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2 Matlacha Pass and NS Canal: Hydrologic and Natural System 
Delineations 

2.1 Description of the Hydrologic Dynamics in the Watershed 

2.1.1 Objective 
 
The objective of this section is to summarize the surface water hydrology of the North Spreader 
Canal (NSC) watershed. The surface water features of the watershed affect freshwater flows to the 
NSC and subsequent discharges to Matlacha Pass. 
 

2.1.2 Watershed Features 
 
The NSC is a network of tidally-influenced canals along the eastern edge of the Matlacha Pass 
estuary. The tributary watershed extends north and east from the canal (Figure 2-1). Major 
tributaries include, from north to south, Gator Slough, and the Horseshoe, Hermosa, and Shadroe 
Canals (Figure 2-2). The areas of these sub-watersheds are 10469, 7601, 5940, and 3865 acres, 
respectively.  
 

 

Figure 2-1 Location Map. 
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Figure 2-2 Major Tributary Watersheds. 

 
Gator Slough is the largest tributary and contributes the most freshwater inflow to the NSC. 
Although it was historically a series of shallow depressions, Gator Slough is now channelized from 
the NSC to US41. This lower basin includes approximately 21 mi2. The upper portion of the Gator 
Slough drainage area east of US41, about 34 mi2, has been greatly altered and contributes less 
runoff than historically (LaRose and Sheftall, 1984). Although the original Gator Slough drainage 
area has diminished, Gator Slough now extends further southeast into the North Caloosahatchee 
Watershed, and conveys some fresh water away from the upper most Hancock Creek and Yellow 
Fever Creek subbasins (Chamberlin and Beever, 2003).  
 
The remaining area of the NSC watershed, between Gator Slough and SR 78 (Pine Island Road) is 
approximately 23 mi2 and includes drainage areas for Horseshoe, Hermosa, and Shadroe Canals. 
These canals are all man-made and are not reflected in historical aerial photographs. This portion of 
the watershed also extends into the historical North Caloosahatchee Watershed, where it diverts 
fresh water away from both Hancock Creek and the subbasin to the south of Hancock Creek.  
 
The tidal canals are separated from the freshwater canal system to the east by five weirs at SR 765 
(Burnt Store Road), located on the four tributaries named above, plus a much smaller tributary 
(Arroz Canal) south of Gator Slough, as shown in Table 2-1. Fresh water levels in the canals are 
maintained by these and other upstream weirs which are operated by the City of Cape Coral. With 
controlling elevations of approximately 3.3 feet NAVD, the weirs exclude salt water from the 
upstream system under all but extreme tidal events. 
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Table 2-1 Water Control Weirs in the North Spreader 
Canal System, at Burnt Store Road. 

City ID Number Waterbody Controlling Elev.   
(ft NAVD) 

11 Gator Slough 3.3 
12 Arroz Canal 3.3 
13 Horseshoe Canal 3.4 
14 Hermosa Canal 3.3 
15 Shadroe Canal 3.2 

 
Freshwater flows into the NSC are recorded at gages maintained by the US Geological Survey 
(USGS) at weirs numbered 11, 13, 14, and 15. The gages are presented in Table 2-2. 
 
Table 2-2 USGS Gages in the Watershed. 

Gage Number Waterbody Period of Record Drainage Basin Area 
in Acres (mi2) (1) 

02293264 Gator Slough 05-08-84 to present 10,469 (16.4) 
02293346 Horseshoe Canal 01-21-87 to present 7,601 (11.9) 
02293347 Hermosa Canal 01-22-87 to present 5,940 (9.3) 
02293345 Shadroe Canal 01-22-87 to present 3,865 (6.0) 

 (1) Based on GIS coverage. USGS lists drainage area as “indeterminate.” 
 
Rainfall patterns in the study area are governed by both short-term (seasonal) and long-term (inter-
annual) phenomenon. In peninsular Florida, there is typically a June through September high 
rainfall season.  Superimposed on this general seasonal cycle are the effects of larger scale events, 
notably the El Niño-Southern Oscillation (ENSO) and the Atlantic Multidecadal Oscillation (AMO) 
(SWFWMD 2004).  Typically El Niño years are wetter than La Niña years (Schmidt and Luther 
2002).  However, El Niño effects during the summer wet season are somewhat attenuated by the 
seasonal occurrence of thunderstorms.  Mean monthly rainfall at the nearby Lee County Tower 
station (aka Orange River) exhibits the typical June-September rainfall peak and lower values during 
the remainder of the year (Figure 2-3).  Long-term trends for rainfall are shown in Figure 2-4.  The 
total annual rainfall at Lee County Tower station ranged from 30 to 87 inches, while the mean and 
median were 52.2 and 52.5 inches, respectively. 
 
As expected, the seasonal trend in flows mimics the seasonal trend in rainfall, with highest flows 
between June and September and lower flows from October to May (Figures 2-5 to 2-8).  The 
period of record used for flows was 2000-2004.  A longer period of record was available, but was 
not used because of significant gaps.  Gator Slough, with the largest watershed, typically has the 
highest flows, over half the total inflow in some years (Figure 2-9).  As can be seen from the plots 
(Figures 2-5 to 2-8), the range of flows is quite large, ranging from 0 to greater than 1250 cfs.  For 
example, the median monthly flows in Gator Slough do not exceed 200 cfs, but flows surpass 1250 
cfs at times.  The same seasonal pattern and large range of flows is documented for all four gages.   
 
Other sources of freshwater for the NSC besides gaged stormwater runoff include small areas of 
direct runoff, direct precipitation, and shallow groundwater infiltration. Return water from the use 
of reclaimed water for irrigation and septic tank leachate also contributes small amounts of fresh 
water to the canal system.  These anthropogenic contributions are likely more important for water 
quality considerations than hydrological. It should be noted that the location of the canal 
discharges to the NSC are fairly well distributed along its length, and do promote mixing and 
circulation of the freshwater with tidal inflows.  
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Figure 2-3. Average monthly rainfall (total inches) at Lee County Tower Station (1970-2008). 
 

 
Figure 2-4. Annual rainfall (inches) at Lee County Tower Station (1970-2008). 
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Figure 2-5. Box and whisker of daily flows (cfs) by calendar month from Gator Slough for the period 

1995 to 2008. 

 
Figure 2-6. Box and whisker of daily flows (cfs) by calendar month from Horseshoe Canal for the 

period 1995 to 2008. 
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Figure 2-7. Box and whisker of daily flows (cfs) by calendar month from Hermosa Canal for the period 

1995 to 2008. 

 
Figure 2-8. Box and whisker of daily flows (cfs) by calendar month from Shadroe Canal for the period 

1995 to 2008. 
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Figure 2-9. Annual average flow by subbasin in North Spreader Canal watershed for the period 1995 

to 2008. 
 
 
Alteration of the watershed, including construction of the network of canals and changes in land 
use, has over time changed the distribution, volume, and timing of freshwater inflows to the 
estuary. As noted in Chamberlin and Beever (2003), several studies have evaluated freshwater 
discharge volume and quality (La Rose and Sheftall, 1984; Morrison et al., 1989a; Russell and Kane 
1995), and potential impacts to biota (Morrison et al. 1989b).  
 
More recently, hydrologic modeling conducted for the South Florida Water Management District 
for the Southwest Florida Feasibility Study (SWFFS) predicted freshwater inflows for the study area 
for pre-development (natural systems), existing (2000), and future (2050) conditions (DHI, 2002 
and SDI, 2008).  For the SWFFS model, existing conditions were simulated using a wide variety of 
physical and hydrological parameters to reflect current conditions. The calibration period for 
existing conditions was 1978 – 1986 and land use coverage for 2000 was used to simulate existing 
conditions.  
 
The Natural Systems Model (NSM) was developed using the existing conditions model, then 
removing anthropogenic influences, such as canals/levees, well fields, etc. The pre-development 
vegetation map and topography provided by the District were substituted for the 2000 land use and 
topography used for existing conditions. The pre-channelization cross-sections of the 
Caloosahatchee River (as surveyed by the USACE in 1887) were substituted for the existing 
rectangular cross-sections. Rainfall, evaporation-transpiration (ET), and hydrologic and 
hydrogeologic parameters remain the same as for existing conditions. 
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The future conditions (2050) model was developed by varying the existing conditions land use to 
reflect 2050 conditions. Associated parameters that were varied included the Paved Runoff 
Coefficient, Manning’s “n” for Overland Flow, Detention Storage, and Unsaturated (shallow 
groundwater) Flow. Also, predicted future groundwater pumping rates were input. All other model 
input including rainfall and hydrography (streams, canals, etc.) were unchanged from the existing 
conditions model. A review of the model output for the North Spreader Canal watershed shows that 
the model predicted lower than existing inflows to Matlacha Pass under pre-development 
conditions and higher than existing inflows under future conditions.  
 
The differences in freshwater flows between the time period scenarios are not constant. An analysis 
of daily predicted flows shows that the variation between scenarios varies quite significantly by 
month, reflecting seasonal variability in predicted changes. Table 2-3 shows the ratio of daily flows 
for the pre-development and future conditions model as a ratio of existing condition model flows. 
Pre-development flows differ from current flows by as little as approximately 50% (September) to as 
much as over 90% (May). The reduction in freshwater inflows for pre-development conditions is a 
reflection of changes to model inputs described above. Future inflows were predicted to be higher 
than current and are also a result of changed model input. Future inflows could be as little as 6% 
higher (October) or almost twice as high as current (June).   
 
Table 2-3 Ratio of Current to Pre-development and Future 

Conditions - Freshwater Inflows to North 
Spreader Canal. 

Month Pre-dev to Current Future to Current 
January 0.158 1.40 
February 0.212 1.38 
March 0.160 1.49 
April 0.130 1.52 
May 0.081 1.71 
June 0.116 1.90 
July 0.349 1.78 
August 0.459 1.54 
September 0.546 1.17 
October 0.396 1.06 
November 0.237 1.19 
December 0.138 1.31 

 
 
The flow estimates used in the box model analyses described below were developed as follows. 
The USGS gaged records were used for the existing condition flows. The gages at Burnt Store Road 
do not account for 100% of the total inflow to the NSC, but ungaged areas are small so the gaged 
record gives a good approximation of total inflows. The SWFFS model results for the three 
scenarios provided the ratio of flows between the scenarios as described above. The monthly ratios 
were applied to the existing flows to generate estimates of pre-development and future flows. As 
can be seen, the SWFFS model predicts drastic changes to inflows to the NSC for different time 
periods. Future inflows were estimated to be up to four times higher than pre-development inflows 
in some of the modeled years’ rainfall. One of the Net Environmental Benefits (NEB) to be achieved 
through the EMA process is to return the volume and timing of freshwater inflows to more natural 
conditions.  
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It should be noted that other anthropogenic factors may influence inflows to the NSC in the future. 
The City of Cape Coral currently operates pump stations to divert canal water for irrigation. Existing 
pump stations are all located south of Pine Island Road and outside the NSC watershed, however 
future pump stations have been proposed on all four NSC tributaries (MWH,2004). When these 
become operational it can be expected that inflow to the NSC will be reduced by the diversion 
volume. This potential future operation and others that can alter freshwater inflows to the NSC are 
discussed in Section 4.   
 

2.2 Natural Systems Overview: Historic and Current 
 

2.2.1 Objective 
 
The purpose of this section is to summarize historical, current, and projected future conditions in 
the area containing and surrounding the NSC.  The NSC is located in the City of Cape Coral on 
Florida’s southwest coast, along the eastern shore of Matlacha Pass (Pass). The tributary watershed 
extends east and north into Lee County and Charlotte County (Figure 2-1). 
 

2.2.2 Watershed 
 
Historically the inland portion of the area that now contains the NSC system consisted of coastal 
lowlands vegetated with pine flatwoods, brushland, grass prairies, and wooded and marsh wetlands 
(SFWMD, 2002), as shown in Figure 2-10. Small creeks and sloughs carried stormwater runoff to 
the Pass estuary. Freshwater runoff from each of the creek subbasins flowed generally southwest 
and entered the estuary as sheet-flow or through meandering channels along its eastern boundary 
(Figure 2-11). Coastal creeks in the NSC area included Gator Slough, Durden Creek, Greenwell 
Branch, and several unnamed streams (Figure 2-11). Yucca Pen Slough is directly north of the NSC 
system (Boyle Engineering, 2006). The watershed has little topographic relief, with the highest 
elevations limited to 25-30 feet above sea level east of I-75. Soils are generally sandy and well-
drained, although the water table is shallow in many places, limiting infiltration. 
 
Table 2-4 Current Land Use of the North Spreader Canal Watershed. 

(Source: SFWMD) 

Category 
Percentage 

of Area Includes 
Low-Density Residential 4.7% Mobile Home Parks 
High-Density Residential 1.3% Medium-Density Residential 

Commercial/Industrial 6.2% 
Transportation (incl. Canals 
and Locks), Utilities, 
Institutional, Communication, 
and Disturbed Lands 

Conservation 28.2% Recreational, Open Lands, 
Golf Courses 

Agriculture 4.6% Agriculture  
Upland Vegetation 35.1% Some protected lands 
Water/Wetlands 19.9% Water/Wetlands  
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Figure 2-10 Pre-Development Land Use. 
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Figure 2-11 Historical Aerial (1941). 
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Although many of the estuarine resources, including seagrasses, mangroves, and high marsh fringe 
adjacent to the Pass remain, the mainland landscape has been significantly altered over the past 
decades. The dominant land use within the tributary watershed is residential and commercial 
(Table 2-4), with little open land surviving between the shoreline and I-75 to the east (Figure 2-12) 
(SFWMD, 2005). Hundreds of linear miles of residential canals were excavated, and coastal creeks 
were either filled or channelized.  Future land use plans for the region, such as the Lee County 
Comprehensive Plan (Lee County, 2006) envision the continuing dominance of urban lands in the 
area (Figure 2-13).  
 

 

Figure 2-12 Existing Land Use (Source: SFWMD). 

2.2.3 Estuary 
 
The intertidal portion of the study area is part of the Matlacha Pass Aquatic Preserve (MPAP). The 
12,500-acre MPAP is part of the 150,000-acre Charlotte Harbor Aquatic Preserves (CHAP) system 
and was designated in 1972 (Figure 2-14).  The MPAP is shaped in a sinuous channel that winds 
between oyster bars, mangrove islands and seagrass flats. The preserve is the tidal node between 
Charlotte Harbor to the north and the Caloosahatchee River and San Carlos Bay to the south. It is 
home to four species of seagrasses, three species of mangroves, over 100 species of invertebrates, 
200 species of fish, and 150 species of shore and wading birds. Kayaking, birding, and fishing are 
popular recreational activities within the preserve. Several hiking and paddling trails provide access 
to the preserve. Commercial crabbing also occurs in the Pass.  
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Figure 2-13 Future Land Use (Source: SWFFS). 

 
The estuary has state designations as an Aquatic Preserve, Outstanding Florida Waterway, and Class 
II and Class III waters. It is also designated as an EPA Gulf of Mexico Ecological Management Site 
(GEMS) and as a National Estuarine Preserve (NEP). Priorities for the MPAP include resource 
protection, education, research, and recreation. The MPAP resource management priorities include 
(FDEP, 2009): 

1. maintaining current, detailed resource inventories,  

2. maintaining an up-to-date inventory of physical alterations from human activities,  

3. restoring and enhancing littoral zone habitats,  

4. improving water quality, and  

5. encouraging uses of adjacent uplands which protect and enhance the resources in the 
 aquatic preserves.  
Adjacent to and partially overlying the MPAP is the Charlotte Harbor Preserve State Park, also state-
owned land. These 42,500 acres were designated as a state park in 2004, have previously been part 
of the CHAP. Besides management, education, and research priorities, the park also encourages 
public access for boating, canoeing/kayaking, fishing, and hiking. The park also supports habitat 
restoration and enhancement projects such as Coral Creek Hydrologic Restoration, Cattle Dock 
Point Wetland Creation, and Alligator Creek Restoration.  However, no projects are currently 
planned for that portion of the park adjoining the NSC. 



DRAFT              May 15, 2009 

 2-14 

The Pass and wetland fringe historically contained mangroves, seagrasses, salt marshes, oysters, and 
salterns. Many of these resources remain, although very little of the historical saltern habitat can be 
found today. These habitats all depend on suitable salinities and appropriate timing and volume of 
freshwater inflows, and provide nursery areas for many commercial and recreational species and 
provide other benefits as discussed below. Recreational fish species found in the Pass include 
mullet, spotted sea trout, red drum, flounder, blue crab, pink shrimp, stone crab, snook, tarpon, 
grouper, snapper, sheepshead and several species of shark. Commercial species are cobia, 
flounder, mullet, pompano, spotted sea trout, snapper, tripletail, blue crab and pink shrimp.  
 

2.2.4 Threatened and Endangered Species 
 
Eighty six of the state’s endangered and threatened species are found within the Charlotte Harbor 
region, as listed by the Florida Game and Fresh Water Fish Commission, U.S. Fish and Wildlife 
Service, Convention of International Trade in Endangered Species of Wild Fauna and Flora or 
Florida Committee on Rare and Endangered Plants and Animals. Some of those species are listed 
below in Table 2-5. 
 
Recent public meetings show the potential importance of the NSC for listed fish habitat. The 
National Oceanic and Atmospheric Administration (NOAA) Fisheries Service has proposed the 
Charlotte Harbor estuary and Ten Thousand Islands areas as critical habitat for young small tooth 
sawfish (Pristis pectinatya). The federal plan to declare critical habitat for the endangered small 
tooth sawfish in Southwest Florida would include some Cape Coral canals including portions of the 
NSC. The critical habitat designation would not establish a refuge or preserve, but activities that 
might adversely impact the habitat would be subject to review by NOAA.  
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Figure 2-14 Matlacha Pass Aquatic Preserve and Charlotte Harbor Preserve State Park Boundaries. 
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Table 2-5 Selected Listed Species of the Charlotte Harbor Preserve Area. 

Common Name  Scientific Name  State  Federal  

Reptiles 

American alligator Alligator mississipiensis SSC  T (s/a)  

Atlantic loggerhead turtle  Caretta caretta caretta  T  T  

Atlantic green turtle  Chelonia mydas mydas  E  E  

leatherback turtle  Dermochelys coriacea  E  E  

Atlantic hawksbill turtle  Eretmochelys imbricata imbricata  E  E  

Kemp's ridley  Lepidochelys kempi  E  E  

Birds 

roseate spoonbill  Ajaia ajaja  SSC  n/a  

Southeastern snowy plover  Charadrius alexandrinus tenuirostris  T  n/a  

piping plover  Charadrius melodus  T  T  

Marian's marsh wren  Cistrothorus palustris marianae  SSC  n/a  

little blue heron  Egretta caerulea  SSC  n/a  

reddish egret  Egretta rufescens  SSC  n/a  

snowy egret  Egretta thula  SSC  n/a  

tricolored heron  Egretta tricolor  SSC  n/a  

white ibis  Eudocimus albus  SSC  n/a  

peregrine falcon  Falco peregrinus  E  E  

Southeastern American kestrel  Falco sparverius paulus  T  n/a  

American oystercatcher  Haematopus palliatus  SSC  n/a  

bald eagle  Haliaeetus leucocephalus  T  T  

wood stork  Mycteria americana  E  E  

brown pelican  Pelecanus occidentalis  SSC  n/a  

Everglades kite  Rostrhamus sociabilis imbricata  E  E  

least tern  Sterna antillarum  T  n/a  

roseate tern  Sterna dougalli  T  T  

Mammals 

Florida manatee  Trichechus manatus  E  E  

State listings are taken from the Florida Fish and Wildlife Conservation Commission or as with 
plants Florida Department of Agriculture.  Federal listings are taken from the United States Fish 
and Wildlife Service. E= Endangered; T= Threatened; T (s/a)= Threatened due to similarity in 
appearance; SSC= Species of Special Concern; UR= Under review; n/a= information not 
available or no designation listed; C=Commercially exploited  
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Critical habitat is defined as: (1) specific areas within the geographical area occupied by the species 
at the time of listing, that contain the physical or biological features essential to the species’ 
conservation, and which may require special management considerations or protection; and (2) 
specific areas outside the geographical area occupied by the species if the agency determines that 
the area itself is essential for conservation (NOAA, 2009). Within the area west of Burnt Store Road 
and north of Pine Island Road, habitat would be considered areas with features essential to the 
conservation of the species, including red mangroves and shallow euryhaline habitats (habitats with 
fluctuating salinity levels) characterized by water depths between the Mean High Water Line and 3 
ft (0.9 m) measured at Mean Lower Low Water. These features are included within the specified 
boundaries of the units, except where the features are currently not accessible to sawfish (NOAA, 
2009). 
 
The limits of available information on the distribution of these features, and limits on mapping 
methodologies, make it infeasible to define the specific areas containing the essential features. 
Additionally, man-made structures such as boat ramps, docks, pilings, maintained channels, or 
marinas do not provide the essential features that are essential to the species conservation and are 
thus not proposed as critical habitat (NOAA, 2009).  

2.2.5 Habitats 
 
There are several important habitat types found adjacent to the NSC, including mangroves, 
seagrasses, salt marsh, and oyster bars. These habitats are shown in Figure 2-15 and are discussed 
below. 
 
Mangroves thrive in salty environments because they are able to obtain freshwater from saltwater. 
Some secrete excess salt through their leaves, others block absorption of salt at their roots. This 
ecosystem traps and cycles various organic materials, chemical elements, and important nutrients. 
Mangrove roots act not only as physical traps but provide attachment surfaces for various marine 
organisms. Many of these attached organisms filter water through their bodies and, in turn, trap and 
cycle nutrients (FDEP, 2005).  
 
Mangroves provide protected nursery areas for fishes, crustaceans, and shellfish. They also provide 
food for many marine species such as snook, snapper, tarpon, jack, sheepshead, red drum, oyster, 
and shrimp. Many animals find shelter either in the roots or branches of mangroves. Mangrove 
branches are rookeries, or nesting areas, for coastal birds such as brown pelicans and roseate 
spoonbills.  
 
Of the mangrove species found in Florida, the red mangrove (Rhizophora mangle) is probably the 
most well-known. It typically grows along the water's edge (Figure 2-16) and is identified by its 
tangled, reddish roots called "prop-roots".  
  
The black mangrove (Avicennia germinans) usually occupies slightly higher elevations upland from 
the red mangrove. The black mangrove can be identified by numerous finger-like projections, 
called pneumatophores, that protrude from the soil around the tree's trunk.  
 
 



DRAFT              May 15, 2009 

 2-18 

Figure 2-15 Estuarine Wetlands near the North Spreader Canal. 
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Figure 2-16  Typical mangrove zonation.  
 
The white mangrove (Laguncularia racemosa) usually occupies the highest elevations farther 
upland than either the red or black mangroves. Unlike its red or black counterparts, the white 
mangrove has no visible aerial root systems. The easiest way to identify the white mangrove is by 
the leaves. They are elliptical, light yellow green and have two distinguishing glands at the base of 
the leaf blade where the stem starts.  

Florida's mangroves are tropical species; therefore, they are sensitive to extreme temperature 
fluctuations as well as subfreezing temperatures. Research indicates that salinity, water 
temperature, tidal fluctuations, and soil also affect their growth and distribution.  
 
The amount of protection afforded by mangroves depends upon the width of the forest. A very 
narrow fringe of mangroves offers limited protection, while a wide fringe can considerably reduce 
wave and flood damage to landward areas by enabling overflowing water and wave energy to be 
absorbed into the vegetation. Mangroves can help prevent erosion by stabilizing shorelines with 
their root systems, and also filter water to help maintain water quality and clarity.  
 
Seagrasses are flowering plants that live underwater. The depth at which seagrasses are found is 
limited by water clarity because they require light for photosynthesis. Seagrasses occur in protected 
bays and lagoons and also in places along the continental shelf in the Gulf of Mexico.  
 
Seagrasses are important natural resources that perform many significant functions: 1) they help 
maintain water clarity by trapping fine sediments and particles with their leaves; 2) they can 
stabilize the bottom with their roots and rhizomes; 3) they provide habitat for many fishes, 
crustaceans, and shellfish; 4) seagrasses and the organisms that grow on them are food for many 
marine animals, and most importantly; 5) they are nursery areas for much of Florida's recreationally 
and commercially important marine life.  
 
Annual seagrass monitoring conducted by the Charlotte Harbor Aquatic Preserves and Charlotte 
Harbor National Estuary Program has been on-going since 1999. The most recent annual report 
shows that at the single sampling site in Matlacha Pass, near West Island north of the Pine Island 
Causeway, Halodule and Thalassia species have been the only seagrasses observed (Stearns et al, 
2007).  
 
The eastern oyster (Crassostrea virginica) (Figure 2-17) occurs throughout the Gulf of Mexico.  
Oyster beds (or reefs) provide habitat for marine fauna, including the following species which are 
specifically adapted to oyster beds: oyster drills, conch, mud crab, other bivalves, and specialized 
fish (Bahr and Lanier 1981, Wells 1961).  Oysters help improve water quality by filtering between 4 
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and 40 liters of water per day (Volety et al. 2003).  Increases in water quality conditions have been 
noted downstream from oyster beds (Jones 2005).  Oyster beds also help stabilize the shoreline. In 
addition to the ecological functions, oysters are a popular food item and are commercially 
important.   
 
 

 
 

Figure 2-17 Photograph of an exposed oyster reef and the shell of the eastern oyster (Crassostrea 
virginica).  

 
Water quality, particularly salinity, can affect the health of oyster beds.  Adult oysters are sessile 
and live in clumps referred to as reefs or beds (Stanley and Sellers 1986, Bahr and Lanier 1981, 
Wells 1961).  The location of oyster beds (or reefs) is dependent on where larvae set and then on 
the subsequent survival of the spat (i.e., juvenile oysters).  Larvae establishment is related to 
substrate and salinity (Stanley and Sellers 1986). Oysters have specific environmental requirements, 
including an optimal salinity range of 15-25 ppt (Kennedy et al. 1996).  Overall salinity ranges have 
been reported between 10-30 ppt, with an ability to tolerate a salinity range of 2-40 ppt (Gunter 
1955). However, problems with reproduction can occur with salinities below 10 ppt.  Mortality of 
most spat will occur if salinity falls below 3 ppt.  Additionally, most adult oysters will die if salinity 
remains below 2 ppt for over a month.  High salinity (over 30 ppt) slows the growth rate of oysters 
and they become more susceptible to predators, parasites and disease (Stanley and Sellers 1986). 
 
Because oysters are ecologically important, sessile as adults, and have specific salinity and substrate 
requirements, they have been chosen as potential indicators in programs established to monitor 
ecosystem change.  A Habitat Suitability Index (HSI) was developed for the eastern oyster by 
Mazzotti et al. (2006) as part of the Southwest Florida Feasibility Study (SWFFS), which is a 
component of the Comprehensive Everglades Restoration Plan (CERP).  The oyster was one of 
several species chosen by Mazzotti et al. (2006) because of the ecological, economic, and 
recreational importance, as well as the overall responsiveness of the species to change.  
Additionally, because oysters provide important structural habitat in estuaries, they were used as 
one of several indicators in the development of Minimum Flows and Levels for the Lower 
Suwannee River and Estuary (WRA 2005) and in establishing Minimum Flows and Levels for the 
Tampa Bypass Canal (SWFWMD 2005). 
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Oyster bars are common off shore and in tidal creeks in Matlacha Pass, where their physical 
structure provides shoreline stability and filter feeding cleans the estuarine waters.  Although this 
habitat was listed as “not common” in the immediate study area (CHNEP, 1999), significant oyster 
habitat has been documented at the south end of the pass and the mouth of the Caloosahatchee 
River (Mote Marine Laboratory, 2007; SFWMD, 2008). Also, Tabb et al. (1972) noted oyster bars 
along the northern entrance of the pass during a biological survey for GAC Development.  
 
Only one small oyster bar in the north part of the Pass was observed in a recent survey, likely a 
function of sampling location selection (Mote Marine Laboratory, 2007), but anecdotal reports 
indicate that oysters are common in the Pass adjacent to the NSC (Scott, 2009). Given the potential 
benefits of a productive oyster community on the surrounding benthos, opportunities for initiating 
oyster bar formation should be explored.  
 
Isolated salt marshes are found along the west edge of the NSC, and are composed of a variety of 
plants: rushes, sedges, and grasses. Florida's dominant salt marsh species include: black needle 
rush (Juncus roemerianus), the grayish rush occurring along higher marsh areas; saltmeadow cord 
grass (Spartina patens), growing in areas that are periodically inundated; smooth cord grass 
(Spartina alterniflora), found in the lowest areas that are most frequently inundated; and sawgrass 
(Cladium jamaicense), which is actually a freshwater plant that sometimes grows along the upper 
edges of salt marshes. All are salt tolerant and well-adapted for coastal areas.  
 
Salt marshes are important for many reasons. Hidden within the tangle of salt marsh plants are 
animals in various stages of life. Animals can hide from predators in marsh vegetation, because the 
shallow brackish area physically excludes larger fish. Many of Florida's popular marine fisheries 
species spend the early part of their lives protected in salt marshes (FDEP, 2005).  
 
Young fish often have a varied diet, foraging for food in marsh bottom sediments, on the plants 
themselves, and on smaller organisms that also dwell in the marsh system. As salt marsh plants die 
and decompose, they create organic detritus, another food source for many marsh dwellers. Tidal 
waters move up into the marsh and then retreat, distributing detritus throughout the estuary. Algae 
are also an important food source in salt marshes.  
 
Salterns are hyper-saline, mostly barren coastal lands. Vegetation most frequently found on these 
scarce niches includes saltwort, glasswort, seapurslane, and black mangrove. A substantial expanse 
of saltern existed in the area historically, but the NSC construction destroyed the great majority of 
this land cover. Although less well studied than other coastal habitats, salterns are integral elements 
of the mangrove and salt marsh habitat mosaic. Thus, management decisions for protection or 
enhancement should include the saltern as a component of the tidal marsh community on the west 
coast of Florida (Hoffman and Dawes, 1997).  
 

2.2.6 Salinity 
 
Of particular concern for local resource managers is the salinity regime in the Pass, and how the 
NSC discharges may affect conditions. Existing salinity data were examined to determine what 
effects NSC discharges had on salinity in Matlacha Pass. A regression relationship was developed to 
predict salinities in Matlacha Pass based on inflows to, and discharges from, the NSC.  
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Data used for this analysis included salinity information collected at fixed station locations in 
Matlacha Pass between 1996 and 2008, salinity measures from a probabilistic sampling design 
collected between2002 and 2007, and data from two continuous salinity recorders located in 
Matlacha Pass collected between 2005 and 2007. These data were supplied by the Charlotte 
Harbor Environmental Center and the Florida Department of Environmental Protection’s Charlotte 
Harbor Aquatic Preserve.  The data collection locations are provided in Figure 2-18. Freshwater 
inflow data was acquired from the USGS for the Peace, Myakka, and Caloosahatchee Rivers. 
Freshwater inflows for the NSC were estimated as described in Section 2.1.  
 
 

 
Figure 2-18  Salinity data collection locations in Matlacha Pass.  
 
The objective of this effort was to assess the contribution of freshwater inflows from the NSC to 
variations in salinity in Matlacha Pass. The working hypothesis was that salinity in Matlacha Pass 
north of Pine Island Bridge is a function of flows from Myakka River, Peace River, and discharges 
from the NSC. Therefore Peace and Myakka River inflows were combined to a single “North” 
inflow term describing the cumulative freshwater discharge from the northern tributaries of 
Charlotte Harbor. Flows from the Caloosahatchee River may also affect the salinities in Matlacha 
Pass. These flows were termed “South” flows and were examined as part of the regression analysis. 
NSC discharges were termed “Spreader” flows. Typical wet season/dry season weather patterns in 
this area of southwest Florida would suggest that these flows are moderately correlated, and a 
Spearmans (rank correlation) analysis (Zar, 1984) confirmed that the NSC discharges co-varied with 
North and South flows, with Rho values of 0.82 and 0.64, respectively.  This result suggested that 
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while NSC discharges were highly correlated with flows from the north, there may be enough 
independent information derived from the NSC discharges to warrant further analysis to assess the 
effects of the NSC discharges after accounting for the flows from the other major tributaries to 
Charlotte Harbor and Matlacha Pass.   
 
Antecedent inflow conditions were investigated to determine the antecedent condition under 
which salinities in Matlacha Pass were most likely to be influenced by riverine and NSC discharges.  
Antecedent conditions were represented by averaging inflows for up to 30 days prior to the day of 
interest. The 14-day average inflow was found to produce the highest degree of correlation with 
salinity at the fixed station locations. Therefore, the 14-day average freshwater inflow was used to 
regress against salinity.  The 14-day average inflow terms were natural log transformed to improve 
normality. A linear regression analysis was conducted using these terms to assess the effects of NSC 
discharges after accounting for the effects of the major tributary flows (North and South) that affect 
salinity in Charlotte Harbor and Matlacha Pass.  Squared semi-partial correlation was used to 
identify the contribution of the spreader canal flows to salinity after accounting for the other inflow 
terms.  
 
Regression results suggested that salinity at fixed station locations in Matlacha Pass could be 
successfully predicted using inflows from the northern tributaries (North inflow) and the NSC 
discharges. The coefficient of determination (R2) ranged between 0.72 and 0.74 (Figure 2-19), and 
predicted and observed salinities were well matched. In all three regressions, the amount of 
variation explained by the spreader canal inflows was statistically significant. While significant, the 
model improvement due to the inclusion of the NSC discharges was less than 10% in each case. 
This means that, while the influence of NSC discharges to salinity in Matlacha Pass is measureable, 
the spreader inflows account for only 10% of changes.   
 
It is erroneous to interpret these results to mean that the NSC inflows can change the salinity in 
Matlacha Pass by 10%. The correct interpretation is that, for the range in salinities in Matalcha Pass, 
NSC discharges influence that range by 10%. For example, if the range of salinities over a time 
period is 10 parts per thousand (ppt), the NSC can account for 1 ppt of that change.  
 
Regressions to predict salinity at the continuous recorder site in the northern portion of Matlacha 
Pass resulted in similar predictions to the fixed station predictions, indicating that either the fixed 
station regressions or the continuous recorder regressions were providing similar predicted 
responses (Figure 2-20). 
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Figure 2-19 Time series plots of predicted (broken line) and observed (crossed) salinities in Matlacha 

Pass.  
 

R2 =0.74 

R2 =0.72 

R2 =0.73 
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Figure 2-20 Comparison of fixed station (broken line) and continuous recorder (solid line) predictions 
in Matlacha Pass based on linear regression.  

 
Data from the probabilistic design was assessed by examining the correlation between data 
collected in close proximity (“Proximal”) to the main discharge breaches of the spreader canal 
compared to data taken farther away but still in Matlacha Pass (Figure 2-21).  
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Figure 2-21 Identification of sites designated as proximal from probabilistic design in Matlacha Pass. 
 
A time series plot of salinity for the proximal site overlaid on the more distant sites was produced to 
examine the concordance between these two areas with respect to variations in salinity. If localized 
effects were occurring due to NSC discharges then the data may show differences in salinity. The 
time series plot is provided in Figure 2-22. The salinities in this comparison plot are well correlated 
with no discernable difference in salinity trends over the time in which data overlap. However, 
these data are not ideal in assessing the proximal effects of NSC discharges, as the times and 
locations at which samples are collected in the area proximal to the discharge are randomized. 
Therefore no further analytical assessment was undertaken using the probabilistic data for the 
purpose of assessing the effects of NSC discharges on salinity in Matlacha Pass. 
 

“Proximal” 
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Figure 2-22 Time series of salinities from probabilistic data taken in close proximity (“proximal”) to the 

spreader canal discharges compared to those taken in Matlacha Pass but farther from the 
main discharge breaches. 

 
 
Based on the regression analysis results, it was clear that a predictive equation could be developed 
to predict salinity at fixed station locations as a function of flows from northern tributaries and 
inflows from the spreader canal. While salinities in Matlacha Pass were statistically significant in 
explaining variations in salinity in Matlacha Pass, the overall contribution to explaining variation 
was low after accounting for other freshwater inputs. NSC flows were also likely correlated with 
coastal basin runoff and other inputs into Matlacha Pass. Therefore, it is suggested that the 
regression relationships not be used to directly assess impacts of NSC discharges using regression 
equation without accounting for other flows correlated with the NSC discharges. Attributing net 
ecosystem benefits of restoration efforts to changes in salinities based on these regressions should 
be applied with caution since other factors correlated with NSC flows may confound the 
relationship between NSC discharges and salinity in Matlacha Pass.  
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To assess the current condition of the estuarine habitat and potential effects of alterations to NSC 
discharges, salinity preferences for several species of recreational, commercial, and ecological 
importance, including fish, shellfish, crabs, and plants, were identified and are listed below in 
Table 2-6. Smaller organisms that may be important food sources are also subject to salinity limits. 
Some results of determining zooplankton salinity preferences in Florida Bay are shown in Figure 2-
23.  
 
As can be seen, the salinity tolerance of the common species shown below is fairly broad, allowing 
them to live in a wide range of salt conditions. This is typical of coastal and estuarine organisms, 
who have adapted to changing salinity caused by freshwater inflows, circulation, and human-based 
manipulation of surface water features (weirs, dams, pumps, etc.). How the proposed NSC barrier 
and other potential spreader canal configurations may affect salinity is discussed below in Section 
2.4.  
 
 

Table 2-6 Salinity preferences for selected species. 
Species Lower Upper 
Adult oyster 11 33 
Oyster Larvel 11 31 
Blue Crab, Megalopae 16 38 
Blue Crab, Spawning Female 21 38 
Sea Trout 15 34 
Thelassia testudinum 7 48 
Bay Anchovy 10 20 
Pinfish 20 25 
Pink Shrimp 10 15 
Black Mangrove 15 30 
White Mangrove 17 25 

 

 
Figure 2-23 Salinity preferences for selected zooplankton (Dagg, et al., 1995). 
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2.2.7 Water Quality 
 
The NSC was intended to be a “pollution retention system” (FDER, 1977) as well as a water 
distribution facility. Pollutants from the residential canals would be filtered in the NSC through 
vegetative uptake and settling so that the urban chemicals would not reach the mangroves and 
Matlacha Pass. Concern about the quality of water entering the NSC has continued to today, as 
other canal systems similar in design to Cape Coral’s often exhibit elevated levels of nutrients, 
metals, biochemical oxygen demand (BOD), and pesticides, as well as low dissolved oxygen. Canal 
features that may contribute to these conditions, when present, include deep water, dead end 
canals with no through circulation, steep side slopes, and hardened banks (seawalls). As 
summarized below, the Cape Coral canals do not exhibit poor water quality as might be expected 
given the canal system design and configuration.  
 
Although no long-term water quality data collection sites exist in Matlacha Pass in the immediate 
vicinity of the NSC, trends in water quality in the Pass have been examined for Charlotte Harbor 
National Estuary Program (CHNEP) (Janicki Environmental, 2007). Results of the water quality data 
analysis showed no steep (greater than 5% of median/year) increasing or decreasing trends for 
Matlacha Pass sites, which included both open water sites, and monitoring sites in the watershed 
on Gator Slough and other canals. Shallow increases were found for turbidity at thirteen surface 
water stations and six bottom water stations. Shallow increases were found for total nitrogen at 
eight surface water stations. Additional shallow increasing trends were found for temperature, total 
organic carbon, and pH. Shallow decreasing trends were found for pH in surface samples at 
fourteen stations and nine bottom water stations. Shallow increases were found at four surface 
water stations for temperature and turbidity. 
 
A presentation of water quality trends for the NSC system was given at the September 12, 2008 
EMA Technical Advisory Meeting (Chamberlin, 2008). Information presented provided an overview 
of existing trends for several pollutants, including those listed in the original Consent Order. Those 
pollutants are: nutrients (total nitrogen-TN and total phosphorus-TP), biochemical demand (BOD), 
fecal coliforms, and metals (copper, lead, arsenic). 
 
Data from two sites on Gator Slough and one on Horseshoe Canal were examined (Figure 2-24). 
Metals data from Gator Slough sites showed only two exceedances for metals (lead) in the nine-year 
period of record (Figure 2-25). Other parameters presented included chlorophyll a (Figure 2-26) and 
TN (Figure 2-27). As the time series show, concentrations of these two parameters have fallen since 
the early 2000’s, especially for the site at US41. Although average values have not greatly 
decreased, high concentrations have fallen dramatically over the past five years.  
 
Figure 2-28 shows an interpretation of the chlorophyll a data with respect to guidelines for 
suitability for estuarine health. For the 2002 through 2007 period, only 3% of the samples were 
classified as poor quality for estuaries. In contrast, 96% were classified as fair to very good quality 
for seagrass survival. Figure 2-29 shows a similar plot for TN, with a similar result. Only 8% of the 
samples were considered bad to poor, and 92% were classified as good to very good.  
 
Based on these data, addressing poor surface water quality does not appear to be a critical priority 
for the NSC system. However, it should be noted that the City of Cape Coral is only one-third built 
out. Future growth will increase the risk of higher pollutant levels in the canals and Matlacha Pass.  
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Figure 2-24 Long-term water quality sampling sites on Gator Slough and Horseshoe Canal. 
 
 
 

Gator Slough
Stream Water Quality Assessment

ANALYTE EXCEEDANCES TESTS
Period of 
Record

ARSENIC 0 148 1999-2003

CADMIUM 0 182 2003-2008

COPPER 0 838 1999-2008

LEAD 2 611 1999-2008

 
Figure 2-25 Metals water quality results for Gator Slough. 
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Figure 2-26 Chlorophyll a data for Gator Slough Sites. 
 

 
Figure 2-27 Total Nitrogen data for Gator Slough Sites. 
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Chl-a (corrected) at Gator and US-41 
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Figure 2-28 Summary of water quality for Gator Slough - chlorophyll a. 
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Figure 2-29 Summary of water quality for Gator Slough – total nitrogen. 
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The City of Cape Coral Environmental Resources Division has conducted water quality monitoring 
in the City’s canal system and receiving waters for 18 years.  A review of the last several annual 
reports shows that, although some samples do not meet state standards, in general surface water 
quality in the City is good. The most frequent standard exceedences occurred in both fresh and salt 
water with turbidity, streptococcus and coliform bacteria, biological oxygen demand, dissolved 
oxygen, pH, chlorophyll a, total nitrogen and total suspended solids.  
 
Figure 2-30 shows monitoring sites in the NSC watershed and include three on gator Slough, one 
each on Horseshoe and Hermosa Canals, and two in the saltwater NSC. Data available from the 
Florida STORET data base of parameters of interest is shown in Appendix A. Gator Slough near US 
41 (site CAPECRD 110) shows periodic high fecal coliform counts, and the Gator Slough sites both 
show periodic high TN levels, although not during the past few years.  
 

 
Figure 2-30 Cape Coral Water Quality Monitoring Sites in the North Spreader Canal Basin. 
 
 

2.2.8 North Spreader Canal 
 
Beginning in the early 1970’s, over 400 linear miles of residential canals have been constructed in 
the City of Cape Coral. Construction of the NSC was mandated by FDEP in 1977 (Havens and 
Emerson, 1993). The canal’s purpose was to intercept stormwater runoff from residential canals in 
the City of Cape Coral. The NSC was intended to capture and retain freshwater inflows, reduce 
pollutants in the water, and evenly distribute the water to the mangrove wetlands to the west via 
sheet flow over the canal’s west bank. A barrier was constructed at the south end of the canal to 
enclose the NSC and prevent regular tidal communication with Matlacha Pass. A boat lift was 
included in the barrier design to allow boats access to the pass from the canals and is referred to as 
the Ceitus Site, after a nearby street.  
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Included in a biological survey of Matlacha Pass conducted for GAC Development (Tabb, et al., 
1972) were several design recommendations intended to increase any ecological benefits provided 
by the then-proposed spreader canal system. The recommendations included the following, 
although most were not adopted in the final design: 
 

• Keep spreader canal to a six-foot maximum depth to promote light penetration all the way 
to the bottom and to promote nutrient uptake by primary producers. This also limits the 
opportunity for low dissolved oxygen issues.  

• Remove as many nutrients as possible from runoff prior to entering the spreader canals. 

• Save as much surrounding mangrove habitat as possible. 

• Use hydraulic control structures to build a positive hydraulic head, forcing water out of the 
canal laterally. 

• Make the spreader canal a minimum of 400 feet wide to promote wind-driven vertical 
circulation of canal water. 

• Minimize wind shielding by high buildings next to the canal. 

• Slope banks and use rip rap for stabilization. A bank slope of 4 horizontal to 1 vertical is 
recommended to promote wetland vegetation growth.  

 
Another canal/ditch, commonly referred to as the “Key Ditch,” is located west of the NSC. The Key 
Ditch was originally excavated to mark the intended waterward extent of development. Although 
not as extensive as the NSC it is clearly visible on aerial photos. Recent field survey data (Scott, 
2009) indicate that, at least in the northern extent of the Key Ditch, the top of bank is at an 
elevation low enough to allow tide water to flow transversely over the ditch during all but low 
tides. Thus, the Key Ditch does not intercept all tidal flows flowing east, and allows much of the 
tide water to reach the NSC.  
 
The tidal NSC system is separated from the freshwater residential canals by five weirs, as discussed 
above. The weirs maintain a positive water level head on the freshwater system, thus minimizing 
the chance of saltwater intrusion and providing a surface water supply for non-potable use. The 
NSC is periodically dredged to maintain its controlling depths for navigation (see canal bathymetry 
in Figure 2-31).  
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Figure 2-31 North Spreader Canal Bathymetry (Source: Regional Waterways Management System).  
 
The west bank of the NSC was designed to have a constant elevation of 1.4 feet above sea level 
(Havens and Emerson, 1993), but over the years the bank developed several “breaches” that 
currently allow water from the NSC and tidal water from the pass to mix at a few locations rather 
than being evenly distributed over the top of the bank. Figure 2-32 shows the current location of 
several of the larger breaches.  
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Figure 2-32 Location of Current Breaches and Tidal Creeks. 
 
Eventually a large breach opened at the Ceitus Site allowing water to flow around the south barrier. 
The breach at the barrier became very large, effectively negating the original intent of the NSC, and 
resulted in erosion of mangroves (Figure 2-33). The barrier and boat lift were removed in August 
2008.  
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Figure 2-33 Breach at Ceitus Site Barrier, July 2007.  
 
Also shown in Figure 2-33 are locations of several of the tidal creeks that extend from the NSC or 
Key Ditch through the mangroves to the pass. These creeks historically concentrated stormwater 
runoff flows and conveyed the freshwater through the mangroves to Matlacha Pass. Although the 
Key Ditch and NSC broke the connectivity of the creeks with upland freshwater sources, the creeks 
still function to allow tidal circulation to reach into the mangrove fringe. The creeks have been 
identified as a physical framework to enhance freshwater distribution in the area, and future work 
may include establishing breaches in the NSC and Key Ditch to re-establish freshwater flows 
through the creeks. Even if no action is taken, it is likely that natural erosion will re-establish these 
historical hydrological pathways. 

2.3   Hydrodynamic Model Description 

2.3.1 Objective 
 
A hydrodynamic model (CE-QUAL-W2) was developed for use as a tool in the Ecosystem 
Management Agreement (EMA) process for the Cape Coral North Spreader Canal (NSC). The model 
described below is a tool to help determine which of several approaches will provide the larger net 
ecosystem benefit (NEB). Issues that are being addressed using the model include: 
 
1) What is the effect of replacing the barrier versus leaving the system as it is? 
 
2) What is the effect of replacing the south barrier in its new proposed location as opposed to the 
original location? 
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3) What is the effect of adding additional breaches to the NSC west bank? 
 
4) Which scenario is most desirable ecologically – Threshold or NEB? 
 
5) What is the effect of future flows versus existing flows on the NSC and adjoining wetlands? 
  
The model domain and construction, and data that were used to develop the model and validate 
the results, are discussed in the following sections. Model scenarios and results will be discussed in 
Section IV. 

2.3.2 Model Description 
 
A two-dimensional laterally-averaged hydrodynamic and water quality model, CE-QUAL-W2, 
developed and supported by the US Army Corps of Engineers Waterways Experiment Station (Cole 
and Wells, 2000) was used to address the above issues.  At a minimum, the model predicts water 
surface elevations, velocities and fluxes, and temperature at a specified time interval.  In addition, 
the model predicts salinity and other water quality variables.  For the scenarios described in this 
document, the model was set to output data at hourly frequencies. 
 
The model provides predictions that are laterally averaged (across an entire water body grid cell 
perpendicular to the direction of horizontal flow), so that the model integrates any lateral 
differences in velocities, temperatures, or other modeled constituents within that grid cell.  The 
model accommodates multiple inflows and time-varying boundary conditions for water surface 
elevation, temperature, and salinity.  
 
The central approach to using a box model is to estimate conditions over an area by breaking the 
modeled are (domain) into smaller boxes, or grid cells. Processes that affect material, such as water, 
that travels between cells can be simulated using mathematical equations. Thus, condition changes 
over time can be estimated by beginning with assumed or measured initial conditions and then 
allowing the process to change the modeled parameters. Material can travel into or out of any of 
the model grid cells, as shown in Figure 2-34.  
 
For this application, surface water from Gator Slough and other tributaries flows into the NSC, 
which has been divided into several cells. Water can travel between cells in the NSC, or flow to the 
mangroves to the west. Tidal water levels make boundary conditions for the model. Figure 2-35 
shows all the horizontal grid cells in the NSC model. Cells 3-E through 7-E abut Burnt Store Road 
and receive stormwater runoff from tributaries. These include the Gator Slough (3-E), Horseshoe (4-
E), Hermosa (5-E), and Shadroe (7-E) Canals. Water entering those cells passes west to the cells 
labeled 1-W through 7-W, which comprise the main stem of the spreader canal. Water then either 
passes between the cells, flows south out the bottom of the NSC, or travels west to another column 
of cells representing the mangroves west of the NSC. Figure 2-36 shows which of the seven NSC 
cells has breaches. Water can either pass through the breaches and, at sufficient elevation, flow 
over the top of the NSC west bank. The grid system utilized in this study consists of both horizontal 
and vertical layers of grid cells.  The model’s horizontal grid is presented with an aerial photograph 
in Figure 2-37.  The western edge of the yellow NSC is the boundary between the main stem (W) 
cells and the mangrove (M) cells. 
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Figure 2-34 Box Model Approach. 
 

 
 
Figure 2-35 North Spreader Canal Box Model Grid Cells. 
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Figure 2-36 North Spreader Canal Main Stem Grid Cells with Breaches. 
 
A series of close-ups of the model cells are presented in Figures 2-38 through 2-41.  These images 
run from north to south in the NSC and have been rotated 90 degrees to better fit on the page.  In 
addition to the model cells, breach locations have been highlighted.  The breach in cell 2 (Figure 2-
38) is the largest of the breaches currently in the system.  Moving to the south, cell 3 of the model 
is presented in Figure 2-39.  Cell 3 has two breaches, though the combined size of these breaches 
is smaller than the breach in cell 2.  In addition to the breaches to the west, Gator Slough enters 
cell 3 from the east (3-E).  Cells 4, 5, and the northern portion of 6 are presented in Figure 2-40.  
Horseshoe Canal enters cell 4 from the east (4-E).  Hermosa Canal enters cell 5 from the east (5-E).  
Cell 5 also has a breach that provides a connection between the NSC and the mangroves to the 
west. There are no tributaries or breaches in cell 6.  The southern portion of cell 6 and cell 7 are 
presented in Figure 4-41.  Shadroe Canal enters cell 7 from the east (7-E).  There is also a small 
breach in cell 7.  The location of the old barrier and the new barrier are highlighted in Figure 4-41. 
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Figure 2-37 Model Domain of North Spreader Canal Hydrodynamic Model. 
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Figure 2-38 Close-up of Model Domain of North Spreader Canal Hydrodynamic Model, cells 1 and 2 

(Source: City of Cape Coral). 
 

 
Figure 2-39 Close-up of Model Domain of North Spreader Canal Hydrodynamic Model, cell 3 (Source: 

City of Cape Coral). 
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Figure 2-40 Close-up of Model Domain of North Spreader Canal Hydrodynamic Model, cells 4, 5 and 

the northern portion of 6 (Source: City of Cape Coral). 
 
 

 
Figure 2-41 Close-up of Model Domain of North Spreader Canal Hydrodynamic Model, cells 6 and 7 

(Source: City of Cape Coral). 
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2.3.3 Model Input Data Sources 
 
The mechanistic CE-QUAL-W2 model requires the following input data: 
 

• geometric data, 

• initial conditions, 

• boundary conditions, and 

• hydraulic parameters. 
 
The geometric data for the NSC system were generated using a variety of sources, including aerial 
photography and a bathymetric study of the canals.  The locations and dimensions of the breaches 
were determined using information provided by the City of Cape Coral and by field inspection. The 
elevation of the NSC west bank was estimated using detailed but dated survey data (Avalon 
Engineering, 1993). 
 
The lateral (cross-stream) width of the system and the length of the model cells were estimated from 
aerial photography. The grid construct derived for the modeled system was based on the grid cell 
dimensions that were generated using aerial photography.  System bathymetry was generated using 
point and transect data from the RWMS study and ArcGIS software.  Initial conditions were input 
for temperatures and constituent concentrations. These conditions were input as a single value over 
the entire domain. Boundary conditions included water surface elevations and salinities at the 
southern NSC boundary and Matlacha Pass.  Freshwater inflows from adjoining canals were 
acquired from USGS flow records from gages at the four inflow canals.  It is recognized that the 
USGS data may have flaws, including not recognizing rare backwater conditions. Salinities of the 
freshwater inflows were assumed to be zero. 
 
Water surface elevation boundary conditions were also specified at the downstream limit of the 
model domain based on predicted tide elevations from the TBONE Tide Predictor web site.  
Predicted tides were used because site-specific measured tides with sufficient frequency were not 
available for the modeling period.  Also, site-specific boundary (at the west edge of the mangrove 
cells) salinity data were not available for the modeling period (1987–1992). Therefore, monthly 
median salinity data from Charlotte Harbor Aquatic Preserve sampling stations in Matlacha Pass 
were used to mimic the typical seasonal variation in salinity at the boundary.  Hydraulic parameters 
input to the model included a horizontal dispersion coefficient for momentum and a horizontal 
dispersion coefficient for temperature and constituents. These values were set to be constant over 
time and over the entire spatial domain of the model.  Bottom friction coefficient values were also 
input to the model.  The hydrodynamic model provides salinity, temperature, diffusion rates, and 
water velocities for advection and mixing of water quality constituents to be used in the model. 
 

2.3.4 Model Validation 
 
The box model was run for existing conditions (no barrier, and breaches in the west canal bank as 
they now exist). Long term average model results for water surface elevation and salinity were 
compared to measured data that were available, as described below.  
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Because of a lack of appropriate measured water surface elevation data to be used as the boundary 
condition, it was not possible to perform a formal calibration of the model with respect to this 
parameter. The City of Cape Coral provided measured water surface elevation data for the northern 
portion of the main stem of the NSC (cell 2-W), but the period of record of the data does not 
coincide with the period of record for the modeling.  All elevation data are in meters relative to 
mean lower low water (MLLW). However, general agreement can be seen between the measured 
elevations and the predicted elevations (Table 2-7).  The mean elevation for measured elevations 
and the elevation predictions are exactly the same, 0.33 m. The median elevation for the model 
predictions is slightly higher (0.34 m) than the median elevation for the measured data (0.28 m). 
The elevation range for the model predictions is slightly greater than that of the range documented 
in the measurements.  It should be noted that the model values average hourly predictions over a 
period of years, while the measured data are approximately monthly. Given that the period of 
records for the two data sets do not coincide, and that there is a difference in data record 
frequency, the elevations compare favorably.  
 
 
Table 2-7 Elevation statistic for observed and modeled data (N.B. 

These data do not have the same period of record). 
Statistic Observed Elevation (m MLLW) Predicted Elevation (MLLW) 
Mean 0.33 0.33 
Median 0.28 0.34 
Range 0.01 – 0.65 -0.23 – 0.85 

 
 
As with water surface elevation, it was not possible to perform a formal calibration of the model 
with respect to salinity because of a lack of observed salinity data to be used as the boundary 
condition.  However, the observed salinity values for the main stem of the NSC predict an increase 
in salinity moving from the freshwater inflows to the mangrove boundary.  This is to be expected, 
as the freshwater that runs off of the land mixes with the more saline water from Matlacha Pass and 
the southern boundary of the NSC.  The model also predicts an increase in salinity in the NSC 
trending from north to south. This also is to be expected, because the open south end of the canal 
(under existing conditions with no barrier) allows more tidal inflow to the canal than in the north, 
where saltwater inflow is restricted. 
 
Additionally, a short period of record of measured salinity data exist for the north and south end of 
the NSC these data were reviewed and qualitatively compared to model results. As with the water 
elevation, although the measured and modeled data do not represent the same time period and 
have different data record frequencies, they generally extend over similar range and appear to 
compare well. 
 
As with water surface elevation, it was not possible to perform a formal calibration of the model 
with respect to salinity because of a lack of observed salinity data to be used as the boundary 
condition.  However, the observed salinity values for the main stem of the NSC predict an increase 
in salinity moving from the freshwater inflows to the mangrove boundary.  This is to be expected, 
as the freshwater that runs off of the land mixes with the more saline water from Matlacha Pass and 
the southern boundary of the NSC.  The model also predicts an increase in salinity in the NSC 
trending from north to south. This also is to be expected, because the open south end of the canal 
(under existing conditions with no barrier) allows more tidal inflow to the canal than in the north, 
where saltwater inflow is restricted. 
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Additionally, a short period of record of measured salinity data exist for the north and south end of 
the NSC (Cape Coral, 2008) these data were reviewed and qualitatively compared to model results. 
As with the water elevation, although the measured and modeled data do not represent the same 
time period and have different data record frequencies, they generally extend over similar range 
and appear to compare well.  
 

2.3.5 Model Inflow Tracking 
 
To better understand the fate of freshwater that enters the system from the tributaries to the east or 
the saline water that enters the canal on an incoming tide through the southern boundary, a series 
of model runs were made using a conservative tracer.  The conservative tracer was input at the 
boundary with a constant concentration of 10,000 mg/l.  The model runs were made for a two year 
period comprising a relatively wet year (year 1) and a relatively dry year (year 2).  The 
concentration of the conservative tracer was tracked at the location of the breaches as well as at the 
southern boundary to determine the fate of the water that enters the system.  As was discussed 
previously, the breaches are located in cells 2W, 3W, 5W, and 7W (Figure 2-36 and 2-37).  In 
addition, we tracked the tracer concentrations in the southern boundary, which is referred to as cell 
8. 
 
The daily tracer concentrations at the four breaches and the southern boundary were then plotted 
for each model run as well as a pie chart of the mean daily concentration by breach over the entire 
model run.  This allows us to examine the daily variation in tracer concentration at the breaches as 
well as the average condition over the entire modeling period.  As expected, the tracer 
concentrations peaked during periods of higher flows. 
 
For the model run that had a tracer in the Gator Slough (Figures 2-42 and 2-43), approximately 80% 
of the water that enters the system from Gator Slough exits the system from the two northern 
breaches (cells 2 and 3), while only about 5% exits through the southern boundary.  The next 
model run had a tracer in Horseshoe Canal (Figures 2-44 and 2-45).  Recall that Horseshoe Canal 
enters the system at cell 4, which does not have a breach.  The majority (46%) of the water that 
enters from Horseshoe Canal exits the system through cell 5, while approximately 18% exits 
through both cells 7 and 8.  Next, the tracer was added to Hermosa Canal which enters the system 
at cell 5.  As expected, the majority (51%) of the water that enters from Hermosa Canal exits 
through cell 5, most of the remainder (47%) exits through cells 7 and 8 (Figures 2-46 and 2-47).  
For the model run which had a tracer in Shadroe Canal, almost all of the water that entered from 
Shadroe Canal (96%) exited the system through cells 7 and 8 (Figures 2-48 and 2-49).  Lastly, a 
model run was made which included a tracer at the southern boundary in order to track the more 
saline water from Matlacha Pass that enters the system through the southern boundary.  As 
expected, the majority of the water that enters through the southern boundary (89%), goes right 
back out through the southern boundary due to tidal exchange (Figures 2-50 and 2-51).  
Approximately 10% of the water that enters through the southern boundary exits the system 
through cell 7. 
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Figure 2-42 Time Series of Tracer Concentrations by Breach where the Tracer Source was Gator 

Slough. 

 
Figure 2-43 Pie Chart of Average Daily Tracer Concentrations by Breach where the Tracer Source was 

Gator Slough. 
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Figure 2-44 Time Series of Tracer Concentrations by Breach where the Tracer Source was Gator 

Slough. 

 
Figure 2-45 Pie Chart of Average Daily Tracer Concentrations by Breach where the Tracer Source was 

Gator Slough. 
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Figure 2-46 Time Series of Tracer Concentrations by Breach where the Tracer Source was Gator 

Slough. 

 
Figure 2-47 Pie Chart of Average Daily Tracer Concentrations by Breach where the Tracer Source was 

Gator Slough. 
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Figure 2-48 Time Series of Tracer Concentrations by Breach where the Tracer Source was Gator 

Slough. 

 
Figure 2-49 Pie Chart of Average Daily Tracer Concentrations by Breach where the Tracer Source was 

Gator Slough. 
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Figure 2-50 Time Series of Tracer Concentrations by Breach where the Tracer Source was Gator 

Slough. 

 
Figure 2-51 Pie Chart of Average Daily Tracer Concentrations by Breach where the Tracer Source was 

Gator Slough. 
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2.4 Comparison of Existing Flow Scenarios 
 
Initial scenarios were run to test the model’s ability to measure changes in the NSC system. 
Specifically, two comparisons were made: 
 
1) Flows (fluxes) and salinity concentrations in the main stem and west mangrove grid cells under 
existing conditions were compared to fluxes and salinity concentrations in the main stem and 
mangrove grid cells with the south (Ceitus site) barrier replaced at its original location. 
 
2) Flows (fluxes) and salinity concentrations in the main stem and west mangrove grid cells under 
existing conditions was compared to fluxes and salinity concentrations in the main stem and 
mangrove grid cells with the south (Ceitus site) barrier replaced at the new proposed location about 
1000 feet north of the old location. 
 

2.4.1 Comparison of Existing Flows with Old Barrier vs No Barrier 
 
Results of the first comparison (existing conditions with and without the barrier at its original 
location) are shown in Figures 2-52 (main stem cells) and 2-53 (mangrove cells). The salinity values, 
in parts per thousand (ppt) for each cell represent the modeled 25th and 75th percentile of salinities 
for the model period. Half the salinity values from the model runs fall within these percentiles. The 
flux values (in cubic meters per second (m3/s) are the annual average flows for the modeled period. 
The arrow in the flux box shows the net flow direction. That is, over the multi-year modeled period 
tidal flow is back and forth once or twice daily. In the model, positive flow is from Matlacha Pass to 
the mangroves, or from the mangroves to the main stem and negative flow is in the opposite 
direction. All the flows are summed, and the final net flow is shown by the arrow. Therefore, in 
Spreader cell 1, more flow entered the cell from the mangroves than returned to the mangroves 
from the cell. In contrast, in cell 2 more water left the cell for the mangroves than entered.  
 
It should be noted that the main stem has 8 cells. This is to reflect outflows from the south end of 
the canal both through a west bank breach to the mangroves, and from the main channel where the 
Ceitus structure was removed. These two cell discharge points are represented by cell 7 and cell 8, 
respectively.  In the “with barrier” scenarios, the salinity shown for cell 8 represents water outside 
the barrier, in the Pass. 
 
As can be seen in Figure 2-52, the net flow without the barrier is from the main stem to the 
mangroves in cells 2, 3, 5, and 7. These are the cells with breaches, as shown in Figure 2-36. Also, 
without the barrier, significant flux is shown leaving the main stem through the south end of the 
canal. With the barrier, no flow leaves the south end. It is likely that occasionally the water level 
would overtop the barrier but those rare occurrences are not reflected in the model.  
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Spreader Canal Cells

Existing flows without barrier

Salinity (ppt) Annual 
Ave. Cell

ID25th

Percentile
75th 

Percentile
Flux 

(m3/s)
12.4 24.5 0.14 1

13.1 25.7 -0.87 2

12.8 25.7 -0.27 3

13.2 25.5 0.22 4

14.0 26.2 -0.77 5

14.8 26.9 0.22 6

16.4 27.9 -0.64 7

17.6 28.6 -0.77 8

Spreader Canal Cells
Existing flows with old barrier

Salinity (ppt) Annual 
Ave. Cell

ID25th

Percentile
75th 

Percentile
Flux 

(m3/s)
11.9 24.5 0.21 1

12.4 25.4 -1.50 2

12.2 25.5 -0.73 3

12.6 24.6 0.23 4

13.1 24.9 -1.38 5

13.6 24.8 0.22 6

13.4 23.5 0.22 7

18.7 29.2 0.00 8

 
Figure 2-52 Results comparison – Spreader cells, existing conditions vs with old barrier replaced. 
 

West of Spreader Canal Cells

Existing flows without barrier

Salinity (ppt) Annual 
Ave. Cell

ID25th

Percentile
75th 

Percentile
Flux 

(m3/s)
18.6 29.1 0.14 1W

17.4 28.2 -0.87 2W

17.6 28.2 -0.27 3W

18.6 29.1 0.22 4W

17.2 28.0 -0.77 5W

18.7 29.1 0.22 6W

17.7 28.5 -0.64 7W

West of Spreader Canal Cells
Existing flows with old barrier

Salinity (ppt) Annual 
Ave. Cell

ID25th

Percentile
75th 

Percentile
Flux 

(m3/s)
18.6 29.1 0.21 1W

17.0 27.9 -1.50 2W

17.4 28.1 -0.73 3W

18.6 29.1 0.23 4W

16.7 27.3 -1.38 5W

18.7 29.1 0.22 6W

18.7 29.1 0.22 7W

 
 
Figure 2-53 Results comparison – Mangrove west of Spreader cells, existing conditions vs with old 

barrier replaced.  
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It can also be seen that salinities are lower in cells with breaches without the barrier. This is a result 
of canal water being allowed to exit through the south end, and not being forced out the breaches. 
The exception is breach cell 7 (and 8) where salinity is lower without the barrier. This is likely 
reflective of more freshwater reaching that cell without the barrier. Also, with the old barrier in, net 
flows out of the canal breaches to the west are higher, as would be expected.  
 
Figure 2-53 shows results for the same comparison, but for the mangrove cells west of the main 
stem. The fluxes are the same, a result of model construction, but salinities are higher in the 
mangrove cells. This is an expected result, as the canal water is more diluted by Pass water in the 
estuary, outside the main stem.  
 

2.4.2 Comparison of Existing Flows with New Barrier vs No Barrier 
 
Results of the second comparison (existing conditions with and without the barrier at its new 
location) are shown in Figures 2-54 (main stem cells) and 2-55 (mangrove cells). The salinity values, 
in parts per thousand (ppt) for each cell represent the modeled 25th and 75th percentile of salinities 
for the model period.  
 

Spreader Canal Cells
Existing flows without barrier

Salinity (ppt) Annual 
Ave. Cell

ID25th

Percentile
75th 

Percentile
Flux 

(m3/s)
12.4 24.5 0.14 1

13.1 25.7 -0.87 2

12.8 25.7 -0.27 3

13.2 25.5 0.22 4

14.0 26.2 -0.77 5

14.8 26.9 0.22 6

16.4 27.9 -0.64 7

17.6 28.6 -0.77 8

Spreader Canal Cells

Existing flows with new barrier

Salinity (ppt) Annual 
Ave. Cell

ID25th

Percentile
75th 

Percentile
Flux 

(m3/s)
11.9 24.5 0.21 1

12.4 25.4 -1.50 2

12.2 25.5 -0.74 3

12.6 24.6 0.23 4

13.1 24.9 -1.38 5

13.6 24.8 0.22 6

13.3 23.5 0.21 7

18.7 29.2 0.00 8

 
Figure 2-54 Results comparison – Spreader cells, existing conditions vs with new barrier replaced. 
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Figure 2-55 Results comparison – Mangrove west of Spreader cells, existing conditions vs with new 

barrier replaced.  
 
As can be seen in the first comparison, salinities are lower in cells with breaches without the 
barrier. This is a result of canal water being allowed to exit through the south end, and not being 
forced out the breaches. The exception is breach cell 7 (and 8) where salinity is lower without the 
barrier. This is likely reflective of more freshwater reaching that cell without the barrier. Also, with 
the new barrier in, net flows out of the canal breaches to the west are higher, as would be 
expected.  
 
A comparison of Figures 2-52 and 2-53 to Figures 2-54 and 2-55 reveals that the results of the two 
comparisons are extremely similar, indicating that there is likely no significant difference in how 
the barrier will act hydraulically at its new location instead of the original site. 
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3 Ecosystem Benefits 
 

3.1 Introduction 
 
TEXT 

3.2 Desired Ecosystem Benefits 
 
TEXT 
 

 

Figure 3-1 DESCRIPTION OF FIGURE 

 

Table 3-1 DESCRIPTION OF TABLE 
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4 NS-EMA Proposed Projects and Contributions to NEB 
 
During the EMA process, a variety of projects that could prove ecologically beneficial to the NSC 
system were identified by the EMA Stakeholder Group. The purpose of this chapter is to summarize 
the projects, and the analyses that were conducted to examine the potential net environmental 
benefits (NEBs) of the projects. The NEBs to potentially be gained from the projects were then 
compared to the NEB that could result from the construction of the south barrier in the NSC at its 
new proposed location, slightly north of the original Cetius site barrier. 

4.1 Description of Methods Used to Identify and Evaluate Projects 
 
During the EMA process, stakeholders identified a variety of projects for the NSC, its watershed, 
and the receiving waters of Matlacha Pass (Figure 4-1). The projects fell into two categories: 
“Threshold” or “NEB”, as shown in Appendix B. Threshold projects were those projects that had 
already been initiated or funded and were originally intended to provide benefits other than NEBs 
to the NSC. The threshold projects, and replacement of the south barrier, were incorporated into 
the Threshold scenario. The ecological benefits that could result from implementing the Threshold 
scenario were then compared to potential benefits that could be derived from implementing other 
actions, the NEB projects as portrayed in the NEB scenario.  
 
Individual project NEBs were determined based on their potential for hydrologic, water quality, or 
habitat improvements to the NSC system. In general, attenuating high freshwater inflows to the NSC 
was considered beneficial, as was providing water quality treatment for stormwater runoff prior to 
discharge to the NSC. The magnitude of impact that individual projects could be expected to 
produce was determined based on information provided by the project sponsor, or by making 
assumptions about reasonable levels of performance given the information that was provided. 

4.2 Projects Considered as Part of the Threshold in Determining NEBs 
 
As summarized above, threshold projects were those projects that had already been initiated or 
funded, and were originally intended to provide benefits other than NEBs to the NSC. These 
projects are included in the Threshold scenario, which represents potential conditions given the 
replacement of the south barrier. An example of a threshold project is the City of Cape Coral’s 
aquifer storage and recovery (ASR) program. The original intent of the ASR program was, and is, to 
divert, store, and use water from the freshwater canals for non-potable uses. A secondary benefit to 
the NSC would be to reduce the magnitude of extreme high flows discharging to the NSC. 
However, since the project’s original intent was already established, the ASR program may or may 
not be eligible for inclusion in calculating NEBs. The following is a summary of all threshold 
projects used in the EMA analyses. 
 
South Barrier Replacement (B-1)  
This is the default project of the EMA process and entails construction of a hydraulic barrier at the 
south end of the NSC, about 1,000 feet north of the site of the original barrier. The purpose of the 
replacement barrier would be the same as the original, to separate NSC water from the estuarine 
system. Theoretically, freshwater entering the NSC would be retained and treated prior to its 
discharge over the west bank of the canal into the mangroves and the pass. The barrier would be 
constructed to elevation 4.0 feet NADV, or about 2.5 feet higher than mean higher high water 
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(MHHW). A boat lift or lock could be included in the design to allow boat traffic to pass. No data 
comparing the quality of water entering the NSC to water leaving the NSC exists, therefore the 
treatment efficiency of the NSC is unknown.  
 

 
Figure 4-1 Locations of projects affecting the NSC (not all potential projects shown). 
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Aquifer Storage and Recovery (ASR) at the North-South Transfer Station (WS-2) 
This project is sponsored by the City of Cape Coral. It is currently under construction and includes 
installation of one Class V injection well for storage and recovery of surplus freshwater.  It is 
located north of Pine Island Rd. along NE 5th Street at the North-South Transfer Station. Water 
diverted to the ASR well could be utilized and distributed by the City of Cape Coral irrigation 
system for irrigation or to maintain minimum flows during the dry season.  Each ASR well is 
capable of injecting one MGD, with a permitted maximum of up to 120 MG total over the wet 
season.  This will effectively reduce wet-season freshwater discharge to the NSC by up to 0.5% of 
annual flows, based on permitted withdrawal limits. Water will be treated to secondary water 
quality standards before being injected into the storage zone.  This should result in a net water 
quality improvement in the canals when water is reintroduced during the recovery cycle. The 
expected completion date of this project is August 2009. Although this project is listed as a 
threshold project under the assumption that the diverted water would be used for landscape 
irrigation, it could be considered to contribute to NEBs if some of the recovered water is used for 
hydrologic restoration.  
 
Aquifer Storage and Recovery (ASR) at the Hermosa Canal Pump Station (WS-3)  
This project is sponsored by the City of Cape Coral. It is currently under testing and includes 
installation of one Class V injection well for storage and recovery of surplus freshwater.  It is 
located north of Pine Island Rd. on Hermosa Canal at Weir 14 east of Burnt Store Road. Water 
diverted to the ASR well could be utilized and distributed by the City of Cape Coral irrigation 
system for irrigation or to maintain minimum flows during the dry season.  Each ASR well is 
capable of injecting one MGD, with a permitted maximum of up to 120 MG total over the wet 
season.  This will effectively reduce wet season freshwater discharge to the NSC by up to 0.5% of 
annual flows. Water will be treated to secondary water quality standards before being injected into 
the storage zone.  This should result in a net water quality improvement in the canals when water is 
reintroduced during the recovery cycle. Although this project is listed as a threshold project under 
the assumption that the diverted water would be used for landscape irrigation, it could be 
considered to contribute to NEBs if some of the recovered water is used for hydrologic restoration.  
 
Aquifer Storage and Recovery (ASR) at Gator Slough, Weir 19 (WS-4) 
This project is sponsored by the City of Cape Coral. It is currently under testing and includes 
installation of one Class V injection well for storage and recovery of surplus freshwater.  It is 
located north of Pine Island Rd. on Gator Slough at Weir 19 west of Andalusia. Water diverted to 
the ASR well could be utilized and distributed by the City of Cape Coral irrigation system for 
irrigation or to maintain minimum flows during the dry season.  Each ASR well is capable of 
injecting one MGD, with a permitted maximum of up to 120 MG total over the wet season. This 
will effectively reduce potential wet-season freshwater discharge from Gator Slough to areas 
southwest of Weir 19 and ultimately the North Spreader Waterway by up to 0.5% of annual flows. 
Water will be treated to secondary water quality standards before being injected into the storage 
zone.  This should result in a net water quality improvement in the canals when water is 
reintroduced during the recovery cycle. Although this project is listed as a threshold project under 
the assumption that the diverted water would be used for landscape irrigation, it could be 
considered to contribute to NEBs if some of the recovered water is used for hydrologic restoration.  
 
Canal Pump Station Operation, Flow Optimization (WS-5) 
This City of Cape Coral project is in the design phase and includes the development of procedures 
for best management of water resources within the City’s freshwater canal system and operation of 
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weirs and canal transfer pumping at canal pump stations. Freshwater storage and release will be 
optimized using electronic monitoring and control of the weirs, pumping, and transfer equipment 
using Supervisory Control and Data Acquisition (SCADA) system with operational parameters tied 
to Water Use Permit # 36-0998-W limitations. Pump stations can be operated to optimize 
freshwater flows to better mimic the historical natural flow regime.  The current water use permit 
limits the maximum monthly allocation from the freshwater canals to approximately 1,349 million 
gallons. Specific flow data will be available when the project is complete.  When implemented, it 
will be possible to use the canal system to store and time canal withdrawals and/or sequence 
pumping to allow the City to “mimic” natural discharges. Historically, mean daily discharges to the 
NSC during the wet season of up to 177 mgd, and as little as 20 mgd during the dry season have 
been recorded. Using the pump stations, stormwater will be transferred within freshwater basins for 
storage and irrigation use. The City’s fresh water canal weirs can capture an estimated one billion 
gallons of freshwater per year, reducing freshwater discharge to brackish water (estuarine) 
environments. This could lower freshwater flows to the NSC by up to 14% on an annual basis. 
Although this project is listed as a threshold project under the assumption that the diverted water 
would be used for landscape irrigation, it could be considered to contribute to NEBs if some of the 
recovered water is used for hydrologic restoration.  
 
Cape Coral Canal Weir System Enhancements (WS-6) 
This City of Cape Coral project is under construction. It includes the construction and 
reconfiguration of six existing weirs in the City’s freshwater canal system to better manage 
stormwater discharges, impounding an estimated 1 billion additional gallons of freshwater per year.  
Automated controls being installed as part of a separate project will allow the City to control 
freshwater canal water levels. It provides an opportunity to optimize the hydro period to better 
mimic the natural flow regime.  When completed, and using appropriate control parameters, it will 
be possible to use the estimated 2,800 acres of additional surface area in the canal system to store 
and time discharges to better “mimic” natural conditions. Benefits of this project have been 
previously discussed in the pump station project (WS-5) above. Although this project is listed as a 
threshold project under the assumption that the diverted water would be used for landscape 
irrigation, it could be considered to contribute to NEBs if some of the recovered water is used for 
hydrologic restoration.  

 
Cape Coral Utility Extension Program (UEP) (WS-7 and 8)  
This City of Cape Coral project is in the planning phase, but has been placed on hold for fiscal 
reasons. It includes construction of wastewater collection and transmission facilities to eliminate 
residential and commercial septic systems in an approximately 9,032 acre area of Cape Coral 
(according to current expansion plan).  The project also includes the installation of a recycled water 
irrigation pipeline and domestic potable water lines in the Northwest section of Cape Coral 
(generally west of Burnt Store Road). It will result in the elimination of an estimated 200-250 
gallons/day/household discharged from septic systems to surficial groundwater and subsequently to 
canals.  This translates into a reduction of inflows to NSC of about 3% annually. Water Quality 
benefits include the reduction of 2.5 lb/ac/yr of Total Nitrogen (TN) and 0.4 lb/ac/yr of Total 
Phosphorous (TP) as a result of the elimination of septic systems.  On an annual basis, the project 
will result in a reduction of 48,750 lbs/yr TN and 7,800 lbs/yr TP. Although this project is listed as a 
threshold project, it may be considered to contribute NEBs for that portion of the project that has 
not yet been authorized or initiated.  

 
Utility Extension Program (UEP), Stormwater Drainage Improvement (WS-9) 
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This project is from the City of Cape Coral Facility Master Plan (2004) and is being implemented. 
Stormwater drop inlets are being upgraded during utility installation.  Drainage inlets are changed 
from “open slot” type to “Type C” and “Type E” which feature flow control orifices and elevated 
grates to prevent first flush of precipitation flows from polluting canals. Benefits include localized 
retention of stormwater from moderate rain events in swales. The reduction of runoff rates allows 
water to percolate into local soils. The first-flush of stormwater runoff is reduced with subsequent 
loading reduction. Based on estimates of number of inlets replaced and volume of runoff 
attenuated, this project could reduce annual inflows to the NSC by about 0.1%. 
 

4.3 Projects in the Watershed that Contribute to NEBs 
 
NEB projects are those projects that were identified during the EMA process that are not 
currently underway, and that would be implemented specifically to enhance the NSC 
system. These projects are summarized below. Some, but not all, have quantifiable affects 
estimated for freshwater inflows or water quality.  
 
Gator Slough Channel Improvement (WS-1) 
AKA Gator Slough/Powell Creek Hydrologic Restoration; North Fort Myers Surface Water 
Restoration Project: 
This Lee County project has three components: (1) Gator Slough flow way and water quality 
improvement; (2) Redistribution of Gator Slough/Powell Creek water originating from northern 
reach (Charlotte County) and construction of a filter marsh to improve water quality; and (3) 
Construction of ditch plugs and installation of risers to mimic natural system in the region. Surface 
water storage and timing benefits include restoration of natural flows, potential storage and high 
flow reduction using filter marshes and storage. Shallow conveyances with control weirs would be 
used to allow water flows that mimic the natural hydroperiod. Some water would be diverted from 
the Gator Slough basin, reducing NSC inflows by up to 0.5 % annually, based on local modeling.  
 
Yellow Fever Creek/Gator Slough Storm Water Transfer Facility (WS-10) 
This Lee County project is in the design phase and includes the restoration of historic flows that 
were altered due to urban development. An interconnect facility is to be built to transfer water 
during high-flow periods from Gator Slough to the south and east in Yellow Fever Creek rather than 
over the Gator Slough weir to Matlacha Pass. The benefits of this project could lead to an annual 
reduction of inflows to NSC of up to 806 ac-ft/yr (about 1.5 %), based on information provided by 
the County. Water would be transferred from one basin to another, with no net change in total 
loadings, but a reduction in loadings to the NSC.  Using 806 ac-ft/yr and an estimate of 1.27 mg/L 
for TN and 0.154 mg/L for TP, which is typical of runoff from the Yucca Pens area, the load was 
calculated by the County as 2784 lb/yr for TN and 338 lb/yr for TP.  In the water-quality 
spreadsheet, these flows and loads will be subtracted from the North Coastal subregion and added 
to the Tidal North subregion.   
 
Yucca Pens Hydrologic Restoration (WS-11) 
This project has been initiated by SFWMD, but is in the preliminary phase and includes only site 
characterization. The identification of alternatives for ecological and hydrological restoration and 
their corresponding benefits to the NSC will be determined at a later date. Conceptual projects that 
may result from this work could be considered for NEBs if they are proposed by SFWMD. 
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The following projects have been identified by EMA stakeholders, however they have no sponsor 
or funding source to date and are thus conceptual only.  
 
Filter March with Reservoir (WS-A) 
It has been proposed to develop a water quality treatment wetland with a reservoir to attenuate 
high flows. This proposal requires a substantial parcel of land, and the only likely location is not in 
the watershed, but in the Yucca Pens basin, north of Gator. No design for this project was 
available, so a 50-acre marsh was assumed. Based on local conditions it was estimated that annual 
flows to the NSC could be reduced by up to 2%.  
 
Add culverts under power line easement (WS-B) 
This project is undersigned but would entail enlarging existing drainage culverts under a power line 
easement in Gator Slough basin. The hydrologic effect of this is unknown but could increase flows 
to the NSC. 
 
Restrict off-road use of Charlotte Harbor Flatwoods (WS-C) 
This undeveloped land is currently popular with off-road vehicles and is deeply rutted in some 
areas. This disrupts natural sheet flow patterns across the site and promotes erosion that could 
impact water quality. Restricting this use would benefit this public land.  
 
Buy empty residential lots for stormwater retention (WS-D 
With Cape Coral only about 30% built out, it seems logical to use undeveloped land for stormwater 
retention and treatment. It was estimated that this could lead to up to 1% reduction in inflows to 
NSC. However, the lots in the area are generally small, so many would have to be purchased. 
Because most lots are owned by individuals, it would be time consuming and expensive to 
assemble enough contiguous lots to have a significant impact.  
 
Enlarge I-75 culverts (WS-E) 
This alternative was envisioned to allow historical flow paths to be re-established along I-75, letting 
runoff under the road to flow west to Yucca Pens and other coastal streams instead of traveling 
south to Gator Slough. No estimates of the magnitude of impact that this project could have are 
available.  
 
Enlarge culverts under Pine Island Causeway (WS-F) 
Increasing circulation in Matlacha Pass was identified as a means of offsetting any impacts from the 
NSC. However, data do not exist to allow estimates to be made of potential benefits of this action.  
 
Cape Coral Fertilizer Ordinance (WS-G) 
A local ordinance regulating the use of fertilizer could have benefits to the NSC and receiving 
waters. Local governments, including Lee County, Sarasota County, and others have enacted 
ordinances with either voluntary or required elements to limit the amount of nitrogen and 
phosphorous entering surface waters. Lee County’s rule includes, among other features, the 
following elements:  

• All landscape companies must be registered with Lee County. 

• There must be at least one professional on site at all times who is Florida Green Industries 
Institute trained and certified while fertilizer is being applied. 

• Fertilizers containing N & P shall not be applied between June 1 and September 30. 
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• Exemptions: Golf courses provided that they are following the Florida Golf Course Best 
Management Practices and agriculture covered under the FL Right to Farm Act or livestock 
operations not covered under FRFA both utilizing FDACS BMPs.  

• Phosphorus content; 0.25 lbs. P2O5/1,000 ft2 per application nor exceed 0.50 lbs. 
P2O5/1,000 ft2 per year. 

• Nitrogen content; no less than 50% slow release nitrogen is required. No more than 4 lbs of 
nitrogen per 1,000 ft2 in any calendar year. 

• Fertilizer shall not be applied to any water body or impervious surface. 

• A spreader deflector is required to be used near all waterbodies/wetlands and impervious 
surfaces. 

• Mandatory 10 foot no fertilizer buffer zone near all waterbodies and wetlands measured 
from top of bank. 

• Homeowners are encouraged to follow the practices outlined and referenced in the 
ordinance and to seek education with the Lee County Florida Yards and Neighborhoods 
Landscape Program, however education is not currently mandatory. 

 

4.4 Projects in the Spreader Canal and Receiving Waters 
 
These projects are intended to be implemented in the NSC itself, or in estuarine areas adjacent to 
the canal.  

 
Project Name:  Matlacha Pass Hydrologic Restoration Phase I (RW-1 and 2) 
This Lee County NEB project includes the restoration of historical flow ways and base flows, and 
improving drainage while minimizing flooding downstream of Burnt Store Road and reducing fresh 
water flow to Gator Slough Canal. Due to the local drainage system along Burnt Store Road, 
minimal stormwater runoff follows its historical flow paths to the west; and most is conveyed to the 
south along Burnt Store Road, resulting in excess inflows to Gator Slough. This would affect 
Durden Creek and Greenwell Branch, and could reduce annual inflows to the NSC by up to 3%, 
based on information obtained from the North Lee County Surface Water Management Plan. Phase 
1, drainage culvert upsizing, is currently under construction.  Phase 2, the historical flow 
restoration, is conceptual at this point.  
 
The following are conceptual projects that do not have sponsors, and are not designed, permitted, 
or funded.  
 
RW-A. Install additional openings to distribute water from the spreader wall to the area west of 

the spreader  
This project would involve opening additional pathways between the NSC and the mangroves to 
the west. It is recognized that building structures would be very expensive, and that the structures 
would subject to damage from storm events. An alternative to building structures would be to 
excavate breaches along the west bank of the canal, but not harden the openings.  
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RW-B. Upgrade City’s  seawall ordinance to be more like Lee County.  Specify slopes and 
vegetation 

Bank stabilization along the NSC is accomplished almost exclusively by vertical seawalls, which 
provide little habitat or water quality benefits. Enforcing a local ordinance requiring the use of rip 
rap, coastal vegetation, or other methods of stabilizing the shoreline would enhance the canal 
substantially. However, because the seawalls have already been constructed, it is not known how 
much effect this would have if only new or re-built areas were subject to the new standards.  
 
RW-C. Retrofit existing seawalls with rip rap or other ecologically friendly material 
The potential revised ordinance would effect new construction only, at the owners’ expense. This 
project would be publically funded to provide NEB for shorelines now stabilized by vertical 
seawalls. The specifications for this work would be very similar to the ordinance. 
 
RW-D. Establish littoral vegetation and hard-bottom reef habitat such as oyster bars along canals 

– west of Burnt Store and near the NSC 
This is similar to RW-B and would provide an ecologically friendly approach to shoreline 
stabilization. Shell fish filter the water while grazing, and substantial water quality benefits could be 
derived from seeding oyster beds. Unlike RW-B, where costs would be borne by land owners, this 
project would require public funding and would prove fairly expensive, given the seven mile 
length of the canal and its additional salt water tributaries.  
 
RW-E. Hydrological restoration of tidal creeks using information regarding historical elevations, 

etc. 
This project would be incorporated with RW-A. Additional breaches would be located to coincide 
with historical creek paths to reintroduce flows through the mangroves. Historical aerial 
photographs show creek channels that could be used.  
 
RW-F. Bring deeper water bodies up to a more natural grade, it benefits water quality 
Ecological benefits could be derived by filling in the NSC to a shallower depth and reducing the 
euphotic zone, and by making the side slopes shallower to allow littoral vegetation to colonize. 
Large volumes of fill would be required, and permitting would be an issue.  
 
RW-H. Restrict shallow-water areas, outside channels, to non-motorized vessel traffic only 
Propeller scars are often a significant problem in shallow water, particularly in areas of seagrass 
growth. Restricting motorized boats to the deeper waters would reduce impacts to the shallow 
benthic community.  

4.5 Additional Scenarios Comparisons and Questions 
 
During the initial stages of the EMA process, critical issues were identified, subsequently prompting 
questions to be formulated that were to be answered during the alternatives analysis to address the 
issues. A modeling tool, the box model, was then developed to help answer these questions. The 
results of several box model simulations were used to provide answers to the following questions. 
 

1. What is the effect of having a barrier at the southern end of the canal versus not having a 
barrier at the southern end of the canal? (4.5.1) 

2. What is the effect of installing a partial barrier (a weir) at the Ceitus site versus the existing 
condition without a barrier? (4.5.2) 
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3. What is the effect of future flows versus existing flows? (4.5.3) 
4. Which scenario is more desirable ecologically, Threshold or NEB with future flows? (4.5.4) 
5. Does the flux of water leaving the canal from its southern end increase at high flows? (4.5.5) 

 
The results of the model runs that address these questions are discussed in detail in the subsections 
that follow.  For comparison of the cells in the system, it should be noted that the main stem of the 
Spreader Canal has 8 cells, while the mangrove area has 7 cells (Figure 2-38). This is to reflect 
outflows from the south end of the canal both through a west bank breach to the mangroves (cell 
7), and from the main channel to the south (cell 8), where the Ceitus structure was removed.  In the 
“with barrier” scenarios, the salinity shown for cell 8 represents water outside the barrier, in the 
Pass. 

4.5.1 Comparison of Existing Flows without the Barrier and Additional Breaches 
 
Results of scenarios that address question 1 (existing conditions without the barrier versus existing 
conditions without the barrier and with additional breaches) are presented in Figures 4-2 (main 
stem cells) and 4-3 (mangrove cells). The salinity values, in parts per thousand (ppt) for each cell 
represent the modeled 25th and 75th percentile of salinities for the model period. Therefore, half the 
salinity values from the model runs fall between the salinity values presented in the table for each 
cell. The flux values (m3/s) are the annual average fluxes for the modeled period. A negative flux 
(green arrow) represents a flux out of the system (from the Spreader Canal toward Matlacha Pass) 
whereas a positive flux (red arrow) represents a flux into the system (from Matlacha Pass toward the 
Spreader Canal).   
 
In the existing scenario without barrier, Spreader cells 1, 4, and 6 have net fluxes of water from 
Matlacha Pass and the mangroves into the Spreader Canal, on average (Figure 4-2). This is expected 
as there are no breaches in cell 1, 4, and 6 and fluxes typically result from high tides that overtop 
the berm, resulting in fluxes of water from Matlacha Pass through the mangroves and into the 
Spreader Canal.  In contrast, in cells 2, 3, 5, 7, and 8, there is a net flux of water from the Spreader 
Canal into the mangroves and to Matlacha Pass on average.  Again, this is perfectly logical as these 
cells contain breaches where water is able to flow out of the system.  Average fluxes out of the 
system, in descending order, are from cell 2 (0.87 m3/s), cells 5 and 8 (0.77 m3/s), cell 7 (0.64 m3/s), 
and cell 3 (0.27 m3/s), respectively. 
 
In the additional breaches scenario, breaches were added to all of the mangrove cells.  Under the 
additional breaches scenario, the net flux of water is from the Spreader Canal to the mangroves and 
Matlacha Pass for all of the cells, on average (Figure 4-2).  Notice that the fluxes are much more 
uniformly distributed (0.29 – 0.42 m3/s) under the additional breaches scenario.  This is because 
the additional breaches were distributed evenly among the model cells.  Also notice that the fluxes 
are slightly higher at the northern end of the canal (cells 1, 2, and 3).  As discussed in Section 2.1.2, 
Gator Slough has the largest drainage area (Table 2.2) and contributes the largest percentage of 
freshwater that enters the system (Figure 2-9).  Therefore, the fluxes are higher in the north as more 
freshwater is entering the system in the north relative to the south.  
 
With regard to salinities in the Spreader Canal (Figure 4-2), the additional breaches scenario has 
salinity values that are higher than the existing scenario.  This is due to the fact that the additional 
breach area allows greater exchange of more saline water from Matlacha Pass to the Spreader 
Canal.  In the mangrove areas (Figure 4-3), salinities are again higher in the cells that have breaches 
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(Cells 2W, 3W, 5W, and 7W), though the differences are less than the differences seen in the 
Spreader Canal cells.  In the cells that did not have breaches in the existing scenario (Cells 1W, 
4W, and 6W), salinities in the additional breaches scenario are slightly less than salinities in the 
existing scenario (Figure 4-3).  As mentioned above when discussing the fluxes, the fluxes are more 
evenly distributed through the system under the additional breaches scenario.  Therefore, less water 
is leaving through cells 2, 5, 7, and 8 in the additional breaches scenario when compared to the 
existing scenario because that water is now able to exit through the additional breaches.  This 
results in a slight decrease in salinities in mangrove cells 1W, 4W, and 6W because fresher water is 
now exiting the Spreader Canal and entering these cells whereas under the existing scenario fluxes 
were from the more saline Matlacha Pass toward the Spreader Canal.   

 
Figure 4-2 Comparison of salinity and fluxes between the existing scenario without a barrier and the 

additional breaches scenario without a barrier, Spreader Canal cells. 
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Figure 4-3 Comparison of salinity and fluxes between the existing scenario without a barrier and the 

additional breaches scenario without a barrier, mangrove cells. 
 
 

4.5.2 Comparison of Existing Flows without the Barrier and a Partial Barrier 
 
Results of scenarios that address question 2 (existing conditions without the barrier versus existing 
conditions with a partial barrier) are presented in Figures 4-4 (main stem cells) and 4-5 (mangrove 
cells).  The results of the existing scenario without barrier have been previously described in 
Section 4.5.1, therefore, we will focus on the results of the partial barrier scenario.  The main 
difference that is documented by the partial barrier scenario is the decrease in fluxes across the 
southern boundary (Cell 8).  This was an expected result as the weir has reduced the cross-sectional 
area of the opening at the southern boundary, thus decreasing the fluxes that cross that boundary.  
As mentioned previously, the fluxes in cells 1, 4, and 6 are from Matlacha Pass to the Spreader 
Canal, on average.  The fluxes through these cells have not changed by inserting a partial barrier at 
the southern end of the Spreader Canal.  Therefore, the difference in the fluxes leaving the system 
through cell 8 (0.77 compared to 0.12 m3/s) is now exiting the system through the other breaches.  
We see an increase in the fluxes at the cells that have breaches (Cells 2, 3, 5, and 7) that 
corresponds to the difference in fluxes at Cell 8.   
 
As for salinity in the Spreader Canal (Figure 4-4), the partial barrier scenario results in a slight 
increase in salinity in the northern cells of the Spreader Canal (Cells 1-3) and a slight increase in 
salinity in the southern cells of the Spreader Canal (Cells 4-7).  There is little difference between 
salinity in the mangrove cells under the two scenarios (Figure 4-5). 
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Figure 4-4 Comparison of salinity and fluxes between the existing scenario without a barrier and a 

partial barrier, Spreader Canal cells. 

 
Figure 4-5 Comparison of salinity and fluxes between the existing scenario without a barrier and a 

partial barrier, mangrove cells. 
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4.5.3 Comparison of Existing and Future Flows without the Barrier 
 
Results of scenarios that address question 3 (existing conditions without the barrier versus future 
flows without the barrier) are presented in Figures 4-6 (main stem cells) and 4-7 (mangrove cells).  It 
should be noted that the future flow scenario has a forecasted increase in freshwater inflows into 
the system for all tributaries.  The main differences that are documented by the future flow scenario 
when compared to the existing scenario are the increase in fluxes out of the system at the breaches 
and the southern boundary and a corresponding decrease in salinities throughout the system.  As 
the future flow scenario has increased flows, we expect the fluxes out of the system to increase and 
the salinities in the system to decrease due to the increase in freshwater inflows into the system.  As 
with the comparison to the partial barrier, the future flow scenario has almost no impact on the 
fluxes through cells that do not have breaches.  As with the existing scenario without a barrier and 
the existing scenario with a partial barrier, the fluxes in cells 1, 4, and 6 for the future flow scenario 
are still from Matlacha Pass to the Spreader Canal, on average.     
 
As mentioned, the future flow scenario has a forecasted increase in freshwater inflows into the 
system.  Therefore, we expect to see a decrease in salinity in the system due to the increase in 
freshwater entering the system.  In the Spreader Canal cells (Figure 4-6), the future flow scenario 
results in lower salinities in all cells.  The salinity differences are greatest in the north, and become 
progressively smaller as you move south in the Spreader Canal toward the southern boundary 
(Figure 4-6).  In the mangrove cells (Figure 4-7), there are slight differences in salinity in the cells 
that have breaches, whereas there are no differences in the cells that do not have breaches. 

 
Figure 4-6 Comparison of salinity and fluxes between the existing scenario without a barrier and the 

future flow scenario without a barrier, Spreader Canal cells. 
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Figure 4-7 Comparison of salinity and fluxes between the existing scenario without a barrier and the 

future flow scenario without a barrier, mangrove cells. 
 

4.5.4 Comparison of NEB Projects and the Threshold 
 
Results of scenarios that address question 4 (Threshold versus NEB) are presented in Figures 4-8 
(main stem cells) and 4-9 (mangrove cells).  The Threshold scenario consists of future flows 
(including non-eligible projects) and includes the barrier in its proposed location.  The NEB 
scenario consists of future flows (including all projects) without a barrier.  Because various projects 
have been included in these scenarios, the freshwater inflows will be less than the future scenario 
as the projects aim to decrease the amount of freshwater that enters the system.  As seen in all 
scenarios except the additional breaches scenario, the fluxes in the cells that do not have breaches 
(Cells 1, 4, and 6) are from Matlacha Pass toward the Spreader Canal.  As discussed in Section 2.4, 
the presence of the barrier in the Threshold scenario results in a flux from Matlacha Pass to the 
Spreader Canal in Cell 7.  For the NEB scenario, average fluxes out of the system, in descending 
order, are from cell 2 (1.00 m3/s), cell 8 (0.89 m3/s), cell 5 (0.87 m3/s), cell 7 (0.77 m3/s), and cell 3 
(0.35 m3/s), respectively.  Because the Threshold  scenario has a barrier, fluxes are forced out of the 
system through the three northern breaches, on average.  Under the Threshold scenario, average 
fluxes out of the system, in descending order, are from cell 2 (1.68 m3/s), cell 5 (1.57 m3/s),  and 
cell 3 (0.95 m3/s), respectively. 
 
Salinities in the Spreader Canal cells for the NEB scenario are higher than those of the Threshold 
scenario due to the fact that the NEB scenario has lower flows and no barrier (Figure 4-8).  The lack 
of a barrier in the NEB scenario allows for exchange of saline water from Matlacha Pass through the 
southern boundary.  In the mangrove cells, there are no salinity differences between the two 
scenarios in the cells that do not have breaches (Figure 4-9).  As expected from the analysis of 
fluxes, salinities are lower in the Threshold scenario in the cells that have breaches, with the 
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exception of cell 7W.  Salinities are lower in the Threshold scenario in cells that have breaches 
because more freshwater is leaving through these cells when compared to the NEB scenario.  
Salinity values in cell 7W are greater in the threshold scenario because the average flux is from 
Matlacha Pass toward the Spreader Canal.   

 
Figure 4-8 Comparison of salinity and fluxes between the Threshold scenario and the NEB scenario, 

Spreader Canal cells. 
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Figure 4-9 Comparison of salinity and fluxes between the Threshold scenario and the NEB scenario, 

mangrove cells. 
 

4.6 Impact of Flows on Fluxes at the Southern Boundary 
 
The purpose of the final question is to understand the influence of freshwater inflows on the fluxes 
at the southern boundary.  To answer this question, a dataset was assembled that consisted of the 
daily total freshwater inflow and the daily proportion of the total outflow that left the system 
through the southern boundary.  The proportion of the outflow that leaves the system through the 
southern boundary was then placed into bins based on deciles of the freshwater inflow (e.g., the 1st 
to the 10th percentile inflows represent 1-10, etc.).  The median daily fluxes out of the system 
through the southern boundary were then calculated for each of the deciles of freshwater inflow.  
The results are presented in Figure 4-10.  As can be seen by the plot, the range of the percent of 
total outflow that is comprised of the southern boundary is from 21 to 24 percent.  Therefore, 
freshwater inflows have little impact of the proportion of water that leaves the system through the 
southern boundary. 
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Figure 4-10 Comparison of median daily fluxes out of the system at the southern boundary (Cell 7) by 

deciles of total freshwater inflow.. 
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Appendix B 
 

Projects 
 



ID Project Name Owner Threshold (T) or 
NEB (N) Basin Hydrologic Effects Effects to Spreader Canal 

Inflow Water Quality Effects Habitat Effects Notes

Barrier Replacement 

B1 Barrier Replacement Cape Coral T Spreader Canal Promotes discharge through 
canal west bank breaches None Unknown Unknown Default action for Consent Order.

WS-1 Gator Slough/Powell Creek 
Hydrological Restoration Lee County N Gator Slough Reduce all Gator Slough flows by 

1% Reduce annual flow by 0.5%. None Unquantified benefit  Increase flows to Powell Creek, overflow to Gator Slough is 
reduced.

WS-2 Aquifer Storage and Recovery (ASR) 
@ N-S Transfer Station Cape Coral T/N Hermosa Canal Up to 120 mg annual flow 

reduction Reduce annual flow by 0.5%. Unquantified benefit None
High flow diversion only.  Equivalent to 0.5 cfs average annual. Use 
of diverted water (irrigation or hydrological restoration) would 
determine if project is T or N.

WS-3 Aquifer Storage and Recovery (ASR) 
@ Hermosa Canal PS Cape Coral T/N Hermosa Canal Up to 120 mg annual flow 

reduction Reduce annual flow by 0.5%. Unquantified benefit None
High flow diversion only.  Equivalent to 0.5 cfs average annual. Use 
of diverted water (irrigation or hydrological restoration) would 
determine if project is T or N.

WS-4 Aquifer Storage and Recovery (ASR) 
@ Gator Slough Weir 19 Cape Coral T/N Gator Slough Up to 120 mg annual flow 

reduction Reduce annual flow by 0.5%. Unquantified benefit None
High flow diversion only.  Equivalent to 0.5 cfs average annual. Use 
of diverted water (irrigation or hydrological restoration) would 
determine if project is T or N.

WS-5 Canal Pump Station Optimization Cape Coral T/N Gator Slough, Hermosa, 
Horseshoe and Canals

Flow reductions in Gator Slough, 
Horseshow Canal, Hermosa 
Canal. 

Reduce annual flow by 14%. Unquantified benefit None

Difference in existing vs future irrigation demand from canals is 60 
mgd annual average. Assume 1/2 water returns to canals. Use of 
diverted water (irrigation or hydrological restoration) would determine 
if project is T or N.

WS-6 Canal Weir Enhancements Cape Coral T/N
Gator Slough, Hermosa, 
Horseshoe, Shadroe 
Canals

None None Unquantified benefit None Accounted for in WS-5. Use of diverted water (irrigation or 
hydrological restoration) would determine if project is T or N.

Cape Coral T/N Gator Slough 225 gpd x 2700 households x 0.5 
= 303,750 gpd Reduce annual flow by 0.5%. Annual TN reduction of 

3715 lb.

Cape Coral T/N Horseshoe Canal 225 gpd x 6000 households x 0.5 
= 675,000 gpd Reduce annual flow by 1.0%. Annual TN reduction of 

8,256 lb.

Cape Coral T/N Hermosa Canal 225 gpd x 5000 households x 0.5 
=  562,500 gpd Reduce annual flow by 1.0%. Annual TN reduction of 

6,878 lb.

Cape Coral T/N Shadroe Canal 225 gpd x 3000 households x 0.5 
= 337,500 gpd Reduce annual flow by 0.5%. Annual TN reduction of 

4,128 lb.

WS-9 Stormwater Inlet Improvements Cape Coral T All 80 ac-ft/yr flow reduction in Gator 
Slough Reduce annual flow by 0.1% About 160 lb/year TN 

removal. Unquantified benefit

Assume 100 inlets cause 6 inches storage over 0.1 ac. Takes 7 days 
to empty, fills each 7 days during wet season (Jun-Sep). If TN = 0.75 
mg/L and removal efficiency is 30%, TN removal is 10 lb per fill 
times 16 fills per year.

WS-10 Gator Slough/Yellow Fever Creek 
Diversion Lee County N Gator Slough 800 ac-ft/year = 3% reduction in 

annual Gator Slough flow Reduce annual flow by 1.5%. Unknown Unquantified benefit Re-direct flow from Gator Slough to YF Creek, used ratio of USGS 
GS Q to 800 ac-ft/yr

WS-11 Yucca Pens Restoration SFWMD N Gator Slough, Spreader 
Canal Unknown Unknown Unknown Unknown Current work includes characterization only. Restoration projects will 

be identified later. 

WS-A Filter Marsh w/ Reservoir N Gator Slough 1,600 ac-ft/yr flow reduction in 
Gator Slough Reduce annual flow by 2% About 1000 lb/year TN 

removal. Unquantified benefit

Assumed 50-acre marsh with 2 feet of storage (location to be 
determined). Takes 7 days to empty, fills each 7 days during wet 
season (Jun-Sep). If TN = 0.75 mg/L and removal efficiency is 30%, 
TN removal is 61 lb per fill times 16 fills per year.

WS-B Add culverts under power line 
easement west of I-75 N Gator Slough Would increase flows if anything. Unknown Unknown Unknown Re-directs surface water to historical flow paths.

WS-C Restrict off-road use of Charlotte 
Harbor Flatwoods N None None Unknown Unquantified benefit Restore sheet flow and natural swales.

WS-D Buy empty residential lots for 
retention areas N All 1,000 ac-ft/yr flow reduction in 

Spreader inflow Reduce annual flow by 1.3% About 670 lb/year TN 
removal. None

Assume 500 lots @ 0.25 acres each, 1 foot of storage, 1/2 storage 
returns to canal. Takes 7 days to empty, fills each 7 days during wet 
season (Jun-Sep). If TN = 0.75 mg/L and removal efficiency is 30%, 
TN removal is 42 lb per fill times 16 fills per year.

WS-E Connect Webb Preserve to historical 
flow path by enlarging I-75 culverts N Gator Slough Would increase flows if anything. Unknown Unknown Unquantified benefit Alleviates upstream flooding

WS-F Larger culverts under Pine Island 
Causeway N Matlacha Pass None None Unquantified benefit. Unquantified 

benefit. May promote higher flushing through Matlacha Pass

WS-G Implement Fertilizer Ordinance Cape Coral N All None None About 6900 lb/year TN 
removal. None Assume 5% TN and TP load reduction over 35 sq. mi. @ 8 lb TN/yr.

RW-1 Matlacha Pass Hydrologic 
Restoration (Durden/Greenwell) Lee County N Gator Slough Reduce all Gator Slough flows by 

3% Reduce annual flow by 1.5%. Unknown Unquantified benefit Re-direct flow from south along BS Rd to Greenwell Branch - from 
Lee Co ICPR.

RW-A Additional openings in western 
spreader bank Cape Coral N Spreader Canal Promotes discharge through 

canal west bank breaches None Unknown Unknown Magnitude of excavation required is unknown and would affect 
permitting.

RW-B Upgrade City's seawall ordinance Cape Coral N Spreader Canal None None Unquantified benefit Unquantified benefit Promote use of rip-rap, specify side slopes and littoral vegetation 
(mangroves, grasses). Specify slope, materials, etc.

RW-C Retrofit existing seawall with rip rap or
other ecoloigcally friendly material Cape Coral N Spreader Canal None None Unquantified benefit Unquantified benefit Use limerock excavated for utilities expansion for rip rap. Spcify 

slope, vegetation, etc.  

RW-D
Establishment and promotion of 
shellfish and hard bottom habitat in 
canals

Cape Coral N Spreader Canal None None Unquantified benefit Unquantified benefit Seed oyster bars, construct artificial reefs.

RW-E Restore hydrology of tidal creeks Cape Coral N Spreader Canal Return flows to historical paths. None Unquantified benefit Unquantified benefit Use aerial photos and recent survey data to identify flow paths. 

RW-F Make deeper water bodies shallower Cape Coral N Spreader Canal None None Unquantified benefits. Unquantified 
benefits. Reduces potential for low DO. 

RW-G Restrict shallow areas outside 
channels to non-motorized boats

Cape Coral, , 
DEP, FWC N Spreader Canal None None None Unquantified 

benefits. Reduces impacts to benthic vegetation.

Total Potential Hydrologic Impacts All projects
24.4 % reduction in annual 
inflow to Spreader Canal  

All projects except canal pumping
10.4 % reduction in annual 
inflow to Spreader Canal

Potential (Conceptual) Projects in the Receiving Waters

WS-7, 8 Utility Extension Program

Potential Hydrologic, Water Quality, and Habitat Impacts to North Spreader Canal from Identified EMA Projects

Permitted or Planned Projects in the Watershed

Potential (Conceptual) Projects in the Watershed

Septic tank replacement. # households from Jody Sorrels, Cape 
Coral (UEP). Assume 1/2 water from septic tanks now reaches 
canals. Assume septic tank effluent has TN = 40 mg/L, 10% of TN 
returns to canals. Use of diverted water (irrigation or hydrological 
restoration) would determine if project is T or N.

None

Permitted or Planned Projects in the Receiving Waters


