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INTRODUCTION

This report is being submitted as the 50% Deliverable 1C for the Survey Cross Sections and Model Update task of the South Lee County Watershed Plan Update in accordance with Work Order C-4600000791 WO01-R1 issued to Boyle Engineering Corporation on October 17, 2008. The final report will describe the simulation algorithms and input data processing, calibration of the model, sensitivity analyses of the simulation, problems encountered, and trouble-shooting process during the calibration and verification process. Both an analytical and graphical summary of calibration results will be provided.
1.0 SURVEY CROSS SECTIONS

Cross sections were surveyed by Boyle Engineering so that the modeling effort could be representative of existing conditions in the study area.  Cross sections were surveyed in locations where significant changes had occurred due to urban development.  In addition, cross sections were surveyed in the South Branch of the Estero River at Sanctuary Road (upstream of Three Oaks Parkway) because existing information on this river crossing was not available from prior studies.  
Figure 1-1 shows the locations where cross sections were surveyed.  There were some adjustments to cross section locations based on a field survey conducted immediately prior to the surveying.  A key concern of this study is the peak stages in Halfway Creek within and downstream of the Brooks.  As a result, cross sections were surveyed west of Via Coconut Point.  A cross section was surveyed along a weir in Halfway Creek just upstream of U.S. 41 (referred to the Halfway Creek Cypress Weir), and three cross sections were surveyed west of U.S. 41.  A wooden walkway was constructed just west of U.S. 41, and local engineers reported that Halfway Creek channel bottom elevations appeared to be higher than previously surveyed.  Accordingly, a cross section was surveyed at the walkway.  Halfway Creek west of this walkway is a dense cypress swamp.  An additional cross section will be surveyed halfway between the wooden walkway and the FPL crossing (see Figure 1-1 for location), and a cross section was surveyed at the Williams Road bridge within the West Bay Club.  

Stakeholders expressed another concern regarding Brooks outflows north to the South Branch of the Estero River.  It has been observed that outflows are restricted due to sediment deposits in the channel north of the Brooks diversion gate just east of the Three Oaks Parkway north of the intersection with Williams Road.  A cross section was also surveyed at this location. 

Appendix 1 presents detailed maps of cross section locations and drawings of these cross sections.
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Figure 1-1 – Map of Cross Sections Surveyed by Boyle Engineering

2.0 MODEL UPDATE

MIKE SHE/MIKE 11 is an integrated surface/ground water modeling software package that is being used for a number of hydrologic/hydraulic modeling projects in southwest Florida.  This modeling tool allows for a simultaneous assessment of stream flow and groundwater dynamics.  The model also has the capability to simulate overland flow outside of river networks, such as in the wetlands east of I-75 between Corkscrew Road and the Imperial River.  Lee County is conducting an assessment of water resource impacts of a number of mining proposals within an area east of I-75 and south of State Route 82 called the Density Reduction Groundwater Resource (DRGR) area, and MIKE SHE/MIKE 11 is being used for this assessment (DHI, Inc., 2008).  The MIKE SHE/MIKE 11 model developed by DHI, Inc. covers all of Lee County, but the focus of the model was lands east of I-75, therefore a number of bridges, culverts and weirs in the Estero River, Halfway Creek, Spring Creek, and Imperial River basins were not included in the initial model   In order to maintain consistency, it was decided to use the MIKE SHE/MIKE 11 Lee County model for the South Lee County Watershed Plan Update, to add more detailed information on bridges, culverts, weirs, and gates west of I-75 and to utilize more recent information to modify the cross section database in the model.  This memorandum summarizes the changes made to the model as part of the Update.
2.1 MIKE 11 Changes

The following list documents the additions made to the surface water channels and flow-ways. There is some MIKE 11 modeling terminology used, as explained below.  A river or channel reach is referred to as a Branch.  Branches are lines representing the centerline of a river, channel, or flow-way.  Position along the branch is shown as chainage (abbreviated as ch.), and typically chainage is 0 feet at the upstream end and increases in a downstream direction.  Cross sections (abbreviated as XS) are required upstream and downstream of any culvert, weir, or gate.  Figure 2-1 provides a map of the study area with structure names, roads, and surface water features.  The changes to the MIKE 11 files are summarized below:
1. North Branch of the Estero River, Branch EsteroI75  

a. Changed culverts to a bridge, ch. 450 ft
2. North Branch of the Estero River, Branch EsteroRiv

a. Added another set of culverts under Three Oaks since there are two sets of culverts in real life.  Ch. 1600 
b. Added culverts inside Rookery Development, ch. 2006
c. Modified cross sections to accommodate these culverts

d. Added a bridge in Rivers Ford Rd in Village of Country Creek, ch. 4980
3. South Branch of the Estero River, Branch ESTERORIVS

a. Added Monty Run bridge at I-75, ch. 252.6
b. Note:  Other culverts and branches from subdivision east of I-75 not added.

c. Moved Sanctuary Road culverts to the right location (ch. 4200) and put in correct dimensions from Boyle survey.  Added Boyle surveyed cross sections U/S and D/S

d. Put in Village of County Creek bridges 1 and 2 from permit drawings and deleted culverts (ch. 9,680 and 11,250)
4. Three Oaks Branch - ThreeOaks

a. Deleted existing cross sections and replaced them with Boyle surveyed cross section plus more detailed information from Three Oaks permit.  

b. Modified weir at north end of branch

5. Estero River – Branch EsteroRiv

a. Put in Sandy Lane bridge (ch. 10,056 ft)
b. Modified cross sections to accommodate bridge

6. Halfway Creek Upstream of I-75 – Branch HalfwayUp
a. Modified cross sections downstream of I-75 culvert and added culverts at the east end of the Brooks (ch. 6,300 and 7,700)
b. Cross sections in the Brooks taken (with modifications) from HEC-RAS files

7. Halfway Creek from east of Three Oaks to Outfall Weir – Branch HalfwayCr

a. Culverts at Three Oaks not added yet
b. Added 3 sets of culverts within the Brooks (ch. 800, 2,600, and 8486.53)

c. Weir at outfall of Brooks modified to be consistent with permit drawings (ch. 10,400 ft)
8. Spring Creek Headwaters Tributary – Branch SpringHW

a. This branch looks as if it should enter Spring Creek, but it is directed north to Halfway Creek upstream of the Brooks

b. Cross sections made up.   Added 72” diameter culvert from I-75 design drawings (ch. 5218.15 ft)
9. Halfway Creek South Branch – Branch HalfwayS to South Weir
a. This is a new branch added to MIKE 11 starting west of Three Oaks.  

b. Cross sections within Brooks are best engineering estimates.

c. No culverts added.

d. South Brooks weir added (ch. 7555)
e. Railroad culverts added to model (ch. 7700), but Via Coconut Point culverts not added yet.

10. Via Coconut Point Ditch

a. This is a new branch that connects HalfwayCr with HalfwayS

b. Cross sections from Boyle survey

11. Halfway Creek and South Tributary from Brooks outfall to Williams Rd

a. Location of main branch moved using aerial survey information

b. Cross sections west of Via Coconut Point are from Boyle survey

c. Culverts at Via Villagio for Halfway Ck (ch 12,000 on HalfwayCr) and South Branch (ch. 9,410 on HalfwayS) are from permit drawings

d. Halfway Creek Cypress weir east of U.S. 41 added from Boyle survey (ch. 12,400)
e. U.S. 41 culverts moved to correct location (ch. 12,870 ft)
f. Halfway Creek cross section west of U.S. 41 at wooden walkway are from Boyle survey (ch. 13,500 in SWMM XS folder)
g. Halfway Creek cross section at FPL crossing were obtained from Hole Montes FPL pipeline crossing design drawings (ch. 15,338.7 ft)
h. Williams Road bridge added using information from Boyle survey (ch. 23,447.8 ft)
12. Spring Creek – Branch SpringCr
a. Added culverts at railroad (ch. 3,253 ft), FPL crossing (ch. 3,900), and Cedar Creek Road (ch. 4,400 ft) (source:  Exceptional Engineering, 2008)
b. Cross sections modified to accommodate culverts

13. Rosemary Creek Tributary (Branch RosemaryTrib)

a. The I-75 culvert was added at ch. 1,700 ft)
14. Imperial River – Branch Imperial

a. Culverts at I-75 (ch. 4,888 ft) and Matheson Road (ch. 14,291) were replaced by bridges using information from I-75 design

b. Bridges at Old 41 and the railroad were not added to the model.  They may be added later.
Note:  While MIKE 11 is a proprietary computer program, all input and output model files can be viewed without a user license.  The software can be downloaded from www.dhisoftware.com, however it is easier to request a DVD from DHI (contact Janice Kutsmeda at jak@dhi.us).

2.2 MIKE SHE Changes 

The MIKE SHE changes include modifications to flood codes (which define exchanges between branches and overland flow), land use information, and rainfall data.  These changes are summarized below.
Flood Code Changes

1. Estero River North Branch – Branches EsteroRivN, EsteroI75, and EsteroTrib

a. Removed flood codes on the east side of Estero Trib

b. Added flood codes just west of EsteroI75 to allow overland flow from wetlands east of I-75 to reach the branch

c. Added flood codes to EsteroRivN

2. Halfway Creek – Branch HalfwayUp

a. Modified flood codes so that lands east of I-75 have a different flood code than lands west of I-75

3. Spring Creek Headwaters – Branch SpringHW

a. Added flood code cells for lands east of I-75

4. Halfway Creek South Tributary – Branch HalfwayS

a. Added a flood code for lands east of the south weir

5. Spring Creek tributary Bonita Bill Canal – Branch SpringCkNE

a. Added a flood code for a section of Bonita Bill Canal east of Old U.S. 41 that has flows to and from a large wetland area north of Strike Lane in the vicinity of Amarillo Street

6. Rosemary Creek – Branches Rosemary and RosemaryTrib

a. Reduced the extent of flood code 77 (lands west of I-75) and added flood codes 110 (Rosemary) and 109 (RosemaryTrib)

7. Imperial River

a. Reduced extent of flood code 30 so that only lands west of I-75 are covered, and added flood code 108 for lands east of I-75 and west of Boca Grande Drive 

b.  At Kehl Canal weir, the flood codes were modified to separate flood code 30 from 36, and additional flood code cells (code 36) north of Kehl Canal were added
2.2.1 Land Use Changes
Land use files from the Lee County DRGR were checked against known 2008 land use information.  The MIKE SHE land use files were accurate within most places, as evidenced by the land use details within the Brooks development.  In the MIKE SHE land use file, the areas with lakes and wetlands are indicated by correct land use codes, and the developed areas with roads and houses are shown as medium density urban land use.  It was noted that the land use file for some areas west of the Brooks and east of U.S. 41 were shown as undeveloped land, while the current land use is the Coconut Point Mall (see Figure 2-1).  The land use file used in the Lee County DRGR MIKE SHE/MIKE 11 model was calibrated using stream flows and water levels from 2001 through 2006, therefore the land use file was determined to be representative for the period of interest for the DRGR study.  However, for the South Lee County Watershed Plan Update, the calibration will focus on conditions from 2006 through 2008, therefore these undeveloped areas will be converted to high density urban (70% impervious). 
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Figure 2-1 – Current Land Use in Lower Halfway Creek Watershed Highlighting the Coconut Point Mall (source:  www.mapquest.com)
2.2.2 Rainfall Data

The Lee County DRGR study uses daily rainfall data, and the focus of the South Lee County Watershed Plan Update is peak flow conditions, therefore hourly rainfall files will be used.  The rainfall period to be used will be 2006 through October, 2008.
3.0 INITIAL MODELING RESULTS

The model was run for 2002 through 2006 using daily rainfall data to evaluate the impact of the changes described above on the calibration.  The next step (to be described in a later report) is to document the calibration using hourly rainfall data from 2006 through October, 2008.  Hourly measurement data will be used for calibration when hourly rainfall data is used.  Modeling results are also available for a Natural System Model (NSM) of the South Lee County area that was developed as part of the DRGR project.  The results of the existing conditions model are compared to the NSM model to determine water level changes in wetland areas resulting from urbanization.  

3.1  Initial Model Calibration
The model development and calibration process for this project involves the following steps:

1. Verification of the physical information.
2. Use daily rainfall data to make sure the model runs smoothly.
3. Check calibration results to determine where improvements are necessary.
4. Begin adjustment of model parameters that influence the rainfall runoff process such as detention storage, drainage depth, and vegetation evapotranspiration parameters.
5. Review and check physical data if necessary.
6. Utilize hourly rainfall and refine the calibration.
When daily rainfall data is used and the groundwater time step is less than 24 hours, MIKE SHE divides the daily rainfall by the groundwater time step to calculate the rainfall amount.  This under-estimates the rainfall amount for summer tropical thunderstorms.  In general, hourly rainfall is needed for MIKE SHE/MIKE 11 models of urban watersheds. 

Currently, the calibration process is on step 3 and beginning step 4.  The calibration results below will change as the calibration process continues.  Figures 3-1 through 3-8 present stage and flow calibration plots for the North Branch of the Estero River, South Branch of the Estero River, Spring Creek, and the Imperial River.  No plots are presented at this time for Halfway Creek as there is no calibration data until fall 2007, and the daily rainfall database is only through 2006.
Calibration is generally good for flow at the North Branch of the Estero River, and simulated stage follows the pattern of the measured stage.  An updated cross section has been requested from the USGS which may adjust the stage calibration.  
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Figure 3-1 – Stage Calibration Plot for the North Branch of the Estero River
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Figure 3-2 – Flow Calibration Plot for the North Branch of the Estero River

Calibration is generally good for both stage and flow for the South Branch of the Estero River, however both simulated peak stages and flows are higher than measured values for most events.  Calibration tests are being run in an attempt to resolve this.
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Figure 3-3 – Stage Calibration Plot for the South Branch of the Estero River
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Figure 3-4 – Flow Calibration Plot for the South Branch of the Estero River

Spring Creek simulated stage is generally good, however simulated flows are much less than measured flows. Therefore, rainfall runoff parameters are being adjusted accordingly in the Spring Creek watershed.  Again, daily rainfall data may be the culprit.  Bed roughness values may have to be decreased as runoff rates increase.
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Figure 3-5 – Stage Calibration Plot for Spring Creek at Old U.S. 41
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Figure 3-6 – Flow Calibration Plot for Spring Creek at Old U.S. 41

Simulated stages are good for the Imperial River at Orr Road, however simulated flows are less than measured flows.  Bed roughness values upstream of the gaging station are being reviewed along with rainfall/runoff parameters.  
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Figure 3-7 – Stage Calibration Plot for the Imperial River at Orr Road
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Figure 3-8 – Flow Calibration Plot for the Imperial River at Orr Road

3.2 Modeling Information to be Used in Ecologic Assessment
The DRGR study included development of a NSM scenario.  In this modeling scenario, pre-development land use files from the Southwest Florida Feasibility Study were used and MIKE 11 river branches were modified to remove all culverts, bridges, roads, and other hydraulic control structures.  A pre-development topographic map was prepared for the NSM.  Cross sections for river branches were taken from a pre-development topographic map.  A NSM model was developed for the 3,273 square mile SWFFS study area, which includes the C-43, Tidal Caloosahatchee, Estero, Big Cypress Basin, and Big Cypress National Preserve watersheds (SDI, 2008).  This model was the basis for the 1,500 foot grid Lee County NSM prepared by DHI for the DRGR study, and a local-scale 750-foot grid model was then created using the county-wide model for boundary conditions.  The model was run for the same period as the DRGR study, which is 2002 through 2006, and Figure 3-9 presents the summed flow for the Estero River, Halfway Creek, and Imperial River for 2002 through 2006.  Model results presented below in Figure 3-10 are for 2003 because the summer wet season experienced high rainfall that was preceded by a very dry winter and a dry preceding year.  In general, simulated flows seem to be reasonable and indicate that peak flows were higher in pre-development conditions than for existing conditions.    
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Figure 3-9 – Sum of Flows from the Estero River, Halfway Creek, and Imperial River from 2002 through 2006
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Figure 3-10 – Sum of Flows from the Estero River, Halfway Creek, and Imperial River from 2003

Simulated NSM stages for the South Branch of the Estero River and Halfway Creek at I-75 are presented in Figures 3-11 and 3-12.  All NSM water levels are significantly less than existing water levels for both the South Branch of the Estero River and Halfway Creek.    
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Figure 3-11 – Simulated NSM and Existing Stages for the South Branch of the Estero River at I-75 for 2003
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Figure 3-12 – Simulated NSM and Existing Stages for Halfway Creek at I-75 for 2003
The assumptions used for generating NSM cross sections need to be carefully reviewed to determine if these results are valid. An initial check of cross sections was conducted, and the Halfway Creek cross sections east of I-75 for the existing conditions model have higher elevations than the NSM cross section east of I-75, as shown in Figure 3-13.  This difference is a result of two different topographic data sources for the two studies.  The NSM topography was generated from historical USGS survey elevations, while the existing conditions topography was generated from more detailed survey data. These results run counter to findings of the Ecological Memorandum prepared for the DRGR study, which suggested that water depths were significantly higher in the headwaters of the Estero River and Halfway Creek during pre-development conditions (Kevin L. Erwin Consulting Ecologist, Inc. 2008).  
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Figure 3-13 – Existing and NSM Cross Sections for I-75 East of I-75
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Appendix 1 
 Survey Cross Section Location Maps and Drawings
Location Maps
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