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Introduction  

Nutrients are naturally occurring and essential components of healthy aquatic systems.  
Excessive amounts of nutrients, however, can impact water quality. ñThe enrichment of a 
waterbody with nutrients, called eutrophication, can result in dense, rapidly multiplying growths, 
or blooms, of algal species and other nuisance aquatic plants. These can clog water intake 
pipes and filters and interfere with recreational activities, such as fishing, swimming, and 
boating. Subsequent decay of algal blooms can overload water bodies with organic debris and 
result in foul odors, bad taste, and reduced dissolved oxygen levels, which are harmful to other 
aquatic lifeò (USGS, 1999). According to the 2012 303(d) list (TDEC, 2014), approximately 
3,375 river miles of stream and 15,692 acres of lake in Tennessee are impaired due to 
nutrients. Excessive nutrient loading also has effects outside of Tennessee: USGS estimates 
that 5.5% of the total nitrogen flux and 5.3% of the total phosphorus flux delivered to the 
Northern Gulf of Mexico is contributed by sources in Tennessee (Alexander et al, 2008). 
Increases in nutrient loading mirror growth in population and corresponding increases in 
agricultural activities and urban development. 
 
This document describes the development of the Tennessee Nutrient Reduction Framework, 
the rationale and the methodology used to accomplish long-term nutrient reduction in 
Tennessee waters. The strategy used for point source nutrient reduction is discussed in 
Appendix A. Agricultural nonpoint source nutrient reduction strategy is described in Appendix B.  
 
Tennessee Nutrient Reduction Framework 

Need 

Tennessee has adopted several tools to assess the status of nutrient impairments and 
designated uses. Such tools include the use of the nutrient translator for wadeable streams and 
the narrative nutrient criterion for the protection and maintenance of Recreational and Fish and 
Aquatic Life Uses. The Division recognizes that each waterbody has individual needs as well as 
tolerance threshold on nutrients. Not enough and too much nutrients are both harmful to the 
health of the aquatic ecosystem and the intended use of the waterbody. Unlike the dose-
response effects expected from toxics, nutrient effects are better characterized as indirect and 
waterbody-specific. Instead of concentration, annual (or seasonal) load is deemed more 
appropriate to address nutrient reduction. A detailed discussion of setting water quality-based 
effluent limits for nutrients can be found in Brown and Caldwell (2014). 
 
To reduce nutrient enrichment in Tennessee waters, the Division of Water Resources (DWR) 
has developed Tennesseeôs Nutrient Reduction Framework (NRF). This framework proposes a 
methodology for rational and achievable short-term and long-term nutrient load reduction in 
impaired watersheds. It requires no new regulations for either point or nonpoint sources.  
 
Goals 

The Tennessee Nutrient Reduction Framework was developed not only to satisfy the needs of 
Tennesseeôs streams and rivers, but also to benefit downstream water users as well as to assist 
in reaching the federal Gulf of Mexico hypoxia nutrient reduction goals. It reflects the goals of 
EPAôs March 16, 2011, Memorandum: Working in Partnership with States to Address 
Phosphorus and Nitrogen Pollution through Use of a Framework for State Nutrient Reductions 
(Stoner, N., USEPA, 2011). The document states: ñOf most importance is prioritizing 
watersheds on a state-wide basis, setting load-reduction goals for these watersheds based on 
available water quality information, and then reducing loadings through a combination of 
strengthened permits for point-sources and reduction measures for nonpoint sources and other 
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point sources of stormwater not designated for regulation.ò To summarize, through 
implementation of the framework, the Division will: 
 

¶ Prioritize watersheds 

¶ Set watershed nutrient load reduction goals 

¶ Ensure effectiveness of point source permits  

¶ Develop implementable watershed plans that maximize the effectiveness of agricultural 

BMPs 

¶ Encourage nutrient reductions from non-MS4 developed communities 

¶ Establish watershed-based monitoring programs to evaluate effectiveness 
 

¶ Documentation and reporting of implementation activities 
 
The last goal of the EPA memorandum involves numeric nutrient criteria, which the Division 
addresses in a separate document, the Tennesseeôs Numeric Nutrient Criteria Development 
Plan, which is currently being updated. 

 
Overview 

In the framework, the state is divided into four major hydrologic river basins (Figure 1): 
 

I. Upper Tennessee River Basin (including Holston River, North Fork Holston River, 
South Fork Holston River, Watauga River, Upper French Broad River, Lower French 
Broad River, Pigeon River, Nolichucky River, Fort Loudoun Lake/Watts Bar Lake, 
Little Tennessee River, Upper Clinch River, Lower Clinch River, Powell River, Emory 
River, Hiwassee River, Ocoee River, Conasauga River, Sequatchie River, 
Tennessee River)  
 

II. Lower Tennessee River Basin (including Guntersville Lake, Wheeler Lake, Upper Elk 
River, Lower Elk River, Pickwick Lake, TN Western Valley (Beech River), Upper 
Duck River, Lower Duck River, Buffalo River, TN Western Valley (Kentucky Lake), 
East Fork Clarks River)  

 
III. Cumberland River Basin (including Barren River, Clear Fork of the Cumberland 

River, Upper Cumberland River, South Fork Cumberland River, Obey River, Cordell 
Hull Lake, Collins River, Caney Fork River, Old Hickory Lake, Cheatham Lake, 
Stones River, Harpeth River, Lake Barkley, Red River) 

 
IV. Mississippi River Basin (including Mississippi River, North Fork Obion River, South 

Fork Obion River, North Fork Forked Deer River, South Fork Forked Deer River, 
Middle Fork Obion River, Upper Hatchie River, Lower Hatchie River, Loosahatchie 
River, Wolf River, Nonconnah Creek) 
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Figure 1. Major River Basins in Tennessee 

  
Land use distribution across Tennessee, which is derived from the 2001 USGS national land 
cover database, or NLCD (Homer, et al., 2004), is shown in Figure 2. In many cases, land use 
can be directly related to nonpoint source nutrient loading. 
 

 
Figure 2. Land Use in Tennesseeôs River Basins (Agricultural land use is in yellow) 

 
Waterbodies (in red) assessed impaired by nutrients in Tennessee 2012 water quality 
assessment are presented in Figure 3. 
 

 
 

Figure 3. Waterbodies Impaired by Nutrients in Tennessee 
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The Tennessee Nutrient Reduction Framework (NRF) encompasses nutrient reduction 
strategies for both point and nonpoint sources. The NRF methodology for point source uses the 
concept of an enrichment factor (EF) (Becker, et. al, 2009). It is aimed at realizing nutrient load 
reduction targets for impaired USGS Hydrological Unit Codeï10 (HUC-10) watersheds (Seaber, 
et al., 1987) within the state. An adaptive management process is employed to ensure that the 
designated uses are protected and accordingly, the stateôs narrative nutrient criterion is 
achieved. The EPA approved narrative nutrient criterion for fish and aquatic life (Subparagraph 
1200-04-03-.03(3)(k)) states that: ñThe waters shall not contain nutrients in concentrations that 
stimulate aquatic plant and/or algae growth to the extent that aquatic habitat is substantially 
reduced and/or the biological integrity fails to meet regional goals. Additionally, the quality of 
downstream waters shall not be detrimentally affected.ò After the NRF is implemented for both 
point and nonpoint sources, it is expected that nutrient loads in the watershed will be similar to a 
watershed in the same ecoregion with a healthy and productive ecosystem for fish and aquatic 
life. This Framework sets realistic management goals for watersheds to protect designated uses 
and achieve the narrative nutrient criterion within the context of present state of science and 
available resources. The Division recognizes that the goal of protecting designated uses and 
accordingly, achieving the narrative nutrient criterion, may require a large nutrient load reduction 
that is not realistically achievable in one short-term planning horizon. Therefore, the NRF is 
intended to be a dynamic process that will evolve continuously to reflect new developments and 
advances in nutrient reduction efforts.  
 
Specifically, within each major river basin, prioritization and action plans will be developed for 
each HUC-10 watershed. These action plans will include the drafting of nitrogen and/or 
phosphorus load reduction targets for wastewater treatment plants and coordination with storm 
water discharges.  Agricultural communities and other relevant stakeholders will be engaged to 
determine potential nutrient trading opportunities. Concurrently, in the Mississippi River Basin, 
the Agricultural Nonpoint Source Nutrient Reduction Strategy detailed in the Appendix B will be 
implemented first, with other basins to follow. 
 
Prioritization  

 
The USGS developed a modeling tool called SPARROW (SPAtially Referenced Regression On 
Watershed attributes) to estimate the nutrient loading in each HUC 10 watershed from all 
sources that flow off the land into the river and its tributaries. The NRF implementation focuses 
first on the Upper and Lower Tennessee River basins using the following concepts.  
  
The NRF prioritizes the HUC-10 watersheds with 303(d) listed segments. Where these 
watersheds are primarily enriched by point sources (as determined by the SPARROW 
modeling), Tennessee will apply nutrient load reduction through the point source permitting 
program as described below.  For those HUC-10 watersheds with 303(d) listed segments that 
are primarily enriched by nonpoint sources, the Division refers the listed segment to the 
Tennessee Department of Agriculture (TDA), which focuses on nonpoint source load reductions.   
 
The published SPARROW modeling tool for watersheds in the Cumberland River Basin does 
not account for the contribution to background stream phosphorus loads from the phosphate-
rich soil and parent rock in the this area.  When the SPARROW modeling for the Cumberland 
River Basin has been revised to better represent background loads, the NRF will apply the 
approach discussed above in the Cumberland River Basin HUC-10 watersheds. Currently, the 
Division is actively pursuing funding for completion of SPARROW modeling in the Cumberland 
River Basin.  
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As previously stated, the NRF is also focusing on the Mississippi River Basin where the primary 
land uses are agricultural, and voluntary incentive-based approaches to nutrient pollution 
reductions will be most effective. TDEC and TDA will collaborate to develop watershed nutrient 
reduction plans for 10 watersheds over the next 5 years. TDEC and TDA are studying several 
different methods to prioritize watersheds for nutrient reduction plan development. A description 
of the prioritization process using EPAôs Recovery Potential Screening Tool can be found in 
Appendix B. 
 
General Description of Methodology 

 
A full description of the development of the NRF methodology, rationale, and analytical methods 
is detailed in the Appendix A. A summary of the methodology is given below: 
 

1. For watersheds in the Upper and Lower Tennessee River Basins (I & II river basins), the 
results of the USGS-developed SPARROW models for the South AtlanticïGulf and 
Tennessee (SAGT) region will be used to evaluate existing nutrient loading and relative 
source contributions. For watersheds in the Cumberland River and Mississippi River 
Basins (III and IV river basins), nutrient loadings from revised SPARROW models will be 
applied when they become available.  
 
SPARROW is a ñmodeling tool for the regional interpretation of water-quality monitoring 
data. The model relates in-stream water-quality measurements to spatially referenced 
characteristics of watersheds, including constituent sources and factors influencing 
terrestrial and aquatic transport. SPARROW empirically estimates the origin and fate of 
contaminants in river networks and quantifies uncertainties in model predictionsò 
(Schwarz, et al, 2006). SPARROW results are referenced to Reach File 1 (Rf1) 
catchments and are expressed as average annual loads. There are separate regional 
models for TN and TP. 
 
The SPARROW model is described in detail in SPARROW Surface Water Quality 
Model: Theory, Application and User Documentation (Schwarz, et al, 2006). The SAGT 
nitrogen model is detailed in Spatial analysis of instream nitrogen loads and factors 
controlling nitrogen delivery to streams in the Southeastern United States using spatially 
referenced regression on watershed attributes (SPARROW) and regional classification 
frameworks (Hoos and McMahon, 2009). The companion phosphorus model is 
described in A Regional Modeling Framework of Phosphorus Sources and Transport in 
Streams of the Southeastern United States (Garcia, et al, 2011). 
 

2. Both total nitrogen (TN) and total phosphorus (TP) will be evaluated for reductions. 
Although phosphorus is generally considered to be the limiting nutrient in freshwater 
systems (Correll, 1999; Schindler et al, 2008), there are areas (River Basins II and III) in 
Tennessee that are rich in geologic phosphorus where nitrogen may become the limiting 
nutrient. In cases where appropriate, reductions of an identified limiting nutrient may 
precede a reduction in the non-limiting nutrient by one to two NPDES permit cycles (5-10 
years). 

 
3. Nutrient loading analysis will be conducted on HUC-10 watersheds in the Tennessee 

River Basin. (Generally, a HUC-10 unit is comprised of several Rf1 catchments. The 
outer boundary of the group of catchments aligns with a HUC-10 boundary). Because a 
HUC-10 is typically comprised of several model units, analysis at the HUC-10 scale 
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means that model results are aggregated to a larger scale, which improves confidence in 
model results. The ultimate goal is to implement reductions in nutrient loading in all 
HUC-10 watersheds. Priority is given to watersheds containing waterbody segments 
assessed as impaired due to nutrients. In cases where more than one wastewater 
treatment facility (WWTP) is located within a HUC-10 watershed, facility discharges are 
aggregated and required effluent limits are applied to all WWTPs in the watershed. 

 
4. Appropriate loading allocated to WWTPs will be established through evaluation of the 

TN & TP load contributions of these facilities to surface waters, viewed in the context of 
the overall influence of anthropogenic activity in the watershed. This will be 
accomplished using a decision-making matrix based on calculated WWTP percent load 
contribution and enrichment factor (EF) to determine the impact level and associated 
nutrient effluent limits for each of the WWTPs (a separate matrix is used for each 
nutrient). The EF is calculated by comparing the existing load in each watershed to the 
background load (Soil-Parent Rock (S-PR) for TP; atmospheric deposition for TN). 
Additional factors, such as a facilityôs existing effluent nutrient concentration, proximity to 
downstream nutrient impaired waters, and proximity to downstream reservoirs (for 
phosphorus), will be considered along with operation and maintenance to determine 
whether the analysis results from the matrix should be adjusted based on best 
professional judgment. 

 
5. Expected load reductions are specified for precipitation-induced sources based on 

implementation of appropriate best management practices (BMPs). A 40% reduction in 
agricultural source loading and a 50% reduction for urban land cover sources are 
considered to be aggressive, but achievable reductions (Rao, et. al., 2009). BMP 
reductions are not assigned to the soil-parent rock for TP or atmospheric deposition for 
TN source categories because these are considered to represent natural background 
conditions. In the case of TN, that includes conditions that are not necessarily natural 
background but cannot be managed through watershed-specific actions. 

 
6. For each HUC-10 watershed, a spreadsheet is prepared to calculate a post-reduction 

annual nutrient load for the watershed after incorporating expected load reductions of 
point and nonpoint sources. This post-reduction annual nutrient load is referred to as the 
Protective Annual Watershed Load (PAWL) in the spreadsheet (see Table A11). The 
PAWL represents an annual watershed nutrient load that is expected to meet 
Tennesseeôs narrative nutrients water quality criteria for fish and aquatic life. When the 
narrative nutrient criterion is achieved and accordingly, designated uses are protected, 
the PAWL will be regarded as the maximum annual allowable load that meets stateôs 
water quality standards for nutrient at the HUC-10 watershed scale. If the narrative 
nutrient criterion is not achieved, the PAWL will be recalculated with either more 
stringent WWTP effluent limits or additional load reduction from other contributing 
sources. This process will be repeated until the stream nutrient loads or concentrations 
and/or biological condition meet the narrative nutrient criterion. The contribution source 
loads included in the PAWL calculation are: 

 
a. WWTPs 

Allocations for WWTPs will be implemented through individual NPDES permits as 
they are reissued according to the Watershed Management Cycle (TDEC, 2013). It is 
expected that the permit for each facility will specify an appropriate compliance 
schedule commensurate with allocation requirements.   
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b. Urban 

Urban BMPs will be implemented primarily through Phase I & II Municipal Separate 
Storm Sewer System (MS4) permits. Although some large MS4 discharges have 
individual NPDES permits, most are covered under the NPDES General Permit for 
Discharges from Small Municipal Separate Storm Sewer Systems, Permit 
No.TNS000000 (TDEC, 2010). 

 
c. Agricultural 

Voluntary, incentive-based mechanisms will be used to implement agricultural land 
cover, fertilizer and manure BMP, in close cooperation with the Tennessee 
Department of Agriculture (TDA), Natural Resources Conservation Service (NRCS), 
University of Tennessee Institute of Agriculture and other similar organizations. An 
agricultural nonpoint source nutrient reduction strategy developed for Tennesseeôs 
Mississippi River Basin (area IV) watersheds is found in Appendix B. 
 

7. Currently there are two major strategies used to remove nutrients from WWTP 
discharges. One is through design and construction for nutrient removal. Another is 
optimization of existing treatment. The modifications to these wastewater treatment 
facilities have the potential to reduce the plantôs nitrogen discharge by 66% and 
phosphorus discharge by 75% (Iowa Nutrient Reduction Strategy, 2013). As a part of the 
adaptive management strategy, the Division supports the use of operational methods to 
reduce nutrient discharges from wastewater treatment plants as a first step. 

 
8. Sources will be encouraged to consider nutrient load trading with other sources within 

the HUC-10 watershed. Trading offers the opportunity for stakeholders to work together 
to maximize nutrient load reductions per dollar cost. Municipalities that have MS4 
permits and municipal and industrial WWTPs are natural candidates for trading. 
Pollutant trading, including pollutant suitability analysis, financial attractiveness, 
identification of potential participants and trading procedures are detailed in the Water 
Quality Trading Assessment Handbook (USEPA, 2004). 
 

9. The NRF approach to nutrient reduction is intended to utilize adaptive management.  
Regular reassessments of goals and action plans will be conducted by reviewing 
monitoring data, modeling results and other measures of success. As additional data 
becomes available (such as WWTP effluent characterization and instream water quality 
data), model results can be re-evaluated. Likewise, if new treatment technologies or 
BMP methodologies are developed, the load reductions and source allocations may be 
revised. This adaptive management process is depicted in Figure 4. 

 
Monitoring and Verification 

The Division will continue to conduct scheduled watershed monitoring during the 
implementation phase to evaluate the impact and effectiveness of controls. NPDES permits for 
point source facilities may also require monitoring to determine the impact of discharges on the 
receiving streams. Additionally, the individual stormwater discharge permit (for Memphis, 
Nashville, Chattanooga, Knoxville and TDOT) requires water quality and biological monitoring at 
designated stream segments. The Phase II MS4 General NPDES Permit (NPDES General 
Permit TNS00000, TDEC, 2010) requires permittees to conduct biological monitoring for stream 
segments within their jurisdictions that are impaired for siltation and/or habitat where MS4 
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discharges are listed as a source of the impairment. Because nutrient impaired waters often 
have siltation and/or habitat impairment, this monitoring should also provide a measure of BMP 
effectiveness. Such a program-with its management and level of data analysis-will require a 
significant commitment of resources from the municipality and has to be supported by the 
communityôs needs and expected outcomes. The monitoring section of the MS4 Permit 
Improvement Guide (USEPA, 2010) has a water quality monitoring section that addresses the 
use of Environmental Indicators that may provide flexibility to the municipality to address 
specific needs of the individual watershed. The monitoring and assessment of these waters will 
be conducted in accordance with the current watershed schedule of activities (TDEC, 2013). 
 

   
 

Figure 4.  Adaptive Management Protocol for Nutrient Reduction 
 

 
Public Outreach and Stakeholder Involvement 
 
The Division will actively engage the public to publicize the role of excessive nutrient loading in 
water quality impairment and the need to work collaboratively to find solutions. The Division will 
use watershed meetings and social media to coordinate and collaborate with stakeholders, 
other state and federal agencies, and NGOs (non-governmental organizations) in the 
watersheds. 
 
Documentation 

For each impaired watershed evaluated, the Division will prepare a nutrient load analysis report 
(including the source loading evaluation spreadsheet) that will be posted on DWRôs website. 
Since the NRF employs the adaptive management approach, the report will be updated 
periodically to reflect new developments and advances in nutrient reduction efforts.  
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Implementation 
 
An implementation plan of the framework is being prepared. In that document, implementation 
of the NRF will be discussed in detail. In short,  
 
-For nutrient loads contributed by regulated sources:  
 
Following the 5-years rotating watershed schedule that Tennessee uses, starting from 2016 
(http://state.tn.us/environment/water/watersheds/index.shtml), effluent nutrient load limits will be 
assigned for each of the major point source facilities in an impaired HUC-10 watershed based 
on Enrichment Factor (EF) and %WTTP contribution. The Division anticipates that the stateôs 
narrative nutrient criteria could be met within two to three NPDES permit cycles. 

 
-For nutrient loads contributed by non-regulated sources: 
 
As detailed in Appendix B, a draft nutrient reduction strategy for non-regulated agricultural 
nonpoint sources in the Mississippi River Basin (Major River Basin IV, Figure 2) has been 
developed. By partnering and working with relevant agricultural stakeholders and voluntary 
efforts to apply appropriate BMPs, a 40 to 60% nutrient load reduction is achievable in five to 
ten years. Process, information and experience learned in the Mississippi River Basin will be 
implemented statewide. 
  

http://state.tn.us/environment/water/watersheds/index.shtml
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Approach  
 
This NRF methodology uses the concept of an enrichment factor (EF) (Becker, et. al, 2009), 
which is the ratio of the existing pollutant load (including effects of human activity) to the 
ñnaturalò background or baseline condition. The enrichment factor is used to determine the 
appropriate level of nutrient reduction for point sources in an impaired watershed.  
 
For each HUC-10 watershed, a spreadsheet is prepared to calculate a post-reduction annual 
nutrient load for the watershed after incorporating expected load reductions of point and 
nonpoint sources (e.g., 50% load reduction from urban, 40% from agricultural sources and 
required effluent load reduction at aggregated WWTPs). This post-reduction annual nutrient 
load is referred to as the Protective Annual Watershed Load (PAWL) in the spreadsheet (see 
Table A11). When the PAWL is achieved, instream nutrient concentrations in the watershed are 
expected to be similar to those of an unimpaired watershed in the same ecoregion with a 
healthy and productive ecosystem for fish and aquatic life. The PAWL sets a realistic numeric 
percent reduction that serves as an indicator of the progress in meeting the narrative nutrient 
criterion, given available BMPs and other pollutant controls. To protect the designated uses and 
meet the water quality criterion, this strategy prescribes a reduction in excessive nutrients 
discharged from point sources and the implementation of BMPs that mitigate or reduce the 
effects of stressors on the streamôs overall ecology. 
 
Tennesseeôs approach relies on the USGS SPARROW model output for the estimates of 
nutrient source contributions to stream loads, which are used to derive the enrichment factors 
and percentage of sources contribution. The SPARROW model is, in theory, ñscale 
independent.ò However, the uncertainty associated with SPARROW predictions is expected to 
increase for drainage basin sizes smaller than those of stream monitoring sites used to calibrate 
the model. The HUC-10 watershed scale is large enough to provide greater certainty of model 
results, because the typical HUC-10 size (about 225 square miles) is larger than almost one-
third of the stream monitoring sites/basins used to calibrate the model (Saad, et al., 2011, 
Tables S1 and S3). 
 
SPARROW Model 
 
The term ñSPARROWò refers to SPAtially Referenced Regressions On Watershed attributes, a 
model that relates in-stream water-quality monitoring data to spatially referenced characteristics 
of watersheds. These include pollutant sources and transport factors. SPARROW is used to 
predict stream nutrient loads from nutrient source inputs (using nonlinear least squares multiple 
regression), to track the fate and transport of constituents discharged to streams, and to predict 
changes in water quality due to improved management practices. The models are calibrated to 
minimize the error between predicted and observed values of annual nutrient loads at fixed 
monitoring sites. 
 
The Division has aggregated SPARROWôs South Atlantic Gulf and Tennessee (SAGT) region 
model (MRB2) output for total nitrogen and total phosphorus for HUC-10 watersheds within 
Tennesseeôs borders. Therefore, the framework is currently using output from this specific 
model: SPARROW-SAGT (Hoos and McMahon, 2009; Garcia, et al., 2011). Nitrogen and 
phosphorus output from the Great Lakes, Ohio, Upper Mississippi, and Souris-Red-Rainy Major 
River Basin Model (MRB3) that is applicable for the Cumberland River Basin will be aggregated 
and then applied. Output from the Lower Mississippi, Arkansas-White-Red, and Texas Gulf 
River Basin Model (MRB5) will be applied in West Tennessee with the focus on agricultural 
reductions as stated in Appendix B. 
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The SPARROW-SAGT model includes source predictor variables. For nitrogen, those include 
wastewater treatment plant (WWTP) discharges, atmospheric deposition (National Atmospheric 
Deposition Program, 2006), fertilizer (applied to agricultural land (Ruddy, et al, 2006)), manure 
from livestock production (Ruddy, et al, 2006) and urban sources (impervious surface area as 
classified by the 2001 National Land Cover Dataset (Homer, et al, 2004). For phosphorus those 
include soil-parent rock (S-PR) (phosphorus content of bed sediment in headwater streams 
based on regionalizing National Geochemical Survey data (Terziotti, et al, 2009), manure 
(animal waste from both confined and unconfined sources (Ruddy, et al, 2006)), fertilized land 
(agricultural land in the National Land Cover Dataset (Homer, et al, 2004)), WWTP discharges, 
urban sources (urban land as classified by the 2001 National Land Cover Dataset (Homer, et al, 
2004)) and phosphate mines (phosphorus content of bed sediment in headwater streams 
affected by mined land, inferred from National Geochemical Survey data (Terziotti, et al, 2009)). 
 
Enrichment Factor 
 
The nutrient loadings from the SPARROW-SAGT model (MRB2) are used to determine the 
enrichment factor. In this case, the atmospheric deposition load represents background for 
nitrogen and the soil-parent rock (S-PR) load represents background for phosphorus. Figure A1 
shows that natural soil and bedrock in some areas of middle Tennessee are particularly rich in 
phosphorus. Enrichment factors for nitrogen and phosphorus were calculated for each HUC-10 
watershed in the Tennessee River Basin. The enrichment factor calculations for total nitrogen 
and total phosphorus are given below: 
 
TN:    
                     LoadWWTP + LoadAtmDep + LoadFertilizer + LoadManure + LoadUrban 

  EF =  ½½½½½½½½½½½½½½½½½½½½½½½½½½½ 
LoadAtmDep 

 
TP: 

           LoadWWTP + LoadS-PR + LoadFertilized Land + LoadManure + LoadUrban + LoadMines 

EF = ½½½½½½½½½½½½½½½½½½½½½½½½½½½½½½½½½ 
LoadS-PR 

 
The specific loads used were derived from a subset of the SAGT output that included 138 HUC-
10 watersheds in the Tennessee River basin. The Upper Tennessee River Basin consists of 73 
HUC-10 watersheds and the Lower Tennessee River Basin has 65 HUC-10 watersheds. The 
source contributions to stream total nitrogen and total phosphorus loads in the Upper and Lower 
Tennessee River Basins are demonstrated in Box-Whisker plots shown in Figures A2 and A3, 
respectively. The calculated EFs for all HUC-10 watersheds in the Upper and Lower Tennessee 
River Basins are shown in Figures A4 and A5 for TN and TP, respectively. Cumulative 
frequency distributions of calculated EFs in the Upper and Lower Tennessee River Basins are 
shown in Figures A6 and A8 for TN and TP, respectively. These distributions assist in 
partitioning the calculated EFs into three zones (bottom, middle, and top), which are used to 
construct the decision-making matrix (discussed in the Decision-Making Matrix section below). 
Box-Whisker plots of the calculated enrichment factors in the Upper and Lower Tennessee 
River Basins are shown in Figures A7 for TN and Figure A9 for TP. 
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Figure A1.  Mean Values of Bed-Sediment Phosphorus Concentration in Tennessee 
(Terziotti, et al, 2009) 
 

 
           Lower Tennessee River Basin                           Upper Tennessee River Basin 
 

                Figure A2.  Total Nitrogen SPARROW-SAGT-modeled sources contribution 
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                Lower Tennessee River Basin                        Upper Tennessee River Basin  
 
           Figure A3.  Total Phosphorus SPARROW-SAGT-modeled sources contribution 
 

 
 
   Figure A4. Enrichment Factors for Total Nitrogen in Upper and Lower Tennessee River Basins 
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   Figure A5. Enrichment Factors for Total Phosphorus in Upper and Lower Tennessee River  
                     Basins 
 

 
 
      
       Figure A6.  Cumulative frequency distribution of Enrichment Factors for Total Nitrogen 
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                 Lower Tennessee River Basin                           Upper Tennessee River Basin 

 
               Figure A7.  Box-Whisker Plot of Enrichment Factors for Total Nitrogen 
 
 

 
 

 
    Figure A8.  Cumulative frequency distribution of Enrichment Factors for Total Phosphorus 
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              Lower Tennessee River Basin                                Upper Tennessee River Basin 

         
             Figure A9.  Box-Whisker Plot of Enrichment Factors for Total Phosphorus 

 
For Cumberland and Mississippi River Basins (River Basin III and IV), the enrichment factor will 
be calculated in a similar manner using nutrient loadings from the applicable SPARROW 
models (MRB3 and MRB5).  
 
Tables A1 and A2 summarize the relative contribution of sources and enrichment factors 
derived from the SPARROW SAGT output in the Tennessee River basin for total nitrogen and 
total phosphorus, respectively. 

 
Total Nitrogen Contribution and Enrichment Factor 

 Tennessee River Basin  

Source Range Median Mean 

Atm. Deposition 9 - 92% 56% 57% 

Wastewater 0 - 84% 3.6% 8% 

Urban 0.7 - 38% 4.8% 6.6% 

Fertilizer 0.5 - 46% 16% 18% 

Manure 0.7 - 37% 12% 14% 

Enrichment Factor (EF) 1.1 ï 10.6 1.8 2 
                 

              Table A1. Total Nitrogen Sources Contribution and Enrichment Factor 
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Total Phosphorus Contribution and Enrichment Factor  
Tennessee River Basin  

Source Range Median Mean 

Soil-Parent Rock 2.3 - 92% 38% 43% 

Wastewater 0 - 92% 5.3% 11.9% 

Urban 0.9 - 53 % 13% 15% 

Fertilized Land 0.7 - 57 % 24% 25% 

Manure 0.3 - 23 % 9% 9% 

Mines 0 - 12% 0% 0.3% 

Enrichment Factor (EF) 1.1 ï 11 2.6 3.0 
                 

              Table A2. Total Phosphorus Sources Contribution and Enrichment Factor 

 
WWTP Effluent Limits 

 
In some HUC-10 watersheds, WWTP discharges represent the major source of nutrient 
enrichment. Cumulative frequency distribution of the percentage of WWTP contributions in the 
Upper and Lower Tennessee River Basins are shown in figures A10 and A11 for total nitrogen 

and total phosphorus, respectively. These distributions assist in partitioning the percentage of 

WWTP contributions into three zones (bottom, middle, and top), which are used to construct the 
decision-making matrix (discussed in the Decision-Making Matrix section below). 
 

 

 
 
      Figure A10.  Cumulative frequency distribution of WWTP Contributions for Total Nitrogen 
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    Figure A11.  Cumulative frequency distribution of WWTP Contributions for Total Phosphorus 
 
Decision-Making Matrix 
 
Nutrient impact levels in each HUC-10 watershed is evaluated as high, medium, and low based 
on a combined analysis of EF and percentage of WWTP contribution, That is as follows: The 
cumulative frequency distributions of EF (Figures A6 and A8) and percentage of WWTP 
contribution (Figures A10 and A11) were each bracketed into three zones: bottom, middle, and 
top. For each HUC-10 watershed, if the scores of EF and percentage of WWTP contribution 
both exceed the top bracket, the nutrient impact from WWTP is considered the high level.  
When both the EF and percentage of WWTP contribution are below the bottom bracket, the 
nutrient impact from WWTP is at the low level. In the first stage of implementation, EFs have 
been bracketed at the 33rd and 67th percentiles and the percent of WWTP contributions have 
been bracketed at the 50th and 80th percentiles.  The decision-making matrices for the Upper 
Tennessee River Basin based on these brackets are presented in Tables A3 and A4 for total 
nitrogen and total phosphorus, respectively. Tables A5 and A6 show the same decision-making 
matrices for the Lower Tennessee River Basin for total nitrogen and total phosphorus, 
respectively. The partitioning of the EF and percent of WWTP contribution will be periodically 
assessed and adjusted during the implementation phase to evaluate their impact and 
effectiveness.   
 
 

Impact Level 

% WWTP 
Contribution 

EF<1.5 1.5ÒEF<2 EFÓ2 

WWTPÓ14.1% Low Medium High 

4.2%Ò WWTP<14.1% Low Medium Medium 

WWTP<4.2% Low Low Low 

 
           Table A3.  Total Nitrogen Evaluation Matrix in Upper Tennessee River 
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                             Basin (n=73 for EF and n=51 for % WWTP Contribution)  

Impact Level 

% WWTP 
Contribution 

2.8>EF 2.8<EF<4.1 EFÓ4.1 

WWTP Ó21.7% Low Medium High 

8.8%Ò WWTP<21.7% Low Medium Medium 

WWTP<8.8% Low Low Low 

 
Table A4. Total Phosphorus Evaluation Matrix in Upper Tennessee River  
                 Basin (n=71 for EF and n=47 for % WWTP Contribution) 
 
 

Impact Level 

% WWTP 
Contribution 

EF<1.5 1.5ÒEF<2.1 EFÓ2.1 

WWTPÓ9.3% Low Medium High 

3.1%Ò WWTP<9.3% Low Medium Medium 

WWTP<3.1% Low Low Low 

 
Table A5.  Total Nitrogen Evaluation Matrix in Lower Tennessee River  
                  Basin (n=65 for EF and n=33 for % WWTP Contribution) 
 

 

Impact Level 

% WWTP 
Contribution 

1.4>EF 1.4<EF<2.3 EFÓ2.3 

WWTP Ó6.8% Low Medium High 

2.5%Ò WWTP<6.8% Low Medium Medium 

WWTP<2.5% Low Low Low 

 
Table A6.  Total Phosphorus Evaluation Matrix in Lower Tennessee River  
                  Basin (n=65 for EF and n=33 for % WWTP Contribution) 
 

 
In each HUC-10 watershed, the resulting nutrient impact level indicates the appropriate level of 
nutrient reduction for WWTPs to achieve the PAWL. For both nitrogen and phosphorus, effluent 
limits (Table A7) will be assigned to WWTPs according to the impact levels determined. The 
effluent target limits (8 mg/l TN and 1 mg/l TP) assigned to HUC-10s with medium impact 
represent nutrient concentrations corresponding to conventional biological nitrogen and 
phosphorus removal and tertiary filtration. The effluent limits (5 mg/l TN and 0.3 mg/l TP) 
assigned to HUC-10s with high impact represent results of additional chemical treatment for 
phosphorus removal (WERF, 2010). For plants equipped with biological treatment systems, 
appropriately modifying and optimizing the operation of existing systems for nitrogen and 
phosphorus removal may be capable of achieving the required effluent discharge limits. The 
Division strongly encourages that, if applicable, plant optimization be included as one of the first 
alternatives in the plantôs nutrient removal/reduction plan. 
 
In addition to the nutrient impact level, additional factors can be considered in determining the 
required nutrient load reductions. Those include current effluent concentrations, proximity (less 
than 10 miles upstream) to other nutrient or dissolved oxygen (DO) impaired water bodies, and, 
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for total phosphorus, proximity (less than 20 miles) to downstream reservoir segments. 
Additionally, a facilityôs operation and maintenance will be taken into consideration. In the first 
stage of implementation, this strategy will be applied to major municipal as well as permitted 
industrial WWTPs. 
 
 
 
 
 

 
               
 
    Table A7.  Required Effluent Limits for Total Nitrogen and Total Phosphorus 

 
Nutrient Reduction in Urban Runoff 
 
In Tennessee urban sources include sanitary sewer overflows, permitted MS4 discharges and 
discharges from other as yet unregulated developed areas. This framework assumes an 
achievable 40% - 60% target reduction in annual pollutant load from urban sources. It is 
supported by observed pollutant removal efficiencies of several commonly applied BMPs (see 
Table A8). These data suggest that pollutant removal can be within the target range. 
 
The 2012 303(d) list identifies collection system failures as a source of nutrient pollution in 55 
impaired segments. Many of these systems are under enforcement to eliminate wet weather 
discharges of untreated sewage. This framework will identify those systems with mandatory 
compliance schedules and will target the remainder for future enforcement. Elimination of 
collection system failure as a source of nutrient pollution is the Divisionôs regulatory goal. 
 
The individual permit for municipal MS4 discharges requires a watershed characterization and 
management program (TDEC, 2010). Specifically, E. coli and total suspended solids (TSS) are 
components of the watershed characterization monitoring. Results of watershed 
characterization are submitted with each annual report to the Division. By the end of a permit 
cycle (5 years), the permittee will develop a watershed management plan that focuses on one 
critical watershed. The plan will incorporate components of analytical monitoring, assessment of 
the monitoring data, design and implementation of BMPs to address the specific pollutants of 
concern, master planning of critical impervious areas and assessments of targeted BMP 
effectiveness. The watershed management plan will be drafted in a format that can be 
extrapolated to other watersheds within the county. 
 
The current Phase II MS4 general NPDES permit requires that stormwater management 
programs include BMPs specifically targeted to achieve reduction prescribed in TMDLs. This 
framework will include a similar provision. If necessary, the Phase II General NPDES Permit will 
be modified to refer to reductions identified in this framework. For all new and redeveloped 
property, the MS4 permits require runoff reduction through green infrastructure as the preferred 
method for permanent stormwater control. Green infrastructure is expected to achieve both 
volume control and pollutant removal. 
 
 
 
 

Required Effluent Limits 

  Low Impact Medium Impact High Impact 

Total  Nitrogen  Cap @ current level 8 mg/l 5 mg/l 

Total  Phosphorus Cap @ current level 1 mg/l 0.3 mg/l 



 

Page 28 of 76 - Tennessee Nutrient Reduction Framework (rev. 03/03/15) 

 

 

   Total Nitrogen   Nitrate Total Phosphorus 

 BMP type 
Rmvl. Effic. 

 (%) 
No. 

Sites 
Rmvl. Effic. 

(%) 
No. 

Sites 
Rmvl. Effic. 

(%) 
No. 

Sites 

 Wet ponds 28 27 42.5 16 46 28 

 Stormwater 22 14 55 8 32.5 14 
 wetlands             

 Sand filters 41 12 56.5 11 59 11 

 Bioretention 
 

45 
 
4 

 
16 

 
4 

 
71 

 
5 

 areas             

 
       Table A8.  Median removal effectiveness for 4 BMPs from Studies in the Southeast and  
                        Mid-Atlantic (Wossink and Hunt, 2003).  
 
The Division may designate other developed areas as MS4s and require them to obtain permit 
coverage pursuant to the applicable deadlines in the NPDES general MS4 permit. Those newly 
permitted MS4s would then be required to implement the controls described above. 
 
Nutrient Reduction from Agricultural Sources 
 
In the absence of regulatory authority, the Division follows EPAôs Memorandum: Working in 
Partnership with States to Address Phosphorus and Nitrogen Pollution through Use of a 
Framework for State Nutrient Reductions (Stoner, N., USEPA, 2011) by working with 
agricultural partners to accelerate adoption of agricultural conservation practices by promoting 
proven land stewardship practices that improve water quality. Rao, et al. (2009) found that the 
range of BMP reductions to be 11-94%, depending on the practice. Table A9 lists several 

agricultural BMPs and associated nitrogen and phosphorus removal efficiencies. This 

framework assumes a 40% reduction in nutrient loads from agricultural sources. According to 
Tennesseeôs 2012 303(d) list (TDEC, 2014), the bulk of stream impairments due to agriculture 
are related to livestock grazing and crop production. Where agricultural sources represent a 
significant portion of the nutrient load in a given HUC-10 watershed, the Division will work with 
partner agencies such as the Tennessee Department of Agriculture (TDA), Natural Resources 
Conservation Service (NRCS) and the University of Tennessee Extension (UT) to develop 
watershed specific plans for agricultural BMP implementation. 
 

BMP Type Nitrogen  Phosphorus 

Filter Strips 70% 75% 

Terrace Systems 20 - 55% 70 - 85% 

Diversion Systems 10 - 45% 30 - 70% 

Reduced Tillage Systems 55 % 45% 

Containment Structure 65% 60% 

Rotational Grazing 20 % 20% 

Livestock Exclusion 50 % 75 % 

Riparian Buffer 40 - 70 % 45 - 70 % 

Animal Waste Systems  80 % 90% 

                  
Table A9.  Effectiveness of Agricultural BMPs for Nutrient Control (USEPA, 1993;  
                 Agouridis, et al., 2005; Chesapeake Bay Program, 2011) 



 

Page 29 of 76 - Tennessee Nutrient Reduction Framework (rev. 03/03/15) 

 

 

 
Since 1994, the Division has been partnering with TDA, which manages Tennesseeôs 319 
Nonpoint Source Program, and the NRCS. Specifically, in 2010, the Division started working 
with TDA and UT to develop an agricultural nonpoint source nutrient reduction strategy in West 
Tennessee watersheds (Appendix B) as part of the Mississippi River/Gulf of Mexico Hypoxia 
Task Force Action Item 1. The methods detailed in this plan can be applied across the state to 
achieve reductions in agricultural sources of nutrient load. Recipients of 319 or NRCS cost-
share program are contractually bound to maintain the BMP through its estimated useful life. 
Recipients who fail to do so are required to return the cost-share contribution to the funding 
agency. 
 
Maximum Annual Allowable Load  
 
For each HUC-10 watershed, a spreadsheet is prepared to calculate a post-reduction annual 
nutrient load for the watershed after incorporating expected load reductions of point and 
nonpoint sources (e.g., 50% load reduction from urban, 40% from agricultural sources and 
required effluent load reduction at aggregated WWTPs). This post-reduction annual nutrient 
load is referred to as the Protective Annual Watershed Load (PAWL) in the spreadsheet (Table 
A11). The PAWL represents an annual watershed nutrient load that is expected to meet the 
narrative nutrient criterion. Using the SPARROW-SAGT-derived loadings as an example, 
PAWLs for nitrogen and phosphorus are determined using the following equations: 
 
For nitrogen: 
 

PAWL = LoadWWTPs@ Reqôd Reduction + (LoadUrban + LoadFertilizer + LoadManure)x BMP Reduction     
           + LoadAtm Dep  

 
For phosphorus: 
 

PAWL = LoadWWTPs@ Reqôd Reduction + (LoadUrban + LoadFert Land + LoadManure)x BMP Reduction  
           + LoadS-PR + LoadMines 

 
Where: 
 

Expected BMP Reduction =40%; and 
 

LoadUrban, LoadFertilizer, LoadManure, LoadFert Land, LoadAtm Dep and LoadS-PR are from 
SPARROW-SAGT Model output 

 
LoadWWTPs@ Reqôd Reduction = ×(WWTP effluent concentration x WWTP flow)HUC-10, outlet 

 
When the PAWL improves instream nutrient concentrations and/or biological condition in the 
HUC-10 watershed to the narrative nutrient criterion, the PAWL is considered the maximum 
annual allowable load.  If not, a new PAWL will be recalculated with more stringent effluent limits 
and additional load reductions from other contributing sources (including trading among point 
and nonpoint sources). Stream nutrient concentrations and biological condition will be monitored 
again after the new PAWL has been implemented. The process is repeated until the stream 
nutrient concentrations and/or biological condition meet the narrative nutrient criterion. Reaching 
the narrative nutrient criterion is expected to result in a significant reduction in nutrient load in 
the watershed. The Division expects that in many cases, especially where WWTPs and urban 
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sources are primary contributors, this should result in use support in a timely manner within 2 to 
3 permit cycles. That represents a time frame of ten to fifteen years. 
 
The Division recognizes that, in some impaired streams, the narrative nutrient criterion may not 
be achieved with effluent limits imposed even at the highest nutrient impact level.  In these 
cases, the Division will work with permittees to collect the necessary data for modeling to 
determine final effluent limits protective of narrative nutrient criteria. Limits based on the 
Divisionôs nutrient reduction strategy will be implemented as interim limits. Dischargers may 
choose to forego interim limits and data collection for modeling; instead, to implement an 
assessment based nutrient target directly. 
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A Case Example 
 
This framework is demonstrated in a HUC-10 watershed in the Upper Tennessee River Basin, 
the West Prong Little Pigeon River. Table A10 below gives the percent source contributions in 
the watershed under current conditions. 
 

 Total Nitrogen % Total Phosphorus % 

WWTPs 19.6 42.3 

Urban land 10.3 25.2 

Fertilizer/ Ag. land 4 5.8 

Manure/ Animal Waste 3.3 2.0 

Background (Atm. 
Dep./ Soil-P Rock) 

62.8 24.7 

 
                               Table A10.  SPARROW-SAGT Model Source Contribution 
 
An evaluation of the source loadings (Table A11) and comparison with the Total Phosphorus 
Evaluation Matrix for the appropriate region (Upper Tennessee, Table A4) show that the HUC-
10 watershed has a phosphorus enrichment factor of 4.1 (in the high range) and a %WWTP 
contribution of 42.3 percent (in the high range), and therefore the nutrient impact level is 
determined as high. Each of the wastewater plants in this HUC-10 watershed will be assigned a 
total phosphorus effluent limit of 0.3 mg/l.  
 
   Wastewater S-P  

Rock 

Ag.  

Land 

Manure Urban 

Land 

Total 

SPARROW Source (Existing) Load lbs/yr 18,363 10,716 2,507 867 10,937 43,390 

Percent % 42.3 24.7 5.8 2.0 25.2 100.0 

HUC-10 Enrichment Factor       4.1 

WWTPs 

 

 

Ɇ Design Flow MGD 12.00      

Ɇ Existing Flow MGD 5.103      

Avg. TP Concentration mg/L 1.664      

Impact Level  High      

Required Treatment Level (RTL) mg/l 0.3      

Allocation (WWTP #1) lbs/yr 5,479      

Allocation (WWTP #2) lbs/yr 5,479      

Allocation (In-stream at HUC-10) lbs/yr 7,783      

Load Reduction 

(WWTP #1) 

% 59      

Load Reduction  

WWTP #2) 

% 56      

Proposed Reduction %   40 40 50  

Precipitation 

Induced Sources 

 

Load Allocation (assumes 40% and 

50% reduction in agricultural and 

urban loading, respectively)  

lbs/yr   1,504 520 5,469  

 Protective Annual Watershed Load 

(PAWL) 

lbs/yr 7,783 10,716 1,504 520 5,469 25,992 

HUC-10 Overall Overall Load Reduction %      40.1 

                                        
                                       Table A11. Total Phosphorus Load Analysis 
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Figure A12 compares the PAWL load for the West Prong Little Pigeon River (25,992 lbs/yr or 
0.27 lbs/yr/acre) with the SPARROWïSAGT estimated load for the healthy unimpaired East 
Prong Little Pigeon River (26,579 lbs/yr or 0.21 lbs/yr/acre), which has a similar watershed size 
(94639.5 ac vs. 128551 ac). This strongly suggests implementation of this framework in the 
West Prong Little Pigeon River will likely restore the water quality and meet the narrative 
ambient nutrient criteria. 

  
 
 
 
 
 
  

26,579 lbs/yr (East 
Prong) 

PAWL 25,992 lbs/yr 
(West Prong) 

                             Figure A12.  East and West Prongs, Little Pigeon River 
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Contact  Information: 
 

 
Ming Shiao, Ph.D. Ming.Chen.Shiao@tn.gov, (865)-481-0995 
Sherry Wang, Ph.D. Sherry.Wang@tn.gov, (615)-532-0656 
 

 
Note: This Nutrient Reduction Framework was originated from a white paper titled óState of 
Tennessee Nutrient Reduction Strategy for Rivers and Streamsô prepared by Saya Qualls, 
P.E. (former TDEC employee) in 2012 and is revised in 2014 with contributions from Bruce 
Evans, P.E. (retired TDEC employee), Ann Hoos (USGS), Vicki Steed, P.E. (TDEC), Karina 
Bynum, P.E. (TDEC), and Regan McGahen (GIS, TDEC).  

 
 

Mailing Address: 
 
William R. Snodgrass Tennessee Tower 
312 Rosa L. Parks Ave. 11th Floor 
Nashville, Tennessee 37243  

mailto:Ming.Chen.Shiao@tn.gov
mailto:Sherry.Wang@tn.gov
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Introduction 
 
The State-EPA Nutrient Innovations Task Group, which released a report in August 2009 
entitled An Urgent Call to Action, summarizes the increasing environmental and drinking water 
supply degradation associated with excess levels of nitrogen and phosphorus in the nationôs 
waters. The Mississippi River/Gulf of Mexico Hypoxia Task Force and the Gulf of Mexico 
Alliance have plans that call for the reduction of nutrients reaching the Gulf of Mexico and are 
stated in the Mississippi Delta Nutrient Reduction Strategies. Various health and ecological 
impacts are thought to be associated with high nutrient concentrations in water.  
 
Tennessee is developing a nutrient reduction framework to address nutrient loads in our 
watersheds. As a component of this framework, Tennessee is developing an agricultural 
nonpoint source nutrient reduction strategy for Mississippi River Basin watersheds (see Figure 
B1). 
 
Tennessee intends to develop a farmer-led approach by using voluntary, economic-based 
incentives that enable landowners to make wise land use decisions that maintain profitability 
and reduce environmental impacts from farming. 
 
The goals of the West Tennessee agricultural nonpoint source nutrient reduction strategy are to: 

¶ Use science-based solutions and adaptive management to develop a comprehensive set 
of results-oriented nutrient load reduction approaches that promote stakeholder 
involvement and capitalize on the successes of other states  

¶ Protect drinking water sources from high nitrate contamination 

¶ Reduce nutrient loads from Tennesseeôs watersheds that drain to the Mississippi River 
(Mississippi River Basin Watersheds) 

¶ Increase opportunities for federal funding 
 
Watersheds in this basin, and their HUC-8 numbers, are:  

¶ 08010100 (Mississippi River)  

¶ 08010202  (North Fork Obion River)  

¶ 08010203  (South Fork Obion River)  

¶ 08010204  (North Fork Forked Deer River)  

¶ 08010205 (South Fork Forked Deer River)  

¶ 08010206  (Middle Fork Fork Obion River)  

¶ 08010207  (Upper Hatchie River)  

¶ 08010208  (Lower Hatchie River)  

¶ 08010209 (Loosahatchie River)  

¶ 08010210 (Wolf River)  

¶ 08010211 (Nonconnah Creek)  
 
 
 

http://water.epa.gov/scitech/swguidance/waterquality/standards/criteria/aqlife/pollutants/nutrient/upload/2009_08_27_criteria_nutrient_nitgreport.pdf
http://www.deq.state.ms.us/mdeq.nsf/0/6A8D2A5A84C5D29386257685004D85CF/$file/Delta+Nutrient+Reduction+Strategy_12-15-2009.pdf?OpenElement



