5. HSPF and EFDC Models Set-up, Calibration, and Validation
5.1 Model Selection and Description

Previously submitted

5.2 HSPF Model 

This section describes the Hydrologic Simulation Program – FORTRAN (HSPF) model setup for the Caloosahatchee River watershed (HUC 03090205), model calibration, and verification. The model is used to simulate flow, total suspended solids (TSS), total phosphorus (TP), total nitrogen (TN), carbonaceous biochemical oxygen demand (CBOD), and dissolved oxygen (DO), and provide pollutant load time-series that are used as input to the EFDC hydrodynamic and water quality model.

The Caloosahatchee River watershed was divided into 102 subwatersheds that included major tributaries and point source discharges. The model was progressively calibrated for flow, temperature, TSS, BOD, nutrients and DO
. HSPF generates non-point source runoff and loads from land sources and drains them to adjacent stream segments. Flow in the stream segments is routed downstream along with water quality constituents. Appropriate land based and in-stream processes are selected and parameterized through model calibration and sensitivity analyses. Modeled streamflow and pollutant concentrations are compared with observed data from flow gages and water quality monitoring stations for model calibration and validation.  Finally, time series of flow, temperature, and water quality constituent concentrations computed at different boundary locations of the lower and tidally influenced segment of the Caloosahatchee River serve as input to the EFDC model. 

5.2.1 HSPF MODEL DEVELOPMENT 

The Caloosahatchee HSPF model simulates flow and water quality constituent loads from various land uses in each subwatershed and transports water and water quality constituents through stream/lake segments. The upstream boundary of the Caloosahatchee River is defined by the Moorehaven Lock (S-77), which generally controls the flow from Lake Okeechobee to the river. There are many wastewater treatment plants, most of which are small facilities in the watershed. The discharge and pollutant loads from these wastewater treatment plants were incorporated in the model. The watershed also includes a large number of pumps that withdraw water from surface and ground water sources. Withdrawal of ground and surface water through pumping and wastewater plant effluent discharged to  to surface water affect the flow and water quality in stream reaches. 

The model consists of physical data describing the distribution and characteristics of various land uses, physical attributes of stream and lake reaches, time series input data and model parameters. Many input data are derived from spatial data using standard geographic information system (GIS) software.  Time series input data, such as rainfall, temperature, upstream boundary condition, point source discharge and groundwater pumpage data were analyzed in Microsoft Excel to perform data quality checks and to estimate data for missing values. Processed time series data were stored in the HSPF WDM utility format for efficient use by the HSPF model. Initial model parameters were selected based on literature values. The final and site specific parameter values were obtained through model calibration. 

5.2.1.1 Model Simulation Period

The HSPF hydrologic model was calibrated using data from January 1, 2001 through December 31, 2005 and validated used using data from January 1, 1997 through December 31, 1999. The intended simulation period through December 31, 2006 was shortened due to unavailability of flow data at the upstream boundary (i.e. inflow from Lake Okeechobee at the S-77 control structure). The HSPF water quality model was calibrated using the ambient water quality data from January 1, 2004 through December 31, 2005 and validated using the ambient water quality data from January 1, 2002 through December 31, 2003. 

5.2.1.2 Model Constituents

Flow and the following water quality constituents were modeled using HSPF:

•
Water temperature

•
Total suspended solids

•
Carbonaceous Biochemical oxygen demand (BOD)

•
Nitrogen (various species)

•
Ortho-Phosphate

•
Phytoplankton (chlorophyll a)

•
Dissolved oxygen (DO)



With the exception of chlorophyll-a, all of these constituents were modeled for the tributary land area, and loaded to the HSPF reaches in the watershed.

5.2.1.3 Model Discretization

The smallest discrete hydrologic unit in a HSPF model application is a subwatershed and associated receiving water reach. The model requires the acreage of various land uses in each subwatershed and the stream reach that the land segments discharge to. The Caloosahatchee River watershed was divided into 102 subwatersheds and the stream network was divided into 97 reaches, see Figure 1 below.  The subwatershed boundaries were delineated using existing WBID boundaries, topographic data (Composite Topography for SW Florida, 100-ft), and the drainage network (High Resolution National Hydrography Dataset, USGS) in GIS. Tributary confluences, hydraulic structures and flow gages were used to define the segmentation locations. Major changes in slope, channel cross-section, depth and other physical characteristics were also considered in model segmentation. One F-Table (a depth-discharge relationship or rating curve) was developed for each reach assuming a trapezoidal cross-section and obtaining reach characteristics data from
 
A previous modeling effort of the Caloosahatchee River watershed compiled the stream cross-section data from various sources and estimated reach characteristics assuming trapezoidal cross-sections. According to the report
 the District provided the cross sections for parts of C-43, Jack's Branch, County Line Ditch, Canal 1, Canal 2, C-19, 42-foot canal and Hilliard Canal. The cross-sections for other stream segments were estimated from the topographic data. Table 1 lists the reach characteristics used to develop the F-Tables for the HSPF model.
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Figure 1 Delineated subwatersheds for HSPF Modeling
 
Table 1. Reach characteristics used to develop F-Tables (rating curves) for the HSPF model

	Reach ID (HSPF)
	Reach Name
	Length (mile)
	Bottom Width (ft)
	Side Slope (ft/ft)
	Manning’s Roughness

	4
	Hendry Creek
	1.94
	75
	4.0
	0.034

	6
	WC L-Canal
	0.62
	30
	5.0
	0.034

	7
	WC L-Canal
	2.22
	30
	5.0
	0.034

	9
	Billy Creek
	4.13
	15
	3.5
	0.034

	10
	Able Canal
	9.73
	250
	2.0
	0.034

	11
	Sailfish
	8.41
	45
	2.0
	0.034

	12
	57-19-1
	1.18
	20
	3.0
	0.034

	13
	Able Canal
	5.68
	50
	2.0
	0.034

	14
	Bellwest
	4.91
	50
	3.2
	0.034

	18
	C-43
	2.36
	164
	6.2
	0.030

	19
	Hickey Creek
	10.19
	46
	1.4
	0.022

	20
	C-43
	2.13
	118
	7.1
	0.030

	21
	C-43
	2.01
	72
	5.3
	0.030

	22
	Bedman Creek
	2.98
	33
	1.2
	0.022

	23
	Dog Canal
	5.85
	26
	1.0
	0.022

	24
	C-43
	2.50
	52
	4.9
	0.030

	25
	LPDD Header Canal1
	2.83
	27
	0.7
	0.022

	26
	Duda Canal
	4.78
	50
	3.0
	0.022

	27
	Hendry Canal Ext
	6.08
	53
	0.8
	0.022

	28
	Duda Canal
	4.00
	50
	3.0
	0.022

	29
	Townsend Canal
	8.61
	66
	0.5
	0.022

	30
	Townsend Canal
	4.18
	66
	0.5
	0.022

	31
	C-43
	2.81
	223
	1.0
	0.030

	32
	Roberts Canal
	5.24
	32
	0.5
	0.022

	33
	Roberts Canal
	8.45
	13
	1.0
	0.022

	34
	C-43
	1.48
	223
	1.0
	0.030

	35
	C-43
	2.32
	219
	1.1
	0.030

	36
	Crawford
	1.10
	30
	0.8
	0.022

	37
	Crawford
	4.16
	15
	1.0
	0.022

	38
	SR-29 Ditch
	7.41
	30
	0.7
	0.022

	39
	C-43
	1.06
	94
	4.5
	0.030

	40
	C-43
	0.48
	85
	4.7
	0.030

	41
	C-43
	7.53
	111
	4.0
	0.030

	42
	C-43
	1.49
	190
	1.9
	0.030

	43
	Canal 1
	14.33
	50
	1.0
	0.022

	44
	C-43
	1.45
	298
	3.9
	0.030

	45
	Canal 2
	13.32
	65
	0.6
	0.022

	46
	C-43
	1.07
	298
	3.9
	0.030

	47
	C-43
	0.57
	298
	3.9
	0.030

	48
	Canal 3
	15.59
	56
	3.6
	0.022

	49
	C-43
	0.81
	298
	3.9
	0.030

	50
	C-43
	1.91
	298
	3.9
	0.030

	51
	42-Foot Canal
	16.07
	14
	0.5
	0.022

	52
	C-43
	1.78
	227
	4.5
	0.030

	53
	C-43
	1.97
	44
	6.1
	0.030

	54
	Hilliard Canal
	15.59
	52
	0.6
	0.022

	55
	C-43
	3.87
	659
	6.2
	0.030

	56
	Left HH Canal
	13.29
	36
	0.8
	0.022

	57
	Flaghole Canal
	2.56
	52
	2.8
	0.022

	58
	FlagHole5
	13.72
	37
	1.0
	0.022

	59
	Disston Main Canal
	10.05
	72
	0.8
	0.022

	60
	Industrial Canal
	8.80
	52
	1.0
	0.022

	61
	C-43
	3.20
	72
	3.3
	0.030

	62
	C-19
	4.47
	20
	3.0
	0.022

	63
	C-19
	3.16
	10
	3.0
	0.022

	64
	C-19
	6.28
	2
	3.0
	0.022

	65
	(No name)
	3.17
	30[1]
	1.0[1]
	0.034[1]

	66
	Meanderline Ditch
	5.35
	9
	0.2
	0.022

	67
	Citrus Center Canal
	6.77
	30
	0.7
	0.022

	68
	Lindens Pen Marsh
	14.91
	20
	1.0
	0.022

	69
	Cypress Branch
	11.34
	20
	1.7
	0.074

	70
	Polywog Branch
	13.52
	10
	1.0
	0.022

	71
	Bee Branch
	14.22
	10
	0.6
	0.022

	72
	Ft. Denaud
	7.25
	3
	1.0
	0.022

	73
	Jacks Branch
	8.68
	20
	0.9
	0.022

	74
	Jacks Branch
	8.45
	20
	0.9
	0.022

	75
	County Line
	3.23
	13
	0.9
	0.022

	76
	Cypress Creek
	9.72
	10
	0.6
	0.022

	77
	Big Island Canal
	13.09
	35
	0.5
	0.022

	79
	Big Island Canal
	4.23
	35
	0.5
	0.022

	80
	Owl Creek
	0.50
	13
	1.5
	0.034

	81
	Trout Creek
	4.51
	50
	5.0
	0.034

	82
	Owl Creek
	1.99
	13
	0.9
	0.034

	84
	Stroud Creek
	4.40
	20
	3.3
	0.034

	85
	Popash Creek
	5.98
	20
	3.0
	0.034

	86
	Bayshore Creek
	4.81
	20
	5.0
	0.034

	87
	Chapel Creek
	3.88
	20
	2.5
	0.034

	88
	Daughtrey Branch1
	10.51
	13
	2.0
	0.034

	89
	Marshpoint
	3.62
	13
	3.0
	0.034

	90
	Powell Creek
	0.91
	100
	4.0
	0.034

	91
	Powell Creek
	4.68
	30
	4.0
	0.034

	92
	(No name)
	3.81
	30[1]
	4.0[1]
	0.034[1]

	93
	Yellow Fever Creek
	4.66
	50
	4.0
	0.034

	95
	Mackinac
	7.09
	162
	2.0
	0.034

	96
	San Carlos
	2.94
	133
	2.0
	0.034

	97
	San Carlos
	2.23
	90
	2.0
	0.034

	98
	San Carlos
	2.60
	90
	2.0
	0.034

	99
	Courtney
	2.92
	70
	2.1
	0.034

	100
	Courtney
	4.73
	70
	2.1
	0.034

	101
	Aries
	10.18
	130
	2.0
	0.034

	102
	Aries
	3.62
	130
	2.0
	0.034

	124
	Bedman Creek
	1.96
	33
	1.4
	0.022

	126
	Townsend Canal
	1.28
	66
	0.5
	0.037

	131
	C-43
	0.26
	223
	1.0
	0.030

	150
	C-43
	0.47
	284
	4.0
	0.030

	172
	Jacks Branch
	0.32
	20
	0.9
	0.022

	501
	C-43
	3.28
	262
	4.5
	0.030

	559
	Disston Main Canal
	8.75
	77
	0.7
	0.022


[1] Estimated using topographic data and aerial photo
 
5.2.1.4 Land Use

The seamless GIS coverage of a 2004-landuse data provided by the South Florida Water Management District (SFWMD) was considered appropriate for the development of the existing condition model. Since the year of the land use data coincided with the model calibration period, the data was considered representative of the watershed condition. The land uses were grouped into ten different classes to capture the variation of watershed characteristics affecting the flow and pollutant loads. Distribution of these land uses are shown in Figure 2. The figure shows that urban areas (e.g. commercial, and high, medium and low density residential areas) were more concentrated in lower Caloosahatchee River watershed along shores and a larger percentage of croplands are located in the upper part of the watershed. Acreage of different land uses in each subwatershed was computed in GIS overlaying and intersecting the land use GIS data with the delineated subwatershed boundary. Percent of directly connected impervious area (DCIA) for each land use was initially estimated based on previous modeling efforts and similar studies
 and the pervious and impervious area of various land uses in each subwatershed was incorporated in the model. The DCIA values were refined and finalized through model calibration. A summary of land use distribution in the areas upstream and downstream of the Franklin Lock & Dam (S-79) is provided in Table 2 and graphically shown in Figure 3. The table also includes the distribution of land uses for the entire watershed as well as the DCIA values. 
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Figure 2. Distribution of land uses in the Caloosahatchee River watershed
. 
Table 2. Distribution of areas and estimated DCIA by land use in the upper, the lower and the entire Caloosahatchee River watershed.

	Location
	Land Use
	Area (acres)
	Percent of Total Area (%)
	DCIA (%)

	Downstream of Franklin Lock & Dam (S-79)
	Citrus
	976
	0.38
	1

	
	Commercial / industrial / extractive / transportation
	11944

	4.60
	66

	
	Cropland / improved pasture / tree crops
	29269
	11.28
	1

	
	High density residential
	8727
	3.36
	49

	
	Medium density residential / institutional
	29500
	11.37
	26

	
	Low density residential / recreational
	39092
	15.07
	10

	
	Rangeland / open land
	35516
	13.69
	1

	
	Unimproved pasture / woodland pasture
	9908
	3.82
	1

	
	Upland forests
	38295
	14.76
	1

	
	Wetlands / water
	56257
	21.68
	0

	
	Total Area/Average DCIA
	259484
	
	10

	Upstream  of Franklin Dam (S-79)
	Citrus
	97645
	15.74
	1

	
	Commercial / industrial / extractive / transportation
	6384
	1.03
	66

	
	Cropland / improved pasture / tree crops
	246376
	39.70
	1

	
	High density residential
	558
	0.09
	49

	
	Medium density residential / institutional
	4302
	0.69
	26

	
	Low density residential / recreational
	19824
	3.19
	10

	
	Rangeland / open land
	61069
	9.84
	1

	
	Unimproved pasture / woodland pasture
	41636
	6.71
	1

	
	Upland forests
	34909
	5.63
	1

	
	Wetlands / water
	107820
	17.38
	0

	
	Total Area/Average DCIA
	620524
	
	2

	Entire Caloosahatchee River Watershed
	Citrus
	98621
	11.21
	1

	
	Commercial / industrial / extractive / transportation
	18329
	2.08
	66

	
	Cropland / improved pasture / tree crops
	275645
	31.32
	1

	
	High density residential
	9285
	1.06
	49

	
	Medium density residential / institutional
	58916
	3.84
	26

	
	Low density residential / recreational
	33803
	6.69
	10

	
	Rangeland / open land
	96585
	10.98
	1

	
	Unimproved pasture / woodland pasture
	51544
	5.86
	1

	
	Upland forests
	73205
	8.32
	1

	
	Wetlands / water
	164077
	18.64
	0

	
	Total Area/Average DCIA
	880009
	
	5





Figure 3. Distribution of land uses in the lower and the upper Caloosahatchee River watershed
. 
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5.2.1.5 Meteorological Data

HSPF uses meteorological data to generate runoff and pollutant loads. Modeled runoff and pollutant loads from point and nonpoint sources were routed through stream reaches. Representative hourly rainfall and potential evapotranspiration (PET) are the key meteorological inputs to HSPF. Hourly precipitation data for the desired simulation period (January 1996 through December 2006) is available from many Lee County, the South Florida Water Management District and the National Oceanic and Atmospheric Administration (NOAA) rain gages in the Caloosahatchee River watershed. But none of the gages has a complete data set covering the entire simulation period. Because of missing data at the precipitation gages, large watershed area and significant spatial variation in storm intensity, it was necessary to use precipitation data derived from the Next Generation Doppler Radar (NEXRAD) data. NOAA’s National Weather Service maintains 159 Weather Surveillance Radar-1988 Doppler (WSR-88D) sites throughout the United States and some overseas locations that comprise the NEXRAD network. From three meteorological base data quantities – reflectivity, mean radial velocity, and spectrum width, hourly precipitation data are computed on a seamless 1.1x1.1 nautical mile grid. The time series data for all the grid cells located in the Caloosahatchee River watershed were obtained and aggregated into fifteen area-weighted precipitation time series representing different parts of the watershed. Fifteen time series were selected to attain the maximum spatial resolution in precipitation data without exceeding the model limits. These areas were defined by grouping multiple subwatersheds as shown in Figure 4.  The total annual precipitation for each NEXRAD precipitation zone and their variability are provided in Table 3. The table clearly shows that precipitation is the maximum near coast and gradually reduces towards Lake Okeechobee. 

Observed daily temperature and evapotranspiration data were available from the SFWMD meteorological station -- S78W. However, the observed evapotranspiration data was not available for the entire simulation period. Therefore, daily potential evapotranspiration (PET) data was computed in WDMUtil using Hamon’s method (Hamon, 1961).  Hamon’s method was selected because it required only the daily maximum and the minimum temperatures, and latitude of the location as input. Total annual PET was then compared with available evapotranspiration data at S78W and adjusted to ensure that the computed PET time series was representative of the Caloosahatchee River watershed
 . The average annual PET for the Caloosahatchee River watershed was 54.3 inches. Daily PET was then desegregated to hourly values using WDMUtil.
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Figure 4. Zones defining the areas of equal precipitation time series as developed from hourly NEXRAD data
. 

Table 3. Total annual precipitation by NEXRAD zone and their statistics

	Location
	Total Precipitation (in) by Year

	
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	NEXRAD Zone 01
	69.0
	67.6
	69.1
	58.9
	64.1
	83.8
	80.4
	61.9
	75.6

	NEXRAD Zone 02
	68.1
	65.0
	69.0
	54.8
	62.7
	76.5
	79.1
	63.9
	80.6

	NEXRAD Zone 03
	59.8
	63.4
	66.0
	41.5
	50.2
	66.1
	70.0
	54.4
	67.8

	NEXRAD Zone 04
	61.6
	64.9
	61.5
	42.2
	53.3
	70.7
	69.5
	55.1
	70.3

	NEXRAD Zone 05
	59.0
	59.4
	63.1
	58.3
	66.2
	64.9
	72.7
	55.0
	68.8

	NEXRAD Zone 06
	63.8
	65.1
	63.0
	44.6
	59.3
	69.7
	69.3
	57.2
	73.4

	NEXRAD Zone 07
	64.7
	64.1
	60.4
	42.9
	54.1
	71.6
	64.7
	53.6
	67.1

	NEXRAD Zone 08
	62.6
	58.9
	58.3
	40.8
	55.6
	67.2
	60.3
	50.8
	65.8

	NEXRAD Zone 09
	56.4
	61.8
	60.2
	41.7
	57.2
	69.6
	65.8
	47.4
	69.8

	NEXRAD Zone 10
	51.0
	54.8
	65.5
	58.1
	69.1
	62.5
	60.2
	48.0
	68.1

	NEXRAD Zone 11
	45.6
	54.4
	59.6
	40.7
	57.9
	59.9
	61.1
	43.1
	71.5

	NEXRAD Zone 12
	53.8
	52.6
	57.9
	37.1
	49.2
	65.9
	65.3
	45.4
	65.3

	NEXRAD Zone 13
	45.4
	54.0
	57.3
	39.6
	51.5
	56.5
	56.2
	43.6
	67.6

	NEXRAD Zone 14
	49.8
	56.9
	58.2
	33.8
	44.9
	53.0
	56.4
	39.3
	59.2

	NEXRAD Zone 15
	47.1
	56.5
	59.0
	36.6
	47.8
	50.0
	53.0
	49.5
	62.6

	Average
	57.2
	60.0
	61.9
	44.8
	56.2
	65.9
	65.6
	51.2
	68.9

	Minimum
	45.4
	52.6
	57.3
	33.8
	44.9
	50.0
	53.0
	39.3
	59.2

	Maximum
	69.0
	67.6
	69.1
	58.9
	69.1
	83.8
	80.4
	63.9
	80.6

	Standard Deviation
	8.0
	4.9
	3.9
	8.4
	7.1
	8.8
	8.0
	7.0
	5.2



5.2.1.6 Boundary Condition

The Caloosahatchee River originates from Lake Okeechobee and flows southwestwardly to the estuary. There are three major control structures – Moorehaven Lock (S-77), Ortona Lock (S-78) and Franklin Lock & Dam (S-79) along the Caloosahatchee River. These three locks are operated to maintain the water level in the Caloosahatchee River and used for navigational purpose. The Moorehaven Lock (S-77) is located at the upstream end of the Caloosahatchee River and, therefore, defines the upstream boundary of the HSPF model. Flow and ambient water quality measurements at S-77 were used to develop time series input data for the boundary condition. The Franklin Lock (S-79), located 43 miles downstream of the Lake Okeechobee, separates the upper, freshwater portion the river from the lower, tidally influenced portion of the river. The Ortona Lock (S-78) is located between the other two locks at 16 miles downstream of Lake Okeechobee. The Caloosahatchee River HSPF model includes the river reaches between the Moorehaven Lock (S-77) and the Franklin Lock (S-79), and tributaries draining to these reaches
. The model also includes reaches contributing to the tidal part of the Caloosahatchee River, but excludes the lower tidal part of the Caloosahatchee River (i.e. downstream of S-79).  The tidal lower part of the Caloosahatchee River is included in the EFDC modeling domain as it constitutes the receiving water segment. Flow through the Ortona Lock and the Franklin Lock are computed by the model using specific rating curves (i.e. F-Tables) and modeled flows at the reaches upstream of the locks. In order to have continuous flow data at S-77 to define the boundary condition for the entire simulation period and at S-78 and S-79 for model calibration and validation, the data from the gages at these locks were analyzed and the data gaps were filled as discussed below.

Daily mean flow data are available from two SFWMD gages – S77-S and S78-T at Moorehaven and Ortona Locks, respectively. These flow data span from 5/1/1996 to 5/6/2006 at the S77-S gage and from 1/1/1995 to 9/30/2003 at the S78-T gage.  Additionally, three USGS flow gages (02292000, 02292480 and 02292900) are located at or near the S-77, S-78 and S-79 locks. An analysis of flow data from all the gages reveals that the flow data from the S78-T and 02292480 gages are essentially the same except that the S78-T flow data reports six missing values, and strong correlations exist between different datasets as presented in Table 1. The simple linear regression equations presented in Table 4 were used to populate the missing values and obtain complete flow time series data between Jan 1, 1995 and May 5, 2006. No data was available at any station after May 5, 2006. All negative values in the final flow time series were replaced by 0.0 since the HSPF model can handle flows in only one direction
.

Table 4 Correlation of Datasets

	Average Daily Flow (cfs)
	Regression Equation
	Coefficient of Determination (r2)

	Independent Variable (X)
	Dependent Variable (Y)
	
	

	USGS 02292000
	S77-S
	Y = 1.0563(X)-24.789
	0.9852

	S77-S
	S78-T
	Y = 1.0329(X) - 41.889
	0.9076

	S78-T
	022929000
	Y = 1.3225(X) + 340.15
	0.8406


Observed water quality constituent concentrations at S-77 were obtained from the District’s DBHydro database. Concentrations of water quality constituents were linearly interpolated and multiplied by daily flow to develop daily load (flux) time series of heat, total suspended solids, ammonia, nitrate, nitrite, organic nitrogen, phosphate and dissolved oxygen. These data were used to define the loads at the upstream boundary of the Caloosahatchee River. Time varying flow and fluxes of heat, total suspended solids, ammonia, nitrate, nitrite, organic nitrogen, phosphate and dissolved oxygen are shown in Figures 5 through 14, respectively. No CBOD measurement was available at S77. 
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Figure 5. Daily average flow at S77
 
[image: image6.png]1500E+11

1200E+11

3.000E+1

2002

2003

HEAT at 77

2004

2005




Figure 6. Hourly heat flux at S77
.
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Figure 7. Hourly total suspended solids flux at S77
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Figure 8. Hourly ammonia flux at S77
. 
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Figure 9. Hourly nitrate flux at S77
.
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Figure 10. Hourly nitrite flux at S77
.
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Figure 11. Hourly organic nitrogen flux at S77
.
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Figure 12. Hourly ortho-phosphate flux at S77
.
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Figure 13. Hourly dissolved oxygen flux at S77
.
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Figure 14. Hourly chlorophyll a flux at S77
. 
5.2.1.7 Point Source Discharge

Point source discharge data are needed to develop a comprehensive water quality model and compute waste load allocation (WLA) portion of the TMDL. Data obtained from FDEP indicate that there are 93 NPDES permitted facilities in the watershed. Geographic locations of these point sources are shown in Figure 14. Forty four of these facilities were identified as domestic or industrial wastewater treatment facilities having effluent measurements in Discharge Monitoring Report (DMR) data. DMR data for these point sources were obtained from the FDEP and average flow and pollutant loads were computed. The waterbody (HSPF reach ID) receiving the effluent from each point source was identified using either the EPA’s Permit Compliance System (PCS) data or their geographic location in GIS. Information about the facility, flow, receiving waterbody and the type of wastewater source are provided in Table 5. Average concentrations of water quality constituents in the point source effluents as determined from the DMR data are listed in Table 6. Average flow and concentrations were used to determine the pollutant loads from individual point sources and entered in the model.

Five of other wastewater treatment facilities (NPDES permit numbers: FL0021270, FL0021261, FL0030325, FL0039829 and FL0030007) discharge to the tidal Caloosahatchee River downstream of S79. Discharges from these five facilities are included in the EFDC receiving water model.
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Figure 14. Location of permitted wastewater treatment facilities in the Caloosahatchee River watershed
. 
Table 5. Wastewater treatment facilities and their discharge information
 
	Facility ID
	Facility Name
	Receiving HSPF Reach
	Design Flow (MGD)
	Average Flow (MGD)
	Facility Type

	FLA014565
	Lehigh Acres WWTP
	13
	2.48
	1.7746
	Domestic

	FL0040665
	Clewiston, City of - WWTF
	58
	1.5
	1.6875
	Domestic

	FLA014548
	North Fort Myers Utility
	90
	3.5
	1.3385
	Domestic

	FLA014290
	Port Labelle
	41
	0.25
	0.1995
	Domestic

	FLA014283
	Labelle, City of
	40
	
	0.1944
	Domestic

	FLA016891
	Glades County WWTP
	61
	
	0.1020
	Domestic

	FLA014676
	River Trails Mobile Home Park
	87
	0.097
	0.0598
	Domestic

	FLA014661
	Pioneer Village WWTP
	86
	0.045
	0.0483
	Domestic

	FLA014263
	Benbow WWTP
	59
	
	0.0449
	Domestic

	FLA014651
	Crews Sanitation Co - Regional Residual Management Facility
	9
	0.045
	0.0284
	Domestic

	FLA014248
	Whisper Creek RV Resort
	41
	0.044
	0.0216
	Domestic

	FLA014487
	Bay Pointe Condominium
	82
	0.04
	0.0211
	Domestic

	FLA014552
	Spring Woods Home Owners Assn
	88
	0.02
	0.0196
	Domestic

	FLA014304
	Labelle Labor Village
	33
	0.055
	0.0183
	Domestic

	FLA014419
	Charleston Park STP
	24
	0.015
	0.0159
	Domestic

	FLA014451
	Julia Park
	87
	0.015
	0.0149
	Domestic

	FLA014260
	Sportsmans Village RV Condo WWTP
	59
	0.025
	0.0144
	Domestic

	FLA014446
	Oak Park Mobile Home Village
	24
	0.02
	0.0144
	Domestic

	FLA014607
	Upriver Campgrounds
	82
	0.03
	0.0127
	Domestic

	FLA269913
	River Bend Motorcoach Resort
	31
	
	0.0127
	Domestic

	FLA014278
	River Oaks Subdivision
	46
	0.015
	0.0119
	Domestic

	FLA014308
	Greentree South
	38
	0.02
	0.0118
	Domestic

	FLA184756
	Airglades Industrial Park
	58
	0.025
	0.0113
	Domestic

	FLA014287
	Grandma's Grove RV Park
	36
	0.025
	0.0108
	Domestic

	FLA014288
	Riverbend Estates
	41
	
	0.0102
	Domestic

	FLA014267
	Meadowlark Campground
	46
	0.015
	0.0102
	Domestic

	FLA014491
	High Point WWTP
	84
	0.025
	0.0097
	Domestic

	FLA014417
	Alva Schools - Elementry and Middle
	76
	0.02
	0.0083
	Domestic

	FLA014566
	Seminole Campground
	84
	0.01
	0.0080
	Domestic

	FLA014250
	Robin's Nest RV Resort
	66
	0.03
	0.0071
	Domestic

	FLA185281
	Maple Corner WWTP
	41
	
	0.0063
	Domestic

	FLA014277
	Hendry Isles Resort
	51
	0.0075
	0.0062
	Domestic

	FLA014300
	Holiday Trav - L - Park KOA
	58
	0.015
	0.0057
	Domestic

	FLA014596
	Swan Lake Mobile Home Park
	90
	0.025
	0.0055
	Domestic

	FLA014272
	Golfer's Heaven At Hendry Isles
	51
	0.025
	0.0048
	Domestic

	FLA014294
	South Florida United Methodist Camp
	31
	0.012
	0.0046
	Domestic

	FLA014450
	Whispering Pines Condo Association
	101
	0.01
	0.0040
	Domestic

	FLA014664
	Garden RV Park WWTP
	90
	0.005
	0.0038
	Domestic

	FLA014455
	Hut Restaurant
	10
	0.005
	0.0020
	Domestic

	FLA014262
	River Gardens
	61
	0.035
	0.0015
	Domestic

	FLA324418
	Muse School - West Glades Elementary
	41
	
	0.0014
	Domestic

	FLA014302
	US Sugar Corp - Clewiston Mill
	60
	37.6
	2.4478
	Industrial

	FLA014292
	Citrus Belle Packing Plant
	33
	0.5
	0.3003
	Industrial

	FLA014291
	Jack M Berry Inc
	32
	0.49
	0.0799
	Industrial


Table 6. Average concentrations of water quality constituents in point source effluents based on DMR data
. 
	Facility ID
	TSS (mg/L)
	CBOD5 (mg/L)
	TKN (mg/L N)
	NO3 (mg/L N)
	NO2 (mg/L N)
	TON (mg/L N)
	TN (mg/L)
	TP (mg/L)
	DO (mg/L)
	Fecal Coli. (#/100 mL)

	FLA014302
	1620
	1974
	14.7
	0.7
	0.0
	15.8
	
	
	
	

	FLA014565
	43
	68
	
	
	
	
	4.8
	
	
	1

	FL0040665
	68
	58
	
	
	
	
	15.7
	1.4
	4.9
	30

	FLA014548
	89
	80
	
	
	
	
	
	
	
	3

	FLA014292
	
	
	
	0.4
	
	
	
	14.5
	
	

	FLA014290
	74
	78
	
	2.8
	
	
	
	
	
	9

	FLA014283
	213
	223
	
	1.9
	
	
	
	
	
	10

	FLA016891
	85
	77
	
	5.3
	
	
	22.9
	
	
	49

	FLA014291
	
	60
	
	
	
	
	5.8
	
	
	

	FLA014676
	80
	83
	
	5.6
	
	
	
	
	
	1

	FLA014661
	87
	85
	
	2.9
	
	
	10.4
	
	
	7

	FLA014263
	38
	33
	
	5.3
	
	
	
	
	
	21

	FLA014651
	
	
	
	
	
	
	
	
	
	

	FLA014248
	100
	145
	
	
	
	
	
	
	
	1

	FLA014487
	84
	107
	
	3.7
	
	
	
	
	
	1

	FLA014552
	64
	126
	
	0.8
	
	
	
	
	
	5

	FLA014304
	104
	102
	
	2.6
	
	
	3.0
	
	
	1

	FLA014419
	90
	87
	
	2.4
	
	
	3.8
	
	
	1

	FLA014451
	76
	79
	
	4.3
	
	
	3.9
	
	
	2

	FLA014260
	60
	56
	
	6.3
	
	
	
	
	
	14

	FLA014446
	82
	78
	
	2.5
	
	
	5.0
	
	
	2

	FLA014607
	124
	115
	
	2.4
	
	
	
	
	
	1

	FLA269913
	73
	32
	
	8.4
	
	
	
	
	
	2

	FLA014278
	88
	89
	
	14.1
	
	
	
	
	
	29

	FLA014308
	74
	80
	
	2.5
	
	
	
	
	
	1

	FLA184756
	84
	265
	
	6.4
	
	
	11.3
	
	
	71

	FLA014287
	108
	80
	
	0.1
	
	
	19.5
	
	
	2

	FLA014288
	102
	82
	
	2.0
	
	
	
	
	
	45

	FLA014267
	136
	363
	
	
	
	
	
	
	
	4

	FLA014491
	75
	61
	
	3.1
	
	
	
	
	
	1

	FLA014417
	74
	49
	
	2.8
	
	
	15.6
	
	
	1

	FLA014566
	104
	97
	
	5.6
	
	
	2.9
	
	
	2

	FLA014250
	103
	116
	
	10.3
	
	
	
	
	
	41

	FLA185281
	72
	375
	
	2.6
	
	
	
	
	
	1

	FLA014277
	172
	125
	
	
	
	
	1.8
	
	
	7

	FLA014300
	62
	62
	
	2.6
	
	
	
	
	
	63

	FLA014596
	103
	79
	
	3.4
	
	
	
	
	
	1

	FLA014272
	67
	73
	
	
	
	
	0.4
	
	
	4

	FLA014294
	69
	85
	
	2.4
	
	
	7.9
	
	
	2

	FLA014450
	134
	68
	
	3.9
	
	
	
	
	
	1

	FLA014664
	116
	104
	
	
	
	
	4.8
	
	
	1

	FLA014455
	201
	120
	
	3.4
	
	
	
	
	
	1

	FLA014262
	100
	109
	
	8.4
	
	
	6.2
	
	
	111

	FLA324418
	48
	50
	
	6.0
	
	
	
	
	
	18


5.2.1.8 Groundwater Withdrawal

The South Florida Water Management District (SFWMD) issues water withdrawal permits and maintains a database of pumpage information. Data obtained from the District included a GIS data showing the locations of surface and groundwater withdrawal permits. Only the groundwater withdrawals information were processed and incorporated in the model to account for additional flow and pollutant loads to the surface water system
 . Historic flow data were analyzed to determine the monthly average pumpage in each subwatershed. Pollutant loads were estimated based on observed groundwater concentrations in the area wells and average pumpage. Locations of these groundwater withdrawal pumps are shown in Figure 15. Average pumpage and groundwater water quality concentrations used in the model are provided in Figure 16 and Table 7, respectively.
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Figure 15. Location of groundwater withdrawals in the Caloosahatchee River watershed. 
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Figure 16. Historic groundwater pumpage rates in areas upstream and downstream of S-79.

Table 7. Average water quality concentrations in groundwater

	Constituent
	Concentration (mg/L)

	Ammonia Nitrogen
	0.83

	Dissolved Oxygen
	0.74

	Total Kjeldahl Nitrogen
	1.64

	Nitrate plus nitrite
	0.07

	Organic Nitrogen
	0.81

	Phosphate
	0.27

	Total Phosphorus
	0.39


5.2.1.9 Atmospheric Deposition

HSPF accepts both dry and wet deposition of atmospheric pollutants. The dry deposition can be specified as mass flux where as the wet deposition can be specified as concentration in rain water. In Florida there are 7 National Atmospheric Deposition Program/National Trends Network (NADP/NTN) stations that monitor wet atmospheric deposition of nutrients. However, none of these stations are located in the study area. The nearest station, F41, is approximately 60 miles north of the Caloosahatchee River watershed. Lee County maintains an atmospheric deposition monitoring site at Lover's Key (site ID LKATMDEP) that recorded data from March 2005 through June 2007. The wet atmospheric deposition of nitrogen and phosphorus were obtained from this Lee County site to calculate monthly average concentrations. Computed average monthly concentrations are presented in Table 8. The wet atmospheric deposition data for organic nitrogen (ON) were not available and, therefore, calculated by subtracting ammonia from TKN.  The dry atmospheric deposition data are not available at the Lee County and the NADP/NTN sites. Hence, the nutrient loads from dry atmospheric deposition were assumed to be negligible
.

Table 8. Monthly average nutrient concentrations in wet atmospheric deposition monitored at Lover’s Key, Lee County.

	Month
	Wet Deposition Concentration (mg/L)

	
	Ammonia
	Nitrite
	Nitrate
	TKN
	Org. Nitrogen
	Phosphate
	Total P

	Jan
	0.175
	0.010
	0.217
	1.000
	0.825
	0.003
	0.008

	Feb
	0.188
	0.007
	0.350
	0.530
	0.342
	0.002
	0.005

	Mar
	0.204
	0.002
	0.155
	0.563
	0.359
	0.063
	0.011

	Apr
	0.244
	0.002
	0.180
	0.278
	0.034
	0.007
	0.033

	May
	0.451
	0.003
	0.277
	0.716
	0.265
	0.062
	0.080

	Jun
	0.168
	0.007
	0.174
	0.420
	0.252
	0.013
	0.017

	Jul
	0.108
	0.004
	0.165
	0.184
	0.076
	0.003
	0.008

	Aug
	0.139
	0.004
	0.291
	0.283
	0.144
	0.005
	0.011

	Sep
	0.097
	0.005
	0.164
	0.212
	0.115
	0.002
	0.006

	Oct
	0.082
	0.003
	0.107
	0.327
	0.244
	0.012
	0.023

	Nov
	0.107
	0.011
	0.145
	1.335
	1.229
	0.005
	0.020

	Dec
	0.103
	0.005
	0.085
	0.285
	0.183
	0.002
	0.008


5.2.1.10 Best Management Practice

[SHC: Obtained urban and agricultural BMP data and their pollutant removal efficiencies from CDM. DSLLC will appreciate if Gabriel can write this section describing the data
] 

5.2.1.11 Model Coefficients

Model coefficients are required to fully represent the components of hydrologic cycle (e.g., surface and subsurface flows and storages, infiltration, evapotranspiration, etc), pollutant loads from land segments, routing of flow and pollutants in receiving water bodies, and in-stream processes involving water quality constituents. Model coefficients were initially selected from literature sources (USEPA, 2000; USEPA 1978; Tellis, 2001; Bowie, 1985) and further refined through model calibration.

5.2.1.12 Initial Conditions

In a continuous simulation model it is necessary to specify the state of the system at the start of the simulation. In HSPF initial conditions are specified by assigning values to a number of state variables. HSPF input for initial hydrologic condition
 are not directly measurable quantities. Therefore, the variables that determine the initial hydrologic condition of the watershed were estimated by adjusting their values to match modeled flow with observed data.  Initial condition for the water quality variables were assigned based on the observed water quality data. 

5.2.2 VERIFICATION of HSPF MODEL

The Caloosahatchee River HSPF model consists of a network of stream reaches and associated land segments. Reach connectivity, distribution of land uses, and connectivity of land segments and reaches were manually checked using a custom spreadsheet as well as the ArcView GIS software. Also the error/warning log file generated by HSPF during the model execution was checked to ensure that no error or significant warnings were reported in the log file.  

5.2.3 SENSITIVITY ANALYSIS

In order to evaluate the impact of changes in hydrologic input data on streamflows, four scenarios were modeled and compared with calibrated hydrologic model results. These scenarios include

· A 20 percent increase in precipitation

· A 50 percent increase in evapotranspiration

· Infiltration rates reduced by a factor of 10

· A five-fold increase in hydrologically connected imperviousness of urban land uses

Because of the non-linear relationship between input data and streamflow, the HSPF input data that have the greatest impact on streamflow could not be determined for certain. However, the changes in input data resulted in changes in streamflow as shown in Figures 17 through 20. An increase in precipitation, a reduction in infiltration and an increase in hydrologically connected imperviousness increased peak flow where as an increase in evapotranspiration reduced streamflow. The impacts caused by the changes in hydrologic input data are reasonable and, therefore, the model is considered responsive. It is important to note that the impact of changes in input data are less pronounced at the USGS gage (02292900) as the inflow from Lake Okeechobee to Caloosahatchee River and subsequent discharge at gage S-78 constitute a significant part of the flow in the Caloosahatchee River. 
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Figure 3 Impact of 20% increase in rainfall intensity on streamflow at the USGS gage 02292900
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Figure 4 Impact of 50% increase in evapotranspiration rate on streamflow at the USGS gage
 02292900
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Figure 5 Impact of reduction of infiltration rate on streamflow at the USGS gage 02292900
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Figure 6 . Impact of increased imperviousness on streamflow at the USGS gage 02293241
 
.

5.6 HSPF Model Calibration and Validation 

5.6.1 Hydrologic Calibration

Two USGS gages on the main stem of the Caloosahatchee River and three USGS gages on small tributaries in Ft. Myers and the City of Cape Coral have long-term flow data available. These gages are:

· Caloosahatchee River at S-79, near Olga (02292900)

· Caloosahatchee Canal at Ortona Lock, near La Belle (02292480)

· Whiskey Creek at Ft. Myers (02293230)

· San Carlos Canal at Cape Coral (02293241)

· Courtney Canal at Cape Coral (02293243)

The locations of these gages are shown in Figure 21. The daily average flow from the gages at S-79, S-78 (Ortona Lock), and San Carlos Canal were used to calibrate and validate the model. The quality of daily flow data recorded at the San Carlos Canal and the Courtney Canal gages is considered poor by USGS (http://pubs.usgs.gov/wdr/2004/wdr-fl-04-2a/pdf/p344-345.pdf and http://pubs.usgs.gov/wdr/2004/wdr-fl-04-2a/pdf/p342-343.pdf). According to USGS measured flows at these gages are impacted by heavy debris buildup on the carp grates installed on top of the weir.  Estimated daily flows at the Whiskey Creek at Ft. Myers are also considered poor by USGS.  Therefore, the daily flows at the San Carlos Canal gage were used with caution for model calibration and validation. During the model calibration effort, flows were computed at the same locations as the gages and compared with observed flows to estimate appropriate model parameters providing a good match. 

Flow calibration of the model was performed using January 2001 through December 2005 flow data. Daily average modeled and observed flows at S-79, S-78 and the San Carlos Canal gages are plotted in Figures 22 through 24. Scatter plots of monthly mean modeled versus observed flows (Figures 25 and 26) show that the model output are in good agreement at S-79 while at the San Carlos Canal gage the match is not as good. The relatively poor match at the San Carlos Canal gage is attributed to the errors in observed data (frequent 0.0 flows) as discussed earlier. A comparison of average annual flows at S-79 (Table 9) shows only a 3% error in flow calibration over the entire simulation period. 

Figure 21. Flow gages in the Caloosahatchee River watershed that have long-term daily flow records.

[image: image22.png]obee

24

23
022

N = Flow Gages
p Modeled Stream/Lake Reaches
Subwatersheds

10 0 10 Miles W E [ state Boundary





[image: image23.png]FLOW (CFS)

32000

24000

16000

T
OBSERVED
— — — - MODELED

i
LM i ’ \L.'imw bt

-

i ‘..._11.‘1"“ L

JFMAMJJASONDJFMAMJJASOND‘JFMAMJJASOND‘JFMAMJJASOND‘JFMAMJJASOND

2001

2002

2003
DALY AVERAGE FLOW AT S79

2004

2005





Figure 22. Modeled and observed flows at S-79 for the calibration period
. 
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Figure 23. Modeled and observed flows at S-78 for the calibration period
. 
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Figure 24. Modeled and observed flows at the San Carlos Canal gage for the calibration period
.
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Figure 25. Comparison of monthly average modeled and observed flows at S-79 for the calibration period.
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Figure 26. Comparison of monthly average modeled and observed flows at the San Carlos Canal gage for the calibration period.

Table 9. Observed and modeled annual average flows and associated errors at S-79 during model calibration.

	Year
	Annual Average Flow  (cfs)

	
	Observed
	Modeled
	Percent Difference

	2001
	1123
	1326
	15%

	2002
	2056
	2179
	6%

	2003
	3593
	3483
	-3%

	2004
	2556
	2431
	-5%

	2005
	5059
	5059
	0%

	Average
	2878
	2896
	3%


5.6.2 Flow Validation

Model validation using an independent dataset confirms that a calibrated model can reliably simulate the conditions outside the calibration domain without further adjustment of the parameter values. Flow validation of the Caloosahatchee River watershed model was performed using the observed flows from January 1997 through December 1999. Daily average modeled and observed flows at S-79, S-78 and the San Carlos Canal gages for the validation period are plotted in Figures 27 through 29. Scatter plots of monthly mean modeled versus observed flows (Figures 30 and 31) show that the model outputs are in good agreement at S-79 while at the San Carlos Canal gage the match is not as good. As discussed earlier the relatively poor match at the San Carlos Canal gage may be attributed to the errors in observed data (frequent 0.0 flows). A comparison of average annual flows at S-79 (Table 9) shows only a 3% error in hydrologic validation over the entire simulation period.
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Figure 27. Modeled and observed flows at S-79 for the validation period
. 
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Figure 28. Modeled and observed flows at S-78 for the validation period
. 
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Figure 29. Modeled and observed flows at the San Carlos Canal gage for the validation period
. 
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Figure 30. Comparison of monthly average modeled and observed flows at S-79 for the validation period.

[image: image32.png]Modeled Flow (cfs)

30

25

20

15

10

Observed Flow (cfs)

Validation
° y=0.7838x+3.3278
B R?2=0.6274
0 5 10 15 20

25





Figure 31. Comparison of monthly average modeled and observed flows at the San Carlos Canal gage for the validation period.

Table 9. Observed and modeled annual average flows and associated errors at S-79 during model validation.

	Year
	Annual Average Flow  (cfs)

	
	Observed
	Modeled
	Percent Difference

	1997
	1041
	1085
	4%

	1998
	3616
	3699
	2%

	1999
	2181
	2266
	4%

	Average
	2279
	2350
	3%


5.6.3 Water Quality Calibration

The Caloosahatchee River HSPF model simulates water quality constituents in the main stem of the river and also in the tributaries. Surface and sub-surface flows from the watershed transport pollutants from the land segments into the stream reaches. The in-stream advective process transports pollutants from upstream to downstream reaches and the kinetic processes act as sources or sinks in the reaches. The HSPF model simulates the in-stream processes and computes the concentrations of water quality constituents in each reach. Each reach is considered a completely mixed reactor. Modeled and observed water quality data from January 2004 through December 2005 were compared at S-79, S-78 and the Whiskey Creek (WHISGR10) water quality stations (Figure 32) to perform model calibration. 

Model calibration results for water temperature, TSS, nutrients (nitrate, ammonia and phosphate), 5-day biochemical oxygen demand (available only at the Whiskey Creek station) and dissolved oxygen at the S-79, S-78 and the Whiskey Creek stations are presented in Figures 33 through Figure 48. The modeled dissolved oxygen concentration at the Whiskey Creek station was significantly higher than the observed data and excluded from the model calibration. The low observed DO concentration at the Whiskey Creek station could be caused by local sources and/or processes (e.g. algal bloom in stormwater ponds) that could not be successfully modeled without the detail characteristics of the reaches/ponds. Additionally, an effort to model such local phenomenon using the Caloosahatchee River HSPF model would easily exceed the operational limits of the model. 

Table 10 compares the mean modeled and observed concentrations of the water quality constituents. Except for the TSS concentrations during Hurricane Wilma (October 24, 2005) other modeled and observed concentrations were in good agreement and within reasonable ranges. If the modeled TSS concentrations on Oct 24-26, 2005 were excluded from the analysis (because there is no observed data during Hurricane Wilma) the mean TSS concentration at S-79 reduces from 17.49 mg/L to 5.14 mg/L, which is comparable with the long-term mean observed concentration (5.20 mg/L). 
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Figure 32. Water quality monitoring stations in the Caloosahatchee River watershed that were used for model calibration and validation
. 
Table 10. A comparison of mean modeled and observed concentrations of the water quality constituents for the model calibration run.

	
	Mean  Concentrations of Water Quality Constituents

	
	S-79
	S-78
	Wiskey Creek (Reach 07)

	
	Modeled
	Observed
	Modeled
	Observed
	Modeled
	Observed

	TSS (mg/L)
	17.49
	5.20
	13.48
	11.22
	1.66
	1.56

	BOD5 (mg/L)
	
	
	
	
	0.83
	1.18

	DO (mg/L)
	6.49
	5.61
	5.16
	5.05
	8.87
	5.09

	NO3 (mg/L)
	0.20
	0.23
	0.27
	0.17
	0.05
	0.03

	PO4 (mg/L)
	0.11
	0.10
	0.12
	0.05
	0.10
	0.00

	NH3 (mg/L)
	0.05
	0.04
	0.09
	0.04
	0.07
	0.04

	Water Temp (deg. F)
	75.04
	78.80
	75.31
	79.28
	71.89
	77.28
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Figure 33. Modeled and observed water temperature at the S-79 station for the model calibration period.
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Figure 34. Modeled and observed TSS concentrations at the S-79 station for the model calibration period
.
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Figure 35. Modeled and observed nitrate concentrations at the S-79 station for the model calibration period.
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Figure 36. Modeled and observed ammonia concentrations at the S-79 station for the model calibration period.
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Figure 37. Modeled and observed phosphate concentrations at the S-79 station for the model calibration period
.
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Figure 38. Modeled and observed dissolved oxygen concentrations at the S-79 station for the model calibration period.

[image: image40.png]Water Temperature (deg F)

120

100

Modeled

® Observed

80

60

s g™y
AT RN

40

20

0

1/1/2004

12/31/2004
Date

12/31/2005




Figure 39. Modeled and observed water temperature at the S-78 station for the model calibration period.
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Figure 40. Modeled and observed total suspended solids concentrations at the S-78 station for the model calibration period
.
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Figure 41. Modeled and observed nitrate concentrations at the S-78 station for the model calibration period
. 
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Figure 42. Modeled and observed ammonia concentrations at the S-78 station for the model calibration period
. 
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Figure 43. Modeled and observed phosphate concentrations at the S-78 station for the model calibration period
.
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Figure 44. Modeled and observed dissolved oxygen concentrations at the S-78 station for the model calibration period
.
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Figure 45. Modeled and observed water temperature at the Whiskey Creek station for the model calibration period.
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Figure 46. Modeled and observed total suspended solids concentrations at the Whiskey Creek station for the model calibration period
. 
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Figure 47. Modeled and observed nitrate concentrations at the Whiskey Creek station for the model calibration period
.
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Figure 48. Modeled and observed ammonia concentrations at the Whiskey Creek station for the model calibration period
.
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Figure 49. Modeled and observed 5-day biochemical oxygen demand at the Whiskey Creek station for the model calibration period
. 
5.6.4 HSPF Model Validation 

Validation of the model was performed using the data collected at the same water quality stations as those used for model calibration, but for a different period (January 2001 through December 2003). The model validation results at S-79, S-78 and the Whiskey Creek stations for various water quality constituents are shown in Figures 50 through 67. Table 11 shows a comparison of mean modeled and observed concentrations at S-79, S-78 and the Whiskey Creek stations for the model validation run.

Table 11. A comparison of mean modeled and observed concentrations of the water quality constituents for the model validation run.

	
	Mean  Concentrations of Water Quality Constituents

	
	S-79
	S-78
	Wiskey Creek (Reach 07)

	Constituent
	Modeled
	Observed
	Modeled
	Observed
	Modeled
	Observed

	TSS (mg/L)
	4.43
	4.65
	5.97
	6.88
	1.95
	1.89

	BOD5 (mg/L)
	
	
	
	
	1.00
	1.26

	DO (mg/L)
	6.30
	6.25
	5.73
	5.57
	8.97
	5.21

	NO3 (mg/L)
	0.06
	0.19
	0.08
	0.09
	0.06
	0.06

	PO4 (mg/L)
	0.08
	0.13
	0.08
	0.06
	0.12
	0.00

	NH3 (mg/L)
	0.04
	0.07
	0.06
	0.09
	0.10
	0.05

	Water Temp (deg. F)
	76.37
	80.18
	76.67
	76.92
	72.54
	75.55
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Figure 50. Modeled and observed water temperature at the S-79 station for the model validation period.
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Figure 51. Modeled and observed total suspended solids concentrations at the S-79 station for the model validation period
. 
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Figure 52. Modeled and observed nitrate concentrations at the S-79 station for the model validation period
. 
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Figure 53. Modeled and observed ammonia concentrations at the S-79 station for the model validation period.
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Figure 54. Modeled and observed phosphate concentrations at the S-79 station for the model validation period.
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Figure 55. Modeled and observed dissolved oxygen concentrations at the S-79 station for the model validation period.

[image: image57.png]Water Temperature (deg F)

120

100

Modeled

® Observed

80

PITT

60

40

20

0

1/1/2002

1/1/2003
Date

1/1/2004




Figure 56. Modeled and observed water temperature at the S-78 station for the model validation period.
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Figure 57. Modeled and observed total suspended solids concentrations at the S-78 station for the model validation period
. 
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Figure 58. Modeled and observed nitrate concentrations at the S-78 station for the model validation period.
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Figure 59. Modeled and observed ammonia concentrations at the S-78 station for the model validation period.
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Figure 60. Modeled and observed phosphate concentrations at the S-78 station for the model validation period.
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Figure 62. Modeled and observed dissolved oxygen concentrations at the S-78 station for the model validation period.
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Figure 63. Modeled and observed water temperature at the Whiskey Creek station for the model validation period.
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Figure 64. Modeled and observed total suspended solids concentrations at the Whiskey Creek station for the model validation period
. 
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Figure 65. Modeled and observed nitrate concentrations at the Whiskey Creek station for the model validation period
. 
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Figure 66. Modeled and observed ammonia concentrations at the Whiskey Creek station for the model validation period
. 
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Figure 67. Modeled and observed 5-day biochemical oxygen demand at the Whiskey Creek station for the model validation period
.

5.7 HSPF Output for EFDC Boundary Condition

Upon completion of the HSPF model calibration and the validation, the model was then used to simulate the water quality constituents and provide time series output that would be used to specify the boundary conditions for the EFDC model. Figure 68 shows the locations at which HSPF output were generated to use as the EFDC boundary conditions. 
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Figure 62. Locations of HSPF model output to be used as EFDC boundary condition.

5.3 EFDC Model

5.3.1 EFDC MODEL DEVELOPMENT

This Section summarizes the development of the site-specific hydrodynamic and water quality model using the Environmental Fluid Dynamics Code (EFDC) (Hamrick, 1995) for the Caloosahatchee River tidal estuary.  The EFDC water quality model being developed for the TMDL process for the Caloosahatchee River tidal estuary (hereafter simply called the Caloosahatchee) was initially based on the EFDC model of the Caloosahatchee for the U.S. Army Corps of Engineers (USACE) (DSLLC, 2007).  The USACE Caloosahatchee model was developed to evaluate release scenarios from Lake Okeechobee and as a water management tool.  The model was calibrated for salinity for the Year 2000.  Where appropriate, the model parameterization and lessons learned from that study were used to setup the FDEP TMDL model of the Caloosahatchee.

The Caloosahatchee water quality model needed to be configured for multiple year simulations to allow management scenarios to be analyzed.  This issue impacted the selection of the model domain and grid due to computational issues and simulation productivity.  As a result, the model domain and grid needed to reflect
 
5.3.1.1 Topographic, Shoreline and Bathymetry Data

Topographic elevation data and map coordinates for the shoreline of the physical domain of the EFDC model were obtained from the USGS Digital Line Graph (DLG). Shoreline data were obtained from NOAA’s National Geophysical Data Center (NGDC) Coastline Extractor. Map coordinates (x,y) are defined for the project as North Atlantic Datum 1983 (NAD83) Universal Transverse Mercator (UTM) northing’s and easting’s (meters
) for UTM Zone 17. All elevations in the Model have been adjusted so that their reference point (or zero datum) is mean sea level (MSL) at Ft. Myers for the current Epoch as defined by NOAA. Table 1 is provided by NOAA and shows the relationship between mean sea level and various other datum elevations at Ft. Myers.

	Table 1. Datum Elevations in MSL Feet at Ft. Myers (NOAA#8725520)

	Highest Observed Water Level (11/23/1988)
	4.088

	Mean Higher High Water (MHHW)
	0.682

	Mean High Water (MHW)
	0.466

	North American Vertical Datum-1988 (NAVD)
	0.410

	Mean Sea Level (MSL)
	0.000

	Mean Tide Level (MTL)
	-0.007

	Mean Low Water (MLW)
	-0.479

	Mean Lower Low Water (MLLW)
	-0.633

	National Geodetic Vertical Datum-1929  (NGVD)
	-0.764

	Lowest Observed Water Level (09/08/1965)
	-3.494


[image: image1.emf]

[image: image116.wmf]LowTide

HighTide

Conc

C

C

TPR

-

=

1

[image: image117.wmf]HighTide

Tide

Vol

Vol

dVol

TPR

=

[image: image69.png]



Figure 7  Digital Terrain Model of the Caloosahatchee water quality model domain (elevations in feet relative to MSL).

The bathymetric data used to process the DTM shown in Figure 1 is a composite from several data sources.  The origins of these data were NOAA and the USGS (SFWMD, 2007).  The data was supplied in four files/data sets.  They were:

· NOAA NED 2004

· OWW 2003

· USGS 2003

· USGS SANDS 2003

These data represent the latest and most complete bathymetric data for the model domain.

The original vertical datum for these files was NAVD88.  The elevations were adjusted to MSL [image: image118.png]
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Substituting the datums from Table 1 we obtain:

The elevations are in feet so the offset is +0.41 feet (0.125 meters).

5.3.1.2 Grid Development

Grid development is a critical component of the hydrodynamic model.  A model grid is the result of a balance of spatial resolution, site conceptual model and modeling objectives against the computational time and resources.  High resolution grids can produce great horizontal and vertical detail, but if the run times are excessive, then the model will be limited due to the inability to produce enough runs to obtain good calibration, validation and target scenarios.

The final Caloosahatchee River tidal estuary grid is shown in Figure 2.  The grid has 733 horizontal cells and four vertical layers.  The grid was developed using the Delft RGFGrid program (Delft, 2006).  The grid created by RGFGrid was then configured for EFDC by importing the GRD file into EFDC_Explorer (Craig, 2008).  Final minor editing to the grid was performed using EFDC_Explorer.  The average of the absolute orthogonality deviation for the final grid was 0.4 degrees.  This is less than the target deviation of less than 2-3 degrees (Delft, 2006).

This grid addresses all of the critical components needed for the Caloosahatchee River water quality modeling.  The upstream boundary of the model is located at the S-79 Franklin Lock & Dam.  This structure limits the tidal influence up the Caloosahatchee.  All of the fresh water discharge points to Caloosahatchee River have been addressed in the HSPF modeling effort.  Therefore, the EFDC model grid does not extend up these catchments.  HSPF will provide the flow and water quality loadings at the boundaries of the Caloosahatchee EFDC model.

Figure 2 shows the grid with some cells labeled with the EFDC’s grid numbering scheme of I (generally the X/Easting component) and the J (generally the Y/Northing component).  The Gulf of Mexico is located along the model boundary with the smallest J’s and the eastern edge of model domain (near S79) has the largest I.

The EFDC model grid was configured with four layers to address the density dependent dynamics due to salinity and temperature profiles.  For this case, each layer represents 25% of the water depth for each cell.

The processed bathymetric data discussed in the previous section was then used to develop the model bathymetry for each cell.  Figure 3 shows the model grid with the resulting bathymetry for each cell.
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Figure 8  Caloosahatchee model grid with representative cell indices.
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Figure 9  Caloosahatchee model domain with model bathymetry.


5.3.1.3 Parameters Simulated

The parameters modeled for the Caloosahatchee Estuary water quality model are listed in Table 2.  

Table 2  EFDC parameters simulated.

	Code
	EFDC Parameter
	EFDC Parameter Code
	Used in Caloosahatchee Model

	
	Salinity
	SAL
	Yes

	
	Temperature
	TEM
	Yes


5.3.1.4 Model Simulation Period 

Based on the availability of time series of atmospheric forcing, tidal forcing and flow data needed for construction of the hydrodynamic model, the period where the required data are the most complete and coincide with appropriate water quality data is the period from October 2002 through December of 2004.  The model will be calibrated to one year of data for 2003.  The validation period will be for the year 2004.

5.3.1.5 Model Boundary Conditions

The locations of the boundary conditions are shown in Figure 4.  The Caloosahatchee model used two types of boundary conditions, flow and open boundaries.  A flow boundary type is defined using a time series of flows and the water column parameters simulated.  On open boundary is defined by a water surface elevation time series and the water column parameters.  The flows at an open boundary are computed based on the water surface boundary condition specified and the adjacent water surface.  This boundary allow for flows to enter and leave the model domain as required by the hydrodynamics.
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Figure 10  Location of tidal and HSPF boundary conditions relative to the 
Caloosahatchee grid
. 
5.3.1.5.1 Fresh Water Flows

The flow boundaries for the Caloosahatchee model came from two sources.  The first type of flow boundaries were for the tributary network that drains to the Caloosahatchee Estuary.  The second type of flow boundary condition was the permitted waste water treatment plants that discharge to the Caloosahatchee.

The tributary flow boundaries were defined using the flows and water quality results from the HSPF modeling efforts (see Section ??).  The numbered points shown on Figure 4 refer to the HSPF linkage ID corresponding to the HSPF sub-watersheds.  The Linkage ID 1 has been renamed  “S-79” as it corresponds to the discharge from the S-79 structure.  This is the primary source of fresh water into the Caloosahatchee River tidal system.  For each sub-basin, the flows, water temperature, and water quality parameters were taken from the HSPF simulation results.  A constant salinity of 0.25 ppt was used for all freshwater flows
 .  As an example, the time series of the flows, salinity and temperatures assigned to the S-79 structure for year 2003 are shown in Figure 5.  The other smaller watersheds contribute about 25 percent of the total inflows.  The annual average S79 flow contribution to the Caloosahatchee is shown in Table 3.  Even though measured S79 flows were available, the ratios in Table 1 were derived from the HSPF simulated flows for all the tributaries and S79.

Table 3  Annual freshwater contribution to the Caloosahatchee from S79.

	Year
	S79 Contribution (%)

	2001
	71.9

	2002
	70.8

	2003
	75.8

	2004
	71.0

	2005
	82.3


The waste water facilities that directly discharge to the Caloosahatchee Estuary are listed in Table 4.  The flows and pollutant discharges for these facilities were taken from the monthly reporting for each facility.  

Table 4  Location of discharge for the Caloosahatchee WWTF’s.

	Discharge Location
	NPDES Permit Number
	Name of Facility

	Easting (m)
	Northing (m)
	
	

	409905
	2936047
	FL0039829
	Fiesta Village WWTF

	 415536
	2948171
	FL0021261
	Fort Myers Central AWWTF

	 406740
	2943193
	FL0030007
	Cape Coral WWTF

	 409514
	2946726
	FL0030325
	Waterway Estates Advanced WWTP

	 412479
	2941080
	FL0021270
	South AWWT Facility


[image: image73.emf]Flow (ft^3/s)

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

Water Temperature (°F)

0

10

20

30

40

50

60

70

80

90

100

Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03 Dec-03

Date

Legend

Discharge:  Measured

Discharge: HSPF

Temperature: CES01 (Observed)

Temperature: HSPF


Figure 11  Observed flows and temperature versus HSPF at S-79
. 
5.3.1.5.2 Use of HSPF versus Data

The S-79 structure on the Caloosahatchee River has ongoing monitoring programs for discharge and water quality parameters.  While the observed data could be used to define the boundary condition for the S-79 inflows the decision was made to use HSPF simulation results for S-79 instead.  The rationale for this decision was:

· Most of the inflows to the Caloosahatchee Estuary are un-gaged and/or have incomplete data sets.

· Using a rainfall/runoff simulator allows the modeler to “fill” the data gaps in infrequent data set.  This enables the user to capture unusual rainfall events that measured data might miss.

· The use of HSPF simulation results allows for the “what if” scenario analysis required for the modeling study.

That said, in using simulated results there is an implicit acceptance of the impacts of model versus data discrepancies in the HSPF results on the receiving water quality model.  While one goal of the modeling study is to minimize these discrepancies, they do exist.  Figure 5 also shows the measured S-79 flows and temperatures compared to the calibrated HSPF results used for the water quality modeling of the Caloosahatchee Estuary for the year 2003.  On average the flow and temperature match is acceptable.  The measured annual average discharge was 3,572 cfs compared to 3,724 cfs for the HSPF model (approximately 4%).  The observed average water temperature was 79.7 (F compared to 76.3 (F for the HSPF model (approximately -4%).  On average the HSPF model does a good job.  However, on a short term basis (i.e. March and April), the flows can be quite different
. 
5.3.1.5.3 Open Boundaries

The cells in Figure 4 that have been labeled with a compass point direction indicate that those cells have been assigned as an open (i.e. tidal) boundary condition.  Within the EFDC_Explorer modeling system, the boundary cells are managed as groups of cells that correspond to a physical boundary.  For this application the cells along the northern edge of the model near the FL 78 bridge (labeled with a “N”) make up the Matlacha Pass boundary group.  The western open boundary of the model opens into the Pine Island Sound.  The southern boundary represents the Gulf of Mexico conditions.  The development of the tidal boundary conditions used for the Caloosahatchee receiving water quality model is provided in the following section.

5.3.1.5.4 Large Scale Model

As mentioned above, the model domain and grid used for the Caloosahatchee receiving water quality model is a balance of computational speed and required resolution.  However, the computational constraints required the open boundaries (i.e. tidal boundaries) of the model to be limited to boundaries in Matlacha Pass and Pine Island Sound.  There were insufficient data available at those locations to properly drive the tidal signal at those locations.  Therefore, the approach used for this study was to develop a larger scale but coarser grid model of a large area in order to use regional/ocean data and approximate fresh water flows to compute the tidal, temperature and salinity series at the Caloosahatchee model boundaries.  Figure 6 provides a plot of the model bathymetry and grid of the large scale model.  The USACE report (DSLLC, 2007) provides a more complete description of the model construction, calibration and application.

Time series of water surface elevation, temperature and salinity were then extracted from the model runs of the large scale model for the period(s) of interest.  For the Caloosahatchee receiving water quality model, the open boundaries at Matlacha Pass, Pine Island Sound and the Gulf of Mexico were configured with the corresponding time series from the large scale model.  One exception was for the Gulf boundary’s salinity concentration.  During the model calibration it was found that applying a constant salinity boundary salinity of 28 and 33 ppt 
 at the surface and bottom, respectively provided better salinity results.
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Figure 12  Large scale model grid and bathymetry.

5.3.1.6 Meteorological Data

Atmospheric forcing data are used to model hydrodynamic processes and water temperature. Parameters include barometric pressure, air temperature, relative humidity, wind speed and direction, precipitation, evaporation, incident solar radiation and cloud cover. Atmospheric forcing data was available from historical archives maintained by NOAA NCDC. Hourly records of barometric pressure, air temperature, relative humidity, rainfall, wind speed and direction, and cloud cover were obtained from NOAA NCDC for the station located at the Ft. Myers International Airport (Page Field, WBAN ID 12835).  During that process it was determined that the Page Field data had several significant data gaps in wind speed, direction and temperature.  A search was conducted of the nearby meteorological stations that had the same period of record and the parameters needed.  It was found that the Ft Myers SW Florida Regional Airport (WBAN ID 19894) provided the data required.  The WSER and ASER files were generated using Page Field as the primary station and the SW Florida Regional airport as the "filler" station.  Figure 7 shows the wind rose for the period of 2003 and 2004.

5.3.2 Model Comparison Statistics

The model-data comparison statistic selected for the calibration and validation was the Root Mean Square (RMS) error.

The RMS is calculated by the following:
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Where:

O – The observed value,

X – The corresponding model value in space and time, and

N – The number of valid data/model pairs.
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Figure 13  Ft Myers International Airport wind rose for 2003-2004.

5.3.3 Tidal Exchange and Boundary Flow Summary

In general, the boundary condition impacts in the model are as follows:

· During the dry season (typically November through May), the hydrodynamics and water quality are largely controlled by the open ocean boundary.  The small freshwater inflows from the surface drainage networks and wastewater dischargers have little impact on the hydrodynamics during this period.  
· During the wet season and other wet-weather periods, the freshwater reaches (HSPF reaches) have a greater impact on the Caloosahatchee tidal segment, since the S-79 control structure typically contributes more than 50% of the total freshwater flow.

· The tidal portion of Caloosahatchee is relatively long (about 150,000 ft). With a daily tide fluctuation magnitude of up to about 5 feet, the hydrodynamic regime of the tidal creek
 is somehow controlled by the tidal boundary as it is expressed through the following tidal prism ratio. 

5.3.3.1 Tidal Prism Ratio

In order to understand the Caloosahatchee tidal dynamics and fresh/saline water mixing, the tidal prism ratio (TPR) was computed.  The TPR is defined as the change of water volume during one tidal exchange divided by the volume of water at high tide.  The TPR can be computed using the following equation:
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The numerator is referred to as the tidal prism.

It is also possible to calculate the TPR from mass weighted concentrations  in the area of interest.  The TPR from concentrations is computed using the following:
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The procedure is to assign an initial dye concentration to the area of interest of 100 mg/l. The area of interest is just the Caloosahatchee River and tidal estuary.  The area outside of the Caloosahatchee is assigned an initial concentration of 0.0 mg/l.  One tide cycle is then simulated.  EFDC_Explorer is then used to generate a time series of the mass weighed dye concentrations of the Caloosahatchee.  The dye concentration at low tide is then estimated from the time series and then the TPR is computed using the equation above.

For the Caloosahatchee a tidal range of 1.5 meters
  at the Gulf boundary (i.e. a typical large diurnal range) was used.  Figure 8 shows the tide data for several days around the period used for the TPR computations.  The actual period used for the computation is shown in as the thick red line.  The time series of the dye and water volume during the TPR simulation is shown in Figure 9.  The resulting TPR is 0.16.  In other words, without any fresh water input, the 16% of the water in the Caloosahatchee is exchanged with the water in Matlacha Pass.  With fresh water inflows during storms, the flushing of the estuary will be higher.
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Figure 14  Time series of the Gulf of Mexico tide data used for the TPR computations
.
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Figure 15  Time series of dye and volume in the Caloosahatchee River 
during the TPR tidal cycle.

5.3.4 EFDC Model Calibration

5.3.4.1 Model Simulation Period 

The period selected for hydrodynamic model calibration was from January 1, 2003 to December 31, 2003.  This period has an adequate set of salinity, temperature, meteorology, and water quality data for setting boundary conditions and calibrating the model.

The model initial conditions and boundary conditions are discussed in Section 5.3.1.  The EFDC hydrodynamic and receiving water quality model calibration results are presented in Sections 5.3.4.3 for hydrodynamics and 5.3.4.3 for water quality.  Figure 10 provides a visualization of wind speed, direction and dry bulb temperature for the processed atmospheric data for the calibration period.

5.3.4.2 Available Data for Hydrodynamic Calibration/Validation

The data needed for calibration of a model is slightly different than that needed for definition of boundary conditions.  The model boundaries must have data or a defensible approach (e.g. the HSPF simulation results used for this study) for all boundaries for the entire period of the simulation.  However, for calibration, the data can be either sparse or robust, but it must be internal to the model domain, or at least not negatively impacted by a boundary condition. 

5.3.4.2.1 Hydrodynamic Calibration/Validation Stations

For Caloosahatchee, there are 17 stations that meet the various data requirements for calibration and validation of the EFDC hydrodynamic model.  The stations are MarkerH, CES02​÷CES 11, 242, 350, MPV002, BR31, FMYER and CCORAL.  Given these stations, three stations were selected as being representative of the overall system.  These stations are described below and their positions are shown in Figure 11.

· BR31 is representative of the upper end of the Caloosahatchee Estuary.

· CCORAL is located roughly in the middle of the Caloosahatchee Estuary.

· CES09 representative of San Carlos Bay waters and the channel between the Caloosahatchee and the Gulf of Mexico.

The BR31 and CCORAL stations are SFWMD stations with continuous data collection at two fixed depths near the top and bottom of the water column are their respective sites.  These high resolution data sets provide a better understanding of the salinity and temperature dynamics in the estuary than monthly data collection programs (e.g. the CES## stations).  However, the monthly data programs can collect a much larger set of parameters.
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Figure 10  Ft Myers wind stick plot for 2003.
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Figure 11  Stations used for hydrodynamic model calibration/validation.

5.3.4.3 Salinity Calibration

Figures 12 to 16 show the model-data comparisons for salinities in the Caloosahatchee model for the calibration year of 2003.  The BR31 and CCORAL stations are fixed stations with two salinity probes mounted near the top and bottom of the water column.  These data help determine the amount of salinity stratification at those locations, as well as a high resolution time series to pick up the variability of salinity at these locations.  

At BR31 in the March-April time period, the model under-predicts the salinity at both the top and bottom sensors.  It was found that during this period the HSPF model was providing flows that were nearly double the measured flows at S-79 (see Section 5.3.1.5.2).  Later in the year, the model did a better job of picking up the salinity migration back up the estuary.

Table 5 contains a summary of the RMS (see Section 5.3.2 for a definition) error statistics for salinity.  Overall, the model-data comparisons were considered very good.
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Figure 12  Salinity calibration at BR31 – Bottom
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Figure 13  Salinity calibration at BR31 – Top
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Figure 14  Salinity calibration at CCORAL – Bottom
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Figure 15  Salinity calibration at CCORAL – Top
 
[image: image85.emf]Salinity (ppt)

0

5

10

15

20

25

30

35

Jan-03 Mar-03 May-03 Jul-03 Sep-03 Nov-03

Date

Legend

CES09-Model (Minimum)

CES09-Model (Maximum)

CES09-Data


Figure 16  Salinity calibration at CES09
. 
Table 5  Calibration period summary statistics for Salinity (PPT).

	Station ID
	Layer/
	Starting
	Ending
	 
	 
	Data
	Model

	
	Type
	Date/Time
	Date/Time
	# Pairs
	RMS
	Average
	Average

	CES09
	Minimum
	10-Jun-03 16:10
	17-Nov-03 09:37
	19
	5.197
	17.429
	15.694

	CES09
	Maximum
	10-Jun-03 16:10
	17-Nov-03 09:37
	19
	7.563
	20.816
	25.198

	BR31 (Bot)
	Layer 1
	1-Jan-03 01:00
	31-Dec-03 22:00
	8758
	0.506
	0.476
	0.416

	BR31 (Top)
	Layer 4
	1-Jan-03 01:00
	31-Dec-03 22:00
	8758
	0.449
	0.383
	0.297

	CCORAL (Bot)
	Layer 1
	1-Jan-03 01:00
	16-Dec-03 23:00
	5290
	2.211
	3.525
	3.478

	CCORAL (Top)
	Layer 4
	1-Jan-03 01:00
	16-Dec-03 23:00
	4530
	1.547
	3.429
	3.158

	Composite 
	 
	 
	 
	27374
	0.998
	 
	 


5.3.4.4 Water Temperature Calibration

Figures 17 to 20 show the model-data comparisons for temperatures in the Caloosahatchee model for the calibration year of 2003.  The BR31 and CCORAL stations are fixed stations with two temperature probes mounted near the top and bottom of the water column.  These data helped determine the amount of thermal stratification at those locations, as well as a high resolution time series to pick up the variability of temperatures at these locations.  During the calibration period there were no data available from the CCORAL bottom temperature probe.

The BR31 station is significantly impacted by the flows from S-79.  This can be clearly seen when reviewing both the top and bottom temperature plots for BR31 (Figures 17 & 18).  The under prediction of temperatures during the March to May period can be directly related to the HSPF under prediction of temperatures and over prediction of flows for that same period.  That said, the overall comparisons at BR31 are considered acceptable.

Table 6 contains a summary of the RMS (see Section 5.3.2 for a definition) error statistics for temperature.  Overall, the model-data comparisons were considered very good.
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Figure 17  Temperature calibration at BR31 – Bottom
. 
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Figure 18  Temperature calibration at BR31 – Top
.
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Figure 19  Temperature calibration at CCORAL – Top
. 
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Figure 20  Temperature calibration at CES09
.
Table 6  Calibration period summary statistics for Temperature (°F).

	Station ID
	Layer/
	Starting
	Ending
	 
	 
	Data
	Model

	
	Type
	Date/Time
	Date/Time
	# Pairs
	RMS
	Average
	Average

	CES09
	Minimum
	10-Mar-03 13:00
	17-Nov-03 09:37
	24
	1.615
	81.919
	82.696

	CES09
	Maximum
	10-Mar-03 13:00
	17-Nov-03 09:37
	24
	2.006
	82.715
	84.072

	BR31 (Bot)
	Layer 1
	1-Jan-03 01:00
	31-Dec-03 22:00
	8758
	3.446
	77.637
	75.678

	BR31 (Top)
	Layer 4
	1-Jan-03 01:00
	31-Dec-03 22:00
	8758
	2.823
	78.016
	76.544

	CCORAL (Top)
	Layer 4
	1-Jan-03 01:00
	23-Aug-03 17:00
	5541
	2.002
	78.315
	79.605

	Composite 
	 
	 
	 
	23105
	2.860
	 
	 


5.3.4.5 Calibration Period Velocity Patterns

Another important component of the hydrodynamic conditions is the flow velocity.  At this time, there is not any available flow or velocity data to calibrate to.  However, the flow velocity patterns in this calibrated model are consistent with the basic conceptual model for the Caloosahatchee in terms of the velocity magnitudes and directions in response to tidal fluctuations.  As examples of the Caloosahatchee velocities, Figures 21 and 22 present velocity patterns in typical ebb (Fig. 21) and flow (Fig. 22) tide conditions

.
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Figure 21  Velocity pattern near ebb tide on May 15, 2003.
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Figure 22  Velocity pattern near flow tide on May 16, 2003.

5.3.5 EFDC Model Validation

5.3.5.1 Model Simulation Period 

The period selected for the hydrodynamic model validation was from January 1, 2004 to December 31, 2004.  This period has an adequate set of salinity, temperature, meteorology, and water quality data for setting boundary conditions and validating the model.

The model initial conditions and boundary conditions are discussed in Section 5.3.1.  The EFDC hydrodynamic and water quality model calibration results are presented in Sections 5.3.4.3 for hydrodynamics and 5.3.4.3 for water quality.  Figure 23 provides a visualization of wind speed, direction and dry bulb temperature for the processed atmospheric data for the calibration period.

5.3.5.2 Salinity Validation

Figures 24 to 28 show the model-data comparisons for salinities in the Caloosahatchee model for the validation year of 2004.  Table 7 contains a summary of the RMS (see Section 5.3.2 for a definition) error statistics for salinity.  Overall, the model-data comparisons were considered good, thought not as good as those for the calibration period.  The RMS errors for CES09 are not good but they represent only a few data points as there were no salinity data available for this station later in 2004.
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Figure 23  Ft Myers wind stick plot for 2004.
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Figure 24  Salinity validation at BR31 – Bottom
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Figure 25  Salinity validation at BR31 – Top
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Figure 26  Salinity validation at CCORAL – Bottom
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Figure 27  Salinity validation at CCORAL – Top
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Figure 28  Salinity validation at CES09
. 
Table 7  Validation period summary statistics for Salinity (PPT).

	Station ID
	Layer/
	Starting
	Ending
	 
	 
	Data
	Model

	
	Type
	Date/Time
	Date/Time
	# Pairs
	RMS
	Average
	Average

	CES09
	Minimum
	5-Jan-04 11:02
	29-Mar-04 10:15
	5
	6.609
	27.432
	21.462

	CES09
	Maximum
	5-Jan-04 11:02
	29-Mar-04 10:15
	5
	4.317
	30.282
	26.619

	BR31 (Bot)
	Layer 1
	1-Jan-04 00:00
	30-Dec-04 21:00
	8757
	1.234
	1.566
	1.136

	BR31 (Top)
	Layer 4
	1-Jan-04 00:00
	30-Dec-04 21:00
	8757
	1.385
	1.292
	0.656

	CCORAL (Bot)
	Layer 1
	13-Jan-04 12:00
	30-Dec-04 21:00
	7878
	3.397
	11.499
	9.618

	CCORAL (Top)
	Layer 4
	8-Jan-04 13:00
	30-Jul-04 02:00
	4696
	3.508
	13.386
	10.437

	Composite 
	 
	 
	 
	30098
	2.200
	 
	 


5.3.5.3 Water Temperature Validation

Figures 29 to 32 show the model-data comparisons for temperatures in the Caloosahatchee model for the validation year of 2004.  Table 8 contains a summary of the RMS (see Section 5.3.2 for a definition) error statistics for temperature.  Overall, the model-data comparisons were considered good, though not as good as for the calibration period.
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Figure 29  Temperature validation at BR31 – Bottom
. 
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Figure 30  Temperature validation at BR31 – Top
. 
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Figure 31  Temperature validation at CCORAL – Top
. 
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Figure 32  Temperature validation at CES09
. 
Table 8  Validation period summary statistics for Temperature (°F).

	Station ID
	Layer/
	Starting
	Ending
	 
	 
	Data
	Model

	
	Type
	Date/Time
	Date/Time
	# Pairs
	RMS
	Average
	Average

	CES09
	Minimum
	5-Jan-04 11:02
	1-Dec-04 09:28
	22
	1.833
	78.702
	77.537

	CES09
	Maximum
	5-Jan-04 11:02
	1-Dec-04 09:28
	22
	1.497
	79.019
	78.479

	BR31 (Bot)
	Layer 1
	1-Jan-04 00:00
	30-Dec-04 21:00
	8692
	3.37
	77.133
	74.311

	BR31 (Top)
	Layer 4
	1-Jan-04 00:00
	30-Dec-04 21:00
	8691
	3.302
	77.494
	74.705

	CCORAL (Top)
	Layer 4
	16-Apr-04 13:00
	30-Jul-04 01:00
	2506
	1.452
	83.843
	84.132

	Composite 
	 
	 
	 
	19933
	3.095
	 
	 


5.4 WASP Model

5.4.1 Model Development of WASP Model and EFDC/WASP linkage

This section summarizes the preliminary development of the WASP model for application to the Caloosahatchee River tidal estuary. The hydrodynamic element of the Environmental Fluids Dynamics Code (EFDC) model of the Caloosahatchee River tidal estuary was used to “drive” the WASP model by providing volume, flow, velocity, salinity and water temperature data to simulate water quality conditions in the tidal Caloosahatchee River. EFDC is an advanced three-dimensional hydrodynamic model (Hamrick, 1992; 1996) that has often been applied for linkage with the WASP water quality model.   

The WASP model includes separate sub-models to simulate surface water transport and fate of (a) water quality (nutrients, algae and dissolved oxygen); (b) toxic chemicals and solids; and (c) mercury. Since WASP does not include an internal three-dimensional sub-model to simulate hydrodynamics and segment geometry, transport and mixing is either (a) specified by the modeler as input data or is (b) provided by external linkage to a hydrodynamic model such as EFDC (USEPA, 2006).  

Hydrodynamic linkage from the EFDC model was developed using EFDC_Explorer to generate the hydrodynamics files required for input to run WASP (Version 7.2).  EFDC_Explorer is a Windows-based graphic user interface for pre- and post processing of the EFDC model (Craig, 2004). The data generated by the EFDC to WASP linkage automatically defines the spatial and vertical location of each WASP segment by mapping the EFDC grid cells to the WASP segments.  In order to develop the input data for the WASP model, it is essential for the modeler to know the spatial location and depth information of each WASP segment that corresponds to the matching EFDC grid cell. The time series modeling results for flow, volume, velocity, salinity and temperature are passed from EFDC to WASP with the hydrodynamic linkage file generated by EFDC. Utilizing this linkage procedure greatly improves the water quality simulation results since it eliminates any potential error from the manual input of numerous temperature and salinity time series generated by EFDC. Computation time for the WASP model is also saved by linkage of the EFDC generated salinity and temperature results since WASP doesn’t need to simulate salinity processes.  An ArcGIS based post-processing file was also generated during this process to assist in visualizing the spatial distributions of the model results.

5.4.1.1 Model Parameters 

Flow, volume, velocity, temperature and salinity simulated by the EFDC hydrodynamic model are passed to, and utilized by, the WASP model to provide segment geometry, transport and temperature and salinity data.  The water quality sub-model of WASP includes the following state variables:

· Ammonia;

· Nitrate

· Organic Nitrogen

· Organic Phosphate

· Orthophosphate

· Phytoplankton (Chl a)
· Dissolved Oxygen;

· CBOD1; CBOD2 and CBOD3

· Detrital Carbon;

· Detrital Nitrogen, and;

· Detrital Phosphorous.

In the application of the WASP model to the tidal Caloosahatchee River, the state variables for CBOD2 and CBOD3 are not used (i.e., “bypassed”) in the WASP simulation.  The WASP state variable for CBOD1 is defined by boundary condition data describing CBOD provided by either wastewater facilities or results generated by the HSPF watershed model.
5.4.1.2 Model Boundary Locations 

The domain of the WASP model is shown in Figure 20. The USGS Station S79 and SFWMD Station CES01 monitoring stations are within the upstream river boundary cell at the Franklin S-79 Lock & Dam. The upstream boundary conditions for the water quality variables of the WASP model are assigned using time series from these two stations. The yellow grid cells bounded with a red outline identify the open water boundary cells for the south, west and north boundaries where tide stage, temperature and salinity represent that of the Gulf of Mexico (south); Pine Island Sound (west) and Matalacha Pass (north).
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Figure 16 Caloosahatchee River Estuary WASP Modeling boundary location
 
5.4.1.2.1 Flow, temperature and salinity Boundary Conditions

The EFDC model results were linked to the WASP model for the following model parameters for all the WASP segments: flow, volume, velocity, dispersive mixing, temperature, and salinity.

The EFDC model generates hydrodynamic linkage files that provide temperature, salinity, segment volume and flow information for the boundary segments and all the interior segments of the WASP model. Thus, the WASP model does not need additional input data to describe volume, flow, temperature and salinity for the boundary conditions and the initial conditions of the interior segments.

The EFDC model supplied flow data as boundary conditions to the Caloosahatchee River tidal estuary WASP model for the (a) upstream boundary location at the S79 Franklin Lock & Dam and (b) open water boundaries to the south, west, and north for the Gulf of Mexico, Pine Island Sound and Matalacha Pass. These flows have been linked to the WASP model for use as boundary conditions for the incoming freshwater Caloosahatchee River and the Gulf of Mexico open water boundary.  The use of simulated flows, salinity and temperature are necessary to provide complete temporal and spatial coverage for all of the incoming flows for the simulation periods of interest. 

As an example of the EFDC volume information provided as linked input to the WASP model, the Caloosahatchee River upstream location (S79) surface layer volume and temperature for the calibration period of January 2003 to December 2003 is shown in Figures 21 and 22.
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Figure 17 Caloosahatchee River upstream EFDC volume derived boundary conditions
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Figure 18 Caloosahatchee River upstream EFDC temperature derived boundary conditions

In addition to the upstream boundary location at S79, the WASP model requires similar boundary conditions for assignment from the EFDC model at the south, west and north open boundaries.  Segment volume, temperature, and salinity time series for a surface segment on the South Gulf of Mexico boundary condition are shown in Figures 23, 24, and 25. 
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Figure 19 Caloosahatchee River Open Boundary EFDC volume derived boundary conditions
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Figure 20 Caloosahatchee River Open Boundary EFDC temperature derived boundary conditions
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Figure 21 Caloosahatchee River Open Boundary EFDC salinity derived boundary conditions

5.4.1.2.2 Water Quality Boundary Conditions

The water quality boundary information required for input to the WASP model includes time series concentrations of Ammonia, Nitrate, Organic Nitrogen, Organic Phosphate, Orthophosphate, Phytoplankton Chla, Dissolved Oxygen, CBOD1, Detrital Carbon, Detrital Nitrogen, and Detrital Phosphorous.  Water quality boundary conditions are assigned for the upstream boundary at the S-79 Franklin Lock & Dam and the open water boundary for the Gulf of Mexico, Pine Island Sound and Matalacha Pass.

The Caloosahatchee River tidal estuary WASP model uses the water quality information from both the S79 and CES01 monitoring stations to assign the upstream river boundary conditions. As examples of the WASP upstream boundary inputs, Figures 26 and 27 show the surface layer boundary conditions of Dissolved Oxygen and Nitrate concentrations at the upstream segment at S79. 
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Figure 22 Caloosahatchee River upstream DO boundary concentration
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Figure 23 Caloosahatchee River upstream Nitrate boundary concentration

For the coastal open water boundary of the Gulf of Mexico, limited data are available.  The water quality boundary information was derived from data extracted from the NOAA NODC World Ocean database (WOD05) for the Gulf of Mexico in the vicinity of the Caloosahatchee estuary (http://www.nodc.noaa.gov/OC5/WOD05/pr_wod05.html).  As an example of the open water boundary conditions, the time series concentrations for the calibration period of October 2002 to November 2003 are plotted for Dissolved Oxygen (Figure 28) and Nitrate (Figure 29). 
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Figure 24 Coastal DO boundary concentration
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Figure 25 Coastal Nitrate boundary concentration
5.4.1.3 Model Simulation Periods 

The period selected for the WASP model simulation was from January 1, 2003 to December 31, 2003. 
During this period there exists a good overlap of all the salinity, temperature, and water quality and meteorology data to define both the initial conditions and boundary conditions. Data are also available for this period to support model calibration.  

5.4.2 WASP Model Verification 

Initial conditions were set as a fixed constant value for each WASP state variable at all segments in the domain from the upstream boundary to the coastal open water boundary at each layer. The model required several days “spin-up
” to allow the initial conditions assigned for all model state variables to become well distributed by circulation processes.  A map of the spatial nitrate distribution after one month simulation is presented as Figure 30. The figure shows that a high concentration
 of upstream water could influence the nutrients and dissolved oxygen concentration in the lower reaches of the estuary. It is very clear that the WASP model is setup and running correctly with the hydrodynamic linkage and water quality forcing from observed data sets. The model responds well to the hydrodynamics and flow boundary information provided by the EFDC linkage.  If there is no flow information, the WASP model won’t run and the concentration values of all the segments would be the same value for each simulated water quality variable, such as nitrate and dissolved oxygen. The spatial distribution of dissolved oxygen was also plotted and is presented as Figure 31.

Figure 26 Spatial Nitrate distribution (in mg/l) after 1 month simulation
 

Figure 27 Spatial DO distribution (in mg/l) after 1 month simulation
 
In addition to the spatial distributions of these constituents shown above, time series plots of dissolved oxygen and nitrate are shown in Figures 32 and 33 for the SFWMD CES-07 monitoring station. The location of CES-07 in the model domain is shown on the map of the entire model grid (see Figure 20). Based on these example time series results generated with the WASP model, it is clear that the WASP model is setup and running correctly with the hydrodynamic linkage and the water quality boundary conditions and other input data required to drive the WASP water quality model. If there were no source or sink terms for nutrients or dissolved oxygen, the time series values for these state variables would continue to decrease continuously with time. The dissolved oxygen values are seen to decrease in the summer and begin to increase again in the fall and winter, which is consistent with typical observations in an estuary such as the Caloosahatchee. The nitrate concentration is seen to fluctuate seasonally and depicts the WASP model responding to the water quality inputs and hydrodynamics forcing.  These example spatial maps and time series plots for nitrate and dissolved oxygen demonstrate that that the (a) hydrodynamic information is passing correctly from EFDC to the WASP model and (b) the WASP model is receiving the nutrient and DO input data as expected. 
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Figure 28 Station CES07 time series DO simulation
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Figure 29 Station CES07 time series Nitrate simulation

5.4.2.1 Conservation of Mass

The hydrodynamic results from the EFDC model provide flow, volume, salinity and temperature data for linked input to the WASP model.   Since mass conservation has already been checked for the EFDC model, mass conservation will also be satisfied for the WASP model. 

5.4.2.2 Numerical Stability

The computational stability of the numerical solution techniques used in both EFDC and WASP is controlled by (a) the simulated distribution of velocity and dispersive mixing generated by the EFDC hydrodynamic model and (b) the modeler’s specifications of the integration time step and the length, width and depth of each grid segment.  In building the EFDC model, the integration step was adjusted as needed to achieve a stable solution with the hydrodynamic model. 

In the WASP model, numerical stability of the model results are tested by comparison of the model results to “maximum allowed” values assigned by the modeler for each water quality state variable.  If the WASP simulation results exceed the “maximum allowed” concentration at any time during the model run, the model stops and a warning message is provided to the modeler to check the setup of the WASP model.  If the WASP model results, were, in fact, unstable but simulated concentrations did not exceed the “maximum allowed” concentration for a state variable the model would not stop with a warning message.  The time series results for an unstable model would, however, exhibit erratic oscillations with concentrations fluctuating from very high to very low values in the characteristic “sawtooth” pattern indicative of numerical instability.  

In the simulations presented here, the maximum concentration for each water quality state variable was set to an arbitrary value of 100 units.  As can be seen in the example time series plots, the WASP model is stable for the one year simulation period. The numerical stability is acceptable for a WASP model that has been driven using the hydrodynamic linkage file generated by the EFDC model of the Caloosahatchee estuary.

5.4.3 PRELIMINARY SENSITIVITY ANALYSIS

An initial analysis was conducted to evaluate sensitivity of predicted water quality in the Caloosahatchee to various parameters and loadings. For this preliminary sensitivity analysis, three different sediment oxygen demand (SOD) values were tested.  These three cases were for 0.5 g/square meter/day SOD, 1 g/square meter/day SOD, and 2 g/square meter/day SOD.  It was found that phytoplankton Chl a, ammonia, and orthophosphate experienced relatively small changes under these three cases.   Both nitrate and dissolved oxygen were found to be responsive to varying levels of SOD.  Figure 34, below, depicts the model’s nitrate concentration response to the three SOD settings.  DO was found to be very sensitive to variation in the setting of SOD.  Figure 35, below, depict this sensitivity.

[image: image113.png]=2)

NO3(SOD

=1)

NO3(SOD

0.5)

NO3(SOD

-+ €099

4 €0MoN

- €000

-+ €o-dag

-+ €o-8ny

4 €o-Inr

- eounr

- €o-he

| €0-udy

| co-e

4 €094

€0-uer

o

o.
(1/8uf} gon

0.04

)
=]
=]

0.01
0.00





Figure 30 Sensitivity of Nitrate to variations in SOD
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Figure 31 Sensitivity of Dissolved Oxygen to variations in SOD
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�These water quality constituents do not completely match those listed in the approved scope-of-services  (see Section 2.3 of the scope-of-services document)
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