envelope will be per the International Energy Conservation Code as 
seen in Table A‐8. 
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Table A‐8. Insulation values for the building envelope 

Location Insulation Value (R) Overall Heat Transfer Coefficient (U) 

Roof R‐20 U‐0.048 

Walls Above Grade R‐5.7 U‐0.142 

Roll Up Doors R‐4.75 

A.6.5.3.9.10 Ventilation 

Ventilation will be provided in accordance with the International Mechanical Code; EM 1110‐2‐3102, 
General Principles of Pumping Station Design and Layout; SFWMD MPSEG; the Florida Building Code; and 
ANSI/ASHRAE Standard 62.1‐2007. 

A.6.5.3.9.10.1 Sump Ventilation 

Open grating will be provided at the sump access points for ventilation considerations to comply with 
EM 1110‐2‐3102, General Principles of Pumping Station Design and Layout, subsection 9‐4. 

A.6.5.3.9.10.2 Pipe Gallery Ventilation 

The pipe gallery will be ventilated at a rate of 1.0 cfm/ft2, similar to an enclosed car garage application 
(0.75 cfm/ft2), as stated on the International Mechanical Code, subsection 403.3, “Outdoor air and local 
exhaust airflow rates.” 

A.6.5.3.9.10.3 Pump Operating Room Ventilation 

Ventilation considerations as per SFWMD Major Pumping Station Engineering Guidelines 4th Edition: 

 The ventilation system will be designed to achieve an operating floor design temperatureinside 
the station no more than 10ºF above the ASHRAE 1% cooling dry bulb design temperature data 
from the climate station located closest to the project site. 

o The ventilation design will be sized to have a minimum of 400 feet per minute of air 
velocity forced across the station. 

 The system will be a push‐pull design utilizing a set of filtered fans located on the floor in an 
enclosed building extension on the opposite side of the building from the engines to push air 
into the building; and fans on the opposite wall located high above the floor on the engine side 
to pull the heated air out. 

 The fans will be equally spaced across the station to properly distribute the intake airflow. 

o Fans that are wall‐mounted will have louvers or missile barriers to withstand design 
wind forces and debris impact as required by Paragraph 2.7 and the local buildingcode. 

 Intake/supply fan louvers will be protected by drawing air through thefloor. 

 Exhaust fans will have missile barriers or louvers equipped with bugscreens. 

 Operating floor will maintain a slight positive building pressure to prevent gases from entering 
the building during operations. 
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 Supply and Exhaust fans will be equipped with motor‐operated dampers. 

A.6.5.3.9.11 Plumbing 

The water supply system will be designed using the Florida Building Code‐Plumbing (2017), the 
International Plumbing Code (2017) and the American Society of Plumbing Engineers (ASPE) Plumbing 
Engineering Design Handbook, Vol. 2: Plumbing Systems. 

A.6.5.3.9.11.1 Piping 

Piping will be installed from the well to all fixtures requiring potable water within the facility. Underground 
water supply piping will be corrosion resistant material (CPVC, PVC, etc.) outside of the building footprint, 
and type K copper within the building footprint. Above ground water supply piping will be wither PVC, 
CPVC, or type L copper, depending on where it is located and its exposure, i.e. susceptibility to damage 
from people or the elements. 

Additional piping will be installed to provide non‐potable (well) water to hose bibbs around the station. 

The piping will be sized inside the building from the connection point outside the building. The contractor 
will be responsible to size the water line from the building connection point to the well connection point 
based on the location and depth of the well. 

Design Criteria: Fluid velocity within the piping will be kept below 5 fps as per FBC, IPC and ASPE guidelines. 

A.6.5.3.9.11.2 Potable Water 

A well will be drilled on the property to supply the water to the facility as shown on the site layout. This 
may require obtaining a permit as well as conducting water quality tests (contractor’s responsibility). 
Subsequent to this, verification of the well capacity will be done (contractor’s responsibility). Based on 
the results of the water quality tests, the contractor shall size and select the appropriate water purification 
system for the potable water system. 

An eyewash station will be installed in front of the control building in front of the break room. Electric, 
chilled‐water drinking fountains (including a bottle filler type) will be provided in the break room. 

A.6.5.3.9.11.3 Non‐Potable Water 

Water supplied to the hose bibbs in the perimeter of the building for building cleaning operations will be 
untreated well water. Hose bibbs will be installed in locations as required/preferred by SFWMD. Typical 
installations include four hose bibbs provided within the pump operating room (one at each corner of the 
building) and three hose bibbs on the building perimeter (two bibbs located at the service bridge (trash 
rake side) and one provided at the back side of the building). Hose bibbs will also be provided inside the 
pipe gallery. 

A.6.5.3.9.11.4 Domestic Hot Water 

Potable water will be supplied to an electric‐powered instantaneous water heater. The electric water 
heater will be sized according to the Department of Energy equipment sizing guidelines. The guidelines 
recommend a water demand of 2 gpm when selecting heating equipment to achieve 120° F at the fixture. 
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Based on the hot water demand present for the building, the size will be adequate for the application. 
Any fixture used will reach the desired temperature with the equipment. If additional load is requested 
from the equipment the temperature will be distributed between both fixtures. 

A.6.5.3.9.11.5 Sanitary Systems 

Sanitary drainage and vent systems will be installed on all fixtures and equipment requiring drainage. 
Sanitary drainage from the building will be collected in a septic tank and effluent discharged to a drainfield. 

Toilet facilities will be provided to meet the code requirements for the population in the pump station 
facility. Accessible facilities will be provided in accordance with the requirements of the ADA. 

Water Closets will be wall hung vitreous china with flush valves. Wall hung, vitreous china urinals with 
flush valves will be provided in quantities required by code. Lavatories will be provided with faucets using 
tempered water. All lavatories will be ADA accessible. 

Floor drains will be located in the restrooms and in the locker room. Also, floor drains will be installed in 
the pump operations room. Locations for drains include condensate drain needs, near equipment that 
discharges water, and areas for station floor wash‐down. If a generator is provided, the area around the 
generator will be provided with a containment curbing. No floor drains will be located in this area. 

A.6.5.3.9.11.6 Fire Protection 

A fire detection system will be provided for the entire facility. Fire suppression in the pump bays will not 
be required as there is no fuel storage in the pump station. The SFWMD will review all design assumptions, 
criteria, and calculations. Verification with the SFWMD and the SFWMD insurance underwriter will be 
done for the fire protection system type. 

Portable fire extinguishers will be installed in accordance with NFPA 10. Dry chemical (ABC) extinguishers 
will be used in the operating floor area, and in the control and electrical rooms. Locations of extinguishers 
will be as shown on the drawings, and detailed as necessary for constructability. 

A.6.5.3.10 Electrical Features 

Electric service will be coordinated with the local utility. The large electric driven pump station will require 
a significant utility power feed. Based on similar SFWMD projects, the local utility will need to construct 
a substation near the large electric driven pump station in order to provide adequate power. The electric 
substation will be constructed, owned, and operated by the local utility. 

The service will likely be 5 kV three phase with 5 kV switchgear and motor controls located in a high 
voltage electrical room at the pump station to power the large electric pump motors. No pump stations 
are for flood control. Therefore, no backup generation will be required for the pumps. A small backup 
generator may be required for auxiliary equipment in the event of a power outage. 

The electrical distribution system will consist of motor control centers, switchboards, and panelboards. 

Interior and exterior lighting will be designed to conform to IES standards and operational requirements. 
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Wiring and Conduit: All wiring will have copper conductors. XHHW‐2 will be the insulation type for power 
conductors. The minimum wire size will be #12 AWG. Underground conduit will be PVC. Exterior conduit 
will be PVC coated RGS. Interior conduit will be RGS. 

Instrumentation and Controls: Control panels will be UL409 certified. Control panels will be stainless steel 
NEMA 4X. 

SCADA and Telemetry: A PLC based industrial control system with HMI panel interface will provide for 
local, automatic, and remote control of the structure. 

Stilling wells with water level monitoring equipment will be provided on both sides of the pump stations 
and at each pump bay. 

A.6.5.4 Culvert Structures 

There is one gated culvert structure in the K‐05 WAF, S‐723. 

A.6.5.4.1 Control Buildings 

The LOWRP will have prefabricated control buildings with 46‐foot concrete poles for the SCADA and 
Microwave, depending on the SFWMD requirements. Control buildings will have either an emergency LP 
gas generator or standby power plug for a portable emergency generator. A LP gas generator will provide 
backup electrical power for the instrumentation/SCADA system network transmission equipment and 
communications room. Ventilation systems will be as described under A.6.5.3.9.10 Ventilationabove. 

A.6.5.4.2 Culvert Structures 

The K‐05 WAF area will feature one gated culvert structure, S‐723. 

The culvert gates will consist of flush‐bottom, medium‐duty stainless steel slide gates per AWWA standard 
(C‐561) manufacture and design. Gates will be actuated by a single rising stem driven by an electric motor‐
operated hoisting unit mounted on an operating pedestal at the top of the gate, or on the top yoke of the 
self‐contained gate frame. The actuator will also be equipped with a hand wheel to permit manual 
operation in the event of power outage. The actuator will be capable of both open/close and modulating 
service. Integral motor controls and control accessories will be available to interface with MOSCAD 
Remote Control System used by the SFWMD. The actuator should be watertight for outside operation, 
and equipped with torque and rotary limits for up and down travel. 

Gates will be fitted with gate position instrumentation mounted on the housing of the gate structure. A 
travel limit switch will be part of the actuator. The design operating speed of the gate with actuator is 6 
inches per minute (+/‐ 10%). 

Stilling wells with water level monitoring equipment will be provided on both sides of the culvert. 

Gates will be 304 stainless steel, vertical lift (flush bottom) made of materials as below: 

 Guides will be made of 304 stainless steel, designed for maximum rigidity, and will havehigh‐
density polymer or neoprene fixed, replaceable seals. 
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 Sliding member will be of 304 stainless steel plate reinforced with stainless steelmembers 
welded to the plate. 

 Seals will prevent excessive leakage. 

 Stem will be 304 or 316 stainless steel of suitable length and ample strength for the intended 
function. 

 All parts of the gate will have a minimum thickness of ¼ inch. 

 All necessary fasteners and anchor parts will be 316 stainless steel. 

A.6.5.4.3 Electrical Features 

Gate operators will be designed based on the size, weight, and hydraulic loading on the gates. The 
operators will be electric motor driven actuator on a stem screw. 

A control center will house a main breaker, combination starter for the gate motor, lighting panel, relay 
compartment, and a circuit for exterior lighting. Surge suppression will be provided for each 
electrical/electronic system within or outside the structure. 

A duplicate open‐close push button station will be provided in the control house and at the spillway or 
culvert structure for manual gate control. Necessary open, close, automatic control relays, and limit 
switches will be incorporated in the gate control circuit. Power and control circuits for water level 
recorders and gate position recorders will be provided. 

A.6.5.5 Gated Spillways 

The gated spillways S‐724, S‐727, and S‐728 will have the following features. 

A.6.5.5.1 Hoist Machinery 

The number of gate hoist units will be determined during PED. The units will include wire rope drums, 
sheaves, hoisting wire rope, dogging slings, motors, brakes, gear boxes, electrical equipment, controls, 
shafts, couplings, pillow block bearings, limit switches, seals, equipment covers, and hoist assembly frame, 
and other necessary items, as shown. Dimensions shown on the drawings, including structural supports, 
will be estimated. The final hoist system design (drawings and calculations) will be performed, sealed, 
signed, dated, and submitted by a licensed Professional Engineer who is registered in the State of Florida. 

Each vertical lift gate will be raised and lowered by an electrically operated hoist assembly. An electric 
motor will provide the power to one of two input shafts through the gear/speed reducer to turn the shaft 
and drum assembly. A brake will be installed on the other input shaft. A wire rope will be connected to 
the drum and to the gate through the sheave blocks. The drum will gather the wire rope connected to it 
as the gate is opened. A limit switch will prevent the stainless steel wire rope from developing slack should 
the gate jam while being lowered. A rotary limit switch will stop the gate at the fully‐open and fully‐closed 
positions. An upper‐limit switch will be installed to stop the gate from raising if the rotary limit switch fails 
to stop the gate. The slack cable limit switch will also backup the rotary limit switch at the closed position. 
When not in operation, the gates will be suspended in the fully‐open/maintenance operation position 
using dogging slings. 
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The entire gate hoist assembly will be furnished as a complete, frame‐mounted unit capable of being 
installed and removed without breakdown into individual components. Anchor bolts will hold the hoist 
assembly frame to the operating platform. Hoist equipment will be furnished and installed as required. 
Operation of the gates will be from a local control panel. Each gate will operate at a speed of 6 inches per 
minute. 

The position of the gates will be determined visually with local wall gauges and electronically with a PLC 
housed in the control room. No remote position indication via telemetry will be provided. 

A.6.5.5.1.1 Electric Motor‐Drive, Brake, and Reduction Gear 

The operating mechanism will consist of an electric motor‐driven, worm type reduction gear equipped 
with a brake. The reduction gear provided will feature two parallel input shafts and two parallel output 
shafts. The (900/1800 rpm) electric motor will be mounted on one input shaft and the brake will be 
mounted on the other input shaft. 

A.6.5.5.1.2 Wire Rope 

The wire rope material will be stainless steel. This material will reduce maintenance and will provide 
reliable performance in the environment encountered at the project site. 

A.6.5.5.1.3 Gate Position Transducer 

Each gate will be provided with a gate position transducer to indicate the position of the gate in the PLC 
located in the control room as well as remotely via the internet. 

A.6.5.5.1.4 Rotary Limit Switch 

The rotary limit switch will control the required predetermined positions of the gate, i.e., the fully‐closed 
and the fully‐open/maintenance operation position. Other, intermediary positions will be controlled by 
pushing the stop button located in the support columns at the service bridge elevation, at the operating 
platform, or in the control room. 

A.6.5.5.1.5 Slack Cable Sensor 

Should the gate jam while in the process of being lowered, the wire rope can develop slack, which can 
cause the gate to drop suddenly when freed. As soon as the slack cable sensor detects a slight slack, 
downward movement of the gate will cease, preventing the slack to progress. Operation will not resume 
until the cause for the slack is removed and the sensor is back to its pre‐set position. 

A.6.5.5.1.6 Dogging Slings 

There will be a set of two dogging slings per gate to dog a gate off at the fully‐open/maintenance position 
of the gate. 

A.6.5.5.1.7 Additional Components 

Additional components of the gate hoist assembly include wire rope drums, drive shafts, flexible shaft 
couplings, pillow block bearings, gate upper‐limit switches, and a structural steel base frame. 
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A.6.5.6 Stilling Wells 

Stilling wells with water‐level monitoring equipment will be provided on both sides of the spillway. Power 
for the monitoring equipment will be provided by either commercial power or by solar power, depending 
on the final location of the spillways. 

A.6.5.7 Telemetry 

Each spillway or culvert site that requires remote automation will be equipped with an RTU compatible 
with the existing SFWMD telemetry system. RTU software will be in accordance with the SFWMD standard 
load set. The construction plans will contain plans for a fully functioning telemetry system capable of 
connecting to and communicating with the SFWMD existing system. Additional coordination during the 
development of plans and specifications will finalize the telemetry requirements. 

A.7 Wetlands 

The following sections describe the wetland design. 

A.7.1 Civil ‐ Site Design 

Features identified in the Recommended Plan will be designed to the level of detail necessary to provide 
cost estimates. Best professional judgment as well as previous project design knowledge for wetland 
restoration projects were used during plan formulation alternative development and design efforts. 

Components of the wetlands will be identified and sized appropriately according to available data, historic 
information, and best engineering judgment. All project components will be optimized during PED phase 
for cost efficiency and performance, incorporating updated data and information as it becomes available. 

A.7.1.1 General Status of Completed and Non‐Executed Efforts 

The following civil site project efforts remain either incomplete or were not initiated during the feasibility 
phase: 

 Evaluation of alignments 

 Site grading 

 Aesthetics 

 Relocation of facilities 

 Required improvements on lands to enable proper construction of components anddisposal 
of material 

 Identification of methods for accomplishing relocations to include appropriate lands 

Design‐level analyses will be performed during PED. 

A.7.1.2 Surveying Mapping Geospatial data 

During PED phase site‐specific surveys of the features, utilities to be relocated, and internal canals to be 
filled will be done for the design. Survey data has been generated using airborne LiDAR. The LiDAR data 
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was not collected in relation to this planning project but is of sufficient detail in the project area to be 
used for planning purposes. Elevations will be shown in 0.1 feet (tenths of feet) and refer to the North 
American Vertical Datum of 1988 (NAVD88). Plan coordinates are based on the North American Datum of 
1983 (NAD83), Florida State Plane Coordinate System for the Florida east zone in U.S. feet. It is anticipated 
that the LiDAR data will be used more extensively in future design efforts. However, the LiDAR data is not 
of sufficient accuracy for final design. During PED for wetlands, additional LiDAR data will be obtained as 
well as conventional land surveys conducted as appropriate for each structure as well as levee and canal 
alignments. The vertical accuracy is of the LiDAR data set is 0.690 U.S. Survey Foot root mean square 
error. The expected horizontal accuracy of the equipment used at the height of flight is 1.50feet. 

A.7.1.3 Access 

The following sections describe access to the project. 

A.7.1.3.1 Access to Kissimmee River–Center 

Access to this project area is primarily from SR70 via NW Riverside Road and a currently private road at 
the southern end. An access road will be constructed connecting Larson Dairy Road on the western side 
of the wetland around the northern perimeter of the wetland to the pump station at the C‐38 canal. The 
new channel will be accessed via barge and dredge. 

A.7.1.3.2 Access to Paradise Run 

Access to this project area is primarily from SR78 at the southern end. However, only one feature, the 
wetland outlet, can be accessed directly. Other features will be accessed from the crest road of HHD and 
the L‐59 levee. The new channel will be accessed via barge and dredge, although the contractor is 
expected to construct temporary access roads to support the work. 

A.7.1.4 Material Balance and Disposal 

Earthwork cut and fill quantities will be completed during PED phase to balance the on‐site use of material 
as much as possible. Since the wetland projects are predominantly excavation, we expect that a large 
amount of fill will have to be spoiled in a suitable location. Some of the spoil could be used on the K‐05 
WAF construction, but much or most of the spoil is expected to be unsuitable. 

A.7.1.5 Utility Relocations 

No major transmission lines have been identified. There are expected to be service lines for the few 
occupied structures in the project area. Since these areas are to be acquired and abandoned, no utility 
relocations are expected. A utility survey will be conducted during PED to identify any conflicts due to 
existing buried water, sewer, electrical, or natural gas mains. 

A.7.2 Geotechnical Design 

The features presented herein represent elements of the Recommended Plan. Due to the limited amount 
of geotechnical investigation data, most of the current geotechnical design is based on assumptions about 
the subsurface conditions that will be encountered during construction. Preliminary or tentative design 
parameters and conditions presented below will need to be validated with site‐specific subsurface 
exploration which will be one of the first orders of work during PED. 
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Enough construction has occurred over the years in South Florida and although the individual site 
conditions and the geotechnical design parameters associated with them may vary substantially, 
construction methods and practices used represent the general configurations that have performed 
satisfactorily in this region. 

A.7.2.1 Geotechnical Analyses 

With respect to each of the anticipated structures required for this portion of the project (embankments, 
pump stations, other water control structures, etc.), design analyses will be performed that will include 
seepage/slope‐stability analyses, bearing capacity and settlement analyses, cofferdam design, filter 
design, and other foundation/excavation/dewatering design analyses. 

A.7.2.2 General Status of Completed and Non‐Executed Efforts 

The geotechnical exploration program for the wetlands has not yet been developed. An exploration 
program will be developed during PED. The following items are expected to be developed during PED: 

 Selection of preliminary design parameters 

 Geophysical investigations 

 Groundwater studies 

 Recommended instrumentation 

 Earthquake studies 

 Preliminary foundation design and excavated channel slope stability analyses 

 Excavatability analyses 

 Anticipated construction techniques 

 Potential disposal sites 

A.7.2.2.1 Geotechnical Investigations for Wetland Culverts 

Each structure will receive a minimum of two SPT borings and core barrel drilling in rock, where 
encountered. At least one boring will be deep enough to identify all suitable bearing layers and to 
establish the hydrogeological properties of underlying strata for modeling purposes. Where cohesive 
materials are encountered, undisturbed Shelby tube samples will be obtained so that shear‐strength and 
consolidation values can be determined. Laboratory tests to determine grain‐size, moisture content, 
Atterberg limits, and specific gravity will also be performed on boring samples to further characterize the 
materials encountered. 

A.7.2.2.2 Geotechnical Investigations for Wetland Pump Station Structures 

All of these structures will be constructed, in part, below the groundwater table. Therefore, the field 
investigations will include groundwater level measurements to facilitate the design of the dewatering 
system at each structure location. At least four SPT borings will be performed for each pump station and 
core barrel drilling will be used if rock is encountered. One boring will be deep enough to identify all 
suitable bearing layers and to establish the hydrogeological properties of underlying strata for modeling 
purposes. Where cohesive materials are encountered, undisturbed Shelby tube samples will be obtained 
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so that shear‐strength and consolidation values can be determined. Laboratory tests to determine grain‐
size, moisture content, Atterberg limits, and specific gravity will also be performed on boring samples to 
further characterize the materials encountered. 

A.7.2.3 Soils 

The soils in the (area) are primarily composed of units mapped as muck (NRCS, 2018). Muck soils are 
frequently ponded and have high organic content, and are often classified as hydric soils that occur in 
freshwater wetlands. Muck soils develop in topographic depressions and on alluvial floodplains, on 
herbaceous organic material and weathered limestone. Tequesta muck soils are frequently ponded soils 
that are mapped on the Kissimmee River floodplain in the Paradise Run wetland area. Gator muck soils 
are organic soils in depressions and floodplains in Glades County. 

A.7.2.4 Geology 

Wetland restoration activities proposed in this project are found in low‐lying sloughs and tributaries of 
the Kissimmee River and portions of the Kissimmee River alluvial plain that have not been impacted by C‐
38 dredging activities. Wetland restoration activities are controlled primarily by hydrologic factors rather 
than subsurface geology. 

A.7.2.5 Hazardous, Toxic, and Radioactive Wastes 

The USACE‐SAJ HTRW personnel will work with the SFWMD to identify and review available 
environmental assessments and documentation associated with the parcels contained within the 
footprint of the LOWRP Recommended Plan Paradise Run and Kissimmee River–Center wetland elements. 

At a minimum and regardless of previous environmental investigations, a desktop screening‐level 
environmental site assessment should be conducted for each parcel to provide additional budgetary and 
screening information to help refine and confirm alternative selection decision making. 

For parcels that are not screened out, a Phase I environmental site assessment should be completed prior 
to acquisition to ensure the identification and resolution of any HTRW sites prior to projectconstruction. 

The USACE will review the HTRW condition of the affected parcels and ensure that the proper due 
diligence is performed in accordance with ER 1165‐2‐132 prior to certifying lands for construction. Should 
remediation of HTRW contamination be required, it is the responsibility of the SFWMD, the non‐federal 
sponsor, and is not a creditable cost to the project. 

A.7.3 Hydraulic Design 

The wetlands will be designed to divert runoff from the C‐38 Canal to hydrate historic floodplains. The 
Kissimmee River Center and the Paradise Run inflow pump size will be determined through hydrologic 
modeling. 

A.7.3.1 General Status of Completed and Non‐Executed Efforts 

Features identified in the Recommended Plan have been designed to the level of detail necessary to 
provide cost estimates and determine feasibility of hydraulic design. All components have been identified 
and sized appropriately according to available modeling data, historic information, and best engineering 
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judgment. All project components will be optimized during PED phase for cost efficiency and performance, 
incorporating updated data and information as it becomes available. General hydraulic design of all 
identified components are described in the following sections. 

A.7.3.2 General 

This section provides a brief overview of the hydraulic design criteria, parameters, and intent/purpose of 
project features. Detailed hydraulic design of individual components will be described in later sections, 
including hydraulic design data sheets. Detailed analysis resulting from model simulations may be found 
separately in Appendix A, Annex A‐1. Currently, all elevations are referenced to NAVD 88; elevations will 
be provided in both NGVD 29 and NAVD 88 when revised during PED. 

A.7.3.2.1 Design Criteria and Parameters 

The following sections contain the design criteria and parameters. 

A.7.3.2.1.1 Head Loss 

Due to the relatively flat topography throughout the project area, the hydraulic head losses across the 
control structures are low, resulting in the design of larger structures (number and size of barrels, bays, 
etc.) than may typically be assumed for other regions. The use of pumps was avoided wherever possible 
to reduce operation and perpetual maintenance costs. During PED phase, the USACE‐SAJ expects to 
optimize system operations and therefore structure sizes for cost and performance efficiencies. 

A.7.3.2.1.2 Flow and Velocity 

Design flow rates for all water control structures will be determined based on Regional Simulation Model 
for Basins (RSM‐BN) model outputs and existing canal and structure capacities. To capture cost impact 
adequately, structures and canals were designed for maximum capacity scenarios. Optimization of these 
features will be conducted during the PED phase for performance and cost efficiency. 

Excavated channels will be designed to maintain a velocity of 2.5 fps or less to avoid potential erosion 
damage. Given the small topographical relief of the project area, this is typically the condition under 
normal operations, regardless. 

A.7.3.3 Site 

The following sections describe site information. 

A.7.3.3.1 General Information 

The two wetland sites feature several structures. On the Kissimmee River–Center wetland site, there will 
be an inflow pump station and an outlet. The Paradise Run wetland site will have a 200 cfs inflow pump 
station, an inflow culvert for the southern portion, and two outflow culverts. Both wetland sites will have 
new channels carved in the approximate location of the historic channel. Planning‐level conceptual design 
did not indicate embankments would be necessary on the Kissimmee River—Center site perimeter. 
Detailed design modeling could show that perimeter embankments are required to avoid off‐site impacts. 
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A.7.3.3.1.1 Purpose 

The purpose of the wetlands is to restore parts of the historic Kissimmee River floodplain and channel. 

A.7.3.3.1.2 Location 

The Kissimmee River–Center site is located in Highlands County. The wetland area is bound on the east 
by the C‐38 canal. The western boundary is about 2 miles east of CR721. The southern boundary is 0.5 
miles north of SR70. The northern boundary location is in rural land. The Paradise Run site straddles the 
county line between Glades and Okeechobee Counties. The extreme northern end is in Highlands County. 
The wetland area is bound on the east by the C‐38 canal embankment system, which is part of HHD. The 
southern boundary is SR78. The northern boundary is the C‐41A canal embankment, which in this location 
is part of HHD. The western boundary is near the K‐05 WAF, separated by rural land. 

A.7.3.3.1.3 Features 

The wetlands will have the following features described in the sections below. All features will be refined 
during PED. 

A.7.3.3.1.3.1 Channels 

Both wetland sites will have new excavated channels in the approximate location of the historic channels. 
These channels have been sized and will be optimized during PED. The channels will be hydraulically 
undersized to allow the water to overtop the channel banks and hydrate the surrounding new floodplains. 

A.7.3.3.1.3.2 Culverts 

Kissimmee River Center will have a gated culvert at the southern end for outfall. Paradise Run will have 
new or renovated culverts at the current location of structure G‐34 to help control inflow and outflow, as 
well as a gated culvert at the southern end for outfall. 

A.7.3.3.1.3.3 Pump Stations 

Kissimmee River–Center will have a 100 cfs inflow pump on the C‐38 Canal within Kissimmee River Pool E 
(between S‐65D and S‐65E). Paradise Run will have a 200 cfs inflow pump on the C‐41A canal downstream 
of S‐84. The location and size of these pump stations will be further defined during PED. 

A.7.3.4 Hydraulic Design Data Sheets 

Hydraulic design data sheets of features contained within the Recommended Plan can be seen in Annex 
A‐1. 

A.7.4 Structural Design 

The following sections describe the structural design. 
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Appendix A Engineering Appendix 

A.7.4.1 General Status of Completed and Non‐Executed Efforts 

Structural design of pump stations, overflow spillways, culverts, and weirs will be completed during PED. 
During PED the structural calculations will be completed after survey, hydraulic design, and geotechnical 
investigations are performed. The structural design will conform to the appropriate engineering manuals 
(EM), engineering regulations (ER), or design criteria memoranda (DCM). 

A.7.4.2 Pump Stations 

Pump stations are designed to EM 1110‐2‐3102 General Principles of Pump Station Design and Layout and 
EM 1110‐2‐3104 Structural and Architectural Design of Pump Stations. Structural stability analysis, wind 
loading, concrete design will be designed to EM 1110‐2‐2100 Stability Analysis of Concrete Structures, EM 
1110‐2‐2104 Strength Design for Reinforced Concrete Hydraulic Structures, ASCE 7‐10 Minimum Design 
Loads for Buildings and Other Structures, and ACI 318‐14 Building Code Requirements for Structural 
Concrete. 

A.7.4.2.1 S‐721 Pump Station 

The S‐721 Pump Station is the intake pump station for the Paradise Run Wetland feature and is located 
near the S‐720 Pump Station on the northern limits of the Paradise Run Wetlands. Water is drawn from 
the C‐41A Canal downstream of the S‐84 spillway. The pump station has two electric 100 cfs pumps 
housed in a reinforced concrete building. Pump intakes are enclosed in reinforced concrete bays with a 
wall between the intakes. Trash rakes mounted in the intake bays keep debris away from the pump 
intakes. A 16 foot wide service bridge spans the intake bays to allow vehicle traffic across the pump 
station. 

A.7.4.2.2 S‐735 Pump Station 

The S‐735 Pump Station serves as the intake pump for the Kissimmee River – Center Wetland. S‐735 is 
located at the northern end of the wetland on the C‐38 Canal downstream of the S‐65D Spillway. Two 
electric 50 cfs pumps draw water from C‐38 Canal to maintain a surface elevation of approximately 25.0 
feet (NAVD88) within the wetland. Pump intakes are enclosed in reinforced concrete bays with a wall 
between the intakes. A trash rack in each bay prevents debris from blocking the intake pumps. A concrete 
superstructure houses the pumps above the intake bays with separate rooms for electrical equipment. A 
service bridge above the intake bays allows for vehicle access across the pump station and access to the 
trash racks. 

A.7.4.3 Culverts 

Culverts will be designed to EM 1110‐2‐2902 Conduits, Culverts, and Pipes. Structural stability analysis, 
hydraulic steel structures, retaining walls, and concrete design will be designed to EM 1110‐2‐2100, 
Stability Analysis of Concrete Structures; EM 1110‐2‐2104, Strength Design for Reinforced Concrete 
Hydraulic Structures; ETL 1110‐2‐584, Design of Hydraulic Steel Structures; EM 1110‐2‐2502, Retaining and 
Flood Walls; ASCE 7‐10, Minimum Design Loads for Buildings and Other Structures; and ACI 318‐14, 
Building Code Requirements for Structural Concrete respectively. 
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Appendix A Engineering Appendix 

A.7.4.3.1 S‐729 Culvert 

The S‐729 culvert serves as the outlet for the northern portion of the Paradise Run Wetland and allows 
inflows to the WAF outlet canal. The culvert is located on the south bank of the WAF Outlet Canal. The 
culvert structure will be reinforced concrete with wingwalls, headwalls, and 6 foot square cast‐in‐place 
box culvert. A stainless steel vertical slide gate on the wetland side will regulate flow through the culvert. 
Culvert structure will feature a drainage blanket, bentonite levee core, riprap and other features typical 
of HHD rehabilitation culverts. A control building on the levee crest will house electrical components for 
the culvert. 

A.7.4.3.2 S‐730 Culvert 

The S‐730 culvert connects the WAF outlet canal to the southern portion of the Paradise Run Wetland and 
regulates the surface elevation of the wetland by drawing water from the WAF outlet canal. The culvert 
will be a reinforced concrete riser structure with a 60 inch diameter reinforced concrete pipe. A concrete 
riser structure will have a removable aluminum stop log riser to regulate the flow into the culvert. 
Concrete wingwalls on both sides of the culvert are retaining walls that extend outward from the inlet 
and outlet. Culvert structure will feature a drainage blanket, bentonite levee core, riprap and other 
features typical of HHD rehabilitation culverts. 

A.7.4.3.3 S‐732 Culvert 

The S‐732 culvert serves as the outlet for the southern portion of the Paradise Run Wetland and allows 
outflow from the southern wetland to the L‐48 canal. The culvert is located at the south end of the 
southern section of Paradise Run. The culvert structure will be reinforced concrete riser with wingwalls, 
headwalls, and 6 foot square cast‐in‐place box culvert. A concrete riser structure will have a removable 
aluminum stop log riser to regulate the flow out of the culvert. 

A.7.4.3.4 S‐736 Culvert 

The S‐736 culvert serves at the outlet for the Kissimmee River ‐ Central Wetland area into the C‐38 Canal 
via an outlet canal south of the wetland. The culvert regulates the Kissimmee River  ‐ Central Wetland 
surface elevation by releasing water once the elevation exceeds an operational height. The culvert will be 
a reinforced concrete riser structure with a 60 inch diameter reinforced concrete pipe. Concrete riser 
structure will have a removable aluminum stop log riser to regulate the flow into the culvert. Concrete 
wingwalls on both sides of the culvert are retaining walls that extend outward from the inlet andoutlet. 

A.7.5 Mechanical and Electrical Design 

The Paradise Run and Kissimmee River Center (KRC) pumping station mechanical design will be in 

accordance with Hydraulic Institute Standards, EM 1110‐2‐3102, General Principles of Pumping Station 

Design and Layout, and EM 1110‐2‐3105, Mechanical and Electrical Design of Pumping Stations. 

A.7.5.1 General Status of Completed and Non‐Executed Efforts 

During PED the mechanical and electrical calculations will be completed after survey, hydraulic design, 
and geotechnical investigations are performed. Conceptual design is developed for use for 
cost assumptions. 
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Appendix A Engineering Appendix 

A.7.5.2 Pumping Station 

The inflow pump stations for Kissimmee River Central, S‐735, and Paradise Run, S‐721, will be designed 
similarly to the K‐05 inflow pump station S‐720 described above in A.6.5.3. 

A.7.5.2.1 LPG Standby Generator and Fuel System 

A small (LPG) backup/standby generator (about 60KW) may be required for instrumentation, monitoring, 

and auxiliary equipment in the event of a power outage. An LPG fuel system with a 1,500 gallon 

underground tank will be supplied for the standby generator. The LP fuel supply will be enough for a 

minimum 7 day, 24 hour per day run time at the average fuel consumption rate. A cathodic protection 

system will be provided to protect buried metallic components, including the tank, pipe, anchors, conduit, 

etc. An LPG Stationary Tank Monitor will also be provided to transmit tank levels and provide alarms. 

Aboveground pipe will be ASTM A 53/A 53M black steel and belowground pipe shall be ASTM D 2513 

HDPE. Materials, equipment, and installation will conform to NFPA 54 and NFPA 58. 

A.7.5.3 Electrical Features 

Electric Service and Backup Generator: Electric Service will be coordinated with the local utility. 

Interior Electrical Distribution: The electrical distribution system will consist of motor control centers, 
switchboards, and panelboards. 

Interior and Exterior Lighting: Lighting will be designed to conform to IES standards and operational 
requirements. 

Wiring and Conduit: All wiring will have copper conductors. XHHW‐2 will be the insulation type for power 
conductors. The minimum wire size will be #12 AWG. Underground conduit will be PVC. Exterior conduit 
will be PVC coated RGS. Interior conduit will be RGS. 

Instrumentation and Controls: Control panels shall be UL409 certified. Control panels shall be stainless 
steel NEMA 4X. 

SCADA and Telemetry: A PLC based industrial control system with HMI panel interface will provide for 
local, automatic, and remote control of the structure. 

A.7.5.4 Gated Spillways and Culverts 

The wetlands will feature gated culvert structures S‐729 at the northern section of Paradise Run at the 
release to the outlet canal and S‐736 at the KRC release. 

A.7.5.4.1 Gated Culverts 

The culvert gates will consist of flush‐bottom, medium‐duty stainless steel slide gates per AWWA standard 
C‐561 manufacture and design. Gates will be actuated by a single rising stem driven by an electric motor‐
operated hoisting unit mounted on an operating pedestal at the top of the gate, or on the top yoke of the 
self‐contained gate frame. The actuator will also be equipped with a hand wheel to permit manual 
operation in the event of power outage. The actuator will be capable of both open/close and modulating 
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service. Integral motor controls and control accessories will be available to interface with the Remote 
Control System used by the SFWMD. The actuator should be watertight for outside operation, and 
equipped with torque and rotary limits for up and down travel. 

Gates will be fitted with gate position instrumentation mounted on the housing of the gate structure. A 
travel limit switch will be part of the actuator. The design operating speed of the gate with actuator is 6 
inches per minute (+/‐ 10%). 

Stilling wells with water level monitoring equipment will be provided on both sides of the culvert. 

Gates will be 304 stainless steel, vertical lift (flush bottom) made of materials as below: 

 Guides will be made of 304 stainless steel, designed for maximum rigidity, and will have 
high‐density polymer or neoprene fixed, replaceable seals. 

 Sliding member will be of 304 stainless steel plate reinforced with stainless steel 
members welded to the plate. 

 Seals will prevent excessive leakage. 

 Stem will be 304 or 316 stainless steel of suitable length and ample strength forthe 
intended function. 

 All parts of the gate will have a minimum thickness of ¼ inch. 

 All necessary fasteners and anchor parts will be 316 stainless steel. 

A.7.5.5 Weir 

Stilling wells with water level monitoring equipment will be provided on both sides of the weir. Power for 
the monitoring equipment will be provided by either commercial power or by solar power, depending on 
the final location of the weir. 

A.7.5.6 Telemetry 

Each spillway or culvert site that requires remote automation will be equipped with an RTU compatible 
with the existing SFWMD telemetry system. RTU software will be in accordance with the SFWMD standard 
load set. The construction plans will contain plans for a fully functioning telemetry system capable of 
connecting to and communicating with the SFWMD existing system. Additional coordination during the 
development of plans and specifications will finalize the telemetry requirements. 

A.8 Aquifer Storage and Recovery Wells 

The following sections describe ASR wells. 

A.8.1 Civil ‐ Site Design 

Features identified in the Recommended Plan will be designed to the level of detail necessary to provide 
cost estimates. Best professional judgment as well as previous project design knowledge for ASR projects 
were used during plan formulation alternative development and design efforts. 
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Components of the ASR systems will be identified and sized appropriately according to available data, 
historic information, and best engineering judgment. All project components will be optimized during PED 
phase for cost efficiency and performance, incorporating updated data and information as it becomes 
available. The location of the WAF‐assisted ASRs may change from those shown on the plates in Annex 
C‐1 based on geological and pumping data developed during PED and well development. 

A.8.1.1 General Status of Completed and Non‐Executed Efforts 

The following civil site project efforts were not initiated during the feasibility phase: 

 Evaluation of alignments 

 Site grading 

 Aesthetics 

 Relocation of facilities 

 Required improvements on lands to enable proper construction of components anddisposal 
of material 

 Identification of methods for accomplishing relocations to include appropriate lands 

Design‐level analyses will be performed during PED. 

A.8.1.2 Surveying Mapping Geospatial data 

During PED phase site‐specific surveys of the ASR well and surface facilities will be completed for each 
location. Survey data has been generated using airborne LiDAR. The LiDAR data was not collected in 
relation to this planning project but is of sufficient detail in the project area to be used for planning 
purposes. Elevations will be shown in 0.1’ (tenths of feet) and refer to the North American Vertical Datum 
of 1988 (NAVD88). Plan coordinates are based on the North American Datum of 1983 (NAD83), Florida 
State Plane Coordinate System for the Florida east zone in U.S. feet. It is anticipated that the LIDAR data 
will be used more extensively in future design efforts. However, the LiDAR data is not of sufficient accuracy 
for final design of ASR sites. The vertical accuracy is of the LiDAR data set is 0.690 U.S. Survey Foot root 
mean square error. The expected horizontal accuracy of the equipment used at the height of flight is 1.50 
feet. During PED for the WAF, conventional land surveys will be conducted as appropriate for each ASR 
wellfield location. 

A.8.1.3 Access 

The ASR locations have not been identified except in broad areas as shown in Section 6, “Recommended 
Plan.” There are 13 tentative locations for ASR wellfields. Access to ASRs on the C‐40 and C‐41 canals will 
be via the HHD crest road adjacent to the southern ends of each canal. Access to ASRs on the C‐38 North 
Field and South Field will be via the HHD crest road adjacent to C‐38. Access to ASRs on the L‐63N will be 
via the L‐63N levee crest road. Access to ASRs on Taylor Creek will be via the Taylor Creek levee crest road. 
Access to ASRs on Nubbin Slough will be via the Nubbin Slough crest road. Access to ASRs on L‐64 will be 
via the L‐64 crest road. 
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A.8.1.4 Material Balance and Disposal 

Minimal volumes of materials are created or require disposal during construction of an ASR system. 
Sediment volumes created during well construction generally are small enough to be graded on site. 
Groundwater produced during well construction activities will be disposed of on site. Some materials may 
be required to improve surface facility foundations and small berms associated with the surface facility. 

A.8.1.5 Utility Relocations 

No utility relocations are anticipated for ASR sites, although some sites once selected may have minor 
relocations. A utility survey will be conducted during PED to identify any conflicts due to existing buried 
water, sewer, electrical, or natural gas mains. 

A.8.2 Geotechnical Design 

The features presented herein represent elements of the Recommended Plan. Due to a limited amount 
of geotechnical data available, most of the current geotechnical design is based on assumptions about the 
subsurface conditions that will be encountered during construction. Preliminary or tentative design 
parameters and conditions presented below will need to be validated with site‐specific subsurface 
exploration which will be one of the first orders of work during PED. 

Enough construction has occurred over the years in South Florida and although the individual site 
conditions and the geotechnical design parameters associated with them may vary substantially, 
construction methods and practices used represent the general configurations that have performed 
satisfactorily in this region. 

A.8.2.1 General Status of Completed and Non‐Executed Efforts 

The geotechnical exploration program for the ASR portion of the project has not yet been fully developed. 
An exploration program will be developed during PED. 

A.8.2.1.1 Summary of additional geotechnical exploration for all ASR surface facility structures 

The surface water intake and recovered water outfall structures will be constructed, in part, below the 
groundwater table. Therefore, geotechnical explorations need to encompass dewatering features in 
addition to data required for facilities constructed at ground level. Each structure will receive a minimum 
of two core borings consisting of standard split spoon sampling and auger drilling in soil and rock core 
barrel drilling in rock. At least one boring will be deep enough to identify suitable bearing layers for deep 
foundations and establish the hydrogeological properties of underlying strata for modeling purposes. 

Undisturbed Shelby tube samples will be obtained for cohesive materials encountered during drilling. 
Laboratory index tests for soil and rock will be performed on samples obtained from the drilling. Waxed 
rock core samples will be obtained to determine the rock strength and density parameters. Companion 
borings will be drilled alongside the core borings to conduct field hydraulic tests of the underlying strata. 
Laboratory tests will also be performed on remolded samples to determine the vertical permeability of 
soils. In place field hydraulic tests will include specific capacity, constant head recharge and possibly 
slug tests. 
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A.8.2.1.2 Summary of additional geotechnical exploration for ASR embankments and canals 

Generally, low crest embankments, if required at an ASR surface facility, are needed only to surround 
small volume water management ponds adjacent to the surface facility. Embankment foundation 
characterization is completed with a minimum number of core borings at the crest at a tentative spacing 
of 1,000 feet. These borings will consist of standard split spoon sampling and auger drilling in soil and rock 
core barrel drilling in rock. Borings will be deep enough to identify soft layers in the foundation and 
establish the hydrogeological properties of underlying strata for modeling purposes. Undisturbed Shelby 
tube samples will be obtained for cohesive materials encountered during drilling. Laboratory index tests 
for soil and rock will be performed on samples obtained from the drilling. Waxed rock core samples will 
be obtained to determine the rock strength parameters. A few companion borings will be drilled alongside 
the core borings to conduct field hydraulic tests of the underlying strata for seepage characterization. 
Laboratory tests will also be performed as needed on remolded samples to determine the vertical 
permeability of soils. In place field hydraulic tests will include specific capacity, constant head recharge 
and possibly slug tests. 

A full‐scale pumping test with monitoring wells is recommended to be performed to establish the overall 
transmissivity of the subsurface. Areas of canal excavation widening and deepening will be explored with 
test pits. Samples will be taken of excavated material for index testing as excavated material will become 
fill for other features of this project. Rip ability tests will be conducted in conjunction with the test pit 
exploration. Sporadic shallow core borings will be drilled in the canal area to the depth of the canal to 
obtain rock samples for unconfined compression testing. Geophysical testing may be used to identify and 
map solution cavities in the WAF footprint and within the dike alignment. A test fill for embankment 
construction feasibility in the wet and a breakdown analysis of excavated limestone and soil after 
compaction will also be evaluated during the exploration program. Rock core samples may be mapped by 
digital photography to stochastically estimate porosity, permeability, and filtration characteristics of 
limestone layers. 

A.8.2.1.3 Summary of additional geotechnical exploration for ASR Hydrology 

Additional deep exploratory boreholes will be required to supplement hydrologic data in the Floridan 
Aquifer System acquired previously at the Brighton Reservation (Missimer Groundwater Science, 2007), 
Paradise Run (CH2MHill, 2008), and the Kissimmee River ASR System (USACE, 2013). Exploratory 
boreholes are needed to characterize hydrologic conditions of aquifers and confining units, particularly 
on the western portion of the project area. 

A.8.2.2 Soils 

Site‐specific locations for ASR systems have not yet been identified. Soils characteristics for foundations 
will be made when ASR system locations are identified. 

A.8.2.3 Geology 

Hydrogeologic characterization of deeper subsurface units identified in A.6.2.3 is critical to determine 
site‐specific ASR feasibility. Aquifer performance tests (APT) were conducted at exploratory boreholes at 
Brighton Reservation, Paradise Run, and Kissimmee River ASR (KRASR) Pilot project sites. Transmissivity 
values calculated from APTs in the Upper Floridan Aquifer are 11,200 feet squared per day (Brighton 
Reservation, 640 to 1216 feet bls), 36,765 feet squared per day (562 to 875 feet, KRASR), and 3,000 feet 
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squared per day (560 to 880 feet, Paradise Run). Transmissivity increases substantially when the Avon 
Park Permeable Zone is encountered at Brighton Reservation and Paradise Run locations. Transmissivity 
values above 20,000 feet squared per day are suitable for ASR storage zones in this area. Complete aquifer 
performance testing of the Upper Floridan Aquifer and the Avon Park Permeable Zone will be conducted 
at locations where ASR systems will be designed and constructed. 

A.8.2.4 HTRW 

The USACE‐SAJ HTRW personnel will work with the SFWMD to identify and review available 
environmental assessments and documentation associated with the parcels contained within the 
footprint of the LOWRP Recommended Plan ASR elements once those locations are decided. 

At a minimum and regardless of previous environmental investigations, a desktop screening‐level 
environmental site assessment should be conducted for each parcel to provide additional budgetary and 
screening information to help refine and confirm alternative selection decision making. 

For parcels that are not screened out, a Phase I environmental site assessment should be completed prior 
to acquisition to ensure the identification and resolution of any HTRW sites prior to projectconstruction. 

The USACE will review the HTRW condition of the affected parcels and ensure that the proper due 
diligence is performed in accordance with ER 1165‐2‐132 prior to certifying lands for construction. Should 
remediation of HTRW contamination be required, it is the responsibility of the SFWMD, the non‐federal 
sponsor and is not a creditable cost to the project. 

A.8.3 Structural Design 

The following sections describe the structural design. 

A.8.3.1 General Status of Completed and Non‐Executed Efforts 

Structural design of the ASR wellhead structure will be completed during PED. During PED the structural 
calculations will be completed after survey and geotechnical investigations are performed. The structural 
design will conform to the appropriate Engineering Manuals (EM), Engineering Regulations (ER), or Design 
Criteria Memoranda (DCM). 

A.8.3.2 Wellhead Structure 

The wellhead structure will be sized based on the design requirements for each ASR wellhead. A precast 
concrete intake structure will be located in the water near the ASR station. The structure will house a 
vertical turbine pump mounted on top of the working platform. A sluice gate controls the flow of water 
into the intake structure from an intake screen outside of the intake structure. Steel structural framing 
inside the concrete structure support the working surface and turbine pump. Each ASR system will have 
precast concrete buildings for the electrical equipment and personnel on site. A reinforced concrete slab 
on grade will support mechanical and electrical systems for the ASR. Further design information will be 
determined during PED. 
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A.8.4 Mechanical and Electrical Design 

The pumping station mechanical design will be in accordance with applicable mechanical and electrical 
standards. The work includes construction of a nominal 5 million gallons per day (mgd) surface water 
withdrawal facility for injecting surface water from the locations to be decided into Aquifer Storage and 
Recovery (ASR) wells; and recovery and discharge of ground water from the ASR well back to the surface 
water body from which it was originally taken. The work includes the following major components: raw 
water intake screen; raw water pump station; pressure filter; backwash equalization pond; backwash 
solids pond; backwash decant pump station; in‐line UV disinfection system; ASR well recovery pump; 
cascade aerator; yard piping; pre‐fabricated operations building; site electrical work; and incidental 
related work. 

A.8.4.1 General Status of Completed and Non‐Executed Efforts 

During PED the mechanical and electrical calculations will be completed after survey, hydraulic design, 
and geotechnical investigations are performed. Conceptual design is developed for use for cost 
assumptions. 

A.8.4.2 Electrical Features 

Electric Service: Electric Service will be coordinated with the local utility. 

Interior Electrical Distribution: The electrical distribution system will consist of motor control centers, 
switchboards, and panelboards. 

Interior and Exterior Lighting: Lighting will be designed to conform to IES standards and operational 
requirements. 

Wiring and Conduit: All wiring will have copper conductors. XHHW‐2 will be the insulation type for power 
conductors. The minimum wire size will be #12 AWG. Underground conduit will be PVC. Exterior conduit 
will be PVC coated RGS. Interior conduit will be RGS. 

Instrumentation and Controls: Control panels will be UL409 certified. Control panels will be stainless steel 
NEMA 4X. 

SCADA and Telemetry: A PLC based industrial control system with HMI panel interface will provide for 
local, automatic, and remote control of the structure. 

A.8.4.3 Telemetry 

Each ASR site that requires remote automation will be equipped with an RTU compatible with the existing 
SFWMD telemetry system. RTU software will be in accordance with the SFWMD standard load set. The 
construction plans will contain plans for a fully functioning telemetry system capable of connecting to and 
communicating with the SFWMD existing system. Additional coordination during the development of 
plans and specifications will finalize the telemetry requirements. 
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A.9 Hydrologic Modeling 

The following sections describe the hydrologic modeling for the project. Detailed information about the 
hydrology of the project can be found in Annex A‐2 Hydrologic Modeling of this Appendix. 

A.9.1 Modeling Strategy and Tools 

The primary application of models in the LOWRP is for the assessment of regional‐level hydrologic 

planning to identify Recommended Plan that achieves the goals and objectives of the study. More detailed 

models will be applied to address specific questions related to hydraulic and water quality constraints 

during PED phase. The LOWRP modeling tools were jointly selected by the USACE‐SAJ and SFWMD in 

August 2016. This selection was based on the models’ collective capability to adequately characterize the 

hydrologic response of the south Florida system within the LOWRP project area in a timelymanner. 

The following models were identified and used at different phases of the evaluation: 

1. Preliminary Screening ‐ The Reservoir Sizing and Operations Screening (RESOPS)model 
was used to conduct the preliminary screening assessments for Lake Okeechobee, the 
Northern Estuaries, and the conceptual sizes of the proposed aboveground storage 
configurations. 

2. Evaluation of Alternatives 

a. Baselines – The Regional Simulation Model Basins (RSM‐BN) was used to 
provide an Existing and Future without Project Conditions representation ofthe 
LOWRP project area. 

b. Focus Array – The Regional Simulation Model Basins (RSM‐BN) was utilized 
during all three rounds of alternatives evaluation. The Watershed Assessment 
Model (WAM) was used to estimate the water availability along main canalsas 
well as in proposed wetland areas. 

3. Optimization – during this stage the Recommended Plan has been refined to achievea 
greater efficiency in both performance and cost. If any operational adjustments are 
made to enhance efficiency, the RSM‐BN model will be re‐run to account for these 
adjustments. Project assurances (saving clause, water made available and flood 
protection) and Sea Level Change (SLC) are also analyzed in this phase. 

It is expected that higher resolution hydrologic and hydraulic modeling tools will be required to further 
analyze localized and possibly regional‐scale effects of specific components of the LOWRP Recommended 
Plan, with the scope of these analyses further identified during the PED phase of the project. The 
Hydrologic Engineering Center River Analysis System (HEC‐RAS) will be used as needed to address 
hydraulic design considerations as potential canal conveyance and structural modifications of the 
Recommended Plan during PED. 

A.9.1.1 Overview of USACE Model Validation Process and LOWRP Approach 

There are several processes and requirements set within the Corps while pursuing USACE model 
certification. In Engineering Division, models used by the Water Resources Engineering Branch fall under 
the Hydrology, Hydraulics, and Coastal Community of Practice (HH&C CoP) for model validation. The 
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HH&C CoP process establishes that both the District and Division need to recommend the software for 
evaluation. The recommendation should state whether the software will be used nationally, regionally, or 
locally, and should include why the software is needed, an explanation as to what it does and how it does 
it, why any of the other corporate software already on the list does not meet the needs, who within the 
Corps has knowledge of this software, what type of peer review has it received, what Area of Expertise 
(AoE) software list should it be included with, and what documentation, training and support can be 
found. The goal of the Science and Engineering Technology (SET) initiative is to manage the number of 
pieces of software so the Corps does not have to support multiple pieces of software that do roughly the 
same thing. The USACE should use “well‐known and proven” software unless a new piece of software 
does something one of the “validated” pieces of software does not. It is important to mention that the 
HH&C CoP cautions the user that the Agency Technical Review (ATR) must include a much more thorough 
review of those models that have not been pre‐validated. This thorough review should look at the inner 
workings of the model, as the basic assumptions, equations, and output used or created. An Independent 
External Peer Review (IEPR) could also be required to ensure the piece of software is implemented 
successfully. The Project Review Plan reflects and details technical requirements for individuals reviewing 
these tools. 

In the case of LOWRP, all tools selected for analysis would require ATR to ensure the software is 
implemented correctly. The model classification status for all models in LOWRP can be found in Table A‐9. 

The Regional Simulation Model Basins (RSM‐BN) was reviewed through the Hydrology, Hydraulics, and 
Coastal Community of Practice (HH&C CoP) validation process for engineering software, as part of the 
Central Everglades Planning Project (CEPP) project in 2012. 

The Watershed Assessment Model (WAM) is the only tool used during the LOWRP evaluation of 
alternatives that was not classified as “allowed for use” for South Florida Applications. For this reason, a 
package based on USACE guidance (ES‐0801: June 2011) regarding software validation for the Hydrology, 
Hydraulics, and Coastal Community of Practice (HH&C CoP) was submitted for review. The validation of 
this tool was obtained in August 2018. The use of WAM has been noted as “Allowed for Use” by the HH&C 
Executive Advisory Committee. The Committee approved WAM for one time use and use only on LOWRP. 
If the Jacksonville District determines that WAM is needed to be used on another project, the district will 
be required to submit a new software validation request and WAM will have to undergo review for all 
functional areas of the model including groundwater, water quality, reservoir operations, surface water 
hydrology, and river hydraulics. 

The Hydrologic Engineering Center River Analysis System (HEC‐RAS), developed by the USACE HEC, has 
been previously reviewed and classified as a “CoP Preferred” in the hydraulic design and river hydraulics 
modeling tool category. The expectation is to use HEC‐RAS as needed for hydraulic design during PED. 

Spreadsheet models are not subject to the validation process. Spreadsheet modeling tools were reviewed 
on September 2017 during Agency Technical Review (ATR). 

Table A‐9. Model classification status for LOWRP models. 

Name Brief Description of the Model & How It Will Be Applied in the Study Approval Status 

Preliminary Screening 

RESOPS REservoir Sizing and Operations Screening (RESOPS) is a coarse‐scale water 
management simulation spreadsheet model that was developed to quickly test 

HH&C CoP 
Validation Status: 
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Name Brief Description of the Model & How It Will Be Applied in the Study Approval Status 
alternative aboveground storage sizes and system operating rules for the region 
surrounding and including Lake Okeechobee. RESOPS performs monthly time‐
step, 41‐year (1965‐2005) continuous simulations of the hydrology and 
operations of south Florida’s regional water management system and the 
interaction with proposed aboveground storage and wetland treatment area 
features and generates a wide variety of graphical and statistical summary 
measures of performance that can be used to compare up to four test scenarios. 

Not applicable 

Evaluation of Alternatives 

RSM‐BN The Regional Simulation Model ‐ Basins (RSM‐BN) is a link‐node based model 
designed to simulate the transfer of water from a pre‐defined set of watersheds, 
lakes, reservoirs or any “'waterbody” that either receives or transmits water to 
another adjacent waterbody. The RSM‐BN uses the same source code as the 
mesh‐based RSM, which includes the RSMGL regional model. The model 
assumes that water in each waterbody is held in level pools. The model domain 
covers Lake Okeechobee and four major watersheds: Kissimmee, Lake 
Okeechobee, St. Lucie River, Caloosahatchee River and the Everglades 
Agricultural Area. The model provides a realistic representation of wet/dry 
cycles within the project area by utilizing a 41‐year period of record (1965‐
2001). 

HH&C CoP 
Validation Status: 
Approved for Use 
for South Florida 
applications since 
2012 

WAM Watershed Assessment Model (WAM) was developed by Soil and Water 
Engineering Technology, Inc. It is a GIS based model that simulates hydrology 
responses within a watershed. WAM can be used to perform hydrological 
analysis that simulate flows for existing land uses, soils, and land management 
practices; analyze hydrological impacts on streams and lakes, and view and 
analyze the simulated flow and concentrations for source cells and stream 
reaches. 

HH&C CoP 
Validation Status: 
Approved for One 
Time Use in 2018 
for LOWRP only 
by the HH&C CoP 

PED 

HEC‐RAS The Hydrologic Engineering Center’s River Analysis System (HEC‐RAS) program 
provides the capability to perform one‐dimensional steady and unsteady flow 
river hydraulics calculations. The most recent release of HEC‐RAS (version 5.0.4) 
includes capabilities that allow the model to apply complex operation of gated 
structures and pump stations. Such operations can change in time or water level 
conditions anywhere in the system. A new feature in HEC‐RAS will allow the 1‐
dimensional channel flow to interact with 2‐dimensional floodplain flow 
allowing for more accurate floodplain mapping. In areas where the interaction 
of open channel flow and aquifer groundwater needs to be explicitly modeled, a 
new integrated tool based on the original HEC‐RAS and MODFLOW models can 
now be used to accurately simulate the aquifer/canal flow exchange. 

HH&C CoP 
Validation Status: 

Preferred Model 

A.9.2 Phases of the Evaluation in Lake Okeechobee Watershed Restoration Projects 

Modeling support for LOWRP focused on working with the larger project planning team and other 
interested parties to formulate and test project features leading to the ultimate identification and 
refinement of the Recommended Plan. Modeling products were developed at the appropriate level of 
detail to support feature screening and detailed representation of project features and to provide 
information to all necessary evaluations required for plan development and documentation in the Project 
Implementation Report (PIR). The phases are 1) preliminary screening; 2) baseline modeling and initial 
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array of alternatives; 3) focused array of alternatives; and 4) optimization. The report also includes a 
snapshot of the expectations of the project during PED. 

A.9.2.1 Preliminary Screening 

LOWRP can facilitate improved flexibility in the timing and distribution of water in the Lake Okeechobee 
watershed to the Northern Estuaries, and throughout the Lake Okeechobee watershed by creating 
additional water storage north of the lake. Water can be stored during wet times to reduce high lake 
stages and later be released into the lake to reduce the impacts of low stages during dry times. In order 
to do so, an array of alternatives, including combinations of aboveground storage and ASR systems, was 
initially evaluated to understand the system response. All this preliminary assessment was required in a 
short period of time, leaving the REservoir Sizing and OPerations Screening (RESOPS) tool as the best 
option for this preliminary screening evaluation. 

A.9.2.1.1 Modeling Tools Overview: Reservoir Sizing and Operations Screening 

The RESOPS Model is a coarse‐scale water management simulation model that was developed to quickly 
test the performance of alternative configurations which can provide guidance for more‐detailed 
modeling. RESOPS is a spreadsheet‐based screening model built using Microsoft® Excel 2003. It performs 
monthly time‐step, 41‐year (1965‐2005) continuous simulations of the hydrology and operations of south 
Florida’s regional water management system and the interaction with proposed aboveground storage and 
wetland treatment area features. Within one second, the RESOPS Model executes a simulation and 
automatically produces a wide variety of graphical and statistical summary measures of performance that 
can be used to compare up to four test scenarios. The model also contains an optimization routine that 
enables selection of superior operating rules for Lake Okeechobee. Performance summary graphics are 
another useful feature which facilitates the comparison of multiple simulations. Much of the basic input 
data to RESOPS is provided by the detailed regional simulation models, specifically the SFWMM. Although 
the RESOPS Model simulates flows to Lake Okeechobee, it does not simulate the complexity of the spatial 
distribution of flows and stages within the Everglades. 

In the case of the LOWRP, the RESOPS Model was used to quickly analyze multiple alternative 
aboveground storage sizes and system operating rules for the surrounding region while including 
interaction with the Lake Okeechobee watershed. Such a hierarchical process can allow the detailed 
models to focus on a smaller number of more‐promising alternative plans. See Figure A‐15 for a simplified 
RESOPS Model Schematic Representation of Study Area. Additional information and a detailed schematic 
for RESOPS can be found in Annex A‐2 Hydrologic Modeling, Reference 1 – LOWRP Modeling Strategy. 
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Figure A‐15. Simplified RESOPS model schematic representation of study area. 

A.9.2.1.2 Initial Array of Alternatives 

Through the Plan Formulation process, the PDT identified conceptual locations for aboveground storage 
taking in consideration water source, public ownership, co‐location opportunities with other management 
measures and cost per acre‐foot of storage as estimated by a parametric cost‐estimating tool for project‐
specific ranking of initial alternatives. This information led the team to aboveground storage ranging from 
0 to 350,000 acre‐feet and ASR wells ranging from 0 to 120. An aboveground storage size of 0 and ASR 
number of 0 was used in the model to represent the FWO condition. See Figure A‐16 and FigureA‐17. 

A.9.2.1.2.1 Results 

RESOPS was then used to perform an optimization analysis in order to estimate the best combination of 
aboveground storage and ASR storage capacity that could meet the project goal and objectives. RESOPS 
has the ability to predict the response of water deliveries, timing of flow, Lake Okeechobee stages, 
potential ecological improvements, and reduction in releases to the northern estuaries within the system. 
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Figure A‐16. Caloosahatchee Estuary high‐release improvements with aboveground and ASR storage. 

Figure A‐17. St. Lucie Estuary high‐release improvements with aboveground and ASR storage. 
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Improvements in lower Lake Okeechobee stages are more apparent with the addition of 40 to 120 ASR 
wells to aboveground storage, while higher lake stages are less sensitive to storage north of the lake due 
to the large volume of water associated with high stage events. Therefore, the initial minimum 
aboveground storage target for was set for 150,000 acre‐feet based on RESOPS modeling results, while 
the maximum storage target was initially set at 350,000 acre‐feet based on cost considerations. The ASR 
range was set at 40 to 120 wells to complement various aboveground storage ranges based on results 
from the ASR Regional Study and initial RESOPS results (see Figure A‐18). Stage envelope standard scores 
measure the departure of the lake stage from the LORS defined upper and lower lake stage limits. Higher 
score means fewer departures and better in‐Lake habitat and ecology. Improved lower standard score 
identifies a potential benefit in lake ecology and/or more water volume that could be available for other 
projects. Results shows that combination of an aboveground storage feature of 200,000 acre‐feet to 
350,000 acre‐feet and 80‐120 ASRs could provide more benefits to the lake. 

Figure A‐18. Lake Okeechobee standard score for lake stage envelope with aboveground storage and 
ASR wells. 

A.9.2.2 Evaluation of Baseline Conditions and Alternatives 

This section provides a summary description of the results of the existing and future without project 
conditions within the study area. Detailed documentation of existing and future without project 
conditions is further provided in Annex A‐3, Modeling Documentation. A summary of such assumptions 
can be found in Section A.9.2.2.2. Baselines are necessary to identify the changes between the existing 
conditions and the future without project. Information gained from the alternatives evaluations were 
compared among the baselines until the best plan that fits the project objectives and criteria was selected. 
In order to reach the best plan, several steps were required. These steps are described in the subsequent 
sections. 
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A.9.2.2.1 Modeling Tools Overview: Regional Simulation Model (RSM) and RSM for Basins (RSM‐BN) 

South Florida is a unique environment requiring specialized models to simulate regional operations. South 
Florida has a complex regional hydrologic system that includes thousands of miles of primary and 
secondary networked canals, nearly 300 man‐made flow‐regulation structures, thousands of square miles 
of nearly flat terrain much of which are wetlands, and permeable surficial soils that enhance groundwater‐
surface water interactions. Hydrologic and hydraulic analyses of this complex system require a 
computational model that can run quickly, offer flexibility, and generate output that can be clearly 
interpreted. Because of the region’s highly variable hydrology (extreme rain events and periods of 
extended droughts), it is imperative that models be capable of running regional simulations of decades 
covering wet, dry and average rainfall conditions. Finally, land use changes and water demands for this 
extended period of time requires the user to easily modify input data sets, as well as an ability to use 
generalized data sets to optimize performance. 

The Regional Simulation Model (RSM) was developed by the SFWMD to overcome these limitations, 
beginning in 1994. RSM provides the computational framework for developing more complete and 
numerically sound integrated surface water and groundwater models where both components receive 
equal attention. The RSM was developed to eventually replace the SFWMD South Florida Water 
Management Model (SFWMM) for simulating the water management in the Central and Southern Florida 
Flood Control Project (C&SF Project). Additionally, the RSM tool has been cross‐validated with the South 
Florida Water Management Model (SFWMM, V5.5) and both have shown reliable history matching with 
respect to the water stages in Lake Okeechobee for long periods of records (greater than 10 years). Figure 
A‐19 represents the performance of the SFWMM V7.0 (a.k.a. 2x2) and the historical data for Lake 
Okeechobee. The schematic shows the calibration period (1991‐2001), and two verification periods (’84‐
90, ’06‐10) that were used during the calibration/verification process of the SFWMM V7.0. In the 
calibration period the SFWMM matches the historical lake stages within 0.5 feet. The RSM simulates the 
hydrology and water management of the South Florida region, providing modeling support to regional 
restoration, flood control, and water supply planning efforts. The RSM is an implicit, finite‐volume, 
continuous, distributed, and integrated surface‐water and ground water model. The RSM can be 
configured as a link‐node base model (RSM‐BN) or a mesh base model (RSM‐GL). Although RSM is 
principally applied for irregular triangular mesh models, it can be used as a node‐link model when 
implemented in a study area that can be conceptualized as pre‐defined waterbody that will transmit or 
receive water to another adjacent waterbody held in level pools as in the case of the LOWRP study area. 
In addition, due to the location of this project and the RSM model domain, the LOWRP modeling efforts 
were focused within the boundaries of the RSM‐BN. The RSM‐GL piece of the RSM program was not run. 

The RSM‐BN model domain (Figure A‐20) covers Lake Okeechobee, the EAA, and three major watersheds: 
the Kissimmee, the St. Lucie River, and the Caloosahatchee River. The link‐node based model is designed 
to simulate the transfer of water from a pre‐defined set of watersheds, lakes, reservoirs or any 
”waterbody” that either receives or transmits water to another adjacent waterbody. The model assumes 
that water in each waterbody is held in level pools. The model domain covers Lake Okeechobee and five 
major watersheds; Kissimmee River, Lake Okeechobee, St. Lucie River, Caloosahatchee River, and the 
Everglades Agricultural Area. The watersheds are further divided into sub‐watersheds until fundamental 
waterbodies can be considered as separate model nodes. Individual operating rules are encapsulated into 
the model which define how water is moved between two nodes. Taken together, the set of management 
rules define the linkage of all nodes within the model domain. As a result, RSM produces complete water 
budgets. It is important to mention that the RSM‐BN model was used by the SFWMD to support the 
SFWMD River of Grass (ROG) planning effort (2008‐2009) and the SFWMD northern Everglades planning 
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process, and the model was well‐received by the public stakeholders. Also, it has been key to support 
alternative plan formulations for the CERP. 

Figure A‐19. SFWMM calibration results compared to historical data for Lake Okeechobee. 

As part of CERP, in 2012, RSM (RSM‐BN and RSM‐GL) was used to model CEPP. The Lake Okeechobee 
stages simulated with RSM‐BN during CEPP were well‐matched with the results of the SFWWM for the 
same period of record between 1965 and 2005. This is demonstrated in Figure 21 and 22. The RSM‐BN 
model runs for CEPP were the foundation for the LOWRP baselines. Flows to the Everglades Protection 
Areas (i.e., across the Red Line) in the FWOLOW are representative of the CEPP implementation and all 
alternatives considered in the LOWRP study are subjected to this constraint. Thus, in all alternatives 
considered in the Final Array, flows across the Red Line were similar to CEPP, both in timing and 
magnitude. This was evaluated by computing annual and seasonal (wet/dry) water budgets and 
comparing those to the CEPP flows. A one percent difference in the annual average flows in the 
alternatives relative to the CEPP flows is an acceptable tolerance for a regional model such as the RSMBN. 
However, flows to the Everglades Protection Areas (i.e., across the Red Line) in the ECBLOW are not 
representative of CEPP ECB due to the changes in modeling assumptions between 2012 and 2016 as 
described in the subsequent section A.9.2.2.2 Baseline Condition Modeling. Prior to CEPP, the RSM 
model has been used to develop sub‐regional models to support modeling evaluations for both SFWMD 
projects and USACE/SFWMD projects such as; CERP WCA‐3A Decomp (USACE/SFWMD), CERP Biscayne 
Bay Coastal Wetlands (SFWMD only), Lake Okeechobee Watershed Construction Project (SFWMD only), 
and the Caloosahatchee River Watershed Protection Plan (SFWMD only). The RSM‐BN model is an 
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effective tool in comparing the relative performance of the proposed alternatives, compared to the 
Existing and Future Without Project Conditions, as presented in previous efforts such as the Central 
Everglades Planning Project, The River of Grass, and the Northern Everglades Study; and based on 
feedback received throughout multiple peer reviews. In this and other efforts, the RSMBN model has 
shown sensitivity to inflows to Lake Okeechobee, climate indicators, operating rules, and many other 
model parameters that play a major role in the management decision of the lake. The following RSM sub‐
regional model applications had been previously developed and applied: Biscayne Bay Coastal 
Wetlands/C‐111, Glades and Lower East Coast Service Areas (Glades‐LECSA, or RSM‐GL), and Northern 
Everglades (NERSM) models. Limitations of the RSM‐BN model are consistent with limitations previously 
documented for the precursor Northern Everglades Regional Simulation Model (NERSM): 

 A formal model calibration was not conducted for the NERSM or RSM‐BN models; the original 
NERSM application, for the SFWMD Lake Okeechobee Watershed Construction Project, 
conducted a simplified model validation through comparison of NERSM results with current 
base and future base simulations represented with the SFWMM and Upper Kissimmee Model 
(UKISS). 

 More advanced capabilities of RSM such as 1‐dimensional canal flow routing and 2‐dimensional 
overland flow/groundwater flow calculations were not used in RSM‐BN. Groundwaterhydrology 
is not explicitly represented within the RSM‐BN. 

 Within an RSM node‐link model, the following framework applies: each node represents a 
waterbody (hydrologic basin, lake, reservoir, STA, etc.); each link acts like a conduit only, with no 
hydrologic/hydraulic simulation for the links; and individual operating and management rules at 
each structure define the linkage of all nodes within the modeling domain (hydrologic processes 
are simulated for each node at varying complexities). 

 The RSM‐BN model domain includes a simplified model representation of canals such as L‐4, L‐5, 
and L‐6 as well as Storm Treatment Areas such as STA‐2, STA‐3/4, and STA‐5/6. 

 Water is routed through storage features assuming a level pool with negligible slope in the 
water surface. The assumption is valid as long as the volume entering a storage featureduring 
the 1‐day time step is small relative to the volume of water in storage. Sloped water surfaces 
can be simulated as an option within the RSM‐BN (for example, for representation of the 
Kissimmee River flood plain). 

 The model simulates the management of the system according to a set of operational criteria 
referred to as management rules. These rules are expressed in regulation schedules, gate 
operation criteria, and established rules governing the operation of the structures. It isassumed 
that the management rules prescribed for the various simulation scenarios are reasonable for 
the variety of hydrologic conditions represented by the period of simulation. 

 A daily time step is assumed to be adequate for planning purposes and the evaluation of RSM‐
BN performance measures. Most measures are expressed in terms of annual, monthly, and 
weekly statistics. 

 Historical flow patterns from the adjacent sub‐watersheds contributing into Lake Okeechobee 
are assumed to be preserved while simulating management measures. Rainfall‐runoff 
relationships and drainage/routing characteristics within a sub‐watershed are assumed not to 
change from before to after management measures are operational. 
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 LOWRP Model Domain is located within the green area shown in Figure A‐20, north of Lake 
Okeechobee. It is assumed that a change in management rules in the RSM‐BN north of thelake 
due to LOWRP will not change the historical hydrologic variables input into the sub‐watershed. 
Flows delivered south of the lake were constrained and unchanged for LOWRP in all of the 
LOWRP alternatives, while inflows and releases to the estuaries varied depending on the 
simulation. 

 Other than the footprint associated with management measures considered in the future base 
and alternative scenarios, it is assumed that there are no other changes in land use or land cover 
within the RSM‐BN for the LOWRP application. Variable land uses can be assumed in the EAA 
and Kissimmee River watershed domains of the RSM‐BN via model input pre‐processing. 

 The lower Kissimmee River and floodplain between consecutive water control structures is 
assumed to be hydrologically similar to a level‐pool reservoir with a unique stage‐volume 
relationship. Lock operations were not simulated. 

Figure A‐20. RSM‐BN schematic showing model spatial extent. 

Based on the LOWRP objectives, the planning technical team assessed the model through a series of 
hydrologic performance measures that ensured the selected plan meet the project benefits. Other input 
and factors are also gathered via expert collaboration. The screening criteria are a mix of quantitative and 
non‐quantitative factors. Together, the screening results, accounts analyses, model outputs, and expert 
input gathered via collaboration lead to the TSP selection. In this holistic approach to TSP selection, which 
is USACE protocol, the model outputs are an indicator of where lift may occur. Refer to subsequent 
Section A.9.2.3.2 for Summary of Results and Section 4 Evaluation of Alternatives from the main report 
for more detail about the performance of the alternatives. 
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Figure A‐21. SFWMM and CEPP RSM‐BN stage hydrographs comparison for Lake Okeechobee. 

Figure A‐22. SFWMM and CEPP RSM‐BN stage duration curves comparison for Lake Okeechobee. 
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A.9.2.2.1.1 Modeling Tools Overview: Watershed Assessment Model 

The Watershed Assessment Model (WAM) was developed by Soil and Water Engineering Technology, Inc. 
It is a GIS based model that simulates hydrology responses within a watershed. WAM can be used to 
perform hydrological analyses that simulate flows for existing land uses, soils, and land management 
practices; analyze hydrological impacts on streams and lakes; and view and analyze the simulated flow 
and concentrations for source cells and stream reaches. This modeling tool is currently approved for use 
by Jacksonville District for LOWRP only by the HH&C CoP since 2018. 

This tool was used to better understand the existing water availability near the proposed wetland areas. 
Refer to Annex 2 Hydrological Modeling, Section 1.3.4.1 and Reference 1 – LOWRP Modeling Strategy for 
more information about the model and model results. 

A.9.2.2.2 Baseline Condition Modeling 

This section describes the assumptions, model implementation steps and observed outcomes associated 
with modeling representations of the Existing Condition Baseline (ECB) and Future Without Project (FWO) 
condition baseline model scenarios. These model runs were predominantly used as a basis of comparison 
among the alternatives to evaluate performance. LOWRP Plan Formulation Baselines were released on 
February 2017. The ECB 2016 represents the starting scenario. It includes current system infrastructure 
assumptions and current operational practices (projects constructed by August 2016). The FWO 
represents the projected conditions based on the existing conditions as well as future infrastructure 
assumptions and, operational practices from state, federal and others in CERP (projects that are 
authorized and will be constructed by 2050). 

For the LOWRP ECB, relative to the CEPP ECB (SFWMD et al, 2014a) the following updates have 
been made: 

 The RSM‐BN ECB was expanded to include the Ten Mile Creek Reservoir and STA per Ten Mile 
Creek Preliminary Operating Plan (SFWMD, June 2015). 

 The A‐1 Flow Equalization Basin (FEB) north of STA 3/4was added to ECB. 

 Addition of the G200 structure into Holey Land per Holey Land Wildlife Management Area Draft 
Project Operations Manual (SFWMD, March 2015). 

 The Stormwater Treatment Areas were expanded for STA2, STA5 and STA6 (Compartment B & 
C) 

For the FWO LOWRP baseline, relative to the CEPP Final Tentatively Selected Plan Alternative 4R2 
(ALT4R2) the following updates have been made: 

 The Ten Mile Creek Reservoir and STA area reduced per Ten Mile Creek PreliminaryOperating 
Plan. 

 Addition of the G200 structure into Holey Land per Holey Land Wildlife Management Area Draft 
Operations Manual. 

For key system changes from LOWRP ECB to FWO: 

 Kissimmee River Restoration 
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 Indian River Lagoon‐South 

 C‐43 Phase 1 Reservoir 

 C‐44 Reservoir 

 CEPP Recommended Plan 

Detailed information of the model table of assumptions can be found in Annex A‐3, Model 
Documentation Support. 

Updated model baselines prescribed for the Assurances analysis, consistent with approach identified in 
DRAFT Guidance Memoranda #2, were not needed for the LOWRP. The Initial Operating Regime baseline 
is expected to be the same as no additional authorized projects are projected for the area. 

A.9.2.3 Final Array Modeling 

This section describes the assumptions, model implementation steps and observed outcomes associated 
with modeling representations of the future with project condition scenarios. Multiple iterations were 
performed in order to reach a Tentative Selected Plan (TSP) from the Final Array of Alternatives. The Final 
Array of Alternatives consists of three alternatives: 1Bshlw, 1BW and 2CR. Each alternative was 
conceptualized to minimize high Lake Okeechobee releases to the Northern Estuaries, improve Lake 
Okeechobee water levels, and reduce water supply cutbacks. This was accomplished by setting each 
alternative operational parameters. For more details, please see Appendix A, Annex A‐3, Model 
Documentation Report. 

A.9.2.3.1.1 Modeling Assumptions 

The following sections describe the modeling assumptions for Alternatives 1Bshlw, 1BW and 2CR of the 
project. For more details on the modeling assumptions per alternative, please see Appendix A, Annex A‐
3, Model Documentation Report. 

A.9.2.3.1.1.1 Alternative 1B Shallow (ALT1Bshlw) 

The Alternative 1B Shallow (ALT1Bshlw) includes a 65,000 acre‐feet storage reservoir located on 13,254 
acre footprint and has a maximum depth for inflow of five feet average over the entire reservoir footprint 
(direct rainfall on the footprint can result in higher simulated depths) with 80 ASR Wells at 5 MGD each, 
located north of Lake Okeechobee. Of the 80 ASR Wells, 25 ASR Wells are connected to the reservoir (15 
at 70% recovery efficiency and 10 at 30% recovery efficiency) and 55 ASR wells are connected to Lake 
Okeechobee located within the watershed (35 at 70% recovery efficiency and 20 at 30% recovery 
efficiency). The alternative also includes more than 5,000 acres of potential wetland restoration with 
Paradise Run and Kissimmee River Center wetland areas. 

A.9.2.3.1.1.2 Alternative 1BW (ALT1BW) 

The Alternative 1BW (ALT1BW) includes a 46,000 acre‐feet wetland attenuation facility (WAF) located on 
12,176 acre footprint and has a maximum depth for inflow of four feet average over the entire WAF 
footprint (direct rainfall on the footprint can result in higher simulated depths) with 80 ASR Wells at 5 
MGD each located north of Lake Okeechobee. Of the 80 ASR Wells, 25 ASR Wells are connected to the 
WAF (15 at 70% recovery efficiency and 10 at 30% recovery efficiency) and 55 ASR wells are connected to 
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Lake Okeechobee located within the watershed (35 at 70% recovery efficiency and 20 at 30% 
recovery efficiency). The alternative also includes more than 5,000 acres of potential wetland restoration 
with Paradise Run and Kissimmee River Center wetland areas. 

A.9.2.3.1.1.3 Alternative 2CR (ALT2CR) 

The Alternative 2CR (ALT2CR) includes a 195,000 acre‐feet storage reservoir located on 13,293 acre 
footprint and has a maximum depth for inflow of fifteen feet average over the entire reservoir footprint 
(direct rainfall on the footprint can result in higher simulated depths) with 65 ASR Wells at 5 MGD each 
located north of Lake Okeechobee. Of the 65 ASR Wells, all 65 ASR wells are connected to Lake 
Okeechobee located within the watershed (45 at 70% recovery efficiency and 20 at 30% recovery 
efficiency). The alternative also includes more than 5,000 acres of potential wetland restoration with 
Paradise Run and Kissimmee River Center wetland areas. 

A.9.2.3.2 Summary of Results 

This section summarizes the modeling results for the baselines (ECB and FWO) as well as the alternatives 
(1Bshlw, 1BW and 2CR) for RSM‐BN. The model results for WAM can be found in the Annex A‐2 
Hydrological Modeling, Section 1.3.4.4. In summary, the three alternatives modeled for the LOWRP 
adequately represent the planning conditions and provide a reasonable basis for evaluation when 
compared against the proposed LOWRP project baselines. 

A.9.2.3.2.1 Lake Okeechobee 

The alternatives performance compared to the baselines, specifically to the FWO, is crucial in determining 
and claiming benefits for the project. Table A‐10 summarizes the each peak stage releases in comparison 
with the LOWRP baselines. The data shown in Figure A‐23 represents the stage duration curves for Lake 
Okeechobee. Based on this graph, the performance in Lake Okeechobee is maintained or improved 
relative to the FWO. The stage‐duration curve shows an improvement in lake performance by keeping 
the lake within the ecological stage envelope (between 12.5 and 15.5 feet NGVD29) moreoften. 

Table A‐10. Peak Stage in Lake Okeechobee comparisons between alternatives and baselines. 

Area Criteria 
ECB FWO Dif. 

FWO 
vs 
ECB 

Alt 1Bshlw 

Dif. 
1Bshlw 

vs 
FWO 

Alt 1BW 

Dif. 
1BW 
vs 

FWO 

Alt 2Cr 

Dif. 
2CR vs 
FWO 

Lake 
Okeechobee 

Peak Stage 
(ft, NGVD29) 

17.58 17.65 <+0.1 18.25 +0.6 18.05 +0.4 17.57 <‐0.1 

There are currently standard scores that are expected when analyzing performance measures that could 
affect Lake Okeechobee. A higher score is considered an improved lake performance. The weighted 
average was calculated using the following formula: (25% * extreme low) + (50% * extreme high) + (10% 
* stg std score below) + (15% stg std score below). A summary of the numerical results can be found in 
Table A‐11. It is important to mention that: 

 All alternatives show an increase in the Low Lake standard score relative to the baselines. 
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Appendix A Engineering Appendix 

 All alternatives show a decrease in the High Lake standard score relative to the baselines. 

 All alternatives show an improvement in the Score Below Env standard score relative to 
the baselines. 

 All alternatives show an improvement in the Score Above Env standard score relative to 
the FWO. 

Figure A‐23. Lake Okeechobee performance for the LOWRP alternatives relative to the ECB. 

Table A‐11. Lake Okeechobee standard score performance measure. 

Parameter ECBLOW FWOLOW ALT1Bshlw ALT1BW ALT2CR 

Low Lake (LO1) 86.67 86.62 93.01 93.01 94.15 

High Lake (LO2) 99.11 97.78 92.68 93.35 95.12 

Score Below Env (LO3) 39.82 47.85 58.61 58.09 62.10 

Score Above Env (LO3) 75.63 71.73 74.22 73.99 75.01 

Weighted Average: 85.55 86.09 86.59 86.84 88.56 

Data found in Figure A‐24 and Table A‐12 summarizes the behavior of Lake Okeechobee High Stages 
above 16 ft. NGVD29. This graphic shows that the alternatives experience an increase in high stages but 
the durations are still within the acceptable constrains of the ecological band in the lake. 
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Figure A‐24. Lake Okeechobee high stage model projections. 

Table A‐12. Summary and comparison between Lake Okeechobee high stages (>16.00 ft. NGVD29): 
LOWRP RSM‐BN Simulations (1965‐2005) alternatives and baselines. 

Criteria ECB 

(Days) 

FWO 

(Days) 

FWO 
vs 

ECB 

(% in
POR) 

1Bshlw 

(Days) 

1Bshlw 
vs FWO 

(% in
POR) 

1BW 

(Days) 

1BW vs 
FWO 

(% in
POR) 

2CR 

(Days) 

2CR vs 
FWO 

(% in
POR) 

LO Mean Daily Stage 
> 17.25 17 30 0.1 65 0.2 55 0.2 41 0.1 

LO Mean Daily Stage 
> Zone A 37 46 0.1 98 0.3 83 0.2 46 0 

LO Mean Daily Stage 
> 16.00 878 1162 2 1167 0 1181 0.1 1120 ‐0.3 

A.9.2.3.2.2 Northern Estuaries 

The LOWRP alternatives reduce or maintain the number of high release events to northern estuaries 
relative to the baselines as shown in Figure A‐25 and Figure A‐26. It can also be observed that low flow 
event frequency is maintained in the Northern Estuaries. A summary of the results can be found in Table 
A‐13. For an extended version of the estuaries performance, refer to Annex 2 Hydrologic Modeling. 

Figure A‐25 represents the flow results for the St. Lucie Estuary. For high‐flow events, all action 
alternatives performed better than the FWO, having fewer times where the 14‐day moving average flow 
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was greater than 2,000 cfs from Lake Okeechobee regulatory releases. Runoff from local basins with a 14‐
day moving average > 2000 cfs >= 14 days is computed from RSMBN using flows from S80 (flow from LOK 
+ Basin), S308 (flow from LOK), and flows from other sources (e.g. S48, S49, Ten Mile Creek, and tributary 
flows). Alternative 1Bshlw and Alternative 1BW performed the best, with a reduction to 20 times when 
the high‐flow criteria was not met compared to 37 times in the FWO. Alternative 2Cr had a reduction to 
24 times when the high‐flow criteria were not met. The “yellow bar” is higher in the alternatives because 
of reduced opportunity for backflow of local runoff into LOK via S308. The reduced opportunity of back‐
flow in LOK is attributed to higher levels in LOK in the alternatives when compared to FWO. The number 
of mean monthly flows greater than 3000 cfs were reduced to 21 for Alternative 1Bshlw, 22 for Alternative 
1BW, and 23 for Alternative 2Cr. For the St. Lucie Estuary, Alternative 1Bshlw provides the greatest 
reduction of high‐flow events, followed by 1BW and then 2Cr. All alternatives significantly reduce the 
number and duration of the high‐flow events. For low flows, negligible and less‐than‐significant effects 
are predicted for all alternatives in the St. Lucie Estuary. The FWO and all action alternatives have the 
same number of months where the low‐flow criteria is not met. 

Figure A‐26 represents the flow results for the Caloosahatchee Estuary For high‐flow events in the 
Caloosahatchee Estuary, all LOWRP action alternatives performed better than the FWO, having fewer 
months where flows were greater than 2800 cfs. Alternative 1Bshlw has 10 fewer months over the period 
of record (POR) of high flows than the FWO, Alternative 1BW has 7 fewer months, and Alternative 2Cr has 
6 fewer months. The FWO has a combined 47 events as a result of basin runoff, using Figure A‐23 and 
subtracting 47 events for each simulation, flows greater than 2800 cfs from direct Lake Okeechobee 
releases go from 23 in the FWO to 13 in Alternative 1Bshlw, 16 in Alternative 1BW, and 17 in Alternative 
2Cr. All alternatives significantly reduce the number and duration of the high‐flow events. For low flow 
events in the Caloosahatchee Estuary, negligible and less‐than‐significant effects are predicted for all 
alternatives. The FWO and Alternative 2Cr have the same number of months where the low flow criteria 
is not met. The FWO includes the C‐43 reservoir that is designed to help alleviate the lowflows. 
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Figure A‐25. Flow results for the St. Lucie Estuary. 
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Figure A‐26. Flow results for the Caloosahatchee Estuary. 
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Table A‐13. Summary of Caloosahatchee and St. Lucie estuaries flows. 

Northern 
Estuary Criteria ECB FWO 

Alt 
1Bshlw 

Alt 
1BW 

Alt 
2Cr 

Caloosahatchee 

Number of months 

flow < 450cfs 

from C‐43 Basin & Lok regulatory releases 
(Oct‐July) 

116 23 25 24 23 

Number of months 

flow > 2800cfs 

from C‐43 Basin & Lok regulatory releases 
(Jan‐Dec) 

94 70 60 63 64 

Number of months average 
flow < 350cfs 

95 83 83 83 83 

St. Lucie 
Number of times 14‐day moving average flow 
> 2000cfs for >= 14 days from local basins* 

99 50 52 51 51 

Additional number of times 14‐day moving 
average flow > 2000cfs >= 14 days from Lok 
Regulatory releases 

71 37 20 20 24 

A.9.2.3.2.3 Wetland Restoration 

WAM results were used to better understand the water availability within these areas. Each wetland was 
represented by one or more reaches. In order to understand the water availability per wetland, these 
reaches were combined and averaged volumes of water by season were calculated in acre feet per month. 
Reference Annex A‐2 Wetland Restoration Results: WAM for more details. Kissimmee River Center and 
Paradise Run sites were selected as the second least cost best buy plan that provides a meaningful amount 
of wetland restoration (4,800 acres) to restore hydrology. These two sites were ultimately included as 
part of the Recommended Plan. 

A.9.2.3.2.4 Water Supply 

The following sections provide information for water supply by using LOSA Demand Cutback Volumes 
graphics, and Seminole Tribe Brighton and Big Cypress Reservation Irrigation Supplies and Storage graphs. 
Water supply from the lake to existing users is currently reduced during extreme low stages in Lake 
Okeechobee. 

A.9.2.3.2.4.1 LOSA Demand Cutback Volumes 

The LOWRP alternatives reduce or maintain the number of water shortage cutbacks (or LOSA Demand 
Cutback Volumes) within water year (Oct‐Sep) between 1973 and 2001. See Figure A‐27 for more details. 
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Figure A‐27. Water shortage cutbacks for water years with large cutback. 

A.9.2.3.2.5 Tribal Lands: Seminole Tribe 

LOWRP alternative scenarios generally show improved performance for LOSA and Tribal water supply 
relative to FWO as shown in Figure A‐28 and Figure A‐29. 
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Figure A‐28. Average annual water shortage cutbacks for the STOF Brighton Reservation. 

Figure A‐29. Average annual water shortage cutbacks for the STOF Big Cypress Reservation. 

A.9.2.3.3 Tentatively Selected Plan 

Early in May 2018, the LOWRP team identified Alternative 1BW as the TSP. For more information about 
the iterations that resulted in the selection of Alternative 1BW as the TSP, see Plan Formulation Section 
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in the LOWRP Main Report. Due to the additional coordination involved and expedited plan formulation 
process, an optimization was not included at the time the draft PIR was released. However, additional 
modeling was performed after the optimization of the plan. This optimized plan is now named 
Recommended Plan and it is referenced as ALT1BWR. 

A.9.2.4 Optimization 

The following sections describe the project tools used during optimization and the corresponding 
modeling results. 

A.9.2.4.1 Recommended Plan 

Early in May 2018, the team identified Alt 1BWR as the TSP after extensive coordination within all the 
agencies. Due to the additional coordination involved and expedited plan formulation process, an 
optimization was not included at the time the draft PIR was released. However, additional modeling was 
performed after the optimization of the plan. This optimized plan is now named Recommended Plan and 
it is referenced as ALT1BWR. The ALTBWR model run include a four feet normal average pool. The new 
modeling also accounts for local topography and leveled pools divided by internal cells. 

A sensitivity model run was performed without Lake Okeechobee operational refinements to ensure that 
current claimed benefits are partly but not fully dependent of such refinements. These results are 
discussed in the Plan Formulation Appendix of the Main Report and Annex A‐3 Reference 3 Optimized 
TSP Modeling Documentation Report. 

A.9.2.4.1.1 Modeling Tool Overview 

Modeling tools, like HEC‐RAS, were not used to evaluate canal conveyance modifications and structural 
modifications identified with the LOWRP Recommended Plan components. The components will be 
analyzed during PED. Detailed documentation of the LOWRP hydraulic design methods and results are 
discussed in the Hydraulic Design, Annex A‐1. 

A.9.2.4.1.1.1 Regional Modeling: Initial Operating Regime Baseline 

Project baselines are subject to be updated as prescribed for the Assurances analysis, consistent with 
approach identified in DRAFT Guidance Memoranda #2, during the optimization period. In the case of 
LOWRP, no additional changes were required for the LOWRP FWO base condition to establish the LOWRP 
Initial Operating Regime baseline. 

A.9.2.4.2 Summary of Results 

The following sections describe the scope of subsequent modeling analysis for the Recommended Plan. 

ALTBWR model runs include a four feet normal average pool. The new modeling also accounts for local 
topography and leveled pools divided by internal cells. 
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A.9.2.4.2.1 Lake Okeechobee 

The alternatives performance compared to the baselines, specifically to the FWO, is crucial in determining 
and claiming benefits for the project. Table A‐14 summarizes the Recommended Plan’s peak stage 
compared with the LOWRP baselines. The data shown in Figure A‐30 represents the stage duration curves 
for Lake Okeechobee. Based on this graph, the performance in Lake Okeechobee is maintained or 
improved relative to the FWO. Compared to the FWO, Lake Okeechobee stages are increased by 0.2‐0.6 
feet for the upper 50% of the % time exceeded of the stage duration curve, excluding extreme wet 
hydrologic conditions. Peak lake stage is 17.65 feet in the FWO, and 17.56 feet NGVD29 in the 
Recommended Plan (Table A‐14). 

Table A‐14: Peak Stage in Lake Okeechobee comparisons between the Recommended Plan and 
baselines. 

Area Criteria 
ECB FWO 

Dif. 
FWO 
vs 
ECB 

Alt 
1BW 

Dif. 
1BW 
vs 
FWO 

Lake 
Okeechobee 

Peak 
Stage (ft, 
NGVD29) 

17.58 17.65 <0.1 17.56 <0.1 

There are currently standard scores that are expected when analyzing performance measures that could 
affect Lake Okeechobee. A summary of the numerical results can be found in Table A‐15. The weighted 
average was calculated using the following formula: (25% * extreme low) + (50%* extreme high) + (10% * 
stg std score below) + (15% * stg std score below). It is important to mention that: 

 All alternatives show an increase in the Low Lake standard score relative to thebaselines. 

 All alternatives show a decrease in the High Lake standard score relative to thebaselines. 

 All alternatives show an improvement in the Score below environmental standard score relative 
to the baselines. 

 All alternatives show an improvement in the Score above environmental standard score relative 
to the FWO. 
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Appendix A Engineering Appendix 

Figure A‐30. Lake Okeechobee ECB and FWO Stage DurationCurves. 

Table A‐15: Lake Okeechobee standard score performancemeasure. 

Parameter ECBLOW FWOLOW ALT1BWR 

Low Lake (LO1) 86.67 86.62 92.20 

High Lake (LO2) 99.11 97.78 94.01 

Score Below Env (LO3) 39.82 47.85 55.07 

Score Above Env (LO3) 75.63 71.73 74.46 

Weighted Average 85.55 86.09 86.73 
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Data found in Figure A‐31 and Table A‐16 summarizes the behavior of Lake Okeechobee High Stages 
above 16 feet NGVD29. This graphic shows that the Recommended Plan experience an increase in high 
stages but the duration are still within the acceptable constrains of the ecological band in the lake. 

Figure A‐31. Lake Okeechobee high stage model projections. 

Table A‐16: Summary and comparison between Lake Okeechobee high stages (>16.00 ft. NGVD29): 
LOWRP RSM‐BN Simulations (1965‐2005) Recommended Plan and baselines. 

Criteria 
ECB 

(Days) 

FWO 

(Days) 

FWO vs ECB 

(% in POR) 

1BWR 

(Days) 

1BWR vs FWO 

(% in POR) 

LO Mean Daily 
Stage > 17.25 18 30 0.1 42 0.1 

LO Mean Daily 
Stage > Zone A 38 46 0.1 60 0.1 

LO Mean Daily 
Stage > 16.00 878 1162 2 1185 0.2 

LOWRP Final PIR and EIS August 2020 
A‐104 



       

             
 

 

 

 
    

 

                               
                                     

                                   
     

 

                             
                         

                                 
                                           

                                 
                                 

                               
                       

                               
                                   
 

                      
 

                       

            
 

                               
                             

                               
                                       

                                     
                               

                                       
                               

                                   
                                   

                                 
                                 
                             

                         
                                 

                                   
                               

   

                      
 

                                   
                                           
                             
                           
                             

Appendix A Engineering Appendix 

A.9.2.4.2.2 Northern Estuaries 

The LOWRP Recommended Plan reduces or maintains the number of high release events to the Northern 
Estuaries relative to the baselines as shown in Figure A‐32 and Figure A‐34. It can also be observed that 
low flow event frequency is maintained in the Northern Estuaries. A summary of the results can be found 
in Table A‐17. 

Figure A‐32 represents the flow results for the Caloosahatchee Estuary For high‐flow events in the 
Caloosahatchee Estuary, all LOWRP action alternatives performed better than the FWO, having fewer 
months where flows were greater than 2800 cfs. Alternative 1BWR has 10 fewer months over the period 
of record (POR) of high flows than the FWO. The FWO has a combined 47 events as a result of basin runoff, 
using Figure A‐23 and subtracting 47 events for each simulation, flows greater than 2800 cfs from direct 
Lake Okeechobee releases go from 23 in the FWO to 16 in Alternative 1BWR. The Recommended Plan 
significantly reduced the number and duration of the high‐flow events. For low flow events in the 
Caloosahatchee Estuary, negligible and less‐than‐significant effects are predicted. The FWO includes the 
C‐43 reservoir that is designed to help alleviate the low flows. For the Caloosahatchee Estuary, compared 
to the FWO, mean monthly flows above 2800 cfs and 4500 cfs (Figure A‐33) are reduced per alternative 
by: 

 Alt 1BWR – 10 and 5 events (1% and 17%) respectively 

Mean monthly flows less than 450 cfs (Figure A‐33) were increased by: 
 Alt 1BWR – 1 event (4%) 

Figure A‐34 represents the flow results for the St. Lucie Estuary. For high‐flow events, all action 
alternatives performed better than the FWO, having fewer times where the 14‐day moving average flow 
was greater than 2,000 cfs from Lake Okeechobee regulatory releases. Runoff from local basins with a 14‐
day moving average > 2000 cfs >= 14 days is computed from RSMBN using flows from S80 (flow from LOK 
+ Basin), S308 (flow from LOK), and flows from other sources (e.g. S48, S49, Ten Mile Creek, and tributary 
flows). Alternative 1BWR performed the best, with a reduction to 20 times when the high‐flow criteria 
was not met compared to 37 times in the FWO. The “yellow bar” is higher in the alternative because of 
reduce opportunity for back‐flow of local runoff into LOK via S308. The reduced opportunity of back‐flow 
in LOK is attributed to higher levels in LOK in the alternatives when compared to FWO. For extreme high‐
flow events (mean monthly flow > 3000 cfs), the alternative perform better than the FWO that had 25 
months where the mean monthly flow was greater than 3000 cfs. The number of mean monthly flows 
greater than 3000 cfs were reduced to 22 for Alternative 1BWR. For the St. Lucie Estuary, Alternative 
1BWR provides reduction of high‐flow events and significantly reduce the number and duration of the 
high‐flow events. For low flows, negligible and less‐than‐significant effects are predicted for the 
alternative in the St. Lucie Estuary. The FWO and Recommended Plan have the same number of months 
where the low‐flow criteria are not met. For the St. Lucie Estuary, compared to the FWO, mean monthly 
flows between 2000/3000 cfs and mean monthly flows above 3000 cfs (Figure A‐35) are reduced per 
alternative by: 

 Alt 1BWR – 6 and 3 months (19% and 12%) respectively 

Mean monthly flows less than 350 cfs (Figure A‐35) did not change for the Recommended Plan. The target 
for the low flow criteria for the St. Lucie estuary is 31 months in the period of record with flows less than 
350 cfs. The future without project conditions envisions another series of CERP and non‐CERP components 
and initiatives (i.e., C23/24 Reservoir and Storm Treatment Area; Ten Mile Creek Reservoir, Loxahatchee 
River Restoration, etc.) conceptually designed, among other things, to improve the low flow criteria for 
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Appendix A Engineering Appendix 

the St. Lucie Estuary relative to the Existing Conditions. The LOWRP project does not envision to improve 
further upon the low flow criteria in St. Lucie but rather, do not exacerbate the conditions as in the future 
without project LOWRP baseline. 

Table A‐17. Summary of Caloosahatchee and St. Lucie estuaries flows. 

Northern 

Estuary 
Criteria ECB FWO 

Alt 
1BWR 

Caloosahatchee 

Number of months 
flow < 450cfs 
from C‐43 Basin & Lok regulatory releases 
(Oct‐July) 

116 23 24 

Number of months 
flow > 2800cfs > 4500 cfs 
from C‐43 Basin & Lok regulatory releases 
(Jan‐Dec) 

94 70 60 

Number of months 
flow > 4500 cfs 
from C‐43 Basin & Lok regulatory releases 

43 30 25 

St. Lucie 

Number of months average 
flow < 350cfs 95 83 83 

Number of times 14‐day moving average 
flow > 2000cfs for >= 14 days from local 
basins* 

99 50 52 

Additional number of times 14‐day moving 
average flow > 2000cfs >= 14 days from Lok 
Regulatory releases 

71 37 19 
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Figure A‐32. Caloosahatchee High Release Criteria Exceeded 
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Figure A‐33. Flow results for the Caloosahatchee Estuary. 
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Figure A‐34. St. Lucie High Release Criteria Exceeded 
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Figure A‐35. Flow results for the St. Lucie Estuary. 

A.9.2.4.2.3 Saving Clause: Flood Control 

The implementation of the Recommended Plan will not degrade the existing level of flood protection 
offered by various components of the C&SF Project for this area. Further, the Recommended Plan will 
ensure flood protection of the area through engineering design and construction following state of the 
practice methods for design and construction of pertinent features of the plan. ER 1110‐2‐1150, 
Engineering and Design for Civil Works Projects and ER 1110‐2‐1156, Engineering and Design Safety of 
Dams – Policy and Procedures along with various other site/structure specific regulations will be adhered 
to prior to and during the PED phase. Refer to Annex B Savings Clause WRDA 2000 for more details. 
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A.9.2.4.3 Alternative 1BWR (1BWR) Operations 

The 1BWR operational assumptions can be summarized as follows (see Figure A‐36): 

 Lake Okeechobee (LOK) can release to WAF when Lake Okeechobee stage > “LOK Stage 
for Reservoir Diversion Schedule” 

 The WAF can release to Lake Okeechobee when Lake Okeechobee stage < “LOKStage 
for Reservoir Recovery Schedule” 

 The WAF can release to WAF‐assisted ASRs (both 70% and 30% efficiency ASRs) when 
WAF depth > 3.0 ft. 

 The WAF‐assisted ASRs (both 70% and 30% efficiency ASR) can release to WAF when 
WAF depth < 0.5 ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 % efficiency ASR) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (70% efficiency) Diversion 
Schedule” 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) can release to Lake 
Okeechobee when Lake Okeechobee stage < “LOK Stage for Recovery of LOK Assisted 
ASRs (70% and 30% efficiency) Schedule 

 Lake Okeechobee can release to LOK Assisted ASR (30 % efficiency) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (30% efficiency) Diversion 
Schedule” 

 Inflows are discontinued to the WAF when WAF depth reaches 4.0 feet maximum 
depth. 

Table A‐18: Summary of ASR performance in the 41 year POR modeled in the LOWRP RSM‐BN. 

Location/Aquifer 
Efficiency 
(%) 

Number 
of ASR 

Total 
Accumulated 
Aquifer Use 
(ac.‐ft.) 

Total Net 
Accumulated 
Aquifer Storage 
(ac.‐ft.) 

Lake Okeechobee supported ASR in 
Upper Floridan Aquifer 70 35 3,354,876 1,446,102 

Lake Okeechobee supported ASR in 
Avon Park Permeable Zone (APPZ) 30 20 2,155,270 1,563,369 

Wetland Attenuation Feature 
supported ASR in Upper Floridan 
Aquifer 70 15 1,741,039 1,025,459 

Wetland Attenuation Feature 
supported ASR in Avon Park 
Permeable Zone (APPZ) 

30 10 1,161,694 751,829 
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Table A‐18 shows the ASR performance within the 41 year POR based on the modeling assumptions 
described above. Figure A‐37 shows the seasonality of how often the ASRs are used within the period of 
record. It is important to highlight that at the end of the period of record the time series shows volumes 
of water available for the system. Note that these numbers are not an actual representation of how these 
ASRs are entitled to operate after the project is constructed. Additional sampling and refined modeling 
will be performed during PED to determine the actual operation plan for these ASRs. 

Figure A‐36. ALT1BWR Lake Okeechobee stage for diversion and recovery schedule. 
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Figure A‐37. Lake Okeechobee and WAF Supported ASRs Performance for the 41 Year Period. 

The WAF is primarily used for surface water storage to attenuate peak flows into Lake Okeechobee from 
the Kissimmee River Basin. Although the WAF provides above‐ground storage like a reservoir, water levels 
may be suitable for growth of wetland vegetation due to the water depths typically realized through 
operation of the facility. The behavior of the WAF before optimization is captured in Figure A‐38. Figure 
A‐39 captures the behavior of the Recommended Plan. 
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Figure A‐38. WAF Stage Hydrograph. Stages are in ft‐NGVD29. 
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Figure A‐39. WAF stage duration curve for ALT1BWR (feet NGVD29). 
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A comparison between 2008 LORS (Lake Okeechobee Regulation Schedule in LOWRP ECB), CEPP (included 
in the LOWRP FWO), and ALT 1BW operation refinements as modeled can be found in the Appendix A, 
Annex 3. The same refinements were applied to ALT 1BWR. 

The different seasonal inflows for the operating schedules in the Figures A‐40 through Figure A‐42 are a 
strict translation of the operational rules under the Lake Okeechobee Regulation Schedule of 2008 
(LORS2008). These were used in the LOWRP to operate the Lake Okeechobee. LORS2008 uses a decision 
tree where the current and forecasted inflow conditions at major tributary basins are used to make 
decisions with respect to lake releases at major outflow locations. These releases are made for several 
purposes such as environmental, water supply and flood control. During the LOWRP initial planning phase, 
it was agreed that although the LORS2008 was going to be used throughout the planning phase, 
adjustments to the climate indicator factors in LORS2008 could be made to better achieve the goals of 
the LOWRP. Details of the ALT1BWR operational schedules implemented in the RSM‐BN model are 
described in the following paragraphs. 

Figure A‐40 lists the range of values used to classify the net inflow seasonal outlook. The corresponding 
classification for the LO net inflow seasonal outlook is offset approximately 1.5 feet higher than CEPP and 
more than 2.5 feet higher than LORS08 for the Very Wet condition. For the Dry classification, the LOWRP 
offset is about a foot higher when compared to CEPP and 1.25 feet higher when compared toLORS08. 

Figure A‐41 lists the range of values used to classify the net inflow multi‐seasonal outlook. These 
classifications were not changed during the CEPP but were changed in the LOWRP. The Very Wet 
classification was not used in the LOWRP. The Wet was used instead as an upper boundary. The minimum 
range of the Wet classification was increased by 0.5 feet. The Dry classification was increased by less than 
0.5 feet. 

Figure A‐42 lists the range of values used to classify the tributary hydrologic conditions. The LOWRP Very 
Wet classification at its lower boundary was reduced by 4,000 cfs when compared to the CEPP. When 
compared to LORS08, this classification was reduced by about 1,500 cfs. The Dry and Very Dry 
classification in the LOWRP were not used. The Near Normal is the lower classification in the LOWRP 
operations. The upper range in this condition was reduced by 2,700 cfs. 
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Figure A‐40. LORS08, CEPP and ALT1BWR modified seasonal outlook classifications. 
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Figure A‐41. LORS08, CEPP and ALT1BWR modified multi‐seasonal outlook classifications. 
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Figure A‐42. LORS08, CEPP and ALT1BWR modified tributary hydrologic conditions classifications. 
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A.9.3 Identification of Additional Hydrologic Modeling for Pre‐Construction Engineering and Design 

Although the RSM‐BN hydrologic model is well suited to support the preliminary screening, alternative 
formulation, and evaluation of the LOWRP alternatives, most of its physically based groundwater/surface 
water integrated modeling was disabled. Therefore, we expect that more detailed physically‐based 
modeling with higher resolution will be required to further analyze localized and possibly regional‐scale 
effects of specific components of the LOWRP Recommended Plan, with the scope of these analyses 
further identified during the Pre‐Construction Engineering and Design (PED) phase of the project. 
Additional groundwater modeling will be required to assess the WAF site‐specific performance during 
PED. A semi‐quantitative dam risk assessment will be performed during PED. A quantitative dam risk 
assessment will be performed following PED before first fill of the WAF and completion of the Emergency 
Action Plan (EAP). Below, please find a minimum list of project components likely to require further 
hydrologic and hydraulic analyses and/or modeling during PED: 

1. Intake canals and seepage canals; 

2. Culverts, weirs, and spillways; 

3. Pump stations; 

4. Wetland areas. 

A.10 Operations and Maintenance 

Operation, Maintenance, Repair, Replacement and Rehabilitation (OMRR&R) begins after project 
construction and Operational Testing and Monitoring is complete and generally includes all operation 
activities and maintenance needed to keep the project features functioning as intended. OMRR&R for the 
LOWRP project will occur for all new facilities constructed as a result of the project, and as an increase to 
the OMRR&R for State Facilities that the LOWRP will use to provide new water to the WCAs and ENP. The 
OMRR&R costs are included in the main report. The location of boat ramps and access ramps for O&M 
purposes will be determined during PED. 

Activities included in the OMRR&R costs are: 

 Pump and facility maintenance which are per manufacturer’s recommendations and schedules. 

 Repair and rehabilitation of pumps, drivers, and switchgear are assumed to be rehabilitated or 
replaced once during the 50‐year life. 

 Erosion control to make sure banks and areas around culverts and other structures are not 
compromised by weather, plant or animal forces. 

 Mowing to maintain grass areas for a neat and clean appearance and also to make sure there 
are no other maintenance issues being hidden by high grass vegetation. Mowing also reduces 
the ability of woody plants to gain a foothold and lead to larger issues. 

 Culvert maintenance including inspection, regular maintenance of mechanical and electrical 
equipment for slide gates, and debris removal. 

 Canal maintenance including channel elevation and debris removal. 

 Weir maintenance including concrete repair and corrosion repair. 
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 All monitoring, required by permit, USFWS Incidental Take Statement, and/or neededto 
adaptively manage the Project. 

 Invasive, exotic, native, and nuisance vegetation control. Vegetation control is done both to 
control underwater infestations and surface infestations. Invasive plants can prevent correct 
project function and can damage vital structural components if allowed to growunchecked. 

 Adaptive Management (AM) measures needed to ensure project benefits or avoid violating one 
or more project constraints. 

A.10.1 State Facilities Used by LOWRP 

The future OMRR&R costs of operating the system without the LOWRP features once the LOWRP is 
constructed and operational will be based on new water flows through the state facilities as a portion of 
the overall water flows through the state facilities. Please see Section 6, Recommended Plan, of the main 
report for cost‐sharing information. 

Table A‐19. List of state‐associated infrastructure. 

Structure Design Capacity Description 

G‐34 420 cfs 3 barrel 72 inch CMP culvert: L‐59 outlet to C‐38 

A.11 Cost Engineering 

The revised Cost Appendix is based on the elements and structures described in this Appendix and shown 
on the plates. 

A.12 Cost Schedule and Risk Analysis 

A Cost Schedule & Risk Analysis Workshop for LOWRP was conducted on December 5, 2018. A Value 
Engineering Study will not be performed during the feasibility phase of this project. 
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A.1 INTRODUCTION 

All project features were identified and summarized in the Hydraulic Design sections of the EN 
Appendix. Supplemental material, including further detailed design analyses, is included in this 
Hydraulic Design Annex. The intent of this Annex is to provide a more thorough explanation of design 
criteria, assumptions, and analysis. Further analysis will be conducted during PED phase in order to 
optimize all project features for performance and cost efficiency. 

A.2 LOCATION MAPS 

The LOWRP project components are located north of Lake Okeechobee with the Wetland Attenuation 
Feature (WAF) bounded on the east by the C‐38 Canal (Kissimmee River) and on the west by the C‐40 
Canal (Indian Prairie). The Paradise Run wetland feature is bounded on the east by the C‐38 Canal and 
on the west by the WAF. The Kissimmee River – Center wetland feature is bounded on the east by the 
C‐38 Canal and will extend to the 25.0 ft, NAVD88 contour line to the west. All features are located 
within Glades and Highlands Counties. 

FIGURE A‐1. LOWRP RECOMMENDED PLAN LOCATION MAP 
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             FIGURE A‐2. WETLAND ATTENUATION FEATURE WITH STRUCTURES 
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               FIGURE A‐3. PARADISE RUN WETLAND FEATURE WITH STRUCTURES 
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FIGURE A‐4. KISSIMMEE RIVER‐CENTER WETLAND FEATURE WITH STRUCTURES 

A.3 WETLAND ATTENUATION FEATURE (WAF) 

A.3.1 Purpose 

This intermediate hydraulic design is used solely to provide parameters for the calculation of quantities 
for the purpose of costing project features of the recommended plan. Final design will be performed in 
PED phase. 

A.3.2 Objective 

Using spreadsheet models, determine the structure size necessary to convey inflows advised through 
hydrologic modeling under pumped inflow or low head (i.e. typically less than 5 feet) conditions. 

A.3.3 Assumptions/Constraints 

The Lake Okeechobee Watershed Restoration Project is for ecosystem restoration, therefore it is 
assumed that under extreme events when the WAF cells are at their normal water surface elevation, the 
inflow pumping station will be turned off and the only additional inflow to the project will be direct 
rainfall. This project is constrained by the operating level of Lake Okeechobee as its downstream 
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boundary condition. Structures have been designed and optimized in so far as possible based upon 
inflow parameters and expected operations as informed through the South Florida Water Management 
Districts (SFWMD) Regional Simulation for Basins (RSM‐BN) Model. Additional refinement as required 
will occur during PED. 

Where applicable, gated culvert capacity was determined utilizing the following equation that assumes 
the culvert is fully submerged: 

2 

V2 V2 V � 
/JH = Ke 2g

+ Ko 2g 
+L 

2
1.486 �Rh3 

Where: 

ΔH = Differential Head (ft) 
Ke = Entrance Loss Coefficient (variable per inlet condition) 
Ko = Exit Loss Coefficient (1.0) 
V = Velocity (ft/s) 
L = Conduit Length (ft) 
n = Manning’s roughness coefficient (variable per material) 
Rh = Hydraulic Radius of conduit (ft) 
g = Acceleration of Gravity (32.2 ft/s2) 

Further, culvert with riser structures capacity was determined utilizing the following equation(s) for (1) 
the weir/riser and (2) the culvert: 

3 
(1) Q = C � L �He2 

Where: 

Q = Discharge (cfs) 
C = Weir coefficient (variable based on submergence and head above crest) 
L = Weir Length (ft) 
He = Energy Head (ft) 

(2) /JH = HW ‐	(TW + Hm+ Hf) 

Where: 

ΔH = Differential Head (ft) 
HW = Headwater elevation (ft) 
TW = Tailwater elevation (ft) 
Hm = Minor Losses* (Elbow & Exit) (ft) 
Hf = Culvert Friction Loss** (ft) 
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*Elbow and Exit losses are calculated as follows based upon a loss coefficient multiplied by the velocity 
head. 

V2 
Hmelbow or exit = Kelbow or o �2g 

Where: 

Kelbow = 0.69 (unitless) 
Ko = Exit Loss Coefficient (1.0) 
V = Velocity (ft/s) 
g = Acceleration of Gravity (32.2 ft/s2) 
**Culvert Friction Loss is calculated as follows based upon culvert geometry, velocity, and roughness. 

2 

Hf = L 
V � 

2 
1.486 � Rh3 

Where: 

V = Velocity (ft/s) 
L = Conduit Length (ft) 
n = Manning’s roughness coefficient (variable per material) 
Rh = Hydraulic Radius of conduit (ft) 
g = Acceleration of Gravity (32.2 ft/s2) 

A.3.4 Structure Descriptions 

A.3.4.1 S‐720 

Inflow pumping station for the WAF. Draws water from the C‐41A Canal downstream of the S‐84 
spillway. This is a direct connection to Lake Okeechobee as the C‐41A converges with C‐38 
approximately 4,400 feet from the structures intake. 

A.3.4.2 S‐722 

A fixed weir within the WAF seepage canal. This weir will assist in maintaining desired water surface 
elevations within the seepage canal. 

A.3.4.3 S‐723 

A gated culvert that connects the L‐59 interceptor canal to the WAF seepage canal. This structure will 
allow water that has historically been captured by the L‐59 interceptor canal and conveyed to C‐38 
through the KI‐1 (Herbert Hoover Dike, S‐266) culvert to be released into the WAF seepage canal. 
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A.3.4.4 S‐724 

Interior cell divide structure. This ogee spillway divides the northern and central WAF cells and allows 
for regulation of the northern cell water surface. An auxiliary overflow spillway that will provide 
uncontrolled discharge from the northern to central cell during extreme events is intended to be 
constructed near this structure. 

A.3.4.5 S‐725 

Seepage pump station. Recirculates water lost from the WAF through seepage back into the WAF to 
minimize impacts to adjacent lands. 

A.3.4.6 S‐726 

A fixed weir within the WAF seepage canal. This weir will assist in maintaining desired water surface 
elevations within the seepage canal. 

A.3.4.7 S‐727 

Interior cell divide structure. This ogee spillway divides the central and southern WAF cells and allows 
for regulation of the central cell water surface. An auxiliary overflow spillway that will provide 
uncontrolled discharge from the central to southern cell during extreme events is intended to be 
constructed near this structure. 

A.3.4.8 S‐728 

Primary & low flow outlet structure. This ogee spillway will function as both the primary outlet and low 
flow outlet structure for the WAF in addition to regulating the southern cell water surface. An auxiliary 
overflow spillway that will provide uncontrolled discharge from the southern cell to the WAF outlet 
canal during extreme events is intended to be constructed near this structure. 

A.3.4.9 S‐731 

Outlet structure connecting the WAF, Paradise Run, and WAF outlet canal with the C‐38 Canal (and Lake 
Okeechobee). This structure will allow for the regulation of water surface within the WAF outlet canal 
that will ultimately discharge into Lake Okeechobee via the C‐38 Canal. 

A.3.4.10 S‐733 

Seepage pump station. Recirculates water lost from the WAF through seepage back into the WAF to 
minimize impacts to adjacent lands. 

A.3.4.11 S‐734 

A culvert with riser structure that connects the seepage canal with the L‐48 canal along the southern 
boundary of the WAF seepage canal. This structure will provide a gravity outlet to the L‐48 canal that 
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will augment the seepage return pumping stations. Historically, a majority of waters from the WAF 
footprint were conveyed to the L‐48 canal and discharged to Lake Okeechobee via the S‐127 pumping 
station. 
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A.3.5 Hydraulic Design Data Sheets (HDDS) 

Lake Okeechobee Watershed Restoration Project 
Pumping Station 720 (S-720) 

Glades County, FL 

Date Compiled (or revised) 14-Aug-18 

Design Condition 

Reservoir Intake/Ecosystem Restoration (discharge, cfs) 1,600 cfs 

Number of Pumps 5.00 

Pump Mix type and Size 

4 ‐ 375 cfs and 1 ‐ 100 cfs 

Mix Criteria 

Pumping Station will have 5 pumps ‐ The firm pumping capacity will be 1,600 cfs 
4 ‐ 375 cfs ‐ Submersible Electric Pumps to fill Reservoir 
1 ‐ 100 cfs ‐ Submersible Electric Pump to maintain Reservoir water levels 

Approach Channel, Pump Intake, & Discharge Chamber 

Intake Channel Invert 
Pump Intake Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Upstream Approach Apron Width 
Upstream Approach Apron Length 
Upstream Approach Apron Elevation 
Maximum Water Surface 
Minimum Water Surface 

TBD 
TBD 
TBD 
21.50 
7.00 

ft 
ft 
ft, NAVD88 
ft, NAVD88 
ft, NAVD88 

Discharge Pipe Centerline Elevation 
Discharge Chamber Invert 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Pump On/Off Triggers & Sequence 

Pump On Elevation TBD ft, NAVD88 

Pump Off Elevation TBD ft, NAVD88 

Design Head (ft) 

375 cfs 

Design Suction Head (Pump on Elevation - Intake Elevation) 

at Pump On Elevation TBD ft 

Design Discharge Head (Discharge Elevation - Intake Elevation) TBD ft 

Design Static Head (Discharge Head - Suction Head) 

at Pump On Elevation TBD ft 

Total Dynamic Head (Static Head + Friction Head) 

at Pump On Elevation 

FIGURE A‐5. S‐720 HDDS 

TBD ft 
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Lake Okeechobee Watershed Restoration Project 
S-722 

Seepage Canal Weir 
Date Compiled (or revised) 9-Aug-18 

Latitude, Longitude TBD 

Design Conditions 

Weir Crest Elevation 14.50 ft, NAVD88 

Weir Length 120.00 ft 

Weir Notch 14.00 ft, NAVD88 

Elevation Notch 20.00 ft 

Length 

*Assumed top width of weir is 140 ft 

**Target to maintain water level upstream ~15.0 ft, NAVD88 

FIGURE A‐6. S‐722 HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-723 

L-59 connection to LOWP seepage canal 

Date Compiled (or Revised) 27‐Jul‐18 
Latitude, Longitude TBD 
Design Conditions 

Discharge (cfs) 200 
Headwater Elevation 17.00 ft, NAVD88 
Tailwater Elevation 16.12 ft, NAVD88 

Culvert Data 
Type Cast‐in‐Place RCB 
Dimensions 6.0 x 6.0 ft x ft 
Number of Barrels 1.0 
Length 120.0 ft 
Invert elevation 9.0 ft, NAVD88 
Inlet Condition Headwall 
Outlet Condition Headwall w/flap gate 
Type of Control Vertical Lift Slide Gate(s) 

Canal Data (Downstream/seepage canal) 

Invert ‐ Thalweg TBD ft, NAVD88 
Bottom Width 30.0 ft 
Top of Bank TBD ft, NAVD88 
Top Width 150.0 ft 
Side Slope (h:v) 3.0 ft (h:1) 

Revetment 

Size (D50) 1.0 ft 

Downstream Extent 80 ft 

Specific Weight (per specifications) 165 lb/ft3 

Thickness 42 inches 
Max Velocity Riprap can withstand (for stability) 8.84 ft/s 

Notes: 1. Structure subject to change based on seepage canal refinements 

FIGURE A‐7. S‐723 HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-724 

Cell Divide Structure (Northern to Centeral) 
Date Compiled (or revised) 27-Jul-18 

Latitude, Longitude TBD 

Design Conditions (optimum efficiency) 

Discharge (cfs) 1,500 cfs 

Headwater Elevation 25.00 ft, NAVD88 

Tailwater Elevation 23.00 ft, NAVD88 

Stilling Basin Design Conditions 

Discharge (cfs) 2,100 cfs 

Headwater Elevation 26.00 ft, NAVD88 

Tailwater Elevation 22.00 ft, NAVD88 

Maximum Head Difference (coincidental) 

Headwater Elevation 

Tailwater Elevation 

28.00 

18.00 

ft, NAVD88 

ft, NAVD88 

Crest Data 

Shape 

Design Head (Hd) 

Net Crest Length 

Crest Elevation 

Approach Apron Elevation 

Weir Control 

Ogee 

7.00 ft 

32.00 ft 

18.00 ft, NAVD88 

16.00 ft, NAVD88 

Vertical Slide 

Gates 

Number of Gates 2.00 

Gate Width 16.00 ft 

Gate Height 

Clearance Elevation 

Breastwall Elevation (bottom) 

Intermediate Pier Width 

8.00 

26.00 

26.00 

3.25 

ft 

ft, NAVD88 

ft, NAVD88 

ft 

Stilling Basin 

Design Discharge (cfs) 

Apron Elevation 

Apron Width 

End Sill Elevation 

Baffle Block Elevation 

2,100 

15.00 

35.25 

16.00 

16.50 

cfs 

ft, NAVD88 

ft 

ft, NAVD88 

ft, NAVD88 

Dist. From crest toe to 1st row of blocks/2nd row 12.75 / 17.00 ft 

Velocity over End Sill (at SPF TW) 9.93 ft/s 

Training Wall Elevation TBD ft, NAVD88 

Canal Data (Downstream) 

Invert - Thalweg 15.00 ft, NAVD88 

Top of Bank N/A ft, NAVD88 

Bottom Width N/A ft 

Top Width N/A ft 

Side Slope (L/R) N/A ft (h:1) 

Revetment 

Riprap Extent (Downstream) 120 ft 

Riprap size (D50) 1.25 ft 

Riprap Specific Weight 165.00 lb/ft3 

Max Velocity Riprap can withstand (turbulent rough) 9.89 ft/s 

FIGURE A‐8. S‐724 HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-724W - Auxiliary Spillway 

Emergency Overflow (Northern to Central Cell) 
Date Compiled (or revised) 7-Aug-18 

Latitude, Longitude TBD 

Design Conditions 

Discharge (cfs) 1,500 cfs 

Headwater Elevation 28.00 ft, NAVD88 

Tailwater Elevation 23.00 ft, NAVD88 

Maximum  Expected Stages 

Headwater Elevation 29.00 ft, NAVD88 

Tailwater Elevation 25.00 ft, NAVD88 

Maximum  Head Differential 

Headwater Elevation 29.00 ft, NAVD88 

Tailwater Elevation 22.00 ft, NAVD88 

Weir Design Data 

Shape Broad-Crest 

Crest Elevation 26.00 ft, NAVD88 

Crest Length 200.00 ft 

Minimum Tieback Elevation 31.00 ft, NAVD88 

Weir Control Passive, none 

Canal Data 

Northern Cell 

Side Slope Cotangent 3.00 

Bottom Width Pool 

Bottom Elevation 18.50 ft, NAVD88 

Central Cell 

Side Slope Cotangent 3.00 

Bottom Width Pool 

Bottom Elevation 18.50 ft, NAVD88 

Apron/Riprap Requirements - to be verified with final geotechnical design 

Apron Length 50.00 ft 

Riprap Extent (Downstream) tbd ft 

Riprap Size (D50) tbd ft 

Riprap Specific Weight tbd lb/ft3 

Max Velocity Riprap can withstand  (turbulent rough) tbd ft/s 

FIGURE A‐9. S‐724W‐A HDDS 
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Lake Okeechobee Watershed Restoration Project 

Date Compiled (or revised) 

Pumping Station 725 (S-725) 
Glades County, FL 

27-Jul-18 

Design Condition 

Seepage Return (discharge, cfs) 100 cfs 

Number of Pumps 2.00 

Pump Mix type and Size 

2 ‐ 50 cfs 

Mix Criteria 

Pumping Station will have 2 pumps ‐ The firm pumping capacity will be 100 cfs 
2 ‐ 50 cfs ‐ Submersible Electric Pumps to fill Reservoir 

Approach Channel, Pump Intake, & Discharge Chamber 

Intake Channel Invert 
Pump Intake Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Upstream Approach Apron Width 
Upstream Approach Apron Length 
Upstream Approach Apron Elevation 
Maximum Water Surface 
Minimum Water Surface 

TBD 
TBD 
TBD 
TBD 
TBD 

ft 
ft 
ft, NAVD88 
ft, NAVD88 
ft, NAVD88 

Discharge Pipe Centerline Elevation 
Discharge Chamber Invert 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Pump On/Off Triggers & Sequence 

Pump On Elevation 
Pump Off Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Design Head (ft) 

50 cfs 

Design Suction Head (Pump on Elevation - Intake Elevation) 

at Pump On Elevation TBD ft 

Design Discharge Head (Discharge Elevation - Intake Elevation) TBD ft 

Design Static Head (Discharge Head - Suction Head) 

at Pump On Elevation TBD ft 

Total Dynamic Head (Static Head + Friction Head) 

at Pump On Elevation 

FIGURE A‐10. S‐725 HDDS 

TBD ft 
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Lake Okeechobee Watershed Restoration Project 
S-726 

Seepage Canal Weir 
Date Compiled (or revised) 9-Aug-18 

Latitude, Longitude TBD 

Design Conditions 

Weir Crest Elevation 12.50 ft, NAVD88 

Weir Length 120.00 ft 

Weir Notch Elevation 12.00 ft, NAVD88 

Noth Length 20.00 ft 

*Assumed top width of weir is 140 ft 

**Target to maintain water level upstream ~13.0 ft, NAVD88 

FIGURE A‐11. S‐726 HDDS 

19 



 

 

 

 

 
   

 

 

 

 

   

   

   
 

 

   

   

   
 

 

   

   
 

 

   

   

   

   

 

 

 

 

 

 
 

    

   

   

   

   

   
 

 

   

   

   

   

   

      

    

   
 

 

   

   

   

   

   
 

 

   

    

   

  

       

  

Lake Okeechobee Watershed Restoration Project 
S-727 

Cell Divide Structure (Central to Southern) 
Date  Compiled (or revised) 27-Jul-18 

Latitude, Longitude TBD 

Design Conditions (optimum efficiency) 

Discharge (cfs) 1,500 cfs 

Headwater Elevation 23.00 ft, NAVD88 

Tailwater Elevation 20.00 ft, NAVD88 

Stilling Basin Design Conditions 

Discharge (cfs) 2,100 cfs 

Headwater Elevation 24.00 ft, NAVD88 

Tailwater Elevation 19.00 ft, NAVD88 

Maximum Head Difference (coincidental) 

Headwater Elevation 

Tailwater Elevation 

26.00 

16.00 

ft, NAVD88 

ft, NAVD88 

Crest Data 

Shape 

Design Head (Hd) 

Net Crest Length 

Crest Elevation 

Approach Apron Elevation 

Weir Control 

Ogee 

7.00 ft 

32.00 ft 

16.00 ft, NAVD88 

12.00 ft, NAVD88 

Vertical Slide 

Gates 

Number of Gates 2.00 

Gate Width 16.00 ft 

Gate Height 

Clearance Elevation 

Breastwall Elevation (bottom) 

Intermediate Pier Width 

8.00 

24.00 

24.00 

3.25 

ft 

ft, NAVD88 

ft, NAVD88 

ft 

Stilling Basin 

Design Discharge (cfs) 

Apron Elevation 

Apron Width 

End Sill Elevation 

Baffle Block Elevation 

2,100 

11.00 

35.25 

12.00 

12.50 

cfs 

ft, NAVD88 

ft 

ft, NAVD88 

ft, NAVD88 

Dist. From crest toe to 1st row of blocks/2nd row 14.25 / 19.00 ft 

Velocity over End Sill (at SPF TW) 8.51 ft/s 

Training Wall Elevation TBD ft, NAVD88 

Canal Data (Downstream) 

Invert - Thalweg 10.00 ft, NAVD88 

Top of Bank N/A ft, NAVD88 

Bottom Width N/A ft 

Top Width N/A ft 

Side Slope (L/R) N/A ft (h:1) 

Revetment 

Riprap Extent (Downstream) 120 ft 

Riprap size (D50) 1.25 ft 

Riprap Specific Weight 165.00 lb/ft3 

Max Velocity Riprap can withstand (turbulent rough) 9.89 ft/s 

FIGURE A‐12. S‐727 HDDS 
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       FIGURE A‐13. S‐727W‐A HDDS 

21 



 

 

 

 
 

   

  

 

   

   

   
 

 

   

   

   
 

 

   

   
 

 

   

   

   

   

 

 

 

 

 

 
 

 

    

   

   

   

   

   
 

 

   

   

   

   

   

      

    

   
 

 

   

   

   

   

   
 

 

   

    

   

  

       

  

Lake Okeechobee Watershed Restoration Project 
S-728 

Reservoir Primary Outlet Structure 
Date Compiled (or revised) 27-Jul-18 

Latitude, Longitude TBD 

Design Conditions (optimum efficiency) 

Discharge (cfs) 1,500 cfs 

Headwater Elevation 20.00 ft, NAVD88 

Tailwater Elevation 19.00 ft, NAVD88 

Stilling Basin Design Conditions 

Discharge (cfs) 2,500 cfs 

Headwater Elevation 22.00 ft, NAVD88 

Tailwater Elevation 17.00 ft, NAVD88 

Maximum Head Difference (coincidental) 

Headwater Elevation 

Tailwater Elevation 

24.00 

14.00 

ft, NAVD88 

ft, NAVD88 

Crest Data 

Shape 

Design Head (Hd) 

Net Crest Length 

Crest Elevation 

Approach Apron Elevation 

Weir Control 

Ogee 

7.00 ft 

42.00 ft 

13.00 ft, NAVD88 

9.00 ft, NAVD88 

Vertical Slide 

Gates 

Number of Gates 3.00 

Gate Width 14.00 ft 

Gate Height 

Clearance Elevation 

Breastwall Elevation (bottom) 

Intermediate Pier Width 

7.00 

20.00 

20.00 

3.25 

ft 

ft, NAVD88 

ft, NAVD88 

ft 

Stilling Basin 

Design Discharge (cfs) 

Apron Elevation 

Apron Width 

End Sill Elevation 

Baffle Block Elevation 

2,500 

8.00 

48.50 

9.00 

9.50 

cfs 

ft, NAVD88 

ft 

ft, NAVD88 

ft, NAVD88 

Dist. From crest toe to 1st row of blocks/2nd row 14.25 / 19.00 ft 

Velocity over End Sill (at SB design TW) 6.44 ft/s 

Training Wall Elevation TBD ft, NAVD88 

Canal Data (Downstream) 

Invert - Thalweg 8.00 ft, NAVD88 

Top of Bank 30.00 ft, NAVD88 

Bottom Width 50.00 ft 

Top Width 242.00 ft 

Side Slope (L/R) 3.00 ft (h:1) 

Revetment 

Riprap Extent (Downstream) 120 ft 

Riprap size (D50) 1.00 ft 

Riprap Specific Weight 165.00 lb/ft3 

Max Velocity Riprap can withstand (turbulent rough) 8.85 ft/s 

FIGURE A‐14. S‐728 HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-728W - Auxiliary Spillway 

Emergency Overflow (Southern Cell to Outlet Canal) 
Date Compiled (or revised) 7-Aug-18 

Latitude, Longitude TBD 

Design Conditions 

Discharge (cfs) 1,500 cfs 

Headwater Elevation 23.00 ft, NAVD88 

Tailwater Elevation 19.00 ft, NAVD88 

Maximum  Expected Stages 

Headwater Elevation 24.00 ft, NAVD88 

Tailwater Elevation 20.00 ft, NAVD88 

Maximum  Head Differential 

Headwater Elevation 24.00 ft, NAVD88 

Tailwater Elevation 18.00 ft, NAVD88 

Weir Design Data 

Shape Broad-Crest 

Crest Elevation 21.00 ft, NAVD88 

Crest Length 200.00 ft 

Minimum Tieback Elevation 27.00 ft, NAVD88 

Weir Control Passive, none 

Canal Data 

Southern Cell 

Side Slope Cotangent 3.00 

Bottom Width Pool 

Bottom Elevation 12.00 ft, NAVD88 

Outlet Canal 

Side Slope Cotangent 3.00 

Bottom Width 250.00 

Bottom Elevation 8.00 ft, NAVD88 

Apron/Riprap Requirements - to be verified with final geotechnical design 

Apron Length 50.00 ft 

Riprap Extent (Downstream) tbd ft 

Riprap Size (D50) tbd ft 

Riprap Specific Weight tbd lb/ft3 

Max Velocity Riprap can withstand  (turbulent rough) tbd ft/s 

FIGURE A‐15. S‐728W‐A HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-731 

Outlet to C-38 
Date Compiled (or revised) 27-Jul-18 

Latitude, Longitude TBD 

Design Conditions (optimum efficiency) 

Discharge (cfs) 1,700 cfs 

Headwater Elevation 19.00 ft, NAVD88 

Tailwater Elevation 17.50 ft, NAVD88 

Stilling Basin Design Conditions 

Discharge (cfs) 2,500 cfs 

Headwater Elevation 22.00 ft, NAVD88 

Tailwater Elevation 12.00 ft, NAVD88 

Maximum Head Difference (coincidental) 

Headwater Elevation 

Tailwater Elevation 

24.00 

12.00 

ft, NAVD88 

ft, NAVD88 

Crest Data 

Shape 

Design Head (Hd) 

Net Crest Length 

Crest Elevation 

Approach Apron Elevation 

Weir Control 

Ogee 

7.00 ft 

42.00 ft 

12.00 ft, NAVD88 

6.00 ft, NAVD88 

Vertical Slide 

Gates 

Number of Gates 3.00 

Gate Width 14.00 ft 

Gate Height 

Clearance Elevation 

Breastwall Elevation (bottom) 

Intermediate Pier Width 

8.00 

20.00 

20.00 

3.25 

ft 

ft, NAVD88 

ft, NAVD88 

ft 

Stilling Basin 

Design Discharge (cfs) 

Apron Elevation 

Apron Width 

End Sill Elevation 

Baffle Block Elevation 

2,500 

4.00 

48.50 

5.00 

5.50 

cfs 

ft, NAVD88 

ft 

ft, NAVD88 

ft, NAVD88 

Dist. From crest toe to 1st row of blocks/2nd row 15.75 / 21.00 ft 

Velocity over End Sill (at SB design TW) 7.36 ft/s 

Training Wall Elevation TBD ft, NAVD88 

Canal Data (Downstream) 

Invert - Thalweg 3.00 ft, NAVD88 

Top of Bank 35.00 ft, NAVD88 

Bottom Width 50.00 ft 

Top Width 316.00 ft 

Side Slope (L/R) 3.00 ft (h:1) 

Revetment 

Riprap Extent (Downstream) 120 ft 

Riprap size (D50) 1.00 ft 

Riprap Specific Weight 165.00 lb/ft3 

Max Velocity Riprap can withstand (turbulent rough) 8.85 ft/s 

FIGURE A‐16. S‐731 HDDS 
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Lake Okeechobee Watershed Restoration Project 

Date Compiled (or revised) 

Pumping Station 733 (S-733) 
Glades County, FL 

27-Jul-18 

Design Condition 

Seepage Return (discharge, cfs) 100 cfs 

Number of Pumps 2.00 

Pump Mix type and Size 

2 ‐ 50 cfs 

Mix Criteria 

Pumping Station will have 2 pumps ‐ The firm pumping capacity will be 100 cfs 
2 ‐ 50 cfs ‐ Submersible Electric Pumps to fill Reservoir 

Approach Channel, Pump Intake, & Discharge Chamber 

Intake Channel Invert 
Pump Intake Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Upstream Approach Apron Width 
Upstream Approach Apron Length 
Upstream Approach Apron Elevation 
Maximum Water Surface 
Minimum Water Surface 

TBD 
TBD 
TBD 
TBD 
TBD 

ft 
ft 
ft, NAVD88 
ft, NAVD88 
ft, NAVD88 

Discharge Pipe Centerline Elevation 
Discharge Chamber Invert 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Pump On/Off Triggers & Sequence 

Pump On Elevation 
Pump Off Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Design Head (ft) 

50 cfs 

Design Suction Head (Pump on Elevation - Intake Elevation) 

at Pump On Elevation TBD ft 

Design Discharge Head (Discharge Elevation - Intake Elevation) TBD ft 

Design Static Head (Discharge Head - Suction Head) 

at Pump On Elevation TBD ft 

Total Dynamic Head (Static Head + Friction Head) 

at Pump On Elevation 

FIGURE A‐17. S‐733 HDDS 

TBD ft 
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Lake Okeechobee Watershed Restoration Project 
S-734 

Revisions 14 August 2018 

XY Coord TBD 
Location TBD 
Purpose WAF Seepage Canal ‐ outlet to L‐48 

Design Cond. Discharge (CFS) 
Headwater Elevation 

190 
15.00 

cfs 
ft‐NAVD88 

Tailwater Elevation 12.70 ft‐NAVD88 

Max. Expect Stg Headwater Elevation 
Tailwater Elevation 

17.00 
13.00 

ft‐NAVD88 
ft‐NAVD88 

Max. Hd Diff Cond Maximum Headwater Elevation ‐‐ [All Flash Boards In] 
Minimum Tailwater Elevation ‐‐ [L‐48] 

18.00 
11.70 

ft‐NAVD88 
ft‐NAVD88 

Culvert Data Number of Barrels 2 
Barrel Material Type 
Barrel Diameter 

CAP 
72 

(RCP as alt) 
inches 

> Riser Data 

Barrel Length 
Barrel Invert Elevation (horizontal) 
Type of Control 
Number of "Half Barrels" 

120 feet 
6.00 ft‐NAVD88 
Riser w/Boards 
4 

Barrel Material Type 
Barrel Diameter 

CAP 
120 inches 

Barrel Length ‐‐ [Riser Crest(18) ‐ Culvert Invert(6)] 
Number of Board Guide Sets/Riser 
Weld Bottom Plate Crest Elevation 

12.0 
4 

8.00 

feet 

ft‐NAVD88 
Max Flash Board Crest Elevation 18.00 ft‐NAVD88 

Canal Data Side Slope 
Upstream Bottom "Pool" Area ‐‐ [60 (width) * 15 (length)] 
Upstream Bottom Elevation 
Downstream BottomWidth 

3 ft (h:1) 
900 square feet 
tbd ft‐NAVD88 
20 feet 

Downstream Bottom Elevation 5.00 ft‐NAVD88 

Riprap Req. Design Barrel Velocity 
Design Riprap Velocity 
Riprap Protected Area ‐‐ [40' (width) x 50' (length) pad downstream] 
D50 ‐‐ [Assumed ϒ‐165 pcf] 

3.43 
7.00 
2,000 
8 

fps 
fps 
sq‐ft 
inches 

Notes: 1. Riprap size not confirmed by Geotechnical EngineeringBranch. 
2. Barrels are designed for full flowing. 
3. Barrel Lengths may increase or decrease if necessary 

FIGURE A‐18. S‐734 HDDS 
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A.3.6 Spillway Calculations 

The following are spreadsheet model results for design of the Ogee type spillways recommended for the 
LOWRP. Designs will be verified and updated where appropriate through HEC‐RAS modeling during PED. 

LOWP 
S-724 

TSP structure optimization 
Structure D e sign Crite ria 

1 D e sign Discha rge = 1500 cfs SPF Information 
2 D esign Headwa ter Elev Hd = 25.00 ft NAVD Hd = 7.000 feet SPF Discharge = 
3 Analize Headwa ter Elev He = 25.00 ft NAVD He = 7.10 ft SPF Headwater = 
4 D e sign T a ilwa te r Ele v = 23.00 ft NAVD He/H'd = 1.014 SPF Tailwater = 
5 Crest Eleva tion = 18.00 ft NAVD h or Hs = 5 ft 
6 Single Ga te Crest W idth = 16 ft Hs/He = 0.705 Optimum Water Surface Elevations 
7 N umbe r of ga te s = 2 Delta H or hd= 2 feet High headwater = 

Net Crest Width = 32 feet Delta-H /He= 0.28185 High Tailwater = 
8 Inte rme dia te Pie r W idth = 3.25 feet Low Headwater = 
9 U pstr Ca na l Bottom W idth = 40.00 feet Low Tailwater = 

10 Upstr Bottom of cha nne l Ele v = 16.0 ft NAVD Max Headwater = 
11 Side Slope = 1 on 3.0 ft NAVD Lowest tailwater = 
12 N a tural Grade Upstream = 16 ft NAVD 
13 N a tural Grade Downstream = 18 ft NAVD Protection Elevations 
14 H ighest H eadwa ter el 28.00 ft NAVD Wave Surge at SPF = 
15 Ga te clearance above wa ter 1.00 feet Structure Protection Elev = 

Upstre a m Approa ch Ve locity = 2.49 fps Upstream Riprip Elev= 
Downstream Riprip Elev= 

Cre st Le ngth Re duction due to Contra ctions Warning!! Check for wave runup. BreastWall Elevation = 
From Pla te 7 EM 1110-2-1603 Computed Ka and Kp from charts Clearance Elevation = 

16 Pier Type (1, 2, 3 or 4) 2 Kp= 0.012 
Number of Gates = 2 Ka= 0.175 
Number of Piers = 1 
Width of Gates = 16 feet 
Height of Gates 11 feet Recommended height 

17 Height of Gates 8 feet Designer's choice Area (h*L) = 160 sqft 
Gate Aspect Ratio (about 2.0) = 2.00 OK Unit Q q = 46.875 cfs/ft 
Top of Gate elev 29.00 ft NAVD Clearance Elev Upstr Depth 9 feet 
L=L'-2(N *Kp+Ka)He 29.34 feet Upstr Avg Area 603 sq ft 
Crest discharge/foot q= 51.119 cfs/ft 
Apron Width = 35.25 feet Net Crest Width + Pier width(s) OR Levee Elevation 

COEFFICIEN T OF DISCH AR GE COMPUT AT ION 
18 T ria l U pstr Apron Ele v = 16 ft NAVD 

Computed Free Discharge Coe fficients High or Low Ogee Weir? 
Approach Apron Height P= 2.00 feet atio P/Hd = 0.286 P is too low -Lower Approach Apron 

Approach velocity = 4.73 fps 
Coefficient of Free Discharge Cf = 3.848 <<<<< From Pla te 31 EM 1110-2-1603 

19 D e signe r Discha rge Coe ff= 3.8400 Designers Judgement 

Free Discharge Qf= C*L*He^1.5 2,130 cfs - HDC 111-4/1; Is Hs/Hc < 0.4? ->NO!, Must U se Subme rge d Discha rge Qs 

DISCHARGE REDUCT ION FOR SUBMERGENCE FORMULAS OUT PUT 
Low Ogee Crests D ischarge Coe ficient Reduction: Submerged Flow 

From Pla te 33 EM 1110-2-1603 
20 T ria l D ownstr Apron Ele v = 15.00 ft NAVD 

Corps Reduction Factor Data d= 8.00 feet (Hd+d)/He = 1.41 H/He = 0.28 
21 Corps % Re duction = 6.29% <<<<Look up on EM 1110-2-1603 Pla te 3-5 or HD C 111-4 

Coe fficient 
Corps Reduced Coefficient = 0.9371 x Cf = 3.606 

USGS Reduced Coefficient Cs/C= 0.8518 x Cf = 3.271 
SCS Reduced Coefficient qs/q = 0.9008 

D ISCHARGE REDUCED FOR SU BMERGEN CE 
REQUIRED Discha rge = 1,500 cfs (From original input) 

Corps Qs = C x (% Reduction) x L x He^1.5 = 1,996 cfs *Warning! Assumed Apron Elev, Recheck after downstream Apron design. 

USDWC Qs =Cs*L*He ^1.5 
Be sure to check Apron design and Re-enter Dwnstr Elev if Reqd. 

1,814 
1,919 

cfs 
SCS Qs = (qs/ qf)*Qf = cfs 

Average Discharge 1,910 cfs 

SFW MD Qs =Qf*(1-(Hs/He)^1.5)^0.385 = 1,512 cfs 
k 

D'Aubusons Qs= k*A*(2g(Hw-Tw)+V^2)^0.5 = 1,580 cfs k from M 1110-2-1605 pg 5-14 0.85 
!!!!Do Not Use D'Aubusons Q this time!!!!! 1,580 cfs If Del H >1.0 then k = 0.85; if Del H < 1.0 K= 0.8 0.85 

FIGURE A‐19. S‐724 DESIGN CALCULATIONS 
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Apron D e sign Alte rna te Oge e 
Controlling De sign 

1 2 
22 Design Discharge 2100 1500 cfs Designers Choice; Choose higher computed discharge 

23 Headwater for Apron = 26 25.00 ft NAVD 
24 Tailwater for Apron = 22 23 ft NAVD !!!Lowe st ta ilwa te r with ma ximum discha rge 

Trial Apron Elevation = 15 15 ft NAVD Chose n a t be ginning of de sign proce ss 
25 Design Apron Elevation = 15 15 ft NAVD Designers choice to Change Check line10 

Congugate Depth "E" = 11.00 10.00 feet 

q/(E 1.5) = 1.962 1.617 

D2 /E = 0.7722 0.7320 Computed From Conguga te D epth Curve 
Compute d D 2 = 8.49 7.32 feet (1) 
Actual D2 (Tw El - Apron El) = 7 8 feet (2) 
D e signe rs Choice D 2 = 8.5 8 feet 

Alterna te D esign 1 d/ D 2 = 100.07% OK - Controlling D2 ratio > 85% 

Alterna te D esign 2 d/ D 2 = 109.29% Ok-Controlling D 2 R a tio > 85% 

D1/E = 0.2881 0.2280 Computed From Conguga te D epth Curve 
Compute d D 1 = 3.169 2.280 feet 

Velocity at D1 Depth = 22.583 22.423 fps 
Frude no. F1 = 2.236 2.617 Jump Cla ssifie d a s = W e a k jump 

Design Apron Elevation = 15 15 feet 
Designed Apron Width = 35.25 35.25 feet 
Average Apron Velocity = 8.51 5.32 fps 
Hydraulic Jump Length No Baffles = 37.07 33.78 feet On Fla t Floor N o Ba ffle s or Endsill EM 1110-2-1603 (7-1) 
Length of basin with Baffles = 14.83 13.51 feet Lb=K*D 1*F1^1.5  K=1.4 EM 1110-2-1603 
Apron Length with Baffles = 21.19 19.30 feet Lb=K*D 1*F1^1.5  K=2.0 EM 1110-2-1603 
Apron Length (2.5xD2) = 21.25 2.00 feet Previous Recommenda tions 
Apron Length (3xD2) = 25.50 24.00 feet Previous Recommenda tions 

25 Designer Apron Length = 25.50 24.00 feet Designers choice Minimum De sign OK 

Ba ffle Block D e sign 
Baffle Block Height = 1.42 1.22 feet EM-1110-2-1603 Pla te 7-4 

26 Designer Block Height D1 = 1.50 1.25 feet Designers choice 
27 Design Width of Block (D1) = 1.50 1.25 feet Designers choice 23.50 

Top of Baffle Elevation = 16.50 16.25 ft NAVD 
D istance from T oe of Ogee to Upstream Face of First R ow of Blocks 
Distance from Toe of Ogee = 12.75 10.98 feet EM-1110-2-1603 Plate 7-4 
Distance from Toe of Ogee = 12.74 10.98 feet First Row of Blocks from OgeeWeir 1.5*D2 

28 Designer Distance to 1st row = 12.75 11.00 feet Designers choice 
D istance from T oe of Ogee to Upstream face of Second R ow of Blocks 
Distance from Ogee toe= 16.99 14.98 feet Second Row of Blocks from OgeeWeir First Row + 0.5*D2 

29 Designer Distance to 2nd Row = 17.00 15.00 feet Designers choice 

End Sill De sign Edsill width = 1.00 feet 
End Sill Height (D2/12) = 0.583 0.667 
End Sill Height (D1/2) = 1.585 1.140 Slope = 7.843% 
Recommended Height = 0.583 0.667 

30 Designer Sill Height = 1.00 1.00 feet Designers Choice 
End Sill Elevation 16 16 ft NAVD 
Additional Length ot basin 3.00 3.00 1 on 1 slope from apron floor to top of endsill 
Total Apron Length from Ogee Toe 28.50 27.00 feet 
End Sill Froude No. = 0.71 0.40 ok 
End Sill Velocity = 9.93 6.08 fps Velocity < 9.0 fps, Design OK 

31 RipRap Velocity 10.00 7.00 fps Designers Recommendation 

R iprap D esign D 2 = 9.00 feet 

FIGURE A‐20. S‐724 DESIGN CALCULATIONS (CONT.) 
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Structure De sign Crite ria 

1 De sign D ischa rge = 1500 cfs SPF Information 
2 Design H eadwa ter Elev H d = 23.00 ft NAVD Hd = 7.000 feet SPF Discharge = 
3 Analize Headwa ter Elev He = 23.00 ft NAVD He = 7.05 ft SPF Headwater = 
4 De sign T a ilwa te r Ele v = 20.00 ft NAVD He/H'd = 1.008 SPF Tailwater = 

5 Crest Eleva tion = 16.00 ft NAVD h or Hs = 4 ft 
6 Single Ga te Crest Width = 16 ft Hs/He = 0.567 Optimum Water Surface Elevations 
7 Numbe r of ga te s = 2 Delta H or hd = 3 feet High headwater = 

Net Crest Width = 32 feet Delta-H /He= 0.42528 High Tailwater = 
8 Inte rme dia te Pie r W idth = 3.25 feet Low Headwater = 
9 Upstr Ca na l Bottom W idth = 40.00 feet Low Tailwater = 

Upstr Bottom of cha nne l Ele v = 12.0 ft NAVD Max Headwater = 
Side Slope = 1 on 3.0 ft NAVD Lowest tailwater = 
Na tural Grade Upstream = 12 ft NAVD 
Na tural Grade Downstream = 12 ft NAVD Protection Elevations 
Highest H eadwa ter e l 26.00 ft NAVD Wave Surge at SPF = 
Ga te clearance above wa ter 1.00 feet Structure Protection Elev = 
Upstream Approach Velocity = 1.87 fps Upstream Riprip Elev = 

Downstream Riprip Elev = 
Cre st Le ngth Re duction due to Contra ctions Warning!! Check for wave runup. BreastWall Elevation = 

From Pla te 7 EM 1110-2-1603 Computed Ka and Kp from charts Clearance Elevation = 
Pier Type (1, 2, 3 or 4) 2 Kp= 0.013 
Number of Gates = 2 Ka= 0.175 
Number of Piers = 1 
Width of Gates = 16 feet 
Height of Gates 11 feet Recommended height 
Height of Gates 8 feet Designer's choice Area (h*L) = 128 sqft 
Gate Aspect Ratio (about 2.0) = 2.00 OK Unit Q q = 46.875 cfs/ft 
Top of Gate elev 27.00 ft NAVD Clearance Elev Upstr Depth 11 feet 
L=L'-2(N *Kp+Ka)He 29.36 feet Upstr Avg Area 803 sq ft 
Crest discharge/foot q= 51.092 cfs/ft 
Apron Width = 35.25 feet Net Crest Width + Pier width(s) OR Levee Elevation 

10 
11 
12 
13 
14 
15 

16 

17 

LOWP 
S-727 

TSP structure optimization 

COEFFICIENT OF D ISCHARGE COMPU T AT ION 
18 T ria l Upstr Apron Ele v = 12 

Computed Free Discharge Coe fficients 
Approach Apron Height P= 4.00 

Approach velocity = 3.87 
Coefficient of Free Discharge Cf = 3.886 

19 De signe r Discha rge Coe ff= 3.8800 

Free Discharge Qf= C*L*He^1.5 2,134 

ft NAVD 
High or Low Ogee Weir? 
feet atio P/Hd = 0.571 Apron Elevation Ok 
fps 
<<<<< From Pla te 31 EM 1110-2-1603 
Designers Judgement 

cfs - HDC 111-4/1; Is Hs/Hc < 0.4? ->N O!, Must U se Subme rge d Discha rge Qs 

DISCHARGE R ED UCT ION FOR SU BMER GENCE FOR MULAS OU T PUT 
Low Oge e Cre sts D ischa rge Coe ficie nt R e duction: Subme rge d Flow 

From Pla te 33 EM 1110-2-1603 
20 T ria l Downstr Apron Ele v = 11.00 ft NAVD 

Corps Reduction Factor Data d= 9.00 feet (Hd+d)/He = 1.70 H/He = 0.43 

21 Corps % Re duction = 1.31% <<<<Look up on EM 1110-2-1603 Pla te 3-5 or H DC 111-4 
Coe fficient 

Corps Reduced Coefficient = 0.9869 x Cf = 3.835 
USGS Reduced Coefficient Cs/C= 0.9145 

SCS Reduced Coefficient qs/q = 0.9552 
x Cf = 3.548 

D ISCHAR GE REDU CED FOR SUBMERGEN CE 
R EQUIR ED D ischa rge = 1,500 cfs (From original input) 

Corps Qs = C x (% Reduction) x L x He^1.5 = 2,106 cfs *Warning! Assumed Apron Elev, Recheck after downstream Apron design. 
Be sure to check Apron design and Re-enter Dwnstr Elev if Reqd. 

USDW C Qs =Cs*L*H e ^1.5 1,952 cfs 
SCS Qs = (qs/ qf)*Qf = 2,039 cfs 

Average Discharge 2,032 cfs 

SFW MD Qs =Qf*(1-(Hs/He)^1.5)^0.385 = 1,724 cfs 
k 

D'Aubusons Qs= k*A*(2g(Hw-Tw)+V^2)^0.5 = 1,526 cfs k from M 1110-2-1605 pg 5-14 0.85 
!!!!Do Not Use D'Aubusons Q this time!!!!! 1,526 cfs If Del H >1.0 then k = 0.85; if Del H < 1.0 K= 0.8 0.85 

FIGURE A‐21. S‐727 DESIGN CALCULATIONS 
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Apron De sign Alte rna te Oge e 
Controlling D e sign 

1 2 
22 Design Discharge 2100 1500 cfs Designers Choice; Choose higher computed discharge 

23 Headwater for Apron = 24 23.00 ft NAVD 
24 Tailwater for Apron = 19 20 ft NAVD !!!Lowe st ta ilwa te r with ma ximum discha rge 

Trial Apron Elevation = 11 11 ft NAVD Chose n a t be ginning of de sign proce ss 
25 Design Apron Elevation = 11 11 ft NAVD Designers choice to Change Check line10 

Congugate Depth "E" = 13.00 12.00 feet 

q/(E 1.5) = 1.526 1.229 

D2 /E = 0.7216 0.6668 Compute d From Conguga te De pth Curve 
Compute d D 2 = 9.38 8.00 feet (1) 
Actual D2 (Tw El - Apron El) = 8 9 feet (2) 
De signe rs Choice D 2 = 

Alterna te D esign 1 d/ D 2 = 
9.5 9 feet 

101.27% OK - Controlling D2 ratio > 85% 

Alterna te D esign 2 d/ D 2 = 112.47% Ok-Controlling D 2 Ra tio > 85% 

D1/E = 0.2146 0.1671 Compute d From Conguga te De pth Curve 
Compute d D 1 = 2.790 2.005 feet 

Velocity at D1 Depth = 25.634 25.484 fps 
Frude no. F1 = 2.704 3.172 Jump Cla ssifie d a s = Oscilla ting jump 

Design Apron Elevation = 11 11 feet 
Designed Apron Width = 35.25 35.25 feet 
Average Apron Velocity = 7.45 4.73 fps 
Hydraulic Jump Length No Baffles = 43.43 39.64 feet On Fla t Floor No Ba ffle s or Endsill EM 1110-2-1603 (7-1) 
Length of basin with Baffles = 17.37 15.85 feet Lb=K*D 1*F1^1.5  K=1.4 EM 1110-2-1603 
Apron Length with Baffles = 24.82 22.65 feet Lb=K*D 1*F1^1.5  K=2.0 EM 1110-2-1603 
Apron Length (2.5xD2) = 23.75 22.50 feet Previous Re commenda tions 
Apron Length (3xD2) = 28.50 27.00 feet Previous Re commenda tions 

25 Designer Apron Length = 28.50 27.00 feet Designers choice Minimum D e sign OK 

Ba ffle Block D e sign 
Baffle Block Height = 1.58 1.33 feet EM-1110-2-1603 Pla te 7-4 

26 Designer Block Height D1 = 1.50 1.50 feet Designers choice 
27 Design Width of Block (D1) = 1.50 1.50 feet Designers choice 23.50 

Top of Baffle Elevation = 12.50 12.50 ft NAVD 
Dista nce from T oe of Oge e to U pstre a m Fa ce of First R ow of Blocks 
Distance from Toe of Ogee = 14.25 12.00 feet EM-1110-2-1603 Plate 7-4 
Distance from Toe of Ogee = 14.07 12.00 feet First Row of Blocks from OgeeWeir 1.5*D2 

28 Designer Distance to 1st row = 14.25 12.00 feet Designers choice 
Dista nce from T oe of Oge e to U pstre a m fa ce of Se cond R ow of Blocks 
Distance from Ogee toe= 18.82 16.50 feet Second Row of Blocks from OgeeWeir First Row + 0.5*D2 

29 Designer Distance to 2nd Row = 19.00 16.50 feet Designers choice 

End Sill De sign Edsill width = 1.00 feet 
End Sill Height (D2/12) = 0.667 0.750 
End Sill Height (D1/2) = 1.395 1.002 Slope = 14.035% 
Recommended Height = 0.667 0.750 

30 Designer Sill Height = 1.00 1.00 feet Designers Choice 
End Sill Elevation 12 12 ft NAVD 
Additional Length ot basin 3.00 3.00 1 on 1 slope from apron floor to top of endsill 
Total Apron Length from Ogee Toe 31.50 30.00 feet 
End Sill Froude No. = 0.57 0.33 ok 
End Sill Velocity = 8.51 5.32 fps Velocity < 9.0 fps, Design OK 

31 RipRap Velocity 10.00 7.00 fps Designers Recommendation 

Riprap D esign D 2 = 9.00 feet 

FIGURE A‐22. S‐727 DESIGN CALCULATIONS (CONT.) 
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Structure De sign Crite ria 

1 De sign Discha rge = 1500 cfs SPF Information 
2 De sign He a dwa te r Ele v H d = 20.00 ft NAVD Hd = 7.000 feet SPF Discharge = 
3 Analize Headwa te r Elev He = 20.00 ft NAVD He = 7.02 ft SPF Headwater = 
4 De sign T a ilwa te r Ele v = 19.00 ft NAVD He/H'd = 1.003 SPF Tailwater= 

5 Crest Elevation = 13.00 ft NAVD h or Hs = 6 ft 
6 Single Ga te Crest Width = 14 ft Hs/He = 0.854 
7 Numbe r of ga te s = 3 Delta H orhd = 1 feet High headwater = 

Net Crest Width = 42 feet Delta-H /He= 0.1424 High Tailwater = 
8 Inte rme dia te Pie r W idth = 3.25 feet Low Headwater= 
9 Upstr Ca na l Bottom W idth = 80.00 feet Low Tailwater = 

Upstr Bottom of cha nne l Ele v = 9.0 ft NAVD Max Headwater = 
Side Slope = 1 on 3.0 ft NAVD Lowest tailwater= 
Natural Grade Upstream = 9 ft NAVD 
Natural Grade Downstream = 8 ft NAVD Protection Elevations 
Highest Headwater el 22.00 ft NAVD Wave Surge at SPF = 
Gate clearance above wa ter 22.00 feet Structure Protection Elev = 
Upstream ApproachVelocity = 1.21 fps Upstream Riprip Elev = 

Downstream Riprip Elev = 
eCr st Le ngth Re duction due to Contra ctions Warning!! Check for wave runup. BreastWall Elevation = 

From Pla te 7 EM 1110-2-1603 Computed Ka and Kp from charts Clearance Elevation = 
Pier Type (1, 2, 3 or 4) 2 Kp= 0.013 
Number of Gates = 3 Ka= 0.174 
Number of Piers = 2 
Width of Gates = 14 feet 
Height of Gates 31 feet Recommended height 
Height of Gates 7 feet Designer's choice Area (h*L) = 252
Gate Aspect Ratio (about 2.0) = 2.00 OK Unit Q q = 35.714
Top of Gate elev 44.00 ft NAVD Clearance Elev Upstr Depth 11
L=L'-2(N *Kp+Ka)He 39.19 feet Upstr Avg Area 1243
Crest discharge/foot q= 38.276 cfs/ft 
Apron Width = 48.50 feet Net Crest Width + Pier width(s) OR Levee Elevation 

10 
11 
12 
13 
14 
15 

16 

17 

LOWP 
S-728 

TSP structure optimization 

COEFFICIEN T OF DISCHAR GE COMPUT AT ION 
18 T ria l U pstr Apron Ele v = 9 

Computed Free Discharge Coe fficie nts 
Approach Apron Height P= 4.00 

Approach velocity = 2.81 
Coefficient of Free Discharge Cf = 3.884 

19 De signe r Discha rge Coe ff= 3.8700 

Free Discharge Qf= C*L*He^1.5 2,822 

 ft NAVD 

Optimum Water Surface Elevations 

sqft 
cfs/ft 
feet 

 sq ft 

High or Low Ogee Weir? 
feet atio P/Hd = 0.571 Apron Elevation Ok

 fps
 <<<<< From Pla te 31 EM 1110-2-1603 
Designers Judgement 

cfs - HDC 111-4/1; Is Hs/Hc < 0.4? ->NO!, Must Use Subme rge d Discha rge Qs 

D ISCH ARGE RED UCT ION FOR SUBMERGENCE FORMULAS OUT PU T 
Low Oge e Cre sts Discha rge Coe ficie nt Re duction: Subme rge d Flow 

From Pla te 33 EM 1110-2-1603 
20 T ria l D ownstr Apron Ele v = 8.00 ft NAVD 

Corps Reduction Factor Data d= 11.00 feet (Hd+d)/He = 1.71 H/He = 0.14 

21 Corps % R e duction = 12.92% <<<<Look up on EM 1110-2-1603 Pla te 3-5 or H DC 111-4 
Coe fficient 

Corps Reduced Coefficient = 0.8708 x Cf = 3.382 
USGS Reduced Coefficient Cs/C= 0.7048 

SCS Reduced Coefficient qs/q = 0.7548 
x Cf = 2.728 

DISCHARGE REDUCED FOR SUBMERGENCE 
REQUIR ED Discha rge = 1,500 cfs (From original input) 

Corps Qs = C x (% Reduction) x L x He^1.5 = 2,458 cfs *Warning! Assumed Apron Elev, Recheck after downstream Apron design. 
Be sure to check Apron design and Re-enter Dwnstr Elev if Reqd. 

USDWC Qs =Cs*L*H e ^1.5 1,989 cfs 
SCS Qs = (qs/ qf)*Qf = 2,130 cfs 

Average Discharge 2,193 cfs 

SFW MD Qs =Qf*(1-(Hs/He)^1.5)^0.385 = 1,548 cfs 
k 

D'Aubusons Qs= k*A*(2g(Hw-Tw)+V^2)^0.5 = 1,738 cfs k from M 1110-2-1605 pg 5-14 0.85 
Delta H/He< 0.2 Ok to use D'Aubusons Q 1,738 cfs If Del H >1.0 then k = 0.85; if Del H < 1.0 K= 0.8 0.85 

FIGURE A‐23. S‐728 DESIGN CALCULATIONS 
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Apron De sign Alte rna te Oge e 
Controlling D e sign 

1 2 
22 Design Discharge 2500 1500 cfs Designers Choice; Choose higher computed discharge 
23 Headwater for Apron = 22 20.00 ft NAVD 
24 Tailwater for Apron = 17 19 ft NAVD !!!Lowe st ta ilwa te r with ma ximum discha rge 

Trial Apron Elevation = 8 8 ft NAVD Chose n a t be ginning of de sign proce ss 
25 Design Apron Elevation = 8 8 ft NAVD Designers choice to Change Check line10 

Congugate Depth "E" = 14.00 12.00 feet 

q/(E 1.5) = 1.218 0.921 

D2 /E = 0.6646 0.5974 Computed From Conguga te Depth Curve 
Compute d D 2 = 9.30 7.17 feet (1) 
Actual D2 (Tw El - Apron El) = 9 11 feet (2) 
D e signe rs Choice D 2 = 

Alterna te Design 1 d/ D 2 = 
9.5 8 feet 

102.11% 
153.44% 

OK - Controlling D2 ratio > 85% 
Alterna te Design 2 d/ D 2 = Ok-Controlling D 2 Ra tio > 85% 

D1/E = 0.1655 0.1245 Computed From Conguga te Depth Curve 
Compute d D 1 = 2.317 1.494 feet 

Velocity at D1 Depth = 27.534 25.621 fps 
Frude no. F1 = 3.188 3.694 Jump Cla ssifie d a s = Oscilla ting jump 

Design Apron Elevation = 8 8 feet 
Designed Apron Width = 48.50 48.50 feet 
Average Apron Velocity = 5.73 2.81 fps 
Hydraulic Jump Length No Baffles = 46.15 37.12 feet On Fla t Floor No Ba ffle s or Endsill EM1110-2-1603 (7-1) 
Length of basin with Baffles = 18.46 14.85 feet Lb=K*D 1*F1^1.5 K=1.4 EM 1110-2-1603 
Apron Length with Baffles = 26.37 21.21 feet Lb=K*D 1*F1^1.5 K=2.0 EM 1110-2-1603 
Apron Length (2.5xD2) = 23.75 20.00 feet Pre vious Re comme nda tions 
Apron Length (3xD2) = 28.50 24.00 feet Pre vious Re comme nda tions 

25 Designer Apron Length = 30.00 24.00 feet Designers choice Minimum De sign OK 

Ba ffle Block D e sign 
Baffle Block Height = 1.58 1.19 feet EM-1110-2-1603 Pla te 7-4 

26 Designer Block Height D1 = 1.50 1.25 feet Designers choice 
27 Design Width of Block (D1) = 1.50 1.25 feet Designers choice 32.33 

Top of Baffle Elevation = 9.50 9.25 ft NAVD 
D istance from T oe of Ogee to Upstream Face of First R ow of Blocks 
Distance from Toe of Ogee = 14.25 10.75 feet EM-1110-2-1603 Plate 7-4 
Distance from Toe of Ogee = 13.96 10.75 feet First Row of Blocks from OgeeWeir 1.5*D2 

28 Designer Distance to 1st row = 14.25 11.00 feet Designers choice 
D istance from T oe of Ogee to Upstream face of Second Row of Blocks 
Distance from Ogee toe= 18.71 14.75 feet Second Row of Blocks from OgeeWeir First Row + 0.5*D2 

29 Designer Distance to 2nd Row = 19.00 15.00 feet Designers choice 

End Sill D e sign Edsill width = 1.00 feet 
End Sill Height (D2/12) = 0.750 0.917 
End Sill Height (D1/2) = 1.158 0.747 Slope = 13.333% 
Recommended Height = 0.750 0.747 

30 Designer Sill Height = 1.00 0.75 feet Designers Choice 
End Sill Elevation 9 8.75 ft NAVD 
Additional Length ot basin 3.00 2.50 1 on 1 slope from apron floor to top of endsill 
Total Apron Length from Ogee Toe 33.00 26.50 feet 
End Sill Froude No. = 0.40 0.17 ok 
End Sill Velocity = 6.44 3.02 fps Velocity < 9.0 fps, Design OK 

31 RipRap Velocity 7.00 7.00 fps Designers Recommendation 

R iprap Design D 2 = 9.00 feet 

FIGURE A‐24. S‐728 DESIGN CALCULATIONS (CONT.) 
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Structure De sign Crite ria 

1 De sign D ischa rge = 1700 cfs SPF Information 
2 De sign H e a dwa te r Ele v Hd = 19.00 ft NAVD Hd = 7.000 feet SPF Discharge = 
3 Analize Hea dwa ter Elev He = 19.00 ft NAVD He = 7.03 ft SPF Headwater = 
4 De sign T a ilwa te r Ele v = 17.50 ft NAVD He/H'd = 1.004 SPF Tailwater = 

5 Crest Eleva tion = 12.00 ft NAVD h or Hs = 5.5 ft 
6 Single Ga te Cre st W idth = 14 ft Hs/He = 0.783 Optimum Water Surface Elevations 
7 Numbe r of ga te s = 3 Delta H or hd = 1.5 feet High headwater = 

Net Crest Width = 42 feet Delta-H /He= 0.21346 High Tailwater = 
8 Inte rme dia te Pie r W idth = 3.25 feet Low Headwater = 
9 Upstr Ca na l Bottom W idth = 50.00 feet Low Tailwater = 

Upstr Bottom of cha nne l Ele v = 5.0 ft NAVD Max Headwater = 
Side Slope = 1 on 3.0 ft NAVD Lowest tailwater = 
Na tura l Gra de Upstre a m = 5 ft NAVD 
Na tura l Gra de Downstre a m = 2 ft NAVD Protection Elevations 
Highest H e adwa te r el 22.00 ft NAVD Wave Surge at SPF = 
Ga te cle a ra nce a bove wa te r 22.00 feet Structure Protection Elev = 
Upstre a m Approa ch Ve locity = 1.32 fps Upstream Riprip Elev = 

Downstream Riprip Elev = 
Cre st Le ngth Re duction due to Contra ctions Warning!! Check for wave runup. BreastWall Elevation = 

From Pla te 7 EM 1110-2-1603 Computed Ka and Kp from charts Clearance Elevation = 
Pier Type (1, 2, 3 or 4) 2 Kp= 0.013 
Number of Gates = 3 Ka= 0.174 
Number of Piers = 2 
Width of Gates = 14 feet 
Height of Gates 32 feet Recommended height 
Height of Gates 8 feet Designer's choice Area (h*L) = 231 
Gate Aspect Ratio (about 2.0) = 1.75 OK Unit Q q = 40.476 
Top of Gate elev 44.00 ft NAVD Clearance Elev Upstr Depth 14 
L=L'-2(N *Kp+Ka)He 39.19 feet Upstr Avg Area 1288 
Crest discharge/foot q= 43.380 cfs/ft 
Apron Width = 48.50 feet Net Crest Width + Pier width(s) OR Levee Elevation 

10 
11 
12 
13 
14 
15 

16 

17 

LOWP 
S-731 

TSP structure optimization 

COEFFICIENT OF DISCHARGE COMPUT AT ION 
18 T ria l Upstr Apron Ele v = 6 

Compute d Fre e Discha rge Coe fficie nts 
Approach Apron Height P= 6.00 

Approach velocity = 2.70 
Coefficient of Free Discharge Cf = 3.923 

19 De signe r Discha rge Coe ff= 3.8500 

Free Discha rge Qf= C*L*He^1.5 2,810 

ft NAVD 

sqft 
cfs/ft 
feet 
sq ft 

High or Low Ogee Weir? 
feet atio P/Hd = 0.857 Apron Elevation Ok 
fps 
<<<<< From Pla te 31 EM 1110-2-1603 
Designers Judgement 

cfs - HDC 111-4/1; Is Hs/Hc < 0.4? ->NO!, Must Use Subme rge d Discha rge Qs 

DISCHARGE REDU CT ION FOR SUBMERGENCE FORMULAS OUT PUT 
Low Oge e Cre sts Discha rge Coe ficie nt Re duction: Subme rge d Flow 

From Pla te 33 EM 1110-2-1603 
20 T ria l Downstr Apron Ele v = 4.00 ft NAVD 

Corps Reduction Factor Data d= 13.50 feet (Hd+d)/He = 2.13 H/He = 0.21 

21 Corps % Re duction = 6.80% <<<<Look up on EM 1110-2-1603 Pla te 3-5 or HDC 111-4 
Coe fficie nt 

Corps Reduced Coefficient = 0.9320 x Cf = 3.656 
USGS Reduced Coefficient Cs/C= 0.7906 

SCS Reduced Coefficient qs/q = 0.8476 
x Cf = 3.044 

DISCHARGE REDU CED FOR SUBMERGENCE 
REQUIRED Discha rge = 1,700 cfs (From original input) 

Corps Qs = C x (% Reduction) x L x He^1.5 = 2,619 

USDW C Qs =Cs*L*He ^1.5 2,222 cfs 
SCS Qs = (qs/ qf)*Qf = 2,382 cfs 

Average Discharge 2,408 cfs 

SFW MD Qs =Qf*(1-(Hs/He)^1.5)^0.385 = 1,789 cfs 

D'Aubusons Qs= k*A*(2g(Hw-Tw)+V^2)^0.5 = 1,947 cfs 
!!!!Do Not Use D'Aubusons Q this time!!!!! 1,947 cfs 

cfs *Warning! Assumed Apron Elev, Recheck after downstream Apron design. 
Be sure to check Apron design and Re-enter Dwnstr Elev if Reqd. 

k from M 1110-2-1605 pg 5-14 
If Del H >1.0 then k = 0.85; if Del H < 1.0 K= 0.8 

k 
0.85 
0.85 

FIGURE A‐25. S‐731 DESIGN CALCULATIONS 
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Apron D e sign Alte rna te Oge e 
Controlling De sign 

1 2 
22 Design Discharge 2500 1700 cfs Designers Choice; Choose higher computed discharge 

23 Headwater for Apron = 22 19.00 ft NAVD 
24 Tailwater for Apron = 12 17.5 ft NAVD !!!Lowe st ta ilwa te r with ma ximum discha rge 

Trial Apron Elevation = 4 4 ft NAVD Chose n a t be ginning of de sign proce ss 
25 Design Apron Elevation = 4 4 ft NAVD Designers choice to Change Check line10 

Congugate Depth "E" = 18.00 15.00 feet 

q/(E 1.5) = 0.835 0.747 

D2 /E = 0.5746 0.5489 Compute d From Conguga te De pth Curve 
Compute d D 2 = 10.34 8.23 feet (1) 
Actual D2 (Tw El - Apron El) = 8 13.5 feet (2) 
De signe rs Choice D 2 = 

Alte rna te De sign 1 d/ D 2 = 
10.5 11 feet 

101.52% OK - Controlling D2 ratio > 85% 

Alte rna te De sign 2 d/ D 2 = 163.95% Ok-Controlling D 2 Ra tio > 85% 

D1/E = 0.1117 0.0975 Compute d From Conguga te De pth Curve 
Compute d D 1 = 2.010 1.463 feet 

Velocity at D1 Depth = 31.741 29.649 fps 
Frude no. F1 = 3.946 4.320 Jump Cla ssifie d a s = Oscilla ting jump 

Design Apron Elevation = 4 4 feet 
Designed Apron Width = 48.50 48.50 feet 
Average Apron Velocity = 6.44 2.60 fps 
Hydraulic Jump Length No Baffles = 55.13 45.97 feet On Fla t Floor No Ba ffle s or Endsill EM1110-2-1603 (7-1) 
Length of basin with Baffles = 22.05 18.39 feet Lb=K*D 1*F1^1.5 K=1.4 EM1110-2-1603 
Apron Length with Baffles = 31.50 26.27 feet Lb=K*D 1*F1^1.5 K=2.0 EM1110-2-1603 
Apron Length (2.5xD2) = 26.25 27.50 feet Previous Recomme nda tions 
Apron Length (3xD2) = 31.50 33.00 feet Previous Recomme nda tions 

25 Designer Apron Length = 32.00 33.00 feet Designers choice Minimum De sign OK 

Ba ffle Block De sign 
Baffle Block Height = 1.75 1.37 feet EM-1110-2-1603 Pla te 7-4 

26 Designer Block Height D1 = 1.50 1.50 feet Designers choice 
27 Design Width of Block (D1) = 1.50 1.50 feet Designers choice 32.33 

Top of Baffle Elevation = 5.50 5.50 ft NAVD 
Dista nce from T oe of Oge e to Upstre a m Fa ce of First Row of Blocks 
Distance from Toe of Ogee = 15.75 12.35 feet EM-1110-2-1603 Plate 7-4 
Distance from Toe of Ogee = 15.51 12.35 feet First Row of Blocks from OgeeWeir 1.5*D2 

28 Designer Distance to 1st row = 15.75 15.00 feet Designers choice 
Dista nce from T oe of Oge e to Upstre a m fa ce of Se cond Row of Blocks 
Distance from Ogee toe= 20.76 17.85 feet Second Row of Blocks from OgeeWeir First Row + 0.5*D2 

29 Designer Distance to 2nd Row = 21.00 20.50 feet Designers choice 

End Sill De sign Edsill width = 1.00 feet 
End Sill Height (D2/12) = 0.667 1.125 
End Sill Height (D1/2) = 1.005 0.732 Slope = 21.875% 
Recommended Height = 0.667 0.732 

30 Designer Sill Height = 1.00 1.00 feet Designers Choice 
End Sill Elevation 5 5 ft NAVD 
Additional Length ot basin 3.00 3.00 1 on 1 slope from apron floor to top of endsill 

Total Apron Length from Ogee Toe 35.00 36.00 feet 
End Sill Froude No. = 0.49 0.14 ok 
End Sill Velocity = 7.36 2.80 fps Velocity < 9.0 fps, Design OK 

31 RipRap Velocity 9.00 7.00 fps Designers Recommendation 

Ripra p De sign D 2 = 9.00 feet 

FIGURE A‐26. S‐731 DESIGN CALCULATIONS (CONT.) 
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A.3.7 Wind & Wave Analysis 

A.3.7.1 Introduction 

The purpose of this study is to apply wave run‐up and corresponding over‐wash rate estimates for a 
combination of water stage, design wind to determine recommended embankment heights for Lake 
Okeechobee Watershed Restoration Project (LOWRP). Water stage and design wind conditions were 
developed using methodologies consistent with Design Criteria Memorandum: DCM‐2, Wind and 
Precipitation Design Criteria for Freeboard (SFWMD, 2006) which provides guidance for developing 
combined wind speed and precipitation events for freeboard determination of impoundments, 
reservoirs, and dams, specifically for application to projects located in South Florida. Wave run‐up and 
over‐wash rates, when combined with structural design and site specific geotechnical information, 
provide a key component in the determination of the optimum levee height for a given project location. 
Results from this analysis are presented as part of the larger investigation and do not constitute, in and 
of themselves, a recommendation for a final levee height design. 

The LOWRP project site covers an extensive region north of Lake Okeechobee (Figure A‐27). At present 
the proposed impoundment consists of three cells, North Cell, Center Cell, and South Cell, divided by 
internal embankments. While the precise location of the impoundment has yet to be finalized, the 
conceptual configuration is presented in Figure A‐28. 

FIGURE A‐27. LAKE OKEECHOBEE WATERSHED PROJECT AREA 
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FIGURE A‐28. PROPOSED CONFIGURATION OF THE IMPOUNDMENT 

A.3.7.2 Methodology 

Determination of design criteria requires combinations of starting water levels (normal pool), 
precipitation, and wind conditions that can reasonably be expected to occur simultaneously. DCM‐2 
provides four design “Cases” for evaluation: 

Case 1 – PMP event combined with a 100‐year wind condition. 
Case 2 – 100‐year precipitation event combined with a Category 5 hurricane wind condition. 
Case 3 – NFSL (normal full storage level) combined with a Probable Maximum Wind (PMW) condition. 
Case 4 – Storm specific (historical) precipitation/wind event. 

For this preliminary screening level analysis, only Case 1 (a routed PMP event of 48 inches) along with a 
normal pool/wind combination case were investigated. This is acceptable for screening level evaluation 
as Case 1 has been the predominant governing case in previous South Florida investigations. The 
normal pool case provides a “sunny day” comparison to PMP results. 

Wave heights due to wind‐growth within the impoundment were estimated for each of the three 
proposed cells assuming an average normal pool depth of 4.0 feet. This resulted in a total of six cases 
(three “Sunny day” and three PMP). Based on resulting wave conditions and predicted storm surge, 
wave run‐up and over‐wash were calculated using the US Army Corps of Engineers (USACE) Automated 
Coastal Engineering System (ACES) (USACE, 1992). Over‐wash was estimated for a single levee 
configuration: a smooth, flat plate soil cement armor layer with a 3:1V slope. 
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The Probable Maximum Precipitation (PMP) of a 72 hour storm for this location is 55.7 inches. This 
rainfall depth was routed taking into account the auxiliary spillways to obtain a maximum pool of 48 
inches over Normal Full Storage Level. The 48 inch depth is referred to below as the PMP. 

A.3.7.2.1 Wave Heights and Periods 

Wind waves, also known as oscillatory waves, are a key component in determining minimum freeboard. 
Wind waves are generated when wind blows over an open expanse of water. They grow in magnitude 
over time and, in a confined environment such as a reservoir or impoundment, will eventually encounter 
one of the surrounding embankments. As a result of this encounter water will rush up the embankment 
slope (wave run‐up) and if the run‐up elevation exceeds the elevation of the embankment crest it will 
produce over‐wash. 

Wind waves are most commonly defined by their height (crest to trough), length (crest to crest), and 
period (time between consecutive crests). In reality, wind driven waves are a highly complex mix of 
crests and troughs on the water surface, collectively referred to as a wave climate or wave field. 
Distribution of individual waves in a wave field can be closely approximated using the cumulative form 
of the Rayleigh distribution (USACE, 1984). Based on this distribution, the wave climate is most 
frequently represented by the significant wave height, Hs, (defined as the average height of the one‐
third highest waves) and the corresponding peak wave period. These parameters, as determined at a 
given location, are dependent on the following factors: the elevation of the pool (water depth), the 
velocity of the wind (wind speed), the distance over which the wind blows (fetch), the duration over 
which the wind blows, and the decay distance the wave travels after leaving the generating area (not 
relevant in a confined impoundment). 

Due to the highly complex nature of wave field development, wave prediction is most accurately 
accomplished using computer based wave prediction models that can incorporate non‐linearwave‐wave 
interactions as well as wind inputs. However, when the level of project design is at a preliminary stage, 
a simplified analytical method may be employed to screen preliminary design scenarios. Evaluation of 
the wave climate for the final design should be completed using an appropriate numerical wave 
transformation model. 

A.3.7.2.2 Wind Wave Prediction – Simplified Method 

Several simplified formulas for wave prediction have been developed based on measured data (USACE, 
1984). These include formulas for both deep‐water wave prediction and shallow‐water wave prediction. 
Deep water waves generally do not occur in reservoirs or impoundments unless they are exceptionally 
deep and the wave climate is very mild. Therefore, shallow‐water wave prediction formulas are 
applicable to reservoirs and impoundments in south Florida. 

Although there is no single theoretical method for determining the actual growth of waves generated by 
winds blowing over relatively shallow water, the forecasting method applied to this evaluation is 
consistent with DCM‐2. The following formulas for the significant wave height (Hs) and shallow water 
wave period (T) are considered to be valid representations of wave development in South Florida 
impoundments: 
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A  7.54 tanh 0.833 A  
tanh   U 2 



 gd  8 U  tanh0.833 U 2   
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Where, 

Hs = Significant wave height 
T = Wave Period 
g = Acceleration due to gravity 
UA = Wind stress factor 
d = Water depth 
F = Fetch distance 

By employing these equations using the maximum fetch condition, representative significant wave 
heights and corresponding wave periods can be determined. These heights and periods represent the 
expected significant wave height condition occurring at the up‐wind embankment and are subsequently 
used in determining expected wave run‐up and over‐wash rates for each of the projects. 

Wind Stress Factor, UA 

The wind stress factor is essentially a wind speed that has been adjusted to account for drag. The wind 
stress factor is determined using the following formula: 

UA = 0.589 Ul.23 

Where U is the final design wind speed in miles per hour. 

Design Wind 
It is assumed that each wind‐wave growth case begins with a still water surface. Following procedures 
outlined in DCM‐2, the 100‐year (project specific Case 1) design wind was computed to be 102 mph. 
This design wind was also applied to the normal pool scenarios. 
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Fetch 
Fetch is defined as a distance over which the wind speed and direction are reasonably constant. 
Fetches fall into two categories, open‐water fetches, where wave growth is limited only by the incident 
meteorological conditions, and restricted fetches, where wave growth is limited by a confined geometry 
such as that of a lake, river, bay, or reservoir. The LOWRP site is subject to a restricted fetch. The 
restricted fetch methodology applies the concept of wave development in off‐wind directions and 
considers the shape of the basin. The fetch is defined as the radial average over an arc of 24 degrees 
centered on the wind direction. For this study, the wind direction is taken to be the direction 
corresponding to the maximum fetch distance. Figures A‐28 to A‐30 shows the 24‐degree arc (divided 
into 3‐degree intervals) that provides the maximum fetch for each cell of the conceptual design layout. 
Averaging the radial lengths over each arc gives average fetch length of 3.3 miles, 2.9 miles, and 6.3 
miles for the North Cell, Center Cell, and South Cell, respectively. 

Due to the relatively long fetch, higher wave heights in the South Cell are expected to result in higher, 
more costly, external embankments than the North and Center Cells will require. To reduce fetch 
length, a number of tree islands will be placed throughout the South Cell in an overlapping pattern. The 
configuration of the tree islands has not yet been determined, but will be completed such that no 
embankment will be exposed to a fetch length greater than 1 mile. Therefore, the design fetch for the 
South Cell has been set to 1 mile for this analysis. 

FIGURE A‐28. FETCH DETERMINIATION FOR NORTH CELL 

39 



 

 

 

 
             

 

             

FIGURE A‐29. FETCH DETERMINATION FOR CENTER CELL 

FIGURE A‐30. FETCH DETERMINATION FOR SOUTH CELL 
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A.3.7.2.3 Wave Results 

Wind waves, also known as oscillatory waves, are most commonly defined by their height, length, and 
period. These characteristics, as measured at a given location, are determined predominantly by the 
velocity of the wind (wind speed), the distance over which the wind blows (fetch), the duration over 
which the wind blows, the decay distance the wave travels after leaving the generating area (not 
applicable here), and the water depth. 

The process of wind wave growth (assuming initial still water) begins with the motion of the air above 
the water disturbing the surface of the water. As wind begins to blow small perturbations form in the 
water surface. When the perturbations become large enough, a transfer of momentum and energy 
between the air layer and the water surface occurs, rapidly increasing wave heights. Wave heights build 
rapidly over a relatively short distance, increasing at a rate that varies dependent upon wind speed. 
Waves continue to grow until they reach either a fetch‐limited condition (maximum wave height limited 
by the fetch distance) or a depth‐limited condition (maximum wave height limited by the depth of the 
water). In each of the four design scenarios wave heights were found to be fetch‐limited. 

Table A‐1 presents the significant wave height, corresponding wave period, and wind direction for each 
of the four scenarios. 

TABLE A‐1. SIGNIFICANT WAVE HEIGHT AND PEAK PERIOD 

Cell Case 
Still Water 
Pool Depth 

(feet) 

Significant 
Wave Height 

(feet) 

Peak 
Wave Period 
(second) 

North 
Normal 4.0 2.8 3.6 

Normal + PMP 8.0 4.6 3.9 

Center 
Normal 4.0 2.8 3.5 

Normal + PMP 8.0 4.6 3.8 

South 
Normal 4.0 2.8 4.0 

Normal + PMP 8.0 3.8 2.9 

A.3.7.3 Wind Setup Analysis 

Wind set up occurs when wind blows in a fairly constant direction over a body of water. Wind blowing 
across the water causes the surface layer to move in the direction of the wind due to shear stress 
development between the air and water. This causes water to “pile up” against the shore, creating the 
effect known as “wind setup”. A corresponding drop in water level will occur along the upwind shore. 

A number of wind setup models exist, both computer based numerical models and analytical models. 
Due to the simple geometry of the reservoir, it was determined that an analytical model, based on a 
maximum effective fetch distance would be appropriate for this analysis. The Bretschneder method 
(Ippen, 1966) is a physics based model allowing for the different shear forces developed by the wind on 
water surface and by return flow on the bottom bed. This model was originally solved numerically using 
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Lake Okeechobee data and appears well founded on water bodies in South Florida. Bretschneder’s 
model was therefore selected as the model to calculate wind setup for the LOWRP. 

A.3.7.3.1 Bretschneder 

The numerical model presented by Bretschneder was derived under steady‐state wind conditions, i.e. 
constant speed and direction along a channel axis. The differential form of the model, based on surface 
and bottom shear stresses as well as conservation of mass, determines wind setup as a function of the 
effective stress. The effective stress parameter employed in this method can be expressed as: 

U 2F 

gd 2 

Where, 
 = wind drag coefficient 
U = wind speed 
F = fetch length 
g = acceleration due to gravity 
d = water depth 

Based on the calculated value of this stress parameter, wind setup can be determined from tabulated 
data presented in Ippen (1966). 

It should be noted that the wind drag coefficient, , is not a constant. Its value can be influenced by 
such factors as wind speed, wave steepness (eddy correlation), and salinity. For this study, a wind drag 
coefficient value of 3.3x10‐6 was assigned. This value is based upon studies of Lake Okeechobee (Ippen, 
1966) and is considered to be representative of conditions at the LOWRP as well. 

A.3.7.3.2 Wind Setup Results 

Wind setup values, corresponding to each design case, are provided in Table A‐2. Note that wind setup 
decreases as depth increases. This is due to less space for upwind return flow along the bottom as well 
as increased friction on that return flow, allowing more water to “pile up” downwind. 

A.3.7.4 Wave Run‐up and Overwash Analysis 

A.3.7.4.1 Effective Depth 

Although the generation of wind waves (and therefore wave run‐up and over‐wash) is influenced by the 
presence of wind setup, the relationship is highly complex and is not presently included in the wave 
equations. Therefore, in order to include the total water level increase due to wind conditions at the 
down‐fetch face of the levee, wind setup is accounted for by adding the wind setup to the design water 
depth at the toe of the structure. The resulting “effective depth” then becomes the water depth used 
during calculation of wave run‐up and subsequent over‐wash. 
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TABLE A‐2. WIND SETUP RESULTS 

Cell Case 
Still Water 
Depth 
(feet) 

Design Wind 
Speed 
(mph) 

Fetch Length 
(miles) 

Wind Setup 
(feet) 

North 
Normal 4.0 

102 3.3 
3.8 

Normal + PMP 8.0 2.3 

Center 
Normal 4.0 

102 2.9 
3.5 

Normal + PMP 8.0 2.0 

South 
Normal 4.0 

102 1.0 
4.3 

Normal + PMP 8.0 0.7 

A.3.7.4.2 Wave Run‐up 

Wave run‐up can be described as the resulting forward translation of water mass that is converted from 
wave energy as waves encounter a sloped surface. Water rushes up the slope resulting in the vertical 
rise above the still water line known as run‐up (Figure A‐31). Run‐up depends primarily on incident 
wave steepness, slope of the surface on which it is incident, and characteristics of the surface, including 
surface roughness and porosity. For a given fixed slope, run‐up will increase with decreasing wave 
steepness. For a given incident wave height and period, run‐up will increase with increasing slope 
steepness. 

FIGURE A‐31. WAVE RUN‐UP DIAGRAM 
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Automated Coastal Engineering System (ACES) 
The USACE ACES software package contains an application that provides for the estimation of wave run‐
up on both rough and smooth impermeable surfaces. For this analysis only the smooth slope run‐up 
formulation is presented. 

Smooth Slope Wave Run‐up 
Smooth slope run‐up, as presented in USACE ACES guidance (USACE, 1992), recommends the following 
general equation: 

R  CHi 

where R is the run‐up height, Hi is the incident wave height, and C is a coefficient characterized by the 
surf parameter: 

tan 
 Hi
 

Lo = 

(where  is the angle between structure face and horizontal (18.435 = 3H:1V slope) and Lo is the 
deepwater wavelength) 

C is characterized according to three specific wave‐structure scenarios: 

  2 ‐ waves plunging directly on the run‐up slope. 
  3.5 – wave conditions that are nonbreaking and are regarded as standing or surging waves. 
2 <  < 3.5 – transition conditions where breaking characteristics are difficult to define. 

Corresponding expressions for coefficient C for each scenario are detailed in the ACES technical 
guidance (USACE, 1992). 

Results 

Wave run‐up values are presented in Table A‐3. 

TABLE A‐3. WAVE RUN‐UP VALUES 

Cell Case 
Still Water Depth 

(feet) 
Wave Run‐up, ACES 

(feet) 

North 
Normal 4.0 4.6 

Normal + PMP 8.0 6.4 

Central 
Normal 4.0 4.5 

Normal + PMP 8.0 6.2 

South 
Normal 4.0 4.7 

Normal + PMP 8.0 4.3 
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A.3.7.4.3 Over‐wash 

Over‐wash occurs when wave run‐up and wind setup levels combine to produce a water level greater 
than the height of the levee. Over‐wash is an important design element both in terms of predicting 
backside flooding and safeguarding structural integrity of the levee. When waves over‐wash a structure 
it occurs intermittently, not continuously, as individual high waves among a multitude of storm waves 
attack the face of the structure. Over‐wash is typically calculated as a mean rate of over‐wash volume 
per unit length over the duration of the storm event. 

A.3.7.4.3.1 ACES 

The USACE ACES software package provides an over‐wash methodology that presents results according 
to a mean over‐wash rate per unit length of structure. The ACES methodology contains two 
computations, one for monochromatic wave over‐wash the other for irregular wave over‐wash (USACE, 
1992). Due to the irregular nature of the developed wave fields, the later method was selected for this 
analysis. 

ACES estimates the over‐wash rate by summing the over‐wash contributions from each individual 
member of the run‐up distribution: 

1 199 
Q   Qi199 i1 

Where Q is the volume rate of over‐wash caused by irregular waves (cubic feet per second per linear 
foot ‐ cfs/lf) and Qi is the volume rate of over‐wash caused by one run‐up on the run‐up distribution 
defined by: 

0.1085 
* 3  Ri  F   

 

 
Cw gQo (H so )  R  F  

 i  
 

Where Cw is the wind correction factor, g is the gravitational acceleration, Q* and  are empirical 
coefficients (USACE, 1984), Hso is the deepwater significant wave height, F is the freeboard (levee height 

o 

– water depth), Ri is the run‐up value having exceedance probability: 

sp  

ln 
1 

p 
R

2 

Where Rs is run‐up with a given deepwater significant wave height and period. 

When the freeboard is greater than the significant run‐up, larger waves in the distribution may still over‐
wash the structure. For these relatively high freeboards, the run‐up distribution is broken into 999 
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elements, instead of 199, to better account for the effect of the higher run‐ups. The over‐wash 
equation for this larger distribution becomes: 

1 999 
Q   Qi999 i1 

A.3.7.5 Over‐wash Flow Rates 

Preliminary levee heights can be determined by matching an embankment height to an allowable over‐
wash rate. The maximum allowable over‐wash rate is a function of site‐specific geotechnical 
information as well as the proposed structural design of the embankment. For LOWRP, there are two 
embankment types to be considered, external perimeter embankments and interval divider 
embankments. 

For the external perimeter embankments that are designed to minimize the amount of water over‐
washing the structure during storm events, the preliminary recommended allowable over‐wash rate is 
0.10cfs/lf. A conservative alternative allowable over‐wash rate is 0.01cfs/lf. For the internal divider 
embankments where more liberal over‐washing of the structure is allowed, the preliminary 
recommended allowable over‐wash rate is 5.0cfs/lf. 

Table A‐4 provides mean rates of over‐wash for wave conditions incident to the external perimeter and 
internal divider embankments of each of the three cells. Over‐wash rates correspond to embankment 
heights shown in increments of 0.5 feet. Allowable over‐wash rates are highlighted. Note that 
identified allowable rates in Table A‐4 may round up or down to the target rates listed in the previous 
paragraph. Due to constructability resolution of the embankment heights is limited to 0.5 feet. 

Figures A‐32 to Figure A‐35 show the mean rates of over‐wash from Table A‐4 graphically. Threshold 
over‐wash rates are indicated. 

A.3.7.6 Vegetation 

Shallow water impoundments and reservoirs are ideal environments for aquatic vegetation. Both 
submerged and emergent aquatic vegetation are prevalent throughout South Florida. Vegetation 
(either submerged or emergent) not only provides wildlife habitat it can also act as a wave dampening 
feature which reduces wave energy (wave heights) which can then result in lower embankment crest 
elevation requirements. 

For vegetation to be considered in embankment design, however, there must be reasonable assurance 
that the impoundment will contain enough water throughout the design life to sustain permanent 
vegetation. Should the impoundment experience dry out conditions such that the vegetation dies out, 
wave energy when the impoundment refills will no longer be dampened and the embankment may 
experience over‐wash in excess of allowable rates. 
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FIGURE A‐32. OVER‐WASH RATE VS. EMBANKMENT HEIGHT (INTERNAL DIVIDERS – NORMAL POOL) 

FIGURE A‐33. OVER‐WASH RATE VS. EMBANKMENT HEIGHT (EXTERNAL PERIMETER – NORMAL POOL) 
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FIGURE A‐34. OVER‐WASH RATE VS. EMBANKMENT HEIGHT (INTERNAL DIVIDERS – NORMAL POOL + 
PMP) 

FIGURE A‐35. OVER‐WASH RATE VS. EMBANKMENT HEIGHT (EXTERNAL PERIMETER – NORMAL POOL + 
PMP) 
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It is necessary to note also that the water depth (as well as dry out conditions) can prevent sustainable 
vegetation. Based on general observation in South Florida the limiting maximum depth for vegetation is 
about 6.0 feet. It is assumed that deeper normal pool depths will not support the density of vegetation 
necessary to dampen wave energy. 

Additionally, water depth can inhibit the dampening effects of even sustained vegetation. In the event 
of significant, but relatively short term increases in water depth (such as a PMP event), vegetation, 
including previously emergent vegetation, may be too deeply submerged to interact with and dampen 
waves on the surface. 

Given these constraints, only the 4.0 foot normal pool, without additional precipitation, can be 
evaluated for possible damping effects due to vegetation. 

A.3.7.7 Vegetated Basin Evaluation Tool 

At present there is no universally accepted method of quantifying the dampening effect of vegetation on 
wave energy. However, the USACE Jacksonville District has created a tool, the Vegetated Basin 
Evaluation Tool (VBET) which provides a means for the determination of embankment heights 
surrounding vegetated shallow water basins. This tool was specifically developed for CERP Storm‐water 
Treatment Areas (STAs) in South Florida and therefore is applicable to the LOWRP. 

The basis of VBET is a series of wave height and wave periods produced by the wave transformation 
model STWAVE (Smith et al., 1999) for given wind speed, fetch, water depth, and vegetation conditions. 
Upon entering parameters describing the physical and environmental conditions of a given basin, 
including Manning’s n values that simulate vegetative effects, the evaluation program uses a look‐up 
table of previously cataloged model results to determine the appropriate wave height and wave period 
condition at the down‐wind embankment. Based upon user input regarding the slope of the 
embankment and the allowable over‐wash rate of the embankment material and/or exterior armor 
type, the program then determines wave run‐up on both smooth and riprap covered interior slopes and 
resultant minimum embankment heights. 

A.3.7.8 Wave Dampening in the LOWRP 

Using LOWRP design conditions for the 4.0 foot normal pool scenarios, VBET was applied for two types 
of vegetation, submerged and emergent. Submerged vegetation was represented by the minimum 
VBET Manning’s n value of 0.2 and the emergent vegetation was represented by the maximum VBET 
Manning’s n value of 0.35. While many sources exist for the specification of Manning’s n values for 
given environmental conditions, a review of available literature found that the most directly applicable 
Manning’s n values for submerged and emergent vegetation for South Florida CERP STAs are from the 
Central and Southern Florida Project For Flood Control and Other Purposes (USACE, 1954). This project 
involved an expansive series of field measurements in Conservation Area #2, located in the Everglades, 
southeast of Lake Okeechobee. Reasonable Manning’s n values for confined shallow water basins with 
submerged and/or emergent vegetation range from 0.20 (submerged) to 0.35 (emergent). Manning’s n 
values for basins containing a mixture of both submerged and emergent vegetation fall between these 
values. Therefore the selected values of 0.2 and 0.35 encompasses a complete range indicating full 
coverage of submerged vegetation, full coverage of mixed submerged and emergent vegetation, and full 
coverage of emergent vegetation. 
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For the 4.0 foot normal pool case, applying Manning’s n values of both 0.2 and 0.35, VBET results 
indicate that the presence of vegetation, covering the full extent of the basin, will dampen wind driven 
wave energy to essentially zero. While this basically eliminates wave run‐up and over‐wash, for High 
Hazard impoundments, DCM‐2 design guidance requires a minimum freeboard of 5.0 feet for external 
embankments. Therefore, the required crest height for perimeter embankments around the 4.0 foot 
normal pool, with vegetation and no additional precipitation, is 9.0 feet. Internal divider embankments 
may be assigned a standard recommended freeboard of 2 feet for a crest height of 6 feet. 

A.3.7.9 Recommended Embankment Heights 

Based on the allowable over‐wash rates, corresponding embankment heights can be determined from 
either Table A‐4 or Figures A‐32 to Figure A‐35. Table A‐5 summarizes the recommended internal 
divider and external perimeter recommended embankment heights. Conservative external perimeter 
embankment heights for each cell are also provided. Note that an internal divider height is given for 
each cell. In reality a single embankment will separate two adjacent cells. The recommended height of 
the internal divider between two cells is the higher of the listed for each individual cell. 

TABLE A‐5. RECOMMENDED AND CONSERVATIVE EMBANKMENT HEIGHTS 

Cell Case 

Internal Divider 
Embankment 

Height* 
5.0cfs/lf 
(feet) 

Recommended 
Perimeter 

Embankment Height 
0.1cfs/lf 
(feet) 

Conservative 
Perimeter 

Embankment 
Height 

0.01cfs/lf 
(feet) 

North Cell 
Normal 6.0 9.0 9.0 

Normal + PMP 11.5 16.5 19.0 

Center Cell 
Normal 6.0 9.0 9.0 

Normal + PMP 11.5 16.0 18.5 

South Cell 
Normal 6.0 9.0 9.0 

Normal + PMP 10.0 13.0 14.5 
* Note that there is a single divider between north and center cells and center and south cells. The 
recommended height of the divider would be the higher of the two values presented for each cell in this 
column. North-Center = 11.5 feet and Center-South = 11.5 feet 

A.3.7.10 References 

Ippen, A.T., 1966: Estuary and Coastline Hydrodynamics, McGraw‐Hill Bokk Company, Inc.. 

Smith, J.M., Resio, D.T., and Zundel, A.K. 1999, "STWAVE: Steady‐State Wave Model: Report 1 – User's 
Manual for STWAVE Version 2.0," U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. 

South Florida Water Management District (SFWMD), 2006, “Design Criteria Memorandum: DCM‐2, Wind 
and Precipitation Design Criteria for Freeboard”, February 6, 2006. 
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Other Purposes”, US Army Engineer Jacksonville District, Jacksonville, FL. 

US Army Corps of Engineers (USACE), 1984, “Shore Protection Manual”, US Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 

U.S. Army Corps of Engineers (USACE), 1992. "Automated Coastal Engineering System," ACES, Technical 
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A.4 PARADISE RUN WETLAND 

A.4.1 Purpose 

This intermediate hydraulic design is used solely to provide parameters for the calculation of quantities 
for the purpose of costing project features of the recommended plan. Final design will be performed in 
PED phase. 

A.4.2 Objective 

Using spreadsheet models, determine the structure size necessary to convey inflows advised through 
hydrologic modeling under pumped inflow or low head (i.e. typically less than 5 feet) conditions. 

A.4.3 Assumptions/Constraints 

The Lake Okeechobee Watershed Restoration Project is for Ecosystem restoration, therefore it is 
assumed that under extreme events when the Paradise Run Wetland is sufficiently hydrated, the inflow 
pumping station will be turned off and the only additional inflow to the wetland will be direct rainfall. 
The wetland is constrained by the operating level of Lake Okeechobee as its downstream boundary 
condition and will have multiple outlets to assist in regulating the water surface within the wetland. 
Structures have been designed and optimized in so far as possible based upon inflow parameters and 
expected operations as informed through the South Florida Water Management Districts (SFWMD) 
Regional Simulation for Basins (RSM‐BN) Model. Additional refinement as required will occur during 
PED. 

A.4.4 Structure Descriptions 

A.4.4.1 S‐721 

Inflow pumping station for the Paradise Run Wetland. Draws water from the C‐41A Canal downstream 
of the S‐84 spillway. This is a direct connection to Lake Okeechobee as the C‐41A converges with C‐38 
approximately 4,400 feet from the structures intake. 
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A.4.4.2 S‐729 

A gated culvert structure that connects the northern portion of the Paradise Run Wetland to the WAF 
outlet canal. As the WAF outlet canal sub‐divides the Paradise Run Wetland, this structure allows the 
regulation of the northern portion of the wetland by discharging to the WAF outlet canal when water 
surface elevations within the Wetland exceed some defined operational elevation. 

A.4.4.3 S‐730 

A culvert with riser structure that connects the WAF outlet canal with the southern portion of the 
Paradise Run Wetland. As the WAF outlet canal sub‐divides the Paradise Run Wetland, this structure 
allows the regulation of the southern portion of the wetland by drawing water from the WAF outlet 
canal. 

A.4.4.4 S‐732 

A culvert with riser structure that connects the southern portion of the Paradise Run Wetland to the L‐
48 canal. 
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A.4.5 Hydraulic Design Data Sheets (HDDS) 

Lake Okeechobee Watershed Restoration Project 
Pumping Station 721 (S-721) 

Glades County, FL 

Date Compiled (or revised) 27-Jul-18 

Design Condition 

Ecosystem Restoration (discharge, cfs) 200 cfs 

Number of Pumps 4.00 

Pump Mix type and Size 

4‐ 50 cfs 

Mix Criteria 

Pumping Station will have 4 pumps ‐ The firm pumping capacity will be 200 cfs 
4 ‐ 50 cfs ‐ Submersible Electric Pumps to hydrate the Paradise Run Wetland 

Approach Channel, Pump Intake, & Discharge Chamber 

Intake Channel Invert 
Pump Intake Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Upstream ApproachApron Width 
Upstream ApproachApron Length 
Upstream ApproachApron Elevation 
Maximum Water Surface 
Minimum Water Surface 

TBD 
TBD 
TBD 
21.50 
7.00 

ft 
ft 
ft, NAVD88 
ft,NAVD88 
ft, NAVD88 

Discharge Pipe Centerline Elevation 
Discharge Chamber Invert 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Pump On/Off Triggers & Sequence 

Pump On Elevation TBD ft, NAVD88 

Pump Off Elevation TBD ft, NAVD88 

Design Head (ft) 

50 cfs 

Design Suction Head (Pump on Elevation - Intake Elevation) 

at Pump On Elevation TBD ft 

Design Discharge Head (Discharge Elevation - Intake Elevation) TBD ft 

Design Static Head (Discharge Head - Suction Head) 

at Pump On Elevation TBD ft 

Total Dynamic Head (Static Head + Friction Head) 

at Pump On Elevation 

FIGURE A‐36. S‐721 HDDS 

TBD ft 
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Lake Okeechobee Watershed Restoration Project 
S-729 

Connect Paradise Run with Reservoir outlet Canal 

Date Compiled (or Revised) 27‐Jul‐17 
Latitude, Longitude TBD 
Design Conditions 

Discharge (cfs) 200 

Headwater Elevation 18.00 ft, NAVD88 
Tailwater Elevation 17.12 ft, NAVD88 

Culvert Data 
Type Cast‐in‐Place RCB 
Dimensions 6.0 x 6.0 ft x ft 
Number of Barrels 1.0 
Length 120.0 ft 
Invert elevation 10.0 ft, NAVD88 
Inlet Condition Headwall 
Outlet Condition Headwall w/ Flapgate 
Type of Control Vertical Lift Slide Gate(s) 

Canal Data (Downstream/Reservoir outlet Canal)1 

Invert ‐ Thalweg 6.0 ft, NAVD88 
Bottom Width >50.0 ft 
Top of Bank 30.0 ft, NAVD88 
Top Width >150 ft 
Side Slope (h:v) 3.0 ft (h:1) 

Revetment 

Size (D50) 1.0 ft 

Downstream Extent 80 ft 

Specific Weight (per specifications) 165 lb/ft3 

Thickness 42 inches 
Max Velocity Riprap can withstand (for stability) 8.84 ft/s 

Notes: 1. Structure discharges perpendicular to flow of the Reservoir Outlet Canal 

FIGURE A‐37. S‐729 HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-730 

Revisions 27 July 2018 

XY Coord TBD 
Location TBD 
Purpose Hydrate Paradise Run south of LOWP Reservoir outlet Canal 

Design Cond. Discharge (CFS) 
Headwater Elevation 

50 
19.00 

cfs 
ft‐NAVD88 

Tailwater Elevation 17.50 ft‐NAVD88 

Max. Expect Stg Headwater Elevation 
Tailwater Elevation 

22.00 
19.00 

ft‐NAVD88 
ft‐NAVD88 

Max. Hd Diff Cond Maximum Headwater Elevation ‐‐ [All Flash Boards In] 
Minimum Tailwater Elevation ‐‐ [Paradise Run Natural Grade] 

20.00 
12.00 

ft‐NAVD88 
ft‐NAVD88 

Culvert Data Number of Barrels 1 
Barrel Material Type 
Barrel Diameter 

CAP 
60 

(RCP as alt) 
inches 

> Riser Data 

Barrel Length 
Barrel Invert Elevation (horizontal) 
Type of Control 
Number of "Half Barrels" 

120 feet 
10.00 ft‐NAVD88 
Riser w/Boards 
2 

Barrel Material Type 
Barrel Diameter 

CAP 
120 inches 

Barrel Length ‐‐ [Riser Crest(22) ‐ Culvert Invert(10)] 
Number of Board Guide Sets/Riser 
Weld Bottom Plate Crest Elevation 

12.0 
2 

12.00 

feet 

ft‐NAVD88 
Max Flash Board Crest Elevation 20.00 ft‐NAVD88 

Canal Data Side Slope 
Upstream Bottom "Pool" Area ‐‐ [40 (width) * 15 (length)] 
Upstream Bottom Elevation 
Downstream Bottom Width 

3 ft (h:1) 
600 square feet 
8.00 ft‐NAVD88 
20.00 feet 

Downstream Bottom Elevation 10.00 ft‐NAVD88 

Riprap Req. Design Barrel Velocity 
Design Riprap Velocity 
Riprap Protected Area ‐‐ [30' (width) x 40' (length) pad downstream] 
D50 ‐‐ [Assumed ϒ‐165 pcf] 

2.55 
6.00 
1,200 
6 

fps 
fps 
sq‐ft 
inches 

Notes: 1. Riprap size not confirmed by Geotechnical EngineeringBranch. 
2. Barrels are designed for full flowing. 
3. Barrel Lengths may increase or decrease if necessary 

FIGURE A‐38. S‐730 HDDS 
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Lake Okeechobee Watershed Restoration Project 
S-732 

Revisions 27 July 2018 

XY Coord TBD 
Location TBD 
Purpose Outlet for Paradise Run south of Reservoir Outlet Canal ‐ drain to L‐48 Canal 

Design Cond. Discharge (CFS) 100 cfs 
Headwater Elevation 18.00 ft‐NAVD88 
Tailwater Elevation 13.00 ft‐NAVD88 

Max. Expect Stg Headwater Elevation 20.00 ft‐NAVD88 
Tailwater Elevation 14.00 ft‐NAVD88 

Max. Hd Diff Cond Maximum Headwater Elevation ‐‐ [All Flash Boards In] 20.00 ft‐NAVD88 
Minimum Tailwater Elevation ‐‐ [L‐48] 9.00 ft‐NAVD88 

Culvert Data Number of Barrels 1 
Barrel Material Type CAP (RCP as alt) 
Barrel Diameter 60 inches 
Barrel Length 120 feet 
Barrel Invert Elevation (horizontal) 8.00 ft‐NAVD88 
Type of Control Riser w/Boards 

> Riser Data Number of "Half Barrels" 2 
Barrel Material Type CAP 
Barrel Diameter 120 inches 
Barrel Length ‐‐ [Riser Crest(20) ‐ Culvert Invert(8)] 12.0 feet 
Number of Board Guide Sets/Riser 2 
Weld Bottom Plate Crest Elevation 10.00 ft‐NAVD88 
Max Flash Board Crest Elevation 20.00 ft‐NAVD88 

Canal Data Side Slope 3 ft (h:1) 
Upstream Bottom "Pool" Area ‐‐ [40 (width) * 15 (length)] 600 square feet 
Upstream Bottom Elevation 8.00 ft‐NAVD88 
Downstream Bottom Width >50 feet 
Downstream Bottom Elevation TBD ft‐NAVD88 

Riprap Req. Design Barrel Velocity 5.47 fps 
Design Riprap Velocity 7.00 fps 
Riprap Protected Area ‐‐ [30' (width) x 40' (length) pad downstream] 1,200 sq‐ft 
D50 ‐‐ [Assumed ϒ‐165 pcf] 8 inches 

Notes: 1. Riprap size not confirmed by Geotechnical EngineeringBranch. 
2. Barrels are designed for full flowing. 
3. Barrel Lengths may increase or decrease if necessary 
4. Structure discharges perpendicular to L‐48Canal 

FIGURE A‐39. S‐732 HDDS 
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A.5 KISSIMMEE RIVER – CENTER WETLAND 

A.5.1 Purpose 

This intermediate hydraulic design is used solely to provide parameters for the calculation of quantities 
for the purpose of costing project features of the recommended plan. Final design will be performed in 
PED phase. 

A.5.2 Objective 

Using spreadsheet models, determine the structure size necessary to convey inflows advised through 
hydrologic modeling under pumped inflow or low head (i.e. typically less than 5 feet) conditions. 

A.5.3 Assumptions/Constraints 

The Lake Okeechobee Watershed Restoration Project is for Ecosystem restoration, therefore it is 
assumed that under extreme events when the Kissimmee River Center Wetland is sufficiently hydrated, 
the inflow pumping station will be turned off and the only additional inflow to the wetland will be direct 
rainfall. The wetland is constrained by the operating level of the C‐38 Canal (Kissimmee River) as its 
downstream boundary condition and will have a single outlet to assist in regulating the water surface 
within the wetland. Structures have been designed and optimized in so far as possible based upon 
inflow parameters and expected operations as informed through the South Florida Water Management 
Districts (SFWMD) Regional Simulation for Basins (RSM‐BN) Model. Additional refinement as required 
will occur during PED. 

A.5.4 Structure Descriptions 

A.5.4.1 S‐735 

Inflow pumping station for the Kissimmee River ‐ Center Wetland. Draws water from the C‐38 Canal 
downstream of the S‐65D spillway. This structure is intended to maintain a defined operational water 
surface elevation (approximately 25.0 ft, NAVD88) within the wetland footprint. 

A.5.4.2 S‐736 

A culvert with riser structure that connects the Kissimmee River ‐ Center Wetland to the C‐38 canal. This 
structure allows for the regulation of the Kissimmee River ‐ Center wetland by discharging to the C‐38 
canal when water surface elevations within the Wetland exceed some defined operational elevation 
(approximately 25.0 ft, NAVD88). 
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A.5.5 Hydraulic Design Data Sheets (HDDS) 

Lake Okeechobee Watershed Restoration Project 

Date Compiled (or revised) 

Pumping Station 735 (S-735) 
Glades County, FL 

27-Jul-18 

Design Condition 

Ecosystem Restoration (discharge, cfs) 100 cfs 

Number of Pumps 2.00 

Pump Mix type and Size 

2 ‐ 50 cfs 

Mix Criteria 

Pumping Station will have 2 pumps ‐ The firm pumping capacity will be 100 cfs 
2 ‐ 50 cfs ‐ Submersible Electric Pumps to fill Reservoir 

Approach Channel, Pump Intake, & Discharge Chamber 

Intake Channel Invert 
Pump Intake Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Upstream Approach Apron Width 
Upstream Approach Apron Length 
Upstream Approach Apron Elevation 
Maximum Water Surface 
Minimum Water Surface 

TBD 
TBD 
TBD 
20.00 
17.00 

ft 
ft 
ft, NAVD88 
ft, NAVD88 
ft, NAVD88 

Discharge Pipe Centerline Elevation 
Discharge Chamber Invert 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Pump On/Off Triggers & Sequence 

Pump On Elevation 
Pump Off Elevation 

TBD 
TBD 

ft, NAVD88 
ft, NAVD88 

Design Head (ft) 

50 cfs 

Design Suction Head (Pump on Elevation - Intake Elevation) 

at Pump On Elevation TBD ft 

Design Discharge Head (Discharge Elevation - Intake Elevation) TBD ft 

Design Static Head (Discharge Head - Suction Head) 

at Pump On Elevation TBD ft 

Total Dynamic Head (Static Head + Friction Head) 

at Pump On Elevation 

FIGURE A‐40. S‐735 HDDS 

TBD ft 
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Lake Okeechobee Watershed Restoration Project 
S‐736 

Revisions 27 July 2018 

XY Coord TBD 
Location TBD 
Purpose Kissimmee River Center ‐ outlet structure 

Design Cond. Discharge (CFS) 75 cfs 

Headwater Elevation 25.00 ft‐NAVD88 
Tailwater Elevation 19.70 ft‐NAVD88 

Max. Expect Stg Headwater Elevation 25.00 ft‐NAVD88 
Tailwater Elevation 21.00 ft‐NAVD88 

Max. Hd Diff Cond Maximum Headwater Elevation ‐‐ [All Flash Boards In] 25.00 ft‐NAVD88 
Minimum Tailwater Elevation ‐‐ [C‐38 Pool E (Upstream of S‐65E)] 18.00 ft‐NAVD88 

Culvert Data Number of Barrels 1 

Barrel Material Type CAP (RCP as alt) 
Barrel Diameter 60 inches 
Barrel Length 120 feet 
Barrel Invert Elevation (horizontal) 13.50 ft‐NAVD88 

Type of Control Riser w/Boards 
> Riser Data Number of "Half Barrels" 2 

Barrel Material Type CAP 

Barrel Diameter 120 inches 
Barrel Length ‐‐ [Riser Crest(25) ‐ Culvert Invert(13.5)] 11.5 feet 
Number of Board Guide Sets/Riser 2 
Weld Bottom Plate Crest Elevation 15.50 ft‐NAVD88 
Max Flash Board Crest Elevation 25.00 ft‐NAVD88 

Canal Data Side Slope 3 ft (h:1) 

Upstream Bottom "Pool" Area ‐‐ [40 (width) * 15 (length)] 600 square feet 
Upstream Bottom Elevation 15.50 ft‐NAVD88 
Downstream Bottom Width 20 feet 
Downstream Bottom Elevation 13.00 ft‐NAVD88 

Riprap Req. Design Barrel Velocity 5.29 fps 

Design Riprap Velocity 7.00 fps 
Riprap Protected Area ‐‐ [30' (width) x 40' (length) pad downstream] 1,200 sq‐ft 
D50 ‐‐ [Assumed ϒ‐165 pcf] 8 inches 

Notes: 1. Riprap size not confirmed by Geotechnical Engineering Branch. 
2. Barrels are designed for full flowing. 
3. Barrel Lengths may increase or decrease ifnecessary 

FIGURE A‐41. S‐736 HDDS 
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A.6 RAINFALL & RESERVOIR ROUTING 

A.6.1 Rainfall 

Features for this project will receive water in one of two manners. Water will either be pumped in at a 
rate up to the inflow pumping stations rated capacity (approximately 1,500 cfs for the WAF, 200 cfs for 
Paradise Run, and 100 cfs for Kissimmee River Central) or by direct rainfall. Figure A‐36 indicates the 
point precipitation frequency estimates for the LOWRP project footprint. 

FIGURE A‐42. NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES 
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The LOWRP WAF through preliminary consequence analysis and criteria outlined in the Central 
Everglades Restoration Project (CERP), Design Criteria Memorandum 1 (DCM ‐1, Hazard Potential 
Classification) is determined to have a Hazard Potential Classification (HPC) of “High”. For purposes of 
rainfall and reservoir routing, an HPC of “High” concludes that the Inflow Design Flood (IDF) be defined 
as the flood resulting from the Probable Maximum Precipitation (PMP) event (DCM‐2). 

Per the National Oceanic and Atmospheric Administration (NOAA) Hydrometeorological Report (HMR) 
51, Probable Maximum Precipitation Estimates, U.S. East of the 105th Meridian (June 1978) are shown in 
Table A‐6. 

TABLE A‐6. NOAA, HMR 51 PMP ESTIMATES 

duration 
(hrs) 

P (PMP;
inches) 

6 32 
12 38.7 
24 47.1 
48 51.8 
72 55.7 

As discussed earlier within this annex, it is assumed that under extreme events (such as the PMP) when 
the WAF cells are at their normal water surface elevation, the inflow pumping station will be turned off 
and the only additional inflow to the project will be direct rainfall. Therefore, the IDF to be routed 
through the WAF cells is the precipitation associated with the 72‐hr duration (55.7 inches). 

Figures A‐43 to A‐45 displays the hydrograph associated with each WAF cell when the PMP is applied to 
its area. These hydrographs will be used subsequently for reservoir routing and to inform of final 
embankment elevation(s) along with freeboard and emergency/auxiliary spillway dimensions per 
guidelines outlined in ER 1110‐8‐2(FR), ER 1110‐2‐50, SFWMD Basis of Review for Environmental 
Resource Applications, and CERP DCM‐1, DCM‐2, and DCM‐3. 
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FIGURE A‐43. PMP 72‐HR STORM EVENT (NOAA HMR 51, JUNE 1978) FOR NORTHERN WAF CELL 
(~1,800 ACRES); SANTA BARBARA UNIT HYDROGRAPH METHOD 

FIGURE A‐44. PMP 72‐HR STORM EVENT (NOAA HMR 51, JUNE 1978) FOR CENTRAL WAF CELL (~2,550 
ACRES); SANTA BARBARA UNIT HYDROGRAPH METHOD 
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FIGURE A‐45. PMP 72‐HR STORM EVENT (NOAA HMR 51, JUNE 1978) FOR SOUTHERN WAF CELL 
(~6,600 ACRES); SANTA BARBARA UNIT HYDROGRAPH METHOD 

A.6.2 Spillway Capacity and Reservoir Routing 

As outlined in CERP DCM‐3 (Spillway Capacity and Reservoir Drawdown Criteria); The adequacy of a 
spillway must be evaluated by considering the hazard potential that would result from failure of the 
project works during flood flows. If failure of the project works would present an unacceptable 
downstream threat, the project works must be designed to either withstand overtopping for the loading 
condition that would occur during a flood up to the probable maximum flood (PMF), or to the point 
where a failure would no longer cause an unacceptable additional downstream threat. 

Determining appropriate spillway dimensions requires generating numerous scenarios that follow the 
guidelines of both CERP DCM’s and USACE engineering regulations. Spillway dimensions are ultimately 
determined through routing of the IDF. DCM‐3 states that the initial reservoir level that is to be used for 
flood routing for spillway design is the “normal full storage (elevation) level” (NFSL). The NFSL is defined 
as the maximum elevation of storage at an un‐gated, uncontrolled level where outflow would beginwith 
continued storage. Further, an uncontrolled (i.e.) ungated spillway crest would generally define the 
NFSL. For the LOWRP WAF cells, the uncontrolled auxiliary spillway crest has been set at one foot (1.0) 
above the targeted storage pool within each cell. This will allow for the capture of major rain events 
such as the 100‐yr, 24‐hr precipitation (per NOAA Atlas 14, Figure A‐42) prior to an uncontrolled release 
of water associated with the PMP over each cell. 

Reservoir routing for the LOWRP WAF was performed for each cell independently (as each will have a 
unique targeted/regulated upper water surface boundary) utilizing the Storage Indication Method. 

The general form of the Storage Indication equation is as follows: 
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2sn 2sn+l +Q(I + I ) + ( ‐	Q ) =( ) 
n n+l n n+l∆	 ∆	 

Where: 

I = Inflow (cfs) 
O = Outflow (cfs) 
S = Storage (ac‐ft) 
t = Time (hours) 
n = initial time step 

A spreadsheet model was set up to aid in solving this equation and determining the peak stage within 
each WAF cell when applying rainfall as shown in Figures A‐37 to A‐39. Uncontrolled outflow of each 
WAF cell occurs through an uncontrolled (ungated) broad crested weir where discharge can be 
approximated with the following equation: 

3 
Q = CLH2 

Where: 

Q = discharge (cfs) 
C = Coefficient of discharge (2.63) 
L = Weir Length (ft) 
H = Head above weir crest (ft) 

Weir lengths of 200, 250, and 300 feet were used to determine the resulting peak water surface stage 
within each WAF cell. This iteration was intended as a sensitivity analysis to show that increasing the 
weir length reduces the peak stage within each cell. Ultimately, a cost analysis will be performed to 
determine the most economical spillway size where the cost of embankment height is weighed against 
the cost of additional weir length. 

Resulting peak water surface stages within each WAF cell are summarized in Table A‐7. Note that all 
elevations are in feet, NAVD88, and that all results will be verified and final size determined through 
HEC‐RAS hydraulic modeling during PED. 

TABLE A‐7. WAF PEAK WATER SURFACE STAGES 

Weir Length (ft) North Cell Peak WSE Center Cell Peak WSE Southern Cell Peak WSE 
200 29.66 27.37 24.23 
250 29.14 27.29 23.90 
300 28.73 27.11 23.56 
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1 Annex 2 Hydrologic Modeling 
The purpose of this Annex is to describe the general characteristics, modeling strategy and modeling 
tools used for the Evaluation of Alternatives compared to baseline conditions and discuss the 
alternatives performance in the Lake Okeechobee Watershed Restoration Project (LOWRP). 

1.1 Existing Conditions 
The following sections describe the existing climate, hydrology, regional operations and flood control 
conditions in the project area. 

1.1.1 Climate 
The Lake Okeechobee watershed is in the transition zone between a tropical (to the south) and humid 
subtropical (to the north) climate. Both climates are dominated by hot, humid summers and mild to 
warm winters. The subtropical climate of south Florida, with its distinct wet and dry seasons, high 
rate of evapotranspiration, and climatic extremes of floods, droughts, and hurricanes, represents a 
major physical driving force that sustains the Everglades while creating water supply and flood control 
issues in the agricultural and urban segments. 

Global climate change and variability, particularly at regional levels, are not completely understood. 
Over the last two decades, South Florida Water Management District (SFWMD) scientists have 
investigated how natural, global climatic patterns such as the El Niño/La Niña Southern Oscillation 
and the Atlantic Multi‐decadal Oscillation (AMO) are linked to South Florida’s weather and climate. 

Since 1900, there have been two cool phases and two warm phases of the AMO cycle; each phase 
lasted approximately 20‐40 years. The exact year of the phase start and finish is an estimate as each 
phase goes through a “transition period” of a few years. South Florida was in a much drier regime 
from 1965 to the early 1990s when the AMO transitioned from the cool phase to the warm phase. 
South Florida experienced more droughts and dry weather during the cool phase. High‐water events 
(some extreme) have been more frequent during the current warm phase. South Florida has been in 
a “wetter” regime since the early 1990s, mostly due to the AMO. With AMO phases lasting typically 
20‐40 years, the current AMO warm phase has likely peaked. Thus, the generally wetter‐than‐normal 
conditions that Florida has experienced since the early 1990s should begin to slowly decline and we 
will see continually cooler conditions over the next 10‐20 years, with an increase in dry years 
compared to wet years as we move into the next cool phase. However, low‐frequency dry years can 
still occur during this warm phase due to other events such as La Niña, which can occur every 2‐7 
years, on average. 

Seasonal rainfall patterns in south Florida resemble the wet and dry season patterns of the humid 
tropics more than the winter and summer patterns of temperate latitudes. Recorded annual rainfall 
averages 53 inches per year in south Florida. Recorded extremes range 37‐106 inches. Of the average 
annual rainfall that south Florida receives, 75% falls during the wet season, May through October. 
During the wet season, thunderstorms that result from easterly tradewinds and land‐sea convection 
patterns occur almost daily. Wet‐season rainfall follows a bimodal pattern, with peaks during mid‐

May through June and September through mid‐October. Tropical storms and hurricanes also provide 
major contributions to wet‐season rainfall with a high level of inter‐annual variability and low level of 
predictability. During the dry season (November through April), rainfall is governed by large‐scale 
winter weather fronts that pass through the region approximately weekly. However, due to the 
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variability of climate patterns (La Niña and El Niño), dry periods may occur during the wet season and 
wet periods may occur during the dry season. Multi‐year high and low rainfall periods often alternate 
on a time scale approximately on the order of decades. These inter‐annual extremes in rainfall result 
in frequent years of flood and drought (USACE 1999). 

Mean annual temperature for the south Florida ecosystem ranges from 72° Fahrenheit (F) (22° Celsius 
(C)) in the northern Everglades to 76° F (24 °C) in the southern Everglades (Thomas 1974). Mean 
monthly temperatures range from a low of 63° F (17 °C) in January to a high of 85 ° F (29 ° C) in August 
(Thomas 1974). 

High evapotranspiration rates in south Florida roughly equal annual precipitation. Evapotranspiration 
removes from 70% to 90% of the rainfall in undisturbed south Florida wetlands (Duever et. al. 1994). 
Evaporation from open water surfaces peaks annually in the late spring when temperatures and wind 
speeds are high and relative humidity is low. Evaporation is lowest during the winter when the 
temperatures and wind speeds are low (Duever et. al. 1994). 

Regional climate studies of observed air temperature trends show an increase in temperature with a 
general consensus in an increase in minimum and maximum temperatures. Observed precipitation 
show no discernible trends in annual/seasonal precipitation but shows an increase in the frequency 
and intensity of extreme precipitation events. Heavy precipitation events in most parts of the United 
States have increased in both intensity and frequency since 1901. Extreme precipitation events are 
generally observed to increase in intensity by about 6% to 7% for each degree Celsius of temperature 
increase (USGCRP 2017). The annual frequency of hurricanes has remained relatively stable 
throughout the 20th and early 21st centuries; however, hurricane rainfall is expected to increase for 
Florida as the climate continues to warm. No trend in observed streamflow was found. 

Sea‐level change has been a persistent trend for decades in the United States and elsewhere in the 
world. Observed and reasonably foreseeable global sea level rise means that local sea levels will 
continue to rise beyond the end of this century. 

1.1.2 Hydrology 
The major characteristics of south Florida’s hydrology are local rainfall, basin storage, 
evapotranspiration, gentle slope topography, and the highly permeable surficial aquifer underlying 
much of coastal Dade, Broward, and Palm Beach Counties. In south Florida there are large storage 
areas, natural and man‐made, that function as important components of the hydrologic system. Lake 
Okeechobee is a very large storage feature that drives the hydrology (rainfall‐evaporation‐storage‐
transport) of the Kissimmee‐Okeechobee‐Everglades system. Downstream of Lake Okeechobee, the 
man‐made Water Conservation Areas I, II, and III provide additional storage that allow waters to 
recharge the underlying aquifers and be transported by overland sheet flow and discharged through 
water control structures southward towards the remaining natural areas in Everglades National Park 
/ Florida. Another very important component of south Florida hydrology is the reliable wind pattern 
that brings moisture laden air from atmospheric layers above surrounding ocean and gulf, and sweeps 
that nearly saturated air across the state from shore to opposite shore. Atmospheric transport, and 
storage are the two major features that contribute to the commonality of the hydrologic cycle but, 
differentiate south Florida's hydrologic system through its historical record of seasonality, storm 
event strength, and yearly repeatable characteristic. Local rainfall accounts for most of south Florida’s 
fresh water. Drinking water for municipalities along the coast is commonly withdrawn from local well 
fields that are recharged by rainfall, intercepting the overland flow system and entering the surficial 
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aquifer that underlies a large portion of the area. Surface water that is not removed from overland 
flow through systematic structural management or recharge to the underlying aquifer, flows to the 
Atlantic Ocean, Florida Bay, or the Gulf of Mexico by very slow, shallow sheetflow through wetlands, 
or at a faster pace, through the man‐made system of managed structures and canals. 

The Lake Okeechobee Watershed Restoration Project (LOWRP) study area can be hydrologically 
divided into four drainage basins: Fisheating Creek, Indian Prairie, Lower Kissimmee (S‐65D and S‐65E) 
and Taylor Creek/Nubbin Slough (Figure 1). Each basin has a major tributary that historically drained 
south into the Lake Okeechobee by meandering rivers and extensive floodplains. Through time, the 
introduction of ditches, berms and canals into this rain driven system has disrupted the natural flow 
path of water leading to current restoration efforts. All four listed drainage basins as well as Lake 
Okeechobee descriptions are listed below. 

Figure 1. Fisheating Creek, Indian Prairie, Lower Kissimmee (S‐65D and S‐65E) and Taylor 
Creek/Nubbin Slough, LOWRP four major drainage basins 

1.1.2.1 Fisheating Creek 
Fisheating Creek is located principally in the western portions of Highlands and Glades counties, with 
the western boundary extending into the easterly edges of Hardee, DeSoto, and Charlotte counties. 
The drainage area is adjacent to the Peace Creek Basin on the west and northwest, the Lake Istokpoga‐
Indian Prairie and Harney Pond Canal areas on the north and northeast, and Nicodemus Slough on the 
south. Fisheating Creek drains an L‐shaped area of about 550 square miles. From the headwaters near 
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Lake Josephine, the creek releases uncontrolled and flows south for 32 miles, then east for 23 miles to 
release into Lake Okeechobee. 

Monthly average flows for 2001 to Nov 2017 from Fisheating Creek to Lake Okeechobee shows that 
the September monthly average flows (1144 cfs) were highest and the May monthly average flows 
(76 cfs) were the lowest. It should be noted that monthly average Kissimmee River flows at S‐65E 
were also highest during September (3557 cfs) and lowest (735 cfs) during December and both 
averages were higher than the Fisheating Creek monthly average flows. 

1.1.2.2 Indian Prairie 
The Indian Prairie drainage basin borders the northwest shore of Lake Okeechobee from Kissimmee 
River (C‐38) to Fisheating Creek and encompasses about 622 square miles. Levees isolate the two 
main canals, Indian Prairie Canal (C‐40) and Harney Pond Canal (C‐41) from the watershed. The 
outflow from Lake Istokpoga enters C‐41A at S‐68. After approximately four miles, the flow divides 
into three canals (C‐40, C‐41, and C‐41A). C‐41A flows southeast to the Kissimmee River and joins it 
near S‐65E. The Indian Prairie Canal (C‐40) lies in the middle. The Harney Pond Canal (C‐41) flows to 
the west, entering Lake Okeechobee midway between C‐40 and Fisheating Creek. Outflow from Lake 
Istokpoga also occurs in the Istokpoga Canal that connects to the Kissimmee River upstream of S‐65C. 

Annual average flows for canals C‐40, C‐41, and C‐41A at SFWMD respective control structures (S‐75, 
S‐82 and S‐83) are provided for 2002 to Nov 2017. Flow data indicates that the average outflow from 
Lake Istokpoga to C‐41A (through control structure S‐68) for the 15‐year period was 438 cfs and the 
combined flow from the three canals to Lake Okeechobee was 6,433 cfs. These data indicates during 
the 15‐year period, 70 % of the flow from the canal system to Lake Okeechobee originated in Lake 
Istokpoga, while 30 % of the flow was from runoff in the intervening basins. 

1.1.2.3 Lower Kissimmee 
The Lower Kissimmee drainage basin encompasses about 510 square miles and extends from S‐65C 
old location (structure was removed in June 2017) southward to Lake Okeechobee at the mouth of 
the Kissimmee River (C‐38). The basin handles the largest source of surface water flow to Lake 
Okeechobee with the inflow from C‐38 controlled at SFWMD structure S‐65E. 

The Kissimmee River (C‐38) flows south to Lake Okeechobee through basins S‐65A, S‐65D and S‐65E. 
The overall average flows for 1998 to Nov 2017 at monitoring stations S‐65A, S‐65D, and S65E are 
1,234 cfs, 1,377 cfs and 1,564 cfs, respectively. The additional flow at S‐65D may be associated with 
flow from the Istokpoga Canal, which enters the Kissimmee River upstream of the former S‐65C 
location. The estimation of runoff does not take into account losses such as evapotranspiration. 

1.1.2.4 Taylor Creek – Nubbin Slough 
The Taylor Creek – Nubbin Slough drainage area bordering the north and northeast shores of Lake 
Okeechobee encompasses about 309 square miles and extends from the Kissimmee River (C‐38) to 
the St. Lucie River (C‐44). All inflow from this watershed is controlled. Annual average flows at S‐133 
and S‐191 for the 2002 to Nov 2017 period shows that the 15‐year average flow from the Taylor Creek 
(measured at S‐133) was 28 cfs and from the Nubbin Slough (measured at S‐191) by 121 cfs. The 
recent historical annual average flow from these interconnected basins to Lake Okeechobee is 149 cfs 

1.1.2.5 Lake Okeechobee and the Northern Estuaries 
Lake Okeechobee is managed as part of the Central and Southern Florida (C&SF) Project for water 
supply and flood protection. The Herbert Hoover Dike (HHD) and several water control structures 
allow management of Lake Okeechobee to meet project purposes which include flood control, water 
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supply, navigation, recreation, and environmental enhancement. Inflows to Lake Okeechobee 
average 2.1 million acre‐feet per year. Nearly half the inflow to Lake Okeechobee is through the 
Kissimmee River. The Upper and Lower Kissimmee River watersheds cover more than 2,300 square 
miles of central Florida. The remaining inflow to Lake Okeechobee is received from Lake Istokpoga, 
Fisheating Creek, the Taylor Creek‐Nubbin Slough Basin, and reverse flows from the Caloosahatchee 
River, the St. Lucie Canal, and the EAA. 

The primary outflows from Lake Okeechobee are east to the St. Lucie Canal and west to the 
Caloosahatchee River. The main outflows south are through the L8 Canal, Miami Canal, North New 
River Canal, Hillsborough Canal, and the West Palm Beach Canal. Inflows to Lake Okeechobee 
frequently exceed total outflow capacity. The approximately 35‐mile St. Lucie Canal, part of the 
Okeechobee Waterway, is the main eastern flood control outlet for Lake Okeechobee. The St. Lucie 
Estuary is located within portions of both Martin and St. Lucie counties on the southeast coast of 
Florida. The two forks of the St. Lucie Estuary, the North Fork and South Fork, flow together near the 
Roosevelt Bridge at the City of Stuart, and then flow eastward approximately six miles to the Indian 
River Lagoon and Atlantic Ocean at the St. Lucie Inlet. The Caloosahatchee River, part of the 
Okeechobee Waterway, is the only flood control outlet leading west from Lake Okeechobee. 
Combined with the St. Lucie Canal and Lake Okeechobee, the Caloosahatchee River completes the 
only navigable passage between the Gulf of Mexico and the Atlantic Ocean. The river extends 
approximately 70 miles from Lake Okeechobee, through the Caloosahatchee Estuary, to the lower 
Charlotte Harbor Basin at San Carlos Bay. The Caloosahatchee River passes through parts of Glades, 
Hendry, and Lee counties. 

1.1.3 Regional Water Management (Operations) 
The following sections describe the existing regional operations for Lake Okeechobee and Kissimmee‐

Istokpoga Regulation Schedules. 

1.1.3.1 Lake Okeechobee Regulation Schedule 
The USACE is responsible for management of the water resources contained within HHD and for the 
development of regulations for operation of Lake Okeechobee’s outlet structures. Water 
management operations at Lake Okeechobee are performed to ensure that Congressionally‐
authorized project purposes are met. The Congressionally‐authorized project purposes for Lake 
Okeechobee include: flood control; navigation; water supply for ENP, salinity control, regional 
groundwater control, agricultural irrigation, municipalities and industry; enhancement of fish and 
wildlife; and recreation. Since April 2008, Lake Okeechobee has been operated in accordance with the 
2008 Lake Okeechobee Regulation Schedule (2008 LORS; refer to Figure 2 through Figure 6); for 
additional details and complete documentation, refer to the USACE November 2007 Lake Okeechobee 
Final Supplemental EIS. Changes to the Lake Okeechobee Regulation Schedule with the 2008 LORS are 
included in the revised March 2008 USACE Lake Okeechobee and Everglades Agricultural Area Water 
Control Plan (WCP). The WCP, which codifies the water management operational guidance included 
in the November 2007 Final Supplemental EIS, defines allowable releases to the Water Conservation 
Areas (WCAs) and to tide (estuaries). Prior to the 2008 LORS, Lake Okeechobee operations were 
managed under the “Water Supply and Environment (WSE) Regulation Schedule” since July 2000. A 
summary of the history of the different Lake Okeechobee Regulation Schedules can be found in Table 
1. 
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Table 1. Lake Okeechobee Regulation Schedules throughout history 

YEAR Water Levels 
ft-NGVD29 

Water Levels 
ft-NAVD88 

1948 12.56 to 15.56 11.26 to 14.26 

1974 14.5 to 16 13.2 to 14.7 

1978 15.5 to 17.5 14.2 to 16.2 

1994‐2000 (Run25) Max. stage 17‐18.5 Max. stage 15.7‐17.2 

2000‐2008 (WSE) Max. stage 17‐18.5 Max. stage 15.7‐17.2 

LORS 2008 Max. stage 17.25 Max. stage 15.95 

The regulation schedule is a tool used by water managers to meet Congressionally‐authorized project 
purposes. A regulation schedule attempts to meet all functional objectives of the particular project, 
acting separately or in combination with other projects in a system. The regulation schedule has been, 
and will continue to be, designed to balance multiple, and often competing, project purposes and 
objectives. Managing for better performance of one objective often lessens the effectiveness of 
performance of competing objectives. For example, higher regulation schedules tend to benefit water 
supply, but may increase the risk to public health and safety, and can harm the ecology of the lake. 
Lower lake schedules may produce lake levels more desirable for the lake ecology and improved flood 
protection, but reduce water supply potential. Lower lake schedules may also harm the ecology of 
the lake during extended dry periods and may harm downstream estuaries during extended wet 
periods because of the need to continue long duration freshwater releases. Therefore, the 2008 
LORS was not developed to optimize performance of any single project purpose, but rather balances 
the performance of the multiple project purposes. The regulation schedule contains bands which vary 
with the time of year. Releases are outlined by flowcharts that define the allowable releases by 
structure within each band. 

Though water supply is a project purpose, water supply release volumes are not prescribed by this 
regulation schedule. However, water supply releases are made to meet downstream demands that 
can include agricultural irrigation, municipal and industrial needs, estuary, and other environmental 
water supply needs. 

The 2008 LORS operational study was initiated to address high lake levels, high estuarine releases, 
estuary ecosystem conditions, and lake ecology conditions that occurred during the 2003 to 2005 time 
period. The study considered the back‐to‐back historically significant 2004 and 2005 hurricane 
seasons’ effects on the recognized structural integrity issues of HHD along with effects to other project 
purposes. The 2008 LORS was identified to be effective at decreasing the risk to public health and 
safety, reducing the number of high‐volume releases to the estuaries, and providing critical 
flexibility to perform water management operations (November 2007 Final SupplementalEIS). 

Under the 2008 LORS, management of Lake Okeechobee water levels and determination of Lake 
Okeechobee releases to the WCAs and to tide (estuaries) is based on seasonally varying lake 
elevations divided into three bands as shown on the proposed 2007 Lake Okeechobee Interim 
Regulation Schedule Part A. These bands include “High Lake Management”, “Operational”, and 
“Water Shortage Management”. The High Lake Management Band is meant to address public health 
and safety, especially related to the structural integrity of HHD by providing the ability to make 
releases up to the maximum capacity lake outlets will allow; Lake Okeechobee outlet canals may be 
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maintained above their optimum water management elevations. The Operational Band is meant to 
facilitate authorized project purposes by providing the ability to make releases of various volumes, 
including no release; Lake Okeechobee outlet canals should be maintained within their optimum 
water management elevations. The Water Shortage Management Band pertains to low lake levels 
which necessitate rationing water supplies; Lake Okeechobee outlet canals may be maintained below 
their optimum water management elevations. The water supply releases made within this band are 
made according to the SFWMD’s Lake Okeechobee Water Shortage Management Plan (LOWSM). The 
2008 Lake Okeechobee Interim Regulation Schedule Part B further defines the bands of the regulation 
schedule. In Part B, the Operational Band is further subdivided into sub‐bands that are directly related 
to defining allowable Lake Okeechobee releases to the WCAs and to tide (estuaries). In general as 
lake levels rise through the higher sub‐bands, the allowable release rates increase. 

The 2008 LORS EIS analysis demonstrated that the then‐proposed regulation schedule releases to the 
WCAs and to the estuaries would reduce the likelihood of lake levels that both increase the probability 
of a breach of the HHD and also contribute to poor ecological conditions within Lake Okeechobee. 
For Lake Okeechobee, a high lake level can lead to the decline of emergent and submerged vegetation 
which is essential habitat for the lake’s fish and wildlife populations. The 2008 LORS provides the 
ability to make long‐term, low‐volume releases to the Caloosahatchee Estuary, St. Lucie Estuary, and 
WCAs. These releases include low‐volume pulse releases and base flow releases to the 
Caloosahatchee and St. Lucie estuaries that allow Lake Okeechobee to be maintained at more 
desirable levels throughout the year. A pulse release attempts to simulate a natural rainstorm event 
within the basins. The receiving body would respond to the pulse release in a similar fashion as if a 
rainstorm had occurred in the upstream watershed. Although an average flow rate is targeted for the 
duration of the pulse release, daily releases vary. The pulse releases and base flow releases are 
intended to regulate lake levels and reduce the potential for future prolonged high‐volume releases 
to the estuaries. The base flow releases also provide a benefit of maintaining desirable salinity levels 
in the estuaries. By regulating lake levels, these low volume releases improve public health and safety 
performance by reducing risk to the HHD and provide improved benefits for the health of Lake 
Okeechobee and the estuaries. 

1.1.3.2 Kissimmee‐Istokpoga Regulation Schedule 
A general plan for flood damage prevention in the Kissimmee basin was incorporated in the 
comprehensive plan that was presented to Congress in 1948. Project works in the basin were 
authorized for construction by Congress in 1954. The inclusion of the Kissimmee Basin in the 
comprehensive plan was directly pursuant to Public Law No. 534.1947. However, earlier 
Congressional Acts in 1937, 1939 and 1946 had directed that studies on regulating the Kissimmee 
River and its tributaries be made at the request of State interests. It is important to mention that all 
the project works located within the Kissimmee River and Lake Istokpoga Basins are operated and 
maintained by the South Florida Water Management District (SFWMD). The U.S. Army Corps of 
Engineers serves in an advisory capacity regarding the inspection, operation, regulation, maintenance, 
improvements or alterations to any of the structures or facilities within the Kissimmee River and Lake 
Istokpoga basins. 

The purpose of the general plan was to relieve flooding and minimize flood damages, largely in the 
upper Kissimmee basin. This was to be accomplished partially by flood storage in the lakes of the 
upper basin and partially by providing the capability to more rapidly remove the flood water from the 
basin when necessary. The report to Congress clearly stated that complete flood protection could not 
be provided, but that reasonable flood protection would result from such a plan. 
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The project (C‐38) also provides the Congressionally‐authorized 3‐foot navigation project (PL‐56‐154) 
and now permits year‐round navigation from Lake Kissimmee to Lake Okeechobee. The regulation 
schedules have been developed for flood control, navigation, agricultural water supply, and 
environmental enhancement. The regulation schedule essentially represents the seasonal and 
monthly limits of storage which guides the regulation of the project for the plan purposes. The 
regulation schedule vary from high stages in the late fall and winter to low stages at the beginning 
and during most of the wet season. A map of the Kissimmee River Basin is found on Figure 7. The 
current Kissimmee regulation schedule related to LOWRP is found on Figure 8. 

The Lake Istokpoga Project works were primarily designed to protect lands adjacent to the lake from 
flooding by lake waters and provide water supply for agricultural use in areas around the lake and in 
the Indian Prairie area Figure 9. At the same time, project works maintain the lake at a desirable level 
for fish and wildlife, navigation, and for recreational purposes. The Lake Istokpoga generally consists 
of an outlet canal (C‐41A), S‐66, S‐68 and three associated downstream canals: Indian Prairie (C‐40) 
Slough Canal (C‐41A), and Harney Pond Canal (C‐41). Lake Istokpoga is regulated in accordance with 
the regulation schedule shown on Figure 10. 

Figure 2. 2008 Lake Okeechobee Regulation Schedule Part A 
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Figure 3. 2008 Lake Okeechobee Regulation Schedule PartB 

Figure 4. 2008 Lake Okeechobee Regulation Schedule PartC 
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Figure 5. 2008 Lake Okeechobee Regulation Schedule Part D 

Figure 6. IOP Water Conservation Area 3A Interim Regulation Schedule Part A 

LOWRP Final DRAFT PIR and EIS App A Annex A‐2‐12 August 2020 



                       

 

 

 

             Figure 7. Lower Kissimmee River Basin Schematic 
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           Figure 8. Kissimmee River Regulation Schedule 
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         Figure 9. Indian Prairie Basin 
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         Figure 10. Istokpoga Regulation Schedule 
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1.1.4 Flood Control 
Water management and flood control is achieved in south Florida through a variety of canals, levees, 
pumping stations, and control structures. This is also true within the LOWRP study area. The regulation 
schedules for Lake Okeechobee, Kissimmee, and Istokpoga Basins contain instructions and guidance on 
how to protect infrastructure within their area of influence. The regulation schedules represent the 
seasonal and monthly limits of storage which guides project regulation for the authorized purposes. In 
general, the schedules vary from high stages in the late fall and winter to low stages at the beginning of 
the wet season. These regulation schedules must take into account various, and often conflicting, project 
purposes. 

In the Kissimmee River Basin, the net hydrologic effect of the C‐38 canal and control structures was to 
shorten the residence time of water in the basin during periods of high water (floods) and to increase the 
residence time during low‐flow (drought) periods. 

Based upon a review of historical U.S. Geological Survey Data, under similar hydrologic conditions, the 
overall waters delivered to Lake Okeechobee from the Lower Kissimmee River Basin via the completed 
project was found to be relatively the same as those volumes experienced under pre‐project conditions. 
The timing of those water deliveries has been changed, however, which is reflective of the current water 
management practices for flood control and water conservation purposes within the basin. Although the 
project achieved flood reduction benefits, it also harmed the river‐floodplain ecosystem. 

After extensive planning, construction for environmental restoration began in 1999. The project is now 
more than 80 percent complete. In the lower Kissimmee River Basin, Phase 1 construction was completed 
in 2001 and Phase 4 was completed in 2010, backfilling 12 miles of C‐38 and restoring continuous water 
flows to approximately 19 of 44 miles of the Kissimmee River. Phases 2 and 3 are nearing completion and 
include backfilling approximately 10 miles of the C‐38 canal downstream of Phase 1, restoring flows to 25 
miles of the Kissimmee River. Approximately 99 percent of lands needed to complete Kissimmee River 
Restoration have been acquired — a total of 102,061 acres. More than 18 of 22 miles of C‐38 canal have 
been backfilled and 6,500 acres of floodplain wetlands have been restored. The response of the natural 
system has greatly exceeded expectations. 

It must be emphasized that in Lake Istokpoga area, the project design does not prevent State Road 621 
from being overtopped by floodwaters from Lake Istokpoga during large events. Flooding of State Road 
261 during large events is expected and provides Lake Istokpoga with additional outlet capacity. The best 
method for the reduction of flood hazard in this area is the modification of flood damage susceptibility 
and the regulation of the use of the zone of potential flooding. Such measure could promote optimum 
economic utilization of the Lake Istokpoga shores. 

1.2 Future Without Project Condition 
The following sections describe the future climate, hydrology, regional operations and flood control 
conditions in the project area. 

1.2.1 Climate 
During the period between the present and 2072, south Florida should experience a full multi‐decadal 
cycle of Atlantic hurricane activity. Currently the area is in an active phase of this cycle that started in 
1995. This active phase followed a 25‐year period of low hurricane activity. This suggests that between 
the present and year 2072, the area would complete this active phase, pass through another low activity 
period and begin another active phase. There is now evidence of anthropogenic changes to global climate 
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patterns that will likely have an impact on south Florida in terms of rainfall, evapotranspiration, and 
temperature (Intergovernmental Panel on Climate change 2007). Climatologists predict air temperatures 
will increase, with projections of summer temperatures being up to 3°F to 7°F warmer by 2100 (Twilley 
et.al. 2001, Union of Concerned Scientists 2008). Increases in air temperature, solar radiation, and water 
vapor deficit due to climate change are expected to increase evapotranspiration. Models used by Calanca 
et al. (2006) predict a 20 percent increase in evapotranspiration if summer temperatures increase from 
4°F to 7°F. 

Other sources of climate modeling predict a 1.5°C increase of temperatures in the Everglades and +/‐10% 
change in precipitation by 2060 (Obeysekera et al. 2011). The temperature change equates to a 7% 
increase in evapotranspiration. Unless precipitation increases similarly (+7% to +10%), then drought 
frequency is expected to increase in the Everglades. As a peat soil ecosystem, increasing drought would 
reduce available water to keep the soils wet, resulting in higher peat oxidation and loss of soil elevations 
in the freshwater wetlands (FAU 2013). Hydrological modeling indicates that surface water duration may 
decrease by 10‐50% in the Everglades by 2060 (FAU 2013). In parts of northern WCA 3A, peat depths are 
less than 10 cm above bedrock (Johnson 2012), so loss of peat may produce bedrock protrusions in these 
areas within this time frame. 

Regional surface water storage systems (lakes, rivers, canals, reservoirs, water conservation areas) will 
most likely experience more rapid water loss when compared to current levels, ultimately impacting 
availability of water supplies. Increased evapotranspiration may increase water demand for irrigation and 
natural wetlands areas. In addition, accelerated evaporation losses from stormwater treatment areas 
could impact their phosphorus removal performance, increasing the need for supplemental water for 
these facilities. 

The Florida Oceans Council (2009) predicts more frequent intense rainfall events will occur coupled with 
longer dry periods in between. SFWMD data indicate that there has been an increase in heavy downpours 
in many parts of the region, while the percentage of the region experiencing moderate to severe drought 
increased over the past three decades. While periodic heavy downpours may increase overall 
precipitation totals, much of the water may be runoff that is eventually lost to the Atlantic Ocean and Gulf 
of Mexico. The environmental impact of changes to floods and droughts depends on the relationship 
between the climate extremes. If flooding and drought frequency increase together, the Everglades may 
return to a more natural slough‐ridge‐island landscape because the floods would redistribute soils and 
sediments onto ridges and the droughts would allow recruitment of trees on islands. More droughts, 
without an increase in flooding conditions, pose a threat to the entire South Florida system. They would 
likely cause large shifts in community structure due to saltwater intrusion into freshwater habitats, drying 
of inland wetlands, disappearance of ridge and slough microtopography, and an increase in frequency of 
fires (both terrestrial and wetland). Without the ability to maintain minimum flows and water levels in 
South Florida, agriculture and public water supply well fields may not be able to function as designed. In 
addition, well fields may be contaminated by saltwater intrusion and higher salt levels in coastal waters 
may limit the usefulness of currently installed desalinization plants. More flooding may be good for the 
Everglades ecosystem because it would stimulate ridge‐slough development and restore historic salinity 
regimes in Biscayne Bay and Florida Bay. However, increasing flooding alone may also create more 
frequent water level reversals during critical wading bird foraging periods, thus causing further declines 
in nesting success for wading birds. 

Current research indicates overall storm frequency may decrease, while the number of strong hurricanes 
(due to warmer temperatures) is expected to increase. Tropical storms and hurricanes provide huge 
amounts of rain for the area. The loss of storm‐associated rainfall could have significant implications for 
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the SFWMD regional water supplies. If a decrease in the number of storms does occur, there may be 
significant changes to the distribution of rainfall, which will affect the water supply and natural ecology of 
South Florida. Less rainfall may mean the region is under drought conditions more often. If tropical 
storms and hurricanes become more intense, the potential damage to levees, canals, and other water 
control structures may also increase – resulting in an increased likelihood of flooding on a local and 
regional scale. Water supply and water quality may also be adversely affected by this extreme. 

Sea level change is one of the more certain consequences of climate change, and because it affects the 
land/ocean interface, it has the potential for environmental impacts on coastal areas. Various sites along 
the east coast of Florida indicate that the sea level is rising at a rate above the global average (Maul and 
Martin 1983). USACE sea level change projections from 1995 for the LOWRP period of analysis 2028 to 
2128 for Daytona Beach Shores, Florida (Tailwater of S‐80) and Fort Myers, Florida (Tailwater of S‐79) area 
for historic, intermediate and high rates of future sea level rise in mean sea level relative to NAVD88 are 
described in Table 2. 

The regional hydrologic models used to simulate with and without project conditions require climatic and 
tidal data as boundary conditions. Given the uncertainty in future climatic conditions, the historic climate 
conditions used in the period of record are assumed to represent conditions that are expected to occur 
in the study area in the future. Simulation model tidal boundary conditions that reflect future sea level 
change were not available for the range of potential sea level change expected. However, the impact of 
sea level change on project benefits is assessed for the FWO and with project conditions per USACE 
guidance ER 1110‐2‐8162, Incorporating Sea Level Change in Civil Works Programs and Engineer Technical 
ETL 1100‐2‐1, Procedures to Evaluate Sea Level Change: Impacts, Responses, and Adaptation. Future rates 
of sea level change are expected to result in significant impacts on coastal canals and communities, with 
loss of flood protection and increased saltwater intrusion being the primary effects. Additionally, coastal 
ecosystems and estuaries are expected to be adversely affected and require additional deliveries of 
freshwater to maintain desirable salinity patterns and healthy ecosystems. Inland hydrology and sea level 
change are discussed in more detail within Annex H Climate Change Assessment of the Main DRAFT PIR. 

Table 2. Estimated USACE Low, Intermediate and High sea level change projections at Fort Myers, 
Florida and Daytona Beach Shores, Florida and elevation of MSL (ft., NAVD88) for the years 1992, 2028, 
2078 and 2128. 

Year 

Fort Myers, Florida 
Gauge: 8725520 

Rate: 0.00787 feet/year, NAVD88 
(S‐79 Tailwater in the Caloosahatchee Canal) 

Daytona Beach Shores, Florida 
Gauge: 8721120 

Rate: 0.00761 feet/year, NAVD88 
(S‐80 Tailwater in the St. Lucy Canal) 

Low Intermediate High Low Intermediate High 
1992  ‐0.41  ‐0.41  ‐0.41  ‐0.79  ‐0.79  ‐0.79 
2028  ‐0.13  ‐0.01 0.35  ‐0.52  ‐0.40  ‐0.04 
2078 0.27 0.93 3.01  ‐0.14 0.52 2.61 
2128 0.66 2.31 7.52 0.25 1.89 7.1 

1.2.2 Hydrology 
Hydrologic modeling simulations of the existing condition baseline (ECB) and the LOWRP future without 
project condition (FWO) were developed with the RSM‐BN sub‐regional modeling tool, to provide baseline 
conditions for plan formulation, the assessment of LOWRP project benefits (comparisons against FWO), 
and the assessment of LOWRP alternative performance for the level‐of‐service for flood protection and 
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water supply (comparisons against ECB). Detailed descriptions of the hydrologic models, can be found in 
Reference 1 ‐ LOWRP Modeling Strategy of this Annex. The ECB was developed to represent the system‐
wide infrastructure and operations that were in place at the time LOWRP plan formulation was initiated, 
approximately in year 2016. The FWO for LOWRP assumes the construction and implementation of 
currently authorized CERP and non‐CERP projects, and other Federal, state or local projects constructed 
or approved under existing governmental authorities that occur in the LOWRP study area. The LOWRP 
FWO therefore included first generation CERP projects already authorized and under construction (Indian 
River Lagoon South Project, Picayune Strand Restoration Project, Site 1 Impoundment Project), second 
generation CERP projects that are authorized (Biscayne Bay Coastal Wetlands Project, Broward County 
Water Preserve Areas Project, Caloosahatchee River (C‐43) West Basin Storage Reservoir, C‐111 Spreader 
Canal Western Project, Ten Mile Creek Reservoir and STA Preliminary Operation Plan, Holey Land G200 
structure, Central Everglades Planning Project (CEPP), and non‐CERP projects currently in progress 
(SFWMD Restoration Strategies, C&SF C‐51 West End Flood Control Project, the C‐111 South Dade Project, 
the Kissimmee River Restoration Project, Modified Water Deliveries, and the DOI Tamiami Trail 
Modifications Next Steps Project). 

Operations protocols for the first and second generation CERP projects were modeled consistent with the 
draft Project Operating Manuals, as documented in the respective PIRs. The completed Kissimmee River 
Restoration project included the Headwaters Revitalization Schedule for the Kissimmee Chain of Lakes as 
defined for the Upper Kissimmee Chain of Lakes Routing (UKISS) modeling conducted by the Kissimmee 
River project team. 

The extensive list of first and second generation CERP projects and non‐CERP projects that are included in 
the LOWRP FWO will result in hydrologic interactions between the projects. Due to the CERP PIR 
sequencing and the project‐specific assumptions for related projects that were defined in each CERP PIR, 
the hydrologic interactions observed for the LOWRP FWO are likely unique to the LOWRP PIR. Based on 
these considerations, the summary of regional hydrology for the LOWRP FWO includes quantitative 
comparisons with the LOWRP ECB based on the RSM‐BN and RSM‐GL CEPP modeling representations of 
these baselines. The baseline RSM‐BN modeling outputs represent the ECB and FWO scenarios and these 
scenarios have also been used in the three rounds of model output to compare these conditions to 
potential reservoir and ASR‐well alternatives. 

1.2.2.1 Lake Okeechobee and the Northern Estuaries 
The FWO assumption for the operation of Lake Okeechobee is the Lake Okeechobee Regulation Schedule 
(LORS) 2008 plus refinements to the Lake Okeechobee Regulation Schedule (LORS+), in anticipation of 
implementing authorized projects such as CEPP by 2050 were included in the model runs. Independent of 
LOWRP implementation, there is an expectation that revisions to the 2008 LORS will be needed following 
the execution of Herbert Hoover Dike (HHD) infrastructure remediation and other Comprehensive 
Everglades Restoration Plan (CERP) projects. This analysis already started under the LOSOM study, which 
is expected to be completed by 2022 along with the completion of HHD rehab. 

Compared to the ECB, the FWO follows the expected trend of increasing the stage due to 
the incorporation of projects such as IRL, C‐43 and A1‐FEB. Notice criteria like reduction on high 
release durations per event results in an improvement towards the Caloosahatchee estuary 
baseflow but increases lake stage from ECB. Figure 11 shows increases in stage of roughly 0.3 ft., 
primarily between 14–16.5 feet NGVD, though slight increases also occur between 10–13.5 feet NGVD 
as well. Overall, lake stages in both the ECB and the FWO are within the ecologically beneficial 
envelope for almost the same amount of time (57.4% vs 56.6%, respectively), though the FWO 
exceeds the upper boundary more 
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frequently while the ECB exceeds the lower boundary more frequently. Ecologically, higher stage 
exceedances are considered more detrimental than lower stage exceedances. 

For the Caloosahatchee Estuary, compared to the ECB, mean monthly flows above 2800 cfs and 4500 cfs 
are reduced by 24 and 13 months, respectively (25% and 30% reductions, respectively Figure 12. Mean 
monthly flows less than 450 cfs are reduced by 93 months (80%) with operation of the C‐43 Reservoir 
(Figure 13). 

For the St. Lucie Estuary, compared to the ECB, mean monthly flows above 2000 cfs and 3000 cfs are 
reduced by 18 and 17 months, respectively (36% and 40% reductions, respectively; Figure 14). Mean 
monthly flows less than 350 cfs are increased by 12 months (13%) with operation of the C‐44 Reservoir 
(Figure 15). 

Figure 11. Lake Okeechobee ECB and FWO Stage Duration Curves. 
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Figure 12. Caloosahatchee High Release Criteria Exceeded 

Figure 13. Caloosahatchee Salinity Envelope Criteria not met 
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Figure 14. St. Lucie High Release Criteria Exceeded 

Figure 15. St. Lucie Salinity Envelope Criteria not met 
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1.2.3 Regional Water Management (Operations) 
The FWO for LOWRP assumes the construction and implementation of currently authorized CERP and 
non‐CERP projects, and other Federal, state, or local projects constructed or approved under existing 
governmental authorities that occur in the LOWRP study area; the LOWRP FWO therefore included first 
generation CERP projects already authorized and under construction (Indian River Lagoon‐South Project), 
second generation CERP projects that are authorized (Central Everglades Planning Project (CEPP), 
Caloosahatchee River (C‐43) West Basin Storage Reservoir), and non‐CERP projects currently in progress 
(the Kissimmee River Restoration Project, Natural Resource Conservation Service WRP‐WRE, and U.S. Fish 
and Wildlife Service Refuge Project). 

The LOWRP FWO assumes a subsequent schedule to accommodate the operational protocols specified in 
the documentation included in the respective PIRs for authorized, under construction or constructed non‐
CERP projects as well as first‐ and second‐ generation CERP projects. It is important to mention that the 
completed Kissimmee River Restoration project included the Headwaters Revitalization Schedule for the 
Kissimmee Chain of Lakes as defined for the UKISS modeling conducted by the Kissimmee River project 
team. The effects of those changes in the FWO are as described in Section1.1. 

1.2.3.1 Lake Okeechobee Regulation Schedule 
The ECB scenario for the operation of Lake Okeechobee is based on the LORS 2008 regulation schedule. 
The LOWRP team recognizes that when it was approved, LORS 2008 was identified as an interim schedule 
and that a subsequent schedule would be considered after the repairs to the Herbert Hoover Dike (HHD) 
were completed. The FWO scenario is based the subsequent LORS regulation schedule (LORS+) and results 
in additional occurrences of higher lake stages than the current LORS 2008 regulation schedule estimates. 
Until a new operating schedule is developed under a different, future study, LORS 2008 is the best 
estimate for operations. 

The LOWRP FWO modeling assumed operation of Lake Okeechobee with the other specified adjacent 
FWO projects (Kissimmee River Restoration, Caloosahatchee River (C‐43) west basin and St. Lucie River 
(C‐44) storage reservoirs, Indian River Lagoon‐South Project) in place and operational. Unlike the LOWRP 
modeling assumption, Lake Okeechobee FWO operations were not further optimized during the current 
CEPP modeling assumption to consider utilization of additional operational flexibility, including potential 
higher lake stages. Effects are as described in Section 1.1. 

1.2.3.2 Kissimmee River Regulation Schedule 
In the LOWRP FWO, the Kissimmee River Basin is partitioned into three major sub‐watersheds: Pool A, 
BCD (Pool BC & Pool D combined into Pool BCD) and Pool E. The stage‐volume and stage‐area relationships 
were updated for Pool BCD. Also, structures S‐65D and S‐65C are removed from this scenario, as intended 
in the Kissimmee River Restoration Project. The FWO Kissimmee regulation schedule used for LOWRP is 
found on Figure 16. 
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Figure 16. Kissimmee River Basin FWO Regulation Schedule 

1.2.4 Flood Control 
The negative effects associated with flooding are expected to increase during the period between the 
present and the year 2078. As agricultural and urban development continues, the volume, duration, and 
frequency of floodwaters may increase, and the actual levels of service for flood control may decline in 
some areas. If sea level change continues as predicted, it is foreseeable that the Biscayne aquifer is likely 
to experience greater intrusion of saltwater possibly rendering some of the current water supply well 
fields unusable due to contamination. Higher groundwater stages in the project area would reduce the 
ability of water managers to store rainfall runoff whether within wetlands or the surficial aquifer, 
resulting in increased intensity of stormwater releases through the primary canals. Reduced water 
storage reduces the capacity of the flood control system to accommodate runoff and would 
likely lead to increased frequency of flooding events. Sea level change may also impact flood control 
effectiveness as rising tail water conditions at the coastal canal structures reduce the effective 
maximum release rates. As additional information becomes available, these structures may be 
modified or replaced with pumps to ensure continued effective flood control. This may also require the 
implementation of forward pumping to maintain the existing level of flood protection in the future. An 
analysis of sea level change on the Recommended Plan is discussed in Section 6 of the Main Report 
and Annex H. Sea level change is not included in the FWO modeling for LOWRP. 

Future non‐CERP projects, implemented through the USACE and/or the SFWMD may potentially alter the 
levels of service for flood control within the LOWRP area, including but not limited to: potential Lake 
Okeechobee Regulation Schedule changes, SFWMD Restoration Strategies, C&SF C‐51 West End Flood 
Control Project, the C‐111 South Dade Project, the Kissimmee River Restoration Project, Modified Water 
Deliveries, and other potential future C&SF operational plan studies. Potential flood control affects, 
including improved or reduced levels of service, would be thoroughly assessed through the public NEPA 
process. To the extent that these projects have been identified and defined, these non‐CERP projects have 
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been included in the LOWRP FWO modeling assumptions; potential future operational plans for Lake 
Okeechobee, implementation of the Modified Water Deliveries and C‐111 South Dade projects, and other 
potential future C&SF operational plan studies are therefore not able to be included in the LOWRP FWO 
modeling. 

The Water Resources Development Act of 2000 (section 601 of WRDA 2000) approved the CERP Plan 
contained in the “Final Integrated Feasibility Report and Programmatic Environmental Impact Statement” 
dated April 1, 1999. As stated in section 601(h) of WRDA 2000, “the overarching objective of the Plan is 
the restoration, preservation, and protection of the south Florida ecosystem while providing for other 
water‐related needs of the region, including flood protection and water supply.” Section 601 of WRDA 
2000 required the Secretary of the Army, with the concurrence of the Secretary of the Interior and the 
Governor of Florida, and after notice and opportunity for public comment, to promulgate Programmatic 
Regulations to ensure that the goals and purposes of the Plan are achieved and to establish the processes 
necessary for implementing the Plan. The final Programmatic Regulations became effective on December 
12, 2003 as Title 33, Part 385 of the Code of Federal Regulations (CFR). 

Identifying if an elimination or transfer of existing legal sources of water will occur as a result of 
implementation of CERP and whether levels of service for flood protection will be reduced by 
implementation of CERP is required by section 601(h)(5) of WRDA 2000. The WRDA 2000 Savings Clause 
requires that “Implementation of the Plan shall not reduce levels of service for flood protection that are: 
(i) in existence on the date of enactment of this Act (December 11, 2000); and (ii) in accordance with 
applicable law.” Consistent with the Savings Clause requirements, each CERP project included in the CEPP 
FWO (Indian River Lagoon‐South Project, Picayune Strand Restoration Project, Site 1 Impoundment 
Project, Biscayne Bay Coastal Wetlands Project, Broward County Water Preserve Areas Project, 
Caloosahatchee River (C‐43) West Basin Storage Reservoir, C‐111 Spreader Canal Western Project) must 
independently demonstrate in the respective PIRs that implementation of these LOWRP projects would 
not adversely impact the levels of service for flood protection. Operations protocols for the first and 
second generation CERP projects were modeled in the LOWRP FWO consistent with the draft Project 
Operating Manuals, as documented in the respective PIRs. 

1.3 Future With Project Conditions: Alternatives 
The following sections describe the future climate, hydrology, regional operations and flood control 
conditions in relationship with the proposed alternatives. 

1.3.1 Climate 
Climate change is expected to alter rainfall and evapotranspiration patterns over the next 100 years. 
USACE sea level change projections for the period from 2015 to 2065 for Daytona Beach Shores, Florida 
(Tailwater of S‐80) and Fort Myers, Florida (Tailwater of S‐79) area for historic, intermediate and high rates 
of future sea level rise. The regional hydrologic models used to simulate with and without project 
conditions require climatic and tidal data as boundary conditions. Simulation model tidal boundary 
conditions that reflect future sea level change were not available for the range of potential sea level 
change expected. However, the impact of sea level change on project benefits is assessed in Annex H for 
the FWO and with project conditions per USACE guidance ER 1110‐2‐8162. 

Since 1900, there have been two cool phases and two warm phases of the Atlantic Multidecadal 
Oscillation (AMO) cycle with each of these phases lasting approximately 20‐40 years each. The exact year 
of the phase start and finish is an estimate as each phase goes through a “transition period” of a few years. 
South Florida was in a much drier regime from 1965 to the early 1990s when the AMO transitioned from 
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the cool phase to the warm phase. South Florida experienced more droughts and dry weather during the 
cool phase, with high‐water events (some extreme) being more frequent during the current warm phase. 
South Florida has been in a “wetter” regime since the early 1990s mostly due to the AMO. With AMO 
phases lasting typically 20‐40 years, the current AMO warm phase has likely peaked. Thus, the generally 
wetter than normal conditions that Florida has experienced since the early 1990s should begin to slowly 
decline. After the peak, the warm phase wave will begin its gradual decline where we will see continually 
cooler anomalies over the next 10‐20 years. As we approach the end of the cycle, Florida will experience 
an increase in dry years compared to wet years. Given the temporal stage of the current phase, conditions 
will continue to remain wetter than average for the next 10‐20 years, but with a slow and gradual decline 
in intensity until this phase ends and a cool phase begins. However, low frequency dry years can still occur 
due to other events such as La Niña, which can occur on an average of every 2‐7 years. 

Global climate change and variability, particularly at regional levels, are not completely understood. 
Over the last two decades, South Florida Water Management District (SFWMD) scientists have researched 
how natural, global climatic patterns such as the El Niño/La Niña‐Southern Oscillation and the Atlantic 
Multidecadal Oscillation are linked to South Florida’s weather and climate. Based on this expanded 
experience and knowledge, the SFWMD has already adopted progressive measures to incorporate climate 
outlook into its planning and operations. The LOWRP features will be designed robustly to handle extreme 
wet and dry conditions, floods and droughts, and will be operated based on the climate outlook described 
above. Climate change is difficult as well as controversial to predict and our LOWRP assessment is not an 
exercise to predict what the climate change will be, but to ensure that the plan selected is robust enough 
to accommodate changing climatic conditions. 

Implementation of any of the LOWRP alternatives would have a short‐term, negligible and less than 
significant effect on climate within the action area. Minor, localized effects to microclimate may occur 
under all LOWRP action alternatives as a result of redistribution of water and shifts in vegetation. Potential 
effects may include increases in evapotranspiration, increases in localized rainfall and temperature 
changes. 

1.3.2 Hydrology 
Hydrologic modeling simulations of the existing condition baseline (ECB) and the LOWRP future without 
project condition (FWO) were developed with the RSM‐BN sub‐regional modeling tool, to provide baseline 
conditions for plan formulation, the assessment of LOWRP project benefits (comparisons against FWO), 
and the assessment of LOWRP alternative performance for the level‐of‐service for flood protection and 
water supply (comparisons against ECB). The ECB was developed to represent the system‐wide 
infrastructure and operations that were in place at the time LOWRP plan formulation was initiated, 
approximately August 2016. The FWO for LOWRP assumes the construction and implementation of 
currently authorized CERP and non‐CERP projects, and other Federal, state or local projects constructed 
or approved under existing governmental authorities that occur in the LOWRP study area. Selection of the 
TSP is conducted based on comparisons between the LOWRP action alternatives and the LOWRP FWO. 
The reader should refer to Section 2 of the LOWRP PIR main report and Appendix C.1 for additional 
documentation of the ECB and FWO conditions from the environmental point of view. 

1.3.3 Preliminary Screening 
The Plan Formulation Screening methodology for LOWRP can be found in detail on Appendix E of the 
Main Report. Through the Plan Formulation process, the PDT identified conceptual locations for 
aboveground storage taking in consideration water source, public ownership, co‐location opportunities 
with other management measures and cost per acre‐foot of storage as estimated by a parametric cost‐
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estimating tool for project‐specific ranking of initial alternatives. However this section summarizes the 
hydrologic modeling strategy applied during screening. 

1.3.3.1 Modeling Strategy and Tools: RESOPS 

The REservoir Sizing and Operations Screening (RESOPS) is a coarse‐scale water management simulation 
spreadsheet model that was developed to quickly test alternative aboveground storage sizes and system 
operating rules for the region surrounding and including Lake Okeechobee. RESOPS performs monthly 
time‐step, 41‐year (1965‐2005) continuous simulations of the hydrology and operations of south Florida’s 
regional water management system and the interaction with proposed aboveground storage and wetland 
treatment area features and generates a wide variety of graphical and statistical summary measures of 
performance that can be used to compare up to four test scenarios. This spreadsheet model was not 
subject to HH&C CoP validation. This type of tool goes through ATR only and a HH&C CoP validation is not 
required. Appendix A, Annex A‐3 provides more information about this modeling tool. 
1.3.3.2 Alternatives 
Through the Plan Formulation process, the PDT identified the initial screening criteria to needed in order 
to select alternatives that could allow the project to improve Lake Okeechobee water stage 
conditions, improve releases to the northern estuaries, and increasing the availability of water supply 
by improving the timing and distribution of water into the watershed, the Lake and the northern 
estuaries. 

The Management Measures modeled to achieve the projects goals were: above ground 
storage (reservoirs, wetland attenuation feature), below ground storage (Aquifer Storage and Recovery 
wells) and deep injection wells. The PDT identified conceptual locations for aboveground storage 
taking in consideration water source, public ownership, co‐location opportunities with other 
management measures and cost per acre‐foot of storage as estimated by a parametric cost‐
estimating tool. This information led the team to aboveground storage ranging from 0 to 350,000 acre‐
feet and ASR wells ranging from 0 to 120. An aboveground storage size of 0 and ASR number of 0 was 
used in the model to represent the FWO condition. 

1.3.3.3 Results 
RESOPS was used to perform an optimization analysis in order to estimate the best combination of 
aboveground storage and ASR storage capacity that could meet the project goal and objectives. RESOPS 
has the ability to predict the response of water deliveries, timing of flow, Lake Okeechobee 
stages, potential ecological improvements, and reduction in releases to the northern estuaries 
within the system. 
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                     Figure 17. Caloosahatchee Estuary high‐release improvements with aboveground and ASR storage. 
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Figure 18. St. Lucie Estuary high‐release improvements with aboveground and ASR storage. 

Improvements in lower Lake Okeechobee stages are more apparent with the addition of 40 to 120 ASR 
wells to aboveground storage, while higher lake stages are less sensitive to storage north of the lake due 
to the large volume of water associated with high stage events. Therefore, the initial minimum 
aboveground storage target for was set for 150,000 acre‐feet based on RESOPS modeling results, while 
the maximum storage target was initially set at 350,000 acre‐feet based on cost considerations. The ASR 
range was set at 40 to 120 wells to complement various aboveground storage ranges based on results 
from the ASR Regional Study and initial RESOPS results (see Figure 19). Stage envelope standard scores 
measure the departure of the lake stage from the LORS defined upper and lower lake stage limits. Higher 
score means fewer departures and better in‐Lake habitat and ecology. Improved lower standard score 
identifies a potential benefit in lake ecology and/or more water volume that could be available for other 
projects. Results shows that combination of an aboveground storage feature of 200,000 acre‐feet to 
350,000 acre‐feet and 80‐120 ASRs could provide more benefits to the lake. 
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Figure 19. Lake Okeechobee standard score for lake stage envelope with aboveground storage and 
ASR wells. 

After modeling and analyzing results for the management measures mentioned above, deep injection 
wells were screened. Above ground storage (reservoirs, wetland attenuation feature) and below ground 
storage (Aquifer Storage and Recovery wells) were modeled and investigated further on the focus array. 

1.3.4 Final Array 
The Final Array screening criteria for LOWRP can be found in detail on Appendix E Plan Formulation 
Screening of the Main Report. However this section summarizes the hydrologic modeling strategy applied 
during screening. 

1.3.4.1 Modeling Strategy and Tools: RSM‐BN and WAM 
The Regional Simulation Model  ‐ Basins (RSM‐BN) is a link‐node based model designed to simulate the 
transfer of water from a pre‐defined set of watersheds, lakes, reservoirs or any “'waterbody” that either 
receives or transmits water to another adjacent waterbody. The RSM‐BN uses the same source code as 
the mesh‐based RSM, which includes the RSMGL regional model. The model assumes that water in each 
waterbody is held in level pools. The model domain covers Lake Okeechobee and four major watersheds: 
Kissimmee, Lake Okeechobee, St. Lucie River, Caloosahatchee River and the Everglades Agricultural Area. 
The model provides a realistic representation of wet/dry cycles within the project area by utilizing a 41‐
year period of record (1965‐2001). This modeling tool is currently approved for use for South Florida 
applications only by the HH&C CoP since 2012. 

The Watershed Assessment Model (WAM) was developed by Soil and Water Engineering Technology, Inc. 
It is a GIS based model that simulates hydrology responses within a watershed. WAM can be used to 
perform hydrological analysis that simulate flows for existing land uses, soils, and land management 
practices; analyze hydrological impacts on streams and lakes, and view and analyze the simulated flow 
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and concentrations for source cells and stream reaches. This modeling tool is currently approved for use 
by Jacksonville District and for LOWRP only by the HH&C CoP since 2018. This model was developed 
outside of the scope of LOWRP. Bottcher et al., 2012 includes more information about the WAM model 
use, validation and calibration. 

1.3.4.2 Alternatives 
Most of the management measures described below were carried over from the screening analysis. Final 
array described in Table 3 was the result of four round of modeling. All major components of the 
alternatives are described in Table 3 below. 

Table 3: Comparison between major components of the alternatives. 
Alternative Major Components 

1Bshlw 
K05 shallow – 5 ft 
average still water 

pool 

Paradise Run and 
Kissimmee Center 

Wetlands 
(4,000 ac) 

80 Aquifer 
Storage and 

Recovery Wells 
(55 watershed, 25 

collocated) 

1Bw 

K05 wetland 
attenuation 
feature – 4 ft 

average still water 
pool 

Paradise Run and 
Kissimmee Center 

Wetlands 
(4,000 ac) 

80 Aquifer 
Storage and 

Recovery Wells 
(55 watershed, 25 

collocated) 

2CR 
K42 – 15 ft 

average still water 
pool 

Paradise Run and 
Kissimmee Center 

Wetlands 
(4,000 ac) 

65 Aquifer 
Storage and 

Recovery Wells 
(55 watershed, 10 
in Paradise Run) 

A summary of previous round of modeling can be found in Table 4. 
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Table 4. Summary of four rounds of water storage component analysis. 

1s
t 

R
o

u
n

d
 o

f 
W

at
er

 
S

to
ra

g
e 

C
o

m
p

o
n

en
ts

Water 
Storage 

Component 

Aboveground Storage ASR 

Reservoir(s) 

Storage 
Capacity 
(total acre-

feet) 

Number of 
ASR wells 

Storage 
Capacity (acre- 
feet per year) 

1A K05 267,000 110 616,000 

2A K05 and K42 437,000 110 616,000 

3 K42 and I01 295,000 112 627,200 

2n
d

 R
o

u
n

d
 o

f 
W

at
er

 
S

to
ra

g
e 

C
o

m
p

o
n

en
ts Water 

Storage 
Component 

Aboveground Storage ASR 

Reservoir(s) 
Storage 

Capacity 
(acre-feet) 

# of ASR 
wells 

Storage 
Capacity (acre- 
feet per year) 

1B K05 190,000 80 448,000 

2A K05 and K42 361,000 110 616,000 

2B 
K05 North 
and K42 

276,000 70 392,000 

2C K42 171,000 50 280,000 

3r
d

 R
o

u
n

d
 o

f 
W

at
er

 
S

to
ra

g
e 

C
o

m
p

o
n

en
ts Water 

Storage 
Component 

Aboveground Storage ASR 

Reservoir(s) 
Storage 

Capacity 
(acre-feet) 

# of ASR 
wells 

Storage 
Capacity (acre- 
feet per year) 

1Br K05 Revised 198,000 80 448,000 

2A K05 and K42 361,000 110 616,000 

2B 
K05 North 
and K42 

276,000 70 392,000 

2Cr K42 195,000 65 364,000 

4t
h

 R
o

u
n

d
 o

f 
W

at
er

 
S

to
ra

g
e 

C
o

m
p

o
n

en
ts

Water 
Storage 

Component 

Aboveground Storage ASR 

Reservoir(s) 
Storage 
Capacity

(feet) 

# of ASR 
wells 

Storage 
Capacity (acre- 
feet per year) 

1Bshlw K05 Shallow 65,000 80 448,000 

2Cr K42 195,000 65 364,000 

1BW K05 WAF 43,500 80 448,000 

1.3.4.2.1 Restore Wetlands: Kissimmee River Center and Paradise Run 

The purpose of the Kissimmee Center and Paradise Run wetlands is to reconstruct historical natural areas 
within the project boundary. For Kissimmee River Center, a pump will be placed in the C‐38 Canal to 
divert water into a section of the old Kissimmee River channel. The channel will be excavated in some 
locations due to existing silted areas. The water will flow through the channel and reenter the C‐38 Canal 
through a culvert at the southern end of the wetland footprint. The water will stage up and fill the entire 
wetland footprint when water is available upstream of S‐65E, also called Pool E. The normal water 
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elevation for Pool E is 21 ft‐NGVD29. There are no perimeter berms assumed to this configuration at the 
moment. This assumption is based on the unique characteristics of the surrounding topography. In the 
case of Paradise Run, water will be pumped from the C‐41A Canal over HHD into the old Kissimmee River 
channel. The channel will be excavated in some locations where it has silted in. The water will flow 
through the channel and reenter a canal at the southern end. A levee notch will be cut in the L‐59 Canal 
to allow flow from the northern to southern parts of Paradise Run. There will also be stage control at the 
existing structures G‐33 and G‐34. The water will stage up and fill the entire wetland footprint when water 
is available. There are no perimeter berms. The Paradise Run pump may be collocated with the K‐05W 
inflow pump. This level of detail will be discussed during the TSP optimization. U.S. Army Corps of 
Engineers, Engineering Regulation(s) 1110‐2‐1150 Engineering and Design for Civil Works Projects along 
with various other site/structure specific regulations will be adhered to prior to and during the Pre‐
Construction, Engineering, and Design (PED) phase. 

1.3.4.3 Results: RSM‐BN 
The results shown in sections below are based on round four of the RSM‐BN hydrologic modeling only. 

1.3.4.3.1 Lake Okeechobee Watershed 
The management measures proposed in LOWRP will improve the system performance, primarily 
measured in the Lake Okeechobee and Northern Estuaries. At regional level, the system will experience a 
moderate improvement to hydrology: 1) wetlands tend to decrease local temperature, 
atmospheric circulation, duration and seasonality of flooding; 2) reservoirs will capture high peak 
releases adding more flexibility into the system and 3) ASRs will provide additional long‐term storage 
to replenish the system as needed. 

1.3.4.3.2 Lake Okeechobee and the Northern Estuaries 
For the modeling of the final array of alternatives, operational changes to Lake Okeechobee were limited 
to changes within the flexibility of the Lake Okeechobee Regulation Schedule (LORS) 2008, with no 
adjustments to the defined LORS zones. Lake Okeechobee operational assumptions were not applied 
consistently for the final array modeling. Instead, each alternative includes changes to the decision tree 
outcome maximum allowable releases dependent on Lake Okeechobee inflow forecasts, time of year 
(wet season or dry season), stage level (regulation zone), and/or stage trends (receding or 
ascending). This was achieved by running 10,000 simulations for each alternative. The changes are all 
assumed to occur within the flexibility of LORS 2008 (Regulation Schedule zones unchanged), for 
the purpose of increasing LOWRP potential benefits. Details pertaining to the proposed LOWRP 
operations for Lake Okeechobee will be separately addressed in the draft Preliminary Operations 
Manual (refer to Annex C Effect of the Alternatives of the main LOWRP report). 

1.3.4.3.3 Lake Okeechobee 
The alternatives performance compared to the baselines, specifically to the FWO, is crucial in determining 
and claiming benefits for the project. Table 5 summarizes each alternative’s peak stage compared with 
the LOWRP baselines. The data shown in Figure 20 represents the stage duration curves for Lake 
Okeechobee. Based on this graph, the performance in Lake Okeechobee is maintained or improved 
relative to the FWO. Compared to the FWO, Lake Okeechobee stages are increased by 0.2‐0.6 feet for the 
upper 50% of the% time exceeded of the stage duration curve, excluding extreme wet hydrologic 
conditions. Peak lake stage is 17.65 feet in the FWO, and ranges 17.57–18.25 feet NGVD29 in the 
alternatives (Table 5). 
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Table 5: Peak Stage in Lake Okeechobee comparisons between alternatives and baselines. 

Area Criteria 
ECB FWO 

Dif. 
FWO 
vs 
ECB 

Alt 1Bshlw 

Dif. 
1Bshlw 

vs 
FWO 

Alt 1BW 

Dif. 
1BW 
vs 

FWO 

Alt 2Cr 

Dif. 
2CR vs 
FWO 

Lake 
Okeechobee 

Peak Stage 
(ft, NGVD29) 

17.58 17.65 <0.1 18.25 +0.6 18.05 +0.4 17.57 <0.1 

There are currently standard scores that are expected when analyzing performance measures that could 
affect Lake Okeechobee. A summary of the numerical results can be found in Table 6. The weighted 
average was calculated using the following formula: (25% * extreme low) + (50%* extreme high) + (10% * 
stg std score below) + (15% * stg std score below). It is important to mention that: 

 All alternatives show an increase in the Low Lake standard score relative to the baselines. 

 All alternatives show a decrease in the High Lake standard score relative to thebaselines. 

 All alternatives show an improvement in the Score below environmental standard score relative 
to the baselines. 

 All alternatives show an improvement in the Score above environmental standard score relative 
to the FWO. 
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Figure 20: Lake Okeechobee ECB and FWO Stage Duration Curves. 

Table 6: Lake Okeechobee standard score performance measure. 

Parameter ECBLOW FWOLOW ALT1Bshlw ALT1BW ALT2CR 

Low Lake (LO1) 86.67 86.62 93.01 93.01 94.15 

High Lake (LO2) 99.11 97.78 92.68 93.35 95.12 

Score Below Env (LO3) 39.82 47.85 58.61 58.09 62.10 

Score Above Env (LO3) 75.63 71.73 74.22 73.99 75.01 

Weighted Average 85.55 86.09 86.59 86.84 88.56 

Data found in Figure 21 and Table 7 summarizes the behavior of Lake Okeechobee High Stages above 16 
feet NGVD29. This graphic shows that the alternatives experience an increase in high stages but the 
duration are still within the acceptable constrains of the ecological band in the lake. 
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Figure 21: Lake Okeechobee high stage model projections. 

Table 7: Summary and comparison between Lake Okeechobee high stages (>16.00 feet NGVD29): 
LOWRP RSM‐BN Simulations (1965‐2005) alternatives and baselines. 

Criteria ECB 

(Days) 

FWO 

(Days) 

FWO 
vs 

ECB 

(% in
POR) 

1Bshlw 

(Days) 

1Bshlw 
vs FWO 

(% in
POR) 

1BW 

(Days) 

1BW vs 
FWO 

(% in
POR) 

2CR 

(Days) 

2CR vs 
FWO 

(% in
POR) 

LO Mean Daily Stage 
> 17.25 17 30 0.1 65 0.2 55 0.2 41 0.1 

LO Mean Daily Stage 
> Zone A 37 46 0.1 98 0.3 83 0.2 46 0 

LO Mean Daily Stage 
> 16.00 878 1162 2 1167 0 1181 0.1 1120 ‐0.3 

1.3.4.3.4 Northern Estuaries 
The LOWRP alternatives reduce or maintain the number of high release events to northern estuaries 
relative to the baselines as shown in Figure 22 and Figure 25. It can also be observed that low flow 
event frequency is maintained in the St. Lucie Estuary and Caloosahatchee Estuary. A summary of the 
results can be found in Table 8. 

Figure 23 represent the flow results for the Caloosahatchee Estuary For high‐flow events in the 
Caloosahatchee Estuary, all LOWRP action alternatives performed better than the FWO, having fewer 
months where flows were greater than 2800 cfs. Alternative 1Bshlw has 10 fewer months over the period 
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of record (POR) of high flows than the FWO, Alternative 1BW has 7 fewer months, and Alternative 2Cr has 
6 fewer months. The FWO has a combined 47 events as a result of basin runoff, using Figure A‐23 and 
subtracting 47 events for each simulation, flows greater than 2800 cfs from direct Lake Okeechobee 
releases go from 23 in the FWO to 13 in Alternative 1Bshlw, 16 in Alternative 1BW, and 17 in Alternative 
2Cr. All alternatives significantly reduce the number and duration of the high‐flow events. For low flow 
events in the Caloosahatchee Estuary, negligible and less‐than‐significant effects are predicted for all 
alternatives. The FWO and Alternative 2Cr have the same number of months where the low flow criteria 
are not met. The FWO includes the C‐43 reservoir that is designed to help alleviate the low flows. For the 
Caloosahatchee Estuary, compared to the FWO, mean monthly flows above 2800 cfs and 4500 cfs (Figure 
22) are reduced per alternative by: 

 Alt 1Bshlw – 10 and 4 months (14% and 13%) respectively 
 Alt 1BW – 7 and 5 months (10% and 17%) respectively 
 Alt 2Cr – 6 and 3 months (9% and 10%) respectively 

Mean monthly flows less than 450 cfs (Figure 23) were increased by: 

 Alt 1Bshlw – 2 months (8%) 
 Alt 1BW – 1 month (4%) 
 Alt 2Cr – 0 months (0%) 

Figure 25 represent the flow results for the St. Lucie Estuary. For high‐flow events, all action alternatives 
performed better than the FWO, having fewer times where the 14‐day moving average flow was greater 
than 2,000 cfs from Lake Okeechobee regulatory releases. Runoff from local basins with a 14‐day moving 
average > 2000 cfs >= 14 days is computed from RSMBN using flows from S80 (flow from LOK + Basin), 
S308 (flow from LOK), and flows from other sources (e.g. S48, S49, Ten Mile Creek, and tributary flows). 
Alternative 1Bshlw and Alternative 1BW performed the best, with a reduction to 20 times when the high‐
flow criteria was not met compared to 37 times in the FWO. Alternative 2Cr had a reduction to 24 times 
when the high‐flow criteria were not met. The “yellow bar” is higher in the alternatives because of reduce 
opportunity for back‐flow of local runoff into LOK via S308. The reduced opportunity of back‐flow in LOK 
is attributed to higher levels in LOK in the alternatives when compared to FWO. For extreme high‐flow 
events (mean monthly flow > 3000 cfs), all alternatives perform better than the FWO that had 25 months 
where the mean monthly flow was greater than 3000 cfs. The number of mean monthly flows greater 
than 3000 cfs were reduced to 21 for Alternative 1Bshlw, 22 for Alternative 1BW, and 23 for Alternative 
2Cr. For the St. Lucie Estuary, Alternative 1Bshlw provides the greatest reduction of high‐flow events, 
followed by 1BW and then 2Cr. All alternatives significantly reduce the number and duration of the high‐
flow events. For low flows, negligible and less‐than‐significant effects are predicted for all alternatives in 
the St. Lucie Estuary. The FWO and all action alternatives have the same number of months where the 
low‐flow criteria are not met. For the St. Lucie Estuary, compared to the FWO, mean monthly flows 
between 2000/3000 cfs and mean monthly flows above 3000 cfs (Figure 24) are reduced per alternative 
by: 

 Alt 1Bshlw – 9 and 4 months (28% and 16%) respectively 
 Alt 1BW – 10 and 3 months (31% and 12%) respectively 
 Alt 1BCr – 5 and 2 months (16% and 8%) respectively 

Mean monthly flows less than 350 cfs (Figure 25) did not changed for all with project alternatives. The 
LOWRP project does not envision to improve further upon the low flow criteria in St. Lucie but rather, do 
not exacerbate the conditions as in the future without project LOWRP baseline. 
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Table 8. Summary of Caloosahatchee and St. Lucie estuaries flows. 

Northern 
Estuary Criteria ECB FWO 

Alt 
1Bshlw 

Alt 
1BW 

Alt 
2Cr 

Caloosahatchee 

Number of months 

flow < 450cfs 

from C‐43 Basin & Lok regulatory releases 
(Oct‐July) 

116 23 25 24 23 

Number of months 

flow > 2800cfs > 4500 cfs 

from C‐43 Basin & Lok regulatory releases 
(Jan‐Dec) 

94 70 60 63 64 

Number of months 

flow > 4500 cfs 

from C‐43 Basin & Lok regulatory releases 

43 30 26 25 27 

St. Lucie 

Number of months mean monthly flows 
between 2000/3000 cfs 

50 32 23 22 27 

Number of months mean monthly flows 
above 3000 cfs 

42 25 21 22 23 

Number of months average 
flow < 350cfs 

95 83 83 83 83 

Number of times 14‐day moving average flow 
> 2000cfs for >= 14 days from local basins* 

99 50 52 51 51 

Additional number of times 14‐day moving 
average flow > 2000cfs >= 14 days from Lok 
Regulatory releases 

71 37 20 20 24 
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Figure 22: CaloosahatcheeHigh Release Criteria Exceeded 

Figure 23: Flow results for the Caloosahatchee Estuary. 
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Figure 24: St. Lucie High Release Criteria Exceeded 

Figure 25: Flow results for the St. Lucie Estuary. 
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1.3.4.4 Wetland Restoration Results: WAM 
This section describes the existing conditions of the wetland restoration management measures initially 
considered. The intent of the wetland restoration component of LOWRP is to increase the spatial extent 
and connectivity of freshwater wetlands, one of the objectives of LOWRP. These benefits are in the form 
of hydrologic restoration and landscape connectivity. Without this restoration and connectivity, the 
diversity and abundance of plant and animal life in south Florida would likely continue to decline. Not only 
does the restoration of this area benefit the Kissimmee River and Lake Okeechobee, but it also has 
important benefits to the Greater Everglades Ecosystem. 

From ten sites identified by planning, six sites were further investigated. Table 9 summarizes the acreage 
of the six wetlands: Paradise Run, IP10, Kissimmee River Center, Kissimmee River South, Kissimmee River 
North and Lake Okeechobee West. These wetland ranged between 627 to 4,083 acres. Refer to Appendix 
E, Plan Formulation Screening for more information about how these wetland sites werescreened. 

Table 9: Area in acres by each wetland site identified by the planning process. 

Location Area (acres) 

Paradise Run 4,083 

IP10 3,471 

Kissimmee River Center 1,145 

Kissimmee River South 627 

Kissimmee River North 1,551 

Lake Okeechobee West 2,800 

Total 13,678 

WAM results were used to better understand the existing water availability within these areas. Each 
wetland was represented by one or more reaches. In order to understand the water availability per 
wetland, these reaches were combined and averaged volumes of water by season were calculated in acre 
feet per month. Later, these volumes were translated into inches of water available in the area. A 
summary of these results can be found in Table 10 below. 

Table 10: Water availability at the wetland sites. 

Wetland 

Monthly 
Average 
(acre- 

feet/month) 

Annual 
Average 

(acre- 
feet/month) 

Average WET 
Season 
(acre- 

feet/month) 

Average DRY 
Season 
(acre- 

feet/month) 

Annual 
Average 
Depth 
(inches) 

Paradise Run 448.3 5,379.2 3,821.8 1,557.4 15.8 

IP10 131.9 1,582.8 1,205.3 377.6 5.5 

Kissimmee 
River Center 

228.9 2,747.4 2,151.2 596.2 28.8 
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Wetland 

Monthly
Average 
(acre- 

feet/month) 

Annual 
Average 

(acre- 
feet/month) 

Average WET 
Season 
(acre- 

feet/month) 

Average DRY 
Season 
(acre- 

feet/month) 

Annual 
Average 

Depth 
(inches) 

Kissimmee 
River South 

64.5 774.1 620.6 153.6 14.8 

Kissimmee 
River North 

443.7 5,324.5 4,211.0 1,113.4 41.2 

Lake 
Okeechobee 
West 

309.8 3,717.3 2,917.1 800.1 15.9 

Although Kissimmee River North had more water availability than Paradise Run, this site was screened 
due to other considerations, as described in the Appendix E, Plan Formulation Screening. Kissimmee River 
Center and Paradise Run sites (in red on Figure 26) were selected as the second least cost best buy plan 
that provides a meaningful amount of wetland restoration (approximately 5,300 acres) to restore 
hydrology. These two sites were ultimately included as part of the Recommended Plan. 
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Figure 26. Retained wetland restoration sites. 

1.3.5 Regional Water Management (Operations) 
Every alternative run was adjusted to achieve project goals of minimizing high releases to the northern 
Estuaries and improving Lake Okeechobee water levels while reducing water supply cutbacks. This was 
achieved by adjusting the operating parameters for the proposed management measures in 
relationship with the Lake regulation schedule. Every alternative run was refined by using 10,000 
simulations. This simulations allowed each run to reach its maximum operation efficiency by 
minimizing releases to the estuaries while maintaining the Lake Okeechobee ecological band (between 
12.5 and 15.5 ft) and without going above a WSE like performance in the Lake in both high lake stages 
and durations. See Appendix A, Annex A3 for modeling details. 

In general, water management operations on Lake Okeechobee may be optimized to account for available 
storage within LOWRP project features. Changes to the Lake Okeechobee Regulation Schedule (LORS) can 
only occur after great consideration and required NEPA analysis and the operation of the project features 
in any of the alternatives will not directly trigger any changes in the LORS. No changes to the operations 
on the Kissimmee are anticipated at this time due to any of the alternatives. 
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1.3.6 Flood Control 
Updated model baselines prescribed for the Assurances analysis, consistent with approach identified in 
DRAFT Guidance Memoranda #2, were not needed for LOWRP. The Initial Operating Regime baseline is 
expected to be the same as no additional authorized projects are projected for the area. 

To address the Savings Clause requirements for CERP, the LOWRP PIR includes an analysis of potential 
effects of the LOWRP Recommended Plan (Alt 1BWR), where applicable, to existing legal sources for water 
supply and/or the levels of service for flood protection (refer to Section 6 of the PIR main report for 
summary information and Annex B for the complete analysis). It was determined that the implementation 
of the Recommended Plan will not degrade the existing level of flood protection offered by various 
components of the C&SF Project for this area. Further, the LOWRP Recommended Plan will ensure flood 
protection of the area through engineering design and construction following state of the practice 
methods for design and construction of pertinent features of the plan. U.S. Army Corps of Engineers 
ER 1110‐2‐1150, Engineering and Design for Civil Works Projects, and ER 1110‐2‐1156, Engineering and 
Design Safety of Dams – Policy and Procedures, along with various other site/structure‐specific 
regulations, will be adhered to prior to and during the PED phase. 

1.4 Tentatively Selected Plan (TSP) and Recommended Plan 
Early in May 2018, the team identified Alt 1BW as the TSP after extensive coordination within all the 
agencies. Due to the additional coordination involved and expedited plan formulation process, an 
optimization was not included at the time the draft PIR was released. However, additional modeling was 
performed after the optimization of the plan. This optimized plan is now named Optimized Plan and it is 
referenced as ALT1BWR. 

ALTBWR model runs include a four feet normal average pool. The new modeling also accounts for local 
topography and leveled pools divided by internal cells. 

1.4.1 Modeling Results 
The results shown in sections below are based on round four of the RSM‐BN hydrologic modeling only. 

1.4.1.1 Lake Okeechobee and the Northern Estuaries 
Lake Okeechobee operational assumptions were adjusted for the Optimized Plan modeling (LORS+ 
+). These adjustments included changes to the decision tree outcome maximum allowable 
releases dependent on Lake Okeechobee inflow forecasts, time of year (wet season or dry season), 
stage level (regulation zone), and/or stage trends (receding or ascending). The changes are all 
assumed to occur within the flexibility of LORS 2008 (Regulation Schedule zones unchanged), for the 
purpose of increasing LOWRP potential benefits. Details pertaining to the proposed LOWRP 
operations for Lake Okeechobee are separately addressed in the draft Project Operating Manual 
(refer to Annex C Effect of the Alternatives of the main LOWRP report). 

1.4.1.1.1 Lake Okeechobee 
The alternatives’ performance compared to the baselines, specifically to the FWO, is crucial in determining 
and claiming benefits for the project. Table 11 summarizes the Recommended Plan’s peak stage 
compared with the LOWRP baselines. The data shown in Figure 27 represents the stage duration curves 
for Lake Okeechobee. Based on this graph, the performance in Lake Okeechobee is maintained or 
improved relative to the FWO. Compared to the FWO, Lake Okeechobee stages are increased by 0.2‐0.6 
feet for the upper 50% of the % time exceeded of the stage duration curve, excluding extreme wet 
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hydrologic conditions. Peak lake stage is 17.65 feet in the FWO, and 17.56 feet NGVD29 in the 
Recommended Plan (Table 11). 

Table 11: Peak Stage in Lake Okeechobee comparisons between the Recommended Plan and 
baselines. 

Area Criteria 
ECB FWO 

Dif. 
FWO 

vs 
ECB 

Alt 
1BWR 

Dif. 
1BWR 

vs 
FWO 

Lake 
Okeechobee 

Peak 
Stage (ft, 
NGVD29) 

17.58 17.65 <0.1 17.56 <0.1 

There are currently standard scores that are expected when analyzing performance measures that could 
affect Lake Okeechobee. A summary of the numerical results can be found in Table 12. The weighted 
average was calculated using the following formula: (25% * extreme low) + (50%* extreme high) + (10% * 
stg std score below) + (15% * stg std score below). It is important to mention that: 

 All alternatives show an increase in the Low Lake standard score relative to the baselines. 

 All alternatives show a decrease in the High Lake standard score relative to thebaselines. 

 All alternatives show an improvement in the Score below environmental standard score relative 
to the baselines. 

 All alternatives show an improvement in the Score above environmental standard score relative 
to the FWO. 
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Figure 27: Lake Okeechobee ECB and FWO Stage Duration Curves. 

Table 12: Lake Okeechobee standard score performance measure. 

Parameter ECBLOW FWOLOW ALT1BWR 

Low Lake (LO1) 86.67 86.62 93.01 

High Lake (LO2) 99.11 97.78 93.35 

Score Below Env (LO3) 39.82 47.85 58.09 

Score Above Env (LO3) 75.63 71.73 73.99 

Weighted Average 85.55 86.09 86.84 

Data found in Figure 28 and Table 13 summarizes the behavior of Lake Okeechobee High Stages above 16 
feet NGVD29. This graphic shows that the Recommended Plan experience an increase in high stages but 
the duration are still within the acceptable constrains of the ecological band in the lake. 
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Figure 28: Lake Okeechobee high stage model projections. 

Table 13: Summary and comparison between Lake Okeechobee high stages (>16.00 feet NGVD29): 
LOWRP RSM‐BN Simulations (1965‐2005) Recommended Plan and baselines. 

Criteria ECB 

(Days) 

FWO 

(Days) 

FWO vs 
ECB 

(% in POR) 

1BWR 

(Days) 

1BWR vs 
FWO 

(% in POR) 

LO Mean Daily Stage 
> 17.25 16 30 0.1 42 0.1 

LO Mean Daily Stage 
> Zone A 37 46 0.1 60 0.1 

LO Mean Daily Stage 
> 16.00 859 1162 2 1185 0.2 

1.4.1.1.2 Northern Estuaries 

The LOWRP Recommended Plan reduce or maintain the number of high release events to northern 
estuaries relative to the baselines as shown in Figure 22 and Figure 25. It can also be observed that low 
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flow event frequency is maintained in the St. Lucie Estuary and Caloosahatchee Estuary. A summary of 
the results can be found in Table 8. 

Figure 23 represent the flow results for the Caloosahatchee Estuary For high‐flow events in the 
Caloosahatchee Estuary, all LOWRP action alternatives performed better than the FWO, having fewer 
months where flows were greater than 2800 cfs. Alternative 1BWR has 10 fewer months over the period 
of record (POR) of high flows than the FWO. The FWO has a combined 47 events as a result of basin runoff, 
using Figure A‐23 and subtracting 47 events for each simulation, flows greater than 2800 cfs from direct 
Lake Okeechobee releases go from 23 in the FWO to 16 in Alternative 1BWR. The Recommended Plan 
significantly reduced the number and duration of the high‐flow events. For low flow events in the 
Caloosahatchee Estuary, negligible and less‐than‐significant effects are predicted. The FWO includes the 
C‐43 reservoir that is designed to help alleviate the low flows. For the Caloosahatchee Estuary, compared 
to the FWO, mean monthly flows above 2800 cfs and 4500 cfs (Figure 22) are reduced per alternative by: 

 Alt 1BWR – 10 and 5 events (1% and 17%) respectively 

Mean monthly flows less than 450 cfs (Figure 23) were increasedby: 

 Alt 1BWR – 1 event (4%) 

Figure 25 represents the flow results for the St. Lucie Estuary. For high‐flow events, all action alternatives 
performed better than the FWO, having fewer times where the 14‐day moving average flow was greater 
than 2,000 cfs from Lake Okeechobee regulatory releases. Runoff from local basins with a 14‐day moving 
average > 2000 cfs >= 14 days is computed from RSMBN using flows from S80 (flow from LOK + Basin), 
S308 (flow from LOK), and flows from other sources (e.g. S48, S49, Ten Mile Creek, and tributary flows). 
Alternative 1BWR performed the best, with a reduction to 20 times when the high‐flow criteria was not 
met compared to 37 times in the FWO. The “yellow bar” is higher in the alternative because of reduce 
opportunity for back‐flow of local runoff into LOK via S308. The reduced opportunity of back‐flow in LOK 
is attributed to higher levels in LOK in the alternatives when compared to FWO. For extreme high‐flow 
events (mean monthly flow > 3000 cfs), the alternative perform better than the FWO that had 25 months 
where the mean monthly flow was greater than 3000 cfs. The number of mean monthly flows greater 
than 3000 cfs were reduced to 22 for Alternative 1BWR. For the St. Lucie Estuary, Alternative 1BR provides 
reduction of high‐flow events and significantly reduce the number and duration of the high‐flow events. 
For low flows, negligible and less‐than‐significant effects are predicted for the alternative in the St. Lucie 
Estuary. The FWO and Recommended Plan have the same number of months where the low‐flow criteria 
are not met. For the St. Lucie Estuary, compared to the FWO, mean monthly flows between 2000/3000 
cfs and mean monthly flows above 3000 cfs (Figure 24) are reduced per alternative by: 

 Alt 1BWR – 6 and 3 months (19% and 12%) respectively 

Mean monthly flows less than 350 cfs (Figure 25) did not changed for the Recommended Plan. The target 
for the low flow criteria for the St. Lucie estuary is 31 months in the period of record with flows less than 
350 cfs. The future without project conditions envisions another series of CERP and non‐CERP components 
and initiatives (i.e., C23/24 Reservoir and Storm Treatment Area; Ten Mile Creek Reservoir, Loxahatchee 
River Restoration, etc.) conceptually designed, among other things, to improve the low flow criteria for 
the St. Lucie Estuary relative to the Existing Conditions. The LOWRP project does not envision toimprove 
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further upon the low flow criteria in St. Lucie but rather, do not exacerbate the conditions as in the future 
without project LOWRP baseline. 

Table 14. Summary of Caloosahatchee and St. Lucie estuaries flows. 

Northern 
Estuary Criteria ECB FWO 

Alt 
1BWR 

Number of months 

flow < 450cfs 

from C‐43 Basin & Lok regulatory releases 
(Oct‐July) 

116 23 24 

Caloosahatchee 

Number of months 

flow > 2800cfs > 4500 cfs 

from C‐43 Basin & Lok regulatory releases 
(Jan‐Dec) 

94 70 60 

Number of months 

flow > 4500 cfs 

from C‐43 Basin & Lok regulatory releases 

43 30 25 

Number of months mean monthly flows 
between 2000/3000 cfs 

50 32 22 

Number of months mean monthly flows 
above 3000 cfs 

42 25 22 

St. Lucie 

Number of months average 
flow < 350cfs 

95 83 83 

Number of times 14‐day moving average 
flow > 2000cfs for >= 14 days from local 
basins* 

99 50 52 

Additional number of times 14‐day moving 
average flow > 2000cfs >= 14 days from Lok 
Regulatory releases 

71 37 19 
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             Figure 29: Caloosahatchee High Release Criteria Exceeded 
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               Figure 30: Flow results for the Caloosahatchee Estuary. 
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               Figure 31: St. Lucie High Release Criteria Exceeded 
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Figure 32: Flow results for the St. Lucie Estuary. 

1.4.2 Saving Clause: Flood Control 
1.4.2.1 Programmatic Regulation (33 CFR Part 385) 
Section 385.37 of the CERP Programmatic Regulations requires that PIRs include an analysis of the 
project’s impacts on levels of service for flood protection that existed on the date of enactment of WRDA 
2000 (December 2000) and are in accordance with applicable law to demonstrate that the levels of service 
for flood protection will not be reduced by implementation of the project. Where appropriate and 
consistent with restoration of the natural system, opportunities to provide additional flood protection 
shall be considered. The conditions that existed on the date of enactment of WRDA 2000 are included in 
the Pre‐CERP Baseline. 

1.4.2.2 Analysis per Project Feature 
Flood protection is evaluated by a combination of best professional judgment interpreting model results 
and engineering analyses. Consistent with the Draft Guidance Memoranda, the same models and results 
used for plan formation were applied for the LOWRP Savings Clause assessment of the current 
Recommended Plan. This varies from typical storm event analyses by using a long period of record 
simulation and focusing on the wet events included within the 1965–2005 simulation period. 
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The three areas affected by the project that will be preliminary analyzed are those were the main features 
are located or could experience increase in stages. These include 1) the wetland attenuation facility, 2) 
restored wetlands (Kissimmee Center Wetlands and Paradise Run) and 3) Lake Okeechobee Herbert 
Hoover Dike (HHD). 

1.4.2.2.1 Wetland Attenuation Facility (WAF) 

The WAF is located in the K05 footprint within the Indian Prairie sub‐watershed west of the C‐38 Canal, 
north of SR 78, east of the Seminole Tribe of Florida Brighton Reservation, and south of the C‐41A Canal. 
The WAF is primarily used for surface water storage to attenuate peak flows into Lake Okeechobee from 
the Kissimmee River Basin. Storage‐assisted ASR wells will rehydrate habitat during dry times to ensure 
that wetland conditions are maintained within the WAF footprint without sacrificing desired regional 
benefits for Lake Okeechobee and the northern estuaries. The WAF footprint, including the 
embankments, seepage canal, and other perimeter features, is approximately 13,632 acres with a storage 
capacity of approximately 46,000 acre‐feet. A pump station located downstream of the existing S‐84 
structure on the C‐41A canal serves as the water source for the proposed WAF. The pump draws water 
from the downstream area that is considered to be part of Lake Okeechobee. Potential flood impact effect 
from this feature will be mitigated by including in the design a canal around the perimeter to minimize 
the WAF seepage impacts to surrounding areas. In terms of seepage, where there is an adjacent seepage 
canal, this feature captures almost 100 percent of the seepage loss from the WAF. Where there is no 
seepage canal (i.e. along Paradise Run), seepage loss from the WAF moves eastward to recharge Paradise 
Run. Refer to Section A.6.2.3.5.4 Seepage Modeling Results of the Appendix A Engineering Appendix for 
more details on the conceptual 2D seepage analysis performed for LOWRP. However, additional 
groundwater modeling will be required to assess this site‐specific performance during PED. Based on 
gauge information, historical water levels in the L‐59 canal have been recorded up to 20.33 feet NGVD29 
in November 2016, while the design SPF for L‐59 is 23.00 feet NGVD29.The engineering design and 
construction of the Wetland Attenuation Facility (WAF) will follow state of the practice methods for design 
and construction of pertinent features of the plan. U.S. Army Corps of Engineers, Engineering 
Regulation(s) 1110‐2‐1150 Engineering and Design for Civil Works Projects, ER 1110‐2‐1156 Engineering 
and Design Safety of Dams – Policy and Procedures, along with various other site/structure specific 
regulations will be adhered to prior to and during the Pre‐Construction, Engineering, and Design (PED) 
phase. 

The ALT 1BWR operational assumptions can be summarized as follows (see Figure 33): 

 Lake Okeechobee (LOK) can release to WAF when Lake Okeechobee stage > “LOK Stage 
for Reservoir Diversion Schedule” 

 The WAF can release to Lake Okeechobee when Lake Okeechobee stage < “LOK Stage 
for Reservoir Recovery Schedule” 

 The WAF can release to WAF‐assisted ASRs (both 70% and 30% efficiency ASRs) when 
WAF stage > 3.0 feet 

 The WAF‐assisted ASRs (both 70% and 30% efficiency ASR) can release to WAFwhen 
WAF stage < 0.5 feet 

 Lake Okeechobee can release to LOK Assisted ASR (70 % efficiency ASR) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (70% efficiency) Diversion 
Schedule” 
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 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) can release to Lake 
Okeechobee when Lake Okeechobee stage < “LOK Stage for Recovery of LOK Assisted 
ASRs (70% and 30% efficiency) Schedule 

 Lake Okeechobee can release to LOK Assisted ASR (30 % efficiency) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (30% efficiency) Diversion 
Schedule” 

 Inflows are discontinued to the WAF when WAF stage reaches 4.0 feet maximum depth. 

Figure 33. ALT1BWR Lake Okeechobee stage for diversion and recovery schedule. 

The WAF is primarily used for surface water storage to attenuate peak flows into Lake Okeechobee from 
the Kissimmee River Basin. Although the WAF provides above‐ground storage like a reservoir, water levels 
may be suitable for growth of wetland vegetation due to the water depths typically realized through 
operation of the facility. The behavior is captured in Figure 34. 
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                 Figure 34. WAF Stage Hydrograph. Stages are in ft‐NGVD29. 
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A comparison between 2008 LORS (Lake Okeechobee Regulation Schedule in LOWRP ECB), CEPP (included 
in the LOWRP FWO), and ALT 1BW operation refinements as modeled can be found in the Appendix A, 
Annex 3. The same refinements were applied to ALT 1BWR. 

Details of the ALT1BWR operational schedules implemented in the RSM‐BN model are described in the 
following paragraphs. These were used in the LOWRP to operate the Lake Okeechobee. LORS2008 uses a 
decision tree where the current and forecasted inflow conditions at major tributary basins are used to 
make decisions with respect to lake releases at major outflow locations. These releases are made for 
several purposes such as environmental, water supply and flood control. During the LOWRP initial 
planning phase, it was agreed that although the LORS2008 was going to be used throughout the planning 
phase, adjustments to the climate indicator factors in LORS2008 could be made to better achieve the goals 
of the LOWRP. Details of the ALT1BWR operational schedules implemented in the RSM‐BN model are 
described in the following paragraphs. Figure 35 lists the range of values used to classify the net inflow 
seasonal outlook. The corresponding classification for the LO net inflow seasonal outlook is offset 
approximately 1.5 feet higher than CEPP and more than 2.5 feet higher than LORS08 for the Very Wet 
condition. For the Dry classification, the LOWRP offset is about a foot higher when compared to CEPP and 
1.25 feet higher when compared to LORS08. 

Figure 36 lists the range of values used to classify the net inflow multi‐seasonal outlook. These 
classifications were not changed during CEPP but they were changed in LOWRP. The Very Wet 
classification was not used in LOWRP. The Wet was used instead as upper boundary. The minimum range 
of the Wet classification was increased by 0.5 feet. The Dry classification was increased by less than 0.5 
feet. 

Figure 37 lists the range of values used to classify the tributary hydrologic conditions. The LOWRP Very 
Wet classification at its lower boundary was reduced by 4,000 cfs when compared to CEPP. When 
compared to LORS08, this classification was reduced by about 1,500 cfs. The Dry and Very Dry 
classification in LOWRP were not used. The Near Normal is the lower classification in the LOWRP 
operations. The upper range in this condition was reduced by 2,700 cfs. 
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                   Figure 35. LORS08, CEPP and ALT1BWR modified seasonal outlook classifications. 

LOWRP Final DRAFT PIR and EIS App A Annex A‐2‐59 August 2020 



                       

 

 

 
 

                   Figure 36. LORS08, CEPP and ALT1BWR modified multi‐seasonal outlook classifications. 
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                     Figure 37. LORS08, CEPP and ALT1BWR modified tributary hydrologic conditions classifications. 
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1.4.2.2.2 Restore Wetlands: Kissimmee River Center and Paradise Run 

The purpose of the Kissimmee River‐Center and Paradise Run wetland restorations is to reconstruct 
historical natural areas within the LOWRP boundary. For Kissimmee River‐ Center, a pump will be placed 
in the C‐38 Canal to divert water into a section of the old Kissimmee River channel. The channel will be 
excavated in some locations due to existing silted areas. The water will flow through the channel and 
reenter the C‐38 Canal through a canal at the southern end of the wetland footprint. The water will stage 
up and fill the entire wetland footprint when water is available upstream of S‐65E, also called Pool E. The 
normal water elevation for Pool E is 21 ft‐NGVD29. There are no perimeter berms in this configuration. 
This assumption is possible due to the topography in the area. 

For Paradise Run, the unique characteristics of the topography enables water to be pumped from the C‐
41A Canal over HHD into the old Kissimmee River channel. The channel will be excavated in some locations 
where it has silted in. The water will flow through the channel and reenter a canal at the southern end. A 
levee notch will be cut in the L‐59 Canal to allow flow from the northern to southern parts of Paradise 
Run. There will also be stage control at the existing structures G‐33 and G‐34. The water will stage up and 
fill the entire wetland footprint when water is available. U.S. Army Corps of Engineers, ER 1110‐2‐1150, 
Engineering and Design for Civil Works Projects, along with various other site/structure‐specific 
regulations, will be adhered to prior to and during the PED phase. 

1.4.2.2.3 Lake Okeechobee Herbert Hoover Dike (HHD) 

Prior to the 2008 LORS, Lake Okeechobee operated under the Water Supply and Environment (WSE) 
regulation schedule. The WSE regulation schedule held lake stages approximately 1.0 – 1.5 feet higher 
than the 2008 LORS. Prior to the implementation of the WSE Regulation Schedule, Lake Okeechobee 
operated under the Run 25 regulation schedule from May 1992 through July 2000. The Run 25 regulation 
schedule held lake stages approximately 0.1 – 0.3 feet higher than the WSE regulation schedule (refer to 
Figure 38), based on previous regional modeling analysis using a period‐of‐record from1965‐1995. 

The Lake Okeechobee Regulation Schedule study which led to the implementation of the 2008 LORS was 
initiated because of adverse environmental impacts that WSE Regulation Schedule had on the lake 
ecology. Dam safety was later added as a performance criterion since lowering of the lake, as the study 
was pursuing, is one of the basic Interim Risk Reduction Measures implemented for deficient dams until 
appropriate rehabilitation is effectuated. As a result, the following three performance criteria were used 
to develop and select the Recommended Plan (2008 LORS) for the Lake Okeechobee Regulation Schedule 
study alternative: (1) Health & Human Safety; (2) Lake Ecology; and (3) Estuary Ecology. Lake Ecology will 
remain a critical performance criteria during any future study to revise the Lake Okeechobee Regulation 
Schedule, and this criteria will generally limit the frequency and duration of extreme high lakestages. 

The DSMR and corresponding Environmental Impact Statement (EIS) utilized the 2008 LORS for the risk 
assessment, and assumed that in the absence of Federal risk reduction measures being implemented the 
current regulation schedule will continue into the future. The DSMR included a sensitivity analysis to 
evaluate the variation in AALL and APF that could result from possible future changes in the lake regulation 
schedule; for this analysis, the DSMR risk assessment evaluated the Run 25 regulation schedule. The DSMR 
did not conduct a risk assessment using the WSE Regulation Schedule. 

The DSMR assumed that the Run 25 schedule represents the maximum reasonable change (or upper 
bound) that could be expected from future studies. Considering that the operation schedules are 
indistinguishable above the 18.0 feet NAVD (19.3 feet NGVD) elevation, there was no discernible 
difference between Average Annual Life Loss (AALL) estimates from the two operation schedules 
modeled, Run 25 and the 2008 LORS. 
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The Recommended Plan in the DSMR provided recommendations to remediate the remaining areas of 
HHD that exhibit intolerable risk. The existing condition risk assessment completed for HHD in 2014 
identifies significant potential failure modes (PFM) that were determined to be intolerable for large 
portions of the dam. The DSMR addressed these failure modes and identified the mitigation needed to 
reduce the probability of catastrophic failure of the dam. The primary dam safety risk drivers are internal 
erosion and storm surge overtopping of isolated areas of embankment. The target for risk reduction 
related to the HHD is to reduce risk to within USACE tolerable risk guidelines for annual probability of 
failure (APF) and to Average Annual Life Loss (AALL), and to consider opportunities to reduce risk to As 
Low as Reasonably Practicable (ALARP). 

Figure 38: Variation of Lake Okeechobee water stages with Run 25 and WSE Regulation Schedules 
(USACE, 2016). 

At the request of the LOWRP plan formulation team, the USACE Engineering team developed in May 2017 
a set of plan formulation criteria to be adhered to the LOWRP alternatives, TSP and Recommended Plan. 
This criteria was to limit the higher lake stages for the LOWRP alternatives to the previously implemented 
WSE Regulation Schedule, represented by Run 25 in the Dam Safety Remediation Report (DMSR). Higher 
lake stages than those specified by the risk assessments conducted in support of the DMSR on the HHD 
System would require a comprehensive dam safety reevaluation study, as the planned and approved 
remedial measures identified in the DSMR may not be sufficient to support higher stages. 
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1.4.2.3 LOWRP RSM‐BN Sensitivity Simulation Water Supply and Environment (WSE) Regulation Schedule 
comparison with LOWRP Existing Condition Baseline ‐ 2008 LORS 

The following performance metrics from LOWRP RSM‐BN sensitivity simulation conducted using the WSE 
Regulation Schedule (2017 Interagency Modeling Center) characterize the performance difference 
between the 2008 LORS (LOWRP Existing Condition Baseline) and the WSE Regulation Schedule (LOWRP 
Sensitivity Simulation with WSE Regulation Schedule replaced in the Existing Condition Baseline): 

(1) Total number of days in the LOWRP RSM‐BN period‐of‐record with Lake Okeechobee mean daily 
stage above 18.0 feet NGVD29 increased from 0 days to 29 days (longest duration event is 
20 days). 

(2) Total number of days in the LOWRP RSM‐BN period‐of‐record (1965‐2005; 14,975 total days) with 
Lake Okeechobee mean daily stage above 17.25 feet NGVD 29 increased from 16 days to 537 days. 

(3) Total number of days in the LOWRP RSM‐BN period‐of‐record with Lake Okeechobee mean daily 
stage above the 2008 LORS Zone A (seasonal range from 16.0–17.25 feet NGVD29) increased from 
37‐830 days. 

(4) Total number of days in the LOWRP RSM‐BN period‐of‐record with Lake Okeechobee mean daily 
stage above 16.0 feet NGVD29 increased from 859 days to 2523 days. 

(5) The number of events in the LOWRP RSM‐BN period‐of‐record with Lake Okeechobee mean daily 
stage above 16.0 feet NGVD29 for longer than 90 consecutive days; increased from 3 events to 
12 events. 

(6) The number of events in the LOWRP RSM‐BN period‐of‐record with Lake Okeechobee mean daily 
stage above 16.0 feet NGVD29 for longer than 180 consecutive days; increased from 1 event to 5 
event. 

1.4.2.4 LOWRP Existing Condition Baseline compared to the Recommended Plan 

The hydrologic modeling conducted for the Recommended Plan optimizes system‐wide performance 
incorporated in the current Regulation Schedule management bands of the 2008 LORS. The hydrologic 
modeling of the TSP included proposed revisions to the 2008 LORS flow chart guidance of maximum 
allowable releases, which are dependent on the following criteria: 

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

 Stage level, as delineated by the Regulation Schedule management bands 

 Stage trends (whether water levels are receding or ascending) 

Most of the 2008 LORS refinements applied in the Recommended Plan modeling lie within the bounds of 
the operational limits and flexibility available in the current 2008 LORS, with the exception of the 
adjustments made to the class limits for the Lake Okeechobee inflow and climate forecasts. Under some 
hydrologic conditions, the class limit adjustments made to the Lake Okeechobee inflow and 
climate forecasts reduced the magnitude of allowable releases from the Lake, thereby resulting in 
storage of additional water in the Lake in order to optimize system‐wide performance and ensure 
compliance with Savings Clause requirements. However, these class limit changes represent a change 
in the flow chart guidance that extends beyond the inherent flexibility in the current 2008 LORS. 
Additional information and documentation of the TSP modeling assumptions for Lake Okeechobee 
operations are found in Appendix A, Annex A‐3. 
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Independent of the Recommended Plan implementation, there is an expectation that revisions to the 
2008 LORS will be needed following the implementation of other CERP projects and HHD infrastructure 
remediation. The USACE expects to operate under the 2008 LORS until there is a need for revisions due 
to the earlier of either of the following actions: (1) system‐wide operating plan updates to accommodate 
CERP projects, or (2) completion of sufficient HHD remediation and associated culvert improvements. 
When HHD remediation is completed and the HHD DSAC Level 1 rating is lowered, higher maximum lake 
stages and increased frequency and duration of high lake stages may be possible to provide the additional 
storage capacity assumed with the Recommended Plan. The LOSOM study which was developed in 
response to actions (1) and/or (2) started in 2019 and will be completed in 2022. Implementation of 
authorized projects in the future, with or without the modifications proposed in by LOWRP, may itself 
require even further LORS revisions to optimize system‐wide performance and ensure compliance with 
Savings Clause requirements. 

Lake Okeechobee stage duration curves for the RSM‐BN model representation of the ECBLOW (2008 
LORS; note that plot lines overlap), FWOLOW (2008 LORS, plus additional CERP and non‐CERP projects), 
and ALT1BWR, the Recommended Plan, (LORS 2008, additional CERP and non‐CERP projects, and 
prescribed assumed operational flexibility) are included as Figure 39. Current Peak stages for the LOWRP 
current Savings Clause baselines and Recommended Plan are summarized as follows: 17.58 feet NGVD29 
for the ECBLOW; 17.65 feet NGVD29 for the FWOLOW; and 17.56 feet NGVD29 for the LOWRP 
Recommended Plan. 

The USACE 2008 LORS Environmental Impact Statement (EIS) assessment recognized that minimizing the 
frequency of exceedance of the 17.25 feet elevation offers additional protection for public safety and the 
HHD, for the condition prior to completion of the current approved and planned HHD remediation 
measures. The frequency of occurrence for lake stages above 16.0 feet, 16.5 feet, 17.0 feet, and 17.25 
feet are summarized in Figure 40. The baselines and the Recommended Plan all show simulated stages 
above 17.25 feet NGVD29: 16 days for the ECBLOW; 30 days for the FWOLOW; and 55 days for the 
Recommended Plan (note: there are 14,975 days in the RSM‐BN 41‐year period of simulation). 
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             Figure 39. Lake Okeechobee stage duration curve. 
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Figure 40. Lake Okeechobee extreme high lake stage. 

1.4.2.5 Recommended Plan comparison with LOWRP RSM‐BN Sensitivity Simulation Water Supply and 
Environment (WSE) Regulation Schedule 

The assumed modified Lake Okeechobee operations with the project does increase the frequency, 
duration, and magnitude of Lake Okeechobee peak stages (compared to the FWO) but it doesn’t exceed 
the LOWRP RSM‐BN Sensitivity Simulation WSE Regulation Schedule model run. Therefore, the LOWRP 
stage duration curve trends for increased high water conditions appear reasonable based on the current 
expectations for the HHD remediation. The following summarized information demonstrate explicitly 
compliance with some of the criteria established in the USACE EN May 2017 MFR, also listed in Section 
2.5.3.2 of this Annex B: 

(1) ALT1BWR does not have events in the LOWRP RSM‐BN period‐of‐record (1965‐2005; 14,975 total 
days) which exceed 20 consecutive days with Lake Okeechobee mean daily stage above 18.0 feet 
NGVD29. 

(2) ALT1BWR does not exceed 537 total days in the LOWRP RSM‐BN period‐of‐record (1965‐2005; 
14,970 total days) with Lake Okeechobee mean daily stage above 17.25 feet NGVD29 (the 
maximum elevation of Zone A of the 2008 LORS Regulation Schedule). See Figure 41. 

(3) ALT1BWR does not exceed 803 days in the LOWRP RSM‐BN period‐of‐record with Lake 
Okeechobee mean daily stage above the 2008 LORS Zone A (seasonal range from 16.0–17.25 feet 
NGVD29). See Figure 41. 
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Following completion of the HHD remediation, the degree to which higher maximum lake stages and 
increased frequency and duration of high lake stages would be accepted, if at all, will be contingent 
on the LOSOM (note: this process is independent and separate from the LOWRP). 

Figure 41. Lake Okeechobee Simulated Mean Daily Stage Hydrograph for LOWRP RSM‐BN (1965‐2005) 

1.4.2.6 Conclusion 
The implementation of the Recommended Plan will not degrade the existing level of flood protection 
offered by various components of the C&SF Project for this area. Further, the Recommended Plan will 
ensure flood protection of the area through engineering design and construction following state of the 
practice methods for design and construction of pertinent features of the plan. U.S. Army Corps of 
Engineers, Engineering Regulation(s) 1110‐2‐1150 (Engineering and Design for Civil Works Projects) 1110‐
2‐1156 (Engineering and Design Safety of Dams – Policy and Procedures) along with various other 
site/structure specific regulations will be adhered to prior to and during the PED phase. 
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               ANNEX A‐2: REFERENCE 1 – LOWRP MODELING STRATEGY 
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2 Summary 
The Lake Okeechobee Watershed Restoration (LOWR) project supports the Governor’s 20-Year Plan and is specified 
in the Integrated Delivery Schedule. The program led by the United States Army Corps of Engineers (USACE) with 
the South Florida Water Management District (SFWMD) as local sponsor. In addition, LOWR Project also supports 
the 1999 Comprehensive Review Study (1999 Yellow Book) that includes water management features in the Kissimmee 
River and Lake Okeechobee regions. 

The objectives of the LOWR project as currently drafted are listed below. These are subject to refinement based on 
input from the Project Design Team (PDT) and stakeholders. 

 Improve quantity, timing and distribution of flows into Lake Okeechobee to maintain ecologically desired lake 
stage ranges; 

 Improve the salinity regime and the quality of oyster, submerged aquatic vegetation, and other estuarine 
community habitats in the northern estuaries; 

 Increase spatial extent and functionality of wetland habitat throughout the Lake Okeechobee watershed; 
 Increase water supply availability for existing permitted water users of Lake Okeechobee. 

This expedited planning effort will seek to identify a Tentatively Selected Plan (TSP) for a Project Implementation 
Report (PIR) that combines planning and design activities for water storage facilities north of Lake Okeechobee. 
Modeling support to the LOWR project effort will be primarily provided by the Interagency Modeling Center (IMC) 
with a team comprised of modelers from the Hydrologic & Environmental Systems Modeling Section of the SFWMD 
and the EN-WI section of the Water Resources Engineering Branch, USACE Jacksonville. 

Due to the expedited nature of the LOWR project, all modeling activities will need to be completed within an aggressive 
twelve month schedule (Figure 1.1). In consideration of this schedule, modeling tools that provide flexible inputs to 
accommodate uncertain planning outcomes were selected over other available tools. 

Modeling Strategy 3 Version 1.1 



 

 

 

 

 
 
 

                       
 

              

 
 

      
 

 
 

 
 

 
 

 
 

 
 

 
  

 

Figure 1.1. Completion of modeling activities within an aggressive 12 month schedule. 

3 Use of Models in the LOWR project 
The primary application of models in LOWR project will be in the assessment of regional-level hydrologic planning. 
The modeling strategy does not consider the application of detailed flood event modeling (or hydrodynamic levee 
assessment) or water quality fate / succession modeling to support plan formulation or design, given the schedule of 
the LOWR project. It is possible that water quality modeling tools will be applied to help demonstrate project benefits 
associated with nutrient load reduction to natural systems. Depending on the outcomes of the LOWR project scoping 
phase and risk registry development, it is possible that key elements of this strategy may need to be revisited. 

In general, the primary elements of the LOWR project modeling support fall under the following three categories of 
the alternative evaluation and analysis phase: 1) Updated conceptual CERP framework based on baseline development 
[Existing Condition Baseline (ECB) and Future Without Project Baseline (FWO)], 2) Plan Formulation using 
alternatives and iterations (for next construction increment) and 3) Project Assurances, including the Savings Clause, 
for a TSP. The specific model applications associated with each of these categories are listed in Table 2.1 (model 
descriptions will be provided later in this document). 

From a schedule perspective, the LOWR project has a very aggressive modeling timeframe (Table 2.1). Obviously, this 
will limit the number of alternatives that can be reasonably assessed and the level at which the evaluation can occur. 
Due to this consideration, LOWR project will utilize a modified approach to the traditional modeling workflow of 
narrowing and refining alternatives incrementally over longer periods of time. In the LOWR project, where possible, 
batch processing of model information and/or inverse modeling techniques will be performed up front to identify to 
decision-makers key performance or tradeoff issues. A typical modeling “cycle” for LOWR project would involve 
months of up-front work to develop types of curves and model alternatives close to those anticipated in the plan. Then, 
alternative-specific modeling can be completed in a shorter turnaround (4 to 6 weeks for 3-4 alternatives in a given 

Modeling Strategy 4 Version 1.1 



 

 

 

  

process step) since close-to-alternative modeling already exists. In this paradigm, QAQC of modeling outcomes will not 
be sacrificed, but full documentation may be deferred to occur later in the 12 month modeling schedule and not 
coincident with the development of each alternative. 
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Table 2.1. Anticipated modeling for the Lake Okeechobee Watershed Project. 
* Water quality modeling only performed to inform operational strategies or demonstrate anecdotal project effects. 

Goals Strategy Model 
Sc

op
in

g 
Ph

as
e Determine Study Direction 

(1.5 Months) 

 Formulate Scope/Constraints 
 Alternatives Screening 
 Initial Baseline development (ECB/FWO) 

Run screening models of the preliminary alternatives in order to 
provide a reasonable array of detailed alternatives for the next phase. 
Initial agreement on baseline assumptions. Completed by 16 
September. RESOPS 

Al
te

rn
at

iv
e 

Ev
al

ua
tio

n 
an

d 
An

al
ys

is 
Ph

as
e 

Updated Conceptual Framework 

(~1 Month) 

 Finalize Baseline development (ECB/FWO) 

Finalize baseline development. To provide modeling representations of 
the range of long-term restoration goals (of which the LOWR project 
will achieve an increment), the RSMBN will be used to represent the 
LOWR project configuration. RESOPS will be used to provide 
information of long-term northern storage needs. 

RSMBN 

Detailed Alternative Analysis 

(~4 to 6 Months) 

 Alternatives Formulation/Evaluation 
 Identify Preferred Plan 

In plan formulation of the LOWR project increment, up-front screening 
of alternatives will be performed primarily using the RESOPS model. 
Upon completion of the screening phase and identification of input 
assumptions for alternative assessment, final alternatives will be 
modeled using RSMBN with detailed evaluation information being post- 
processed. Simulation of these alternatives will incorporate information 
gained from the screening and DMSTA applications. Note: DMSTA was 
not used for the analysis. WAM is used to determine acreage made 
available for determining habitat units. 

RESOPS 

RSMBN 

DMSTA 

WAM 

Project Assurances 

(~2 Months) 

 Finalize environmental assessments 
 Project assurances 
 Water made available 
 Interim operating plan 

Assurances assessment for saving clause, water made available and 
flood protection will primarily rely on post processing of the RSMBN 
representation  of the LOWR  project  Tentatively Selected Plan. 
Depending on public interest and management  direction, other 
detailed models may also be needed for assessment of flood 
protection. RSMBN 
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4 Screening Model Overview 
The screening techniques outlined in section 2.0 can be applied to any of the planning models identified in this strategy 
document. In addition to use of these methodologies, the specific use of the RESOPS and LOOPS models for screening 
purposes are proposed. 

4.1 REservoir Sizing and OPerations Screening (RESOPS) 

To assist with the preliminary analyses and testing of alternative storage configurations that consider the 
interconnectivity of Lake Okeechobee, the Lake Okeechobee Service Area, the northern estuary watershed 
systems, and the Everglades, a spreadsheet-based screening model was developed. The REservoir Sizing and 
OPerations Screening (RESOPS) Model is a coarse-scale water management simulation model that was developed 
to quickly test alternative reservoir sizes and system operating rules for the region surrounding and including Lake 
Okeechobee (Figure 3.1.1). 

Figure 3.1.1. Schematic representation of study area hydrology as seen by the RESOPS Model. 

The RESOPS Model is, as its name states, a screening-level model. The RESOPS Model has a limited scope and 
is not a replacement for the detailed regional hydrologic simulation models that have traditionally been used for 
the analysis and planning of south Florida’s water resources. Those detailed models, the South Florida Water 
Management Model (SFWMM or 2x2) and the Regional Simulation Model (RSM), are necessary for the 
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comprehensive in-depth analysis of the existing and future components of the water management system in south 
Florida. Although the detailed regional models are the best available tools for performing the finer-scale evaluation, 
they are not as appropriate for quickly testing a broad range of alternative reservoir sizes and Lake Okeechobee 
operation configurations. The strength of the RESOPS Model is with its ability to quickly test the performance 
of alternative configurations which can provide guidance for more-detailed modeling. Such a hierarchical process 
can allow the detailed models to focus on a smaller number of more-promising alternative plans. 

The RESOPS Model was built using Microsoft® Excel 2003. It performs monthly time-step, 41-year continuous 
simulations of the hydrology and operations of south Florida’s regional water management system and the 
interaction with proposed reservoir and wetland treatment area features. Within one second, the RESOPS Model 
executes a simulation and automatically produces a wide variety of graphical and statistical summary measures of 
performance that can be used to compare up to four test scenarios. The model also contains an optimization 
routine that enables selection of superior operating rules for Lake Okeechobee. Performance summary graphics 
are another useful feature which facilitates the comparison of multiple simulations. Much of the basic input data 
to RESOPS is provided by the detailed regional simulation models, specifically the SFWMM. Although the 
RESOPS Model simulates flows to Lake Okeechobee, it does not simulate the complexity of the spatial distribution 
of flows and stages within the Everglades. 

5 Planning Models Overview 
Regional hydrologic models are the primary modeling tools to be used for the LOWR project assessment. The models 
provide daily, detailed estimates of hydrology across the planning domain. They simulate detailed daily rainfall-runoff 
processes and flow routing within the LOWR project planning region as a function of existing infrastructure and 
proposed configurations. The strategy is to use a decoupled link-node model (RSMBN). 

5.1 RSM Basin (RSMBN) 

The Regional Simulation Model -Basins (RSM Basins or RSMBN) uses the same source code as the mesh-based 
Regional Simulation Model. The implementation is based on object-oriented concepts and principles. The object-
oriented nature of the model not only describes the physical connectivity of the waterbodies but, likewise, describes 
the computational engine of RSMBN. This feature allows new objects to be added without the need to significantly 
alter the previously coded modules and objects in the computer program. For example, adding the operation of a 
new reservoir would be simulated as adding a discrete “object” that is automatically assigned with the features and 
functions commonly defined for a reservoir in the water management system. 

The RSMBN is a link-node based model designed to simulate the transfer of water from a pre-defined set of 
watersheds, lakes, reservoirs or any ”waterbody” that either receives or transmits water to another adjacent 
waterbody. The model assumes that water in each waterbody is held in level pools. The model domain covers Lake 
Okeechobee and four major watersheds: Kissimmee, Lake Okeechobee, St. Lucie River, Caloosahatchee River and 
the Everglades Agricultural Area, the latter being the latest addition. The watersheds are further divided into sub- 
watersheds until fundamental waterbodies can be considered as separate model nodes. Individual operating rules 
were encapsulated into the model that defines how water is moved between two nodes. Taken together, the set of 
management rules define the linkage of all nodes within the model domain. 
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The model is considered a lumped model in hydrologic engineering terms. Thus, local-scale features within a 
watershed, e.g. stages at individual gauging stations or flows across specific transects, are not simulated. Simulated 
stages represent average water level conditions for the entire waterbody. No systematic detailed verification relative 
to historical data was done during initial model set-up; however, the model was validated by making comparative 
runs with established legacy models currently in use within the model domain: the UKISS for the Upper Kissimmee 
Watershed (Fan, 1986) and selected sub-areas in South Florida Water Management Model (SFWMD, 2005). 
Additionally, historical information (in some cases, full calibration efforts) has been used in the development of 
nodes representing the C-139 basin, Stormwater Treatment Areas and 298 districts within the EAA, a procedure 
never employed in previous regional hydrologic modeling of these areas. 

Input data for the model includes  daily records of hydrologic  and meteorological  data  (rainfall and 
potential evapotranspiration), as well as releases at the boundaries for a 41-year period between 1965 and 
2005. Other model input data includes the physical description of management features (e.g., reservoir stage-
storage relationship and structure capacities) and  corresponding  operating  rules (e.g., maximum operating 
levels and reservoir outflow priorities). 

Runoff and supplemental irrigation demands can be simulated in the different waterbodies in RSMBN, or they can 
be read-in as time series boundary conditions, as in the case for the Caloosahatchee and St. Lucie basins (where 
hydrology is calibrated offline using the AFSIRS-WATBAL model (Smajstrla, 1990)). Stages in waterbodies and 
flows at inlet and outlet structures are basic output data from the model. 

The RSMBN model provides a very good tool for assessing the water budget interaction in a complex hydrologic 
system. The model input requirements are not as rigorous and computational needs are not as CPU-intensive as 
other mesh–based models. The model executes in only a few minutes for a system representation as in Figures 
4.1.1. The model is also an effective tool in comparing the relative performance of the proposed alternatives. In 
order to make an effective comparison, raw model outputs are summarized in a way that fits the basins or metrics 
associated with the selected performance measure. Post-processing scripts are available that temporally (weekly, 
monthly, seasonal, etc.) and spatially (individual waterbody or collection of waterbodies) summarize model output. 
Generation of some performance measure graphics are automated as they have been previously defined and vetted 
in other model application projects, e.g. CERP, LECPLAN, etc. The RSMBN precursor, the Northern Everglades 
Regional Simulation Model (NERSM), has been implemented to assess the hydrologic impact of selected 
alternatives for SFWMD planning efforts under the Northern Everglades program, specifically the Lake 
Okeechobee Phase 2 Technical Plan (LOP2TP) and the River Watershed Protection Plan (RWPP). 
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Figure 4.1.1. RSM Link‐Node Representation for Lake Okeechobee Watershed Project. 

6 Detailed Models Overview 
On an as-needed basis, additional models may be applied to complement or assist the regional hydrologic models in 
analyzing system features. Examples of this type of model application will be shown for assessing water quality 
considerations (such as operational strategies in Stormwater Treatment Areas needed to achieve applicable water quality 
standards) and conveyance of water. The list of detailed models may expand or contract based on project requirements. 
Water quality modeling will not be performed to identify proposed plan elements for the LOWR effort, but simply to 
assess and optimize the performance of proposed or existing system infrastructure. The expedited schedule may also 
require that hydrologic surrogates be used in place of detailed modeling. Detailed flood assessment modeling is not 
envisioned within the LOWR project at this time. 

6.1 Dynamic Model for Stormwater Treatment Areas (DMSTA) 

Note DMSTA was proposed during the modeling strategy as a tool available for use as necessary. However, it was 
not used during for analysis during LOWRP. The Dynamic Model for Stormwater Treatment Areas (DMSTA) 
was developed for the U.S. Department of the Interior and the U.S. Army Corps of Engineers (Walker and Kadlec 
2005, http://wwwalker.net/dmsta/ ). DMSTA was developed and calibrated to information specific to south 
Florida and to predict phosphorus removal performance of Stormwater Treatment Areas (STAs) and storage 
reservoirs, and has been commonly used by both state and federal agencies for STA design and evaluation since 
2001. The 2005 version of DMSTA was calibrated to data from 35 fully functional treatment cells with viable 
vegetation communities of various types. The model provides detailed output on the water and phosphorus 
balances of individual treatment cells and entire STAs, regional networks of STAs and storage reservoirs. Warning 
messages are generated in cases where simulated conditions exceed the calibration boundaries for phosphorus 
concentration, depth, dryout frequency, and/or flow velocities. 
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Model input requirements include daily values for flow, phosphorus concentration, rainfall, evapotranspiration 
(ET), depth (optional input or simulated value) and releases (optional input or simulated), treatment area 
configuration, cell size, flow path width, vegetation type, estimates of hydraulic mixing, outflow hydraulics, and 
seepage estimates. Phosphorus removal rates (settling rate; K) and other P cycling parameters can be either user-
defined or calculated within DMSTA based on calibration data sets. DMSTA assumes that the specified vegetation 
types (emergent, submersed, periphyton) will be maintained in the long-term, but does not take into account areas 
subject to periodic disturbance such as hurricanes, droughts and other extreme conditions that are not reflected in 
the calibration datasets where vegetation management may be difficult. 

DMSTA is the best available tool for simulating phosphorus removal performance of existing or planned storage 
basins and STAs. An input template has been developed to facilitate linkage to daily output from the regional 
hydrologic models. While the LOWR project itself will not have water quality features, any changes made to the 
water delivery scheme south of Lake Okeechobee will require evaluation of planning-level water quality constraints 
in existing STAs and will be accomplished through the use of DMSTA. Additionally, the amount of flow directed 
into existing storage/treatment areas within the LOWR project, such as Lakeside Ranch STA and Taylor Creek 
STA, will be dependent on the assumptions made relative to established water quality objectives and the resulting 
application of the DMSTA model. 

6.2 Watershed Assessment Model (WAM) 

The Watershed Assessment Model (WAM) is a geographic information systems (GIS)-based model which could 
be employed if modeling watershed-scale water quality is deemed necessary. It simulates the complex hydrology 
and water quality responses within a watershed based on detailed characterization data (SWET, 2011). It can be 
used to perform hydrological and water quality analysis to: 

 Simulate flows and nutrient loads for existing land uses, soils, and land management practices. 
 Analyze the hydrological and water quality impacts on streams and lakes for management scenarios, 

such as land use changes, implementation of best management practices (BMPs) or the addition of 
regional stormwater treatment areas (STAs) and other features. 

 View and analyze the simulated flow and concentrations for every source cell and stream reach within 
the LOWR project under the ArcGIS platform. 

 Prioritize geographical areas where BMP efforts are to be focused. 

The South Florida Water Management District (the District) invested in improving the tool through the WAM 
Enhancement and Application in the Lake Okeechobee Watershed project (HDR and SWET, 2009), which 
included the application of WAM to the Northern Lake Okeechobee Watershed. This 2009 project was updated 
in 2012 to extend the period of record from the original period covering 1999-2007 to the 33-year period from 
1978 to 2010. 

In April 2009, a panel of five experts completed a peer review of the WAM and provided seven major 
recommendations in a final report (Graham et al., 2009). The Coordinating Agencies implemented five of the 
seven recommendations when the WAM Documentation and Validation Project was completed in 2011 (SWET, 
2011). The two remaining recommendations by the Panel were the performance of a sensitivity analysis and an 
uncertainty analysis. The Coordinating Agencies have therefore decided to implement the last two of the Panel’s 
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recommendation with Florida Department of Agriculture and Consumer Services (FDACS) took the lead for this 
effort. The project was stared in February 2015 and is expected to be completed in 2016. 

The sensitivity analysis, through a formal process, will identify the model parameters that when modified cause the 
largest change in model output. Users, who wish to increase the accuracy of the model output to meet specific 
needs, can use the sensitivity analysis results to select which parameters to improve through additional data analysis 
or experimentation. The uncertainty analysis will quantify the uncertainty in the model simulation results, and 
therefore, provide users with a level of confidence for the flow, loads and concentration outputs. These two 
analyses will improve the defensibility and understanding of the model, allow it to be used for purposes beyond 
the relative comparisons when data to calibrate against are not available, and enable future focused improvement 
of WAM if desired. 

This project is being conducted under three phases. Under Phase I, the model datasets were updated and the 
simulation period was extended through 2013 for the six sub-watersheds north of Lake Okeechobee: Upper 
Kissimmee, Lower Kissimmee, Lake Istokpoga, Taylor Creek/Nubbin Slough, Fisheating Creek, and Indian Prairie 
as shown in Figure 5.2.1. A literature review and draft work plan for the sensitivity and uncertainty analyses were 
completed. A work plan for the expansion of the WAM to include the East, West, and South Lake Okeechobee 
sub-watersheds was also completed. 

In Phase II, the sensitivity and uncertainty analyses were conducted and model recalibration for the six 
subwatersheds were completed (SWET, 2016). The methodology for applying the sensitivity and uncertainty 
analyses to WAM was developed and a study area with representative land uses and soil types was selected. A set 
of parameters for each sub-models included in WAM were altered with a screening method, as well as the variance-
based sensitivity methods. A training workshop, including a presentation of the main findings was presented, 
followed by a hands-on training at the SFWMD’s headquarters in West Palm Beach, Florida. WAM model setup, 
updates, and modifications were presented for the Coordinating Agencies that covers the WAM for the six 
northern subwatersheds. 
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Figure 5.2.1. Land use distribution detailing Florida FLUCCS level III for agriculture and level I for other land use 
types in the LOWR project. 

In Phase III, WAM is been applied to the three subwatersheds south of Lake Okeechobee: East, West, and South 
Lake Okeechobee Subwatersheds, as well as the extended area (Figure 5.2.2). Both the East and West Lake 
Okeechobee Sub-watersheds were modeled as part of the previously mentioned 2009 project, but these areas were 
not included in the 2012 update. Neither the South Sub-watershed nor the Everglades Agricultural Area (EAA) 
were simulated as part of the 2009 modeling effort or the 2012 update. A base-scenario and model calibration were 
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conducted. Calibration targets will be consistent with the targets being developed for the northern sub-watersheds, 
and goodness-of-fit (GOF) measurements will also be used in a consistent manner across all model domains. 

Figure 5.2.2. Land use map detailing Florida FLUCCS level III for agriculture and level I for other land use 
types for the Phase III study area of the WAM project. 
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7 Model Performance Measures and Evaluation Tools 
Performance measures are indicators of conditions in the natural system that have been determined to be characteristic 
of a healthy, restored ecosystem. Performance measures are used to predict performance of alternative plans. The PDT 
will determine the appropriate system wide performance measures that will likely include a combination of performance 
measures from RECOVER and other sources. In addition, the PDT will review performance measures used previously 
for CERP projects to quantify ecosystem benefits, as well as system-wide performance measures reviewed by 
RECOVER. The intent is to comprehensively evaluate all aspects of the system in a concise manner. Evaluation 
strategies for the LOWR project are still being developed, with the level of complexity and scope of evaluation remaining 
undefined as of the development of this strategy. As previously stated, the modeling tools described in this document 
will provide adequate hydrologic information to allow assessment of the identified performance measures. 

8 Model Certification / Approval for Use 
In parallel with the LOWR project modeling analysis phase, the USACE processes for seeking model approval for use 
will be initiated on models that currently have not received the preferred designation. It is anticipated that staff from 
the USACE Jacksonville Engineering branch will work with the LOWR project modeling team to generate and submit 
any necessary packages of information and facilitate working through any necessary responses as the process progresses. 

RESOPS was approved by a USACE Agency Technical Review (ATR) for CEPP and LOWRP. RESOPS did not 
require a formal certification since its output was not used at a CEPP and LOWRP Decision Points. 

RSMBN received a formal certification from USACE for CEPP. This was needed since RSMBN output was used at a 
CEPP Decision Point. Since then RSMBN is approved for use in South Florida Applications. 

WAM was going to be used for assessing performance measures and indicators. At the time, WAM output could be 
used at a project Decision Point; therefore, WAM may require a USACE Model Certification. The certification will be 
performed in parallel within the current project timeline by the USACE Jacksonville Engineering Branch with support 
from SFWMD. In addition, this will be annotated in the Risk Register. Current status: WAM has been approved by 
USACE HH&C CoP for one-time use by SAJ for LOWRP application. 
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 Interagency Modeling Center
Regional Simulation Model Basins (RSMBN) 

Lake Okeechobee Watershed Project 
2016 Existing Conditions Baseline (ECBLOW) 

Table of Assumptions 

Feature 

Climate  The climatic period of record is from 1965 to 2005 
 Rainfall estimates have been revised and updated for 1965-2005 
 Revised evapotranspiration methods have been used for 1965- 

2005 
Topography The Topography dataset for RSM was Updated in 2009 using the 

following datasets: 

 South Florida Digital Elevation Model, USACE, 2004 
 High Accuracy Elevation Data, US Geological Survey 2007 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 
Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 

consumptive use permit information as of 2/21/12, as reflected in 
the LOSA Ledger produced by the Water Use Bureau 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model and 
assumed permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Includes Lake Okeechobee regulatory releases to tide via 

L8/C51 canals 
o Lake Okeechobee regulatory releases limited to 1,550 cfs for 

Miami Canal and 1,350 cfs for North New River Canal based on 
studies performed by USACE. 

o A regional hydrologic surrogate for the 2010 Adaptive Protocol 
operations utilized. This attempts to mimic desired timing of 
releases without estimating salinity criteria 

 Lake Okeechobee Water Shortage Management (LOWSM) Plan 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized) 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 



 

  

  

  

 

 
  

  
 

 

  
  

  
   

  
 

 
 

  

    

 

 
 

  

  
 

 

   
 

  
  

 

 
  

  
  

Feature 

o All pumps reduce to the above capacities when Lake 
Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft. 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Operational intent is to treat LOK regulatory releases to the south 
through STA-3/4 and A1 FEB (online as of July 2015). 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake 
Okeechobee 
Watershed 
Inflows 

 Kissimmee River inflows based on interim schedule (in 
addition for stages up to 54 FT, the flows are ramped up to 
11000 CFS) for Kissimmee Chain of Lakes using the UKISS 
model 

 Restored reaches / pools of Kissimmee River as of 2016 
 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 

Inflows calculated from historical runoff estimates. 
Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model and assumed permitted land 

use as of February 2012 (see land use assumptions row). 
 Public water supply daily intake from the river is included in the 

analysis. 
St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRS model 
and assumed permitted land use as of February 2012 (see land 
use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
the lake stage is 0.25 ft below the low lake management sub- 
band pulse release line. 

 Basin demands include the Florida Power & Light reservoir at 
Indiantown. 

 Indian River Lagoon South Project features 
o As-built Ten-mile Creek Reservoir and STA: 2,368 acre-feet 

maximum storage capacity at 4 ft maximum operating depth 
on 658 acre effective footprint (2 ft maximum depth on STA); 
receives excess water from North Folk Basin; operations per 
TMC Preliminary Operating Plan (SFWMD, June 2015) 

Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method based on existing planted acreage 
Reservation  The 2-in10 demand set forth in the Seminole Compact Work plan 

equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved 

 LOWSM applies to this agreement 



 

  

    
 

   

 

 
  

 

  
  

 

  
 

    
  

 
  
  
  
 

   
  
 

 

  
  
 

 
   
 

  
  

  
 

  

   

Feature 

Seminole Big 
Cypress 
Reservation 

 Big Cypress Reservation irrigation demands and runoff were 
estimated using the AFSIRS method based on existing planted 
acreage 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved 

 LOWSM applies to this agreement 

Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. 

Stormwater 
Treatment Areas 

 STAs are simulated as single waterbodies 
 STA-1E: 6,546 acres total area 
 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 

o 0.5 ft minimum depth below which supply from external 
sources is triggered 

o 4 ft maximum depth above which inflows are discontinued 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
regulatory releases and available A1FEB storage. 

o STA-3/4, STA-2N and STA-2S receive Lake Okeechobee 
regulation target releases approximately at 60,000 acre-feet 
annual average for the entire period of record. 



 

  

  

  
  

 
  

  
  
  

 

 
  

 

 

 

 

 
  

 

 
   

 
  

 
 

 

     
 

  
  

 

 
  

 
 

 
 

 

Feature 

 A 15,853-acre Flow Equalization Basin (FEB) located north of 
STA-3/4 with assumed operations as follows: 
o FEB inflows are from excess EAA basin runoff above the 

established inflow targets at STA-3/4, STA-2N, and STA-2S, 
and from LOK flood releases south. 

o FEB outflows are used to help meet established inflow targets 
(as estimated using the Dynamic Model for Stormwater 
Treatment Areas) at STA-3/4, STA-2N, and STA-2S if EAA 
basin runoff and LOK regulatory releases are not sufficient. 

o 0.5 ft minimum depth below which no releases are allowed 
o 3.8 ft maximum depth above which inflows are discontinued 
o Assumed inlet pump from STA-3/4 supply canal to FEB with 

capacity equal to combined capacity of G-372 and G-370 
structures. 

o Outflow weir, with similar discharge characteristics as STA-3/4 
outlet structure, releasing into lower North New River canal. 

o Structure capacities and water quality operating rules are 
consistent with modeling assumptions assumed during the A-1 
FEB EIS application process. 

Holey Land 
Wildlife 
Management Area 

 G200 inflow structure, total of 300 cfs, operated to send lower 
Miami canal water into Holey Land. 

 G-372HL inflow structure for fire protection used for keeping the 
water table from going lower than half a foot below land surface 
elevation. 

 Operations are per the Holey Land Wildlife Management Area Draft 
Project Operations Manual (SFWMD, October 2015) 

Rotenberger 
Wildlife 
Management Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA (SFWMD, March 2010) 

Public Water 
Supply 

and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from RSMGL ECBLOW. 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5; G406 flows routed to 
STA6 

 C139 basin demand is met primarily by local groundwater 
 C139 Annex flows routed to L28. 

Water Shortage  Reflects the existing water shortage policies as in South Florida 
Rules Water Management District Chapters 40E-21 and 40E-22, FAC, 

including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 



 

 
 

   

               

                           

       

     
 

 
                       

Water‐Body Components: 

Miami Water‐Body = S3 + S8 + A‐2W 

NNR/HILLS Water‐Body = S2 + S6 + S7 + A‐2E + New Hope South 

WPB Water‐Body = S‐5A 

A1FEB = A‐1 

Figure A‐1. RSMBSN Basin Definition within the EAA: 2016 Existing Condition Simulation 



 

 
 

 
 
 
 

 

                   
 
 
 
 
 
 

   

   
      

   

    
  

   
  

Figure A‐2. RSMBSN Link‐Node Routing Diagram: 2016 Existing Condition Simulation 

Notes: 

 The RSM is a robust and complex regional scale model. Due to the scale of the model, it is 
frequently necessary to implement abstractions of system infrastructure and operations that 
will, in general, mimic the intent and result of the desired project features while not matching 
the exact mechanism by which these results would be obtained in the real world. Additionally, 
it is sometimes necessary to work within established paradigms and foundations within the 
model code (e.g. use available input-driven options to represent more complex project 
operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN model 
were provided from either the South Florida Water Management Model (SFWMM) or the RSM 
Glades-LECSA Model (RSMGL). The SFWMM was the source of the eastern boundary 
groundwater/surface water flows, while the RSMGL was the source of the southern boundary 
structural flows. 



 

 
         
       

           

         

     

 

  

 
 
 

   

 
 
 
  
  
 

 
    

 
 

  

  
   

 

 
  

   

  
 

  
  

    
   

 
  

   
 

 Interagency Modeling Center
Regional Simulation Model Basins (RSMBN) 

Lake Okeechobee Watershed Project 
Future Without Project Baseline (FWOLOW) and 

Interim Operation Regime Baseline (IORBL) 

Table of Assumptions 

Feature 

Climate  The climatic period of record is from 1965 to 2005. 
 Rainfall estimates have been revised and updated for 1965-2005. 
 Revised evapotranspiration methods have been used for 1965- 

2005. 
Topography The Topography dataset for RSM was uses the following datasets: 

 South Florida Digital Elevation Model, USACE, 2004; 
 High Accuracy Elevation Data, US Geological Survey 2007; 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004; 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007; 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004; and 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 
1 

Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 
consumptive use permit information as of 2/21/2012, as reflected 
in the LOSA Ledger produced by the Water Use Bureau. 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information. 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass. 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model and 
assumed permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Central Everglades (CEPP) optimized release guidance in order 

to improve selected performance within LOK, the northern 
estuaries and LOSA while meeting environmental targets in 
the Glades. 

o Lake Okeechobee can send flood releases south through the 
Miami Canal and North New River Canal to the A1/A2 FEB 
when the LOK stage is above the bottom of Low Lake 
Management Band and the FEB depth is below 2’ (EAA basin 
runoff used to limit conveyance capacity: 1,550 cfs for Miami 
Canal and 1,350 cfs for North New River Canal). 

o Lake Okeechobee can send flood releases south to help meet 
water-quality based flow targets at STA-3/4, STA-2N, and 



 

  

  
  

 
 

  
  

   
 

 
   
  

 
 

  

 

 
  

 

 

   
 

 
   
   

  
 

 
 

  

  
 

  

 
    

 
 

 

  

Feature 

STA-2S when the LOK stage is above the bottom of the 
Baseflow Zone (EAA basin runoff used to limit conveyance 
capacity: 1,550 cfs for Miami Canal and 1,350 cfs for North 
New River Canal). 

o Includes Lake Okeechobee regulatory releases to tide via 
L8/C51 canals. 

o Regulatory releases via S-77 can be diverted into C43 
Reservoir. C-43 priorities are as follows: 
o If C-43 has capacity available, it will capture basin runoff 
o If C-43 has capacity available, it will capture LOK flood 

control releases 
 Lake Okeechobee Water Shortage Management (LOWSM) Plan. 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized). 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 
o All pumps reduce to the above capacities when Lake 

Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake  Headwaters Revitalization schedule (in addition for stages up to 
Okeechobee 55.5 FT, the flows are ramped up to 11000 CFS) for Kissimmee 
Watershed Chain of Lakes using the UKISS model. 
Inflows  Kissimmee River Restoration complete. 

 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 
Inflows calculated from historical runoff estimates. 

Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model and assumed permitted land 

use as of February 2012. (see land use assumptions row) 
 Public water supply daily intake from the river is included in the 

analysis. 
 Maximum reservoir height of 41.7 ft NGVD with a 9,379-acre 

footprint in Western C43 basin with a 175,800 acre-feet effective 
storage. 

 Proposed reservoir meets estuary demands while C-43 basin 
supplemental demands for surface water irrigation are met by 
Lake Okeechobee. 

St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRS model 
and assumed permitted land use as of February 2012 (see land 
use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
lake stage is below 14.5 ft before being pumped into the C-44 
reservoir. 

 Basin demands include the Florida Power & Light reservoir at 
Indiantown. 

 Indian River Lagoon South Project features 



 

  

 

 
 

 
  

  

   
 

 
 

 
 

 
  

 
  
 

 
  

   
  

 
  

  
   

  
 

 
    

 
  

  

 

  
 

   

 

 
  

  
  

Feature 

o As-built Ten-mile Creek Reservoir and STA: 2,368 acre- 
feet maximum storage capacity at 4 ft maximum operating 
depth on 658 acre effective footprint (2 ft maximum depth 
on STA); receives excess water from North Folk Basin; 
operations per TMC Preliminary Operating Plan (SFWMD, 
June 2015). 

o C-44 reservoir: 50,246 acre-feet storage capacity at 5.18 feet 
maximum depth on 12,125 acre (9,700 effective acres – 
80%) footprint; C44 reservoir releases water back to Lake 
Okeechobee when Lake stages are below the bottom of the 
Baseflow Zone. 

o C-23/C-24 reservoir: 92,094 acre-feet storage capacity at 
13.27 maximum depth on 8,675 acre (6,940 effective acres – 
80%) footprint; 

o C-23/C-24 STA: 3,852 acre-feet storage capacity at 1.5 
maximum depth on 3,323 acre (2,568 effective acres – 
80%) footprint; 

o All proposed reservoirs meet estuary demands. 
o IRL operations assumed are consistent with the March 2010 

St. Lucie River Water Reservation Rule update. 
 Excess C23 basin water not needed to meet estuary demands can 

be diverted to the C44 reservoir if capacity exists. 
 C44 reservoir can release to C44 canal and backflow to Lake 

Okeechobee when the lake is below the Baseflow zone. 
o The C-44 excess basin runoff can be pumped to C44 

Reservoir when: 
 LOK stage is above 14.5’ or 
 LOK stage is less than or equal to 14.5’ and S308 is 

making Regulatory Releases. 
o The C-44 Reservoir water can be discharged to: 

 a) estuary (to meet estuary target), 
 b) water supply to the C44 basin when there is a 

basin demand, 
 c) flood control to LOK (S308) and S80 (only under 

extreme C44 Reservoir high stage levels). 
Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method based on existing planted acreage. 
Reservation  The 2-in-10 demand set forth in the Seminole Compact Work plan 

equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM. 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved. 

 LOWSM applies to this agreement. 



 

  

    
 

   

 

 
  

 

  
  
 

  
 

  
 

 
 

  
  
  
  

   
  
 

 

  
  
 

 
   
 

  
 

    
 

 
 

 
 

Feature 

Seminole Big  Big Cypress Reservation irrigation demands and runoff were 
Cypress estimated using the AFSIRS method based on existing planted 
Reservation acreage. 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM. 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM. 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved. 

 LOWSM applies to this agreement. 
Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. 

Everglades 
Construction 
Project 
Stormwater 
Treatment Areas 

 STAs are simulated as single waterbodies 
 STA-1E: 6,546 acres total area 
 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 

o 0.5 ft minimum depth below which supply from external 
sources is triggered; 

o 4 ft maximum depth above which inflows are discontinued; and 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
flood releases and available FEB storage. 

 A 29,617-acre Flow Equalization Basin (FEB) is located north of 
STA-3/4 and Holeyland. The total footprint represents the original 
15,853-acre A-1 footprint plus the additional 13,764-acre A-2 
footprint operated as follows: 



 

  

   
 

 

 

  
  
 
 
  

  
 

 

 

  
  

 

 
     

 
  

 
 

 

  

  
  

 
  

  
  

 
 

 
 

 

Feature 

o Assumed average topography of 9.63 ft NGVD. FEB inflows are 
from excess EAA basin runoff above the established inflow 
targets at STA-3/4, STA-2N, and STA-2S, and from LOK flood 
releases south; 

o FEB outflows are used to help meet established inflow targets 
at STA-3/4, STA-2N, and STA-2S if EAA basin runoff and LOK 
flood releases are not sufficient; 

o 0.5 ft minimum depth below which no releases are allowed; 
o 3.8 ft maximum depth above which inflows are discontinued; 
o No supplemental water supply provided to FEB; 
o Assumed inlet pump from STA-3/4 supply canal with capacity 

equal to combined capacity of G-372 and G-370 structures; and 
o Outflow weirs, with similar discharge characteristics as STA-3/4 

outlet structure, releasing into lower Miami and lower North 
New River canals. 

Holey Land  G200 inflow structure, total of 300 cfs, operated to send lower 
Wildlife Miami canal water into Holey Land. 
Management Area  G-372HL inflow structure for fire protection used for keeping the 

water table from going lower than half a foot below land surface 
elevation. 

 Operations are per the Holey Land Wildlife Management Area Draft 
Project Operations Manual (SFWMD, October 2015) 

Rotenberger 
Wildlife 
Management Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA. (SFWMD, March 2010) 

Public Water 
Supply 

and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from Central Everglades RSMGL FWOLOW 
(simulated for CEPP in 2012). 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5N; G508 flows routed 
to STA5S; G406 flows routed to STA6. 

 C139 basin demand is met primarily by local groundwater. 
 C139 Annex flows routed to L28. 

Water Shortage  Reflects the existing water shortage policies as in South Florida 
Rules Water Management District Chapters 40E-21 and 40E-22, FAC, 

including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 



 

   
               

                       
       
             

   

  
      

   

    
  

   
  

 
 

 
                     

Notes: 

 The RSM is a robust and complex regional scale model. Due to the scale of the model, it is 
frequently necessary to implement abstractions of system infrastructure and operations that 
will, in general, mimic the intent and result of the desired project features while not matching 
the exact mechanism by which these results would be obtained in the real world. Additionally, 
it is sometimes necessary to work within established paradigms and foundations within the 
model code (e.g. use available input-driven options to represent more complex project 
operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN model 
were provided from either the South Florida Water Management Model (SFWMM) or the RSM 
Glades-LECSA Model (RSMGL). The SFWMM was the source of the eastern boundary 
groundwater/surface water flows, while the RSMGL was the source of the southern boundary 
structural flows. 

Water‐Body Components: 
Miami Water‐Body = S3 + S8 + A‐2WW 
NNR/HILLS Water‐Body = S2 + S6 + S7 + New HopeSouth 
WPB Water‐Body = S‐5A 
FEB = A‐2W + A‐2E + A‐1 

Figure A‐3. RSMBSN Basin Definition within the EAA for LOWRP FWOLOWP 



 

 
 

 
 
 
 

                 Figure A‐4. RSMBSN Link‐Node Routing Diagram for LOWRP FWOLOWP 



 

 
         

         
             

 

     
 
 
 

  

 
 
 

   

 
 
 
  
  
 

 
    

 
 

  

  
   

 

 
  

   

  
 

  
  

    
   

 
  

   
 

 

 Interagency Modeling Center
Regional Simulation Model Basins (RSMBN) 

Lake Okeechobee Watershed Project (LOWRP) 
Final Array Modeling (1Bshlw, ALT1BW & ALT2CR) 

Table of Assumptions 

Feature 

Climate  The climatic period of record is from 1965 to 2005. 
 Rainfall estimates have been revised and updated for 1965-2005. 
 Revised evapotranspiration methods have been used for 1965- 

2005. 
Topography The Topography dataset for RSM was uses the following datasets: 

 South Florida Digital Elevation Model, USACE, 2004; 
 High Accuracy Elevation Data, US Geological Survey 2007; 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004; 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007; 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004; and 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 
2 

Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 
consumptive use permit information as of 2/21/2012, as reflected 
in the LOSA Ledger produced by the Water Use Bureau. 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information. 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass. 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model and 
assumed permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Central Everglades (CEPP) optimized release guidance in order 

to improve selected performance within LOK, the northern 
estuaries and LOSA while meeting environmental targets in 
the Glades. 

o Lake Okeechobee can send flood releases south through the 
Miami Canal and North New River Canal to the A1/A2 FEB 
when the LOK stage is above the bottom of Low Lake 
Management Band and the FEB depth is below 2’ (EAA basin 
runoff used to limit conveyance capacity: 1,550 cfs for Miami 
Canal and 1,350 cfs for North New River Canal). 

o Lake Okeechobee can send flood releases south to help meet 
water-quality based flow targets at STA-3/4, STA-2N, and 
STA-2S when the LOK stage is above the bottom of the 



 

  

   

 
 

  
  

  
 

 
   
  

 
 

  

 

 
  

 

 

   
 

 
  
   

  
   

 

 
 

 
 

    
 

 
 

  
 

   
   

  

Feature 

Baseflow Zone (EAA basin runoff used to limit conveyance 
capacity: 1,550 cfs for Miami Canal and 1,350 cfs for North 
New River Canal). 

o Includes Lake Okeechobee regulatory releases to tide via 
L8/C51 canals. 

o Regulatory releases via S-77 can be diverted into C43 
Reservoir. C-43 priorities are as follows: 
o If C-43 has capacity available, it will capture basin runoff 
o If C-43 has capacity available, it will capture LOK flood 

control releases 
 Lake Okeechobee Water Shortage Management (LOWSM) Plan. 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized). 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 
o All pumps reduce to the above capacities when Lake 

Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake 
Okeechobee 
Watershed 
Inflows 

 Headwaters Revitalization schedule (in addition for stages up to 
55.5 FT, the flows are ramped up to 11000 CFS) for Kissimmee 
Chain of Lakes using the UKISS model. 

 Kissimmee River Restoration complete. 
 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 

Inflows calculated from historical runoff estimates. 
 For ALT1Bshlw scenario only: A 65,000 storage reservoir located 

on 13,254 acre effective footprint (K05 Revised) with 80 ASR Wells 
at 5 MGD each located north of Lake Okeechobee and assumed 
operations as follows: 

 Lake Okeechobee (LOK) can release to K05 Revised Reservoir when 
Lake Okeechobee stage > “LOK Stage for Reservoir Diversion 
Schedule” (see Appendix B). 

 The K05 Revised Reservoir can release to Lake Okeechobee when 
Lake Okeechobee stage < “LOK Stage for Reservoir Recovery 
Schedule” (see Appendix B). 

 The K05 Revised Reservoir can release to Reservoir Assisted ASR 
(both 70% and 30% efficiency ASR) when reservoir stage > 5.0 ft. 

 The Reservoir Assisted ASR (both 70% and 30% efficiency ASR) 
can release to K05 Revised Reservoir when Reservoir stage < 0.5 ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 %efficiency 
ASR) when Lake Okeechobee stage > “LOK Stage for LOK Assisted 
ASR (70% efficiency) Diversion Schedule” (see Appendix B). 



 

  

  
 

  
 

    
 

  
   

 
 

  
 

 
 

 
 

   
   

   
   

 
    

 
 

 
  

  
 

   
 

  
 

 
  

 
  

  
 

    
 

 

Feature 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) 
can release to Lake Okeechobee when Lake Okeechobee stage < 
“LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% 
efficiency) Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 %efficiency) 
when Lake Okeechobee stage > “LOK Stage for LOK Assisted ASR 
(30% efficiency) Diversion Schedule” (see Appendix B). 

 Inflows are discontinued to the K05 Reservoir when reservoir stage 
reaches 5.0 feet maximum depth. 

 o For ALT1BW only: A 48,704 ac-ft storage reservoir located on 
12,176 acre effective footprint (K05 Revised) with 80 ASR Wells at 
5 MGD each located north of Lake Okeechobee and assumed 
operations as follows: 

 The K05 Revised Reservoir can release to Reservoir Assisted ASRs 
(both 70% and 30% efficiency ASRs) when reservoir stage > 3.0 ft. 

 The Reservoir Assisted ASRs (both 70% and 30% efficiency ASR) 
can release to K05 Revised Reservoir when Reservoir stage < 0.5 ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 %efficiency 
ASR) when Lake Okeechobee stage > “LOK Stage for LOK Assisted 
ASR (70% efficiency) Diversion Schedule” (See Appendix B). Lake 
Okeechobee (LOK) can release to K05 Revised Reservoir when Lake 
Okeechobee stage > “LOK Stage for Reservoir Diversion 
Schedule” (See Appendix B). 

 The K05 Revised Reservoir can release to Lake Okeechobee when 
Lake Okeechobee stage < “LOK Stage for Reservoir Recovery 
Schedule” (See Appendix B). 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) 
can release to Lake Okeechobee when Lake Okeechobee stage < 
“LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% 
efficiency) Schedule” (See Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 %efficiency) 
when Lake Okeechobee stage > “LOK Stage for LOK Assisted ASR 
(30% efficiency) Diversion Schedule” (See Appendix B). 

 Inflows are discontinued to the K05 Reservoir when reservoir stage 
reaches 4.0 feet maximum depth. 

 For ALT2CR only: A 195,000 ac-ft storage reservoir located on 
13,293 acre effective footprint (K42) with 65 ASR Wells at 5 MGD 
each located north of Lake Okeechobee and assumed operations as 
follows: 
 Lake Okeechobee (LOK) can release to K42 Revised Reservoir 

when Lake Okeechobee stage > “LOK Stage for Reservoir 
Diversion Schedule” (see Appendix B). 

 The K42 Revised Reservoir can release to Lake Okeechobee when 
Lake Okeechobee stage < “LOK Stage for Reservoir Recovery 
Schedule” (see Appendix B). 
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 Lake Okeechobee can release to LOK ASRs (70 % efficiency) when 
Lake Okeechobee stage > “LOK Stage for LOK Assisted ASR (70% 
efficiency) Diversion Schedule” (see Appendix B). 
 LOK ASRs (70% and 30% efficiency) can release to Lake 

Okeechobee when Lake Okeechobee stage < “LOK Stage for 
Recovery of LOK Assisted ASRs (70% and 30% efficiency) 
Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 % 
efficiency) when Lake Okeechobee stage > “LOK Stage for LOK 
Assisted ASR (30% efficiency) Diversion Schedule” (see 
Appendix B). 

 Inflows are discontinued to the K42 Reservoir when reservoir 
stage reaches 15.0 feet maximum depth. 

Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model and assumed permitted land 

use as of February 2012. (see land use assumptions row) 
 Public water supply daily intake from the river is included in the 

analysis. 
 Maximum reservoir height of 41.7 ft NGVD with a 9,379-acre 

footprint in Western C43 basin with a 175,800 acre-feet effective 
storage. 

 Proposed reservoir meets estuary demands while C-43 basin 
supplemental demands for surface water irrigation are met by 
Lake Okeechobee. 

St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRS model 
and assumed permitted land use as of February 2012 (see land 
use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
lake stage is below 14.5 ft before being pumped into the C-44 
reservoir. 

 Basin demands include the Florida Power & Light reservoir at 
Indiantown. 

 Indian River Lagoon South Project features 
o As-built Ten-mile Creek Reservoir and STA: 2,368 acre-feet 

maximum storage capacity at 4 ft maximum operating depth 
on 658 acre effective footprint (2 ft maximum depth on STA); 
receives excess water from North Folk Basin; operations per 
TMC Preliminary Operating Plan (SFWMD, June 2015). 

o C-44 reservoir: 50,246 acre-feet storage capacity at 5.18 feet 
maximum depth on 12,125 acre footprint; C44 reservoir 
releases water back to Lake Okeechobee when Lake stages 
are below the bottom of the Baseflow Zone. 

o C-23/C-24 reservoir: 92,094 acre-feet storage capacity at 
13.27 maximum depth on 8,675 acre footprint; 

o C-23/C-24 STA: 3,852 acre-feet storage capacity at 1.5 
maximum depth on 2,568 acre footprint; 

o All proposed reservoirs meet estuary demands. 
o IRL operations assumed are consistent with the March 2010 

St. Lucie River Water Reservation Rule update. 



 

  

   
  

 
 

   

  
  

  
 

 
    

 
  

  

 

  
 

   

 
 

  

  
  

    
 

   

 

 
  

 

  
  
 

  
 

  
 

 

 
  

Feature 

 Excess C23 basin water not needed to meet estuary demands can 
be diverted to the C44 reservoir if capacity exists. 

 C44 reservoir can release to C44 canal and backflow to Lake 
Okeechobee when the lake is below the Baseflow zone. 

o The C-44 excess basin runoff can be pumped to C44 
Reservoir when: 

 LOK stage is above 14.5’ or 
 LOK stage is less than or equal to 14.5’ and S308 is 

making Regulatory Releases. 
o The C-44 Reservoir water can be discharged to: 

 a) estuary (to meet estuary target), 
 b) water supply to the C44 basin when there is a 

basin demand, 
 c) flood control to LOK (S308) and S80 (only under 

extreme C44 Reservoir high stage levels). 
Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method based on existing planted acreage. 
Reservation  The 2-in-10 demand set forth in the Seminole Compact Work plan 

equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM. 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved. 

 LOWSM applies to this agreement. 

Seminole Big 
Cypress 
Reservation 

 Big Cypress Reservation irrigation demands and runoff were 
estimated using the AFSIRS method based on existing planted 
acreage. 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM. 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM. 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved. 

 LOWSM applies to this agreement. 
Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. 

Everglades 
Construction 

 STAs are simulated as single waterbodies 
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Project 
Stormwater 
Treatment Areas 

 STA-1E: 6,546 acres total area 
 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 

o 0.5 ft minimum depth below which supply from external 
sources is triggered; 

o 4 ft maximum depth above which inflows are discontinued; and 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
flood releases and available FEB storage. 

 A 29,617-acre Flow Equalization Basin (FEB) is located north of 
STA-3/4 and Holeyland. The total footprint represents the original 
15,853-acre A-1 footprint plus the additional 13,764-acre A-2 
footprint operated as follows: 
o Assumed average topography of 9.63 ft NGVD. FEB inflows are 

from excess EAA basin runoff above the established inflow 
targets at STA-3/4, STA-2N, and STA-2S, and from LOK flood 
releases south; 

o FEB outflows are used to help meet established inflow targets 
at STA-3/4, STA-2N, and STA-2S if EAA basin runoff and LOK 
flood releases are not sufficient; 

o 0.5 ft minimum depth below which no releases are allowed; 
o 3.8 ft maximum depth above which inflows are discontinued; 
o No supplemental water supply provided to FEB; 
o Assumed inlet pump from STA-3/4 supply canal with capacity 

equal to combined capacity of G-372 and G-370 structures; and 
o Outflow weirs, with similar discharge characteristics as STA-3/4 

outlet structure, releasing into lower Miami and lower North 
New River canals. 

Holey Land 
Wildlife 
Management Area 

 G200 inflow structure, total of 300 cfs, operated to send lower 
Miami canal water into Holey Land. 



 

  

  

 
     

 
  

 
 

 

     
 

  
  

 
  

  
  

 
 

 

 
 
 

  
 

       
      

 

   
  

  

Feature 

 G-372HL inflow structure for fire protection used for keeping the 
water table from going lower than half a foot below land surface 
elevation. 

 Operations are per the Holey Land Wildlife Management Area Draft 
Project Operations Manual (SFWMD, October 2015) 

Rotenberger 
Wildlife 
Management Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA. (SFWMD, March 2010) 

Public Water 
Supply 

and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from Central Everglades RSMGL FWO 
(simulated for CEPP in 2012). 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5N; G508 flows routed 
to STA5S; G406 flows routed to STA6. 

 C139 basin demand is met primarily by local groundwater. 
 C139 Annex flows routed to L28. 

Water Shortage  Reflects the existing water shortage policies as in South Florida 
Rules Water Management District Chapters 40E-21 and 40E-22, FAC, 

including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 

Notes: 

 The RSM is a robust and complex regional scale model. Due to the scale of the model, it is 
frequently necessary to implement abstractions of system infrastructure and operations that 
will, in general, mimic the intent and result of the desired project features while not matching 
the exact mechanism by which these results would be obtained in the real world. Additionally, 
it is sometimes necessary to work within established paradigms and foundations within the 
model code (e.g., use available input-driven options to represent more complex project 
operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN model 
were provided from either the South Florida Water Management Model (SFWMM) or the RSM 
Glades-LECSA Model (RSMGL). The SFWMM was the source of the eastern boundary 
groundwater/surface water flows, while the RSMGL was the source of the southern boundary 
structural flows. 



 

 
 

                   
 
 

 

   

               
 

                       

       

             

Fig. A‐1 RSMBN Basin Definition within the EAA for LOWRP 

Water‐Body Components: 

Miami Water‐Body = S3 + S8 + A‐2WW 

NNR/HILLS Water‐Body = S2 + S6 + S7 + New HopeSouth 

WPB Water‐Body = S‐5A 

FEB = A‐2W + A‐2E + A‐1 



 

 
 
 
 

               Fig. A‐2. RSMBN Link‐Node Routing Diagram for LOWRP 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                           ANNEX A‐2: REFERENCE 3 – RSMBN WATER BUDGET MAPS FOR BASELINES AND RECOMMENDED PLAN 

34 



 

 

 
 

 

35 



 

 

 

 

36 



 

 

 

 

 

37 



 

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
           

Appendix A Engineering Appendix 

ANNEX A-3 

MODEL DOCUMENTATION REPORTS 

LOWRP Revised Draft PIR and EIS 
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 Interagency Modeling Center 

Lake Okeechobee Watershed Restoration Project (LOWRP)
Baseline Runs Model Documentation Report (Draft) 

IMC MSR 5485 April 27, 2018 

1.0 Overview 

Identification 

The Lake Okeechobee Watershed Restoration Project (LOWRP) is a planning effort undertaken 
by the United States Army Corps of Engineers (USACE) with the South Florida Water 
Management District (SFWMD) as local sponsor. Modeling support to the LOWRP effort was 
provided by a team comprised of modelers from the Modeling Section of the H&H Bureau of the 
SFWMD. Modeling workflow and coordination were performed in a manner consistent with the 
procedures outlined in IMC Modeling Services Request (MSR) 5485 and the LOWRP Modeling 
Strategy. 

Scope and Objectives 

Modeling support for LOWRP focused on working with the larger project planning team and other 
interested parties to formulate and test project features leading to the ultimate identification and 
refinement of a tentatively selected plan (TSP). Modeling products were developed at the 
appropriate level of detail to support feature screening and detailed representation of project 
features and to provide information to all necessary evaluations required for plan development 
and documentation in the Project Implementation Report (PIR). 

The LOWRP Modeling Strategy document describes the modeling process and tools utilized, the 
associated rationale of the selection process and the means by which the tools could expediently 
support the project workflow. The primary model support tools utilized in LOWRP project 
refinement are as follows: 

Screening Tools: 
 REservoir Sizing and OPerations Screening (RESOPS) 

Detailed Planning Models: 
 Regional Simulation Model Basins (RSMBN) 

From a modeling deliverable perspective, the entirety of the LOWRP modeling support can be 
summarized by reviewing the following two Model Documentation Reports (MDRs): 

1. LOWRP Baseline – Reviews the various non-LOWRP model representations (e.g., current 
and future without project conditions) used in various aspects of the project planning (IMC, 
2018a). 
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2. LOWRP Final Array of Alternatives – Reviews the two modeled ‘with LOWRP” project 
model representations examined during plan formulation and a proposed LOWRP 
Tentatively Selected Plan model representation simulation. (this document, IMC, 2018b) 

This Model Documentation Report (MDR) describes the assumptions, model implementation 
steps and observed outcomes associated with modeling representations of the current and future 
without project condition detailed baseline model scenarios as simulated with the RSMBN. These 
model runs were predominantly used as a basis of comparison for many of the evaluations 
performed in support of plan formulation or project assurances assessment. This document will 
focus on the modeling details of these scenarios 

2.0 Basis 

Project Assumptions 

This MDR describes the assumptions, model implementation steps and observed outcomes 
associated with modeling the following scenarios: 

LOWRP Plan Formulation Baselines – Release 3/6/2017 
 2016 Existing Condition Baseline (ECBLOW) 
 2050 Future Without Project Baseline (FWOLOW) 

In general, the existing conditions baseline scenarios attempt to model assumed hydrologic 
conditions circa a defined date (e.g., 2016 at LOWRP project initiation for the ECBLOW scenario) 
and include current system infrastructure assumptions and current operational practices. In 
general, the future projected 2050 conditions include, relative to existing conditions, additional 
representations of planned future project activities, including state, federal and Central 
Everglades Restoration Project (CERP) projects. It is important to note that the information 
available for any particular baseline may be slightly different as current system or future planned 
project activities evolve with time. 

Detailed project assumption tables for each scenario are provided in Appendix A and key 
elements of model implementation are described in Section 3. 

Model Limitations and Intended Use of Results 

The primary modeling products of LOWRP were evaluated based on outputs from the Regional 
Simulation Model (RSM; SFWMD, 2005a and 2005b). The RSM is a robust and complex regional 
scale model. Due to the scale of the model, it is frequently necessary to implement abstractions 
of system infrastructure and operations that will, in general, mimic the intent and result of the 
desired project features while not matching the exact mechanism by which these results would 
be obtained in the real world. Additionally, it is sometimes necessary to work within established 
paradigms and foundations within the model code (e.g,.use available input-driven options to 
represent more complex project operations). 

The RSMBN (SFWMD et al., 2009a and 2009b, VanZee, 2011), model was reviewed through 
the USACE validation process for engineering software, as part of the Central Everglades 
Planning Project (CEPP). The RSM model was classified as “allowed for use” for South Florida 
applications in August 2012. 
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The LOWRP baseline scenarios were developed using the RSMBN model. Collectively, the model 
covers the spatial extent of the project planning area as shown in Figure 3.1. The RSMBN 
modeling for LOWRP was built as an extension of the CEPP RSM Basins (SFWMD, 2012a). The 
period of simulation for the model utilizes a climate record from 1965 to 2005. 
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3.0 Simulation 

Modeling Tools Used 

RSM version 3.1 was used to run the RSMBN model. 
Release date 3/6/2017, SVN version is 5046. 

Model Set Up 

Figure 3.1. RSMBN Model. 

The remainder of this section will focus on the project plan formulation baselines of the ECBLOW 
and FWOLOW scenarios to describe model implementation. 

In general, the assumed modeled data sets (e.g., topography, water control districts, etc…) and/or 
system features (structure operations, etc…) are consistent with the previous planning exercises, 
unless identified as changed in this section or the assumptions tables in Appendix A. 

For the LOWRP ECBLOW baseline, relative to the CEPP ECBLOW Baseline (SFWMD et al., 
2014a) the following updates have been made: 

 The RSMBN ECBLOW was expanded to include the Ten Mile Creek Reservoir and STA 
per Ten Mile Creek Preliminary Operating Plan (SFWMD, June 2015). 
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 The A-1 Flow Equalization Basin (FEB) north of STA3/4 was added to ECBLOW. 
 Addition of the G200 structure into Holey Land per Holey Land Wildlife Management Area 

Draft Project Operations Manual (SFWMD, March 2015). 
 The Stormwater Treatment Areas were expanded for STA2, STA5 and STA6 

(Compartment B & C) 

For the FWOLOW LOWRP baseline, relative to the CEPP Final Tentatively Selected Plan 
Alternative 4R2 (ALT4R2) (SFWMD et al., 2014b) the following updates have been made: 

• The Ten Mile Creek Reservoir and STA area reduced per Ten Mile Creek Preliminary 
Operating Plan (SFWMD, June 2015). 
• Addition of the G200 structure into Holey Land per Holey Land Wildlife Management 
Area Draft Operations Manual. 

The LORS08 schedule is used for operation of Lake Okeechobee in all ECBLOW and FWOLOW 
baselines. In the FWOLOW scenario, operational flexibility within the schedule is used to operate 
the Lake and flows south consistent with the CEPP modeling assumptions. Details of the model 
implementation of the schedule can be found in Appendix B. 

Key system changes from ECBLOW to FWOLOW for LOWRP 
 Kissimmee River Restoration 

 Indian River Lagoon-South 
 C-43 Phase 1 Reservoir 

The subsequent sub-sections will explain the modeling setup for each of these areas as assumed 
in the ECBLOW and FWOLOW scenarios. Details about project intent can be found in the 
associated project reports for each effort. 

Kissimmee River Restoration 

Several projects seek to improve the water resource management and ecosystem performance 
for the Kissimmee River and the Upper Chain of Lakes (SFWMD, 2007). As considered in the 
RSMBN model, the following assumptions are made for operations at S65 and state of Kissimmee 
River restoration moving from ECBLOW to FWOLOW: 

 Modification to the Lake Kissimmee regulation schedule for releases at S65 as seen in 
Figures 3.8 and 3.9. 

 Physical alterations in the Lower Kissimmee River and flood plain representation as seen 
in Figure 3.10. 
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Figure 3.8. Lake Kissimmee Regulation Schedule for releases at S65 structure for the 
ECBLOW run. 

Figure 3.9. Lake Kissimmee Regulation Schedule for releases at S65 structure for the 
FWOLOW run. 
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Figure 3.10. Physical alterations in the representation of the Lower Kissimmee River and flood 
plain between baseline runs ECBLOW and FWOLOW. 

Indian River Lagoon-South 

The purpose of the IRL South and Ten Mile Creek projects is to improve surface-water 
management in the C-23/C-24, C-25, and C-44 basins for habitat improvement in the St. Lucie 
River Estuary and southern portions of the Indian River Lagoon. Figures 3.11 and 3.12 show 
the model configuration for the RSMBN ECBLOW and FWOLOW run, respectively: 

General ECBLOW Project Features 

Ten Mile Creek Reservoir and STA 
 Storage capacity: 2368 Acre-ft 
 Footprint: 658 acres 
 Inlet: 160 cfs capacity, modeled as pump; source: TMC Basin 
 Outlet: 200 cfs capacity, modeled as pump; destination: TMC Basin 
 Ten Mile Creek Reservoir and STA per Ten Mile Creek Preliminary Operating Plan 

(SFWMD, 2015). 

General FWOLOW Project Features 
 Consistent with latest CERP Indian River Lagoon – South Detailed Design Reports 

(DDRs) that update the authorized 2004 PIR. 
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 Includes operational intent (Opti6) per St Lucie River Watershed Protection Plan (SFWMD 
et al., 2009) to meet St. Lucie Estuary environmental targets. 

 Ten Mile Creek Reservoir and STA per Ten Mile Creek Preliminary Operating Plan 
(SFWMD, 2015). 

 Basin demands can be met by project features. 

C44 Reservoir and STA 
 Storage capacity: 50,246 acre-feet 
 Footprint: 12,125 acres (assumed 9700 effective acres / 80%) 
 Inlet: 1060 cfs capacity, modeled as pump; source: C44 Basin 
 Inlet: 250 cfs capacity, modeled as pump; source: C23 Basin 
 Outlet: 550 cfs capacity, modeled as pump; destination: C44 Basin 
 Cannot divert Lake Okeechobee regulatory releases into storage 

C23/24 Reservoir 
 Storage capacity: 92,094 acre-feet 
 Footprint: 8675 acres (assumed 6940 effective acres / 80%) 
 Inlet: 900 cfs capacity, modeled as pump; source: C23 Basin 
 Inlet: 900 cfs capacity, modeled as pump; source: C24 Basin 
 Outlet: 300 cfs capacity, modeled as pump; destination: C23 Basin 
 Outlet: 300 cfs capacity, modeled as pump; destination: C24 Basin 
 Outlet: 200 cfs capacity, modeled as pump; destination: C23/C24 STA 

C23/C24 STA 
 Storage capacity: 3852 acre-feet 
 Footprint: 3323 acres (assumed 2568 effective acres / 80%) 
 Inlet: 200 cfs capacity, modeled as pump; source: C23/C24 Reservoir 
 Outlet: 200 cfs capacity, modeled as pump; destination: TMC Basin 

Ten Mile Creek Reservoir and STA 
 Storage capacity: 2368 Acre-ft 
 Footprint: 658 acres 
 Inlet: 160 cfs capacity, modeled as pump; source: TMC Basin 
 Outlet: 200 cfs capacity, modeled as pump; destination: TMC Basin 
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Figure 3.11. Indian River Lagoon-South routing in RSMBN for ECBLOW run 
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Figure 3.12. Indian River Lagoon-South routing in RSMBN for FWOLOW run. 

C-43 Phase 1 Reservoir 

The purpose of the C-43 Basin Storage Reservoir - Part 1 project is to improve the timing, quantity, 
and quality of freshwater flows to the Caloosahatchee River estuary. Figures 3.13 and 3.14
show the model configuration for the RSMBN ECBLOW and FWOLOW run, respectively: 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

 

   
 

 
 

 
  
 
  
 
 
  

 Modeled consistent with September 2007 PIR (USACE and SFWMD, 2010) 
 Storage capacity: 175,800 acre-feet 
 Maximum footprint: 9,379 acres 
 Inflow, capacity 1500 cfs, modeled as pump; destination: C43 Reservoir 
 Outflow, capacity 1200 cfs modeled as pump; destination: C43 Canal 
 Operates to meet estuary environmental target time-series (EST05) 
 Can divert Lake Okeechobee regulatory releases into storage 
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Figure 3.13. C43 Basin and Reservoir routing for ECBLOW in RSMBN. 

Figure 3.14. C43 Basin and Reservoir routing for FWOLOW in RSMBN. 
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G-200 Structure 

G-200 inflow structure is modeled as one-300 cfs pump in both ECBLOW and FWOLOW and it 
was designed as three-100 cfs pumps. It is operated to send lower Miami canal water into Holey 
Land Wildlife Management Area when water is below Zone A (Figure 3.15) of the Modified Interim 
Regulation Schedule (Holey Land Wildlife Management Area Draft Project Operations Manual 
(SFWMD, 2015a). 

Figure 3.15. Modified Interim Regulation Schedule for Holey Land Wildlife Management Area. 
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Restoration Strategies / Central Everglades Project Features in the Everglades Agricultural Area 

As part of the Everglades Construction Project and Restoration Strategies program, the state of 
Florida plans to expand water quality treatment facilities to improve the quality of water entering 
the Everglades Protection Area. In the Everglades Agricultural Area, a full build-out of SFWMD 
Stormwater Treatment Area (STA) features contemplated in the Everglades Construction Project 
(including Compartment B & C) expansions are modeled in both the ECBLOW and FWOLOW 
and details can be found the assumption tables in Appendix A. The primary differences between 
the two baselines are assumptions related to assumed Flow Equalization Basin (FEB) features 
as follows: 

ECBLOW A-1 FEB Assumptions: 
 Assumed Flowage Equalization Basin Effective Footprint = 15,853 acres 
 FEB operating limits: 

o EAA runoff accepted when FEB stage < 3.8 ft. 
o Lake Okeechobee flood control water can be accepted into FEB 
o Releases discontinued when depths < 0.5 ft. 
o No supplemental water supply provided to FEB. 
o FEB outflows are used to help meet established inflow targets, as estimated using 

the Dynamic Model for Stormwater Treatment Areas (Wang, 2012) at STA-3/4, 
STA-2N, and STA-2S 

FWOLOW A-1/A-2 FEB (as shown in Figure 3.15) Assumptions: 
 In RSMBN, this feature is modeled as a single element 
 Assumed Flowage Equalization Basin Effective Footprint = 28,467 acres 
 FEB operating limits: 

o EAA runoff accepted when FEB stage < 3.8 ft. 
o Lake Okeechobee water accepted when FEB stage < 2.0 ft. 
o Releases discontinued when depths < 0.5 ft. 
o No supplemental water supply provided to FEB. 
o FEB outflows are used to help meet established inflow targets, as estimated using

the Dynamic Model for Stormwater Treatment Areas (Wang, 2012) at STA-3/4, 
STA-2N, and STA-2S 

 The operations of the FEB are integrated with the regional objectives by including 
operational modifications to the Lake Okeechobee regulation schedule as follows: 

o Lake Okeechobee regulatory releases to the south are made when the Lake is in 
or above the baseflow zone of the LORS08 schedule and when criteria as 
identified in Figure 3.16 are satisfied. 

o In order to promote opportunity for Lake releases to the south, release criteria
from the Northern Estuaries are also modified to result in lower overall releases. 
Specific changes can be found in Appendix B. 
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Figure 3.15. A1/A2 FEB Schematic Diagram Provided by CEPP Project Team 
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Figure 3.16. Lake Okeechobee Operational Criteria for Determining Releases 
South to FEB and STA Facilities. 

4.0 Results 

Due to the large size of many of the LOWRP modeling files, final LOWRP modeling products and 
the majority of the modeling output has been archived in the Data Access Storage and Retrieval 
(DASR) application of CERPzone at www.cerpzone.org. LOWRP modeling products in DASR can 
be accessed within the project modeling folder: 

P:\IMC_Final_Modeling_Results\PROJ01 – Lake Okeechobee Watershed\SMART – Restart\ 

Final LOWRP modeling products will be uploaded to the Statewide Model Management System 
(SMMS) once the project has been finalized. SMMS is a geographic information system (GIS) 
based application that includes model input data, select model output data, source 
code/executable files and documentation. LOWRP Project modeling products in SMMS will be 
available at the project page: 

http://apps.sfwmd.gov/smmsviewer/ProjectReport.aspx?projectID=TBD 

While the modeling products have been archived in the above systems, the table below lists more 
specific information including model version, inputs used and detailed DASR archival location. 
Version numbers and “svnroot” paths refer to a model version control system found on the 
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SFWMD network that is not generally accessible, but inputs, model executables and source code 
have been copied into the DASR system for ease of access. 

Version information and model file locations 

RSMBN ECBLOW LOWRP 03062017 RSM_v5046 and xml_11968 
Input: …http://dcluster2/viewvc/svnroot/trunk/rsm_imp/LOWP/baselines/ecb_LOWP/ 
Output:…/nw/hesm_nas/projects/LOWRP/Models/RSMBN/LOWP/baselines/ecb_lowp/output_03062017_rsm5046
RSMBN FWOLOW LOWRP 03062017 RSM_v5046 and xml_11968 
Input:… http://dcluster2/viewvc/svnroot/trunk/rsm_imp/LOWP/baselines/fwo/ 
Output : …/nw/hesm_nas/projects/LOWRP/Models/RSMBN/LOWP/baselines/fwo/output_03062017_rsm5046 
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Review of Local and Regional-Level Results 

The RSMBN baseline modeling scenarios were reviewed from the perspective of ensuring that 
localized effects of project implementations were observed as expected and that regional 
performance was considered reasonable. Specific checks on RSM outputs included the 
following: 

 Regional results for Lake Okeechobee and the Northern Estuaries demonstrated 
expected trends (reduced high release events, improved baseflow to the 
Caloosahatchee estuary, etc…) resulting from IRL, C43, A1FEB and other project 
activities as shown in Figures 4.1, 4.2 and 4.3. 

 Expected trends from plan baselines (ECBLOW and FWOLOW), such as lower 
improved baseflow to the St. Lucie estuary in FWOLOW were observed as shown in 
Figures 4.3. Comparing back to FWOLOW performance, it is also evident that locally 
triggered high release events to the St. Lucie Estuary are reduced due to the 
previously described reductions at S48 and S49. 

 LOWRP ECBLOW LOSA and Tribal water supply relative to FWOLOW are shown in 
Figure 4.4 to 4.6. 

Figure 4.1. Lake Okeechobee demonstrated expected trends resulting from 
project activities included in the FWOLOW run. 
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Figure 4.2. Northern Estuaries (St. Lucie and Caloosahatchee) demonstrated expected trends 
resulting from project activities included in FWOLOW runs. 
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Figure 4.3. Northern Estuaries (St. Lucie and Caloosahatchee) demonstrated expected trends 
resulting from project activities included in FWOLOW runs. 
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Figure 4.4. Water shortage cutbacks for water years 

Figure 4.5. Average annual water shortage cutbacks for the Seminole Brighton Reservation 
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Figure 4.6. Average annual water shortage cutbacks for the Seminole Big Cypress 
Reservation 

In summary, the two delivered baseline runs provided to the LOWRP project team are deemed 
to adequately represent the intended planning conditions and when utilized in conjunction with 
proposed with LOWRP project alternatives, provide a reasonable basis of comparison for the 
necessary evaluations required to draft the PIR. 
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Appendix A – Tables of Assumptions 

RSMBN: 
 ECBLOW 
 FWOLOW 
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Interagency Modeling Center 

Regional Simulation Model Basins (RSMBN)
Lake Okeechobee Watershed Project 

2016 Existing Conditions Baseline (ECBLOW)
Table of Assumptions 

Feature 
Climate  The climatic period of record is from 1965 to 2005 

 Rainfall estimates have been revised and updated for 1965-2005 
 Revised evapotranspiration methods have been used for 1965- 

2005 
Topography The Topography dataset for RSM was Updated in 2009 using the 

following datasets: 
 South Florida Digital Elevation Model, USACE, 2004 
 High Accuracy Elevation Data, US Geological Survey 2007 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 
Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 

consumptive use permit information as of 2/21/12, as reflected in 
the LOSA Ledger produced by the Water Use Bureau 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model and 
assumed permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Includes Lake Okeechobee regulatory releases to tide via 

L8/C51 canals 
o Lake Okeechobee regulatory releases limited to 1,550 cfs for 

Miami Canal and 1,350 cfs for North New River Canal based on 
studies performed by USACE. 

o A regional hydrologic surrogate for the 2010 Adaptive Protocol 
operations utilized. This attempts to mimic desired timing of 
releases without estimating salinity criteria 

 Lake Okeechobee Water Shortage Management (LOWSM) Plan 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized) 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 
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Feature 
o All pumps reduce to the above capacities when Lake 

Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft. 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Operational intent is to treat LOK regulatory releases to the south 
through STA-3/4 and A1 FEB (online as of July 2015). 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake 
Okeechobee 
Watershed 
Inflows 

 Kissimmee River inflows based on interim schedule (in 
addition for stages up to 54 FT, the flows are ramped up to 
11000 CFS) for Kissimmee Chain of Lakes using the UKISS 
model 

 Restored reaches / pools of Kissimmee River as of 2016 
 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 

Inflows calculated from historical runoff estimates. 
Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model and assumed permitted land 

use as of February 2012 (see land use assumptions row). 
 Public water supply daily intake from the river is included in the 

analysis. 
St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRS model 
and assumed permitted land use as of February 2012 (see land 
use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
the lake stage is 0.25 ft below the low lake management sub- 
band pulse release line. 

 Basin demands include the Florida Power & Light reservoir at 
Indiantown. 

 Indian River Lagoon South Project features 
o As-built Ten-mile Creek Reservoir and STA: 2,368 acre-feet 

maximum storage capacity at 4 ft maximum operating depth 
on 658 acre effective footprint (2 ft maximum depth on STA); 
receives excess water from North Folk Basin; operations per 
TMC Preliminary Operating Plan (SFWMD, June 2015) 

Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method based on existing planted acreage 
Reservation  The 2-in10 demand set forth in the Seminole Compact Work plan 

equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved 

 LOWSM applies to this agreement 
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Feature 
Seminole Big  Big Cypress Reservation irrigation demands and runoff were 
Cypress estimated using the AFSIRS method based on existing planted 
Reservation acreage 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved 

 LOWSM applies to this agreement 

Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. 

Stormwater 
Treatment Areas 

 STAs are simulated as single waterbodies 
 STA-1E: 6,546 acres total area 
 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 

o 0.5 ft minimum depth below which supply from external 
sources is triggered 

o 4 ft maximum depth above which inflows are discontinued 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
regulatory releases and available A1FEB storage. 

o STA-3/4, STA-2N and STA-2S receive Lake Okeechobee 
regulation target releases approximately at 60,000 acre-feet 
annual average for the entire period of record. 

 A 15,853-acre Flow Equalization Basin (FEB) located north of 
STA-3/4 with assumed operations as follows: 
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Feature 
o FEB inflows are from excess EAA basin runoff above the 

established inflow targets at STA-3/4, STA-2N, and STA-2S, 
and from LOK flood releases south. 

o FEB outflows are used to help meet established inflow targets 
(as estimated using the Dynamic Model for Stormwater 
Treatment Areas) at STA-3/4, STA-2N, and STA-2S if EAA 
basin runoff and LOK regulatory releases are not sufficient. 

o 0.5 ft minimum depth below which no releases are allowed 
o 3.8 ft maximum depth above which inflows are discontinued 
o Assumed inlet pump from STA-3/4 supply canal to FEB with 

capacity equal to combined capacity of G-372 and G-370 
structures. 

o Outflow weir, with similar release characteristics as STA-3/4 
outlet structure, releasing into lower North New River canal. 

o Structure capacities and water quality operating rules are 
consistent with modeling assumptions assumed during the A-1 
FEB EIS application process. 

Holey Land  G200 inflow structure, total of 300 cfs, operated to send lower 
Wildlife Miami canal water into Holey Land. 
Management  G-372HL inflow structure for fire protection used for keeping the 
Area water table from going lower than half a foot below land surface 

elevation. 
 Operations are per the Holey Land Wildlife Management Area Draft 

Project Operations Manual (SFWMD, October 2015) 
Rotenberger 
Wildlife 
Management
Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA (SFWMD, March 2010) 

Public Water 
Supply 
and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from RSMGL ECBLOW. 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5; G406 flows routed to 
STA6 

 C139 basin demand is met primarily by local groundwater 
 C139 Annex flows routed to L28. 

Water Shortage  Reflects the existing water shortage policies as in South Florida 
Rules Water Management District Chapters 40E-21 and 40E-22, FAC, 

including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 
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Water-Body Components: 
Miami Water-Body = S3 + S8 + A-2W 
NNR/HILLS Water-Body = S2 + S6 + S7 + A-2E + New Hope South 
WPB Water-Body = S-5A 
A1FEB = A-1 

Figure A-1. RSMBSN Basin Definition within the EAA: 2016 Existing Condition Simulation 
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Figure A-2. RSMBSN Link-Node Routing Diagram: 2016 Existing Condition Simulation 

Notes: 
 The RSM is a robust and complex regional scale model. Due to the scale of the model, 

it is frequently necessary to implement abstractions of system infrastructure and 
operations that will, in general, mimic the intent and result of the desired project 
features while not matching the exact mechanism by which these results would be 
obtained in the real world. Additionally, it is sometimes necessary to work within 
established paradigms and foundations within the model code (e.g. use available 
input-driven options to represent more complex project operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN 
model were provided from either the South Florida Water Management Model 
(SFWMM) or the RSM Glades-LECSA Model (RSMGL). The SFWMM was the source of 
the eastern boundary groundwater/surface water flows, while the RSMGL was the 
source of the southern boundary structural flows. 
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Interagency Modeling Center 

Regional Simulation Model Basins (RSMBN) 
Lake Okeechobee Watershed Project 

Future Without Project Baseline (FWOLOW) 
Table of Assumptions 

Feature 
Climate  The climatic period of record is from 1965 to 2005. 

 Rainfall estimates have been revised and updated for 1965-2005. 
 Revised evapotranspiration methods have been used for 1965- 

2005. 
Topography The Topography dataset for RSM was uses the following datasets: 

 South Florida Digital Elevation Model, USACE, 2004; 
 High Accuracy Elevation Data, US Geological Survey 2007; 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004; 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007; 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004; and 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 

Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 
consumptive use permit information as of 2/21/2012, as reflected 
in the LOSA Ledger produced by the Water Use Bureau. 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information. 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass. 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model and 
assumed permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Central Everglades (CEPP) optimized release guidance in order 

to improve selected performance within LOK, the northern 
estuaries and LOSA while meeting environmental targets in 
the Glades. 

o Lake Okeechobee can send flood releases south through the 
Miami Canal and North New River Canal to the A1/A2 FEB 
when the LOK stage is above the bottom of Low Lake 
Management Band and the FEB depth is below 2’ (EAA basin 
runoff used to limit conveyance capacity: 1,550 cfs for Miami 
Canal and 1,350 cfs for North New River Canal). 

o Lake Okeechobee can send flood releases south to help meet 
water-quality based flow targets at STA-3/4, STA-2N, and 
STA-2S when the LOK stage is above the bottom of the 
Baseflow Zone (EAA basin runoff used to limit conveyance 
capacity: 1,550 cfs for Miami Canal and 1,350 cfs for North 
New River Canal). 
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Feature 
o Includes Lake Okeechobee regulatory releases to tide via 

L8/C51 canals. 
o Regulatory releases via S-77 can be diverted into C43 

Reservoir. C-43 priorities are as follows: 
o If C-43 has capacity available, it will capture basin runoff 
o If C-43 has capacity available, it will capture LOK flood 

control releases 
 Lake Okeechobee Water Shortage Management (LOWSM) Plan. 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized). 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 
o All pumps reduce to the above capacities when Lake 

Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake  Headwaters Revitalization schedule (in addition for stages up to 
Okeechobee 55.5 FT, the flows are ramped up to 11000 CFS) for Kissimmee 
Watershed Chain of Lakes using the UKISS model. 
Inflows  Kissimmee River Restoration complete. 

 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 
Inflows calculated from historical runoff estimates. 

Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model and assumed permitted land 

use as of February 2012. (see land use assumptions row) 
 Public water supply daily intake from the river is included in the 

analysis. 
 Maximum reservoir height of 41.7 ft NGVD with a 9,379-acre 

footprint in Western C43 basin with a 175,800 acre-feet effective 
storage. 

 Proposed reservoir meets estuary demands while C-43 basin 
supplemental demands for surface water irrigation are met by 
Lake Okeechobee. 

St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRS model 
and assumed permitted land use as of February 2012 (see land 
use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
lake stage is below 14.5 ft before being pumped into the C-44 
reservoir. 

 Basin demands include the Florida Power & Light reservoir at 
Indiantown. 

 Indian River Lagoon South Project features 
o As-built Ten-mile Creek Reservoir and STA: 2,368 acre- 

feet maximum storage capacity at 4 ft maximum operating 
depth on 658 acre effective footprint (2 ft maximum depth 
on STA); receives excess water from North Folk Basin; 
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Feature 
operations per TMC Preliminary Operating Plan (SFWMD, 
June 2015). 

o C-44 reservoir: 50,246 acre-feet storage capacity at 5.18 feet 
maximum depth on 12,125 acre (9,700 effective acres – 
80%) footprint; C44 reservoir releases water back to Lake 
Okeechobee when Lake stages are below the bottom of the 
Baseflow Zone. 

o C-23/C-24 reservoir: 92,094 acre-feet storage capacity at 
13.27 maximum depth on 8,675 acre (6,940 effective acres – 
80%) footprint; 

o C-23/C-24 STA: 3,852 acre-feet storage capacity at 1.5 
maximum depth on 3,323 acre (2,568 effective acres – 
80%) footprint; 

o All proposed reservoirs meet estuary demands. 
o IRL operations assumed are consistent with the March 2010 

St. Lucie River Water Reservation Rule update. 
 Excess C23 basin water not needed to meet estuary demands can 

be diverted to the C44 reservoir if capacity exists. 
 C44 reservoir can release to C44 canal and backflow to Lake 

Okeechobee when the lake is below the Baseflow zone. 
o The C-44 excess basin runoff can be pumped to C44 

Reservoir when: 
 LOK stage is above 14.5’ or 
 LOK stage is less than or equal to 14.5’ and S308 is 

making Regulatory Releases. 
o The C-44 Reservoir water can be discharged to: 

 a) estuary (to meet estuary target), 
 b) water supply to the C44 basin when there is a 

basin demand, 
 c) flood control to LOK (S308) and S80 (only under 

extreme C44 Reservoir high stage levels). 
Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method based on existing planted acreage. 
Reservation  The 2-in-10 demand set forth in the Seminole Compact Work plan 

equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM. 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved. 

 LOWSM applies to this agreement. 
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Feature 
Seminole Big  Big Cypress Reservation irrigation demands and runoff were 
Cypress estimated using the AFSIRS method based on existing planted 
Reservation acreage. 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM. 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM. 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved. 

 LOWSM applies to this agreement. 
Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. 

Everglades  STAs are simulated as single waterbodies 
Construction  STA-1E: 6,546 acres total area 
Project 
Stormwater 
Treatment Areas 

 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 

o 0.5 ft minimum depth below which supply from external 
sources is triggered; 

o 4 ft maximum depth above which inflows are discontinued; and 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
flood releases and available FEB storage. 

 A 29,617-acre Flow Equalization Basin (FEB) is located north of 
STA-3/4 and Holeyland. The total footprint represents the original 
15,853-acre A-1 footprint plus the additional 13,764-acre A-2 
footprint operated as follows: 
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Feature 
o Assumed average topography of 9.63 ft NGVD. FEB inflows are 

from excess EAA basin runoff above the established inflow 
targets at STA-3/4, STA-2N, and STA-2S, and from LOK flood 
releases south; 

o FEB outflows are used to help meet established inflow targets at 
STA-3/4, STA-2N, and STA-2S if EAA basin runoff and LOK 
flood releases are not sufficient; 

o 0.5 ft minimum depth below which no releases are allowed; 
o 3.8 ft maximum depth above which inflows are discontinued; 
o No supplemental water supply provided to FEB; 
o Assumed inlet pump from STA-3/4 supply canal with capacity 

equal to combined capacity of G-372 and G-370 structures; and 
o Outflow weirs, with similar discharge characteristics as STA-3/4 

outlet structure, releasing into lower Miami and lower North 
New River canals. 

Holey Land  G200 inflow structure, total of 300 cfs, operated to send lower 
Wildlife Miami canal water into Holey Land. 
Management  G-372HL inflow structure for fire protection used for keeping the 
Area water table from going lower than half a foot below land surface 

elevation. 
 Operations are per the Holey Land Wildlife Management Area Draft 

Project Operations Manual (SFWMD, October 2015) 
Rotenberger 
Wildlife 
Management
Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA. (SFWMD, March 2010) 

Public Water 
Supply 
and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from Central Everglades RSMGL FWOLOW 
(simulated for CEPP in 2012). 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5N; G508 flows routed 
to STA5S; G406 flows routed to STA6. 

 C139 basin demand is met primarily by local groundwater. 
 C139 Annex flows routed to L28. 

Water Shortage  Reflects the existing water shortage policies as in South Florida 
Rules Water Management District Chapters 40E-21 and 40E-22, FAC, 

including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 

Notes: 
 The RSM is a robust and complex regional scale model. Due to the scale of the model, 

it is frequently necessary to implement abstractions of system infrastructure and 
operations that will, in general, mimic the intent and result of the desired project 
features while not matching the exact mechanism by which these results would be 
obtained in the real world. Additionally, it is sometimes necessary to work within 
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established paradigms and foundations within the model code (e.g. use available 
input-driven options to represent more complex project operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN 
model were provided from either the South Florida Water Management Model 
(SFWMM) or the RSM Glades-LECSA Model (RSMGL). The SFWMM was the source of 
the eastern boundary groundwater/surface water flows, while the RSMGL was the 
source of the southern boundary structural flows. 

Water-Body Components: 
Miami Water-Body = S3 + S8 + A-2WW 
NNR/HILLS Water-Body = S2 + S6 + S7 + New Hope South 
WPB Water-Body = S-5A 
FEB = A-2W + A-2E + A-1 

Figure A-3. RSMBSN Basin Definition within the EAA for LOWRP FWOLOWP 
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Figure A-4. RSMBSN Link-Node Routing Diagram for LOWRP FWOLOWP 

95 



 

 

 

 

 
 

 
 

 

  
 

 
 

 
 

MSR 5485  LOWRP – Baseline Runs; Model Documentation Report 

Appendix B – LORS08 and FWOLOW Operations Schedule 

Variations of the LORS08 schedule are used for operation of Lake Okeechobee in all LOWRP 
baselines. Figure B-1 shows the LORS08 (ECBLOW) and CEPP ALT4R2 (FWOLOW) schedule. 
Figures B-2 and B-3 show the pulse releases from Lake Okeechobee into the Caloosahatchee 
and St. Lucie Estuary, respectively. 

Figure B-1. LORS08 operations schedule with ALT4R2 operations schedule used in 
FWOLOW. 

Figure B-2. Pulse releases (as a function of lake level) from Lake Okeechobee into 
Caloosahatchee Estuary in cubic feet per second (cfs). 
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Figure B-3. Pulse releases (as a function of lake level) from Lake Okeechobee into St. Lucie 
Estuary in cubic feet per second (cfs). 

Details of the model implementation of the schedule can be found in Figures B-4, B-5 and B-6. 
Figure B-4 lists the range of values used to classify the tributary hydrologic conditions. Figure
B-5 lists the range of values used to classify the net inflow seasonal outlook. Figure B-6 lists the 
range of values used to classify the net inflow multi-seasonal outlook. 
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Figure B-4. LORS08 Tributary Hydrologic Conditions Classifications 
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Figure B-5. LORS08 Seasonal Outlook Classifications 
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Figure B-6. LORS08 Multi-Seasonal Outlook Classifications 
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Appendix C. Lake Okeechobee Operational Schedule 

The Water Supply subteam requested the Water Supply / Environmental (WSE) scenario for 
comparison with the ECBLOW baseline scenarios. The Modeling subteam created a sensitivity 
scenario based on the ECBLOW scenario using a WSE schedule. The sensitivity run uses 
assumptions identical to the ECBLOW except for Lake Okeechobee operational guidelines and 
decision trees, shown in Figure C-1 and C-2. The performance measure output is shown in 
Figures C-3 and C-4. Based on a review of input parameters and output performance, the WSE 
sensitivity run provides an acceptable representation of WSE operations. 

Figure C-1. WSE operational guidelines for Lake Okeechobee Releases to the Water 
Conservation Areas. 
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Figure C-2. WSE operational guidelines for Lake Okeechobee Releases to Tidewater 
(Estuaries). 

102 



 

 

 

 

 
 

 

 

MSR 5485  LOWRP – Baseline Runs; Model Documentation Report 

Figure C-3. Comparison of Lake Okeechobee stage duration curve. 
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Figure C-4. Comparison of 8 worst years. 
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 Interagency Modeling Center 

Lake Okeechobee Watershed Restoration Project (LOWRP) 
Final Array of Alternatives Model Documentation Report
(Draft) 

IMC MSR 5485 April 27, 2018 

1.0 Overview 

Identification 

The Lake Okeechobee Watershed Restoration Project (LOWRP) is a planning effort undertaken 
by the United States Army Corps of Engineers (USACE) with the South Florida Water 
Management District (SFWMD) as local sponsor. Modeling support to the LOWRP effort was 
provided by a team comprised of modelers from the Modeling Section of the SFWMD. Modeling 
workflow and coordination were performed in a manner consistent with the procedures outlined 
in the Interagency Modeling Center (IMC) Modeling Services Request (MSR) 5485 and the 
LOWRP Modeling Strategy. 

Scope and Objectives 

Modeling support for LOWRP focused on working with the larger project planning team and other 
interested parties to formulate and test project features leading to the ultimate identification and 
refinement of a tentatively selected plan (TSP). Modeling products were developed at the 
appropriate level of detail to support feature screening and detailed representation of project 
features and to provide information to all necessary evaluations required for plan development 
and documentation in the Project Implementation Report (PIR). 

The LOWRP Modeling Strategy document describes the modeling process and tools utilized, the 
associated rationale of the selection process and the means by which the tools could expediently 
support the project workflow. The primary model support tools utilized in LOWRP project 
refinement are as follows: 

Screening Tools: 
 REservoir Sizing and OPerations Screening (RESOPS) 

Detailed Planning Models: 
 Regional Simulation Model Basins (RSMBN) 

From a modeling deliverable perspective, the entirety of the LOWRP modeling support can be 
summarized by reviewing the following two Model Documentation Reports (MDRs): 

1. LOWRP Baseline – Reviews the various non-LOWRP model representations (e.g., current 
and future without project conditions) used in various aspects of the project planning (IMC, 
2018a). 
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2. LOWRP Final Array of Alternatives – Reviews the two modeled ‘with LOWRP” project 
model representations examined during plan formulation and a proposed LOWRP 
Tentatively Selected Plan model representation simulation. (this document, IMC, 2018b) 

This Final Array of Alternatives MDR describes the assumptions, model implementation steps 
and observed outcomes associated with modeling representations of various future with-LOWRP 
project features model scenarios. It will describe the modeling performed over the course of the 
project support effort including screening work with the RESOPS model and multiple rounds of 
detailed modeling using the RSMBN (with emphasis on description of the culmination of the 
modeling effort as used in the LOWRP Final Array). These model runs were predominantly used 
to identify the final LOWRP project features carried forward into the proposed LOWRP TSP in 
support of plan formulation. This document will focus on the modeling details of all these 
scenarios. 

2.0 Basis 

Project Assumptions 

This Final Array of Alternatives MDR describes the assumptions, model implementation steps 
and observed outcomes associated with modeling the following scenarios: 

LOWRP Final Array of Alternatives - released 4/27/2018 
 LOWRP Alternative 1B Shallow (ALT1Bshw) 
 LOWRP Alternative 2CR (ALT2CR) 

LOWRP Proposed Tentatively Selected Plan - released 4/27/2018 
 Alternative 1B Wetland (ALT1BW) 

The LOWRP project team identified a series of reservoir and ASRs (Aquifer, Storage & Recovery) 
assumptions for each alternative as shown in Figures 2.1, 2.2 and 2.3. Based on project 
evaluation, the Alternative ALT1BW (Figure 2.3) was identified as the proposed Tentative 
Selective Plan run at the time of this MDR. More detailed figures and description of each of these 
three alternatives are included in Section 3. 
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Figure 2.1. Generalized view of reservoirs and ASRs modeled for Alternative ALT1Bshlw. 

Figure 2.2. Generalized view of reservoir and ASRs modeled for alternative 
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ALT2CR. 

Figure 2.3. Generalized view of reservoir and ASRs modeled for the Proposed Tentative 
Selected Plan Alternative ALT1BW. 

In addition to the reservoir and ASRs changes identified in Figures 2.1, 2.2 and 2.3, the project 
team also identified a series of performance objectives to help guide operational decision- 
making as follows: 

 Maintain or improve the weighted average of Lake Okeechobee Standard Score 
performance measures near baseline levels. Seek to improve Lake ecology scores. 

 Reduce frequency duration and severity of Lake Okeechobee-triggered high release 
events to the Northern Estuaries (Caloosahatchee & St Lucie). 

 Improve cutback percentages relative to the baseline conditions for the “8 worst years” of 
drought conditions, with emphasis on the most severe drought years. 

Detailed project assumption tables for all three Final Array scenarios (ALT1Bshlw, ALT2CR, and 
ALT1BW) are provided in Appendix A and key elements of model implementation are 
described in Section 3. 

Model Limitations and Intended Use of Results 

The primary modeling products of LOWRP were evaluated based on outputs from the Regional 
Simulation Model (RSM; SFWMD, 2005a and 2005b). The RSM is a robust and complex regional 
scale model. Due to the scale of the model, it is frequently necessary to implement abstractions 
of system infrastructure and operations that will, in general, mimic the intent and result of the 
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desired project features while not matching the exact mechanism by which these results would 
be obtained in the real world. Additionally, it is sometimes necessary to work within established 
paradigms and foundations within the model code (e.g., use available input-driven options to 
represent more complex project operations). 

The RSMBN (SFWMD, FDEP and FDACS, 2009a, 2009b), model was reviewed through the 
USACE validation process for engineering software, as part of the Central Everglades Planning 
Project (CEPP) project. The RSM was classified as “allowed for use” for south Florida applications 
in August 2012. 

3.0 Simulation 

Modeling Tools Used 

RSM version 3.1 was used to run the RSMBN model. 
Release date 11/10/2017, SVN Version #5207 
RESOPS v3.8 and v3.9 

Feature Screening & Sizing Analysis 

The LOWRP project team performed extensive screening-level modeling using RESOPS in late 
2016 to identify feasible features (reservoirs, aquifer storage & recovery and deep injection 
wells) and sizes that could meet project objectives of improving Lake Okeechobee, L.O. 
watershed (e.g. wetland restoration) and Northern Estuary conditions. 

The LOWRP RESOPS screening alternatives began with the FWOLOW and added varying 
combinations of reservoir sizes and numbers of ASR wells. The reservoir sizing and number of 
ASR wells used in the RESOPS alternative simulations are detailed in Table 1. Each ASR has a 
capacity of 5 MGD (7.74 cfs). 

Table 1. Matrix of RESOPS alternatives. 
Reservoir Size (k-ac-ft) Number of ASR Wells 

50 0 20 40 60 80 

100 0 20 40 60 80 

150 0 20 40 60 80 

200 0 20 40 60 80 

250 0 20 40 60 80 

300 0 20 40 60 80 

350 0 20 40 60 80 

RESOPS Model results are shown in Figures 2.4 thru 2.6. Figures 2.4 and 2.5 illustrate 
that increased storage reduces the number of months of high release exceedances to the 
St. Lucie and Caloosahatchee estuaries, respectively. In Figure 2.6, the ASR improved the 
standard score. 
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Figure 2.4. Representation of St. Lucie Estuary high release exceedances. 
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Figure 2.5. Representation of Caloosahatchee Estuary high release exceedances. 
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Figure 2.6. Representation of Lake Okeechobee stage standard scores. 

RSM Model Set Up 

Utilizing screening results from RESOPS and multiple rounds of detailed RSMBN modeling, the 
LOWRP project team identified a series of reservoir and ASRs for each RSMBN alternatives 
There were a total of four rounds of RSMBN modeling performed, Table 2 shows reservoir sizes 
and number of ASR (Table 2) for each of the alternatives performed in all rounds of modeling 
prior to the final array (round 4). RSMBN round 1 modeling included alternatives: ALT1, ALT2 
and ALT3 (Figure 2.7). RSMBN round 2 included alternatives: ALT1B, ALT2A, ALT2B and 
ALT2C (Figure 2.8). RSMBN round 3 included alternatives: ALT1Br (Figure 2.9) and ALTCr 
(Figure 2.2). 

Table 2. Matrix of RSMBN alternatives by Number of Modeling Rounds. 
Model 
Round Alternative Reservoir Configuration 

Reservoir 
Storage (k‐ac‐ft) 

Reservoir 
Depth (ft) Total ASR 

1 ALT1 K05 only 258 15 110 

1 ALT2 K05 + K42 408 15 110 

1 ALT3 K42 + I01 254 15 112 

2 ALT1B Revised K05 north and south 190 15 80 

2 ALT2A Revised K05 north and south+ K42 361 15 110 

2 ALT2B Revised K05 north + K42 276 15 70 

2 ALT2C K‐42 171 15 50 

3 ALT1Br K05 optimized footprint 198 15 80 

3 ALT2Cr K‐42 196 15 65 

Page 8 of 57 



  
 

 

 

 
 

 
 
 

MSR 5485 LOWRP – Final Array of Alternatives; Model Documentation Report 

Figure 2.7. LOWRP Round 1 Alternatives. 
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Figure 2.8. LOWRP Round 2 Alternatives. 
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Figure 2.9 LOWRP Round 3 Alternative. 

Final Array RSMBN Model Set Up 

The LOWRP final array of alternatives was developed using the RSMBN models. Collectively the 
model covers the spatial extent of the project planning area as shown in Figure 3.1. The RSMBN 
modeling for the final array was built upon the LOWRP FWOLOW baseline representation. The 
three RSMBN scenarios were defined as Alternatives ALT1Bshlw, ALT2CR and ALT1BW. The 
period of simulation utilizes a climate record from 1965 to 2005. 

Figure 3.1. Area of interest within RSMBN LOWRP Modeling Approach 

This section will focus on the project plan formulation alternatives and assumed model 
implementation changes relative to the LOWRP FWOLOW project baseline (SFWMD and IMC, 
2018a). The RSMBN modeling review will describe the changes applicable to all four defined 
LOWRP alternatives as well as changes specific to each alternative. 

Page 11 of 57 



  
 

 

 

 

 
 
 

  

 
 

 

 
 

 
 

 
 

 

  
 

 

 

 

 

 

MSR 5485 LOWRP – Final Array of Alternatives; Model Documentation Report 

RSMBN Alternative Scenarios 

For modeling purposes, three alternatives were considered north of Lake Okeechobee, using 
RSMBN (see Figures 2.1, 2.2 and 2.3 for approximate component locations). It is important to 
note that given the regional scale of the RSM, these alternatives could represent several different 
engineering realizations of the local reservoir / ASR features. The alternative scenarios assume 
the following: 

Alternative 1B Shallow (ALT1Bshlw) Scenario 

The LOWRP reservoir (Figure 2.1) as modeled is a 65,000 ac-ft storage reservoir located on 
13,254-acre footprint (K05 Revised) and has a maximum depth for inflow of five feet (direct rainfall 
on the footprint can result in higher simulated depths) with 80 ASR Wells at 5 MGD each, located 
north of Lake Okeechobee. All depth references in this document represent a spatial average 
over the entire reservoir footprint. Assumed operations as follows: 

 Lake Okeechobee (LOK) can release to K05 Revised Reservoir when Lake 
Okeechobee stage > “LOK Stage for Reservoir Diversion Schedule” (see Appendix B). 

 The K05 Revised Reservoir can release to Lake Okeechobee when Lake Okeechobee 
stage < “LOK Stage for Reservoir Recovery Schedule” (see Appendix B). 

 The K05 Revised Reservoir can release to Reservoir Assisted ASR (both 70% and 30% 
efficiency ASR) when reservoir stage > 5.0 ft. 

 The Reservoir Assisted ASR (both 70% and 30% efficiency ASR) can release to K05 
Revised Reservoir when Reservoir stage < 0.5 ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 % efficiency ASR) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (70% efficiency) Diversion 
Schedule” (see Appendix B). 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) can release to Lake 
Okeechobee when Lake Okeechobee stage < “LOK Stage for Recovery of LOK Assisted 
ASRs (70% and 30% efficiency) Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 % efficiency) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (30% efficiency) Diversion 
Schedule” (see Appendix B). 

 Inflows are discontinued to the K05 Reservoir when reservoir stage reaches 5.0 feet 
maximum depth. 

Of the 80 ASR Wells, 25 ASR Wells are connected to the Reservoir, 15 of which are at 70% 
recovery efficiency and 10 of which are at 30% recovery efficiency (Figure 3.3). It has 55 ASR 
Wells connected to Lake Okeechobee, 35 of which are at 70% recovery efficiency and 20 of which 
at 30% recovery efficiency (Figure 3.3). 
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K05 Revised Reservoir and ASRs 

• Location: Indian Prairie/Istokpoga Sub-watershed (see Figure 2.1) 
• Effective area: 13,254 Acres 
• Maximum depth for Inflow: 5.0 ft 
• Inlet: capacity: 116 cfs pump, source:  15 ASR Wells from UFA (Upper Floridan Aquifer) 
• Inlet:capacity: 77.4 cfs pump,source:10 ASR Wells from APPZ(Avon Park Permeable Zone) 
• Inlet: capacity: 1,500 cfs pump, source: Lake Okeechobee. 
• Outlet: capacity: 116 cfs pump, destination: 15 ASR Wells to UFA (70% efficiency). 
• Outlet: capacity: 77.4 cfs pump, destination: 10 ASR Wells to APPZ (30% efficiency). 
• Outlet: capacity: 1500 cfs pump, destination: Lake Okeechobee. 
• No seepage losses assumed in the model (assumes seepage return features). 

Lake Okeechobee ASRs 
 Inlet: 270.8 cfs capacity, pump, source: Lake Okeechobee, 35 ASR Wells to UFA (70% 

efficiency) 
 Inlet: 154.7 cfs capacity, pump, source: Lake Okeechobee, 20 ASR Wells (30%) to APPZ 

(30% efficiency) 
 Outlet: 270.8 cfs capacity, pump, destination: Lake Okeechobee, 35 ASR Wells from UFA 
 Outlet: 154.7 cfs capacity, pump, destination: Lake Okeechobee, 20 ASR Wells from APPZ 

Note: Regional ASR siting is not yet determined. 
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Figure 3.3. Alternative ALT1Bshlw. 
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Alternative ALT2CR Scenario 
The LOWRP reservoir as modeled is a 195,000 ac-ft storage reservoir located on 13,293 acre 
footprint (K42 Revised) and has a maximum depth for inflow of fifteen feet (direct rainfall on the 
footprint can result in higher simulated depths) with 65 ASR Wells at 5 MGD each, (See Figure
2.2) located north of Lake Okeechobee. All depth references in this document represent a spatial 
average over the entire reservoir footprint. Assumed operations as follows: 

 Lake Okeechobee (LOK) can release to K42 Revised Reservoir when Lake 
Okeechobee stage > “LOK Stage for Reservoir Diversion Schedule” (see Appendix B). 

 The K42 Revised Reservoir can release to Lake Okeechobee when Lake Okeechobee 
stage < “LOK Stage for Reservoir Recovery Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK ASRs (70 % efficiency) when Lake Okeechobee 
stage > “LOK Stage for LOK Assisted ASR (70% efficiency) Diversion Schedule” (see 
Appendix B). 

 LOK ASRs (70% and 30% efficiency) can release to Lake Okeechobee when Lake 
Okeechobee stage < “LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% 
efficiency) Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 % efficiency) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (30% efficiency) Diversion 
Schedule” (see Appendix B). 

 Inflows are discontinued to the K42 Reservoir when reservoir stage reaches 15.0 feet 
maximum depth. 

Of the 65 ASR Wells, all 65 ASR Wells are connected to Lake Okeechobee, 45 of which are at 
70% recovery efficiency and 20 of which are at 30% recovery efficiency (Figure 3.6). 

K42 Reservoir 

• Location: Indian Prairie/Istokpoga Sub-watershed (see Figure 2.2) 
• Effective area: 13,293 Acres 
• Maximum depth for Inflow: 15 ft 
• Inlet: capacity: 1,500 cfs pump, source: Lake Okeechobee. 
• Outlet: capacity: 1500 cfs pump, destination: Lake Okeechobee. 
• No seepage loss assumed 

Lake Okeechobee ASRs 

• Inlet: 348.1 cfs capacity, pump, source: Lake Okeechobee, 45 ASR Wells to UFA (70% 
efficiency) 

• Inlet: 154.7 cfs capacity, pump, source: Lake Okeechobee, 20 ASR Wells (30%) to APPZ 
(30% efficiency) 

• Outlet: 348.1 cfs capacity, pump, destination: Lake Okeechobee, 35 ASR Wells from UFA 
• Outlet:154.7 cfs capacity, pump, destination: Lake Okeechobee, 20 ASR Wells from APPZ 

Note: Regional ASR siting is not yet determined. 
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Figure 3.6. Alternative ALT2CR. 
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ALT1BW Scenario 
The LOWRP reservoir as modeled is a 48,704 ac-ft storage reservoir located on 12,176 acre 
footprint (K05 Revised) and has a maximum depth for inflow of four feet (direct rainfall on the 
footprint can result in higher simulated depths) with 80 ASR Wells at 5 MGD each, (See Figure
3.8) located north of Lake Okeechobee. All depth references in this document represent a spatial 
average over the entire reservoir footprint. Assumed operations as follows: 

 Lake Okeechobee (LOK) can release to K05 Revised Reservoir when Lake 
Okeechobee stage > “LOK Stage for Reservoir Diversion Schedule” (See Appendix B). 

 The K05 Revised Reservoir can release to Lake Okeechobee when Lake Okeechobee 
stage < “LOK Stage for Reservoir Recovery Schedule” (See Appendix B). 

 The K05 Revised Reservoir can release to Reservoir Assisted ASRs (both 70% and 
30% efficiency ASRs) when reservoir stage > 3.0 ft. 

 The Reservoir Assisted ASRs (both 70% and 30% efficiency ASR) can release to K05 
Revised Reservoir when Reservoir stage < 0.5 ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 % efficiency ASR) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (70% efficiency) Diversion 
Schedule” (See Appendix B). 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) can release to Lake 
Okeechobee when Lake Okeechobee stage < “LOK Stage for Recovery of LOK Assisted 
ASRs (70% and 30% efficiency) Schedule” (See Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 % efficiency) when Lake 
Okeechobee stage > “LOK Stage for LOK Assisted ASR (30% efficiency) Diversion 
Schedule” (See Appendix B). 

 Inflows are discontinued to the K05 Reservoir when reservoir stage reaches 4.0 feet 
maximum depth. 

Of the 80 ASR Wells, 25 ASR Wells are connected to the Reservoir, 15 of which are at 70% 
recovery efficiency and 10 of which are at 30% recovery efficiency (see Figure 3.8). Alternative 
ALT1BW has 55 ASR Wells connected to Lake Okeechobee, 35 of which are at 70% recovery 
efficiency and 20 of which are at 30% recovery efficiency (see Figure 3.8). 

K05 Revised Reservoir 

• Location: Indian Prairie/Istokpoga Sub-watershed (see Figure 3.7) 
• Area: 12,176 Acres 
• Storage Capacity: 48,704 ac-ft 
• Maximum depth for Inflow: 4 ft 
• Inlet: 116 cfs capacity, pump, source: 15 ASR Wells from UFA 
• Inlet: 77.4 cfs capacity, pump, source:10 ASR Wells from APPZ 
• Inlet: 1,500 cfs capacity, pump, source: Lake Okeechobee 
• Outlet:116 cfs capacity, pump, destination:15 ASR Wells to UFA (70% efficiency) 
• Outlet: 77.4 cfs capacity, pump, destination: 10 ASR Wells to APPZ (30% efficiency) 
• Outlet: 1500 cfs capacity, pump, destination: Lake Okeechobee 
• No seepage losses assumed in the model (assumes seepage return features). 

Page 17 of 57 



  
 

 

 

 

 

 

 
 

 

 

 

 

  
  

 

 

  

 

MSR 5485 LOWRP – Final Array of Alternatives; Model Documentation Report 

Lake Okeechobee ASRs 

• Inlet: 270.8 cfs capacity, pump, source: Lake Okeechobee, 35 ASR Wells to UFA (70% 
efficiency) 

• Inlet: 154.7 cfs capacity, pump, source: Lake Okeechobee, 20 ASR Wells (30%) to APPZ 
(30% efficiency) 

• Outlet: 270.8 cfs capacity, pump, destination: Lake Okeechobee, 35 ASR Wells from UFA 
• Outlet: 154.7 cfs capacity, pump, destination: Lake Okeechobee, 20 ASR Wells from 

APPZ 

Note: Regional ASR siting is not yet determined. 

Lake Okeechobee Operations With New Infrastructure 

Infrastructure supporting Lake Okeechobee can be operated in many ways. When new 
infrastructure is added, it should be operated in a manner that achieves project goals of 
minimizing high releases to the northern Estuaries, improving Lake Okeechobee water levels 
and reducing water supply cutbacks. Additionally, it is important that  operations associated 
with the Lake Okeechobee Regulation Schedule be refined to allow for  efficient  use of 
storage as originally envisioned in CERP component F. Traditionally,  the operating 
parameters for proposed management measures and the Lake regulation schedule have been 
adjusted by a trial-and-error process to tune the output of key performance metrics as best as 
possible within time allowed. For LOWRP, a structured methodology was developed to 
accomplish this difficult task using a framework based on Latin Hypercube Sampling (see 
Appendix D for details). This method was applied to each round of modeling with RSMBN and 
derived a unique set of operations for each alternative, most aligned with the capabilities  of 
that alternative’s assumed infrastructure. Outcomes of this optimization process for the 
ALT1BW TSP are shown in detail in Appendices B and C. 
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Figure 3.8. Alternative ALT1BW. 
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4.0 Results 

Due to the large size of many of the LOWRP modeling files, final LOWRP modeling products and 
the majority of the modeling output has been archived in the Data Access Storage and Retrieval 
(DASR) application of CERPzone at www.cerpzone.org. LOWRP modeling products in DASR can 
be accessed within the project modeling folder: 

P:\IMC_Final_Modeling_Results\PROJ01 – Lake Okeechobee Watershed\SMART – Restart\ 

Final LOWRP modeling products will be uploaded to the Statewide Model Management System 
(SMMS) once the project has been finalized. SMMS is a geographic information system (GIS) 
based application that includes model input data, select model output data, source 
code/executable files and documentation. LOWRP Project modeling products in SMMS will be 
available at the project page: 

http://apps.sfwmd.gov/smmsviewer/ProjectReport.aspx?projectID=TBD 

While the modeling products have been archived in the above system, the table below lists more 
specific information including model version, inputs used and detailed output archival location. 
Version numbers and “svnroot” paths refer to a model version control system found on the 
SFWMD network that is not generally accessible, but inputs, model executables and source code 
have been copied into the SMMS system for ease of access. 

Version information and model file locations 

RSMBN 1Bshlw RSM_REL_2.3.5R and xml_v12775 
Input: … http://dcluster2/viewvc/svnroot/trunk/rsm_imp/lowp/alternatives/round4/01_alt1bshlw/input/ 
Output (NAS): 
\\ad.sfwmd.gov\dfsroot\data\hesm_nas\projects\LOWP\Models\RSMBN\lowp\alternatives\round4\01_alt1bshlw\out 
put_011918_rsm5046_svn12775 
RSMBN ALT2CR RSM_REL_2.3.5R and xml_v12306 
Input: … http://dcluster2/viewvc/svnroot/trunk/rsm_imp/lowp/alternatives/round2/alt2c2r/input/ 
Output (NAS): 
\\ad.sfwmd.gov\dfsroot\data\hesm_nas\projects\LOWP\Models\RSMBN\lowp\alternatives\round2\alt2c2r\output_sv 
n12306_rsm5046 
RSMBN ALT1BW RSM_REL_2.3.5R and xml_v13294 
Input: … http://dcluster2/viewvc/svnroot/trunk/rsm_imp/lowp/alternatives/round4/alt1bw/input/ 
Output (NAS): 
\\ad.sfwmd.gov\dfsroot\data\hesm_nas\projects\LOWP\Models\RSMBN\lowp\alternatives\round4\alt1bw\output_sv 
n13294_rsm5046 
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Review of Local and Regional-Level Results 

The RSMBN alternative modeling scenarios were reviewed from the perspective of ensuring 
that localized effects of project implementations were observed as expected and that regional 
performance was considered reasonable. Specific checks on RSM outputs included the 
following: 

 The RSMBN alternative scenarios generally maintain or improve Lake Okeechobee 
performance relative to FWOLOW as shown in Figure 4.1 and Table 4.1. 

 LOWRP ALTs: ALT1Bshlw, ALT1BW and ALT2CR reduce or maintain the number of 
high release events to northern estuaries relative to the baselines as shown in Figure
4.2 (a) and (b). It can also be observed that low flow event frequency is maintained in 
the Caloosahatchee Estuary and St. Lucie Estuary. 

 LOWRP ALTs ALT1Bshlw, ALT1BW and ALT2CR scenarios generally show improved 
performance for LOSA and Tribal water supply relative to FWOLOW as shown in Figure 
4.3 to 4.5. 

Figure 4.1. Lake Okeechobee performance for ALT1Bshlw, ALT1BW and ALT2CR relative to 
the ECBLOW and FWOLOW baselines. 
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Table 4.1. Lake Okeechobee Standard Score Performance Measure 
ECBLOW FWOLOW ALT1Bshlw ALT1BW ALT2CR 

Low Lake (LO1) 86.67 86.62 93.01 93.01 94.15 
High Lake (LO2 99.11 97.78 92.68 93.35 95.12 
Score Below Env (LO3) 39.82 47.85 58.61 58.09 62.10 
Score Above Env (LO3) 75.63 71.73 74.22 73.99 75.01 
Weighted Average: 85.55 86.09 86.59 86.84 88.56 

Figure 4.2 (a) and (b). High release events to northern estuaries (a) St. Lucie Estuary and (b) 
Caloosahatchee Estuary relative to the baselines for the ALT1Bshlw, ALT1BW and ALT2CR 
Alternatives 
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Figure 4.3. Water shortage cutbacks for water years with large cutback 
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Figure 4.4. Average annual water shortage cutbacks for the Seminole Brighton Reservation 
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Figure 4.5. Average annual water shortage cutbacks for the Seminole Big Cypress 
Reservation 

In summary, the three delivered alternative runs provided to the LOWRP project team are 
deemed to adequately represent the intended planning conditions and when utilized in 
conjunction with proposed LOWRP project baselines, provide a reasonable basis of comparison 
for the necessary evaluations required to draft the PACR. 
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Appendix A – Tables of Assumptions 
Interagency Modeling Center

Regional Simulation Model Basins (RSMBN)
Lake Okeechobee Watershed Project (LOWRP)

Final Array Modeling (1Bshlw, ALT1BW & ALT2CR)
Table of Assumptions 

Feature 
Climate  The climatic period of record is from 1965 to 2005. 

 Rainfall estimates have been revised and updated for 1965-2005. 
 Revised evapotranspiration methods have been used for 1965- 

2005. 
Topography The Topography dataset for RSM was uses the following datasets: 

 South Florida Digital Elevation Model, USACE, 2004; 
 High Accuracy Elevation Data, US Geological Survey 2007; 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004; 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007; 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004; and 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 

Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 
consumptive use permit information as of 2/21/2012, as reflected 
in the LOSA Ledger produced by the Water Use Bureau. 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information. 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass. 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model and 
assumed permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Central Everglades (CEPP) optimized release guidance in order 

to improve selected performance within LOK, the northern 
estuaries and LOSA while meeting environmental targets in 
the Glades. 

o Lake Okeechobee can send flood releases south through the 
Miami Canal and North New River Canal to the A1/A2 FEB 
when the LOK stage is above the bottom of Low Lake 
Management Band and the FEB depth is below 2’ (EAA basin 
runoff used to limit conveyance capacity: 1,550 cfs for Miami 
Canal and 1,350 cfs for North New River Canal). 

o Lake Okeechobee can send flood releases south to help meet 
water-quality based flow targets at STA-3/4, STA-2N, and 
STA-2S when the LOK stage is above the bottom of the 
Baseflow Zone (EAA basin runoff used to limit conveyance 
capacity: 1,550 cfs for Miami Canal and 1,350 cfs for North 
New River Canal). 

o Includes Lake Okeechobee regulatory releases to tide via 
L8/C51 canals. 
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Feature 
o Regulatory releases via S-77 can be diverted into C43 

Reservoir. C-43 priorities are as follows: 
o If C-43 has capacity available, it will capture basin runoff 
o If C-43 has capacity available, it will capture LOK flood 

control releases 
 Lake Okeechobee Water Shortage Management (LOWSM) Plan. 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized). 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 
o All pumps reduce to the above capacities when Lake 

Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake  Headwaters Revitalization schedule (in addition for stages up to 
Okeechobee 55.5 FT, the flows are ramped up to 11000 CFS) for Kissimmee 
Watershed Chain of Lakes using the UKISS model. 
Inflows  Kissimmee River Restoration complete. 

 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 
Inflows calculated from historical runoff estimates. 

 For ALT1Bshlw scenario only: A 65,000 storage reservoir located 
on 13,254 acre effective footprint (K05 Revised) with 80 ASR Wells 
at 5 MGD each located north of Lake Okeechobee and assumed 
operations as follows: 

 Lake Okeechobee (LOK) can release to K05 Revised Reservoir 
when Lake Okeechobee stage > “LOK Stage for Reservoir Diversion 
Schedule” (see Appendix B). 

 The K05 Revised Reservoir can release to Lake Okeechobee when 
Lake Okeechobee stage < “LOK Stage for Reservoir Recovery 
Schedule” (see Appendix B). 

 The K05 Revised Reservoir can release to Reservoir Assisted ASR 
(both 70% and 30% efficiency ASR) when reservoir stage > 5.0 ft. 

 The Reservoir Assisted ASR (both 70% and 30% efficiency ASR) 
can release to K05 Revised Reservoir when Reservoir stage < 0.5 
ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 %efficiency 
ASR) when Lake Okeechobee stage > “LOK Stage for LOK Assisted 
ASR (70% efficiency) Diversion Schedule” (see Appendix B). 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) 
can release to Lake Okeechobee when Lake Okeechobee stage < 
“LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% 
efficiency) Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 %efficiency) 
when Lake Okeechobee stage > “LOK Stage for LOK Assisted ASR 
(30% efficiency) Diversion Schedule” (see Appendix B). 
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Feature 
 Inflows are discontinued to the K05 Reservoir when reservoir stage 

reaches 5.0 feet maximum depth. 
 o For ALT1BW only: A 48,704 ac-ft storage reservoir located on 

12,176 acre effective footprint (K05 Revised) with 80 ASR Wells at 
5 MGD each located north of Lake Okeechobee and assumed 
operations as follows: 

 The K05 Revised Reservoir can release to Reservoir Assisted ASRs 
(both 70% and 30% efficiency ASRs) when reservoir stage > 3.0 ft. 

 The Reservoir Assisted ASRs (both 70% and 30% efficiency ASR) 
can release to K05 Revised Reservoir when Reservoir stage < 0.5 
ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70 %efficiency 
ASR) when Lake Okeechobee stage > “LOK Stage for LOK Assisted 
ASR (70% efficiency) Diversion Schedule” (See Appendix B). Lake 
Okeechobee (LOK) can release to K05 Revised Reservoir when Lake 
Okeechobee stage > “LOK Stage for Reservoir Diversion 
Schedule” (See Appendix B). 

 The K05 Revised Reservoir can release to Lake Okeechobee when 
Lake Okeechobee stage < “LOK Stage for Reservoir Recovery 
Schedule” (See Appendix B). 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) 
can release to Lake Okeechobee when Lake Okeechobee stage < 
“LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% 
efficiency) Schedule” (See Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 %efficiency) 
when Lake Okeechobee stage > “LOK Stage for LOK Assisted ASR 
(30% efficiency) Diversion Schedule” (See Appendix B). 

 Inflows are discontinued to the K05 Reservoir when reservoir stage 
reaches 4.0 feet maximum depth. 

 For ALT2CR only: A 195,000 ac-ft storage reservoir located on 
13,293 acre effective footprint (K42) with 65 ASR Wells at 5 MGD 
each located north of Lake Okeechobee and assumed operations as 
follows: 
 Lake Okeechobee (LOK) can release to K42 Revised Reservoir 

when Lake Okeechobee stage > “LOK Stage for Reservoir 
Diversion Schedule” (see Appendix B). 

 The K42 Revised Reservoir can release to Lake Okeechobee 
when Lake Okeechobee stage < “LOK Stage for Reservoir 
Recovery Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK ASRs (70 % efficiency) when 
Lake Okeechobee stage > “LOK Stage for LOK Assisted ASR (70% 
efficiency) Diversion Schedule” (see Appendix B). 
 LOK ASRs (70% and 30% efficiency) can release to Lake 

Okeechobee when Lake Okeechobee stage < “LOK Stage for 
Recovery of LOK Assisted ASRs (70% and 30% efficiency) 
Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30 % 
efficiency) when Lake Okeechobee stage > “LOK Stage for LOK 
Assisted ASR (30% efficiency) Diversion Schedule” (see 
Appendix B). 
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Feature 
 Inflows are discontinued to the K42 Reservoir when reservoir 

stage reaches 15.0 feet maximum depth. 

Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model and assumed permitted land 

use as of February 2012. (see land use assumptions row) 
 Public water supply daily intake from the river is included in the 

analysis. 
 Maximum reservoir height of 41.7 ft NGVD with a 9,379-acre 

footprint in Western C43 basin with a 175,800 acre-feet effective 
storage. 

 Proposed reservoir meets estuary demands while C-43 basin 
supplemental demands for surface water irrigation are met by 
Lake Okeechobee. 

St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRS model 
and assumed permitted land use as of February 2012 (see land 
use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
lake stage is below 14.5 ft before being pumped into the C-44 
reservoir. 

 Basin demands include the Florida Power & Light reservoir at 
Indiantown. 

 Indian River Lagoon South Project features 
o As-built Ten-mile Creek Reservoir and STA: 2,368 acre-feet 

maximum storage capacity at 4 ft maximum operating depth 
on 658 acre effective footprint (2 ft maximum depth on STA); 
receives excess water from North Folk Basin; operations per 
TMC Preliminary Operating Plan (SFWMD, June 2015). 

o C-44 reservoir: 50,246 acre-feet storage capacity at 5.18 feet 
maximum depth on 12,125 acre footprint; C44 reservoir 
releases water back to Lake Okeechobee when Lake stages are 
below the bottom of the Baseflow Zone. 

o C-23/C-24 reservoir: 92,094 acre-feet storage capacity at 
13.27 maximum depth on 8,675 acre footprint; 

o C-23/C-24 STA: 3,852 acre-feet storage capacity at 1.5 
maximum depth on 2,568 acre footprint; 

o All proposed reservoirs meet estuary demands. 
o IRL operations assumed are consistent with the March 2010 

St. Lucie River Water Reservation Rule update. 
 Excess C23 basin water not needed to meet estuary demands can 

be diverted to the C44 reservoir if capacity exists. 
 C44 reservoir can release to C44 canal and backflow to Lake 

Okeechobee when the lake is below the Baseflow zone. 
o The C-44 excess basin runoff can be pumped to C44 

Reservoir when: 
 LOK stage is above 14.5’ or 
 LOK stage is less than or equal to 14.5’ and S308 is 

making Regulatory Releases. 
o The C-44 Reservoir water can be discharged to: 

 a) estuary (to meet estuary target), 
 b) water supply to the C44 basin when there is a 

basin demand, 
 c) flood control to LOK (S308) and S80 (only under 

extreme C44 Reservoir high stage levels). 

Page 32 of 57 



  
 

 

 
  

  
 

   

 
  

  
  
   

 

   

 
 

  
 

 
  
  
  

 

  
 

 
 

  
  
  
 

   
 

 

 

  
  
 

 
   
 

 
 

    

MSR 5485 LOWRP – Final Array of Alternatives; Model Documentation Report 

Feature 
Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method based on existing planted acreage. 
Reservation  The 2-in-10 demand set forth in the Seminole Compact Work plan 

equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM. 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved. 

 LOWSM applies to this agreement. 
Seminole Big  Big Cypress Reservation irrigation demands and runoff were 
Cypress estimated using the AFSIRS method based on existing planted 
Reservation acreage. 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM. 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM. 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved. 

 LOWSM applies to this agreement. 
Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. 

Everglades  STAs are simulated as single waterbodies 
Construction 
Project 
Stormwater 
Treatment Areas 

 STA-1E: 6,546 acres total area 
 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 

o 0.5 ft minimum depth below which supply from external 
sources is triggered; 

o 4 ft maximum depth above which inflows are discontinued; and 
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Feature 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
flood releases and available FEB storage. 

 A 29,617-acre Flow Equalization Basin (FEB) is located north of 
STA-3/4 and Holeyland. The total footprint represents the original 
15,853-acre A-1 footprint plus the additional 13,764-acre A-2 
footprint operated as follows: 
o Assumed average topography of 9.63 ft NGVD. FEB inflows are 

from excess EAA basin runoff above the established inflow 
targets at STA-3/4, STA-2N, and STA-2S, and from LOK flood 
releases south; 

o FEB outflows are used to help meet established inflow targets at 
STA-3/4, STA-2N, and STA-2S if EAA basin runoff and LOK 
flood releases are not sufficient; 

o 0.5 ft minimum depth below which no releases are allowed; 
o 3.8 ft maximum depth above which inflows are discontinued; 
o No supplemental water supply provided to FEB; 
o Assumed inlet pump from STA-3/4 supply canal with capacity 

equal to combined capacity of G-372 and G-370 structures; and 
o Outflow weirs, with similar discharge characteristics as STA-3/4 

outlet structure, releasing into lower Miami and lower North 
New River canals. 

Holey Land  G200 inflow structure, total of 300 cfs, operated to send lower 
Wildlife Miami canal water into Holey Land. 
Management  G-372HL inflow structure for fire protection used for keeping the 
Area water table from going lower than half a foot below land surface 

elevation. 
 Operations are per the Holey Land Wildlife Management Area Draft 

Project Operations Manual (SFWMD, October 2015) 
Rotenberger 
Wildlife 
Management 
Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA. (SFWMD, March 2010) 

Public Water 
Supply 
and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from Central Everglades RSMGL FWO 
(simulated for CEPP in 2012). 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5N; G508 flows routed 
to STA5S; G406 flows routed to STA6. 

 C139 basin demand is met primarily by local groundwater. 
 C139 Annex flows routed to L28. 

Water Shortage  Reflects the existing water shortage policies as in South Florida 
Rules Water Management District Chapters 40E-21 and 40E-22, FAC, 

including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 

Notes: 
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 The RSM is a robust and complex regional scale model. Due to the scale of the model, 
it is frequently necessary to implement abstractions of system infrastructure and 
operations that will, in general, mimic the intent and result of the desired project 
features while not matching the exact mechanism by which these results would be 
obtained in the real world. Additionally, it is sometimes necessary to work within 
established paradigms and foundations within the model code (e.g., use available 
input-driven options to represent more complex project operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN 
model were provided from either the South Florida Water Management Model 
(SFWMM) or the RSM Glades-LECSA Model (RSMGL). The SFWMM was the source of 
the eastern boundary groundwater/surface water flows, while the RSMGL was the 
source of the southern boundary structural flows. 

Fig. A-1 RSMBN Basin Definition within the EAA for LOWRP 

Water-Body Components: 
Miami Water-Body = S3 + S8 + A-2WW 
NNR/HILLS Water-Body = S2 + S6 + S7 + New Hope South 
WPB Water-Body = S-5A 
FEB = A-2W + A-2E + A-1 
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Fig. A-2. RSMBN Link-Node Routing Diagram for LOWRP 
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Appendix B – Lake Okeechobee Stage for Diversion & Recovery 

Alternative ALT1BW 

Lake Okeechobee Diversion and Recovery Schedules 
15.5 

15 

14.5 

14 

13.5 

13 

12.5 
1‐Jan 31‐Jan 2‐Mar 2‐Apr 2‐May 2‐Jun 2‐Jul 1‐Aug 1‐Sep 1‐Oct 1‐Nov 1‐Dec 31‐Dec 

Lake Diversion Reservoir Lake Recovery Reservoir Lake Diversion ASR 70% 

Lake Recovery ASRs Lake Diversion ASR 30% 

Figure B-1

LOK Stage for Reservoir Diversion (Inflow) Schedule (Feet) for ALT1BW 
14.79 
14.78 
14.51 
14.14 
13.75 
13.36 
13.05 
12.88 

12.9 

. Lake Okeechobee Stage for Diversion and Recovery for ALT1BW. 

01jan 
15jan 
14feb 
15mar 
15apr 
15may 
15jun 
15jul 
15aug 
15sep 13.14 
15oct 13.74 
15nov 14.32 
15dec 14.7 
31dec 14.79 
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LOK Stage for Reservoir Recovery (Outflow) Schedule (Feet)
01jan 14.4 
15jan 14.39 
14feb 14.23 
15mar 13.94 
15apr 13.55 
15may 13.16 
15jun 12.85 
15jul 12.68 
15aug 12.7 
15sep 12.89 
15oct 13.21 
15nov 13.6 
15dec 13.97 
31dec 14.13 

LOK Stage for LOK Assisted ASR (70% efficiency) Diversion (Inflow) Schedule 
(Feet) 

01jan 14.93 
15jan 14.88 
14feb 14.54 
15mar 14.21 
15apr 13.77 
15may 13.36 
15jun 13.05 
15jul 12.92 
15aug 12.98 
15sep 13.58 
15oct 14.23 
15nov 14.74 
15dec 14.93 
31dec 14.88 

LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% efficiency) 
Schedule (Feet) 

01jan 14.54 
15jan 14.52 
14feb 14.33 
15mar 14.01 
15apr 13.57 
15may 13.16 
15jun 12.85 
15jul 12.72 
15aug 12.78 
15sep 13.05 
15oct 13.42 
15nov 13.86 
15dec 14.22 
31dec 14.37 
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LOK Stage for LOK Assisted ASR (30% efficiency) Diversion (Inflow) Schedule 
(Feet) 
1-Jan 14.79 
15-Jan 14.78 
14-Feb 14.51 
15-Mar 14.14 
15-Apr 13.75 
15-May 13.36 
15-Jun 13.15 
15-Sep 14 
30-Sep 14.5 
30-Nov 14.5 
15-Dec 14.7 
31-Dec 14.79 
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Alternative ALT1Bshlw 

Figure B-2. Lake Okeechobee Stage for Diversion & Recovery for 1Bshlw 

Lake Okeechobee Stage for Diversion & Recovery for 1Bshlw 

01jan 14.65 
15jan 14.63 
14feb 14.37 
15mar 14.01 
15apr 13.59 
15may 13.2 
15jun 12.89 
15jul 12.75 
15aug 12.81 
15sep 13.06 
15oct 13.63 
15nov 14.19 
15dec 14.56 
31dec 14.64 
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LOK Stage for Reservoir Recovery (Outflow) Schedule (Feet) ALT1Bshlw 

01jan 14.32 
15jan 14.3 
14feb 14.12 
15mar 13.81 
15apr 13.39 
15may 13.0 
15jun 12.69 
15jul 12.55 
15aug 12.61 
15sep 12.85 
15oct 13.21 
15nov 13.63 
15dec 13.99 
31dec 14.14 

LOK Stage for LOK Assisted ASR (70% efficiency) Diversion (Inflow) Schedule 
(Feet) ALT1Bshlw 

01jan 14.6 
15jan 14.57 
14feb 14.31 
15mar 14.01 
15apr 13.59 
15may 13.2 
15jun 12.9 
15jul 12.79 
15aug 12.88 
15sep 13.23 
15oct 13.8 
15nov 14.31 
15dec 14.58 
31dec 14.6 
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LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% efficiency) 
Schedule (Feet) ALT1Bshlw 

01jan 14.32 
15jan 14.3 
14feb 14.11 
15mar 13.81 
15apr 13.39 
15may 13.0 
15jun 12.7 
15jul 12.59 
15aug 12.68 
15sep 12.95 
15oct 13.32 
15nov 13.74 
15dec 14.08 
31dec 14.21 

LOK Stage for LOK Assisted ASR (30% efficiency) Diversion (Inflow) Schedule 
ALT1Bshlw (Feet) 

1-Jan 14.65 
15-Jan 14.63 
14-Feb 14.37 
15-Mar 14.01 
15-Apr 13.59 
15-May 13.2 
15-Jun 13 
15-Sep 14 
30-Sep 14.5 
30-Nov 14.5 
15-Dec 14.56 
31-Dec 14.64 
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Alternative ALT2CR 

Figure B-3. Lake Okeechobee Stage for Diversion & Recovery for ALT2CR 

Lake Okeechobee Stage for Diversion & Recovery for ALT2CR 

01jan
15jan
14feb 

14.79 
14.76 
14.49 

15mar 14.08 
15apr 
15may
15jun
15jul
15aug
15sep
15oct 

13.69 
13.32 
13.02 
12.87 
12.9 

13.39 
13.94 

15nov 14.45 
15dec 14.74 
31dec 14.79 
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LOK Stage for Reservoir Recovery (Outflow) Schedule (Feet) ALT2CR 

01jan
15jan
14feb 

14.33 
14.32 
14.16 

15mar 13.88 
15apr 
15may
15jun
15jul
15aug
15sep
15oct 

13.49 
13.12 
12.82 
12.67 
12.69 
12.88 
13.19 

15nov 13.57 
15dec 13.92 
31dec 14.08 

LOK Stage for LOK Assisted ASR (70% efficiency) Diversion (Inflow) Schedule 
(Feet) ALT2CR 

01jan 14.67 
15jan 14.66 
14feb 14.5 
15mar 14.21 
15apr 13.81 
15may 13.41 
15jun 13.07 
15jul 12.89 
15aug 12.9 
15sep 13.18 
15oct 13.66 
15nov 14.14 
15dec 14.47 
31dec 14.56 
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LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% efficiency) 
Schedule (Feet) ALT2CR 

01jan
15jan
14feb 

14.47 
14.46 

14.3 
15mar 14.01 
15apr 
15may
15jun
15jul
15aug
15sep
15oct 

13.61 
13.21 
12.87 
12.69 

12.7 
12.88 

13.2 
15nov 13.61 
15dec 13.99 
31dec 14.17 

LOK Stage for LOK Assisted ASR (30% efficiency) Diversion (Inflow) Schedule 
ALT2CR (Feet) 

1-Jan 14.79 
15-Jan 14.76 
14-Feb 14.49 
15-Mar 14.08 
15-Apr 13.69 
15-May 13.32 
15-Jun 13.08 
15-Sep 14.00 
30-Sep 14.50 
30-Nov 14.56 
15-Dec 14.74 
31-Dec 14.79 
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Appendix C – LORS08 Operations Schedule and ALT1BW Schedule
Modifications as Modeled 

The LORS08 schedule used for operation of Lake Okeechobee in the CEPP baselines 
was modified as shown in Figure C.1. Figures C.2 and C.3 show the pulse releases 
from Lake Okeechobee into the Caloosahatchee and St. Lucie Estuary, respectively. 

Details of the ALT1BW model implementation of the schedule can be found in Figures
C.4, C.5 and C.6. Figure C.4 lists the range of values used to classify the net inflow 
seasonal outlook. Figure C.5 lists the range of values used to classify the net inflow 
multi-seasonal outlook. Figure C.6 lists the range of values used to classify the tributary 
hydrologic conditions. 
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Figure C.1. LORS08 operations schedule, with CEPP and ALT1BW final array modifications as modeled shown in Green 
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Figure C.2 
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Figure C.3 
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Figure C.4. LORS08 and ALT1BW modified Seasonal Outlook Classifications. 
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Figure C.5. LORS08 and ALT1BW modified Multi-Seasonal Outlook Classifications. 
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Figure C.6. LORS08 and ALT1BW modified Tributary Hydrologic Conditions Classifications. 
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Appendix D – Structured Method for optimizing Lake Okeechobee operations 

The purpose of this short summary is to describe the method used to determine the 
optimal operating parameters which produced the associated performance for the 
alternative plans that were simulated for the Lake Okeechobee Watershed Project 
(LOWRP) using the Regional Simulation Model – Basins (RSM-BN). 

Traditional water resources planning projects in south Florida have relied on regional 
water management models to simulate performance of existing water system 
components and alternative plans consisting of various structural and operational 
components  known as management measures. The RSM-BN has been used for the 
LOWRP. RSM-BN simulates the hydrology and water management of the current and 
proposed regional system in response to historical daily hydro meteorological inputs (e.g., 
rainfall and reference evapotranspiration) for the 41-year period 1965-2005. The model 
simulates inflows to, outflows from, and water levels within, lakes and existing or 
proposed features like reservoirs and/or ASR wells. The interconnected nature of the 
system is also simulated. Performance over the 41-year simulation is evaluated using 
established RECOVER and project performance measures. 

Current or proposed operating rule parameters are inputs to  the model. New 
infrastructure can be operated in many different ways. Furthermore, new operations are 
necessary when new infrastructure  are  added to a system. For example, Lake 
Okeechobee Regulation Schedule (2008 LORS) release criteria should be modified when 
new storage is added to the system to allow the new storage features to be utilized 
efficiently to avoid or minimize the impact of events where high releases to  the 
estuaries are triggered. 

Traditionally the operating parameters for proposed management measures have been 
adjusted by a trial-and-error process to tune the output of key performance metrics to be 
as good as possible. Past studies in the 1980s-1990s relied on limited computer 
capability and time to tune the operations for the alternative plans. However in recent 
years computational power has increased substantially, which has enabled more 
extensive and efficient testing of thousands of operating strategies. The method used to 
optimize operations for LOWRP alternative plans has produced encouraging results and 
is described herein. 

Operations Optimization Methodology 
As described above, specific operating criteria are necessary to optimize system-wide 
benefits from new reservoirs and ASR wells. For the LOWRP, the following methodology 
was used: 
1. Parameter Selection: About 30 operations parameters were selected which affect the Lake 
Okeechobee releases and the timing of diversions into, and retrievals from, new storage 
features. These parameters include release “up‐to” limits, classifications of tributary 
inflows, and seasonally‐variant operating lines that trigger diversions to new storage and 
subsequent retrievals back to the Lake (Figures D‐1 & D‐3). Parameter selection was based 
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on evaluation of a parameter sensitivity matrix that was developed from an initial set of 
several thousand simulations. 

2. Parameter Value Ranges: Constrained and Unconstrained Latin Hypercube Sampling (LHS) 
techniques were used to define up to 10,000 unique operational strategies for each 
alternative plan. Complete enumeration of all possible parameter value combinations is 
impractical and the LHS technique helped to narrow the number of simulations needed to 
locate optimal solutions. Constrained LHS achieves parameter values that 
preserve correlations and hierarchies with other parameter values. By using this 
technique, identification of nonsensical combinations of parameters (e.g. zero releases 
during “wet” conditions) are minimized. 

3. Selection of Performance Measures: Performance measures were selected which 
represented specific project objectives. These PM’s included: (1) Minimize Lake O – triggered 
high releases to the Caloosahatchee and St. Lucie Estuaries; (2) Minimize Lake O Service 
Area water shortages during the 8 worst droughts; (3) Maximize Lake O standard scores 
related to the Lake stage envelope and extreme highs and lows; and (4) Maximize sum of six 
ecological scores related to various important vegetation and fish species. 

4. Determine Alternative Optimal Solutions: Because there are competing performance 
objectives, there are solutions which are optimal for one objective but not for other 
objectives. A technique known as Pareto Sorting was used to determine the subset of the 
10,000 simulations that were Pareto Optimal. Pareto Optimal solutions, also known as non‐
dominated solutions, help to identify the trade‐offs between the performance objectives. For 
example, a reduction in Lake O – triggered high releases may worsen performance for high 
Lake stages. Such trade‐offs were evaluated and judgement applied to determine 
acceptable performance levels. 

5. Select Best Performing Solution and associated Operating Parameters: Minimum acceptable 
performance levels (MAPLs) were defined and used to filter the Pareto Optimal solutions 
down to a small subset of simulations that met the acceptable performance levels. These 
simulations usually had common operating assumptions, from which a single optimal solution 
was selected using priority screening for reduction in estuary release months. 
The complete process is shown visually as a flow chart in Figure D‐2. 

6. Final Comparison: A final RSM‐BN simulation was performed using the optimal operating 
parameters to generate a complete set of performance measure outputs for comparison with 
the other optimized alternative plans as part of the Project Development Team evaluations. 
This process was repeated for each round of alternative plan development and lead to 
choosing a Tentatively Selected Plan (TSP) for the LOWRP. 
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Example (Round 2, Alternative 2A) 
Following the methodology described above produced 12 out of 10,000 simulations that 
were both Pareto-efficient and met minimum performance set for all MAPL’s. Further 
examination of these 12 solutions revealed similar parameters and led to the selection 
of one ‘best’ simulation (#5443), which had the following characteristics: 

 Diversion and Recovery lines for the proposed new storage features (Figure D‐3). The 
desired Lake O stage envelope is also shown on Figure D‐3. The relatively narrow range 
of diversion/recovery operations for new storage provides necessary lead time 
seasonally to increase the time that Lake O stages are within the desirableenvelope. 

 The optimal LORS release limits (“up to” amounts) for the estuaries tend to be lower 
than the 2008 LORS release limits. This results in less aggressive releases to the 
estuaries and provides more opportunity for diversions to new storage features before 
making high releases to the estuaries. 

 Other Alt 2A LORS optimized parameter values demonstrated the tendency to delay 
estuary releases to allow diversion at lower capacities into new storage features. The 
Tributary Hydrologic Condition thresholds tended to higher values than the 2008 LORS. 
Similarly the thresholds for the seasonal Lake Okeechobee Net Inflow Outlooks tended 
to be higher. These higher parameters basically redefined the definitions of wet, 
normal, and dry conditions, thereby allowing more diversion into new reservoirs and 
ASR systems and delaying and/or reducing higher releases to the estuaries. 

 The performance improvement for this optimized Alt 2A relative to the Future Without 
Project simulation was: (1) for the Caloosahatchee Estuary about a 80% reduction in 
Lake O – triggered high releases; and (2) for the St. Lucie Estuary about a 52%reduction 
in Lake O – triggered high releases. 
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Figure D-1. Example LORS Release Guidance Parameters Modified for Optimizing 
Operations 

Figure D-2. Procedure for Finding the Best-performing Operations 
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Figure D-3. Example Outcome: Operational Triggers for LOWRP Storage Components 
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 Interagency Modeling Center 

Lake Okeechobee Watershed Restoration Project (LOWRP) 
Recommended Plan (ALT1BWR) Model Documentation
Report (Draft) 

IMC MSR 5485 February 28, 2019 

1.0 Overview 

Identification 

The Lake Okeechobee Watershed Restoration Project (LOWRP) is a planning effort undertaken 

   
 

  

 

 
 
 

 

 

 

 
 

 
 

 

 
 

  

 
 

 
 

 

 
 

 

by the United States Army Corps of Engineers (USACE) with the South Florida Water 
Management District (SFWMD) as local sponsor. Modeling support to the LOWRP effort was 
provided by a team comprised of modelers from the Modeling Section of the SFWMD. Modeling 
workflow and coordination were performed in a manner consistent with the procedures outlined 
in the Interagency Modeling Center (IMC) Modeling Services Request (MSR) 5485 and the 
LOWRP Modeling Strategy. 

Scope and Objectives 

Modeling support for LOWRP focused on working with the larger project planning team and other 
interested parties to formulate and test project features leading to the ultimate identification and 
refinement of a Recommended Plan (ALT1BWR). Modeling products were developed at the 
appropriate level of detail to support feature screening and detailed representation of project 
features and to provide information to all necessary evaluations required for plan development 
and documentation for the Project Implementation Report (PIR). 

The LOWRP Modeling Strategy document (IMC 2017a) describes the modeling process and tools 
utilized, the associated rationale of the selection process and the means by which the tools could 
expediently support the project workflow. The primary model support tools utilized in LOWRP 
project refinement are as follows: 

Screening Tools: 
 REservoir Sizing and OPerations Screening (RESOPS) (SFWMD 2009) 

o Approved by USACE Agency Technical Review (IMC 2017a) 

Detailed Planning Models: 
 Regional Simulation Model Basins (RSMBN) (IMC 2017a, SFWMD 2005a, SFWMD 

2005b, SFWMD 2010, SFWMD 2011, SFWMD 2018a-e) 

The Regional Simulation Model -Basins (RSM Basins or RSMBN) uses the same source code as 
the mesh-based Regional Simulation Model. The implementation is based on object-oriented 
concepts and principles. The object-oriented nature of the model not only describes the physical 
connectivity of the waterbodies but, likewise, describes the computational engine of RSMBN. This 
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feature allows new objects to be added without the need to significantly alter the previously coded 
modules and objects in the computer program. For example, adding the operation of a new 
reservoir would be simulated as adding a discrete “object” that is automatically assigned with the 
features and functions commonly defined for a reservoir in the water management system. 

From a modeling deliverable perspective, the entirety of the LOWRP modeling support can be 
summarized by reviewing the following three Model Documentation Reports (MDRs): 

1. LOWRP Baseline – Reviews the various non-LOWRP model representations (e.g., current 
and future without project conditions) used in various aspects of the project planning (IMC, 
2018a). 

2. LOWRP Final Array of Alternatives – Reviews the two modeled ‘with LOWRP” project 
model representations examined during plan formulation and a proposed LOWRP 
Tentatively Selected Plan model representation simulation. (IMC, 2018b) 

3. LOWRP Recommended Plan – Reviews the model representation of the optimized plan 
identified in the final steps of plan formulation and project assurance planning (this 
document, SFWMD, 2019). 

This Recommended plan MDR describes the assumptions, model implementation steps and 
observed outcomes associated with the initial representation and subsequent refinement of the 
LOWRP Recommended plan. These model runs were predominantly used by the LOWRP project 
team as the with-project plan representation compared back to various project baselines for 
various purposes. In addition, the LOWRP Recommended Plan (ALT1BWR) is intended to 
represent both the Tentatively Selected Plan (TSP) and Initial Operating Regime Baseline (IOR) 
as outlined in CERP’s Guidance Memorandum #1 Project Implementation Report (2007). This 
document will focus on the modeling details of this scenario. 

2.0 Basis 

Project Assumptions 

The Recommended Plan MDR describes the assumptions, model implementation steps and 
observed outcomes associated with modeling the following scenarios: 

LOWRP Recommended Plan - released 1/11/2019 
 LOWRP Alternative ALT1BWR (1BWR) Wetland Attenuation Feature (WAF) 

Based on project evaluation, Alternative ALT1BWR was identified as the Recommended Plan run 
at the time of this MDR. In addition, ALT1BWR represents a refined alternative from the Final 
Array (IMC, 2018b). It has greater engineering details and an updated footprint with three 
compartments. More detailed figures and descriptions of this alternative are included in Section 
3. 

In addition to the Wetland Attenuation Feature (WAF) and ASRs changes identified in Figures
3.2, the project team also identified a series of performance objectives to help guide operational 
decision-making as follows: 

 Maintain or improve the weighted average of Lake Okeechobee Standard Score 
performance measures near baseline levels. Seek to improve Lake ecology scores. 

 Reduce frequency duration and severity of Lake Okeechobee-triggered high release 
events to the Northern Estuaries (Caloosahatchee & St Lucie). 
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 Improve cutback percentages relative to the baseline conditions for the “8 worst years” of 
drought conditions, with emphasis on the most severe drought year 

Detailed project assumption tables for the Recommended Plan, ALT1BWR, is provided in 
Appendix A and key elements of model implementation are described in Section 3. 

Model Limitations and Intended Use of Results 

The primary modeling products of LOWRP were evaluated based on outputs from the Regional 
Simulation Model (RSM; SFWMD, 2005a and 2005b). The RSM is a robust and complex regional 
scale model. Due to the scale of the model, it is frequently necessary to implement abstractions 
of system infrastructure and operations that will, in general, mimic the intent and result of the 
desired project features while not matching the exact mechanism by which these results would 
be obtained in the real world. Additionally, it is sometimes necessary to work within established 
paradigms and foundations within the model code (e.g., use available input-driven options to 
represent more complex project operations). 

The RSMBN (SFWMD, FDEP and FDACS, 2009a, 2009b), model was reviewed through the 
USACE validation process for engineering software, as part of the Central Everglades Planning 
Project (CEPP) project. The RSM was classified as “allowed for use” for south Florida applications 
in August 2012. 

3.0 Simulation 

Modeling Tools Used 

RSM version 3.1 was used to run the RSMBN model. 
Release date 3/16/2017, SVN Version #5206 
RESOPS v3.8 and v3.9 

Model Set Up 

The LOWRP Recommended plan was developed using the RSMBN model. Collectively the model 
covers the spatial extent of the project planning area as shown in Figure 3.1. The RSMBN 
modeling for the Recommended Plan was built upon the LOWRP ALT1BW from the Final Array 
of Alternatives (IMC 2018b). The period of simulation utilizes a climate record from 1965 to 2005. 
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Figure 3.1. Area of interest within RSMBN LOWRP Modeling 

Page 4 of 45 



   
 

 

 
 

 
 
 

 
 

 
  

 

 

 

 

 

  

 
 
 

  
  

 
 

 
 

 

 
 

 
  

 

MSR 5485 LOWRP – Recommended Plan; Model Documentation Report 

The LOWRP Recommended Plan ALT1BWR (1BWR) scenario assumes the following (see 
Figure 3.2 and Figure 3.3 for approximate component locations): 

A 46,465 acre-feet WAF located on total area of 13,631 acres with 12,202 acre effective footprint 
located north of Lake Okeechobee with three compartments an assumed key operation as 
follows: 
North WAF 
• North WAF/ Compartment with an effective area of 1,972 acres, receives up to 1500 cfs 

pumped inflows from Lake Okeechobee when lake stage is at or above the “LOK Stage 
for WAF Diversion schedule” (see Appendix B). 

• 24.25 ft maximum depth above which inflows are discontinued. 
• 0.10 ft minimum depth above which outflows are discharged to the Central WAF 

Compartment thru a 48.0 ft weir. 

Central WAF 
• Central WAF Compartment with an effective area of 2,792 acres, receives inflows from 

the North WAF. 
• 22.25 ft maximum depth above which inflows are discontinued. 
• 0.10 ft minimum depth above which outflows are discharged to the South WAF 

Compartment thru a 48.0 ft weir. 

South WAF 
• South WAF Compartment with an effectives area of 7,438 acres, receives inflows from the 

Central WAF. 
• 21.25 ft maximum depth above which inflows are discontinued. 
• 0.10 ft minimum depth above which outflows are discharged to lake Okeechobee when 

Lake stages are below the “LOK Stage for WAF Recovery Schedule” (see Appendix B). 
• Has a total of 25 WAF Assisted Aquifer Storage and Recovery (ASR) wells. 

The LOWRP WAF (Figure 3.3), has 46,465 acre-feet modeled storage WAF located on a total 
area of 13,631 acres, which includes protective levee, seepage canal and access road. It has an 
effective modeled area of 12,202-acre footprint divided into three compartments (Figure 3.3) and 
has a maximum depth for inflow of five feet (direct rainfall on the footprint can result in higher 
simulated depths). It is important to note the radio tower located within the footprint could not be 
moved and the effective area has been reduced from 12,202 acres to 12,149 acres. Since this 
was resolved after the modeling was completed, this MDR and all performance measure graphics 
were developed using an effective area of 12,202 acres. 

It has 80 ASR Wells at 5 MGD each, located north of Lake Okeechobee, with 55 ASR supporting 
Lake Okeechobee and 25 ASR supporting the WAF. The ASR are grouped in “clusters” of multiple 
wells that penetrate the Upper Floridan Aquifer (UFA) and Avon Park Permeable zone (APPZ). 
The number of ASR in each cluster will be determined later during geotechnical investigations. 
All depth references in this document represent a spatial average over the entire WAF footprint. 

Assumed are operations as follows: The North compartment of the WAF is modeled as 4,909 ac- 
ft effective storage WAF on a 1,972 acre effective footprint. It receives inflow from Lake 
Okeechobee directly when Lake Okeechobee stage is at or above the “LOK Stage for WAF 
Diversion schedule” (see Appendix B) and the North WAF stages is below its full level of 24.25 
feet. The Central WAF compartment is modeled as 11,696 ac-ft effective storage WAF on 2,792 
acre effective footprint. It can receive water from the North WAF compartment when stages are 
below its full level of 22.25 feet. The North WAF compartment can release water to Central WAF 
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when stages are 0.10 feet above the North WAF ground levels and stages in the Central WAF 
are lower than those of the North WAF. The South WAF compartment is modeled as 29,860 ac-
ft effective storage WAF on 7,438 acre effective footprint. It can receive water from the Central 
WAF compartment when stages are below its full level of 21.25 feet. The Central WAF 
compartment can release water to South WAF when stages are 0.10 feet above the Central WAF 
ground levels and stages in the South WAF are lower than those of the Central WAF. The South 
WAF compartment can release water to Lake Okeechobee when stages are 0.10 feet above the 
South WAF ground levels and Lake Okeechobee stages are below the “LOK Stage for WAF 
Recovery Schedule” (see Appendix B). 

The model has 80 ASR wells where 25 are connected to the South WAF and 55 connected to 
Lake Okeechobee. For the ASR that support the WAF, there are 15 in the Upper Floridan Aquifer 
(UFA) that have a 70% recovery efficiency and 10 in the Avon Park Permeable Zone (APPZ) that 
have a 30% recovery efficiency (Figure 3.4). For ASR that support Lake Okeechobee, 35 are in 
the UFA with a 70% recovery efficiency and 20 in the APPZ with a 30% recovery efficiency 
(Figure 3.4). The ASR operations are detailed as follows: 

 Lake Okeechobee (LOK) can release to North WAF compartment when Lake 
Okeechobee stage > or equal to “LOK Stage for WAF Diversion Schedule” (see Appendix 
B). 

 The South WAF compartment can release to Lake Okeechobee when Lake 
Okeechobee stage < “LOK Stage for WAF Recovery Schedule” (see Appendix B). 

 The South WAF compartment can release to the 25 WAF Assisted ASRs (both 70% 
and 30% efficiency ASR) when WAF stage > or equal to 4.0 ft. 

 The 25 WAF Assisted ASR (both 70% and 30% efficiency ASR) can release to South 
WAF compartment when South WAF compartment stage < 0.5 ft. 

 Lake Okeechobee can release to 35 LOK Assisted ASR (70 % efficiency ASR) when 
Lake Okeechobee stage > or equal to “LOK Stage for LOK Assisted ASR (for 70% 
efficiency) Diversion Schedule” (see Appendix B). 

 The 55 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) can release to 
Lake Okeechobee when Lake Okeechobee stage < “LOK Stage for Recovery of LOK 
Assisted ASRs (70% and 30% efficiency) Schedule” (see Appendix B). 

 Lake Okeechobee can release to 10 LOK Assisted ASR (30 % efficiency) when Lake 
Okeechobee stage > or equal to “LOK Stage for LOK Assisted ASR (30% efficiency) 
Diversion Schedule” (see Appendix B). 

 Inflows are discontinued to the North, Central and South WAF compartments when 
stages reach 5.0 feet maximum depth. 
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WAF Compartments: NORTH, CENTRAL, SOUTH and WAF Assisted ASRs 

• Location: Indian Prairie/Istokpoga Sub-watershed (see Figure 3.2, 3.3 and 3.4) 
• Effective area: 12,202 Acres 
• Maximum depth for Inflow: 5.0 ft for North, Central and South WAF 
• No seepage losses assumed in the model (assumes seepage return features). 

Location Inlet Capacity Source Outlet 
Capacity 

Destination 

North WAF 1500 cfs Lake Okeechobee 2460 cfs Central WAF 
Central WAF 2460 cfs North WAF 2388 cfs South WAF 
South WAF 2388 cfs Central WAF 1847 cfs Lake Okeechobee 
South WAF 116 cfs South WAF 116 cfs UFA (capture via 15 ASR) 
South WAF 116 cfs UFA 116 cfs South WAF (recovery via 15 ASR) 
South WAF 77.4 cfs South WAF 77.4 cfs APPZ (capture via 10 ASR) 
South WAF 77.4 cfs APPZ (10 ASR) 77.4 cfs South WAF (recovery via 10 ASR) 

Lake Okeechobee Aquifer Storage and Recovery (ASR) 

Location Inlet Capacity Source Outlet 
Capacity 

Destination 

Lake 
Okeechobee 

270.8 cfs Lake Okeechobee 270.8 cfs UFA (capture via 35 ASR) 

Lake 
Okeechobee 

270.8 cfs UFA 270.8 cfs Lake Okeechobee (recovery via 
35 ASR) 

Lake 
Okeechobee 

154.7 cfs Lake Okeechobee 154.7 cfs APPZ (capture via 20 ASR) 

Lake 
Okeechobee 

154.7 cfs APPZ 154.7 cfs South WAF (recovery via 20 ASR) 

 Each ASR well has inflow/outflow capacity of 5 MGD (7.736143 cfs) 
 UFA has 70% efficiency 
 APPZ has 30% efficiency 

Note: Regional ASR siting as identified in Figures 3.2 and 3.3 is not considered in the modeling 
and that capacity is “lumped” as shown in Figure 3.4. 

In order to accommodate additional project detail in the WAF, a Dispersed Water Management 
(DWM) hub (SFWMD, 2016) was implemented in RSMBN for the ALT1BWR Recommended Plan. 
It has improved methods for routing water thru the three compartmentalized WAF and through 
multiple pumps and weirs mentioned above. (See figure 3.4 for the modeled schematic of these). 

Operational criteria for Storage (WAF and ASR) and Lake Okeechobee Regulatory releases were 
optimized to work with improved infrastructure contemplated by LORWP. 

Approximately 30 parameters affecting the Lake Okeechobee decision outcomes (e.g. “up-to” 
limits, classification of tributary conditions, etc.…) along with a variety of storage diversion and 
recovery lines were analyzed (Appendix D-1 and D-3). 

Constrained and unconstrained Latin Hypercube sampling techniques (see Appendix D) were 
used to explore up to 10,000 unique operational strategies. 
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Selected operations were identified using acceptable performance criteria (e.g. Lake O and 
Estuary PMs) and Pareto sorting (Appendix D). 

Figure 3.2. ALT1BWR (1BWR) Diagram Provided by LOWRP Project Team 
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Figure 3.3. ALT1BWR Wetland Attenuation Feature (WAF) with Three Compartments. 
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Figure 3.4. Alternative ALT1BWR modeling schematic diagram. 
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4.0 Results 

Due to the large size of many of the LOWRP modeling files, final LOWRP modeling products and 
the majority of the modeling output has been archived in the Data Access Storage and Retrieval 
(DASR) application of CERPzone at www.cerpzone.org. LOWRP modeling products in DASR can 
be accessed within the project modeling folder: 

P:\IMC_Final_Modeling_Results\PROJ01 – Lake Okeechobee Watershed\SMART – Restart\ 

Final LOWRP modeling products will be uploaded to the Statewide Model Management System 
(SMMS) once the project has been finalized. SMMS is a geographic information system (GIS) 
based application that includes model input data, select model output data, source 
code/executable files and documentation. LOWRP Project modeling products in SMMS will be 
available at the project page: 

http://apps.sfwmd.gov/smmsviewer/ProjectReport.aspx?projectID=TBD 

While the modeling products have been archived in the above system, the table below lists more 
specific information including model version, inputs used and detailed output archival location. 
Version numbers and “svnroot” paths refer to a model version control system found on the 
SFWMD network that is not generally accessible, but inputs, model executables and source code 
have been copied into the SMMS system for ease of access. 

Version information and model file locations 

RSMBN ALT1BWR RSM_REL_2.3.5R and xml_v14293 
Input: … http://dcluster2/viewvc/svnroot/trunk/rsm_imp/lowp/alternatives/round5/alt1bwr/input/ 
Output (NAS): 
\\ad.sfwmd.gov\dfsroot\data\hesm_nas\projects\LOWP\Models\RSMBN\lowp\alternatives\round5\alt1bwr\output_s 
vn14293_rsm5046 
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Review of Local and Regional-Level Results 

The RSMBN Recommended Plan ALT1BWR (1BWR) scenario was reviewed from the 
perspective of ensuring that localized effects of project implementations were observed as 
expected and that regional performance was considered reasonable. Specific checks on RSM 
outputs included the following: 

 The RSMBN Recommended Plan ALT1BWR (1BWR) scenario generally maintains or 
improves Lake Okeechobee performance relative to FWOLOW as shown in Figure 4.1 
and Table 4.1. 

 LOWRP ALT1BWR lake triggered events are consistent with project intent. The high 
release events are reduced as shown in Figure 4.2 (a) and (b). Also, the local events 
do slightly increase which is a result of higher levels of Lake Okeechobee at low stages, 
shown in Figure 4.1. This implies that basin runoff that would backflow in the Lake, now 
goes to the estuary. 

 LOWRP ALT1BWR generally shows improved performance for LOSA and Tribal water 
supply relative to FWOLOW as shown in Figure 4.3 to 4.5. It is important to note that 
back-to-back LOSA cutback years 1981-1982 show an overall improvement when 
compared to the LOWFWO. Although 1981 appears to have a higher cutback than the 
FWOLOW, the following year 1982 shows a lower cutback. 
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Figure 4.1. Lake Okeechobee performance for ALT1BWR (1BWR) relative to the ECBLOW and 
FWOLOW baselines. 

Table 4.1. Lake Okeechobee Standard Score Performance Measure 
ECBLOW FWOLOW ALT1BWR 

Low Lake (LO1) 86.67 86.62 92.20 
High Lake (LO2 99.11 97.78 94.01 
Score Below Env (LO3) 39.82 47.85 55.07 
Score Above Env (LO3) 75.63 71.73 74.46 
Weighted Average: 85.55 86.09 86.73 

Figure 4.2 (a) and (b). High release events to northern estuaries (a) St. Lucie Estuary and (b) 
Caloosahatchee Estuary relative to the baselines for the ALT1BWR Recommended Plan 

Page 13 of 45 



   
 

 

 
 

 

MSR 5485 LOWRP – Recommended Plan; Model Documentation Report 

Figure 4.3. Water shortage cutbacks for water years with large cutback 
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Figure 4.4. Average annual water shortage cutbacks for the Seminole Brighton Reservation 
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Figure 4.5. Average annual water shortage cutbacks for the Seminole Big Cypress Reservation 

In summary, the delivered Recommended plan ALT1BWR scenario provided to the LOWRP 
project team is deemed to adequately represent the intended planning conditions and when 
utilized in conjunction with proposed LOWRP project baselines, provide a reasonable basis of 
comparison for the necessary evaluations required. In addition, the ALT1BWR scenario is 
intended to represent both the Tentatively Selected Plan (TSP) and Initial Operating Baseline 
(IOR) as outlined in CERP’s Guidance Memorandum #1 Project Implementation Report (2007). 

Given the intended use of this model in LOWRP, the effect of model error and uncertainty on 
model outputs and decision making was performed. The evaluation showed a narrow variation 
of performance measure values which indicates a small model error/bias for each scenario 
(SFWMD, 2018e). This result provides added confidence to the team’s selection of the 
ALT1BWR scenario as the relatively best performing scenario in LOWRP. 
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Appendix A – Tables of Assumptions 
Interagency Modeling Center

Regional Simulation Model Basins (RSMBN)
Lake Okeechobee Watershed Project (LOWRP) 

Recommended Plan ALT1BWR (1BWR)
Table of Assumptions 

Feature 
Climate  The climatic period of record is from 1965 to 2005. 

 Rainfall estimates have been revised and updated for 1965-2005. 
 Revised evapotranspiration methods have been used for 1965- 

2005. 
Topography The Topography dataset for RSM was uses the following datasets: 

 South Florida Digital Elevation Model, USACE, 2004; 
 High Accuracy Elevation Data, US Geological Survey 2007; 
 Loxahatchee River LiDAR Study, Dewberry and Davis, 2004; 
 St. Lucie North Fork LiDAR, Dewberry and Davis, 2007; 
 Palm Beach County LiDAR Survey, Dewberry and Davis, 2004; and 
 Stormwater Treatment Area stage-storage-area relationships 

based on G. Goforth spreadsheets. 

Land Use  Lake Okeechobee Service Area (LOSA) Basins were updated using 
consumptive use permit information as of 2/21/2012, as reflected 
in the LOSA Ledger produced by the Water Use Bureau. 

 C-43 Groundwater irrigated basins – Permitted as of 2010, the 
dataset was updated using land use, aerial imagery and 2010 
consumptive use permit information. 

 Dominant land use in EAA is sugar cane other land uses consist of 
shrub land, wet land, ridge and slough, and sawgrass. 

LOSA Basins  Lower Istokpoga, North Lake Shore and Northeast Lake Shore 
demands and runoff estimated using the AFSIRS model (Smajstrla 
1990, Flaig et. al. 2000, Wilcox et. al. 2003) and assumed 
permitted land use (see land use assumptions row). 

Lake Okeechobee  Lake Okeechobee Regulation Schedule 2008 (LORS 2008) 
o Central Everglades (CEPP) optimized release guidance in order 

to improve selected performance within LOK, the northern 
estuaries and LOSA while meeting environmental targets in 
the Glades. 

o Lake Okeechobee can send flood releases south through the 
Miami Canal and North New River Canal to the A1/A2 FEB 
when the LOK stage is above the bottom of Low Lake 
Management Band and the FEB depth is below 2’ (EAA basin 
runoff used to limit conveyance capacity: 1,550 cfs for Miami 
Canal and 1,350 cfs for North New River Canal). 

o Lake Okeechobee can send flood releases south to help meet 
water-quality based flow targets at STA-3/4, STA-2N, and 
STA-2S when the LOK stage is above the bottom of the 
Baseflow Zone (EAA basin runoff used to limit conveyance 
capacity: 1,550 cfs for Miami Canal and 1,350 cfs for North 
New River Canal). 
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Feature 
o Includes Lake Okeechobee regulatory releases to tide via 

L8/C51 canals. 
o Regulatory releases via S-77 can be diverted into C43 

Reservoir. C-43 priorities are as follows: 
o If C-43 has capacity available, it will capture basin runoff 
o If C-43 has capacity available, it will capture LOK flood 

control releases 
 Lake Okeechobee Water Shortage Management (LOWSM) Plan. 
 Interim Action Plan (IAP) for Lake Okeechobee (under which 

backpumping to the lake at S-2 and S-3 is to be minimized). 
 “Temporary” forward pumps as follows: 

o S354 – 400 cfs 
o S351 – 600 cfs 
o S352 – 400 cfs 
o All pumps reduce to the above capacities when Lake 

Okeechobee stage falls below 10.2 ft and turn off when stages 
recover to greater than 11.2 ft 

 No reduction in EAA runoff associated with the implementation of 
Best Management Practices (BMPs); No BMP makeup water 
deliveries to the WCAs 

 Backpumping of 298 Districts and 715 Farms into lake minimized 
Northern Lake  Headwaters Revitalization schedule (in addition for stages up to 
Okeechobee 55.5 FT, the flows are ramped up to 11000 CFS) for Kissimmee 
Watershed Chain of Lakes using the UKISS model. 
Inflows  Kissimmee River Restoration complete. 

 Fisheating Creek, Istokpoga & Taylor Creek / Nubbin Slough Basin 
Inflows calculated from historical runoff estimates (SFWMD et. al. 
2008). 

 For ALT1BWR Recommended Plan: A 46,465 ac-ft storage WAF 
located on 12,202 acres effective footprint (K05 WAF) with 80 ASR 
Wells at 5 MGD each located north of Lake Okeechobee and 
assumed operations as follows: 

 Lake Okeechobee (LOK) can release to North WAF when Lake 
Okeechobee stage > or equal to “LOK Stage for WAF Diversion 
Schedule” (see Appendix B). 

 The South WAF can release to Lake Okeechobee when Lake 
Okeechobee stage < “LOK Stage for WAF Recovery Schedule” (see 
Appendix B). 

 The South WAF can release to WAF Assisted ASR (both 70% and 
30% efficiency ASR) when WAF stage > or equal to 4.0 ft. 

 The WAF Assisted ASR (both 70% and 30% efficiency ASR) can 
release to South WAF when stage < 0.5 ft. 

 Lake Okeechobee can release to LOK Assisted ASR (70%efficiency 
ASR) when Lake Okeechobee stage > or equal to “LOK Stage for 
LOK Assisted ASR (70% efficiency) Diversion Schedule” (see 
Appendix B). 

 Lake Okeechobee Assisted ASRs (70% and 30% efficiency ASR) 
can release to Lake Okeechobee when Lake Okeechobee stage< 
“LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% 
efficiency) Schedule” (see Appendix B). 

 Lake Okeechobee can release to LOK Assisted ASR (30%efficiency) 
when Lake Okeechobee stage > or equal to “LOK Stage for LOK 
Assisted ASR (30% efficiency) Diversion Schedule” (see Appendix 
B). 
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Feature 
 Inflows from LOK are discontinued to the North WAF when WAF 

stage reaches 5.0 feet maximum depth. 
Caloosahatchee  Caloosahatchee River Basin irrigation demands and runoff 
River Basin estimated using the AFSIRS model (Smajstrla 1990, Flaig et. al. 

2000, Wilcox et. al. 2003) and assumed permitted land use as of 
February 2012. (see land use assumptions row) 

 Public water supply daily intake from the river is included in the 
analysis. 

 Maximum reservoir height of 41.7 ft NGVD with a 9,379-acre 
footprint in Western C43 basin with a 175,800 acre-feet effective 
storage. 

 Proposed reservoir meets estuary demands while C-43 basin 
supplemental demands for surface water irrigation are met by 
Lake Okeechobee. 

St. Lucie Canal 
Basin 

 St. Lucie Canal Basin demands estimated using the AFSIRSmodel 
(Smajstrla 1990, Flaig et. al. 2000) and assumed permitted land 
use as of February 2012 (see land use assumptions row). 

 Excess C-44 basin runoff is allowed to backflow into the Lake if 
lake stage is below 14.5 ft before being pumped into the C-44 
reservoir. 

 Basin demands include the Florida Power & Light reservoirat 
Indiantown. 

 Indian River Lagoon South Project features 
o As-built Ten-mile Creek Reservoir and STA: 2,368 acre-feet 

maximum storage capacity at 4 ft maximum operating depth 
on 658 acre effective footprint (2 ft maximum depth on STA); 
receives excess water from North Folk Basin; operations per 
TMC Preliminary Operating Plan (SFWMD, June 2015). 

o C-44 reservoir: 50,246 acre-feet storage capacity at 5.18 feet 
maximum depth on 12,125 acre footprint; C44 reservoir 
releases water back to Lake Okeechobee when Lake stages are 
below the bottom of the Baseflow Zone. 

o C-23/C-24 reservoir: 92,094 acre-feet storage capacity at 
13.27 maximum depth on 8,675 acre footprint; 

o C-23/C-24 STA: 3,852 acre-feet storage capacity at 1.5 
maximum depth on 2,568 acre footprint; 

o All proposed reservoirs meet estuary demands. 
o IRL operations assumed are consistent with the March 2010 

St. Lucie River Water Reservation Rule update. 
 Excess C23 basin water not needed to meet estuary demands can 

be diverted to the C44 reservoir if capacity exists. 
 C44 reservoir can release to C44 canal and backflow to Lake 

Okeechobee when the lake is below the Baseflow zone. 
o The C-44 excess basin runoff can be pumped to C44 

Reservoir when: 
 LOK stage is above 14.5’ or 
 LOK stage is less than or equal to 14.5’ and S308 is 

making Regulatory Releases. 
o The C-44 Reservoir water can be discharged to: 

 a) estuary (to meet estuary target), 
 b) water supply to the C44 basin when there is a 

basin demand, 
 c) flood control to LOK (S308) and S80 (only under 

extreme C44 Reservoir high stage levels). 
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Feature 
Seminole  Brighton reservation demands were estimated using AFSIRS 
Brighton method (Smajstrla 1990, Flaig et. al. 2000) based on existing
Reservation planted acreage. 

 The 2-in-10 demand set forth in the Seminole Compact Work plan 
equals 2,262 MGM (million gallons per month). AFSIRS modeled 
2-in-10 demands equaled 2,383 MGM. 

 While estimated demands, and therefore deliveries, for every 
month of simulation do not equate to monthly entitlement 
quantities as per Table 7, Agreement 41-21 (Nov. 1992), tribal 
rights to these quantities are preserved. 

 LOWSM applies to this agreement. 
Seminole Big  Big Cypress Reservation irrigation demands and runoff were 
Cypress estimated using the AFSIRS method (Smajstrla 1990, Flaig et. al. 
Reservation 2000) based on existing planted acreage. 

 The 2-in-10 demand set forth in the Seminole Compact Work Plan 
equals 2,606 MGM. 

 AFSIRS modeled 2-in-10 demands equaled 2,659 MGM. 
 While estimated demands, and therefore deliveries, for every 

month of simulation do not equate to monthly entitlement 
quantities as per the District’s Final Order and Tribe’s Resolution 
establishing the Big Cypress Reservation entitlement, tribal rights 
to these quantities are preserved. 

 LOWSM applies to this agreement. 
Everglades  Model water-body components as shown in Figure 1. 
Agricultural Area  Simulated runoff from the North New River – Hillsboro basin 

apportioned based on the relative size of contributing basins via S7 
route vs. S6 route. 

 G-341 routes water from S-5A Basin to Hillsboro Basin. 
 RSMBN ECBLOW EAA runoff and irrigation demand compared to 

SFWMM ECB simulated runoff and demand from 1965-2005 for 
reasonability. The SFWMM calibration of the EAA and the Lake 
Okeechobee Service Area models described in section 4.3 (SFWMD
et. al. 2005) are the same models used for inputs to RSMBN. 

Everglades  STAs are simulated as single waterbodies 
Construction 
Project 
Stormwater 
Treatment Areas 

 STA-1E: 6,546 acres total area 
 STA-1W: 7,488 acres total area 
 S-5A Basin runoff is to be treated in STA-1W first and when 

conveyance capacities are exceeded, rerouted to STA-1E 
 STA-2: cells 1,2 & 3: 7,681 acres total area 
 STA-2N: cells 4,5 & 6; refers to Comp B-North; 6,531 acres total 

area 
 STA-2S: cells 7 & 8; refers to Comp B-South; 3,570 acres total 

area 
 STA-3/4: 17,126 acres total area 
 STA-5N: includes cells 1 & 2: 5,081 acres total area 
 STA-5S: includes cells 3, 4 & 5; uses footprint of Compartment C: 

8,469 acres total area 
 STA-6: expanded with phase 2: 3,054 acres total area 
 Assumed operations of STAs: 
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Feature 
o 0.5 ft minimum depth below which supply from external 

sources is triggered; 
o 4 ft maximum depth above which inflows are discontinued; and 
o Inflow targets established for STA-3/4, STA-2N and STA-2S 

based on DMSTA simulation; met from local basin runoff, LOK 
flood releases and available FEB storage. 

 A 29,617-acre Flow Equalization Basin (FEB) is located north of 
STA-3/4 and Holeyland. The total footprint represents the original 
15,853-acre A-1 footprint plus the additional 13,764-acre A-2 
footprint operated as follows: 
o Assumed average topography of 9.63 ft NGVD. FEB inflows are 

from excess EAA basin runoff above the established inflow 
targets at STA-3/4, STA-2N, and STA-2S, and from LOK flood 
releases south; 

o FEB outflows are used to help meet established inflow targets at 
STA-3/4, STA-2N, and STA-2S if EAA basin runoff and LOK flood 
releases are not sufficient; 

o 0.5 ft minimum depth below which no releases are allowed; 
o 3.8 ft maximum depth above which inflows are discontinued; 
o No supplemental water supply provided to FEB; 
o Assumed inlet pump from STA-3/4 supply canal with capacity 

equal to combined capacity of G-372 and G-370 structures; and 
o Outflow weirs, with similar discharge characteristics as STA-3/4 

outlet structure, releasing into lower Miami and lower North 
New River canals. 

Holey Land  G200 inflow structure, total of 300 cfs, operated to send lower 
Wildlife Miami canal water into Holey Land. 
Management  G-372HL inflow structure for fire protection used for keeping the 
Area water table from going lower than half a foot below land surface 

elevation. 
 Operations are per the Holey Land Wildlife Management Area Draft 

Project Operations Manual (SFWMD, October 2015) 
Rotenberger 
Wildlife 
Management
Area 

 Operational Schedule as defined in the Operation Plan for 
Rotenberger WMA. (SFWMD, March 2010) 

Public Water 
Supply 
and Irrigation 

 Regional water supply demands to maintain Lower East Coast 
canals as simulated from Central Everglades RSMGL FWO 
(simulated for CEPP in 2012). 

Western Basins  C139 RSM basin is being modeled. Period is 1965-2005. 
 The C139RSM implementation described by Flaig (2011a,2011b), 

was coupled to the RSMBN model. 
 C139 basin runoff is modeled as follows: G136 flows is routed to 

Miami Canal; G342A-D flows routed to STA5N; G508 flows routed 
to STA5S; G406 flows routed to STA6. 

 C139 basin demand is met primarily by local groundwater. 
 C139 Annex flows routed to L28. 

Water Shortage 
Rules 

 Reflects the existing water shortage policies as in South Florida 
Water Management District Chapters 40E-21 and 40E-22, FAC, 
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Feature 
including Lake Okeechobee Water Shortage Management (LOWSM) 
Plan. 

Notes: 
 The RSM is a robust and complex regional scale model. Due to the scale of the model, 

it is frequently necessary to implement abstractions of system infrastructure and 
operations that will, in general, mimic the intent and result of the desired project 
features while not matching the exact mechanism by which these results would be 
obtained in the real world. Additionally, it is sometimes necessary to work within 
established paradigms and foundations within the model code (e.g., use available 
input-driven options to represent more complex project operations). 

 The boundary conditions along the eastern and southern boundaries of the RSMBN 
model were provided from either the South Florida Water Management Model 
(SFWMM) or the RSM Glades-LECSA Model (RSMGL). The SFWMM was the source of 
the eastern boundary groundwater/surface water flows, while the RSMGL was the 
source of the southern boundary structural flows. 

Fig. A-1 RSMBN Basin Definition within the EAA for LOWRP 

Water-Body Components: 
Miami Water-Body = S3 + S8 + A-2WW 
NNR/HILLS Water-Body = S2 + S6 + S7 + New Hope South 
WPB Water-Body = S-5A 
FEB = A-2W + A-2E + A-1 Page 26 of 45 
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Fig. A-2. RSMBN Link-Node Routing Diagram for LOWRP 
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Appendix B – Lake Okeechobee Stage for Diversion & Recovery 

Recommended Plan ALT1BWR 

15.5 

Lake Okeechobee Diversion and Recovery Schedules ALT1BWR 

15 

14.5 

14 

13.5 

13 

12.5 
1‐Jan 31‐Jan 2‐Mar 2‐Apr 2‐May 2‐Jun 2‐Jul 1‐Aug 1‐Sep 1‐Oct 1‐Nov 1‐Dec 31‐Dec 

Lake Diversion North WAF/Reservoir 

Lake Diversion for Lake ASR 70% 

Lake Diversion for Lake ASR 30% 

Lake Recovery South WAF/Reservoir 

Lake Recovery for Lake ASRs (70 & 30%) 

Figure B-1. Lake Okeechobee Stage for Diversion and Recovery for ALT1BWR. 

LOK Stage for WAF Diversion (Inflow) Schedule (Feet) for ALT1BWR 
01jan 14.45 
15jan 14.44 
14feb 14.23 
15mar 13.99 
15apr 13.69 
15may 13.39 
15jun 13.13 
15jul 12.97 
15aug 12.93 

FE
ET

 (N
G
V
D

 2
9
) 

15sep 13.12 
15oct 13.58 
15nov 14.03 
15dec 14.35 
31dec 14.43 
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LOK Stage for WAF Recovery (Outflow) Schedule (Feet) 
01jan 14.10 
15jan 14.10 
14feb 13.99 
15mar 13.79 
15apr 13.49 
15may 13.19 
15jun 12.93 
15jul 12.77 
15aug 12.73 
15sep 12.82 
15oct 13.03 
15nov 13.31 
15dec 13.60 
31dec 13.75 

LOK Stage for LOK Assisted ASR (70% efficiency) Diversion (Inflow) Schedule 
(Feet) 

01jan 14.90 
15jan 14.87 
14feb 14.58 
15mar 14.24 
15apr 13.79 
15may 13.38 
15jun 13.09 
15jul 12.99 
15aug 13.10 
15sep 13.40 
15oct 13.96 
15nov 14.51 
15dec 14.84 
31dec 14.90 

LOK Stage for Recovery of LOK Assisted ASRs (70% and 30% efficiency) 
Schedule (Feet) 

01jan 14.60 
15jan 14.58 
14feb 14.37 
15mar 14.04 
15apr 13.59 
15may 13.18 
15jun 12.89 
15jul 12.79 
15aug 12.90 
15sep 13.20 
15oct 13.61 
15nov 14.05 
15dec 14.39 
31dec 14.52 
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LOK Stage for LOK Assisted ASR (30% efficiency) Diversion (Inflow) Schedule 
(Feet)

01jan 14.0 
15feb 13.5 
15apr 13.5 
31may 13.0 
15sep 14.0 
30sep 14.5 
30nov 14.5 
31dec 14.0 
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Appendix C – LORS08 Operations Schedule and ALT1BWR Schedule
Modifications as Modeled 

The LORS08 schedule used for operation of Lake Okeechobee in the CEPP baselines 
was modified as shown in Figure C.1. Figures C.2 and C.3 show the pulse releases 
from Lake Okeechobee into the Caloosahatchee and St. Lucie Estuary, respectively. 

Details of the ALT1BWR Recommended plan model implementation of the schedule can 
be found in Figures C.4, C.5 and C.6. Figure C.4 lists the range of values used to 
classify the net inflow seasonal outlook. Figure C.5 lists the range of values used to 
classify the net inflow multi-seasonal outlook. Figure C.6 lists the range of values used 
to classify the tributary hydrologic conditions. 
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Figure C.1. LORS08 operations schedule, with CEPP and ALT1BWR Recommended Plan modifications as modeled shown in Green 
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Figure C.2 

ALT1BWR‐RSMBN: Pulse Releases (as a function of Lake Level) from Lake Okeechobee into Caloosahatchee estuary in cubic feet per second (cfs). 
High Intermediate Low 

zone A 

R=Rising 
P4cal 

A 

F=Falling 
P400cal 

B 

R=Rising 
P6cal 

B 

F=Falling 
P600cal 

D3 D3 D2 D2 D1 D1 

R=Rising 
P11cal 

F=Falling 
P1100cal 

R=Rising 
P5cal 

F=Falling 
P500cal 

R=Rising 
P12cal 

F=Falling 
P1200calDay of Pulse 

1 1150 465 610 220 555 230 600 250 335 140 
2 3165 1280 1390 505 1520 625 1555 640 760 315 
3 3740 1510 1610 585 1800 740 1835 755 880 365 
4 2875 1160 1220 445 1385 570 1415 585 665 275 
5 2300 930 1045 380 1105 455 1130 465 570 235 
6 1725 695 825 300 830 340 850 350 450 185 
7 1150 465 695 255 555 230 600 250 380 155 
8 575 230 520 190 275 115 355 145 285 120 
9 290 115 390 140 140 60 245 100 215 90 

10 290 115 390 140 140 60 245 100 215 90 
Average Flow (cfs) 1726 696.5 869.5 316 830.5 342.5 883 364 475.5 197 
Volume (ac‐ft) 34,227 13,812 17,242 6,266 16,469 6,792 17,510 7,218 9,429 3,907 
†equivalent depth ( ) 0.07 0.03 0.04 0.01 0.04 0.01 0.04 0.02 0.02 0.01 
† : Volume to depth Conversion based on average Lake surface area of 467,000 acres. 
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Figure C.3 

ALT1BWR‐RSMBN: Pulse Releases (as a function of Lake Level) from Lake Okeechobee into St Lucie estuary in cubic feet per second (cfs). 
High Intermediate 

zone A A B B 

R=Rising F=Falling R=Rising F=Falling 
Day of Pulse P4stl P400stl P6stl P600stl 

Low 
D3 D3 D2 D2 D1 D1 

R=Rising F=Falling R=Rising F=Falling R=Rising F=Falling 
P11stl P1100stl P5stl P500stl P12stl P1200stl 

1 1035 420 520 190 500 205 530 220 285 120 
2 1380 560 695 255 665 275 705 290 380 155 
3 1210 490 610 220 580 240 635 260 335 140 
4 865 350 435 160 415 170 425 175 240 100 
5 575 230 305 110 275 115 320 130 165 70 
6 520 210 260 95 250 105 245 100 145 60 
7 345 140 175 65 165 70 175 75 95 40 
8 345 140 175 65 165 70 175 75 95 40 
9 230 95 0 0 110 45 140 60 0 0 

10 230 95 0 0 110 45 0 0 0 0 
Average Flow (cfs) 673.5 273.0 317.5 116.0 323.5 134.0 335.0 138.5 174.0 72.5 
Volume (ac‐ft) 13,356 5,414 6,296 2,300 6,415 2,657 6,643 2,746 3,450 1,438 
†equivalent depth ( ) 0.03 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 
† : Volume to depth Conversion based on average Lake surface area of 467,000 acres. 
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Figure C.4. LORS08 and ALT1BWR modified Seasonal Outlook Classifications. 
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Figure C.5. LORS08 and ALT1BWR modified Multi-Seasonal Outlook Classifications. 
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Figure C.6. LORS08 and ALT1BWR modified Tributary Hydrologic Conditions Classifications. 
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Appendix D – Structured Method for optimizing Lake Okeechobee operations 

The purpose of this short summary is to describe the method used to determine the 
optimal operating parameters which produced the associated performance for the 
Recommended plan and alternative plans that were simulated for the Lake Okeechobee 
Watershed Project (LOWRP) using the Regional Simulation Model – Basins (RSM-BN). 

Traditional water resources planning projects in south Florida have relied on regional 
water management models to simulate performance of existing water system 
components and alternative plans consisting of various structural and operational 
components known as management measures. The RSM-BN has been used for the 
LOWRP. RSM-BN simulates the hydrology and water management of the current and 
proposed regional system in response to historical daily hydro meteorological inputs (e.g., 
rainfall and reference evapotranspiration) for the 41-year period 1965-2005. The model 
simulates inflows to, outflows from, and water levels within, lakes and existing or 
proposed features like reservoirs and/or ASR wells. The interconnected nature of the 
system is also simulated. Performance over the 41-year simulation is evaluated using 
established RECOVER and project performance measures. 

Current or proposed operating rule parameters are inputs to the model. New 
infrastructure can be operated in many different ways. Furthermore, new operations are 
necessary when new infrastructure are added to a system. For example, Lake 
Okeechobee Regulation Schedule (2008 LORS) release criteria should be modified when 
new storage is added to the system to allow the new storage features to be utilized 
efficiently to avoid or minimize the impact of events where high releases to the 
estuaries are triggered. 

Traditionally the operating parameters for proposed management measures have been 
adjusted by a trial-and-error process to tune the output of key performance metrics to be 
as good as possible. Past studies in the 1980s-1990s relied on limited computer 
capability and time to tune the operations for the alternative plans. However, in recent 
years computational power has increased substantially, which has enabled more 
extensive and efficient testing of thousands of operating strategies. The method used to 
optimize operations for LOWRP alternative plans has produced encouraging results and 
is described herein. 

Operations Optimization Methodology 
As described above, specific operating criteria are necessary to optimize system-wide 
benefits from new reservoirs and ASR wells. For the LOWRP, the following methodology 
was used: 
1. Parameter Selection: About 30 operations parameters were selected which affect the Lake 
Okeechobee releases and the timing of diversions into, and retrievals from, new storage 
features. These parameters include release “up‐to” limits, classifications of tributary 
inflows, and seasonally‐variant operating lines that trigger diversions to new storage and 
subsequent retrievals back to the Lake (Figures D‐1 & D‐3). Parameter selection was based 
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on evaluation of a parameter sensitivity matrix that was developed from an initial set of 
several thousand simulations. 

2. Parameter Value Ranges: Constrained and Unconstrained Latin Hypercube Sampling (LHS) 
techniques were used to define up to 10,000 unique operational strategies for each 
alternative plan. Complete enumeration of all possible parameter value combinations is 
impractical and the LHS technique helped to narrow the number of simulations needed to 
locate optimal solutions. Constrained LHS achieves parameter values that preserve 
correlations and hierarchies with other parameter values. By using this technique, 
identification of nonsensical combinations of parameters (e.g. zero releases during “wet” 
conditions) are minimized. 

3. Selection of Performance Measures: Performance measures were selected which 
represented specific project objectives. These PM’s included: (1) Minimize Lake O – triggered 
high releases to the Caloosahatchee and St. Lucie Estuaries; (2) Minimize Lake O Service 
Area water shortages during the 8 worst droughts; (3) Maximize Lake O standard scores 
related to the Lake stage envelope and extreme highs and lows; and (4) Maximize sum of six 
ecological scores related to various important vegetation and fish species. 

4. Determine Alternative Optimal Solutions: Because there are competing performance 
objectives, there are solutions which are optimal for one objective but not for other 
objectives. A technique known as Pareto Sorting was used to determine the subset of the 
10,000 simulations that were Pareto Optimal. Pareto Optimal solutions, also known as non‐
dominated solutions, help to identify the trade‐offs between the performance objectives. 
For example, a reduction in Lake O – triggered high releases may worsen performance for 
high Lake stages. Such trade‐offs were evaluated and judgement applied to determine 
acceptable performance levels. 

5. Select Best Performing Solution and associated Operating Parameters: Minimum acceptable 
performance levels (MAPLs) were defined and used to filter the Pareto Optimal solutions 
down to a small subset of simulations that met the acceptable performance levels. These 
simulations usually had common operating assumptions, from which a single optimal solution 
was selected using priority screening for reduction in estuary release months. The 
complete process is shown visually as a flow chart in Figure D‐2. 

6. Final Comparison: A final RSM‐BN simulation was performed using the optimal operating 
parameters to generate a complete set of performance measure outputs for comparison with 
the other optimized alternative plans as part of the Project Development Team evaluations. 
This process was repeated for each round of alternative plan development and lead to 
choosing a Recommended Plan for the LOWRP. 
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Example (Round 2, Alternative 2A) 
Following the methodology described above produced 12 out of 10,000 simulations that 
were both Pareto-efficient and met minimum performance set for all MAPL’s. Further 
examination of these 12 solutions revealed similar parameters and led to the selection 
of one ‘best’ simulation (#5443), which had the following characteristics: 

 Diversion and Recovery lines for the proposed new storage features (Figure D‐3). The 
desired Lake O stage envelope is also shown on Figure D‐3. The relatively narrow range 
of diversion/recovery operations for new storage provides necessary lead time 
seasonally to increase the time that Lake O stages are within the desirable envelope. 

 The optimal LORS release limits (“up to” amounts) for the estuaries tend to be lower 
than the 2008 LORS release limits. This results in less aggressive releases to the 
estuaries and provides more opportunity for diversions to new storage features before 
making high releases to the estuaries. 

 Other Alt 2A LORS optimized parameter values demonstrated the tendency to delay 
estuary releases to allow diversion at lower capacities into new storage features. The 
Tributary Hydrologic Condition thresholds tended to higher values than the 2008 LORS. 
Similarly, the thresholds for the seasonal Lake Okeechobee Net Inflow Outlooks tended 
to be higher. These higher parameters basically redefined the definitions of wet, 
normal, and dry conditions, thereby allowing more diversion into new reservoirs and 
ASR systems and delaying and/or reducing higher releases to the estuaries. 

 The performance improvement for this optimized Alt 2A relative to the Future Without 
Project simulation was: (1) for the Caloosahatchee Estuary about an 80% reduction in 
Lake O – triggered high releases; and (2) for the St. Lucie Estuary about a 52%reduction 
in Lake O – triggered high releases. 
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Figure D-1. Example LORS Release Guidance Parameters Modified for Optimizing 
Operations 

Figure D-2. Procedure for Finding the Best-performing Operations 
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Figure D-3. Example Outcome: Operational Triggers for LOWRP Storage Components 
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APPENDIX E. ALT1BWRLP Sensitivity Simulation 

A sensitivity run, ALT1BWRLP (1BWRLP), was requested on the Recommended plan 
ALT1BWR (1BWR) that shows performance without changing Lake operations. Since 
this sensitivity run has the same operations as the future without project (FWOLOW), 
this is referred as LORS Plus. The LORS plus has LORS with modifications in the 
Lake’s operating schedule to accommodate new infrastructure as described in the 
Central Everglades Planning Project (CEPP). Also, this is same as LOWRP’s Future 
Without Project (FWOLOW) except for a couple of minor infrastructure modifications 
(e.g. Ten Mile Creek Reservoir, etc.). The performance measures figures (E1-E3) are 
below. The sensitivity run performs worse when compared to the ALT1BWR: Lake 
Okeechobee stages are lower, estuary high flow events are increased, and LOSA 
cutbacks are also increased. The degraded performance of ALT1BWRLP results from 
implementing operations that do not consider the new infrastructure (e.g. WAF, ASR). 

Figure E-1. Lake Okeechobee performance for ALT1BWRLP (1BWRLP) relative to the 
Recommended Plan ALT1BWR (1BWR) and FWOLOW baseline. 
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Figure E-2 (a) and (b). High release events to northern estuaries (a) St. Lucie Estuary and 
(b) Caloosahatchee Estuary for the ALT1BWRLP relative to the FWOLOW baseline and 
ALT1BWR (1BWR) Recommended Plan. 
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Figure E-3. Water shortage cutbacks for water years with large cutback 
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Appendix A Engineering Appendix 

Reference 1. Lake Okeechobee Watershed Restoration Project (LOWRP) Baseline Runs Model 
Documentation Report 

Reference 2. Lake Okeechobee Watershed Restoration Project (LOWRP) Final Array of Alternatives Model 
Documentation Report 

Reference 3. Lake Okeechobee Watershed Restoration Project (LOWRP) Recommended Plan Model 
Documentation Report 

LOWRP Revised Draft PIR and EIS 
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