10. EXISTING CONDITIONS HYDROLOGY

EXISTING CONDITIONS HYDROLOGIC CHARACTERIZATION

Hydrologic characterization of the subbasins was accomplished using GIS and other computer-based models and tools. The runoff curve number for a subbasin was developed based on the existing landuse and the hydrologic soil group of various soil types within the subbasin. The standard Soil Conservation Service (SCS) table of curve numbers identifies the values for specific combinations of landuses and the four hydrologic soil groups namely A, B, C, or D.

Runoff Curve Number:

GIS tools were utilized to calculate the runoff curve numbers efficiently and accurately using the landuse and soils GIS layers developed from the data obtained from SFWMD and SWFWMD. As the first step, the FLUCCS landuse categories in the GIS database were compared with those given in the SCS curve number table. The FLUCCS landuse categories were assigned comparable landuses in the SCS curve number table as given in Table 4.1. The “wood or forest” landuse category in the study area was assumed to be of “good cover” type. Though the subbasins within the City of Cape Coral limits are platted for single-family residential development, most of the lots remain vacant. Hence the landuse category “Open Spaces (Fair condition – 50% to 75% grass cover)” was assigned to those areas.

The soils GIS database included the hydrologic soil group for each soil category in the study area. Areas identified as open water with the soil code of “W” were assigned a runoff curve number of 100. Similarly streets and roads were assigned a curve number of 98 irrespective of the soil category. “B/D” hydrologic soil group was considered as “D” group in “wood or forest” areas and as “C” group in areas that have been cleared or developed such as commercial/residential areas and in “pasture/range” landuses.

The existing conditions landuse, soils, and subbasins shape files were converted to grids within ArcGIS with a resolution of 50 ft.  A map calculation algorithm was applied to develop a grid that will have the unique combination of subbasin code, landuse code, and soil code as its grid value. The database of this combination grid gave the number of grids for each unique landuse-soil combination within each subbasin. Each landuse-soil combination was assigned the appropriate runoff curve number as explained above to calculate the composite runoff curve numbers for the subbasins. Table 10.1 provides the details of runoff curve number calculations for the existing landuse conditions.

Time of Concentration:

The time of concentration for surface flow was calculated for each subbasin using the TR-55 methodology of SCS. The maximum sheet flow length considered was 300-ft and a 2-year/24-hour rainfall depth of 4.5-inches was used for sheet flow travel time calculations. In open lands with shallow concentrated flow for long distances and variable vegetation and terrain, the following criteria were used:

· Establish slope over the entire shallow concentrated flow path if the terrain is generally flat (slopes less than or equal to 0.005 ft/ft). Otherwise, actual slopes were used with each segment.

· Extend the standard shallow concentrated flow calculation from TR-55 methodology to vary Manning’s “n” value to account for varying terrain and vegetation.  Establish 1 to 4 representative segments (combine like-segments as needed).  Calculate time of concentration for each segment and sum for composite shallow concentrated flow time. Typical range of Manning’s “n” values and the corresponding photograph/infra-red aerial signature interpretation are given below.

A. Heavy wooded upland vegetation (includes palmetto, pine with under story of brush):[image: image1.wmf] 

 

 

 Classic Infrared image color: Dappled Pink
; Manning’s “n”: 0.10-0.12

Actual Ground Shot
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Infra-red Aerial

B. Upland vegetation (includes sparse palmetto and prairie grass)


Classic Infrared image color:  Pale Pink; Manning’s “n”: 0.07-0.08 
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Actual Ground Shot
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Infra-red Aerial

C. Intermittent marsh (includes seasonally wet areas with prairie grass and transitional wetland vegetation)


Classic Infrared image color: Pale Pink to Pale Gray; Manning’s “n”: 0.05-0.06
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Actual Ground Shot
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Infra-red Aerial

D. Standing water marsh (includes wet areas with prairie grass and wetland vegetation)
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Classic Infrared image color: Pale Gray to Black; Manning’s “n”:0.04-0.045

Actual Ground Shot
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Infra-red Aerial

For open channel flow travel time, an average flow velocity of 3 ft/sec was used and the open channel flow length was divided by the average flow velocity to get the travel time component for each subbasin.

The time of concentration for each subbasin is the sum of travel times for the three flow components namely sheet flow, shallow concentrated flow, and open channel flow. Table 10.2 provides the Time of Concentration Summary for the entire study area. Individual travel time calculations for each flow component for all subbasins are provided in Appendix B.

Unit Hydrograph Selection:

The flat topography of the study area poses a unique situation to determine the appropriate unit hydrograph for the study watersheds. The most widely used unit hydrographs have a peak factor of 256 or 323. But these peak factors are not appropriate for very flat watersheds. SFWMD has recommended the use of a peak factor of 100 for watersheds with slopes less than 5 feet per mile through a technical memorandum dated June 25, 1993. A copy of that memorandum is included in Appendix C. Overall slopes in the study watersheds are about 2.6 feet per mile based on the spot elevations. Hence a peak factor of 100 was used for modeling. A triangular dimensionless unit hydrograph with a time base of 12.91, as given below, was recommended by the author of ICPR modeling software (Peter Singhofen) to be used with the peak factor of 100.
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CONCLUSIONS

1. Hydrologic characterization of the subbasins was accomplished using GIS and other computer-based models and tools.

2. Runoff curve numbers for individual subbasins were calculated using GIS tools and landuse and soils GIS layers.

3. Most of the study area exhibits runoff characteristics typical of open lands and flat topography with large aerial storage, large sheet flow areas, shallow channels/swales, and very little impervious areas.

4. The composite runoff curve number for the subbasins ranged from 70 to 92.

5. Time of concentration for surface flow was calculated using the TR-55 methodology of SCS. A maximum sheet flow length of 300-ft and a 2-year/24-hour rainfall depth of 4.5-inches were used for sheet flow travel time calculations.

6. An average flow velocity of 3 ft/sec was assumed for open channel flow.

7. Time of concentration of the subbasins ranged from 41 min to 403 min depending on the subbasin area and land surface characteristics.

8. Considering the flat topography of the study area, a unit hydrograph peak factor of 100 was used for modeling per SFWMD recommendation. Overall slopes of the study watersheds are about 2.6 feet per mile. A triangular dimensionless unit hydrograph with a time base of 12.91 was used, as recommended by the author of ICPR software.

RECOMMENDATIONS

1. Runoff curve numbers of subbasins developed in this study should be updated as future developments and other landuse changes occur in the study area.

2. Time of concentration for individual subbasins developed in this study should be updated as more detailed topographic data becomes available.
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