12. WATER QUANTITY MODEL - EXISTING CONDITIONS HYDRAULICS

NODE-LINK CONFIGURATION

The existing conditions hydraulics of the study area along with the inventory of the conveyance elements was used to develop the node-link configuration for the ICPR model. Figure 12.1 depicts the node-link diagram for the existing conditions. There are 204 nodes, 63 pipes, 149 channels, 84 weirs, and 4 drop structures in the ICPR model. Further, there are 114 cross-sections representing various swale/channel dimensions.

MODEL GROUPS IN ICPR

The ICPR model was setup with six groups as listed below:

· YUCCAPEN – Yucca Pen Creek watershed

· DURDEN – Durden Creek watershed

· GREENWEL – Greenwell Branch watershed

· LONGVIEW – Longview Run watershed

· GATOR – Gator Slough watershed

· BASE – This group contains all surveyed cross-sections east of Burnt Store Road

TAILWATER CONDITIONS DETERMINATION

Tailwater conditions of the study area are influenced by the daily tide level fluctuations. The 2004 daily high and low tide predictions (not considering storm surge effects) for Bascule Bridge tide station in Matlacha Pass were obtained from National Oceanic and Atmospheric Administration’s (NOAA) Center for Operational Oceanographic Products and Services (CO-OPS) website (http://co-ops.nos.noaa.gov). These data are referred to Mean Lower Low Water (MLLW) elevation of the station. The tide data obtained from CO-OPS are given in Table 12.1.  Based on the discussions with CO-OPS staff, a value of 0.4’ is to be subtracted from the tide elevations referred to MLLW to get the tide elevations in NGVD 1929 datum at this tide station. The maximum predicted 2004 tide elevation is 2.6-ft in MLLW or 2.2-ft in NGVD 1929. Lee County preferred using a conservative tide elevation of 2.5-ft in NGVD 1929 for all design storms as the tailwater condition. Same tailwater condition was assumed for model calibration/verification simulation. The effect of storm surges on the tide/tailwater conditions was ignored for all model simulations.

EXISTING CONDITIONS MODEL CALIBRATION/VERIFICATION
A major rainfall event occurred in the study area during June 2003. There were widespread flooding in the study watersheds; floodwaters overtopped Burnt Store Road at two culverts and roadway flooding was observed on Old Burnt Store Road. This event was considered for model calibration/verification. The June 2003 Next Generation Weather Radar (NEXRAD) rainfall data were obtained from SFWMD. These data were daily accumulations for the NEXRAD grids covering the study watersheds. Fifteen-minute rainfall accumulations for the period from 6/17/2003 to 6/24/2003 at Lake Fairways raingage were obtained from Lee County. This 15-minute raingage data distribution was assumed for NEXRAD data and the daily NEXRAD accumulations were converted to 15-minute accumulations. Fifteen-minute streamflow data for the USGS streamgage in Gator Slough at US-41 were obtained and input hydrograph was developed in ICPR as a rating curve. 

The roadside ditches along US-41 on both sides carry significant flows, but the USGS streamgage located on the east side of US-41 does not account for this flow. Lee County obtained flow measurements in US-41 side ditches and in Gator Slough downstream of US-41 culvert for two rainfall events during July-August 2004. These measured flows were compared with the flows reported by USGS. It was determined that the USGS flows were approximately half of the flows measured by Lee County in Gator Slough downstream of US-41. The photograph below shows the flow in the west side ditch along US-41 immediately north of Gator Slough for a rainfall event in August 2004. Hence a multiplication factor of 2 was applied to the 15-minute flows recorded by USGS to develop a rating curve for Gator Slough inflow. Moving the USGS streamgage from its current location to approximately 500-ft downstream of US-41 culvert is essential to properly monitor the total flow in Gator Slough canal downstream of US-41 culvert.
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Flow in the West Side Ditch along US-41 at Gator Slough for August 2004 Rainfall Event

A roadway flooding of about 4”-6” was observed by Lee County at Durden Creek Main culvert (Culvert #3) and at Culvert #6 along Burnt Store Road; a flood stage of 7.3’ was measured in subbasins LV-2 and LV-3 along Old Burnt Store Road. Flooding was extensive in areas east of Burnt Store Road. Excessive flows at Durden Creek Main culvert caused erosion problems and this culvert failed during this rainfall event. The photograph below shows the depression formed in the southbound lane of Burnt Store Road at this culvert.
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Failure of Durden Creek Main Culvert at Burnt Store Road during the June 2003 Event

ICPR model simulations were performed using NEXRAD rainfall data and the rating curve for Gator Slough inflows. Model parameters such as nodal storage and roadway overtop weir lengths were adjusted to calibrate the model. The calibrated model replicated the observed flooding depths along Burnt Store Road, but could not simulate flooding on Old Burnt Store Road. The maximum stage simulated along Old Burnt Store Road in subbasins LV-2 and LV-3 was only 6.5’. More investigations on the hydraulics and conveyance within these subbasins, the effect of the existing mine pits, and interconnects between Burnt Store Road side ditch and these subbasins should be carried out to calibrate the model in Old Burnt Store area. The widespread flooding east of Burnt Store Road was simulated by the ICPR model. Table 12.2 shows the simulated stages on Burnt Store Road and comparison of observed and stimulated stages on Old Burnt Store Road.

SELECTED DESIGN STORM EVENTS

Ten design storm events were considered for modeling in this study. Their durations and recurrence intervals are given below:

1. 2-year 24-hour event

2. 5-year 24-hour event

3. 10-year 24-hour event

4. 25-year 24-hour event

5. 100-year 24-hour event

6. 2-year 72-hour event

7. 5-year 72-hour event

8. 10-year 72-hour event

9. 25-year 72-hour event

10. 100-year 72-hour event

Of these ten design storms, 5-year 24-hour event, 25-year 72-hour event, and 100-year 72-hour event are required to be modeled by SFWMD for permitting purposes.

GUMBEL STATISTICAL ANALYSIS OF GATOR SLOUGH INFLOW
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In order to determine the peak inflow into the system at US-41 culvert in Gator Slough, Gumbel statistical analysis of the long term observed USGS stream flow data was performed. This analysis outlines a procedure to statistically determine the magnitude of extreme events such as flooding at specific recurrence intervals. The annual maximum flood flow value, in daily mean series, detected in a channel section is an extreme event. Since the watershed was not submitted to hydrologic modifications during the period of years under analysis, these series can be treated as homogeneous and independent values. These conditions allow us to associate the probable frequency and then the return interval to a given discharge event and to apply those values to the statistical analysis methods. Gumbel Analysis has been proved to be one of the most reliable methods for hydrologic time series. A double exponential probability distribution allows assignment of an expected flow rate for all return periods. The Gumbel Statistical analysis methodology adopted is described in Appendix D.

USGS Streamgage Located at the Confluence of Gator Slough Channel and East Side Ditch of US-41

The USGS daily mean flows for years 1984-2002 were obtained and used for analysis. Table 12.3 gives the recurrence intervals and flows for 24-hr and 72-hr events calculated based on Gumbel statistical analysis. For modeling purposes, as discussed previously, a multiplication factor of 2 was incorporated to the calculated peak flows to account for flows from ditches located on the east and west side of US-41 north of Gator Slough. The observed streamflow hydrograph in Gator Slough at US-41 from USGS 15-minute flow data for the period 6/17/2003 to 6/24/2003 was smoothed and this distribution was applied with the peak flows to develop rating curves for various design storms. Figures 12.2 and 12.3 show the inflow hydrographs for 24-hr and 72-hr design storms.

EXISTING CONDITIONS MODEL SIMULATIONS FOR VARIOUS DESIGN STORMS

Model verification was accomplished using the existing conditions of the study area as of June 2003. After that flooding event, Lee County replaced the failed culvert at Durden Creek Main in Burnt Store Road with a triple 48-inch HDPE pipe culvert. The 4-24” RCP culvert at Greenwell Branch Main (Culvert #5) in Burnt Store Road was replaced with a 4-24” HDPE pipe culvert. A berm was present across the channel downstream of Culvert #5; a CMP culvert through the berm provided limited conveyance downstream of Culvert #5 until June 2003 rainfall event. This berm and the CMP culvert were removed after this rainfall event to provide for better conveyance downstream of Culvert #5. The City of Cape Coral replaced several CMP culverts crossing Old Burnt Store Road with 24-inch RCPs and the pipe extensions from Old Burnt Store Road to the canal system were replaced with 24-inch HDPE pipes. The construction plans for these Old Burnt Store Road drainage improvements were obtained from the City of Cape Coral. The verified ICPR model was modified to represent these culvert/pipe changes along Burnt Store Road and Old Burnt Store Road to develop the 2004 Existing Conditions Model for simulating various design storms.

The selected design storm events were simulated using the 2004 Existing Conditions Model. Table 12.4 gives the rainfall depths for various return intervals and durations based on SFWMD design guidelines. Tables 12.5 and 12.6 give the summary of node maximum stage conditions and link maximum flow conditions for selected nodes along Burnt Store Road and Old Burnt Store Road for all design storm events. The 2004 Existing Conditions ICPR model input data is provided in Appendix E.

LEVEL OF SERVICE CRITERION FOR ROADWAY FLOODING

Lee County’s level of service criterion for roadway flooding for Burnt Store Road is given below:

· No roadway flooding for more than 24 hours during the 25-yr, 72-hr design storm.

In this report, the existing, future, and proposed conditions roadway level of service were evaluated using this level of service criterion.

EXISTING CONDITIONS LEVEL OF SERVICE FOR ROADWAY FLOODING

Based on the results provided in Tables 12.5 and 12.6, existing conditions level of service deficiencies are summarized in Table 12.7. This table indicates that the maximum depth of roadway flooding at the Durden Creek Main culvert (Culvert #3) is 4.10 inches during the 25-yr 72-hr design storm event. The flood stage increased from the existing edge of pavement elevation of 11.60’ to a maximum stage of 11.94’. The stage stayed at 11.94’ for 9 hrs and dropped back to the road elevation after 30 hrs. Roadway flooding depth of 4.30 inches was also observed at Culvert #6 in Burnt Store Road, with the stage increasing from the edge of pavement elevation of 9.50’ to 9.84’. The flood stage stayed at 9.84’ for one hour and dropped back to the road elevation in 20 hrs.  Thus the roadway level of service criterion is not met at these two culverts along Burnt Store Road.

EXISTING CONDITIONS FLOODPLAIN MAPPING

Existing conditions floodplain maps for the 25-yr 72-hr and 100-yr 72-hr design storms were digitized in ArcGIS software to determine the extent of flooding in the study watersheds using the model simulation results for the 2004 Existing Conditions Model as discussed in Section 4.8. Figures 12.4 and 12.5 show the existing conditions floodplain maps for both design storms. The differences in node maximum stage conditions between the 25-yr 72-hr and the 100-yr 72-hr design storms are provided in Table 12.8. This table shows those locations where there is a change in the node maximum stage as it is not clearly visible on the respective hardcopy floodplain maps. These maps were created using the simulated node maximum stages and the spot elevations/one-foot contour maps provided by the County.

CONCLUSIONS

1. The node-link configuration of the existing conditions hydraulics of the study area was developed using the inventory of conveyance elements.

2. Based on the analysis of tide data at Bascule Bridge tide station in Matlacha Pass obtained from NOAA, the maximum predicted 2004 tide elevation is 2.2’ in NGVD 1929. A conservative tide elevation of 2.5’ in NGVD 1929 was assumed as the tailwater condition for all design storms and for model calibration/verification simulation. The effect of storm surges on the tide/tailwater conditions was ignored for all model simulations.
3. The existing conditions ICPR model of the study area was developed and calibrated and verified for a major rainfall event of June 2003 using NEXRAD rainfall data and observed 15-min streamflow data in Gator Slough at US-41 obtained from USGS. The calibrated model was able to simulate the observed Burnt Store Road flooding depths at Culvert #3 and Culvert #6. The widespread flooding east of Burnt Store Road during this rainfall event was simulated using the ICPR model.

4. The existing conditions model was not able to simulate the flood stages observed near Old Burnt Store Road in Subbasins LV-2 and LV-3.  These subbasins contain large mine pit ponds. Representation of conveyance to and from these mine pit ponds is not sufficient in the existing conditions model due to lack of field data.

5. Ten design storms were considered for modeling.

6. Gumbel statistical analysis of long-term streamflow record at the USGS streamgage in Gator Slough provided the peak flows for the ten design storm events at US-41.

7. Since modifications were made to two culverts along Burnt Store Road and several cross-drains along Old Burnt Store in 2003-2004 after the calibration storm event, a 2004 Existing Conditions Model was developed using the calibrated and verified model.

8. Selected design storms were simulated using the 2004 Existing Conditions Model.

9. The roadway level of service criterion of “no roadway flooding for more than 24 hours during the 25-yr 72-hr event” was not met at Culvert #3 and Culvert #6 along Burnt Store Road indicating that these culverts are undersized to convey the floodwaters across Burnt Store Road.

10. Existing conditions floodplain maps were developed for 25-yr 72-hr and 100-yr 72-hr design storm events. These maps show widespread flooding in the areas east of Burnt Store Road.

RECOMMENDATIONS
1. The existing conditions ICPR model of the study area developed in this study should be continuously updated as changes occur to the hydrology and hydraulics of the study area.

2. ICPR should be used as the model of choice for future studies for consistency.

3. More investigations on the hydraulics and conveyance within Subbasins LV-2 and LV-3, the effect of the existing mine pits, and interconnects between Burnt Store Road side ditch should be carried out to further refine the model.

4. 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.

5. Culvert #3 and Culvert #6 across Burnt Store Road are undersized. These culverts should be upsized to eliminate roadway flooding.
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