1. EXECUTIVE SUMMARY

Lee County, located on the west coast of Florida, is characterized by high rainfall amounts and flat topography typical of Southwest and South Florida. The northwest region of Lee County consists of five principal watersheds, Yucca Pen Creek, Durden Creek, Greenwell Branch, Longview Run, and Gator Slough, draining into Charlotte Harbor Bay. Yucca Pen Creek, Durden Creek, and Gator Slough have a significant part of their upstream drainage area in Charlotte County. Except for Yucca Pen Creek, all these watersheds are interconnected with the Cape Coral canal system. Burnt Store Road (County Road 765) is the major road crossing these streams; it is a major north-south evacuation route. There is limited development within these watersheds, especially in areas west of Burnt Store Road. The area west of Burnt Store Road is essentially cleared, but mostly undeveloped. Majority of the areas east of Burnt Store Road remain undeveloped, and include a large number of pothole wetlands interconnected by shallow dirt access ways providing for storage and conveyance of surface water.

A surface water management plan was developed for the northwest region of Lee County, which includes an overall assessment of existing conditions. Main focus of this study was to develop a Geographic Information System (GIS) database necessary for surface water management, develop a hydrologic/hydraulic model of the surface water system, identify issues of concern, and assess existing and future Level of Service (LOS) deficiencies for flooding along Burnt Store Road. Water quality modeling was also included as part of project scope to assess the existing and future quality of runoff in these watersheds. Identification of potential surface water improvement projects to meet the level of service desired for roadway flooding, and best management practices to minimize water quality issues were defined to be the key components of this study. 

STUDY OBJECTIVES

The main objectives of this study were:

· Assess the existing level of service for roadway flooding along Burnt Store Road.

· Develop future landuse scenarios and assess the future level of service for roadway flooding.

· Assess existing and future water quality levels in the study area.

· Develop proposed improvement alternatives with a focus on Burnt Store Road control structures to meet the level of service desired for roadway flooding, and assess the proposed level of service.

· Recommend Best Management Practices (BMPs) to address the water quality issues in the existing conditions.

· Obtain conceptual permit from South Florida Water Management District for the proposed improvement alternatives.

DATA DEVELOPMENT

Existing data were collected from various sources for the study watersheds. These data included topographic information, aerial photographs, landuse/soils information, permit information, rainfall and streamflow data. GIS data for the study area were collected from various agencies and were processed to set up the database for modeling. This database included landuse, soils, topography, aerial photographs, and an inventory of existing control structures. A limited field survey with a detail sufficient for a master plan level study was performed to obtain the geometric characteristics of conveyance elements. Watershed boundaries and subbasins were delineated under GIS environment using the available topographic data. The delineation of subbasins was dictated to a large extent by the shallow concentrated flow paths and the network of pothole wetlands east of Burnt Store Road. The total drainage area of the study watersheds west of US-41 is approximately 48.4 square miles. Overall slope of the study watersheds is 2.6 ft per mile or approximately 0.05%.

WATER QUANTITY MODELING

GIS and other computer-based models and tools were used to characterize the existing conditions hydrology of the study watersheds. ICPR Version 2.2 was selected as the hydrologic/hydraulic model for this study.  The inventory of the conveyance elements developed for the study area was used to develop the node-link configuration for the ICPR model. An analysis of tide elevations in Matlacha Pass indicated that the maximum tide elevation is approximately 2.2-ft NGVD 1929, ignoring storm surge effects; a conservative tide elevation of 2.5-ft was used as the tailwater condition in this study.

Existing conditions hydrologic/hydraulic model of the study area was developed using ICPR model. This model was calibrated and verified for a major rainfall event of June 2003 using Next Generation Weather Radar (NEXRAD) rainfall data. Since the drainage area of Gator Slough east of US-41 was not modeled, the observed streamflow data obtained from USGS were used to develop a rating curve input for the ICPR model to represent the Gator Slough inflows.  A roadway flooding of approximately  4-inch to 6-inch was observed by Lee County at Durden Creek Main culvert and at Culvert #6 along Burnt Store Road; this flooding depth was simulated by the calibrated ICPR model. Gumbel statistical analysis of long-term observed streamflow data at the USGS streamgage provided the Gator Slough inflow rating curves for various design storms. Ten design storm events were simulated using the calibrated existing conditions model to determine the existing conditions flood stages in the study area.

Lee County’s Level of Service (LOS) criterion for roadway flooding along Burnt Store Road is to have no roadway flooding for more than 24 hours during the 25-yr, 72-hr design storm. This LOS criterion was not met at Durden Creek Main culvert and Culvert #6 along Burnt Store Road. Existing conditions floodplain maps were developed based on the modeling results for 25-yr, 72-hr and 100-yr, 72-hr storm events.

Two future conditions landuse scenarios were established based on two development scenarios. These scenarios were incorporated in the existing conditions ICPR model as Directly Connected Impervious Areas to develop the future conditions ICPR models. Ten design storm events were simulated for the two future landuse scenarios and the level of service for roadway flooding along Burnt Store Road was assessed. The LOS criterion was not met at the same locations as in the existing conditions along Burnt Store Road.

The existing Lee County right-of-way is 200-ft wide along Burnt Store Road from Charlotte County line up to Van Buren Parkway and beyond. Burnt Store Road is an existing 22-ft wide paved roadway. Lee County has proposed to widen this road to a 4-lane road and eventually to a 6-lane road; the preliminary plans call for the use of entire 200-ft right-of-way for this widening. Lee County desired to include lengthening of the Burnt Store Road culverts to 200-ft as part of the proposed improvements. City of Cape Coral has proposed to raise the invert of two weirs along Gator Slough by 1-ft and has obtained permit from SFWMD for the same. This was also considered as part of the proposed improvements. During field reconnaissance, a significant obstruction (derelict concrete structures) was identified in Durden Creek Main channel west of Burnt Store Road, which significantly reduces the conveyance capacity. Removal of this obstruction was also considered for the proposed conditions.

The following improvement alternatives were analyzed and recommended to meet the roadway flooding LOS criterion at Burnt Store Road:

(1) Upsizing of Durden Creek Main Culvert (Culvert #3)

(2) Upsizing of Culvert #6

(3) Removal of sedimentation and vegetation growth at Burnt Store Road culverts and side ditches

(4) Provision of a side ditch connection from Durden Creek Main culvert to Culvert #4 on the east side of Burnt Store Road

(5) Expansion of the side ditch along Burnt Store Road on the east side by 6-ft and lowering of ditch inverts by up to 1-ft

(6) Upgrade of the side-drains along the east side ditch at Burnt Store Road

(7) Expansion of two drop structures located at the southern end of the side ditches just north of Gator Slough

(8) Raising the Burnt Store Road elevation at Durden Creek Main culvert by 6-inches.

(9) Removal of the obstruction (derelict concrete structure) in Durden Creek Main channel east of Burnt Store Road

Due to the proximity of seasonal high water table to existing natural ground elevations, the size of storage facilities such as detention/retention ponds would become inordinately large and unfeasible. A proposed conditions ICPR model was developed using the improvement alternatives and the selected design storm events were modeled. The proposed improvements eliminated the roadway flooding along the entire length of the expanded Burnt Store Road within the study area during the 25-yr, 72-hr design storm event, meeting the LOS criterion. The probable construction costs for the proposed improvements was estimated to be approximately $470,000, not including the cost of lengthening or relocation of culverts/drop structures/ditch that are not to be upsized, the cost of raising the roadway elevation at Culvert #3, and detailed survey, engineering design and right-of-way/easement costs.

The USGS streamgage located east of US-41 in Gator Slough canal does not account for all the flows west of US-41. This streamgage should be moved from its current location to approximately 500’ downstream of US-41 culvert. This is essential to properly monitor the total flow in Gator Slough canal. Since there is only one raingage available for the entire study area, installation of a weather station in the vicinity of Burnt Store Road is recommended to aid in future studies.

A water budget analysis of the study area for the 25-yr, 72-hr design storm event indicates that the total outflow from the study area into Matlacha Pass/Cape Coral canal system is approximately 18,200 ac-ft. This is approximately two-thirds (66.8%) of the total inflow into the system. Significant inter-basin flows occur between the study watersheds because of the flat topography of the Northwest Lee County region.

WATER QUALITY MODELING

A spreadsheet model, developed by Environmental Research and Design, Inc. (ERD) was selected to model the existing conditions water quality in the study area. The ERD model is based on landuse characterization and performance evaluation studies for stormwater treatment systems performed specifically in Southwest Florida. Based on the landuse characteristics of the subbasins, the mean event concentrations of seven water quality parameters, mass loading of pollutants from the stormwater runoff, and total untreated pollutant concentrations were calculated.
The existing conditions landuse data of the study area were used to analyze water quality using the ERD model. The surface water quality standards of FDEP were considered to be the intended level of service for specific water quality parameters. Modeling results indicate that the concentrations of Biochemical Oxygen Demand (BOD), Total Phosphorus (TP), and Lead did not meet the level of service in the existing conditions. The future landuse scenarios developed for water quantity modeling were used to analyze the future conditions water quality in the study area. Modeling results indicate that the future conditions concentrations of BOD, TP, and Lead did not meet the desired level of service.

In order to reduce the concentrations of water quality parameters, various stormwater management systems were analyzed through literature survey and previous work performed within the State of Florida. Comparative removal efficiencies were obtained and summarized for on-line dry retention, on-line wet retention, off‑line retention/detention systems, wet detention, and dry detention systems. The most effective stormwater management systems in terms of reducing stormwater pollutants appear to be dry retention, off‑line retention/detention ponds, wet retention, and wet detention systems. 

The proximity of seasonal high water table to the existing ground elevations is an issue for providing retention/detention treatment systems. Future studies should assess the seasonal high water table elevations in the study area using site-specific soil borings so that the feasibility of providing wet/dry retention or detention treatment systems could be determined.

The water quality treatment requirements for potential retention/detention systems were calculated for the areas not owned by the State east of Burnt Store Road. The treatment volumes required for 1-inch of runoff are 54 ac-ft for Yucca Pen Creek watershed, 24-ac-ft for Durden Creek watershed, and 130 ac-ft for Greenwell Branch watershed.
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