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Establish Target Flows and Stages to be used in the Alternatives Analysis
Proposed Approach for the South Lee County Watershed Plan Update
The purpose of the alternatives analysis is to complete the requirements of Tasks III and IV from the Scope-of-Work (SOW).  Selected language from the SOW is presented below in italics (brackets indicate minor edits):
Task III: The…plan alternatives analysis will [evaluate] a Base Condition, and up to four preferred alternatives.  At this time it is anticipated that the alternatives will consist of:
· Five new culverts under I-75 at Halfway Creek

· Improved conveyance to Spring Creek

· [Improved conveyance to the South Branch of the Estero River]
· A detention alternative east of I75.

The new culverts under I-75 may or may not be part of the alterative listed above under the second, [third and fourth] bullets.  The presence or absence of additional culverts under I-75 is dependent on the predicted response of those additional culverts.  If the additional culverts are predicted to cause flooding, then a modified approach would be appropriate, and could include either fewer culverts or culverts in different locations.
Task IV: Amendment 1 and Amendment 2 of the SLCWP shall be updated based on the findings of the previous tasks including: verification of or recommended changes to flow distributions to receiving water bodies; the required flow and conveyance capacity to restore flows to Halfway Creek, the South Branch of Estero River and Spring Creek; identification of downstream impediments to recommended flows; verification of upstream/inflow (1055 cfs which was permitted by the District for the Brooks development) and downstream conveyance capacity; and A control elevation for the culverts under I-75 shall be established to avoid dewatering of upstream wetland systems east of I-75 and to ensure that the culverts do not cause or contribute to the County’s well field hydrological or water resource impacts. In addition, the upstream control elevations shall be based on the wet season water table information established from the County water table monitoring network and other available field identifiers until such time a wetland determination that established aerial extent, rim elevation and Uniform Mitigation Assessment Method (UMAM) scores for the property east of I-75 is completed and indicates otherwise.
The first step is to determine how flows will be re-distributed from the Imperial River to either Spring Creek, Halfway Creek, and/or the Estero River adequate hydroperiods of wetlands east of I-75.  Where possible, peak flows should be limited in each creek to flows that were present during pre-development conditions and the flow conveyance should also maintain acceptable hydroperiods upstream of I-75.  This section lists available historical peak flows for South Lee County streams and uses drainage basin information to estimate peak flows for streams that do not have measured flows for the largest floods.  Subsequent sections will present flow comparisons between undeveloped and existing conditions and hydroperiod information.
Historic Peak Flows.  The United States Geological Survey (USGS) has been measuring stages during major floods since 1936 and began flow measurements in the Imperial River since 1940.  Flow measurements began in Spring Creek and the Estero River (North and South Branches) since 1987.  In each watershed, spot measurements were taken starting in 1936 by USGS, and are presented below.  Another source of information is USGS gaging data from the Orange River in Lee County.  The largest floods on record in the Imperial River, South Branch Estero River, and Orange River are listed below in Table 1.  Historic Orange River flows are being used because the Orange River watershed was once very similar to the Imperial River watershed as the headwaters were predominantly wetlands prior to the channelization of Lehigh Acres.  No flow data were obtained for Spring Creek, Halfway Creek, or the Estero River for the period preceding construction of I-75 in the late 1960’s (old USGS files were reviewed to determine if any old spot measurements exist for these smaller creeks).
Table 1 – Measured Peak Flows and Stages in South Lee County Prior to I-75
	 Station
	Date
	Peak Flow, cfs
	Peak Stage, ft-NAVD
	Rainfall, in.

	Imperial R. Orr Rd.
	6/15/36
	N/A
	12.1
	13.5

	
	9/12/40
	2,890
	11.15
	11.7

	
	10/2/51
	2,810
	11.44
	10.94

	
	9/4/95
	2,000
	12.3
	

	Estero R, South Branch, Corkscrew Road
	6/15/36
	N/A
	12.7
	13.5

	Orange R. Buckingham Rd
	6/15/36
	5,300
	13.8
	13.5

	
	6/26/92
	2,040
	N/A
	12.86


Note:  Rainfall data taken from the Fort Myer Page Field Station, which was the closest station with a long record of rainfall data  
Table 1 identifies that the Imperial River 1940 peak flow was almost 44% larger than the 1995 peak flow, while the 1940 peak stage was more than one foot less than the 1995 peak stage.  This is due partly to the extremely wet conditions preceding the 1995 flood which consumed available floodplain storage east of I-75 and south of the Imperial River.  Downstream flow constrictions in the Imperial River during 1995 also likely contributed to the higher peak stage of the 1995 event.

The drainage areas for all of these creeks are poorly defined and prior studies have determined that historic watershed divides may become inundated, which then result in re-direction of flows to the direction with the greatest hydraulic gradient (slope of the water surface).  In the 1995 flood, the SLCWP states that flows which historically flowed south into the Cocohatchee Canal and the Corkscrew Slough could not flow in that direction due to high stages resulting from high rainfall amounts in the Big Cypress Basin (south of the Imperial River in Collier County).  This resulted in a re-direction of flows to the Imperial River.  However, for the purposes of this analysis, we will rely on the commonly accepted drainage areas to estimate peak flows for Spring Creek, Halfway Creek, and the Estero River.  
Peak flows were estimated for the Estero River, Halfway Creek, and Spring Creek prior to construction of I-75, as shown in Table 2.  The peak flows were estimated using the Imperial River unit peak flow rate from the 1940 flood.  The Orange River unit peak flow is much larger, and was not used as it is uncertain if South Lee County rivers and creeks ever had the conveyance capacity to deliver 55.2 cfs/mi2.   Wetlands comprised less than 50% of the Orange River watershed, while historic wetlands were likely to cover more than 75% of the South Lee County watersheds.
Table 2 – Listing of Measured for the Imperial and Orange Rivers and Estimated Peak Flows for the Estero River, Spring Creek, and Halfway Creek

	Watershed
	Peak Flow, cfs
	Drainage Area, mi2
	Unit flow, cfs/mi2
	Est. Peak Flow, cfs*
	100-yr sim Peak Q

	Imperial River, Orr Rd., meas.
	2,890
	86
	33.6
	
	1,960

	Orange R, Buck. Rd, meas.
	5,300
	96
	55.2
	
	N/A

	Estero R., North Branch, I-75
	N/A
	29
	
	975
	530

	Estero R., South Branch, I-75
	N/A
	48
	
	1,613
	128

	Halfway Creek, I-75
	N/A
	5
	
	168
	315

	Halfway Creek, U.S. 41
	N/A
	9
	
	302
	725

	Spring Creek, U.S. 41
	N/A
	10
	
	336
	850


Source of drainage areas:  SLCWP, 1999
* Estimated peak flows were generated using 33.6 cfs/mi2 
In seeking to re-distribute peak flows in the South Lee County streams, the flows listed in Table 2 will be used as general guides when evaluating alternatives, except for Halfway Creek.  Due to improvements made in the Halfway Creek basin since 1999, this study will not recommend flow reductions for Halfway Creek.  Halfway Creek conveyance improvements may be considered that reduce peak stages in areas where permitted developments were constructed on the presumption of maintaining regulatory peak stages.  Halfway Creek conveyance improvements will consider wetland and scour impacts.  
In addition to evaluating Halfway Creek peak flow conveyance (required by the SOW), this study will identify other routes for re-direction of flows away from the Imperial River as long as flooding problems are not created by the diversions.  This is a particular concern for the South Branch of the Estero River, where the current 100-year peak flow estimate of 128 cfs is less than 10% of the estimated historic peak flow.  South Branch Estero River flows are constricted by fill and exotic tree infestation in the natural floodplain of the South Branch Estero River.  Impacts to the Corkscrew Woodlands neighborhood (just west of I-75 and adjacent to the South Branch) will have to be evaluated carefully for alternatives involving re-direction of flows to the South Branch of the Estero River.  Additional survey information of the Corkscrew Woodlands Estero levee will be required for any detailed consideration of this recommendation.  In all cases, this effort seeks to increase conveyance where it is appropriate while protecting hydroperiods of wetlands systems of the watershed.
Range of Flows – Existing vs Pre-Development Conditions.    The DRGR study has conducted simulations that predict flows and stages that might occur if all existing urban developments (including road culverts and bridges).  For the purposes of this discussion, the simulated pre-development flows are referred to as Natural System Model (NSM) flows.  The NSM flows presented herein are only approximations of what might have occurred during pre-development conditions as the topography and stream channel dimensions of pre-development conditions are unknown.  Flows from this natural system model were compared to the final calibration flows for the 2006 year (see Figures 1-3).  The results are very interesting:
· The simulated base condition Imperial River flows are much higher than simulated historic flows

· The simulated base condition South Branch Estero River are much less than simulated historic flows

· Halfway Creek base condition simulated flows are similar to historic flows

Maintenance of Halfway Creek flows were based on the design analysis of the SLCWP, which partially explains the small difference between existing and prior flows.  The difference between base condition and natural system flows for the Imperial River and South Branch of the Estero River provide a basis for formulating an appropriate flow-balancing strategy.  
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Figure 1 – Estimated Natural System and Base Condition Flows for the South Branch of the Estero River
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Figure 2 – Estimated Natural System and Base Condition Flows for Halfway Creek
[image: image3.emf]NSM vs Base Condition - Imperial River at I-75
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Figure 3 – Estimated Natural System and Base Condition Flows for the Imperial River

Hydroperiod Requirements for Wetlands East of I-75.  The ecologic assessment measured seasonal and maximum high water marks for a number of locations east of I-75 for the headwaters of Halfway Creek and the South Branch of the Estero River.  Seasonal high water depths were in the range of 0.5 feet for pine flatwoods and 1.0 - 1.5 feet for cypress wetlands, which is consistent with best available information on water depth ranges of cypress wetlands from Michael Duever of SFWMD presented in Table 3.  The information in Table 3 will be compared to model results for the four alternatives, and alternatives that have simulated wetland water depths and hydroperiods close to optimum conditions will rank higher from an ecosystem perspective.  The analysis will be conducted for all major wetlands within the study area east of I-75.  The focus area of the ecologic field work (just east of I-75 from south of Corkscrew Road to the south end of the Brooks) will be used to verify the validity of the results for the alternatives analysis since direct field measurements were conducted in that area. 
Table 3 – Water Depth and Hydroperiod Ranges for Undisturbed Southwest Florida Wetland Communities (source: M. Duever, SFWMD)

	High Water Level (inches)
	Hydroperiod (months)
	Plant Communities

	≤ 2
	≤ 1
	Mesic Pine Flatwoods, Mesic Hammock

	2 – 6
	1 – 2
	Hydric Pine Flatwoods, Hydric Hammock

	6 – 12
	2 – 6
	Wet Prairie, Dwarf Cypress

	12 – 24
	6 – 10
	Marsh

	12 – 18
	6 – 8
	Cypress Forest

	18 – 24
	8 – 10
	Mixed Swamp Forest

	> 24
	> 10
	Open Water


The evaluation will also assess normal pool elevations in wetlands east of I-75.  Discussions are underway with SFWMD permitting staff to finalize this approach.  
Summary of Approach for Determining Target Flows and Stages
The general approach for flow re-distribution is to reduce flows in the Imperial River and to increase flows in the South Branch of the Estero River.  Final target stages are still in discussion and will be decided based on a number of factors including ecologic, hydrologic, and economic factors.  Accordingly, the information presented below can be expected to be modified.  
Design Storms.  Where possible, peak 100-year design storm water levels need to be reduced to the following tentative target elevations (organized by drainage area): 
Imperial River

· 10.0 ft-NAVD at the Bourbonniere bridge near the Quinn Street area of Bonita Springs, which experiences frequent flooding.  There are seven houses in the Quinn Street area that have first-floor elevations below 10 feet NAVD (Source: City of Bonita Springs).
· 14 ft-NAVD at the upstream side of the Kehl Canal gate.  There are approximately 10 housing units in the Manna-Christian trailer park with first floor elevations that range from 12.7 to 13.8 feet-NAVD (Source:  Lee County). 
Spring Creek

· 13 ft-NAVD in San Carlos Estates upstream of the Moriah and Stillwell Weirs.  There are three houses in San Carlos Estates with elevations less than 13 ft-NAVD (Source: Morris Depew).

· 14 ft-NAVD in San Carlos Estates at the intersection of Strike Lane and Stillwell Parkway.  There is one house in San Carlos Estates with elevations less than 14 ft-NAVD (Source: Morris Depew).
· 9.7 ft-NAVD for Pueblo Bonito Phase III (first culvert downstream of wooden RR, source:  SFWMD Permit #36-03295-P).
Halfway Creek

· 16.2 ft-NAVD at Three Oaks Parkway (minimum Brooks FFE)
· 15.2 ft-NAVD at Via Villagio and U/S of U.S. 41.  (minimum Rapallo FFE)
South Branch of the Estero River (based on surveying conducted by AECOM and Lee County)
· 14.7 ft-NAVD at the Sanctuary Road bridge in Corkscrew Woodlands
· 14.1 ft at Lee County cross section #2 (3,400 ft U/S of Sanct Rd Br)

· 14.6 ft-NAVD at Lee County cross section #3 (2300 ft U/S of Sanct Rd Br)

· 16.0 ft-NAVD at Lee County cross section #4 (740 ft U/S of Sanct Rd Br)

North Branch of the Estero River

· 11.2 ft-NAVD at Rivers Ford Bridge (minimum Country Creek FFE, Source: SFWMD Permit #36-00735-S)
Wetland Water Levels.  In addition to the design storm analysis, water depth ranges for a three-year continuous 2006-2008 simulation will be checked in a number of wetland systems east of I-75.  Spot checks will be made in a range of wetland communities using information from Table 3 to determine impact to wetland hydrology.  
References:

City of Bonita Springs. 2009.  Discussion and possible action on drainage problems on Quinn Street, McKenna Ave., Saunders Ave., Pawley Ave., and Chapman Ave.  

Johnson Engineering, 1999. South Lee County Watershed Plan

Kenner, W.E. and E. Brown.  1956.  Surface Water Resources and Quality of Waters in Lee County, FL.  USGS Information Circular No. 7.

Lee County.  2009.  Survey of 13 Locations in Manna Christian Trailer Park.  Information provided in an e-mail from Anura Karuna-Muni, March 30, 2009
Morris Depew. 2009.  Letter of Transmittal for Surveying Field Notes of Finish Floor Elevations, Michael W. Morris.  March 27, 2009.

Pride, R.W.  1958.  Floods in Florida, Magnitude and Frequency.  USGS 59-98.

