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Introduction
Issues have been raised over the impacts of land uses and management practices on water quality in the Suwannee River Management District.  Nitrogen has been the nutrient of most concern.  Best Management Practices (BMPs) have been created and evaluated to help reduce the nutrient loads from key land uses in the District.
In 1997, the District contracted with Soil and Water Engineering Technology, Inc., (SWET) to develop a Watershed Assessment Model (WAM) as a tool for assessing the current nutrient loadings and the impacts of various BMPs on these loadings.  The project was completed in January 1998 with the delivery of WAM to the District and the development of the “GIS Watershed Assessment Final Report” (SWET, 1998).

Nitrogen continues to be of concern in the District.  In order to address these concerns, a partnership with the agricultural community was developed with the Florida Department of Agriculture (FDACS), the Suwannee River Water Management District (SRWMD), the USDA-Natural Resources Conservation Service (NRCS), the Florida Department of Environmental Protection (FDEP), the Soil and Water Conservation Districts and other partners within the watershed.  This partnership has concluded that the creation and implementation of BMPs is the best approach to control nitrogen levels in the District’s ground and surface water.

Also, FDEP will be re-evaluating Florida water bodies on the Environmental Protection Agency (EPA) 303(d) list this year.  Water bodies on this list are required to have Total Maximum Daily Loads (TMDLs) developed for them.  If FDEP has “reasonable assurance” that a water body will meet its designated use through the implementation of alternative pollution control programs, FDEP will not be required to include that water body on their submitted 303(d) list.
Both the partnership, in general, and FDEP, in particular, have a strong interest in determining the potential impacts of BMPs.  In order to address this issue, FDACS has contracted with SWET to use WAM to evaluate the impacts of key agricultural BMPs in the basin in 2008.  The Lower Suwannee River Basin was chosen for these analyses because it contains a high density of agricultural land uses.  

Many land uses are represented in the Lower Suwannee River Basin (see Figure 1); however, much of the basin is in agricultural land.  The following four key agricultural land uses were chosen by FDACS for these analyses due to their importance to nitrogen loads in the District:

· Improved pastures

· Poultry

· Row crops

· Dairies

By 2008, FDACS expects that 80% of these land uses would be using the prescribed BMPs.  These BMPs include fertilization and animal density reductions for improved pasture, poultry, and dairies and a fertilization reduction and buffer strip addition for row crops.  A second BMP for poultry is the removal of the litter from the basin.  A second BMP for dairies includes the fertilization and animal density reductions plus the lining of dairy waste lagoons.
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Figure 1.  Land Uses

The purpose of this report is to present the WAM simulations for the pre-BMP and post-BMP nitrogen loads leaving the Lower Suwannee River Basin.  The data were analyzed to show the potential percent nitrogen load reductions that can be achieved through BMPs.  Two sets of post-BMP scenarios are presented.  The first set includes the following BMPs:

· Improved pasture – reduced fertilization and animal density

· Row crop – reduced fertilization and added buffer strip
· Dairy – reduced fertilization and animal density

· Poultry – reduced fertilization and animal density

The second set includes the following BMPs:
· Improved pasture – reduced fertilization and animal density

· Row crop – reduced fertilization and added buffer strip
· Dairy – reduced fertilization and animal density plus lining of lagoons

· Poultry – litter removal

Methods
WAM was set up and run for the pre-BMP and both post-BMP scenarios.  A detailed description of the assumptions and methods used for simulating basins in the Suwannee River Management District is given in the “Technical Reference Manual” section of the final report from the 1998 project (SWET, 1998).

Land Uses

Urban, Commercial, Industrial, and Residential

These land uses are characterized by the following parameters: assumed fraction of impervious surface, assumed water quality concentrations for impervious surface runoff, a human density on a specific waste treatment system, a grass cover on the pervious areas, and the existence of a retention pond.   The water quality concentrations for the impervious surfaces were derived from values provided by Harper (1992).  The retention ponds are not used under existing conditions but are employed as a first-level BMP.  The GLEAMS model produces runoff from the pervious areas then it is combined with the impervious surface runoff before being routed through a retention pond (if it exists).

Mining Operations

Mining operations are handled using four land use groups: Mining, Phosphate Mining, Phosphate Processing, and Industrial.  The first two categories are for open mining operations while the third is specific to phosphate processing plants.  Phosphate Mining and Phosphate Processing were considered separately from the general Mining category because of the higher expected phosphorus discharge.  Other mining processing plants are set to the Industrial category because permit data from these operations show no high levels of nutrient loads. 

Mining and Phosphate Mining are simulated using a special case land use.  The values for these special cases are specified in the luspec.bnz file.  This approach was adopted because discharge from these mining sites cannot be appropriately simulated using GLEAMS.  Discharge from mining sites is highly controlled because of their de-watering, recycling, and water storage pond systems.  SWET met with PCS Phosphate in White Springs to obtain the best available discharge data for phosphate mining.  PCS had excellent records and were able to provided 1995 estimates of annual average TSS, P, and flow from the opening mining areas.  In order to match P discharge levels, the discharge data had to be corrected for the differences in area between actual data and the District’s GIS land use data.

Phosphate Processing plants are handled by GLEAMS by setting the area in the landuse.bnz file to an impervious surface plus a point source discharge of P.  Although there is some water and P load from the impervious surface, the point source load dominates.  Data were obtained from the processing facility of PCS Phosphate in White Springs.  Constituent and flow characteristics of the phosphate processing point source discharge are set in the default.bnz file as a new waste type (52).  Predicted discharges matched the observed data.

Row Crops

The Row Crop land use category is extremely general and can represent many different crops including corn, watermelons, cotton, vegetables, soybeans, tobacco, etc.  A review of the last agricultural census (USDCBC, 1992) for Florida showed that corn was the most common row crop (47%) for the District; therefore, it was chosen to represent the row crop land use category.  Vegetable crops (including watermelons) were 43% of the row crops (see Table 1).

A comparison of ground water nitrogen under various row crops was simulated.  The simulations assumed a single crop, a fallow off-season, and used the IFAS recommended fertilizer rates (see Table 2) as a guide.  This table also includes recommended rates for pasture for comparison. 

For the simulations, the phosphorus fertilizer rate was set at the medium level.  The nitrogen levels were set at 25% higher than the recommended rates except for corn, which was set at the highest value in the recommended range.  The values were set high to represent the high value of these crops and to account for uneven application of fertilizer.  Even spreading of fertilizer will reduce nutrient losses from a field.

Table 3 presents the average annual ground water loads under these scenarios.  The values for soybean and peanut appear to be unrealistically high and might represent a problem in the N-fixation algorithm in GLEAMS.  As seen in the table, field corn appears to have average ground water nitrogen loads among the other row crops.  It is difficult to estimate what constitutes a typical row crop situation because some of these crops are double cropped or followed by different cover crops; however, single-season corn does seem to be a reasonable choice.

One could calculate the average row-crop fertilization rates from the crop areas in Table 1 and the IFAS recommended fertilization rates in Table 2.  This exercise would not be appropriate for estimating the input value of fertilizer for row crops unless we could simulate an “average” crop using GLEAMS.  The fertilizer applied must be matched to the crop type and its uptake rate.  Otherwise, the simulation could be meaningless.  A better choice is to use the most common crop with an appropriate fertilization rate for that crop.

Table 1.  Crop Statistics within the SRWMD for 19921
	County
	Harvested

(ac)
	Corn

(ac)
	Wheat

(ac)
	Soybeans

(ac)
	Hay & Grass

(ac)
	Vegetables

(ac)

	Alachua
	29566
	3514
	0
	N/A
	10819
	7058

	Bradford
	4447
	541
	0
	0
	2745
	817

	Columbia
	14402
	3021
	0
	689
	5535
	2203

	Dixie
	1805
	180
	0
	0
	686
	936

	Gilchrist
	19366
	1135
	N/A
	0
	5510
	4130

	Hamilton
	11805
	6335
	N/A
	294
	2068
	919

	Lafayette
	7917
	438
	0
	0
	3900
	1547

	Levy
	24494
	872
	N/A
	0
	10420
	2814

	Madison
	25666
	6513
	N/A
	4734
	7078
	1152

	Suwannee
	40934
	5920
	194
	860
	16722
	4139

	Taylor
	1237
	76
	0
	0
	794
	251

	Union
	3626
	531
	0
	0
	1446
	630

	Basin Total
	185265
	29076
	194
	6577
	67723
	26596

	Harvested (%)
	
	15.7
	0.1
	3.6
	36.6
	14.4

	Row Crops (%)
	
	47
	-
	10
	-
	43


1 after Census of Agriculture (1992)

Table 2.  IFAS Fertilizer Recommendations for Selected Crops in the SRWMD1
	Crop
	Recommended N (kg/ha/yr)2
	Recommended P as P2O5

(kg/ha/cropping Season)2

	Soil Phosphorus 

(ppm soil)
	
	VL

< 10
	L

10 – 15
	M

16 - 30
	H

31 - 60
	VH

> 60

	Hay & Grass
	56 – 179
	0 - 45
	0 – 45
	0
	0
	0

	Tobacco
	90
	112
	90
	67
	0
	0

	Peanut
	0
	112
	90
	45
	0
	0

	Soybean
	0
	67
	45
	22
	0
	0

	Cotton
	67
	134
	101
	67
	0
	0

	Corn
	134 – 269
	112 – 224
	90 – 179
	45 - 90
	0
	0

	Vegetables
	
	
	
	
	
	

	Watermelon
	134
	179
	179
	112
	0
	0

	Snap Bean
	101
	134
	134
	90
	0
	0

	Pepper
	179
	179
	146
	112
	0
	0


1 after Kidder et al. (1989, 1990)

Table 3.  Simulated Ground Water Nitrogen for Selected Row Crops in the SRWMD
	Row Crop
	Ground Water N (kg/ha/yr)

	Tobacco
	34.4

	Peanut
	119.4

	Soybean
	138.6

	Cotton
	34.2

	Corn
	52.5

	Watermelon
	72.7

	Snap Bean
	26.9

	Pepper
	37.3


Dairies and Poultry

Within the District land use coverage, dairies and poultry represent only the barn and milking areas, therefore, only a fraction of the true land area for these land uses is manifested.  The GIS land use coverage does, however, contain information on the number of dairy cows and poultry barn lengths.  WAM uses the cow numbers and barn lengths to estimate an appropriate land area for the dairies and poultry operations.  The land area estimation, or expansion, is controlled so that only existing agricultural land uses are converted and no two dairies share the same land.  The amount of land converted and the characteristics of these land uses are described below.

Dairies – For dairies, the number of cows/acre is based on an FDEP survey (Bardolph, 1991) of 81 dairies in the SRWMD.  The average cow density is 4.2 cows/ha (1.7 cows/ac).  A value of 5 cows/ha (2 cows/ac) is used to reflect the greater environmental impact associated with the high intensive areas.  The survey also showed that most dairies have about 50% of their dairy in pastures and the other 50% in hay or forages.  Pasture is assumed to be the representative crop for the expansion algorithm.

For dairies, about 50% of nitrogen (N) is lost between the excretion site and the land application site (SWET, 1995).  The N losses could be from either ammonification or volatilization on concrete or soil surfaces.  To reflect the N losses, a new manure type was created for dairy in the default.bnz file.  The new manure type has 50% of the N values specified in the Pre-BMP GLEAMS dairy manure.  No losses are assumed for phosphorus. 

The cow density and new manure characteristics give manure application rates of 14,016 kg/ha/yr (6.2 t/ac/yr), 308 kg/ha/yr (274 lb/ac/yr), and 115 kg/ha/yr (102 lb/ac/yr) for dry matter, nitrogen, and phosphorus, respectively.   An additional 30/5 kg/ha/yr of N/P commercial fertilizer is applied.

Poultry – All poultry barns are assumed to be broiler operations.  The land expansion should include areas that will likely receive the boiler litter from barn clean-outs.  The required land application area is determined per unit length of barn.  The estimates for litter production and land area requirements were provided by a local county agent and verified by Norstedt (1997).

Poultry litter application area is set at 12.2 ha/100-m (9.2 ac/100-ft) of barn and pasture is assumed to be the representative crop for the expansion algorithm.  These choices are based on the following assumptions and calculations:

Chicken density = 24,000 chickens per 480-ft barn = 50 chickens/ft of barn

Growth rate per growout = 4.5 lbs in 7.5 wk

Number of growouts/yr = 6

Number of days for growouts = 7.5 wk x 6 = 45 wk

Average chicken weight during growout = 2.25 lb.

Corrected annual average weight = 2.25 * 45wks/52wks ( 2 lb/chicken

Chicken density = 50 chickens/ft x 2 lb/chicken = 100 lb of chickens/ft

Nitrogen production/day = 0.11 lb-N/day/100 lb of chickens (ASAE Standards 1996)

Nitrogen production/year = 365 x 0.11 ( 40 lb-N/yr/ft

Transport losses from barn to field = 35% (Kay and Hammond, 1985)

Nitrogen available for uptake ( 26 lb-N/yr/ft

Recommended N application rate for pasture grass = 160 lb-N/ac/yr (Table 3)

Recommended N application rate for double forage crop = 400 lb-N/ac/yr (Table 3)

Assume 20-25% over-application with 70% grass/30% forage mix

Effective N application rate ( 283 lb-N/ac/yr

Land requirements for grass/forage crop mix = 9.2 ac/100-ft of barn

Chicken density = 50 chickens/ft / 0.092 ac/ft = 543 chickens/ac = 1340 chickens/ha

The chicken density is approximated at 1,300 poultry/ha.  This chicken density gives manure application rates of 9,965 kg/ha/yr (4.4 t/ac/yr), 309 kg/ha/yr (275 lb/ac/yr), and 289 kg/ha/yr (257 lb/ac/yr) for dry matter, nitrogen, and phosphorus, respectively.  An additional 30/5 kg/ha/yr of N/P is applied as a commercial fertilizer to the application areas.

Table 4.  Summary of Land Use Parameters used in Modeling Approach
	LU*

Num
	Land Use Name
	Other Information
	Land Surface
	Biom.

Rem.*
	Irrig-

ation
	Fertilization
	Organic Nutrient Load
	SW*

Pond

	1
	 Initialization
	Initializes GLEAMS.
	
	
	
	
	
	

	2
	 Low Density Residential
	Mobile homes
	 85% pervious with grass
	Y
	N
	 25/5 kg/ha/yr N/P
	 4.1 people/ha septic
	N

	3
	 Commercial and Services
	Commercial property
	 15% pervious with grass
	Y
	N
	 25/5 kg/ha/yr N/P
	 10 people/ha secondary tmt.
	N

	4
	 Pastureland and Rural Land in Transition
	Unmanaged meadow
	 100% pervious with grass
	Y
	N
	 30/5 kg/ha/yr N/P
	 1.2 beef cows/ha
	N

	5
	 Scrub and Brushland
	Mixed vegetation
	 100% pervious with small trees
	N
	N
	 unfertilized
	 no waste
	N

	6
	 Hardwoods
	Unmanaged
	 100% pervious with hardwoods
	N
	N
	 unfertilized
	 no waste
	N

	7
	 Hardwood Conifer Mixed
	Unmanaged
	 100% pervious with mixed trees
	N
	N
	 unfertilized
	 no waste
	N

	8
	 Coniferous Plantations
	Managed
	 100% pervious with tilled conifers
	N
	N
	 5/0.5 kg/ha/yr N/P
	 no waste
	N

	17
	 Barren Land
	Barren
	 100% pervious with bare soil + high erosion
	N
	N
	 unfertilized
	 no waste
	N

	18
	 Transportation Corridors
	Unmanaged meadow with roads
	 50% pervious with grass
	Y
	N
	 20/2 kg/ha/yr N/P
	 no waste
	N

	19
	 Medium Density Residential
	Houses
	 75% pervious with grass
	Y
	N
	 50/20 kg/ha/yr N/P
	 14.4 people/ha septic
	N

	20
	 High Density Residential
	Houses
	 50% pervious with grass
	Y
	N
	 70/20 kg/ha/yr N/P
	 49 people/ha secondary tmt.
	N

	21
	 Multiple Dwelling Units
	Apartments
	 25% pervious with grass
	Y
	N
	 70/20 kg/ha/yr N/P
	 197 people/ha secondary tmt.
	N

	22
	 Industrial
	Industrial buildings
	 15% pervious with grass
	Y
	N
	 20/5 kg/ha/yr N/P
	 10 people/ha secondary tmt.
	N

	23
	 Managed Landscape
	Managed lawn
	 100% pervious with grass
	Y
	Y
	 90/20 kg/ha/yr N/P
	 2 people/ha septic
	N

	24
	 Animal Race Tracks
	Lawn with buildings
	 80% pervious with grass
	Y
	N
	 100/50 kg/ha/yr N/P
	 10 people/ha septic and 3 horses/ha
	N

	25
	 Row Crops
	Field crop
	 100% pervious with corn
	Y
	N
	 270/30 kg/ha/yr N/P
	 no waste
	N

	26
	 Improved Pasture
	Managed
	 100% pervious with grass
	Y
	N
	 30/5 kg/ha/yr N/P
	 1.2 beef cows/ha
	N

	27
	 Unimproved Pasture
	Low management
	 100% pervious with grass
	Y
	N
	 15/3 kg/ha/yr N/P
	 0.5 beef cows/ha
	N

	28
	 Woodland Pasture
	Low mgmt. wooded meadows
	 100% pervious with grass
	Y
	N
	 15/2 kg/ha/yr N/P
	 0.5 beef cows/ha
	N

	29
	 Zoos
	Lawn with buildings
	 75% pervious with grass
	Y
	N
	 150/50 kg/ha/yr N/P
	 10 people/ha sec. tmt.+10 beef cow eq./ha
	N

	30
	 Peach and Pecan Orchards
	Managed orchard
	 100% pervious with fruit trees
	N
	N
	 70/10 kg/ha/yr N/P
	 no waste
	N

	31
	 Blueberries
	Managed small fruits
	 100% pervious with fruit trees
	N
	Y
	 100/20 kg/ha/yr N/P
	 no waste
	N

	32
	 Cattle Feeding Operations
	Open lot
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 20 beef cows/ha
	N

	33
	 Poultry Feeding Operations
	Housing with meadow
	 100% pervious with grass
	Y
	N
	 30/5 kg/ha/yr N/P
	 1300 poultry/ha
	N

	34
	 Swine Feeding Operations
	Open lot
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 44 swine/ha
	N

	35
	 Tree Nurseries
	Highly managed trees
	 100% pervious with trees
	N
	Y
	 240/50 kg/ha/yr N/P
	 no waste
	N

	36
	 Sod Farms
	Highly managed lawn
	 100% pervious with double-crop grass
	Y
	Y
	 300/70 kg/ha/yr N/P
	 no waste
	N

	37
	 Ornamental Nurseries
	Highly managed plants
	 100% pervious with plants
	N
	Y
	 300/100 kg/ha/yr N/P
	 no waste
	N

	38
	 Horse Farms
	Open meadow
	 100% pervious with grass
	Y
	N
	 50/10 kg/ha/yr N/P
	 6 horses/ha
	N

	39
	 Dairies
	Open meadow with buildings
	 100% pervious with grass
	Y
	N
	 30/5 kg/ha/yr N/P
	 5 dairy cows/ha
	N

	40
	 Kennels
	Housing with lawn
	 75% pervious with grass
	Y
	N
	 unfertilized
	 164 animals/ha
	N

	42
	 Salt Barrens
	Open land
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 no waste
	N

	43
	 Sewage Treatment
	Building with lawn
	 80% pervious with grass
	Y
	N
	 50/10 kg/ha/yr N/P
	 no waste
	N

	44
	 Solid Waste Disposal
	Open site
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 0.5 people/ha septic
	N

	70
	 Undeveloped Residential
	Open land with some roads
	 95% pervious with grass
	Y
	N
	 unfertilized
	 0.1 people/ha septic
	N

	71
	 Ranchettes
	Mobile homes on large lots
	 95% pervious with grass
	Y
	N
	 5/5 kg/ha/yr N/P
	 0.7 people/ha septic
	N

	72
	 Prisons
	Prison buildings and fields
	 80% pervious with grass
	Y
	N
	 25/5 kg/ha/yr N/P
	 27 people/ha secondary tmt.
	N

	75
	 Phosphate Processing
	Phosphate Processing
	 100% impervious
	N
	N
	 P point source
	 no waste
	N



Table 4
.  (Cont.)

	LU*

Num
	Land Use Name
	Other Information
	Land Surface
	Biom.

Rem.*
	Irrig-

ation
	Fertilization
	Organic Nutrient Load
	SW*

Pond

	102
	 Low Density Residential (storm retention BMP)
	Mobile homes
	 85% pervious with grass
	Y
	N
	 25/5 kg/ha/yr N/P
	 4.1 people/ha septic
	Y

	103
	 Commercial and Services (storm retention BMP)
	Commercial property
	 15% pervious with grass
	Y
	N
	 25/5 kg/ha/yr N/P
	 10 people/ha secondary tmt. load
	Y

	108
	 Coniferous Plantations (fertility BMP)
	Managed
	 100% pervious with tilled conifers
	N
	N
	 3.4/0.34 kg/ha/yr N/P
	 no waste
	N

	118
	 Transportation Corridors (storm retention BMP)
	Unmanaged meadow with roads
	 50% pervious with grass
	Y
	N
	 20/2 kg/ha/yr N/P
	 no waste
	Y

	119
	 Medium Density Residential (storm retention BMP)
	Houses
	 75% pervious with grass
	Y
	N
	 50/20 kg/ha/yr N/P
	 12 people/ha septic
	Y

	120
	 High Density Residential (storm retention BMP)
	Houses
	 50% pervious with grass
	Y
	N
	 70/20 kg/ha/yr N/P
	 30 people/ha secondary tmt.
	Y

	121
	 Multiple Dwelling Units (storm retention BMP)
	Apartments
	 25% pervious with grass
	Y
	N
	 70/20 kg/ha/yr N/P
	 197 people/ha secondary tmt.
	Y

	122
	 Industrial (storm retention BMP)
	Industrial buildings
	 15% pervious with grass
	Y
	N
	 20/5 kg/ha/yr N/P
	 10 people/ha secondary tmt.
	Y

	125
	 Row Crops (fertility BMP)
	Field crop
	 100% pervious with corn
	Y
	N
	 200/20 kg/ha/yr N/P
	 no waste
	N

	126
	 Improved Pasture (fertility BMP)
	Managed
	 100% pervious with grass
	Y
	N
	 20/3.4 kg/ha/yr N/P
	 1.2 beef cows/ha
	N

	127
	 Unimproved Pasture (fertility BMP)
	Low management
	 100% pervious with grass
	Y
	N
	 10/2 kg/ha/yr N/P
	 0.5 beef cows/ha
	N

	128
	 Woodland Pasture (fertility BMP)
	Low mgmt. wooded meadows
	 100% pervious with grass
	Y
	N
	 10/1.3 kg/ha/yr N/P
	 0.5 beef cows/ha
	N

	130
	 Peach and Pecan Orchards (fertility BMP)
	Managed orchard
	 100% pervious with fruit trees
	N
	N
	 47/7 kg/ha/yr N/P
	 no waste
	N

	131
	 Blueberries (fertility BMP)
	Managed small fruits
	 100% pervious with fruit trees
	N
	Y
	 67/13 kg/ha/yr N/P
	 no waste
	N

	132
	 Cattle Feeding Operations (waste balance BMP)
	Open lot
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 10 beef cows/ha
	N

	133
	 Poultry (fertility BMP)
	Housing with meadow
	 100% pervious with grass
	Y
	N
	 unfertilized
	 1300 poultry/ha
	N

	134
	 Swine Feeding Operations (waste balance BMP)
	Open lot
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 33 swine/ha
	N

	137
	 Ornamental Nurseries (fertility BMP)
	Highly managed plants
	 100% pervious with plants
	N
	Y
	 200/67 kg/ha/yr N/P
	 no waste
	N

	138
	 Horse Farms (fertility BMP)
	Open meadow
	 100% pervious with grass
	Y
	N
	 unfertilized
	 6 horses/ha
	N

	139
	 Dairies (fertility BMP)
	Open meadow with buildings
	 100% pervious with grass
	Y
	N
	 unfertilized
	 5 dairy cows/ha
	N

	140
	 Kennels (waste balance BMP)
	Housing with lawn
	 75% pervious with grass
	Y
	N
	 unfertilized
	 123 animals/ha
	N

	172
	 Prisons (storm retention BMP)
	Prisons
	 80% pervious with grass
	Y
	N
	 25/5 kg/ha/yr N/P
	 27 people/ha secondary tmt.
	Y

	208
	 Coniferous Plantations (non-clear cut BMP)
	Managed
	 100% pervious with reduced tilled conifers
	N
	N
	 5/0.5 kg/ha/yr N/P
	 no waste
	N

	225
	 Row Crops (Buffer strip BMP)
	Field crop
	 100% pervious with corn
	Y
	N
	 270/30 kg/ha/yr N/P
	 no waste
	N

	226
	 Improved Pasture (fertility and low animal density BMP)
	Managed
	 100% pervious with grass
	Y
	N
	 20/3.4 kg/ha/yr N/P
	 0.9 beef cows/ha
	N

	227
	 Unimproved Pasture (fertility and low animal density BMP)
	Low management
	 100% pervious with grass
	Y
	N
	 10/2 kg/ha/yr N/P
	 0.3 beef cows/ha
	N

	228
	 Woodland Pasture (fertility and low animal density BMP)
	Low mgmt. wooded meadows
	 100% pervious with grass
	Y
	N
	 10/1.3 kg/ha/yr N/P
	 0.3 beef cows/ha
	N

	232
	 Cattle Feeding Operations (low animal density BMP)
	Open lot
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 5 beef cows/ha
	N

	233
	 Poultry (fertility and waste balance BMP)
	Housing with meadow
	 100% pervious with grass
	Y
	N
	 unfertilized
	 1000 poultry/ha
	N

	234
	 Swine Feeding Operations (low animal density BMP)
	Open lot
	 100% pervious with bare soil
	N
	N
	 unfertilized
	 22 swine/ha
	N

	238
	 Horse Farms (fertility and low animal density BMP)
	Open meadow
	 100% pervious with grass
	Y
	N
	 unfertilized
	 4 horses/ha
	N

	239
	 Dairies (fertility and low animal density BMP)
	Open meadow with buildings
	 100% pervious with grass
	Y
	N
	 unfertilized
	 4 dairy cows/ha
	N

	240
	 Kennels (low animal density BMP)
	Housing with lawnl
	 75% pervious with grass
	Y
	N
	 unfertilized
	 82 animals/ha
	N

	325
	 Row Crops (fertility and buffer strip BMP)
	Field crop
	 100% pervious with corn
	Y
	N
	 200/20 kg/ha/yr N/P
	 no waste
	N


Best Management Practices

Improved Pasture BMP
The improved pasture BMP includes reduction of both fertilization and animal densities.  The N fertilization is reduced from 30 kg/ha/yr to 20 kg/ha/yr.  The P fertilization is reduced from 5 kg/ha/yr to 3.4 kg/ha/yr.  The animal densities are reduced from 1.2 beef cows/ha to 0.9 beef cows/ha.

Poultry BMP
Two levels of BMPs are used for the analyses.  The first level of BMP is to reduce fertilizer applications to IFAS recommended rates.  This is accomplished by eliminating the 30 kg/ha/yr N application and 5 kg/ha/yr P application and by reducing the litter application rates from 1,300 to 1,000 poultry per hectare.

The second level of BMP is to remove all poultry litter from the basin.  The fields that were receiving litter are converted to the land use for improved pastures with the fertilization and animal density BMP described earlier.  The removal of litter has a greater impact on reducing nitrogen because the fertilization rates for improved pastures in the Suwannee River Management District are substantially lower than the IFAS recommended rates.

Row Crops BMP
The row crops BMP includes reduced fertilizer applications and the addition of a buffer strip.  The N fertilization is reduced from 270 kg/ha/yr to 200 kg/ha/yr.  The P fertilization is reduced from 30 kg/ha/yr to 20 kg/ha/yr.  

Dairies BMP
Two levels of BMPs are used for the analyses.  The first level of BMP includes reduction of both fertilization and animal densities.  The N fertilization is reduced from 30 kg/ha/yr to 0 kg/ha/yr.  The P fertilization is reduced from 5 kg/ha/yr to 0 kg/ha/yr.  The animal densities are reduced from 5 dairy cows/ha to 4 dairy cows/ha.

The second level of BMP includes the same reduction of fertilization and animal densities plus the lining of lagoons.  Little data have been collected on dairy lagoon leakage rates.  One lagoon in the District had a measured leakage rate of 305 cm/yr.  The NRCS leakage rate assumed for a lined lagoon is 3.2 cm/yr.  This lagoon was being agitated and the lagoon was being drawn down and refilled regularly.  Both of these practices will increase leakage rates.

Anecdotal evidence has indicated large variations between pond leakage rates for earthen lagoons.  SWET has constructed pond leakage testing apparatus and is currently performing pond leakage testing of dairy lagoons in the South Florida Management District.

WAM Simulation
The pre-BMP scenario was simulated using WAM with no BMPs being applied to any land use.  This provides the base scenario in order to determine the BMP effectiveness.  

The post-BMP scenario, as defined by FDACS, assumes an 80% BMP adoption rate for poultry, row crop, dairy, and improved pastures.  WAM is set up to simulate a 100% adoption rate of the first BMP scenario.  The 80% BMP adoption rate is calculated by interpolating between the 0% and 100% adoption scenarios.  
The second set of BMP scenarios are calculated through a post-simulation adjustment of the nitrogen loads.  The second level poultry BMP is to remove all litter from the basin so that the land designated for poultry litter application will become improved pasture.  Therefore, the second level BMP is calculated by substituting the improved pasture loads for the poultry loads on a land use area basis.
The second level dairy BMP involves the lining of lagoons.  An approximate earthen lagoon leakage rate per cow was calculated based on the following assumptions:

· 305 cm/yr of leakage depth
· 305 cm pond depth

· 454 L/cow/d liquid reaching pond

· 7 day pond retention time

· 300 ppm N pond concentration

· 0.9 cows per hectare

Using these assumptions, the nitrogen leakage rate per cow per year can be calculated.

Leakage
= [liquid reaching pond] [retention time] / [leakage depth] [pond depth] [N concentration]

= [454 L/cow/d]*[7 d] / [305 cm] [305 cm/yr] [300 ppm] [mg L / ppm] [kg/1e6 mg]

= 0.954 kg N/cow/yr

Leakage
= [0.954 kg N/cow/yr] [0.9 cows per hectare]

= 0.859 kg N/ha/yr

The loads from lined lagoons are calculated by reducing the first level dairy BMP loads by 0.859 kg N/ha/yr.
Results

WAM produces a number of outputs.  Grid coverages of the nitrogen loads are show in Appendix A.  These results are shown for both unattenuated and attenuated loads.  The unattenuated loads represent the nitrogen leaving each source cell.  The attenuated loads represent the nitrogen reaching the basin outlet.
Nitrogen loads leaving the basin based on the pre-BMP scenario are shown in Appendix B.  Results are shown both as total lands and on a per hectare basis.  Poultry, row crops, dairies, and improved pasture do not rank in the top four land uses for total nitrogen loads on a per hectare basis; however, they hold the top four spots when ranked on total loads leaving the basin.

Tables 5 - 12 show the reduction in nitrogen loads due to 80% BMP adoptions to poultry, row crops, dairies, and improved pastures.  The impacts of the two BMP scenarios are shown in separate tables.  Results are presented as total loads leaving the basin.  Loads on an area basis are presented in Appendix C.  The land uses are ranked by the reduction in kg of nitrogen leaving the basin.  The percentage load reduction in nitrogen leaving the basin due to each land use’s BMP relative to the pre-BMP load for that land use is presented.

Also, the percent load reduction in nitrogen leaving the basin due to each land use’s BMP relative to the pre-BMP load from all land uses is presented.  This value is crucial for assessing potential load reductions leaving the basin due to BMPs.  The first level BMPs resulted in a 36% overall nitrogen load reduction leaving the basin.  The second level of BMPs resulted in a 46% overall nitrogen load reduction.

Most of this nitrogen load reduction is due to reductions in groundwater nitrogen loads.  This is to be expected since groundwater is by far the largest contributor of nitrogen.  Sediment nitrogen loads are reduced by 45% for row crops, but remain unchanged or slightly increase for the other three land uses.  The slight increase in sediment loads is probably due to slightly lower ET rates and slightly higher erosions due to decreasing crop vigor with lowered fertility.  Sediment nitrogen represents a very small fraction of total nitrogen.  
Soluble nitrogen loads decrease by 20 to 24% for row crops, poultry (IFAS rates BMP), and dairies (both BMPs).  Poultry litter removal decreases soluble nitrogen by 59%.  Improved pasture soluble nitrogen is virtually unchanged.

As expected, the removal of poultry litter has a much larger nitrogen reduction than reducing litter applications to IFAS recommended rates (78.4% versus 45.6%).  The addition of lining lagoons to the dairy BMP slightly improved the BMP effectiveness (43.6% versus 42.5%).

Conclusions

Based on previous validations in the Suwannee River Watershed Management District, WAM is an appropriate tool for evaluating BMP effectiveness in the District.  WAM was used to simulate the impact of 80% adoption rates of row crop, poultry, dairy, and improved pasture BMPs on nitrogen loads leaving the basin.  

These BMPs have the potential of reducing nitrogen loads leaving the basin by between 36% and 46%, depending on the level of poultry and dairy BMPs.  Poultry BMPs had the largest impact on nitrogen load reductions.  Reducing poultry litter applications to IFAS recommended rates reduced the total nitrogen load of all land uses leaving the basin by 13.6% and removing the poultry litter reduced the load by 23.4%.  This highlights the importance of poultry BMPs on reducing nitrogen loads in the basin.
Table 5.  Groundwater Nitrogen Reduction Due to First Scenario BMPs by Land Use
	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction
(% of Pre-BMP
land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (IFAS rates)
	15,532
	876,664
	475,599
	401,065
	100.0%
	45.7%
	14.5%

	Row Crops
	16,119
	770,438
	384,040
	386,398
	96.3%
	50.2%
	13.9%

	Dairies
	7,970
	541,374
	310,971
	230,403
	57.4%
	42.6%
	8.3%

	Improved Pasture
	64,884
	115,815
	78,542
	37,273
	9.3%
	32.2%
	1.3%

	Total
	104,505
	2,304,291
	1,249,152
	1,055,139
	
	45.8%
	38.1%


Table 6.  Groundwater Nitrogen Reduction Due to Second Scenario BMPs by Land Use
	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP

N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction
(% of Pre-BMP
land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (litter removal)
	15,532
	876,664
	188,590
	688,074
	100.0%
	78.5%
	24.8%

	Row Crops
	16,119
	770,438
	384,040
	386,398
	56.2%
	50.2%
	13.9%

	Dairies (BMP + lined lagoons)
	7,970
	541,374
	305,313
	236,061
	34.3%
	43.6%
	8.5%

	Improved Pasture
	64,884
	115,815
	78,542
	37,273
	5.4%
	32.2%
	1.3%

	Total
	104,505
	2,304,291
	956,484
	1,347,807
	
	58.5%
	48.6%


Table 7. Sediment Nitrogen Reduction Due to First Scenario BMPs by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction 

(% of Pre-BMP land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	1,022
	560
	462
	100.0%
	45.2%
	2.3%

	Dairies
	7,970
	32
	32
	0
	2.9%
	0.0%
	0.0%

	Poultry (IFAS rates)
	15,532
	213
	214
	-1
	2.7%
	-0.4%
	0.0%

	Improved Pasture
	64,886
	460
	474
	-14
	0.0%
	-3.0%
	-0.1%

	Total
	104,509
	1,727
	1,280
	447
	
	25.9%
	2.2%


Table 8. Sediment Nitrogen Reduction Due to Second Scenario BMPs by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction (% of Pre-BMP land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	1,022
	560
	462
	100.0%
	45.2%
	2.3%

	Poultry (removal BMP)
	15,532
	213
	134
	79
	19.5%
	37.1%
	0.4%

	Dairies (BMP + lined lagoons)
	7,970
	32
	32
	0
	2.9%
	0.0%
	0.0%

	Improved Pasture
	64,886
	460
	474
	-14
	0.0%
	-3.0%
	-0.1%

	Total
	104,509
	1,727
	1,200
	527
	
	30.5%
	2.6%


Table 9. Soluble Nitrogen Reduction Due to First Scenario BMPs by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction 

(% of Pre-BMP land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	6,169
	4,691
	1,478
	100.0%
	24.0%
	0.9%

	Poultry (IFAS rates)
	15,532
	4,474
	3,560
	914
	62.0%
	20.4%
	0.6%

	Dairies
	7,970
	1,139
	888
	251
	17.2%
	22.1%
	0.2%

	Improved Pasture
	64,886
	4,830
	4,834
	-4
	0.0%
	-0.1%
	0.0%

	Total
	104,509
	16,612
	13,972
	2,640
	
	15.9%
	1.6%


Table 10. Soluble Nitrogen Reduction Due to Second Scenario BMPs by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction (% of Pre-BMP land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (removal BMP)
	15,532
	4,474
	1,821
	2,653
	100.0%
	59.3%
	1.7%

	Row Crops
	16,121
	6,169
	4,691
	1,478
	55.8%
	24.0%
	0.9%

	Dairies (BMP + lined lagoons)
	7,970
	1,139
	888
	251
	9.6%
	22.1%
	0.2%

	Improved Pasture
	64,886
	4,830
	4,834
	-4
	0.0%
	-0.1%
	0.0%

	Total
	104,509
	16,612
	12,233
	4,379
	
	26.4%
	2.7%


Table 11. Total Nitrogen Reduction Due to First Scenario BMPs by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N

Reduction 

(kg)
	Rank
	N Reduction 

(% of Pre-BMP land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (IFAS rates)
	15,532
	881,351
	479,373
	401,978
	100.0%
	45.6%
	13.6%

	Row Crops
	16,121
	777,629
	389,291
	388,338
	96.6%
	49.9%
	13.1%

	Dairies
	7,970
	542,545
	311,891
	230,654
	57.4%
	42.5%
	7.8%

	Improved Pasture
	64,886
	121,105
	83,850
	37,255
	9.3%
	30.8%
	1.3%

	Total
	104,509
	2,322,630
	1,264,400
	1,058,226
	
	45.6%
	35.8%


Table 12. Total Nitrogen Reduction Due to Second Scenario BMPs by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	BMP N Load (kg)
	N Reduction (kg)
	Rank
	N Reduction 

(% of Pre-BMP land use N load)
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (removal BMP)
	15,532
	881,351
	190,544
	690,807
	100.0%
	78.4%
	23.4%

	Row Crops
	16,121
	777,629
	389,291
	388,338
	56.2%
	49.9%
	13.1%

	Dairies (BMP + lined lagoons)
	7,970
	542,545
	306,233
	236,312
	34.2%
	43.6%
	8.0%

	Improved Pasture
	64,886
	121,105
	83,850
	37,255
	5.4%
	30.8%
	1.3%

	Total
	104,509
	2,322,630
	969,917
	1,352,713
	
	58.2%
	45.8%


The row crops BMP of reducing fertilization and adding buffer strips ranked second in importance for reducing nitrogen loads with a 13.1% reduction in total nitrogen loads.  The buffer strips were effective in removing sediment nitrogen with a 45.2% reduction in load.
The dairy BMP was nearly as effective as the row crop BMP on an area basis; however, the dairy BMP was only slightly more than half as effective due to the greater land area in row crops.  The lining of dairy lagoons improved the effectiveness by 1%.  However, this analysis was based on very limited data on dairy pond leakage.  More information on pond leakage rates in the basin would be needed to better estimate this value.  

Even though improved pasture represents over half of the land area represented by these four land uses and the improved pasture BMP reduced nitrogen loads by 31%, it was a distant fourth in overall effectiveness because of the relatively small loads produced by this land use.  Total nitrogen loads were reduced by 1.3%.
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Appendix A.  GIS Grid Coverages of Nitrogen Loads
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Figure 2.  Attenuated Groundwater Nitrogen
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Figure 3.  Unattenuated Sediment Nitrogen
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Figure 4.  Attenuated Sediment Nitrogen
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Figure 5.  Unattenuated Soluble Nitrogen
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Figure 6.  Attenuated Soluble Nitrogen
Appendix B.  Pre-BMP Nitrogen Loads by Land Use
Table 13. Pre-BMP Groundwater Nitrogen Load by Land Use
	Land Use
	Area
(ha)
	Pre-BMP N Load (kg)
	Rank

	Poultry Feeding Operations
	15,532
	876,664
	100.0%

	Row Crops
	16,119
	770,438
	87.9%

	Dairies
	7,970
	541,374
	61.8%

	Improved Pasture
	64,884
	115,815
	13.2%

	Tree Nurseries
	516
	93,731
	10.7%

	Medium Density Residential
	1,245
	91,633
	10.5%

	Ranchettes
	21,373
	80,898
	9.2%

	Low Density Residential
	2,242
	50,274
	5.7%

	Coniferous Plantations
	141,570
	37,188
	4.2%

	Ornamental Nurseries
	111
	25,914
	3.0%

	Peach and Pecan Orchards
	494
	23,297
	2.7%

	Hardwoods
	46,666
	17,659
	2.0%

	Kennels
	103
	10,173
	1.2%

	Undeveloped Urban Land
	8,558
	6,214
	0.7%

	Scrub and Brushland
	8,842
	5,563
	0.6%

	Horse Farms
	100
	4,824
	0.6%

	Woodland Pasture
	6,634
	4,669
	0.5%

	Animal Race Tracks
	50
	3,581
	0.4%

	Barren Land
	512
	3,423
	0.4%

	Managed Landscape
	172
	2,378
	0.3%

	Hardwood Conifer Mixed
	7,841
	2,217
	0.3%

	Blueberries
	20
	1,516
	0.2%

	Transportation Corridors
	1,312
	1,212
	0.1%

	Mining
	1,108
	523
	0.1%

	Solid Waste Disposal
	41
	412
	0.0%

	Commercial and Services
	1,209
	281
	0.0%

	Prisons
	106
	211
	0.0%

	Sewage Treatment
	49
	184
	0.0%

	Salt Barrens
	2
	127
	0.0%

	Multiple Dwelling Units
	66
	102
	0.0%

	Pastureland and Rural Land in Transition
	48
	71
	0.0%

	Industrial
	225
	38
	0.0%

	High Density Residential
	13
	33
	0.0%

	Aquaculture
	5
	2
	0.0%

	Phosphate Mines
	0
	0
	0.0%

	Total
	355,738
	2,772,639
	


Table 14. Pre-BMP Sediment Nitrogen Load by Land Use
	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	Rank

	Commercial and Services
	1,209
	6,231
	100.0%

	Multiple Dwelling Units
	66
	2,985
	47.9%

	Transportation Corridors
	1,312
	1,782
	28.6%

	Industrial
	225
	1,448
	23.2%

	Ranchettes
	21,373
	1,044
	16.8%

	Row Crops
	16,121
	1,022
	16.4%

	Wetland Forested Mixed
	37,457
	946
	15.2%

	Medium Density Residential
	1,246
	830
	13.3%

	Undeveloped Urban Land
	8,558
	812
	13.0%

	Low Density Residential
	2,242
	552
	8.9%

	Barren Land
	512
	550
	8.8%

	Coniferous Plantations
	141,607
	517
	8.3%

	Improved Pasture
	64,886
	460
	7.4%

	Bay Swamps
	3,740
	240
	3.9%

	Poultry Feeding Operations
	15,532
	213
	3.4%

	High Density Residential
	13
	114
	1.8%

	Cypress
	1,837
	114
	1.8%

	Mixed Wetland Hardwoods
	1,779
	109
	1.7%

	Woodland Pasture
	6,636
	107
	1.7%

	Freshwater Marshes
	2,948
	89
	1.4%

	Hardwoods
	46,668
	59
	0.9%

	Kennels
	103
	57
	0.9%

	Prisons
	106
	39
	0.6%

	Dairies
	7,970
	32
	0.5%

	Sewage Treatment
	49
	29
	0.5%

	Hardwood Conifer Mixed
	7,842
	19
	0.3%

	Open Water
	5,112
	17
	0.3%

	Salt Barrens
	2
	15
	0.2%

	Animal Race Tracks
	50
	14
	0.2%

	Mining
	1,108
	13
	0.2%

	Scrub and Brushland
	8,842
	5
	0.1%

	Ornamental Nurseries
	111
	3
	0.0%

	Solid Waste Disposal
	41
	3
	0.0%

	Aquaculture
	5
	3
	0.0%

	Managed Landscape
	172
	1
	0.0%

	Peach and Pecan Orchards
	494
	0
	0.0%

	Tree Nurseries
	516
	0
	0.0%

	Horse Farms
	100
	0
	0.0%

	Blueberries
	20
	0
	0.0%

	Pastureland and Rural Land in Transition
	48
	0
	0.0%

	Total
	408,658
	20,474
	


Table 15. Pre-BMP Soluble Nitrogen Load by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	Rank

	Wetland Forested Mixed
	37,457
	62,475
	100.0%

	Commercial and Services
	1,209
	14,876
	23.8%

	Coniferous Plantations
	141,607
	11,509
	18.4%

	Multiple Dwelling Units
	66
	9,634
	15.4%

	Bay Swamps
	3,740
	6,476
	10.4%

	Row Crops
	16,121
	6,169
	9.9%

	Freshwater Marshes
	2,948
	5,957
	9.5%

	Improved Pasture
	64,886
	4,830
	7.7%

	Hardwoods
	46,668
	4,718
	7.6%

	Poultry Feeding Operations
	15,532
	4,474
	7.2%

	Mixed Wetland Hardwoods
	1,779
	3,571
	5.7%

	Ranchettes
	21,373
	3,380
	5.4%

	Cypress
	1,837
	3,188
	5.1%

	Transportation Corridors
	1,312
	2,971
	4.8%

	Industrial
	225
	2,804
	4.5%

	Medium Density Residential
	1,246
	1,745
	2.8%

	Prisons
	106
	1,715
	2.7%

	Undeveloped Urban Land
	8,558
	1,393
	2.2%

	Barren Land
	512
	1,322
	2.1%

	Low Density Residential
	2,242
	1,186
	1.9%

	Dairies
	7,970
	1,139
	1.8%

	Open Water
	5,112
	942
	1.5%

	Mining
	1,108
	827
	1.3%

	Scrub and Brushland
	8,842
	640
	1.0%

	Woodland Pasture
	6,636
	624
	1.0%

	Hardwood Conifer Mixed
	7,842
	606
	1.0%

	High Density Residential
	13
	516
	0.8%

	Kennels
	103
	154
	0.2%

	Ornamental Nurseries
	111
	134
	0.2%

	Solid Waste Disposal
	41
	90
	0.1%

	Salt Barrens
	2
	71
	0.1%

	Tree Nurseries
	516
	67
	0.1%

	Sewage Treatment
	49
	63
	0.1%

	Animal Race Tracks
	50
	49
	0.1%

	Managed Landscape
	172
	20
	0.0%

	Peach and Pecan Orchards
	494
	11
	0.0%

	Aquaculture
	5
	9
	0.0%

	Blueberries
	20
	1
	0.0%

	Horse Farms
	100
	1
	0.0%

	Pastureland and Rural Land in Transition
	48
	1
	0.0%

	Phosphate Mines
	0
	0
	0.0%

	Total
	408,658
	160,358
	


Table 16. Pre-BMP Total Nitrogen Load by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg)
	Rank

	Poultry Feeding Operations
	15,532
	881,351
	100.0%

	Row Crops
	16,121
	777,629
	88.2%

	Dairies
	7,970
	542,545
	61.6%

	Improved Pasture
	64,886
	121,105
	13.7%

	Medium Density Residential
	1,246
	94,208
	10.7%

	Tree Nurseries
	516
	93,798
	10.6%

	Ranchettes
	21,373
	85,322
	9.7%

	Wetland Forested Mixed
	37,457
	63,421
	7.2%

	Low Density Residential
	2,242
	52,012
	5.9%

	Coniferous Plantations
	141,607
	49,214
	5.6%

	Ornamental Nurseries
	111
	26,051
	3.0%

	Peach and Pecan Orchards
	494
	23,308
	2.6%

	Hardwoods
	46,668
	22,436
	2.5%

	Commercial and Services
	1,209
	21,388
	2.4%

	Multiple Dwelling Units
	66
	12,721
	1.4%

	Kennels
	103
	10,384
	1.2%

	Undeveloped Urban Land
	8,558
	8,419
	1.0%

	Bay Swamps
	3,740
	6,716
	0.8%

	Scrub and Brushland
	8,842
	6,208
	0.7%

	Freshwater Marshes
	2,948
	6,046
	0.7%

	Transportation Corridors
	1,312
	5,965
	0.7%

	Woodland Pasture
	6,636
	5,400
	0.6%

	Barren Land
	512
	5,295
	0.6%

	Horse Farms
	100
	4,825
	0.5%

	Industrial
	225
	4,290
	0.5%

	Mixed Wetland Hardwoods
	1,779
	3,680
	0.4%

	Animal Race Tracks
	50
	3,644
	0.4%

	Cypress
	1,837
	3,302
	0.4%

	Hardwood Conifer Mixed
	7,842
	2,842
	0.3%

	Managed Landscape
	172
	2,399
	0.3%

	Prisons
	106
	1,965
	0.2%

	Blueberries
	20
	1,517
	0.2%

	Mining
	1,108
	1,363
	0.2%

	Open Water
	5,112
	959
	0.1%

	High Density Residential
	13
	663
	0.1%

	Solid Waste Disposal
	41
	505
	0.1%

	Sewage Treatment
	49
	276
	0.0%

	Salt Barrens
	2
	213
	0.0%

	Pastureland and Rural Land in Transition
	48
	72
	0.0%

	Aquaculture
	5
	14
	0.0%

	Phosphate Mines
	0
	0
	0.0%

	Total
	408,658
	2,953,471
	


Table 17. Pre-BMP Groundwater Nitrogen Load per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	Rank

	Ornamental Nurseries
	111
	233.03
	100.0%

	Tree Nurseries
	516
	181.39
	77.8%

	Kennels
	103
	98.12
	42.1%

	Blueberries
	20
	75.57
	32.4%

	Medium Density Residential
	1,245
	73.60
	31.6%

	Animal Race Tracks
	50
	71.38
	30.6%

	Dairies
	7,970
	67.92
	29.1%

	Poultry Feeding Operations
	15,532
	56.44
	24.2%

	Salt Barrens
	2
	50.86
	21.8%

	Horse Farms
	100
	48.09
	20.6%

	Row Crops
	16,119
	47.79
	20.5%

	Peach and Pecan Orchards
	494
	47.07
	20.2%

	Low Density Residential
	2,242
	22.42
	9.6%

	Managed Landscape
	172
	13.81
	5.9%

	Solid Waste Disposal
	41
	9.86
	4.2%

	Barren Land
	512
	6.68
	2.9%

	Ranchettes
	21,373
	3.79
	1.6%

	Sewage Treatment
	49
	3.75
	1.6%

	High Density Residential
	13
	2.52
	1.1%

	Prisons
	106
	1.99
	0.9%

	Improved Pasture
	64,884
	1.78
	0.8%

	Multiple Dwelling Units
	66
	1.55
	0.7%

	Pastureland and Rural Land in Transition
	48
	1.47
	0.6%

	Transportation Corridors
	1,312
	0.92
	0.4%

	Undeveloped Urban Land
	8,558
	0.73
	0.3%

	Woodland Pasture
	6,634
	0.70
	0.3%

	Scrub and Brushland
	8,842
	0.63
	0.3%

	Mining
	1,108
	0.47
	0.2%

	Aquaculture
	5
	0.47
	0.2%

	Phosphate Mines
	0
	0.47
	0.2%

	Hardwoods
	46,666
	0.38
	0.2%

	Hardwood Conifer Mixed
	7,841
	0.28
	0.1%

	Coniferous Plantations
	141,570
	0.26
	0.1%

	Commercial and Services
	1,209
	0.23
	0.1%

	Industrial
	225
	0.17
	0.1%

	Total
	355,738
	1,127
	


Table 18. Pre-BMP Sediment Nitrogen Load per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	Rank

	Multiple Dwelling Units
	66
	45.20
	100.0%

	High Density Residential
	13
	8.56
	18.9%

	Industrial
	225
	6.42
	14.2%

	Salt Barrens
	2
	6.25
	13.8%

	Commercial and Services
	1,209
	5.15
	11.4%

	Transportation Corridors
	1,312
	1.36
	3.0%

	Barren Land
	512
	1.07
	2.4%

	Medium Density Residential
	1,246
	0.67
	1.5%

	Aquaculture
	5
	0.66
	1.5%

	Sewage Treatment
	49
	0.59
	1.3%

	Kennels
	103
	0.56
	1.2%

	Prisons
	106
	0.37
	0.8%

	Animal Race Tracks
	50
	0.29
	0.6%

	Low Density Residential
	2,242
	0.25
	0.6%

	Undeveloped Urban Land
	8,558
	0.09
	0.2%

	Solid Waste Disposal
	41
	0.08
	0.2%

	Row Crops
	16,121
	0.06
	0.1%

	Bay Swamps
	3,740
	0.06
	0.1%

	Cypress
	1,837
	0.06
	0.1%

	Mixed Wetland Hardwoods
	1,779
	0.06
	0.1%

	Ranchettes
	21,373
	0.05
	0.1%

	Wetland Forested Mixed
	37,457
	0.03
	0.1%

	Freshwater Marshes
	2,948
	0.03
	0.1%

	Ornamental Nurseries
	111
	0.03
	0.1%

	Woodland Pasture
	6,636
	0.02
	0.0%

	Improved Pasture
	64,886
	0.01
	0.0%

	Poultry Feeding Operations
	15,532
	0.01
	0.0%

	Mining
	1,108
	0.01
	0.0%

	Managed Landscape
	172
	0.01
	0.0%

	Coniferous Plantations
	141,607
	0.00
	0.0%

	Hardwoods
	46,668
	0.00
	0.0%

	Dairies
	7,970
	0.00
	0.0%

	Hardwood Conifer Mixed
	7,842
	0.00
	0.0%

	Open Water
	5,112
	0.00
	0.0%

	Scrub and Brushland
	8,842
	0.00
	0.0%

	Peach and Pecan Orchards
	494
	0.00
	0.0%

	Tree Nurseries
	516
	0.00
	0.0%

	Horse Farms
	100
	0.00
	0.0%

	Blueberries
	20
	0.00
	0.0%

	Pastureland and Rural Land in Transition
	48
	0.00
	0.0%

	Total
	408,658
	78
	


Table 19. Pre-BMP Soluble Nitrogen Load per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	Rank

	Multiple Dwelling Units
	66
	145.86
	100.0%

	High Density Residential
	13
	38.64
	26.5%

	Salt Barrens
	2
	28.31
	19.4%

	Prisons
	106
	16.15
	11.1%

	Industrial
	225
	12.42
	8.5%

	Commercial and Services
	1,209
	12.30
	8.4%

	Barren Land
	512
	2.58
	1.8%

	Transportation Corridors
	1,312
	2.26
	1.5%

	Solid Waste Disposal
	41
	2.16
	1.5%

	Freshwater Marshes
	2,948
	2.02
	1.4%

	Mixed Wetland Hardwoods
	1,779
	2.01
	1.4%

	Aquaculture
	5
	1.96
	1.3%

	Bay Swamps
	3,740
	1.73
	1.2%

	Cypress
	1,837
	1.73
	1.2%

	Wetland Forested Mixed
	37,457
	1.67
	1.1%

	Kennels
	103
	1.49
	1.0%

	Medium Density Residential
	1,246
	1.40
	1.0%

	Sewage Treatment
	49
	1.29
	0.9%

	Ornamental Nurseries
	111
	1.21
	0.8%

	Animal Race Tracks
	50
	1.00
	0.7%

	Mining
	1,108
	0.75
	0.5%

	Phosphate Mines
	0
	0.67
	0.5%

	Low Density Residential
	2,242
	0.53
	0.4%

	Row Crops
	16,121
	0.38
	0.3%

	Poultry Feeding Operations
	15,532
	0.29
	0.2%

	Open Water
	5,112
	0.18
	0.1%

	Ranchettes
	21,373
	0.16
	0.1%

	Undeveloped Urban Land
	8,558
	0.16
	0.1%

	Dairies
	7,970
	0.14
	0.1%

	Tree Nurseries
	516
	0.13
	0.1%

	Managed Landscape
	172
	0.12
	0.1%

	Hardwoods
	46,668
	0.10
	0.1%

	Woodland Pasture
	6,636
	0.09
	0.1%

	Coniferous Plantations
	141,607
	0.08
	0.1%

	Hardwood Conifer Mixed
	7,842
	0.08
	0.1%

	Improved Pasture
	64,886
	0.07
	0.0%

	Scrub and Brushland
	8,842
	0.07
	0.0%

	Blueberries
	20
	0.07
	0.0%

	Peach and Pecan Orchards
	494
	0.02
	0.0%

	Pastureland and Rural Land in Transition
	48
	0.02
	0.0%

	Horse Farms
	100
	0.01
	0.0%

	Total
	408,658
	282
	


Table 20. Pre-BMP Total Nitrogen Load per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	Rank

	Ornamental Nurseries
	111
	234.27
	100.0%

	Multiple Dwelling Units
	66
	192.61
	82.2%

	Tree Nurseries
	516
	181.52
	77.5%

	Kennels
	103
	100.17
	42.8%

	Salt Barrens
	2
	85.42
	36.5%

	Medium Density Residential
	1,246
	75.67
	32.3%

	Blueberries
	20
	75.64
	32.3%

	Animal Race Tracks
	50
	72.67
	31.0%

	Dairies
	7,970
	68.06
	29.1%

	Poultry Feeding Operations
	15,532
	56.74
	24.2%

	High Density Residential
	13
	49.72
	21.2%

	Row Crops
	16,121
	48.23
	20.6%

	Horse Farms
	100
	48.10
	20.5%

	Peach and Pecan Orchards
	494
	47.09
	20.1%

	Low Density Residential
	2,242
	23.20
	9.9%

	Industrial
	225
	19.01
	8.1%

	Prisons
	106
	18.51
	7.9%

	Commercial and Services
	1,209
	17.68
	7.5%

	Managed Landscape
	172
	13.94
	6.0%

	Solid Waste Disposal
	41
	12.10
	5.2%

	Barren Land
	512
	10.33
	4.4%

	Sewage Treatment
	49
	5.63
	2.4%

	Transportation Corridors
	1,312
	4.54
	1.9%

	Ranchettes
	21,373
	4.00
	1.7%

	Aquaculture
	5
	3.09
	1.3%

	Mixed Wetland Hardwoods
	1,779
	2.07
	0.9%

	Freshwater Marshes
	2,948
	2.05
	0.9%

	Improved Pasture
	64,886
	1.86
	0.8%

	Bay Swamps
	3,740
	1.79
	0.8%

	Cypress
	1,837
	1.79
	0.8%

	Wetland Forested Mixed
	37,457
	1.70
	0.7%

	Pastureland and Rural Land in Transition
	48
	1.49
	0.6%

	Mining
	1,108
	1.23
	0.5%

	Phosphate Mines
	0
	1.14
	0.5%

	Undeveloped Urban Land
	8,558
	0.98
	0.4%

	Woodland Pasture
	6,636
	0.81
	0.3%

	Scrub and Brushland
	8,842
	0.70
	0.3%

	Hardwoods
	46,668
	0.48
	0.2%

	Hardwood Conifer Mixed
	7,842
	0.36
	0.2%

	Coniferous Plantations
	141,607
	0.34
	0.1%

	Open Water
	5,112
	0.18
	0.1%

	Total
	408,658
	1,487
	


Appendix C.  Post-BMP Nitrogen Loads per Hectare by Land Use
Table 21. Groundwater Nitrogen Reduction Due to First Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Dairies
	7,970
	67.92
	39.02
	28.90
	100.0%
	42.6%

	Poultry (IFAS rates)
	15,532
	56.44
	30.62
	25.82
	89.3%
	45.7%

	Row Crops
	16,119
	47.79
	23.82
	23.97
	82.9%
	50.2%

	Improved Pasture
	64,884
	1.78
	1.21
	0.57
	2.0%
	32.2%


Table 22. Groundwater Nitrogen Reduction Due to Second Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (litter removal)
	15,532
	56.44
	12.14
	44.30
	100.0%
	78.5%

	Dairies (BMP + lined lagoons)
	7,970
	67.92
	38.31
	29.61
	66.9%
	43.6%

	Row Crops
	16,119
	47.79
	23.82
	23.97
	54.1%
	50.2%

	Improved Pasture
	64,884
	1.78
	1.21
	0.57
	1.3%
	32.2%


Table 23. Sediment Nitrogen Reduction Due to First Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	0.06
	0.04
	0.02
	100.0%
	45.2%

	Dairies
	7,970
	0.00
	0.00
	0.00
	6.1%
	0.0%

	Poultry (IFAS rates)
	15,532
	0.01
	0.01
	0.00
	5.4%
	-0.4%

	Improved Pasture
	64,886
	0.01
	0.01
	0.00
	0.0%
	-3.0%


Table 24. Sediment Nitrogen Reduction Due to Second Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	0.06
	0.04
	0.02
	100.0%
	45.2%

	Poultry (removal BMP)
	15,532
	0.01
	0.01
	0.00
	83.3%
	37.1%

	Dairies (BMP + lined lagoons)
	7,970
	0.00
	0.00
	0.00
	6.1%
	0.0%

	Improved Pasture
	64,886
	0.01
	0.01
	0.00
	0.0%
	-3.0%


Table 25. Soluble Nitrogen Reduction Due to First Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	0.38
	0.29
	0.09
	100.0%
	24.0%

	Dairies
	7,970
	0.14
	0.11
	0.03
	92.1%
	22.1%

	Poultry (IFAS rates BMP)
	15,532
	0.29
	0.23
	0.06
	85.3%
	20.4%

	Improved Pasture
	64,886
	0.07
	0.07
	0.00
	0.0%
	-0.1%


Table 26. Soluble Nitrogen Reduction Due to Second Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (removal BMP)
	15,532
	0.29
	0.11
	0.18
	100.0%
	59.3%

	Row Crops
	16,121
	0.38
	0.29
	0.09
	40.5%
	24.0%

	Dairies (BMP + lined lagoons)
	7,970
	0.14
	0.11
	0.03
	37.3%
	22.1%

	Improved Pasture
	64,886
	0.07
	0.07
	0.00
	0.0%
	-0.1%


Table 27. Total Nitrogen Reduction Due to First Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Row Crops
	16,121
	48.23
	24.15
	24.08
	100.0%
	49.9%

	Poultry (IFAS rates BMP)
	15,532
	56.74
	30.85
	25.89
	91.3%
	45.6%

	Dairies
	7,970
	68.06
	39.12
	28.94
	85.1%
	42.5%

	Improved Pasture
	64,886
	1.86
	1.29
	0.57
	61.6%
	30.8%


Table 28. Total Nitrogen Reduction Due to Second Scenario BMPs per Hectare by Land Use

	Land Use
	Area (ha)
	Pre-BMP N Load (kg/ha)
	BMP N Load (kg/ha)
	N Reduction (kg/ha)
	Rank
	N Reduction
(% of Pre-BMP basin-wide N load)

	Poultry (removal BMP)
	15,532
	56.74
	12.27
	44.47
	100.0%
	78.4%

	Row Crops
	16,121
	48.23
	24.15
	24.08
	63.7%
	49.9%

	Dairies (BMP + lined lagoons)
	7,970
	68.06
	38.41
	29.65
	55.6%
	43.6%

	Improved Pasture
	64,886
	1.86
	1.29
	0.57
	39.2%
	30.8%



