
 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 













Caloosahatchee River (C-43) West Basin State Compliance Report 
Storage Reservoir Project   
 

South Florida Water Management District    April 2007 
  

12 

of the planned reservoir, approximately 70% of the West Caloosahatchee sub-
basin is upstream of the planned reservoir.  The water quality conditions in 
these two sub-basins will have a significant impact on the reservoir water 
quality.  The predominant land use in both of these planning units is 
agriculture.  Water quality impairments in this sub-basin are primarily caused 
by non-point sources rather than point discharges such as sewage treatment 
plants or other industrial activity.  Within the East Caloosahatchee unit, six 
water body segments have been identified as impaired.  The impairments are 
lead, coliforms, iron, dissolved oxygen, copper, and nutrients.  Within the West 
Caloosahatchee planning unit, a total of three water body segments have been 
identified as impaired.  One of these water bodies is impaired for iron and lead, 
one is impaired for nutrients, and the last one is impaired for copper and lead.  
Of direct interest to this project is the Townsend Canal, which is immediately 
upstream of the planned reservoir intake and is impaired for copper and lead. 
 
Table 5: Surface Water Classification for Caloosahatchee River 
 

 
Class I Water: Caloosahatchee River 

East Lee County line to SFWMD 
structure S-79 (Franklin Lock & 
Spillway) 

 
Class III Water: Caloosahatchee River 

SFWMD structure S-77 (Moore 
Haven Lock & Spillway) at Lake 
Okeechobee to Lee/Hendry County 
line.  

 
Water quality pollutant loading upstream of the S-79 structure is composed of 
loading from runoff generated within the basin and from loading associated with 
Lake Okeechobee releases.  Excluding the load from Lake Okeechobee releases, 
approximately 50% of the total nitrogen load resulting from runoff in the 
Caloosahatchee Basin comes from basin lands upstream of S-79.  Similarly, 
excluding the phosphorus load from Lake Okeechobee releases, approximately 
65% of the total phosphorus load resulting from runoff in the Caloosahatchee 
Basin comes from basin lands upstream of the S-79.  When Lake Okeechobee 
flows and loads are included, more than 75% of total nitrogen and total 
phosphorus loads to the Caloosahatchee Estuary are a result of discharges at S-
79. 
 
Water Quality Conditions Downstream of S-79 - The three watershed planning 
units downstream of S-79 are Telegraph Swamp, Orange River, and 
Caloosahatchee Estuary.  Within these three planning units, land use patterns 
transition from agricultural/natural areas in the east to residential in the west.  
In the FDEP Verified List, there are no impaired waters in Telegraph Swamp 
planning unit. 
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As the furthest downstream planning unit, the Caloosahatchee Estuary has to 
contend with its own pollution plus pollutants from the four upstream planning 
units.  According to the June 2005 (FDEP) Verified List for the Caloosahatchee, 
the estuary-planning unit has 13 impaired water body segments, six of which 
are part of the main estuary and seven are tributary streams.  All thirteen listed 
water body segments are impaired for coliforms (either total or fecal), seven are 
impaired for nutrients, six are impaired for dissolved oxygen, three are impaired 
for heavy metals (copper, lead), and one is impaired for specific conductivity.  
The FDEP Basin Status Report (FDEP 2002) states that the observed water 
quality violations are probably linked to urban land uses within the 
Caloosahatchee Estuary planning unit, poorly flushed residential tributary 
streams, and the effect of heavy pollutant loads discharged from upstream sub-
basins.  
 
Within the Caloosahatchee Estuary planning unit there are a total of 31 
permitted sewage treatment plants.  The Caloosahatchee pollutant loading 
report (ERD 2002) includes pollutant-loading estimates for the four largest 
sewage treatment plants in the Caloosahatchee Estuary as well as for eight 
tributaries downstream of the S-79 structure.  This report includes loading 
estimates for the following pollutants:  ammonia, nitrate, nitrite, total kiejahl 
nitrogen, total nitrogen, orthophosphorus, and total phosphorus, and total 
suspended solids.  With the exception of ammonia, 10% or less of the wet or dry 
season load of each of these pollutants to the Caloosahatchee Estuary comes 
from the portion of the watershed downstream of the S-79 structure.  During the 
dry season, approximately 5% of the total ammonia load in the estuary comes 
from the portion of the watershed downstream of the S-79 structure; however, 
during the wet season, approximately 40% of the ammonia load to the estuary 
comes from downstream of the S-79 structure.  A relatively large amount of the 
ammonia loading from downstream of the S-79 structure comes from the four 
large sewage treatment plants.  The Caloosahatchee Estuary non-point sources 
of total nitrogen and phosphorus contribute around 20% of the total loads 
delivered to the estuary. 

Unlike the St. Lucie Estuary, a geographically extensive muck sediment layer is 
not present in the Caloosahatchee Estuary.  This is evidenced by the presence of 
both freshwater and marine submerged aquatic vegetation (SAV) that usually 
does not coexist in areas where muck sediments are present.  Scientists from the 
SFWMD and U.S. Fish and Wildlife Service (USFWS) have concluded that 
flocculent sediments are not a significant cause of water quality problems in the 
main channel of the Caloosahatchee Estuary.  

In 1999 the USGS collected 58 sediment samples from downstream of the S-79 
structure and two sediment samples from just upstream of the structure.  The 
five sampling locations relative to the S-79 structure were downstream at mile 
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3.1, 9.3, 10.5, 12.2, and 23.8.  Samples were tested for physical characteristics, 
organic content, pesticides, and heavy metals.  Heavy metal results were 
compared with Florida Sediment Quality Assessment Guidelines (SQAG).  
Samples from five sites contained heavy metals (chromium, copper, lead, 
mercury, and zinc) at levels that exceed the Probable Effects Level (PEL) 
concentration published in the Florida SQAGs.  Although a limited number of 
samples exceeded the PEL concentrations, bioaccumulation and bioconcentration 
studies would have to be done to quantify the impact of these sediments on in-
situ biota.  At present, there is no reason to believe that sediment contamination 
is a significant concern within the main stem of the estuary. 
 
1.2.2.4 Pre-land Acquisition Environmental Site Assessments 
 
The five major land parcels acquired for the C-43 reservoir project are the Berry 
Groves tract, Bryan Paul tract, Bob Paul tract, the Winthrop property, and the 
Griffin property.  Prior to the 1960s these lands were primarily used as 
unimproved pasture.  For the last 30 to 40 years these five parcels have been 
used to cultivate citrus.  Over the operating life of these groves, fertilizers, 
herbicides and pesticides have been applied routinely as part of normal 
agricultural operations.  From the 1960s to 1980s, pesticide use would have 
included the application of persistent organic compounds such as DDT, 
chlordane, and toxaphene.  Use of these and other persistent pesticides has since 
been severely restricted by the U.S. Environmental Protection Agency (USEPA).  
Normal farm operations would also typically result in point-source 
contamination associated with maintenance areas, pesticide mixing and loading 
sites, and fuel storage areas. 
 
Over the last six years, the SFWMD has performed multiple Environmental Site 
Assessments (ESAs) as well as worked to remediate most of the point source 
contamination sites.  At present, most of this land is leased to agricultural 
operators who continue to cultivate the thousands of acres of citrus groves 
located on the properties. 
 
At this time, most if not all of these potential contamination sites have been 
either remediated or further investigated to characterize the sites and prepare 
remediation plans.  The SFWMD has made a commitment to the USACE and 
USFWS that after it takes control of the properties from the present lessees and 
begins construction of the reservoir, all of the outstanding point source 
remediation efforts will be completed.  In addition to the point source 
contamination sites, the SFWMD also identified distributed soil contamination 
in portions of the cultivated areas on all of the acquired properties.  The 
remediation of the cultivated soil sites involves the placement of these soils into 
the core of the reservoir dam.  This will isolate the contaminated soils from 
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benthic organisms that serve as food for higher level organisms and thus reduce 
the potential for bioaccumulation of contaminants by fish and wildlife. 
 
The USFWS service has reviewed all of the SFWMD’s remediation plans and 
indicated that they believe that the efforts will sufficiently reduce the risk of 
harm to fish and wildlife in those areas where the remediation will be 
performed.  The USFWS has also stated that moderate levels of copper and other 
contamination of the cultivated areas are believed not to pose a direct threat to 
species of concern; however, they believe that an indirect effect may occur since 
widespread low-level soil contamination may reduce the population of benthic 
organisms upon which the species of concern normally feed. 
 
Despite the diligent work performed by the SFWMD and USFWS to reduce the 
risk to environmental resources, it is possible that once the reservoir is built, 
bioaccumulation of soil contaminants does result in harm to one or more species 
of interest.  If this does happen, additional remediation efforts, such as more 
extensive removal of the reservoir bottom sediments, could be done to further 
reduce the exposure of benthic organisms to near surface soil contamination at 
the end of a dry season.  The cost of additional remediation, if necessary, would 
be the responsibility of the SFWMD.  If such remediation is necessary, this 
remediation effort may be scheduled in one cell at a time, possibly during the 
late dry season, thereby keeping the reservoir somewhat operational. Short 
summaries of the environmental audits for each property are provided below. 
 
Berry Groves Property - Phase I and II ESA studies as well as ERAs were 
performed on this parcel during the period from December 1999 through 2006.  
These investigations identified more than 40 potential point source 
contamination sites within the parcel boundaries.  These point source sites 
typically consist of refueling sites, maintenance sheds, pesticide storage/mixing 
sites, and irrigation pump stations.  Seventeen (17) of the 40 sites were 
designated as requiring no further action because further investigation 
determined that contamination was not present at levels requiring remedial 
action.  Fifteen (15) of the sites were identified as presenting a contingent 
hazardous, toxic and radioactive waste (HTRW) risk because contamination has 
been identified and quantified but remediation has either not begun or been 
completed.  An additional five sites were identified in March 2003 as requiring 
remediation.  The 40 contaminated sites discussed above can be generally 
categorized as point source contamination sites in which the contamination is 
contained within an area of a few acres or less.  Though most of these sites have 
been remediated as of February 2007, remediation of the remaining sites will be 
completed prior to transferring control of the land from the lessee to the 
SFWMD.   
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Of greater concern to the USACE and the USFWS is the widespread presence of 
elevated copper concentrations in the cultivated soils on the Berry Groves 
property.  The presence of elevated copper in the soils is a result of the 
application of fungicides that have been applied to the citrus groves.  To 
investigate the risk posed by copper, a Phase III ERA was conducted by the URS 
Corporation under contract with the SFWMD and in coordination with the 
USFWS.  The purpose of the ERA was to determine the risk that elevated 
concentrations of copper in the soil posed to populations of invertebrates, fish, 
and birds (the listed snail kite, for instance) that would use the C-43 reservoir 
for habitat.   
 
Winthrop Property - The Winthrop property is located south and west of the 
larger Berry Groves property.  The Winthrop property (2,399 acres) has been 
used to cultivate citrus for the last 30 or more years.  Like the Berry Groves 
property, persistent pesticides such as DDT, toxaphene, and chlordane were 
probably widely used until the application of such chemicals was restricted by 
the USEPA in the 1980s.  A Phase II ESA report was prepared in March 2003 by 
Environmental Consulting & Technology, Inc. (ECT) on behalf of the SFWMD.  
This report identified five areas of potential concern including the cultivated 
areas, canal sediments, two maintenance areas, and an exploratory oil/gas well.  
Grid based testing was performed in the cultivated areas such as was done on 
the Berry Groves property.  The results of these sediment analyses indicated the 
presence of aldrin and aldicarb at levels exceeding the threshold concentrations.  
A preliminary ERA was done using a fugacity-based food chain model to 
determine the risk that elevated aldrin concentrations might pose to avian 
species.  The results of this modeling indicated that at the highest detected 
concentration (29 ug/kg), the calculated hazard quotient ranged from 0.01 to 0.02 
for birds exposed to the contamination.  Two of the remaining four suspected 
areas, Maintenance Area A and Maintenance Area B, require corrective action.  
Soils samples collected in the vicinity of Maintenance Area A had high levels of 
endrin, copper, and zinc.  No contamination of groundwater was detected at this 
site.  Soil samples collected in the vicinity of Maintenance Area B had high levels 
of anthracene, flourene, and acenaphthalene.  No groundwater contamination 
was detected at this site. 
 
Griffin Property - The Griffin property is located south and west of the larger 
Berry Groves property.  The Griffin property (954 acres) has been used to 
cultivate citrus for the last 30 or more years.  The Phase I/II report identified 
five areas of potential concern including the cultivated areas, canal sediments, 
maintenance area/chemical barn, fertilizer mix/load area, and burn area.  Grid 
based testing in the cultivated areas was performed by dividing the property into 
20 cells of 50 acres each.  Discrete samples were collected from ten 5-acre sub-
grids on each larger grid and composited into one sample.  The results of these 
sediment analyses indicated evidence of low level contamination of barium, 
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copper, lead, mercury, zinc and paraquat.  However, none of these analytes 
exhibited concentrations which exceeded the SQAG PEC.  Aldicarb was detected 
in one sample grid at a concentration of 67 ug/kg which exceeds the site-specific 
SQAC of 1.75 uk/kg developed specifically for this site.  Soils contaminated with 
polyaromatic hydrocarbons (PAHs) were found at the maintenance 
area/chemical barn.  At the burn area, soils contaminated with copper were 
found.  Seven sediment samples were collected from the drainage canal.  One of 
these samples contained residual copper at a concentration exceeding the TEC of 
32 mg/kg but not exceeding the interim screening concentration of 85 mg/kg.  
Another sample contained pentacholorophenol (PCP) at a concentration of 32 
mg/kg which is well below the site-specific effect level of 617 ug/kg.  Remediation 
was recommended for the maintenance area, and burn area. 
 
Brian Paul Grove Property - The 600-acre Brian Paul Grove property is located 
east of the Berry Groves property.  In the 1960s the property was converted from 
a cattle ranch to row crops such as tomatoes, watermelons, and peppers.  In 
1972, the property was converted to citrus groves.  In 2004, the SFWMD 
conducted a Phase I/II Environmental Assessment as part of a due diligence 
investigation prior to acquiring the lands.  The Phase I assessment identified the 
following seven sites of environmental concern:  1) pump stations, 2) former 
nursery barn, 3) C-1 mixing site, 4) auxiliary tank area, 5) solid waste site, 6) 
burn area, and 7) grove area.  The results of the analysis indicated that the soil 
in two grids (8 and 9) had elevated chlordane levels in excess of the 
recommended 100 ug/kg limit.  Further testing indicated that approximately 13 
acres had chlordane impacted soils.  At the solid waste area, soil samples were 
collected from below the buried waste.  These samples indicated that the soils 
were not impacted though the presence of buried solid waste would have to be 
addressed.  At the burn area, soil samples were collected to determine if 
concentrations of heavy metals exceed the standards.  At the former pump 
stations, soil samples were collected and analyzed for petroleum and heavy 
metal contamination.  The results indicate that the visibly contaminated soils 
should be removed.  At the burn site, the analysis of soils indicated that the 
surrounding soils were not impacted.  However, the removal of ash was 
recommended by the environmental consultant.  From the drainage canal, eight 
soil/sediment samples were collected for analysis.  The results indicated that 
canal sediments were not contaminated; however, some canal bank soil directly 
adjacent to a burn area had high levels of barium, copper, and silver.  The 
consultant’s recommendation was to remove the canal bank soil that appears to 
be contaminated by the adjacent burn site. 
 
Bob Paul Grove Property - The 2,025-acre Bob Paul Grove property is located 
east of the Berry Groves property.  Prior to 1972, the property was used as a 
cattle ranch.  After 1972, the property was converted to citrus groves.  The 
SFWMD performed Phase I/II ESA audits in 2004 and 2005.  The Phase II audit 
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included the investigation of 12 point source sites of probable contamination 
previously identified in the Phase I audit and the investigation of residual soil 
contamination in the cultivated areas.  Out of the 21 composite samples collected 
in the cultivated area, 15 of them had copper concentrations in excess of the TEC 
(32 mg/kg).  Six of the discrete samples had copper concentrations in excess of 85 
mg/kg which is the interim screening value; however, none of the calculated 
means for the grids exceeded 85 mg/kg.  Concentrations of carbaryl and aldicarb 
were above their respective SCTLs in several of the composite samples.  One 
composite sample contained chlordane at a concentration above its TEC of 3.2 
ug/kg.  Another composite sample contained 4,4’ DDE at a concentration (4.3 
ug/kg) above the TEC of 3.2 ug/kg.  A screening level ecological risk assessment 
(SLERA) determined that the detected levels of aldicarb, chlordane and carbaryl 
do not present an unacceptable risk to any of the nine avian species of concern.  
This SLERA did find that the maximum concentration found in a discrete 
sample of 4,4’ DDE did pose a risk to the nine avian species; however, the mean 
concentration of each grid cell was below TEC of 3.2 ug/kg so the overall risk to 
avian birds was considered acceptable by the USFWS. 
 
The 12 point source areas identified for Phase II investigation included a 
maintenance area, chemical storage building, pole barn, shop, above ground 
storage tanks (ASTs), fuel dispenser island, equipment staging area, storage 
area, irrigation pump stations, burn areas, former airstrip, irrigation canals, and 
cultivated areas.  Discrete soil, sediments, and groundwater samples were 
collected in the vicinity of the suspected point source contamination sites.  Soil 
contaminated with multiple pesticides (chlordane, dieldrin, hepatochlor epoxide, 
and endrin) were detected at the chemical storage building.  Chlordane and 4,4’ 
DDE were detected above levels of concern at the pole barn/storage building, 
maintenance staging area, grove building, airstrip, and irrigation canals.  
Petroleum contamination at levels exceeding the SCTL for total recoverable 
petroleum hydrocarbons (TRPH) was detected at the pole barn, spray oil AST, 
grove building, and in the canal sediments.  The remediation plan for each of 
these sites includes the removal of contaminated soils. 
 
At the spray oil AST, petroleum hydrocarbon contamination was detected in the 
groundwater at a concentration exceeding the GCTL.  The remediation plan for 
this site includes air sparging of the groundwater in addition to the soil removal 
 
1.2.2.5 Water Quality Impacts Improvements Expected from Other Programs 
 
Future water quality conditions in the basin will be strongly influenced by 
future land use, the operation schedule of Lake Okeechobee, and the 
implementation of Best Management Practices (BMPs) to control nutrient 
discharges.  Since the 2050 population will be substantially greater than the 
year 2000 population, the quantity of treated wastewater effluent discharged to 
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the estuary will increase.  However, with the expected implementation of 
TMDLs for the discharge of nutrients into the estuary, it is not unreasonable to 
expect that by 2050 most existing wastewater treatment plants and all future 
plants will incorporate tertiary treatment process to remove nutrients.   If the 
TMDL program is effective, the 2050 nutrient loads from wastewater effluent 
will be similar to or less than the present nutrient loads.  
 
Future water quality conditions will depend upon the overall change in nutrient 
loads delivered to the estuary from upstream of S-79 as well as below this 
structure.  Nutrient loads to the estuary will likely increase by 10% or more if no 
BMPs or nutrient TMDLs are implemented in the Caloosahatchee basin.  If the 
implementation of BMPs substantially reduces non-point source nutrient loads, 
discharges from Lake Okeechobee are significantly reduced and tertiary 
wastewater treatment is implemented basin wide, the 2050 Future Without 
nutrient loads may decrease by more than 30% as compared to the existing 
condition. 
 
1.2.2.6 Water Quality Performance of Impoundment Project 
 
Under the conservative assumption that no water quality treatment occurs in 
the reservoir, the project alternatives will reduce TP and TN loads at S-79 by 
approximately 28% to 35% in comparison to the future without the project 
condition.  This reduction in nutrient loads at S-79 is largely the result of the 
reduction in discharges from Lake Okeechobee.  All of the selected alternatives 
will cause a shift in nutrient load from the wet season to the dry season; 
however, all of the alternatives will decrease the frequency in which the monthly 
TN load exceeds the dry season, wet season, and annual targets established by 
DEP (dry-season 190 tons/month, wet-season 350 tons/month, annual 3,000 
tons/month).   While it is possible that nitrogen fixation within the reservoir will 
result in short-term increases in TN loading to S-79, the average annual TN load 
at S-79 will be reduced.  Each of the alternatives results in an improvement in 
overall average water quality conditions at S-79 as well as downstream in the 
estuary.  Given the uncertainty in the threshold chlorophyll-a concentration 
required for the restoration of the ecological function of the estuary, the degree 
to which the reservoir project will improve downstream water quality is 
unknown at this time.  Based on the evidence presented here, it appears that the 
project will not cause or contribute to water quality degradation under future 
conditions. 
 
The total load of sediments transported to the estuary from the freshwater 
Caloosahatchee sub-basin with the project will be reduced relative to future 
without conditions since some fraction of the available sediment load will be 
retained within the reservoir.  Additionally, since construction of the reservoir 
will reduce the total area of farmed land by some 10,000 acres, sediment 
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transport associated with farming this acreage will also no longer be transported 
to the estuary.  The reduction in sediment load will be on the order of 5% to 10% 
relative to existing without project conditions and approximately 30% relative to 
future without project conditions.  This reduction in sediment delivered to the 
estuary should result in a slight improvement in sediment quality relative to 
without project conditions.  However, since urbanization of the basin will 
continue over the next 50 years, non-project related anthropologic impacts will 
likely result in the continued degradation of estuary sediment quality over time. 
 
1.2.2.7 Adaptive Assessment and Monitoring Program 
 
An extensive Adaptive Assessment Program that includes a system-wide 
monitoring and evaluation program will be conducted to support the goals and 
objectives of CERP.  Details of this monitoring program are included in Annex D 
of the PIR/EIS.  As a region specific component of CERP, monitoring and 
assessment of the Caloosahatchee River (C-43) West Basin Storage Reservoir 
Project will need to be closely coordinated with the larger comprehensive 
monitoring program for CERP.  This program will provide an opportunity to 
continue investigating concepts and issues relative to the overall Caloosahatchee 
Watershed Plan while implementation of the initial project features is 
underway. 
 
A fundamental component of adaptive assessment is a monitoring program that 
is based on the goals and objectives of the project.  The Monitoring Program will 
be further developed during the Planning, Engineering, and Design (PED) phase 
of the project.  There will be project specific monitoring (including water quality) 
and overall CERP monitoring.  The current cost estimate is based on CERP 
estimates, and a more detailed estimate will be developed during PED.  The 
project specific monitoring plan discussed in this document complements the 
regional monitoring plans developed by Restoration, Coordination, and 
Verification (RECOVER) and is at a feasibility level (enough detail for costs).  
Early during PED, the monitoring plan will be refined and coordinated with the 
appropriate agencies. 
 
1.2.3 Flood Damage Reduction 
 
1.2.3.1 Maintenance of Existing Level of Service 
 
The intent of the level of service analysis for flood protection, required by WRDA 
2000 and the CERP Programmatic Regulations as well as Florida State law 
regarding the implementation of CERP, is to ensure that CERP components do 
not negatively impact existing levels of flood protection. 
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The operations of this project will not change the operations of the C-43 Canal 
based on the key assumptions outlined in the Federal Assurances and Savings 
Clause Analysis in the PIR/EIS.  Therefore, there will be no system-wide effects 
on flood protection as a result of the project. 
 
1.2.3.2 Flood Protection Performance of Impoundments and Seepage 

Management System  
 
Hydrologic and hydraulic analysis was performed, using surface water and 
groundwater modeling, to ensure that the levels of service of flood protection will 
not be diminished by this project.  The results of the analysis indicate that the 
project is not expected to result in increases in stages in canal systems adjacent 
to the project site. 
 
The results from the local reservoir-level MIKESHE modeling indicate a 
boundary slurry wall within the embankment will prevent seepage out of the 
reservoir and impacts to groundwater levels.  In addition, optimization of the 
operating levels of the seepage canals and canal structures surrounding the 
reservoir will maintain existing groundwater levels adjacent to the project.  
 
Of the eleven locations evaluated using the MIKESHE model, the only location 
where simulated groundwater elevations increased compared to the without-
project conditions was north of the project.  Simulated “with project” 
groundwater elevations increased slightly compared to the “without project” 
condition.  The greatest difference was during the dry period (e.g., 1981) not the 
wet periods.  This minor effect can be addressed through further optimization of 
perimeter canal control structure operations for the project.  The remaining ten 
locations show practically no differences in groundwater elevations. 
 
Therefore, there will be no adverse affects on existing levels of service for flood 
protection in the vicinity of the reservoir. 
 
1.2.4 Threatened and Endangered Species 
 
Nineteen federally listed species may potentially occur in the proposed project 
footprint or may be impacted by operations of the project.  Although some of 
these species may be impacted by the loss of habitat within the project footprint, 
when implemented, the project has the potential to significantly contribute 
towards environmental restoration beyond the project footprint.  For additional 
information on these species please refer to the Final Biological Assessment (BA) 
for the C-43 West Storage Reservoir Project found in Annex A of the PIR/EIS.  
The site information included in this report is based on surveys referenced in the 
Biological Assessment.  Table 6 lists the threatened and endangered species 
within the study area. 
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Soil cement protection was included for armoring.  This will be further 
investigated as the team proceeds with the design.  Armoring generally uses 
standard technology and should pose minimal risk. 
 
TABLE 7: SUMMARY OF PROJECT FEATURES AND ASSOCIATED RISK 

AND UNCERTAINTY 
 

Feature Risk Uncertainty 
Reservoirs  
       • Armoring 
      • Cutoff Walls 
       • Freeboard  

 
Minimum Minimum- established and applied technology  

Pump Stations  Minimum  Minimum- established and applied technology  
Spillways  
• Emergency Overflow  
• Vertical Lifts  

Minimum  Minimum- established and applied technology  

Drawdown Structures  Minimum  Minimum established and applied technology  

Culverts  Minimum  Minimum established and applied technology  

Canals  Minimum  Minimum- established and applied technology  
Earthwork  
• Filling canals  
• Plugging culverts  

Minimum  Minimum-established and applied technology  

Artificial Habitat Creation 
Oyster substrate  Minimum  Minimum- established and applied technology  

 
A freeboard of approximately 17 feet was used in preparing the rough order of 
magnitude cost estimates.  This value for freeboard was developed by Acceler8 
and presented in their March 2006 Draft Technical Memorandum detailing their 
design assumptions and calculations for freeboard.  Based on interagency review 
of the Draft Memorandum, it is expected that the final freeboard design will be 
somewhat less than the initial 17 foot assumption.  The freeboard design will be 
further refined in accordance with applicable CERP Design Criteria Memoranda 
(DCM).  These DCMs were developed to provide consistent working level 
guidance for impoundment design by the Acceler8 teams.  The DCMs consolidate 
and incorporate design criteria from various agency regulations and guidelines 
including U.S. Army Corps of Engineers, U.S. Bureau of Reclamation, Federal 
Energy Regulatory Commission, Florida Building Code, and the American 
Society of Civil Engineers.  The DCMs do not supersede Corps of Engineers’ 
regulations.  Freeboard designed in compliance with the DCMs, and thusly 
Corps of Engineers regulations, should result in minimal risk of embankment 
failure due to overtopping (refer to DCM-2 for additional detail). 
 
Through the Caloosahatchee Watershed plan, lands necessary for the 
construction, operation, and maintenance of the C-43 West Reservoir have 
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already been acquired by the SFWMD using funds appropriated to the 
Department of Interior in Section 390 of the Federal Agricultural Improvement 
and Reform Act of 1996.  As such, there is no uncertainty associated with land 
availability and acquisition.   
 
1.3.2 Efficiency and Cost Effectiveness 
 
Plan formulation and evaluation for this project focused on management 
measures and plans developed in prior ecosystem restoration studies (including 
the Comprehensive Review Study) for the Everglades.  All of the prior studies 
with similar planning objectives (to restore fish and wildlife habitat functions in 
the remaining Everglades) concluded that additional storage to supplement the 
regional water management system was needed at the Caloosahatchee River (C-
43) West Basin Storage Reservoir Project location, and aboveground 
impoundments with a seepage management feature were the most cost-effective 
management measure for creating additional storage. 
 
Cost Effectiveness Analysis - Cost effectiveness analysis begins with a 
comparison of the costs and outputs of alternative plans to identify the least cost 
plan for every level of output considered.  Alternative plans are compared to 
identify those that would produce greater levels of output at the same cost, or at 
a lesser cost, as other alternative plans.  Alternative plans identified through 
this comparison are the cost effective alternative plans.  Next, through 
incremental cost analysis, the cost effective alternative plans are compared to 
identify the most economically efficient alternative plans.  Cost effective plans 
are compared by examining the additional (incremental) costs for the additional 
(incremental) amounts of output produced by successively larger cost effective 
plans.  The plans with the lowest incremental costs per unit of output for 
successively larger levels of output are the “Best Buy” plans.  The results of 
these calculations and comparisons of costs and outputs between alternative 
plans provide a basis for addressing whether the additional outputs are worth 
the costs incurred to achieve them. 
 
The cost estimate for the alternatives includes construction, LERRDs (lands, 
easements, right-of-ways, relocation, and disposal), PED (pre-construction, 
engineering and design) costs, and construction management.  Data for initial 
construction/implementation, land acquisition, monitoring, and periodically 
recurring costs for O&MRR&R (operation, maintenance, repair, replacement, 
and rehabilitation), have been developed through engineering design and cost 
estimation, and real estate appraisal efforts (See Appendix B of the PIR/EIS for 
details of data development for cost estimates). 
 
National Economic Development (NED) Costs are expressed in 2007 price levels 
and are based on costs estimated to be incurred over a 40 year period of analysis.  
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Costs of a plan represent the value of goods and services required to implement 
and operate and maintain the selected plan.  These costs are included in Table 8 
and were used in the cost effectiveness analysis of the alternatives.  Based on 
additional engineering and design that would be performed in the planning, 
engineering and design phase, Alternative 3C may require modifications to the 
Townsend Canal and a major road downstream of the impoundments.  For this 
purposes of this planning level cost estimate these costs were not included. 
 
Cost effectiveness and incremental cost analyses were conducted for each of the 
C-43 alternative plans.  The analyses compared the alternative plans’ average 
annual costs against the appropriate average annual habitat unit estimates.  
The average annual outputs were calculated as the difference between with-plan 
and without-plan conditions over the period of analysis (through year 2050).  
CE/ICA was performed using a combination of the following five metrics to 
represent various ecosystem outputs of the C-43 alternatives: 
 

• Vallisneria  
• Oyster 
• Seagrass  
• EST05 
• Extreme Event 

 
Table 8: Cost of Final Array of Alternatives (rounded to the nearest $10,000) 
 

Alternative 2 Alternative 3B Alternative 3C Alternative 4 
Cost Component*     
Construction  $285,800,000 $316,900,000 $368,000,000 $464,300,000 
S/A $18,400,000 $20,400,000 $23,700,000 $29,800,000 
PED $23,000,000 $25,500,000 $29,600,000 $37,300,000 
     

Lands $80,507,000 $80,507,000 $80,507,000 $80,507,000 
Initial Cost $407,707,000 $443,307,000 $501,807,000 $611,907,000 
     

Interest During Construction     
  Construction $26,600,000 $29,500,000 $34,000,000 $43,000,000 
  Lands $13,500,000 $13,500,000 $13,000,000 $13,000,000 
Total IDC $40,100,000 $43,000,000 $47,000,000 $56,000,000 
     
Total Project Investment $447,807,000 $486,307,000 $548,807,000 $667,907,000 
     
Average Annual Cost     
  Interest & Amortization $25,700,000 $27,900,000 $31,400,000 $38,300,000 
  Operation & Maintenance $3,265,000 $3,358,000 $5,267,000 $5,556,000 
Total Average Annual Cost $28,965,000 $31,258,000 $36,667,000 $43,856,000 
 
*Note – Final Costs of Selected Alternative Plan will be revised based on additional engineering and design 
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The total cost of CERP is not included in this cost effectiveness and incremental 
cost analyses.  The cost of the balance of the CERP features, those not included 
in the C-43 alternatives, is the same for all the alternatives.  As such, including 
it in this analysis does not bring any additional insight or differentiation 
between alternatives.  For this analysis, the difference between the alternatives 
can be shown through a display of the outputs and costs of each alternative 
without the cost of the “other CERP” features. 
 
All of the environmental outputs were calculated on an average annual basis to 
account for the fact that several years may be required for full attainment of the 
functional capacities to be realized.  This was performed for the expected future 
with and without project habitat units, which were used to calculate the average 
annual benefits for each ecosystem output.  A summary of the average annual 
lift calculations and average annual costs used in the CE/ICA analysis are 
provided in Table 9.  Alternatives 2, 3B and 3C are all cost effective alternatives.  
Alternative 3C provides the greatest habitat lift of all the alternatives, and this 
alternative also has the lowest average cost per unit of output.   
 
Table 9: Results of Cost Effectiveness Analysis 
 

  Alternatives      Average Annual Cost 
($1,000) 

Output   Average 
Cost Per 
Output 

Cost 
Effective? 

Without Plan $0 0 N/A  
Alternative 2 $28,965 10,628 $2,725 YES 
Alternative 3B $31,258 12,809 $2,440 YES 
Alternative 4A $43,856 15,907 $2,757 NO 
Alternative 3C $36,667 16,397 $2,236 YES 

 
Note: Freshwater Wetland Habitat Units (HU) 
 All plans and cost effective plan arrayed by increasing output for each output  category. 
 
Incremental Cost Analysis - The initial and final arrays of alternative plans for 
this project consisted of an aboveground impoundment of varying storage 
volumes.  All other management measures were screened from further 
consideration as a result of prior studies.  Since all of the plans in the final array 
of alternative plans consisted of the same cost effective management measure, 
an incremental cost analysis was performed to determine the incremental costs 
of the benefits produced by the remaining two structural plans. 
 
Incremental cost analysis of the system-wide effects of the final array of plans 
was performed using IWR Plan software.  This analysis was performed for both 
the next-added (stand-alone) incremental output and the last-added (with-rest-
of-CERP) increment output.  The output for this analysis was the increase in 
annual average volume in acre-feet of water retained in the natural system plus 
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the volume of water stored by the impoundments compared to the future without 
project condition.  The water retention and water storage functions of the project 
are surrogate metrics for the other environmental outputs affecting the adjacent 
natural areas (Caloosahatchee River and Estuary). 
 
This analysis is based on and follows guidance from the US Army Corps of 
Engineers Institute for Water Resources publication, Evaluation of 
Environmental Investment Procedures Manual, Interim: Cost Effectiveness and 
Incremental Analyses, May 1995, IWR Report #95-R-1.  Costs are based initially 
on a rough order of magnitude (ROM) and include PED and construction costs, 
interest during construction, as well as operations and maintenance costs after 
construction. 
 
Typically, cost effective plans are arrayed by increasing outputs to clearly 
demonstrate changes in costs (i.e., increments of cost) and in outputs (i.e., 
increments of output).  For comparison purposes, each cost effective alternative 
plan is compared to the Without Plan condition to determine which of the 
alternative plans has the lowest incremental costs per unit of output of all plans.  
This plan is then considered the first Best Buy plan.  After the first Best Buy 
plan is identified, all larger cost effective plans are compared to the first Best 
Buy plan in terms of increases in (increments of) cost and increases in 
(increments of) output.  The alternative plan with the lowest incremental cost 
per unit of output (for all cost effective plans larger than the first Best Buy plan) 
is then considered the second Best Buy plan. 
  
Table 10 present the results of the incremental cost analysis of the different 
alternative plans for the Caloosahatchee River (C-43) West Basin Storage 
Reservoir Project (for the respective ecological zones).  The results of the analysis 
show that there is only one best buy plan for the Caloosahatchee River (C-43) 
West Basin Storage Reservoir Project.  From the analysis of incremental cost for 
all of the alternatives, Alternative 3C provides the greatest Habitat Unit lift 
while having the lowest cost per unit of output and is considered the First Best 
Buy for the project. 
 
Average Annual Benefits - The analysis of ecological response times for large, 
diverse ecosystems is extremely difficult to calculate.  For example, when 
analyzing an estuarine system, certain attributes will have to be examined when 
predicting the response to changes in salinity.  While some species will generally 
provide responses within a year of salinity change towards normal conditions, 
others will respond fairly quickly, but are difficult to measure due to changing 
conditions.  To account for this, a linear approach to predict ecological response 
time was used and it resulted in: 
 

• 80% of the benefits would be realized by 3 years from start of construction, 
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• 90% within five years after that,  
• 100% of the lift would be realized within 10 years of construction.   

 
If nothing was done to improve the conditions in the estuary, the project team 
determined that the future without condition would experience a gradual 
improvement for 15 years at which point the ecosystem would stabilize. 
 
Table 10: Results of Incremental Cost Analysis – Cost Effective and Best Buy 
Plans Arrayed by Increasing Output 
 

 Average 
Annual 
Cost 
($1000) 

Output Average 
Cost 
Per 
Output 
($1,000) 

Incremental 
Average 
Annual 
Cost 
($1,000) 

Incremental 
Output 

Incremental 
Cost Per 
Output 
 

Best 
Buy?

Without 
Plan 

$0 0 N/A N/A N/A N/A  

Alternative 
3C 

$36,667 16,397 $2,236 $36,667 16,397 $2,236 
Best 
Buy 

 
Cost effectiveness and incremental cost analysis requires a comparison of 
average annual costs and average annual benefits.  In an ecosystem restoration 
project, the analyses compare the alternative plans’ average annual costs 
against the appropriate average annual habitat unit estimates.  The average 
annual outputs were calculated as the difference between with-plan and 
without-plan conditions over the period of analysis (through year 2050).  Costs 
used for CE/ICA and outputs used for CE/ICA are displayed in Table 11.   
 
Table 11: Costs and Outputs Used in Cost Effectiveness and Incremental Cost 
Analyses 
 
 Alternative 2 Alternative 3B Alternative 3C Alternative 4 

Annual Cost $28,965,000 $31,258,000 $36,667,000 $43,856,000 

Average Annual 
Habitat Units 10,628 12,809 16,397 15,907 

 
Note:  Values assume system benefits (ecosystem outputs that would accrue to the C-43 study area 
if rest of CERP is constructed). Values for Alternatives are Differences Between “Without” Plan and 
“With” Plan (on an average annual basis) 
 
1.4 Determination of Project Consistency with Applicable Laws and 

Regulations [373.1501(5)(c)] 
 
Section 373.1501(5)(c), F.S. requires the SFWMD to “Determine with reasonable 
certainty that all project components are consistent with applicable laws and 
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regulations, and can be permitted and operated as proposed. For purposes of 
such determination: 
 

1. The district shall convene a preapplication conference with all state and 
federal agencies with applicable regulatory jurisdiction; 

2. State agencies with applicable regulatory jurisdiction shall participate in 
the preapplication conference and provide information necessary for the 
district’s determination; and 

3. The district shall request that federal agencies with applicable regulatory 
jurisdiction participate in the preapplication conference and provide 
information necessary for the district’s determination.” 

 
The following sections form the basis for this determination.  Copies of the 
letters received from agencies with jurisdiction over the various aspects of the 
project can be found in Annex B of the PIR/EIS. 
 
1.4.1 Pre-application Conference 
 
A pre-application conference was held for the Caloosahatchee River (C-43) West 
Basin Storage Reservoir Project on March 6, 2007 at the City of LaBelle Civic 
Center in LaBelle, Florida. 
 
1.4.1.1 Summary of Pre-application Conference 
 
A Pre-application Conference was held on March 6, 2007.  The purpose of this 
meeting was to update the agencies and the public on the schedule for the 
Project Implementation Report. Although some concern was expressed regarding 
additional culvert structures requested by Hendry County to assist with local 
drainage problems, those concerns will be addressed in future detailed design 
documents, review procedures, and permit processes. 
 
Federal, state and local regulatory agencies attended.  Representatives from the 
following agencies were present: 
 

• U. S. Army Corps of Engineers 
• Florida Department of Environmental Protection 
• Florida Department of Agriculture and Consumer Services 
• Florida Department of Transportation 
• South Florida Water Management District  

 
The conference was also open to public, and representatives from the following 
offices attend: 
 

• Earth Works of Naples 
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• URS Corporation 
• ZFI Engineering and Construction 

 
As a follow up to the Pre-application Conference, each of the agencies was asked 
in a letter by the District to specify the applicable laws and regulations, and the 
likelihood that the project components would comply with those laws and 
regulations.  The agencies were also asked to address the following: 1) the 
applicable permitting requirements administered by that agency; 2) the 
likelihood of obtaining those permits; 3) other laws administered by the agency 
which might affect the project; and 4) the likelihood that the projects would 
comply with those other laws.  

 
In the request, the District acknowledged that the agency responses would be 
non-binding and non-final agency action, since the Comprehensive Plan 
components are still undergoing design and review.  Nevertheless, the agency 
responses contribute to the District’s reasonable certainty that the project 
components can be permitted and operated as designed, and will conform to 
applicable laws and regulations.  The FDEP indicated that it did not anticipate 
any problems with the 373.1501 process, but that determination will be made 
once the SFWMD submits the 373.1501 State Compliance Report to the FDEP 
for review.  Agency responses are summarized in the following subsections. 
 
The following sections form the basis for this determination.  Copies of the 
letters received from agencies with jurisdiction over the various aspects of the 
project can be found in the PIR/EIS. 
 
1.4.2 Local Agency Information 
 
All components of the Caloosahatchee River (C-43) West Basin Storage Reservoir 
Project will need to comply with the Hendry County Land Development Code 
and all applicable development ordinances. Review of the conceptual design for 
the Caloosahatchee River (C-43) West Basin Storage Reservoir Project by 
Hendry County staff indicates that the project will comply, or can be designed to 
comply with all ordinances and codes administered by the County. 
 
1.4.3 State Agency Information 
 
1.4.3.1 Florida Department of Environmental Protection (DEP) 
 
The Department of Environmental Protection (DEP) has participated actively in 
the planning and evaluation process directed by the SFWMD and USACE 
leading to the development of the Comprehensive Plan.  Through that process, 
DEP identified potential permitting obstacles to the implementation of the 
Comprehensive Plan.  DEP will also continue to assign agency staff to work with 
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the SFWMD and the interagency teams working on ongoing and future detailed 
planning efforts.  Furthermore, to effectively fulfill their responsibilities under 
the approval process created in s. 373.026(8), F.S. and the criteria for approval 
listed in s. 373.1501(5), F.S., DEP is continuing to participate with SFWMD staff 
in the coordination of pre-application conferences and the preparation of 
information to be submitted to DEP for review and approval.  DEP has 
committed to working with the SFWMD and USACE to issue these permits in a 
timely manner. 
 
DEP has determined that its Water Quality Standards and Special Projects 
Program of the Division of Water Resource Management in Tallahassee will 
have primary responsibility for coordinating their planning and permitting 
activities associated with CERP components.  This will be done in close 
coordination with the CERP planning and permitting staff in the District Office 
in Fort Myers.  
 
DEP has reviewed the information presented at the pre-application conferences 
and have discussed the available information provided to date through the 
Project Implementation Report process.  Based on that review and discussion, it 
is their initial opinion that with a reasonable degree of certainty, the project 
components, as currently understood, will be permittable, operable and will 
comply with relevant laws and regulations. 
 
Achieving water quality standards will be an underlying consideration of the 
FDEP during the permitting of these project components.  FDEP has and will 
continue to work with the SFWMD and USACE to ensure that surface water 
discharges and ground water recharge from these components will meet water 
quality standards and water quality objectives.  This position is consistent with 
both the intent and language of the CERP and the Comprehensive Everglades 
Restoration Plan Regulation Act (CERPRA) permitting legislation (373.1502, 
F.S.). 
 
1.4.3.2 Florida Fish and Wildlife Conservation Commission 
 
The FWCC has two areas of regulatory function in the permitting process of the 
Comprehensive Plan.  The first is when construction activities trigger 
regulations that the FWCC has developed and enforced under Chapter 39 of the 
Florida Administrative Code.  These regulations protect species that the FWCC 
has designated as endangered, threatened, or of special concern (Chapter 39-
027.002 through 39-27.005 of the Florida Administrative Code).  These rules 
protect individuals of listed species, their active nests, their eggs, and their 
young.  The rules do not include habitat protection.  The rules would only impact 
the Comprehensive Plan efforts if the construction or operation activities directly 
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killed or harmed a listed animal or fish, or if the species were disturbed from 
their nests such that juveniles were killed.  
 
The second area of permit involvement is an indirect role of commenting when 
solicited via rules of other agencies that are issuing permits or approvals for 
projects that have the potential to affect fish and wildlife habitat.  The FWCC 
started this process with information in the CARs found in the Comprehensive 
Plan documents.  SFWMD staff will continue to coordinate with the FWCC to 
develop satisfactory wildlife-survey methodologies to identify the extent to which 
listed species may be affected by the individual projects, and if necessary, 
propose actions to avoid “taking” an individual of a state listed species. 
 
The FWCC has indicated that it supports the goals and concepts of the 
Comprehensive Plan and anticipates that Caloosahatchee River (C-43) West 
Basin Storage Reservoir Project is “permittable” pursuant to agency regulations.  
Furthermore, the FWCC has no indications that it would object to the 
components being approved via a Comprehensive Everglades Restoration Plan 
Regulation Act (CERPRA) Permit. 
 
1.4.3.3 Florida Department of State, Division of Historic Resources 
 
The USACE is reviewing information regarding historical properties that might 
be affected by the Caloosahatchee River (C-43) West Basin Storage Reservoir 
Project, in compliance with Section 106 of the National Preservation Act of 1966 
(PL89-665), as amended in 2000; its implementing regulations (36 CFR Part 
800) and the Archeological and Historical Preservation Act of 1974 (PL93-291), 
as amended. 
 
There are numerous recorded historical properties within Hendry County and 
there is a possibility that the project may impact known and unknown sites. 
Investigations to evaluate the cultural resources and high probability areas, 
which included a literature review, site visit and cultural resource survey 
resulted in finding no historic or cultural resources were found.  This 
determination was made according to the guidelines established in 36 CFR Part 
800 and compliance with Section 106 of the National Historic Preservation Act. 
 
1.4.4 Federal Agency Information 
 
1.4.4.1 U.S. Army Corps of Engineers (USACE) 
 
Based on the current best available information, the proposed project is an 
integral component of CERP and will be refined and designed, constructed, and 
cost-shared jointly by the SFWMD and the USACE.  As such, the project 
components should not need federal Clean Water Act 404 permits.  However, 
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should circumstances change to remove this partnership for any of the 
components and the SFWMD becomes the sole proponent, then 404 permits may 
be required. 
 
Operation and regulation schedules are to be developed concurrently with the 
National Environmental Policy Act (NEPA).  Each component will be reviewed to 
assure such compliance, with supplemental NEPA documentation prepared for 
each component.  If the USACE determines during this review that there are no 
significant impacts for any of the components, the USACE has elected to prepare 
an Environmental Impact Statement (EIS). 
 
To be eligible for funding, a federal project must comply with all federal laws 
and regulations.  Present understanding is that the final projects will be in 
complete compliance. The USACE has indicated that based on the present 
understanding of these project components, the USACE believes that this project 
will be fully permittable and buildable. 
 
1.4.4.2 U.S. Fish and Wildlife Service (USFWS) 
 
In accordance with Section 7(a)(2) of the Endangered Species Act, the USACE is 
required to ensure that any action it takes will not jeopardize the continued 
existence or modify designated critical habitat of federally listed species.  The 
USACE must first make a determination of whether the federal action is “likely 
to adversely affect” any listed species. If, through informal consultation with the 
USFWS, the USACE determines that the federal action is “not likely to 
adversely affect” listed species and the USFWS concurs, then informal 
consultation is concluded and no further action is required.  If the USFWS does 
not concur with the USACE’s determination, the USFWS will request that the 
USACE enter formal consultation leading to the preparation of a Biological 
Opinion.  
 
If the USACE determines that the federal action is “likely to adversely affect” 
listed species, then the USACE will request a Biological Opinion from the 
USFWS.  The USFWS and the USACE then enter formal consultation and the 
USFWS renders its Biological Opinion.  
 
Additionally, the USACE is required to consult with the USFWS and the 
appropriate state fish and wildlife agency and seek their views and 
recommendations on measures to protect, conserve and mitigate for damages to 
fish and wildlife resources.  At this stage of the planning process, the USFWS 
has provided the USACE with a Planning Aid Report for the Caloosahatchee 
River (C-43) West Basin Storage Reservoir Project which provides specific 
recommendations to protect fish and wildlife resources in accordance with the 
Fish and Wildlife Coordination Act. 
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The central objective of the Fish and Wildlife Coordination Act (FWCA) is to 
allow for equal consideration of wildlife resources.  Transfer funds have been 
made available to the USFWS in order to participate in team meetings and 
workshops scheduled in conjunction with the USACE’s planning, 
implementation, and evaluation process.  Funding has also been provided for the 
USFWS to conduct surveys and investigations necessary to determine impacts of 
the C-43 project on wildlife resources and to make recommendations to the 
USACE on measures to prevent loss of or damage to wildlife resources.  
Recommendations for optimizing opportunities related to the conservation and 
enhancement of fish and wildlife resources have been provided through the 
submittal of Planning Aid Letters listed above.  A draft CAR has been prepared 
and is included in Annex A of the PIR/EIS.  Additionally, the Florida Fish and 
Wildlife Conservation Commission (FWC) has been an active participant on this 
project and have provided a Scoping Letter dated 10 June 2003. 
 
1.4.4.3 Reasonable Certainty that Project is Consistent with Applicable 

Laws and Regulations and can be Permitted and Operated as 
Proposed 

 
Based upon these interagency discussions at the Federal, state and local levels, 
the SFWMD has determined with reasonable certainty that the Caloosahatchee 
River (C-43) West Basin Storage Reservoir Project is consistent with applicable 
law and regulations and can be permitted and operated as proposed. 
 
1.5 Reasonable Assurances [373.1501(5)(d)] 
 
Florida Statute s. 373.470(3)(c) states that “Prior to executing a project 
cooperation agreement with the Corps for the construction of a project 
component, the District, in cooperation with the Corps shall complete a project 
implementation report to address the project component’s economic and 
environmental benefits, engineering feasibility, and other factors provided in s 
373.1501 sufficient to allow the District to obtain approval under s. 373.026.  
Each project implementation report shall also identify the increase in water 
supplies resulting from the project component.  The additional water supply 
shall be allocated or reserved by the District under chapter 373.” 
 
Florida Statute s 373.1501(5)(d) states that the SFWMD shall “Consistent with 
this Chapter, the purpose for the restudy in the Water Resources Development 
Act of 1996, and other applicable federal law, provide reasonable assurances that 
the quantity of water available to existing legal users shall not be diminished by 
implementation of project so as to adversely impact existing legal users, that 
existing levels of service for flood protection will not be diminished outside the 
geographic area of the project, and that water management practices will 
continue to adapt to meet the needs of the restored natural environment.” 
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Key Assumptions for State Compliance Analyses Associated with Reservoir 
Operations and Spreadsheet Analyses - The conceptual intent of the 
Caloosahatchee River (C-43) West Basin Storage Reservoir Project is that the 
reservoir will be operated to supply water to the C-43 Canal (Caloosahatchee 
River) to maintain desirable salinity levels in the Caloosahatchee Estuary 
System as measured by flows calculated for the S-79 structure.  The following 
are key assumptions utilized in these analyses and are consistent with this 
conceptual intent.  
 

• The source of Caloosahatchee River (C-43 canal) flow data for the 
spreadsheet analyses for the Existing Conditions Baseline (2000) is 
derived from South Florida Water Management Model (SFWMM) version 
5.4.2 base model simulation 2000RD. 

• The spreadsheet will take into consideration the ET losses from the 
reservoir.  The mass balance terms for the reservoir are reservoir inflow, 
reservoir releases, reservoir seepage (assumed to be zero based on results 
of the C-43 Test Cell Pilot Project – July 2006), ET losses (based on area 
volume relationship), and reservoir direct precipitation. 

• No agricultural or urban water supply deliveries will be supplied by the 
reservoir. These demands continue to be supplied from Lake Okeechobee 
or existing groundwater sources. 

• The eastern Caloosahatchee Basin (east of the S-78 structure) will not be 
affected by the project. 

• With the exception of changing flows to the Caloosahatchee Estuary 
downstream of S-79, there will be no impacts on the Western 
Caloosahatchee Basin. 

 
The operations of the C-43 reservoir focus on meeting estuary hydrologic 
restoration targets for the Caloosahatchee Estuary.  However, the analyses 
associated with State Assurances will occur at both the system-wide and project 
levels to confirm there will be no unexpected impacts to existing legal users of 
water or significant adverse effects on the level of service for flood protection as a 
result of the project. 

 
System-wide effects – Defined as the hydrologic effects due to the storage, 
management, treatment, and delivery of water via the C&SF Project occurring 
outside the immediate project vicinity.   The only basin that will be affected by 
the project is the Caloosahatchee Estuary.  Therefore, there are no System-wide 
effects on existing legal users or existing levels of flood protection.  
 
Project-level effects – Defined as the hydrologic effects occurring within the 
immediate project vicinity (e.g., natural areas, wetlands, salinity control) or 
within the features of the project components (e.g., reservoirs, stormwater 
treatment areas, wellfield recharge distribution canal). 
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The SFWMD Acceler8 design process evaluated field conditions at the project 
reservoir site through geotechnical evaluations which were followed by the 
construction of test cells. The test cells were constructed to determine the 
seepage potential of the proposed reservoir and to document local project-level 
groundwater effects.  The embankment of test cell one did not contain a cut-off 
slurry wall, while the embankment of test cell two did contained a cut-off slurry 
wall designed to contain seepage.  Results of the test cells are presented in the 
C-43 West Storage Reservoir Test Cell Pilot Project, July 2006.  In summary, the 
groundwater levels within the embankment and seepage rates immediately 
increased upon filling of test cell one, while test cell two (with a cut-off slurry 
wall) showed virtually no impact to groundwater levels or in the rate of seepage 
through the embankment.  

 
In addition, sections 6 and 12 in the C-43 West Basin Storage Reservoir Final 
Basis of Design Report (SFWMD, April 2006) describe the intended purpose and 
proposed operations of the perimeter canal.  The primary operational intent for 
seepage management is to maintain the water levels in the perimeter canal to 
preserve existing groundwater levels and to intercept seepage, if any, from the 
reservoir. 
 
These project-level, site specific investigations have been used to design a project 
that will have no adverse effects to the localized surface and ground-water 
resources adjacent to the project reservoir. In addition, modeling and analyses 
was conducted using the local reservoir MIKESHE model to assist in the design 
efforts and to evaluate the affects of the reservoir construction and operations on 
the area adjacent to the reservoir footprint. 
 
Analyses performed to make these determinations are based in part on 
simulations produced by the SFWMM for the hydrologic period of record of 1965 
through 2000. Details regarding these analyses are included in Annex C of the 
PIR/EIS. 
 
1.5.1 Water Supply Assurance 
 
This section provides sufficient information “reasonable assurances that the 
quantity of water available to existing legal users shall not be diminished by 
implementation of project components so as to adversely impact existing legal 
users,”  Section 373.1501(5)(a), F.S.    Pursuant to Section 373.219, F.S., existing 
legal users are those that have a consumptive use permit or are exempt from 
permitting requirements, such as domestic users.   
 
These assurances require a quantification of the amount of water permitted to 
all existing legal users and used by exempt users within the Caloosahatchee 
River (C-43) West Basin Storage Reservoir Project area during the PIR process. 
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This quantification is determined on a system-wide basis by evaluating flows at 
S-79 simulated by the SFWMM model simulations of the Existing Conditions 
PIR Baseline (2000 land use, 2007 permitted demands) without project 
components to the Existing Conditions PIR Baseline with project components to 
examine the potential impact of the selected plan on the quantity and quality of 
water for the existing legal users. 
 
The operations for this project focus on reducing detrimental, excess flows from 
S-79 and providing supplemental flows across S-79 to the Caloosahatchee 
Estuary to achieve restoration targets in the estuary.  The water supply 
provided to permitted existing legal users, agricultural and urban demands in 
the Caloosahatchee Basin, will remain the same as before the project.  The 
project will not affect the regional water management system.  Therefore, there 
will be no system-wide impacts as a result of this project on existing legal users. 
 
At the project level, the existing water levels in the area adjacent to the 
reservoir will be maintained through the operating levels and control structures 
of the perimeter canals surrounding the project reservoir.  Output of 
groundwater level simulations using the local reservoir-level MIKESHE model 
were displayed for eleven locations (each represents a 1,500 ft grid cell) around 
the reservoir shown in Figure 5.  For each location modeled, a groundwater stage 
duration comparison (see Part 1 Federal Assurances section 3, Figures 2 a-k) 
shows the groundwater levels at or below the land surface (represented as zero 
on the figures) and the duration of time for the period of record those levels are 
maintained for the with and without project conditions.  
 
Location 10 (Figure 6) shows an approximate three foot reduction in 
groundwater elevations between the “with” and “without” project simulations.  
This location is adjacent to the Roberts Canal, which functions primarily for 
drainage, and the perimeter canal, which is held at a lower water elevation 
between two structures, C-43 S-10 and C-43 S-3, located in the perimeter canal.  
This reduction in water elevation differences across the project footprint will not 
affect existing legal users.  The results of this groundwater analysis show there 
are not adverse effects to groundwater levels and, therefore existing legal users 
will not be affected as a result of the project. 
 
With the project in place, portions of the Roberts Canal and Header Canal will 
become part of the project footprint.  To continue to provide an irrigation source 
to the Bob Paul property, which in existing conditions pumps irrigation water 
from the Header Canal (via the Townsend Canal), pump station #3 was included 
as a project component in the reservoir perimeter canal to pump water to the 
east to the remaining Header Canal assuring the same volume of water is 
available compared to existing conditions.  The Crawford Canal will still be 
available to the Bob Paul property for drainage and is not affected by the project.  
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Figure 5:  Local Reservoir MIKESHE model boundary outlining the project 
footprint, local canals and the locations of the simulated groundwater levels for 
the groundwater hydrographs. 
 
Based on the information contained in this section, the SFWMD is providing 
reasonable assurances that water supply for existing legal users shall not be 
diminished through project implementation. 
 
1.5.2 Flood Protection Assurance 
 
An initial analysis of the project’s potential impacts on flood protection in the C-
43 basin was conducted by reviewing and analyzing the following information: 
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• Historic stage/discharge relationships; 
• Existing groundwater data; 
• Canal water surface profiles (with and without the project); and 
• Project design and operations; 
 

As a result of this review and analysis, initial recommendations were developed 
for operational and/or structural changes to the plan necessary to mitigate 
potential adverse impacts on flood protection associated with project 
implementation. 
 

Location 10 - Groundwater Duration Comparison
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Figure 6: Depth to groundwater level for with project and without project at 
Location 10 
 
The intent of the level of service analysis for flood protection, required by WRDA 
2000 and the CERP Programmatic Regulations as well as Florida State law 
regarding the implementation of CERP, is to ensure that CERP components do 
not negatively impact existing levels of service for flood protection. 
 
The operations of this project will not change the operations of the C-43 Canal 
based on the key assumptions outlined in the Federal Assurances and Savings 
Clause Analysis, Section 8.4.  Therefore, there will be no system-wide effects on 
flood protection as a result of the project.  
 
Operating levels of the seepage canals and canal structures surrounding the 
reservoir will be refined to maintain existing groundwater levels adjacent to the 
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project. In addition, results from the local reservoir-level MIKESHE modeling 
and the test cell pilot project indicate a boundary slurry wall within the 
embankment will prevent seepage out of the reservoir and minimize impacts to 
groundwater levels.  
 
Of the eleven locations (see Figure 5) evaluated using the MIKESHE model, the 
only location where simulated groundwater elevations increased compared to the 
without-project conditions was north of the project (Figure 7).  Simulated “with 
project” groundwater elevations increased slightly compared to the “without 
project” condition.  The greatest difference was during the dry period (e.g., 1981) 
not the wet periods.  This minor effect can be addressed through further 
refinement of perimeter canal control structure operations for the project.  The 
remaining ten locations show no to very little differences in groundwater 
elevations. 
 

Location 2 - Groundwater Duration Comparison
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Figure 7: Depth to groundwater level for with project and without project at 
Location 2 
 
Based upon this information, the SFWMD is providing reasonable assurance 
through structural and operational modifications that existing levels of service 
for flood protection will not be diminished through implementation of the 
Caloosahatchee River (C-43) West Basin Storage Reservoir Project. 
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Adaptive Management to Meet the Needs of the Restored Natural 
Environment 

 
Based upon the procedures outlined for the planning process, adaptive water 
management practices were utilized during the modeling runs and the 
development of the Caloosahatchee River (C-43) West Basin Storage Reservoir 
Project selected plan.  Along with standard engineering practices and procedures 
for the detailed design and the establishment of the Restoration Coordination 
and Verification (RECOVER) process, adaptive water management practices will 
continue throughout plan implementation.  These practices and procedures will 
ensure that the Caloosahatchee River (C-43) West Basin Storage Reservoir 
Project will contain the most efficient and cost effective components to meet the 
needs of the restored natural environment and human environment. The project 
which is the subject of this report has been a part of past procedures and will be 
a part of future procedures to maintain this assurance. 
 
Adaptive management (AM) consists of an active strategy for dealing with the 
considerable uncertainties that characterize management of large natural 
ecosystems, which are complex and difficult to predict.  The overall purpose of 
AM is to maximize the chance of success and includes methods, such as proactive 
approaches to dealing with uncertainties, the use of modern ecosystem science 
and scientific practices, active collaboration, and the use of open, inclusive, and 
integrative processes. 
 
Five key principles help implement this approach to adaptive management: 
 

1. Anticipate future uncertainties and contingencies 
2. Employ science-based approaches to build knowledge 
3. Design robust projects that can be adapted to changing conditions 
4. Build a shared understanding through collaboration and conflict 

resolution 
5. Reconcile competing objectives to benefit both nature and society 

 
The C-43 project is a component of the CERP, which consists of sixty-eight (68) 
major components.  The uncertainty associated with a program of this 
magnitude was recognized during the Restudy, which led Congress to address 
the necessity of AM in the Water Resources Development Act of 2000.   
 
As such, a fundamental implementation principle for CERP is to utilize adaptive 
assessment and management in order to continually refine and improve the 
performance of CERP projects so that planned benefits are attained.  
Incremental revisions of optimal project designs and project operations 
throughout the planning and implementation process will lead to improved 
performances.  The use of the adaptive assessment policy minimizes the effects 
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of uncertainty with respect to the effects of CERP projects on the natural system 
and other water-related needs of the region related to the design and 
implementation of the CERP.   
The measurement of benefits attributable to CERP projects must consider 
individual outputs as well as system-wide interdependencies among projects.  
This evaluation methodology applies to hydrologically linked projects that 
operate optimally in a synergistic fashion. Therefore, until other CERP projects 
are implemented, some benefits may not be realized.  Moreover, interim and 
long-term impacts will be largely determined by implementation of CERP 
components and operational strategies.  Regional evaluations will be used to 
improve information necessary to predict and assess shortfalls attributable to 
sequencing issues versus shortfalls in performance.   
 
The project team considered the uncertainty in the estimation of habitat unit 
values for the various alternatives and how would ecological outputs respond 
over time, and how do continued high Lake Okeechobee inflows and runoff 
volumes affect outputs over time. Consideration of “if” and “when” other CERP 
components were constructed were also considered in the estimate of ecological 
outputs, demonstrating the sensitivity of Caloosahatchee Estuary outputs to the 
construction of other CERP components.   
 
As part of the AM process, careful flow monitoring will occur to evaluate the 
ability of any implemented features to meet the performance measures.  In 
addition, biological response data will be collected for use in further refining the 
performance measures, project operations, and system understanding.  The next 
added increment analysis showed that essentially all of the estuary outputs 
would still be produced by the C-43 Basin project even if other CERP projects 
were never constructed.  This same analysis also indicated that no other 
alternative performed more cost effectively than the recommended alternative 
(Alternative 3C) when other CERP project were not constructed.  Furthermore, 
cost effectiveness analysis indicated that the various alternatives were 
sufficiently separate and distinct so that relatively large changes in either cost 
or output would be required before an alternative would appear to be the 
superior. 
 
 Coordination with Existing Utilities and Public Infrastructure 

[373.1501(5)(e)] 
 
Section 373.1501(5)(e), F.S. requires the SFWMD to “Ensure that 
implementation of project components is coordinated with existing utilities and 
public infrastructure and that impacts to and relocation of existing utility and 
public infrastructure are minimized.” 
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1.6.1 Summary of Utilities Within the Project Area    
 
This project is located south of the Caloosahatchee River in a rural area 
developed in citrus groves east of the City of LaBelle in Hendry County.  It is 
south of State Road 80, a major state road that is designated on the Strategic 
Intermodal System (SIS).  This road serves as a major evacuation and commerce 
route in and out of Southwest Florida.   
 
There are very few local roads within the project area.  These roads will be 
abandoned and removed as part of the Project. 
 
The only power lines that exist within or immediately adjacent to the 
Caloosahatchee River (C-43) West Basin Storage Reservoir Project area are local 
distribution lines that served residential and commercial land uses that have 
since been acquired for the projects.  All the other distribution lines will either 
be removed or upgraded, once it has been determined which ones need to remain 
to provide either interim construction and/or permanent operational power for 
the projects’ facilities.   
 
Since telephone lines are co-located with the FPL electrical power lines, removal 
and relocation of telephone lines due to the construction of the Caloosahatchee 
River (C-43) West Basin Storage Reservoir Project is approximately the same as 
described above for electrical lines. 
 
1.6.2 Summary of Coordination Efforts with Existing Utilities and Public 

Infrastructure 
 
Meetings with the other utilities and local governments have been held, as 
needed, over the years to discuss specific project features and potential impacts 
on the utility or local government facilities/infrastructure.  Follow up meetings 
will continue to provide an update on project schedules, design analysis to date, 
and related topics and to discuss actions needed to resolve any remaining issues. 
 
1.7 Increased Water Supply Available from Project [373.470] 
 
1.7.1 State Requirements 
 
Section 373.470, F.S., requires that the PIR identify the increase in water 
supplies resulting from the project components and that the additional water be 
allocated or reserved under Chapter 373, F.S. 
 
Identification of water for the natural system is based on the concept of water 
needed to achieve the benefits of the project and the overarching objective of 
restoration, preservation and protection of the South Florida Ecosystem.  The 
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water made available for the natural system is the water made available that 
contributes to meeting hydrologic, water quality, and ecologic targets for 
restoration of natural systems.  In the case of the C-43 Storage Reservoir Project 
the only inflow basin affected by the project is the Caloosahatchee Estuary.  
The primary functions of the reservoir are two-fold:  1) to capture excess basin 
runoff and discharges from Lake Okeechobee during periods of high flow, and 2) 
to provide an additional source of water to maintain desirable salinity in the 
Caloosahatchee Estuary during low flow periods.  Therefore, the analysis 
associated with identifying water made available by the project will focus on the 
project’s effects on the Caloosahatchee Estuary.  
 
There will be no water made available for other water related needs by the 
reservoir and all water made available by the project is for the natural system. 
The operational assumptions of the C-43 reservoir focus on meeting estuary 
hydrologic restoration targets for the Caloosahatchee Estuary.   
 
Since the estuarine system is not in need of additional fresh water during wet 
periods, the analysis of water made available for the natural system focused on 
the additional water delivered from the reservoir to the C-43 Canal and 
Caloosahatchee Estuary during low flow periods.  A hydrologic target for the 
natural system (flow at S-79) was utilized to identify the quantity of water that 
is required to meet estuary restoration objectives, in contrast to water which 
may be harmful or otherwise not contribute to the estuary restoration targets.   
 
Summary of the Analytical Method Used to Identify Water Made Available -  
To identify water made available by the project, a simplified spreadsheet 
analysis of the C-43 Reservoir Project was produced based on the capture of 
excess flow over S-79, which was derived from the SFWMM simulation of the 
2000 base conditions.  The spreadsheet analysis evaluated the 2000 condition 
with and without project and incorporated the operational assumptions. 
 
The spreadsheet analysis is centered on a water budget equation for the 
reservoir.  Equations are based on conservation of mass and relate the inflows to 
the reservoir and the outflows from the reservoir to the change in storage in the 
reservoir over some fixed time scale.  The spreadsheet calculated the daily 
change in storage and associated water surface elevation, both of which are 
considered in determining fill and release operations in subsequent time steps.  
Then the spreadsheet created an updated flow over S-79 that reflects the 
changes to the original flow resulting from reservoir fill or release activities. 
 
The focus of the spreadsheet analyses is the modification or adjustments of flow 
over S-79 with the intent of improving the salinity distribution in the 
downstream estuary.  The spreadsheet however, has no salinity or ecological 
component and relies on a hydrologic surrogate to infer improved performance.  
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The hydrologic surrogate used is the flow over S-79 and its ability to achieve, or 
trend towards, an estuary flow target time series (EST05) which has been 
demonstrated to be a restoration time series that would result in optimal habitat 
conditions for several indicator species in the Caloosahatchee Estuary. 
In this spreadsheet analyses to identify the variability of water made available 
by the project for the natural system, inflow volume probability curves will be 
calculated and presented as total annual cumulative inflow into the 
Caloosahatchee Estuary.  The data presented are the daily numbers summed to 
yield an annual volume. 
 
As a means to display achieving or trending toward the estuarine salinity 
targets, EST05, as a whole and quantifying other desirable matches to portions 
of the restoration flow series, two  graphics were generated from the spreadsheet 
calculations for both the 2000 existing condition “without project” or base 
condition and the “with project” condition. 
 

1. Volume probability curves - Plot of flows in acre feet over S-79 that help 
meet the EST05 restoration time series for the “with” and “without” 
project conditions  

 
2. Water made available by the project – the increase in water released by 

the project are described as the percentage of time that flow is less than or 
equal to the target restoration flow series, EST05, by ranking and plotting 
the flow over S-79 of the “with” and “without project” conditions. 

 
Volume probability curves - For purposes of identifying the water made available 
by the project for the natural system, volume probability curves representing 
total annual cumulative inflows were produced depicting the range of the 
quantities of water delivered to the Caloosahatchee Estuary through S-79 under 
all climatic conditions simulated by the period of record.  This period includes 
sufficient climatological variability (including natural fluctuations of water) to 
be representative of long term hydrologic conditions in the region.   
 
The identification of the water made available in the existing condition and 
water made available with the project will be determined by comparing the 
inflow volume-probability curves for the “with” and “without” project conditions. 
To determine the quantity of water for the natural system in the Caloosahatchee 
estuary, the EST05 salinity envelope was used to determine the portion of water 
that is needed, to meet the restoration targets of the estuary. In both the with 
and without project condition, the quantities of water made available for the 
estuary as a result of the project will be displayed using volume probability 
curves.  
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Water Made Available by the project - After the quantities of water needed to 
help meet restoration targets have been identified and displayed using volume 
probability curves, the increase in water made available for the project.  The 
increase in water made available will be derived from annual difference between 
the 2000 “without” project” condition or the base and the 2000 “with project” 
condition flows to trend towards the estuarine targets.  The results will then be 
sorted, ranked (from greatest to least), and plotted as a difference curve. 
 
1.7.2 System-Wide Effects 
 
The only basin that will be affected by the project is the Caloosahatchee Estuary.  
Therefore, there are no System-wide effects. 
 
1.7.3 Caloosahatchee River (C-43) West Basin Storage Reservoir Project Effects 
 
A graphical comparison of how the project trends towards meeting the 
Caloosahatchee Estuary salinity restoration targets for the “with” and “without” 
project conditions is shown by the volume probability curves (Figure 7) below. 
This graphic contains three volume probability curves.  The period of record 
salinity target flows (EST 05) were plotted for comparison of both the “with” and 
“without” project conditions to show project trends towards meeting restoration 
targets. The graph displays the relative increase in water made available by the 
project. It should be noted that the y-axis for this graphic indicates acre-feet per 
day.  A summary of the total water made available by the project is provided in 
Annex C of the PIR/EIS.  
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Figure 7:  Volume probability curves of water made available for the 2000 
Existing Conditions without and with the project 
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Water Made Available by the Project for the Natural System - The increase in 
the quantity of the water made available by the project was plotted showing the 
variability of the water made available for the natural system by the project 
(Figure 8).  
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Figure 8:  Water made available by the project for the natural system 
 
1.7.4 Water for Other Water-related Needs of the Region 
  
There will be no in water supplied by the project for agricultural and urban 
needs by the reservoir. All water made available by the project is for the natural 
system. The operational assumptions of the C-43 reservoir focus on meeting 
estuary hydrologic restoration targets for the Caloosahatchee Estuary. 
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