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Background

In establishing the detailed allocations for the Lakes Harney and Monroe Basin Management Action Plan (BMAP) to meet the reductions required by the total maximum daily loads (TMDLs) for total nitrogen (TN) and total phosphorus (TP), the Florida Department of Environmental Protection (FDEP) considered the best approach to allocate to the responsible stakeholders in a manner that is reasonable and equitable.  This paper outlines the process that FDEP applied to calculate the starting loads for each entity and to identify de minimus stakeholders for this iteration of the BMAP.  In addition, two options for allocation of the TMDL required load reductions are presented for input from the stakeholders.
Starting Loads

The land use and nutrient loading information from the Hydrologic Simulation Program – FORTRAN (HSPF) model was used to create Geographic Information Systems (GIS) shapefiles for the Lake Harney basin and Lake Monroe basin to calculate starting loads for each entity.  The first step in the process was to remove all the natural land uses (land use land cover codes 3000, 4000, 5000, and 6000) acres and loadings from the GIS base map.  These areas were removed because the TMDL does not require load reductions for the natural areas; therefore, the stakeholders are not required to make reductions for these land uses.  The individual entity shapefiles were then created by clipping out each jurisdiction from the GIS base map as follows:

· Florida Department of Transportation (FDOT) roads and right-of-ways;
· Turnpike Authority roads and right-of-ways;
· Areas with agricultural land uses (land use land cover code 2000);
· Municipalities each to its own jurisdictional boundary; and
· Remaining area assigned to each county using the jurisdictional boundaries.

The individual entity shapefiles generated from this process were then used to calculate the total acres and TN and TP loading associated with that entity, as shown in Table 1.

Table 1: Starting Loads by Entity
	Entity
	 Area
(acres) 
	TN Starting Load
(lbs/yr) 
	TP Starting Load (lbs/yr)

	Agriculture
	20,250.3
	130,168.2
	29,970.4

	DeBary
	3,720.3
	19,906.5
	3,149.0

	DeLand
	37.5
	192.0
	14.8

	Deltona
	4,189.5
	25,399.8
	4,128.2

	FDOT
	1,762.3
	10,112.0
	1,325.3

	Lake Helen
	347.8
	2,052.4
	297.0

	Lake Mary
	1,639.2
	6,572.0
	948.9

	Orange City
	18.9
	105.4
	16.6

	Sanford
	4,764.6
	41,398.4
	6,490.8

	Seminole County 
	6,027.2
	34,105.1
	5,132.7

	Turnpike Authority
	342.5
	1,240.1
	108.5

	Volusia County
	5,356.2
	26,511.6
	3,828.7

	Natural Background
	137,104.5
	409,606.8
	16,154.2

	Total
	185,560.9
	707,370.4
	71,565.2


De Minimus
The starting loads from Table 1 were then sorted for TN and TP loads, from highest to lowest, to determine whether any entity had loads low enough that reductions from these areas would have no significant impact on the required reductions in the first phase of the BMAP.  Tables 3 and 4 present the sorted data for TN and TP, respectively, and the shaded cells signify the de minimus load contributions.
Table 2: Starting TN Loads Sorted from Highest to Lowest

	Entity
	Area (acres)
	TN Starting Load (lbs/yr)
	% of Total Starting Load

	Agriculture
	20,250.3
	130,168.2
	43.7%

	Sanford
	4,764.6
	41,398.4
	13.9%

	Seminole County
	6,027.2
	34,105.1
	11.5%

	Volusia County
	5,356.2
	26,511.6
	8.9%

	Deltona
	4,189.5
	25,399.8
	8.5%

	DeBary
	3,720.3
	19,906.5
	6.7%

	FDOT
	1,762.3
	10,112.0
	3.4%

	Lake Mary
	1,639.2
	6,572.0
	2.2%

	Lake Helen
	347.8
	2,052.4
	0.7%

	Turnpike Authority
	342.5
	1,240.1
	0.4%

	DeLand
	37.5
	192.0
	0.1%

	Orange City
	18.9
	105.4
	0.0%

	Total
	48,456.3
	297,763.5
	100.0%


Table 3: Starting TP Loads Sorted from Highest to Lowest

	Entity
	Area (acres)
	TP Starting Load
(lbs/yr)
	% of Total Starting Load

	Agriculture
	20,250.3
	29,970.4
	54.1%

	Sanford
	4,764.6
	6,490.8
	11.7%

	Seminole County
	6,027.2
	5,132.7
	9.3%

	Deltona
	4,189.5
	4,128.2
	7.5%

	Volusia County
	5,356.2
	3,828.7
	6.9%

	DeBary
	3,720.3
	3,149.0
	5.7%

	FDOT
	1,762.3
	1,325.3
	2.4%

	Lake Mary
	1,639.2
	948.9
	1.7%

	Lake Helen
	347.8
	297.0
	0.5%

	Turnpike Authority
	342.5
	108.5
	0.2%

	Orange City
	18.9
	16.6
	0.0%

	DeLand
	37.5
	14.8
	0.0%

	Total
	48,456.3
	55,411.0
	100.0%


DeLand, Lake Helen, Orange City, and Turnpike Authority each contribute less than 1% of the total load and combined they contribute approximately 1% of the total load.  Therefore, these entities are considered to be de minimus and will not be assigned an allocation for either TN or TP for the first phase of the BMAP.  The loads associated with these entities will not be reallocated to the other stakeholders in the basin.  This de minimus designation does not preclude these entities from implementing projects to achieve nutrient reductions. 

Required Reductions

The TMDL includes loading from the main stem upstream inputs (St. Johns River and Econlockhatchee River), Lake Jesup input, direct rainfall (atmospheric deposition), watershed inputs, and point source input (see Tables 4 and 5).  The main stem upstream and Lake Jesup inputs will be addressed through separate BMAPs.  The TMDL does not require reductions from atmospheric deposition, and the point source input reduction has already been incorporated into the wastewater treatment facility permit.  Therefore, the BMAP will focus only on the required reductions from the watershed inputs.  The reductions required for this BMAP are 93,126 lbs/yr of TN and 18,319 lbs/yr of TP, as shown highlighted in the tables below.

Table 4: TN Starting Loads, Allowable Load, and Required Reductions from the TMDL

	Lakes Harney and Monroe Basin
	Main Stem Upstream Input (lbs/yr)
	Lake Jesup Input (lbs/yr)
	Watershed Input (lbs/yr)
	Direct Rainfall (lbs/yr)
	Point Source Contribution (lbs/yr)

	Starting Load
	23,436,117
	551,383
	718,907
	138,632
	31,197

	Allowable Load
	14,411,709
	275,692
	625,781
	138,632
	20,902

	Required Reduction
	9,024,408
	275,691
	93,126
	0
	10,295


Table 5: TP Starting Loads, Allowable Load, and Required Reductions from the TMDL

	Lakes Harney and Monroe Basin
	Main Stem Upstream Input (lbs/yr)
	Lake Jesup Input (lbs/yr)
	Watershed Input (lbs/yr)
	Direct Rainfall (lbs/yr)
	Point Source Contribution (lbs/yr)

	Starting Load
	1,562,680
	37,279
	73,961
	6,565
	3,449

	Allowable Load
	1,061,760
	24,604
	55,642
	6,565
	2,311

	Required Reduction
	500,920
	12,675
	18,319
	0
	1,138


Allocation Options

The acreage and starting load information for each entity was then used to determine allocations to meet the required reductions.  Two allocation approaches are presented: (1) relative contribution of load approach, and (2) target load per acre approach.
Relative Contribution of Load Approach
Under this approach, the allocations are determined by calculating each entity’s percentage of the total starting load (both for TN and TP), and then applying this percentage to the required reductions from the TMDL to assign each entity a load reduction.  The allocations in this approach are shown in Tables 6 and 7.  The de minimus entities are not assigned a load reduction; therefore, the total reductions in this approach are slightly less than the required reductions in the TMDL.
Table 6: TN Allocations in the Relative Contribution of Load Approach

	Entity
	TN Starting Load (lbs/yr)
	TN Reduction Required (lbs/yr)
	% TN Reduction

	Agriculture
	130,168.2 
	40,710.3 
	31.3%

	DeBary
	19,906.5 
	6,225.8 
	31.3%

	Deltona
	25,399.8 
	7,943.8 
	31.3%

	FDOT
	10,112.0 
	3,162.5 
	31.3%

	Lake Mary
	6,572.0 
	2,055.4 
	31.3%

	Sanford
	41,398.4 
	12,947.4 
	31.3%

	Seminole County
	34,105.1 
	10,666.4 
	31.3%

	Volusia County
	26,511.6 
	8,291.5 
	31.3%

	DeLand - de minimus
	192.0 
	0.0 
	0.0%

	Lake Helen - de minimus
	2,052.4 
	0.0 
	0.0%

	Orange City - de minimus
	105.4 
	0.0 
	0.0%

	Turnpike - de minimus
	1,240.1 
	0.0 
	0.0%

	Total
	297,763.5 
	92,003.3 
	N/A

	TMDL required reduction
	N/A
	93,126.0
	N/A


Table 7: TP Allocations in the Relative Contribution of Load Approach
	Entity
	TP Starting Load (lbs/yr)
	TP Required Reduction (lbs/yr)
	% TP Reduction

	Agriculture
	29,970.4
	9,908.3
	33.1%

	DeBary
	3,149.0
	1,041.1
	33.1%

	Deltona
	4,128.2
	1,364.8
	33.1%

	FDOT
	1,325.3
	438.1
	33.1%

	Lake Mary
	948.9
	313.7
	33.1%

	Sanford
	6,490.8
	2,145.9
	33.1%

	Seminole County
	5,132.7
	1,696.9
	33.1%

	Volusia County
	3,828.7
	1,265.8
	33.1%

	DeLand - de minimus
	14.8
	0.0
	0.0%

	Lake Helen - de minimus
	297.0
	0.0
	0.0%

	Orange City - de minimus
	16.6
	0.0
	0.0%

	Turnpike - de minimus
	108.5
	0.0
	0.0%

	Total
	55,410.9 
	18,174.6 
	N/A

	TMDL required reduction
	N/A
	18,319.0
	N/A


Target Load per Acre Approach
Under this approach, a target load per acre was determined for the entire BMAP basin.  This target load per acre was then multiplied by each entity’s acreage to determine the total allowable loading.  The difference between the starting load and allowable load is the reduction required for each entity.
The target loads per acre were calculated by dividing the TMDL target load for the anthropogenic sources by the total anthropogenic acres in the basin.  The target load for the anthropogenic sources was calculated by subtracting the natural areas load from the TMDL allowable load for the watershed inputs.  The watershed inputs allowable loads are 625,781 lbs/yr of TN and 55,642 lbs/yr of TP, as shown in Tables 5 and 6, respectively.  Since the TMDL does not require reductions from the natural areas, the loads from these areas are assumed to remain the same.  The natural areas loads are 409,606.8 lbs/yr of TN and 16,154.2 lbs/yr of TP, as shown in Table 1.  In addition, when using the GIS shapefiles that were created from the HSPF model, there are some differences in the loading compared to the TMDL.  These differences are due to averaging some of the model output to determine a yearly load, as opposed to the daily load generated by the model.  The differences in loading between the HSPF model and the GIS shapefiles are 10,536.6 lbs/yr of TN and 2,395.8 lbs/yr of TP.  Of this difference, 57.9% of the TN load and 22.6% of the TP load is attributed to the natural areas.  The anthropogenic target load is therefore 210,073.5 lbs/yr of TN and 38,946.3 lbs/yr of TP as shown in Table 8.

Table 8: Anthropogenic Target Loads  
	Source
	TN Load (lbs/yr)
	TP Load (lbs/yr)

	Start with the TMDL Allowable Load
	625,781.0
	55,642.0

	Subtract Natural Areas Load
	-409,606.8
	-16,154.2

	Subtract Difference from TMDL for Natural Areas/GIS Shapefile Adjustment
	-6,100.7
	-541.5

	Result: Anthropogenic Target Load
	210,073.5
	38,946.3


The anthropogenic target load was then divided by the total anthropogenic acres, which are shown in Tables 2 and 3.  The target loads per acre are therefore 4.34 lbs/ac/yr for TN and 0.80 lbs/ac/yr for TP, as shown in Table 9.
Table 9: Calculated Target Loads per Acre for TN and TP

	Anthropogenic Acres
	Target TN Load (lbs/yr)
	Target TN Load/Acre (lbs/ac/yr)
	Target TP Load (lbs/yr)
	Target TP Load/Acre (lbs/ac/yr)

	48,456.3
	210,073.5
	4.34
	38,946.3
	0.80


The allocations using these target loads per acre are shown in Tables 10 and 11 for TN and TP, respectively.  The de minimus entities are not assigned a load reduction; therefore, the total reductions in this approach are less than the required reductions in the TMDL.  The required reductions in this approach are slightly less than the required reductions in the relative contribution of load approach due to the differences between the GIS shapefiles and the TMDL loading.  However, 94.1% of the TN required reductions from the TMDL and 96.7% of the TP required reductions are being allocated in this approach. 
Table 10: TN Allocations in the Target Load per Approach
	Entity
	Acres
	TN Target (lbs/acre/yr)
	Target Load (lbs/yr)
	TN Starting Load (lbs/yr)
	TN Required Reduction (lbs/yr)
	% TN Reduction

	Agriculture
	20,250.3
	4.34
	87,886.3
	130,168.2 
	42,281.9
	32.5%

	DeBary
	3,720.3
	4.34
	16,146.1
	19,906.5 
	3,760.4
	18.9%

	Deltona
	4,189.5
	4.34
	18,182.4
	25,399.8 
	7,217.4
	28.4%

	FDOT
	1,762.3
	4.34
	7,648.4
	10,112.0 
	2,463.6
	24.4%

	Lake Mary
	1,639.2
	4.34
	7,114.1
	6,572.0 
	0.0
	0.0%

	Sanford
	4,764.6
	4.34
	20,678.4
	41,398.4 
	20,720.0
	50.1%

	Seminole County
	6,027.2
	4.34
	26,158.0
	34,105.1 
	7,947.1
	23.3%

	Volusia County
	5,356.2
	4.34
	23,245.9
	26,511.6 
	3,265.7
	12.3%

	DeLand - de minimus
	37.5
	4.34
	162.8
	192.0 
	0.0
	0.0%

	Lake Helen - de minimus
	347.8
	4.34
	1,509.5
	2,052.4 
	0.0
	0.0%

	Orange City - de minimus
	18.9
	4.34
	82.0
	105.4 
	0.0
	0.0%

	Turnpike - de minimus
	342.5
	4.34
	1,486.5
	1,240.1 
	0.0
	0.0%

	Total
	48,456.3
	N/A
	210,300.3
	297,763.5
	87,656.1
	N/A

	TMDL required reduction
	N/A
	N/A
	N/A
	N/A 
	93,126.0
	N/A


Table 11: TP Allocations in the Target Load per Approach
	Entity
	Acres
	TP Target (lbs/acre/yr)
	Target Load (lbs/yr)
	TP Starting Load (lbs/yr)
	TP Required Reduction (lbs/yr)
	% TP Reduction

	Agriculture
	20,250.3
	0.80
	16,200.2
	29,970.4
	13,770.2
	45.9%

	DeBary
	3,720.3
	0.80
	2,976.2
	3,149.0
	172.8
	5.5%

	Deltona
	4,189.5
	0.80
	3,351.6
	4,128.2
	776.6
	18.8%

	FDOT
	1,762.3
	0.80
	1,409.8
	1,325.3
	0.0
	0.0%

	Lake Mary
	1,639.2
	0.80
	1,311.4
	948.9
	0.0
	0.0%

	Sanford
	4,764.6
	0.80
	3,811.7
	6,490.8
	2,679.1
	41.3%

	Seminole County
	6,027.2
	0.80
	4,821.8
	5,132.7
	310.9
	6.1%

	Volusia County
	5,356.2
	0.80
	4,285.0
	3,828.7
	0.0
	0.0%

	DeLand - de minimus
	37.5
	0.80
	30.0
	14.8
	0.0
	0.0%

	Lake Helen - de minimus
	347.8
	0.80
	278.2
	297.0
	0.0
	0.0%

	Orange City - de minimus
	18.9
	0.80
	15.1
	16.6
	0.0
	0.0%

	Turnpike - de minimus
	342.5
	0.80
	274.0
	108.5
	0.0
	0.0%

	Total
	48,456.3
	N/A
	38,765.0
	55,410.9 
	17,709.6
	N/A

	TMDL required reduction
	N/A
	N/A
	N/A
	N/A
	18,319.0
	N/A


Next Steps
FDEP is looking for input from the stakeholders on which of the two allocation approaches are more equitable.  Based on this feedback, the allocations can be finalized.  FDEP is currently calculating credit for the completed projects submitted by the stakeholders.  The completed project credit will be compared to the total reductions required to determine a reasonable timeline for all reductions to be achieved.  Additional projects will then be collected from the stakeholders, as needed, to achieve the balance of the required reductions for the first iteration of the BMAP.
Distribution
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