Executive Summary
A Nitrogen Source Inventory and Loading Tool (NSILT) has been developed by FDEP to identify and quantify the major sources that contribute nitrogen to ground water in impaired spring basins. This GIS- and spreadsheet-based tool provides spatial estimates of the relative contribution of various sources of nitrogen, and takes into consideration the transport pathways and processes that affect the various forms of nitrogen as they move from the land surface through soil and geologic strata that overlie and comprise the Upper Floridan aquifer (UFA). 
The designated area for the Wakulla Springs Basin Management Action Plan (BMAP) was used as the prototype basin for developing and testing this tool.  Wakulla Spring is one of the largest freshwater springs in the world, and is a major discharge point for water from the UFA.  Wakulla Spring provides the main source of water to the Wakulla River, which was identified as impaired because of a biological imbalance caused by excessive concentrations of nitrate in the water.  The NSILT is being used in the Wakulla Springs BMAP to identify areas where nitrogen source reduction efforts could be focused to achieve the most beneficial effects on water quality. For the Wakulla Springs BMAP area, the NSILT includes actual measurements of nitrogen species in rainfall and dry deposition, treated wastewater applied to the land surface, and water entering the aquifer from sinking streams.  Also, nitrogen inputs to the land surface are estimated from farm and non-farm fertilizer usage, livestock wastes, and onsite sewage treatment and disposal systems (septic tanks) based on county agricultural census data, fertilizer nitrogen sales information, and the population using septic tanks.  Estimates of nitrogen loading to ground water are a function of the rate of recharge to the UFA, the degree of aquifer confinement, and various environmental processes that can attenuate nitrate in the subsurface.  For example, areas where the aquifer is unconfined typically have the highest ground-water recharge rates and hence ground water in these areas is more vulnerable to contamination than areas where the aquifer is semiconfined or confined. Thus, nitrate inputs in areas where the UFA is unconfined are multiplied by a higher weighting factor (0.9) than for areas where the UFA is semiconfined (0.6) or confined (0.1).  After accounting for recharge and aquifer confinement, estimated nitrogen loads to groundwater are calculated by multiplying the recharge-weighted nitrogen by an attenuation factor that is specific for each source.  These attenuation factors are based on information from previously published studies in Florida and elsewhere on various processes that remove nitrogen as it moves through the subsurface.  
The NSILT results indicate that septic tanks and wastewater treatment facilities (WWTFs) contribute the largest amounts of nitrogen to ground water in the entire Wakulla Springs BMAP area, comprising about 35% and 20%, respectively, of the total nitrogen loads to ground water.  Both of these nitrogen sources have lower environmental attenuation factors than other sources, which results in potentially more nitrogen reaching the UFA.  In areas where the UFA is unconfined, these two sources contribute approximately 70% of the nitrogen loads to ground water (see figure).  Nitrogen concentrations have decreased substantially in the treated wastewater effluent due to the incorporation of advanced wastewater treatment processes to reduce effluent nitrogen concentrations at the City of Tallahassee WWTF.  Although loads from WWTFs in the unconfined area are the largest nitrogen source in the BMAP area, this does not necessarily imply that further reduction efforts should be focused on this source.  Given the achieved reductions in nitrogen concentrations associated with the effluent from advanced wastewater treatment, additional declines in effluent nitrogen concentrations may not be feasible. 
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Percentages of the contribution of nitrogen loading to ground water from various sources in areas where the Upper Floridan aquifer is unconfined, semiconfined, or confined in the Wakulla Springs BMAP area. 

Sources in areas where the aquifer is unconfined should become the focus of nitrogen reduction efforts, given the high vulnerability of the aquifer to contamination in unconfined areas.  By significantly reducing the number of septic tanks in areas where the UFA is unconfined, substantially less nitrogen loading to ground water would result along with a potential decrease in nitrate concentrations in Wakulla Spring over time.  However, reducing contributions from the other sources within areas where the UFA is semiconfined or confined in the BMAP area will also lower nitrogen loading to Wakulla Spring and enhance restoration efforts (see figure).  
This report describes the methods,  information, and data sources that are used in developing the NSILT to estimate nitrogen loads to ground water.  The NSILT is an effective first step in quantifying nitrogen loads to ground water from various sources in areas of spring basins that are most susceptible to ground-water contamination.  This information can be used to evaluate various nitrogen reduction scenarios that would likely provide restoration benefits to impaired waters in spring basins throughout Florida.  
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