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Abstract:  The formula and application of the proposed approach for the protection of downstream estuaries is not appropriate in Florida watersheds.  The error associated with the nitrogen loading estimates provided by SPARROW is too large to use as a water quality standard.   Additionally, the calculation of denitrification in Florida is not correct largely due to the use of Reach File 1.
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[bookmark: _Toc260223083]Proposed Criteria for Protection of Downstream Estuarine Waters [40 CFR 131.43(c)(2)(iii)] 

EPA Expression:  (A) The applicable criteria for a stream that flows into downstream estuary is the more stringent of the values from the preceding table in (c)(2)(i) or downstream protection values (DPVs) derived from the following equation to protect the downstream estuary.  EPA’s preset DPVs are listed in the Technical Support Document (TSD) for Florida’s Inland Waters located at www.regulations.gov, Docket ID No. EPA-HQ-OW-2009-0569, and calculated for each stream reach as the average reach-specific concentration (Ci ) equal to the average reach-specific annual loading rate (Li) divided by the average reach-specific flow ( Qi ) where: 

and where the terms are defined as follows for a specific or ( ith ) stream reach: 
i  	maximum flow-averaged nutrient concentration for a specific (the ith ) stream reach consistent with downstream use protection (i.e., the DPV) 
k 	fraction of all loading to the estuary that comes from the stream network resolved by SPARROW 
Lest	protective loading rate for the estuary, from all sources  
W 	combined average freshwater discharged into the estuary from the portion of the watershed resolved by the SPARROW stream network  
Fi 	fraction of the flux at the downstream node of the specific ( ith) reach that is transported through the stream network and ultimately delivered to estuarine receiving waters (i.e. Fraction Delivered). 
DPVs may not exceed other criteria established for designated use protection in this section, nor result in an exceedance of other criteria for other water quality parameters established pursuant to Rule 62-302, F.A.C.  
(B) The State may calculate alternative DPVs as above for Ci except that Li is determined as a series of values for each reach in the upstream drainage area such that the sum of reach-specific incremental loading rates equals the target loading rate to the downstream water protective of downstream uses, taking into account that downstream reaches must reflect loads established for upstream reaches.  Alternative DPVs may factor in additional nutrient attenuation provided by already existing landscape modifications or treatment systems, such as constructed wetlands or stormwater treatment areas. For alternative DPVs to become effective for Clean Water Act purposes, the State must provide public notice and opportunity for comment. 
(C) To use an alternative technical approach of comparable scientific rigor to quantitatively determine the protective load to the estuary and associated protective stream concentrations, the State must go through the process for a Federal site-specific alternative criterion pursuant to paragraph (e) of this section. 
[bookmark: _Toc260223084]Comment 1:  This Provision of the Federal Proposal is Not Necessary 

The in-stream protection criteria (as proposed by FDEP) are inherently protective of downstream uses.  Additionally, in this circumstance, EPA can interpret federal requirements to not require that individual stream nutrient criteria provide for the attainment and maintenance of the water quality standards of downstream waters that also have nutrient criteria established to protect uses.
[bookmark: _Toc260223085]Legal Analysis:  
Federal regulations at 40 CFR 131.10(b) state, “In designating uses of a water body and the appropriate criteria for those uses, the State shall take into consideration the water quality standards of downstream waters and shall ensure that its water quality standards provide for the attainment and maintenance of the water quality standards of downstream waters.”  
EPA has interpreted this provision to mean that each and every criteria established by a State must ensure the protection of downstream waters, however that interpretation is not necessary.  A just as valid interpretation is that the State’s standards (versus each component of its standards) as adopted must ensure the protection of downstream waters.  When a State’s water quality standards contain protective criteria for both upstream and downstream waters, then it can be argued that a State’s standards provide for the attainment and maintenance of water quality standards of both the upstream and downstream waters.  While estuarine numeric nutrient criteria will not be available until next year, once they are promulgated, Florida will have standards for the downstream waters that provide for the attainment and maintenance of estuaries and it is not necessary or reasonable to establish stream DPVs  when the science needed to create the link between upstream and downstream is lacking.
Technical consideration:  This provision can also be met if it is demonstrated that the upstream criteria does in fact provide for the attainment and maintenance of downstream waters.  In the case of the In-Stream Protection Values, as proposed by FDEP, several lines of evidence show that the in-stream protection values provide for the attainment and maintenance of both upstream and downstream waters.  
If the stream criteria were derived from streams with minimal anthropogenic inputs of nutrients, they would not be expected to cause an imbalance of flora or fauna in downstream waters because the downstream waters would have naturally adapted to the upstream waters nutrient conditions.
The longitudinal study conducted by FDEP showed that nutrient conditions in undisturbed upstream waters inherently protect downstream waterbodies.
Specific evaluations of known protective loads to estuaries reveal that concentrations necessary to achieve the FDEP proposed benchmark values inherently protect those estuaries.

[bookmark: _Toc260223086]Demonstration that FDEP Proposed In-stream Protection Values are Protective of Downstream Estuaries
If the long term concentration necessary to attain FDEP’s proposed numeric nutrient criteria for streams is less than the long term concentration necessary to meet the protective estuary drainage area target, then the stream criteria is inherently protective.  Apalachicola Bay, the St. Johns River Estuary, and Tampa Bay are provided as examples to illustrate that FDEP’s proposed in-stream TN values are protective of downstream estuaries.  Appendices A through C contain the information used to generate the “long term concentration necessary to meet a protective estuary target” contained in the table below.  This evaluation does not take into account denitrification dynamics in upstream reaches.

Table 1 Summary of long term concentrations necessary to protect the estuaries and streams.
	

Estuary Drainage Area
	

Targeted Load
	Long Term Concentration Necessary to meet a protective estuary Target
	Long Term Concentration Necessary to Attain FDEP’s Proposed Numeric Nutrient TN Criteria for Streams

	Apalachicola Bay
	Current loading conditions based on a conclusion that the Bay supports its designated use.
	0.74 mg/L TN
	0.67 mg/L TN

	St Johns River Estuary
	Loading Associated with the Total Maximum Daily Loads
	1.31 – 1.41 mg/L TN
	1.37 mg/L TN

	Tampa Bay
	Tampa Bay TMDL and Protective Loads generated under the Reasonable Assurance Document
	1.44 - 1.50 mg/L TN
	1.37 mg/L TN



[bookmark: _Toc260223087]Estimating the Long Term Concentration Necessary to Attain FDEP’s Proposed Numeric Nutrient TN Criteria for Streams
Numeric nutrient criteria developed from the distribution of nutrient concentrations at minimally disturbed benchmark sites are inherently protective of the healthy well balance populations of fish and wildlife.  The FDEP proposed criteria are expressed as annual geometric mean values inclusive of the benchmark distribution.  However, it is important to consider the fact that the geometric mean benchmark values are measures of central tendency used to represent a much wider range of variability both above and below these geometric means.   This variability occurs both due to natural factors and factors inherent in sampling and testing procedures.    Given this variability, waterbodies with long-term (multiyear) average nutrient concentrations fully achieving the magnitude of FDEP’s proposed in-stream criteria will exceed the annual geometric mean based criteria with some frequency.  The frequency of exceedance will be a function of both the long-term average and variability (inter-annual and within year variance).  The nearer a stream’s long-term average concentration is to the magnitude of the criterion, the more frequently it will be expected to exceed the annual geometric mean, such that a waterbody with a long term average right at the magnitude of the criterion will be expected to have a fifty percent exceedance frequency of the annual geometric mean.  Inclusion of a return frequency test, such as no more than one exceedance in a three year period, will reduce the frequency of false positive exceedances; however, the fact remains that a long-term average well below the criteria will be necessary to consistently achieve the criteria two thirds of the time.  The analysis discussed below was undertaken to estimate long term average (multiyear) level of nutrients required to confidently achieve the criteria when, as currently proposed by EPA, a one in three exceedance requirement of the annual geometric mean is added as an assessment or compliance requirement. 
As stated above, the exceedance frequency can be estimated based on the long-term average and an estimate of variability.   The best estimate of variability for a stream fully achieving the criterion is calculated from the inter-annual variability (standard deviation) at the benchmark sites.    Inter-annual waterbody standard deviations were calculated for both total phosphorus and total nitrogen for each nutrient region.  The true long-term inter-annual standard deviation was calculated as the pooled inter-annual standard deviation of all benchmark WBIDs plus the pooled with-in year sampling standard deviation, such that:


where,
σtyr = 	Natural log true long-term inter-annual standard deviation within a benchmark stream;
σ2yr = 	Natural log pooled annual variance within benchmark streams (temporal effect);
σ2s = 	Natural log pooled with-in year variance across benchmark streams (e.g., sampling and testing effects); and.
n = The number samples of collected per year (set to 12).
The estimated true inter-annual standard deviations are listed in Table 1 by nutrient parameter and nutrient region.   The frequency with which a waterbody will exceed the criterion can be estimated using an assumed lognormal frequency distribution around its long-term average geometric mean concentration and the standard deviation values listed in Table 1.   For example, a stream with a long-term average TP concentration of 0.054 mg/L would be expected to exceed the Panhandle stream criterion approximately 20% of the time on an annual basis (Figure A).  
Table 2.  Estimated inter-annual standard deviations of natural log transformed TP and TN concentrations within Florida’s benchmark streams by nutrient regions.  The values represent the best estimates of the expected year to year variability in annual geometric mean concentrations within streams that fully achieve the criterion and support the designated use (i.e., benchmark).
	Parameter
	Region
	Natural Log True Inter-annual Standard Deviation

	TP (mg/L)
	Panhandle
	0.29

	
	Northeast
	0.33

	
	North Central
	0.40

	
	Peninsula
	0.32

	
	Bone Valley
	0.47

	TN (mg/L)
	Panhandle
	0.44

	
	NE-NC-Pen-BV
	0.51



Table 3 contains the Long-term Geometric Mean necessary to consistently achieve the in-stream protection criteria proposed by FDEP expressed as an annual geometric mean not to be surpassed more than once in a three year period, using a 25% type I error rate.  
	Parameter
	Region
	Long-term Geometric Mean Necessary to Consistently* Achieve 1 in 3 Year Test
	Percentile of Benchmark

	TP (mg/L)
	Panhandle
	0.061
	87

	
	Northeast
	0.087
	86

	
	North Central
	0.269
	84

	
	Peninsula
	0.100
	83

	
	Bone Valley
	0.336
	60

	TN (mg/L)
	Panhandle
	0.67
	80

	
	NE-NC-Pen-BV
	1.37
	78



[bookmark: _Toc233089581]
Figure A.  Probability of a Panhandle Benchmark stream at given long-term average concentration exceeding the 1 in 3 year component of the nutrient criteria for phosphorus.  

[bookmark: _Toc260223088]Study to Document Downstream Effects of Naturally elevated Nutrients in Selected Florida Rivers/Estuaries 
DEP initiated the Nutrient Longitudinal Study during the summer of 2008 to evaluate downstream biological responses to naturally high upstream phosphorus levels.  Biological responses to excess nutrients can be separated in space and time from enrichment sources—i.e., an adverse response to nutrients may occur well downstream from the actual enrichment.  DEP’s hypothesis is that within systems with low levels of human disturbance and intact ecological processes, naturally high levels of nutrients can usually be assimilated into the ecosystem without causing adverse biological responses to the streams or downstream estuaries because, the systems have evolved over time in conjunction with the existing nutrient regime.  The goal of this study was to determine whether nutrient concentrations representative of the upper portion of the benchmark site distribution are protective of the designated use of downstream reaches. 

Project Objectives
The objectives of the study were as follows: 
(1) Collect physical, chemical, and biological data throughout the length of selected Florida river/estuary systems to establish the relationship between nutrient levels and adverse biological responses, including the most sensitive (generally downstream) reaches; and 
(2) Analyze the resulting dataset as one line of evidence in DEP’s effort to establish numeric nutrient criteria, particularly relating to the protection of downstream waters. 

Project Description 
The longitudinal study focused on relating the effects of nutrients on various biological systems, from upstream to downstream, including the most sensitive areas, which typically are slowly flowing lower reaches or estuaries.  Two systems were studied:  the Waccasassa River and Estuary and the Steinhatchee River and Estuary.  Both rivers are in the Big Bend region of the state and the Peninsula nutrient region.  Blue Spring in Levy County forms the source of the Waccasassa River, which flows south to the Gulf of Mexico. The Steinhatchee River originates in Lafayette County and flows south, forming the border between Taylor and Dixie Counties, and empties into the Gulf.  Both systems were selected to represent conditions of relatively low human disturbance, meaning the existing nutrient concentrations represent minimal amounts of anthropogenic influence.    
Project Conclusion
Total phosphorus at the upper Steinhatchee River exceeded the 90th percentile of the nutrient benchmark sites and TP in the Waccasassa estuary approached the 90th percentile, yet no adverse effects were observed in the sensitive estuarine reaches, where healthy seagrass communities and fisheries prevailed.  This study found that chlorophyll a concentrations in both estuaries were below the 11 ug/L impairment threshold adopted in Chapter 62-303, F.A.C.  Compared with their respective headwaters, organic nitrogen was higher in both the Waccasassa and Steinhatchee estuaries, probably as a result of input from the extensive Spartina and Juncus marshes.  This study, conducted at two minimally disturbed river/estuary systems, supports the position that establishing nutrient criteria at the 90th percentile of the reference site distribution is protective of the biological integrity of sensitive downstream waters.  A full write up of this study is contained in Appendix D.
[bookmark: _Toc260223089]Comment 2:  According the USGS, the application of SPARROW is not appropriate for certain covered estuary drainage areas 

The USGS commented that it would be inappropriate to run SPARROW nutrient model analyses within certain basins in Florida, including estuary drainage areas that contain significant ground water influence on surface water flows and areas with altered hydrology.  This was based on the fact that it is difficult to account for nutrient inflows and outflows among drainage areas under which aquifer transport occurs and among drainage areas with extensively human-altered surface water hydrology.  
Analysis:  
[bookmark: _Toc260223090]USGS recommended basin exclusions for SPARROW analysis
The U.S. Geological Survey’s Open-File report 2008-1163 (Data to Support Statistical Modeling of Instream Nutrient Load Based on Watershed Attributes, Southeastern United States, 2002) provides the following commentary in regards to SPARROW modeling in certain Florida river basins:  “Nutrient conditions measured in streams affected by substantial influx or outflux of water and nutrient mass across surface-water basin divides do not reflect nutrient source and transport conditions in the topographic watershed; therefore, inclusion of such streams in the SPARROW modeling approach is considered inappropriate. River basins identified with this concern include south Florida (where surface-water flow paths have been extensively altered) and the Oklawaha, Crystal, Lower Sante Fe, Lower Suwanee, St. Marks, and Chipola River basins in central and northern Florida (where flow exchange with the underlying regional aquifer may represent substantial nitrogen influx to and outflux from the surface-water basins).”   Excluding these river basins would exclude the current analysis in four SPARROW watersheds:   the St. Johns River, Suwannee River, Apalachee Bay and the Apalachicola Bay watersheds (Figure 1).

Figure 2.  Basins Excluded by USGS
USGS’s comments were based on an analysis of runoff conditions in the named basins, maps of subcrop and outcrop of the Floridan aquifer, and the occurrence of karst and springs.  Information for the analysis of runoff conditions was provided by Rumenik’s 1988 “Runoff to Streams in Florida”.  Runoff is defined in this publication as, “that part of precipitation that appears in surface streams.  It includes water from rainfall that flows directly into streams from the land surface and water that infiltrates to ground water systems and subsequently emerges in streams.”  Rumenik’s document is a map that depicts mean annual runoff values as individual values on the map and as contour lines.  
In addition to mapping the mean annual runoff values, Rumenik provided commentary for several of the USGS excluded basins.  Rumenik noted that, within the Oklawaha basin in central Florida, runoff estimates are among the lowest in the state at around five inches and that a portion of the low runoff rate is attributed to flow of some ground water out of the basin to the Withlacoochee and Suwannee river basins.  Rumenik references highly variable springflow in the lower reaches of the Lower Santa Fe and Lower Suwannee basins, with groundwater flow being a major factor affecting runoff in the region.  Rumenik also noted that northern portions of the St. Marks basin contain areas of high ground water recharge, while the southern portions contain areas of high discharge from the floridan aquifer system.  Rumenik’s comments also support exception of the Withlacoochee (03100208) because surface water recharge in the Oklawaha contributes ground water discharge to streams in the Withlacoochee.  The common element of these comments is that they indicate cases where the sources and transport of nutrients in surface waters cannot be determined entirely by topographic means, and they also provide a basis upon which like-reasoning may be applied to other areas that should be excluded from the SPARROW application.  
[bookmark: _Toc260223091]Additional Basins for exclusion based on FDEP Analysis of Internally drained basins and spring locations

An FDEP comparison of the density of karst surface features in the USGS excluded river basins with the density of karst surface water features in other Florida river basins, as well as an accounting of rivers and streams in Florida for which groundwater contributes a significant contribution to flow suggests that a larger area than has been identified by the USGS may be considered inappropriate for SPARROW modeling.
Additional river basins with high karst surface water features include the St. Andrew Bay, the Lower Choctawhatchee, Aucilla, Econfina – Steinhatchee, Upper Suwannee, Withlacoochee (03110203), Withlacoochee (03100208), Lower St. Johns, Upper St. Johns, and the Tampa Bay.  Additional river basins that should be excluded from SPARROW modeling include St. Andrews Bay, Choctawhatchee Bay and the Tampa Bay. (Figure 2)


Karst feature density, mapped as internally drained basins from topographic data sources, in some areas in Florida are comparable to karst feature densities in USGS’s excluded basins (Figure 3).  Internally drained basins are areas in which precipitation does not contribute to runoff to stream or river networks that flow entirely over the land surface.  Internally drained basins recharge to the aquifer system in Karst areas or form evaporative-transpiration areas (lakes or ponds) in areas where there is an impermeable stratigraphic layer between the surface and the aquifer system.  In many cases, the fate of recharge waters within karst areas in terms of its movement through the aquifer system and discharge is unknown.  
Ground water discharge at spring locations throughout all these basins contributes a significant portion of the surface water flow.  St. Andrews Bay basin contains 12 known springs, seven of which are 2nd magnitude (between 10 and 100 cubic feet per second (cfs)) springs and one of which, Gainer Spring, is a 1st magnitude (greater than 100 cfs) spring.  The Lower Choctawhatchee basin contains 24 spring locations, eight of them 2nd magnitude springs. The Aucilla includes 26 spring locations, one (Wacissa head spring) of which is a 1st magnitude and 15 of which are 2nd magnitude springs.  The Econfina has 45 spring locations, 1 (Steinhatchee rise) of which is a 1st magnitude and 18 of which are 2nd magnitude.  Withlachoochee (03110203) contains 16 total springs, including Blue Spring, which is a 1st magnitude and 11 others that are 2nd magnitude.  The Upper St. Johns basin contains 60 known spring locations, including three 1st magnitude springs and 14 2nd magnitude springs.  The Lower St. Johns basin contains 18 springs.  The Withlacoochee (03100208) contains 51 springs, one (Rainbow) of which is a 1st magnitude and 14 of which are 2nd magnitude springs.  The Tampa Bay basin has a relatively small land surface as it is composed primarily of the estuary but it contains 13 springs. Source: (Springs 2009 (.zip). 2009. FDEP, Tallahassee, Debra Harrington, http://www.dep.state.fl.us/gis/datadir.htm, February 23, 2010)  


As previously mentioned, fate of recharge waters is largely unknown, but in some cases, groundwater basins or springshed boundaries (Figure 4) have been approximated by the Florida Geological Survey (FGS).  Springshed delineations demarcate the land area upon which precipitation entering the groundwater system either through soil percolation or drainage to karstic internally drained basins accumulates in the aquifer, a portion of which is discharged in a known spring location.  However, as noted in the examples in the following paragraphs, springsheds often do not follow watershed drainage areas modeled by SPARROW.
The Crystal River Spring occurring in the Tampa Bay estuarine drainage area (EDA) has a springshed of approximately 200 square kilometers, of which only approximately half falls within the Withlacoochee River coastal drainage area (CDA).  This supports the idea that the Tampa Bay EDA should be included in the areas excluded from the SPARROWS modeling because precipitation falling in the neighboring CDA is discharging to the Tampa Bay EDA.


The Gainer grouping of Springs occurring in the St Andrews Basin has a springshed of approximately 390 square kilometers, of which approximately 20 square kilometers fall within the contingent Apalachicola Bay drainage area.  There is some movement of groundwater sourced outside the St Andrews basin into the basin.
The majority of spring locations in the Choctawhatchee Basin do not have defined springsheds upon which conclusions about the movement of water through the groundwater system may be based.  However, many other springsheds have been developed by the FGS and the springsheds support the conclusions drawn by the USGS that flow exchange with the regional aquifer poses difficulties in assessing nutrient sources and movement in the basin, and as a result, calculation of fractions of nitrogen delivered from individual surface water basins is not accurate.  
The Madison Blue spring occurring in the western Suwannee River fluvial drainage area (FDA) has a springshed of approximately 760 square kilometers.  However, only 500 square kilometers fall within the Suwannee FDA (Figure 4), while 260 square kilometers of the Madison Blue springshed fall within the Apalachee Bay EDA.  The St. Marks springs cluster, which is in the Apalachee Bay EDA, has a springshed area of approximately 2,200 square miles, of which 640 or so square miles fall outside the surface water EDA.  The Santa Fe cluster of springs is a first magnitude grouping which has a springshed of approximately 3600 square miles.  However, only 2200 square miles of  the Santa Fe cluster springshed fall within the Suwannee River FDA, and over 1000 square miles falls within the St Johns River EDA, with the balance within the Wacasassa CDA. 
To accurately model these systems, the modeling approach would have to address the contribution of nutrient bearing waters that move through an aquifer watershed.  

[bookmark: _Toc260223092]Additional Basins for exclusion based on extensive surface water flow alterations.

The surface water features in Florida’s southern-most hydrologic units have been extensively altered.  Here, topographically derived models of watershed areas poorly define surface water flow.  In some South Florida areas, pumping stations actively transport water across topographic divides.  Water is moved in between basin areas as a result of the needs to store and provide irrigation water during drier periods and at other times to remove excess rainfall from agricultural or urban areas.  In other South Florida areas, surface water moves passively between basins through canal networks that cut across topographically defined divides as a result of localized differences in rainfall amounts and tides in near coastal areas.  Water moves throughout South Florida as part of a managed system, and as a result water often moves in directions that are contradictory to topographically modeled predictions.
For these reasons, USGS considers South Florida inappropriate for SPARROW modeling.  However, there are other basins for which fractions of Total Nitrogen delivered to target have been calculated by the EPA that contain extensive canal networks and within which significant alterations to natural flows have been made.   For example, large portions of the Indian River (S190x) (Figure 5), Daytona - St. Augustine (S183x) (Figure 6), Charlotte (G050W) (Figure 7), Tampa (G070x) (Figure 8), and the Withlacoochee (G076x) (Figure 9) drainage areas have extensive canal networks.  
Figures 5 through 9 depict high resolution National Hydrographic Dataset flow line features that fall within the respective SPARROW drainage areas. Figure 10 depicts the drainage basins that contain extensive canal networks at a statewide scale. The associated Figures 5a through 9a depict 1:500K Scale hydrologies that the drainage basin delineations were based upon.  These paired graphics show the differences between coarse and fine scale hydrological modeling and show that the coarse 1:500K scale hydrological models do not capture significant components of the flow of nutrient laden surface waters across the topologically derived watershed boundaries. 


 
 


[bookmark: _Toc260223093]Summary:

The USGS commented that it would be inappropriate to run SPARROW nutrient model analyses within certain basins in Florida.  This was based on the fact that it is difficult to account for nutrient inflows and outflows among drainage areas under which aquifer transport occurs and among drainage areas with extensively human-altered surface water hydrology.  Recent springshed delineations created by the Florida Geological Survey have led to the understanding that the movement of nutrient bearing waters across topographic divides applies to a larger area than originally suggested by the USGS.  Hydrographic models that have been created at scales larger than those used by SPARROW models reveal extensive canal networks within which nutrient bearing waters move across topographic divides.  These areas exist in several drainage basins in addition to those suggested by the USGS.  By extension of USGS’s logic, using new and more accurate information, a large portion of the State of Florida should be exluded from SPARROW nutrient modeling (Figure 11) as it has been applied by the EPA to date.






[bookmark: _Toc260223094]Comment 3:  The protective loads estimated using the application of SPARROW should not be promulgated 

The protective loads estimated using SPARROW should not be promulgated because of 1) the unacceptably high error contained in SPARROW loading estimates, and 2) the overly simplistic method used to derive protective loads.  Using SPARROW estimated loads does not reflect realistic loading dynamics for many estuaries in Florida.  Additionally, the method of using SPARROW to provide protective loads:
Is not tied to ecological response to the estuaries,
Assumes that all estuaries are not attaining the designated use due to nutrients, which is not accurate, and
Relies on a background model run using atmospheric deposition only, which does not account for natural sources.
EPA should wait until the estuary criteria are established so that realistic and accurate loading rates are used.
Analysis:  
[bookmark: _Toc260223095]Error Contained in SPARROW Loading Estimates

Overview:  To analyze the error of the SPARROW loading estimates, the FDEP compared SPARROW estimated concentrations to current concentration conditions at the terminal reaches of watersheds leading to estuaries.  Because the terminal reach concentrations were the driving factors for upstream concentrations (adjusted by the estimated fraction delivered) and the SPARROW model was used to estimate the protective concentration (converted from load) at the terminal reach, it is critical that the model accurately estimate the terminal reach loads.  
If the SPARROW model contained error, the source of that error was also evaluated, and FDEP found that the estimation error in SPARROW is correlated to color and the wetland coverage in the watershed.  The higher the wetland coverage in the watershed, as indicated by higher  color at the terminal reach, the higher SPARROW underestimates TN concentration at the terminal reach.  The total nitrogen (specifically organic nitrogen) loading from wetlands appears to be a dominant source that is not accounted for in SPARROW.
Introduction:  To determine the stream DPVs, EPA needed an estimate of the allowable loading for downstream estuaries.  For these estimates, EPA assumed that all Florida estuaries are impaired and set the allowable loading at the mid-point between the model estimated natural background nitrogen loading to the estuary and model estimated present nitrogen loads.  To estimate natural background nitrogen loads, EPA used the SPARROW model which calculates nitrogen loads from the estuary’s watershed due to various point and nonpoint nitrogen sources.  As the first step to evaluate the DPVs, the FDEP assessed the accuracy of the Sparrow model in estimating nitrogen concentrations entering each of 16 Florida estuaries
EPA estimated total nitrogen loads released into 16 Florida estuaries using the SPARROW model, which evaluated nitrogen coming from various land uses, point source pollution sources and atmospheric deposition within the estuary’s watershed.  However, the table provided by EPA (Table 2-9) contained incorrect entries and FDEP staff updated these estimates with corrected model results.  FDEP then compared the update model estimates with actual collected data (1996-2008) from each of the 16 Florida estuary terminal reaches.  FDEP found that EPA’s estimates were generally about 20% too low (averaging about 0.2 mg/L nitrogen too low).  The errors in nitrogen estimates were correlated with color in the terminal reaches, with higher color resulting in larger errors.  This error is due in part to the fact that SPARROW does not include inputs for TN loading from wetlands, and the SPARROW model should be corrected to fix this problem. 
Nitrogen is often naturally elevated in streams that have swampy/wetland drainage.  This was shown in a Tetra Tech study (referenced in Appendix B-6 of EPA’s TSD) that found organic nitrogen landuse highly correlated with forest densities.  In a study of 778 stream waterbodies in Florida, FDEP found that higher color in streams is correlated with higher nitrogen concentrations.  Elevated nitrogen from colored streams is probably a natural phenomenon. 
Assessment Methodology
The first step in the process of verifying EPA’s nitrogen estimates was to line up EPA’s GIS map of terminal reaches with DEP’s waterbody system, which uses waterbody identification  (WBIDs) numbers to break streams into  ~5 mile long reaches and lakes and estuaries into  ~5 square mile sections.  A map was created by overlaying EPA’s watersheds on DEPs WBIDs for each of the 16 estuaries and suitable terminal reach WBIDs were selected.  The selection process resulted in identifying 58 WBIDs that represent the 16 estuary terminal reaches.  A few of the problems encountered in this procedure include:
Some terminal WBIDs contained very saline water, indicating the estuary had already mixed in with the stream’s water; therefore WBIDs located farther upstream were then sought; (WBIDs with conductivity greater than 1200 umhos/cm were rejected as too saline).  
Someof the EPA terminal reaches had insufficient nitrogen data available, so WBIDs just upstream were chosen. 
WBIDs with obvious major point sources were eliminated.
DEP did not flow adjust the averages of its WBID concentrations like EPA did (if one stream entered an estuary with the vast majority of the estuaries inflow, than this stream should account for the vast majority of the terminal reaches concentration).
Figure 12 shows the WBIDs chosen to represent the EPA terminal reaches (as green watersheds).   Appendix 1 shows all the maps for Florida and a table of final 58 WBIDs covering the 16 estuaries.










Figure 12.  Terminal WBIDs in the Choctawhatchee Bay Watershed.
Once terminal WBIDs were selected through GIS map interpretation, average nitrogen concentrations were calculated for each estuary based on all the nitrogen data collected for each WBID in the estuary.  The time frame for this data was 1996-2008, and there were generally about 200-1000 nitrogen measurements for each estuary (see results below).
EPA produced a table of estimated mean nitrogen concentrations for the terminal reaches as shown in Table 2-9 from EPA’s chapter 2.  Documentation on how EPA calculated this number includes:  “the annual average TN concentration in freshwaters entering each estuary was computed from SPARROW model output as the TN load to the estuary from the watershed stream reach network and the average annual flow in rivers within the same stream network “– page 11, EPA appendix 14-A).  DEP used the Mean TN column in this table as the EPA estimated terminal stream reach concentrations, however the table had to first be corrected by FDEP staff).  FDEP staff reviewed the total nitrogen concentrations presented in EPA’s Table 2-9 and found some minor discrepancies in EPA’s calculations.  Apparently, EPA did not update the table with their final SPARROW model run, so FDEP staff verified the updated EPA’s calculations with EPA and presented them in Table 1.  That analysis is contained in Appendix G.






Table 1.  Estimated EDA TN concentrations based on SPARROW.


[bookmark: _Toc260223096]Total Nitrogen at the Pour Point to an Estuary
Nitrogen gradient in estuary and terminal reaches
A nitrogen gradient map was also produced showing nitrogen concentrations from upstream of the terminal reach through the terminal reach and downstream through the estuary to the open gulf/Atlantic waters.  The EPA Nitrogen estimate for the terminal stream reach was also presented on the graph.  Figure 13 is an example of the calculations for the Choctawhatchee .  (Maps for all 16 Florida estuaries are contained in Appendix E.)
Figure 13.   Total Nitrogen concentrations (mg/L) In Choctawhatchee River and Bay WBIDs
(for the 1996-2008 time period )


Typical nitrogen values in Florida’s streams, estuaries and Coastal waters
Typically, Florida streams have nitrogen around 1 mg/L, while open Gulf or Atlantic waters have nitrogen ~0.3 mg/L (Figure 14).  Estuaries are transitional nitrogen areas with high nitrogen concentrations in the upper estuary close to the stream inputs and low nitrogen lower in the bay near open Gulf/Ocean waters due to tidal dilution (data based on 1996-2008 WBID seasonal averages for 40 coastal, 80 estuaries and 1400 stream WBIDs))
Figure 14. Typical Florida nitrogen values in Streams, estuaries and coastal waters





[bookmark: _Toc260223097]EPA nitrogen Estimate vs. DEP measured Nitrogen at Pour Point
Averages of measured nitrogen values were calculated for the 16 Florida estuaries terminal stream reaches and presented in the following table.  The averages were based on the individual measurements for the terminal stream reach WBIDs for each estuary with about 200-1400 measurements available for each estuary.  The measured steam nitrogen concentration was compared to the EPA’s estimated stream nitrogen concentration and a percent error was determined (100*(measured nitrogen-estimated nitrogen)/measured nitrogen).  A nitrogen error term was also calculated that represents the measured nitrogen minus the estimated nitrogen.  EPA underestimated the actual measured nitrogen concentration about 75% of the time with an average overall error of ~20% and 0.2 mg/L nitrogen.
Table 2.  Comparison of EPA EDA TN estimates versus measured TN concentrations.





[bookmark: _Toc260223098]Color/Wetland Coverage - Cause for EPA’s Underestimate of Pour Point Nitrogen
FDEP evaluated available nitrogen and color data for state streams (data from 775 stream WBIDs for 1996-2008).and found a strong correlation between Total Nitrogen and color (Figure 15).  Clear streams typically have low nitrogen concentrations and naturally tannic, high color streams exhibit much higher levels of nitrogen.  This relationship between nitrogen and color is driven by the fact that, with the rare exception of a few watersheds with discharges from pulp and paper mills, stream color is determined by the amount of wetlands drainage in a watershed and wetlands typically discharge organic nitrogen. 
Figure 15 illustrates TN concentrations versus color for the 16 EDAs that EPA considered.
















The FDEP then evaluated the magnitude of the difference in SPARROW estimates and measured values and found a strong relationship with color (see Figure 16, which shows the nitrogen error for each of the 15 Florida estuaries versus the color measured in the terminal streams).  As color increases in the terminal streams, the EPA model estimate errors increase, indicating that the SPARROW model may need to include nitrogen estimates for natural nitrogen coming from swampy/wetland watershed areas.  
Figure 16.  Nitrogen error versus color.


Appendix B-6:  Extrapolating Natural Background Nutrient Concentrations of the EPA technical support document presented an analysis of a potential multiple regression model to determine the relationship between nutrient concentrations and human land uses in the watershed.  
To explore the possible causes of the correlation between model error and color, FDEP reviewed Appendix B-6 of the EPA technical support document, which presented an analysis of a potential multiple regression model to determine the relationship between nutrient concentrations and human land uses in the watershed.  The following table from Appendix B-6 of EPA’s technical support document shows the influence of wetlands/color on the organic fraction of nitrogen.  Figure B8-4, which is also from the appendix, show the percent coverage of wetlands in the Estuary Drainage Area compared to the percent error.  The correlation coefficient between percent wetland area within a drainage area and total nitrogen and organic nitrogen were 0.329 and 0.439, respectively.  However, there was also a relatively strong negative correlation coefficient between percent wetland and inorganic nitrogen (-0.383).  This indicates that wetlands are important sources of organic nitrogen to Florida streams and an important sink for inorganic nitrogen.  It is important to note that the relationship between nitrogen and wetlands was much stronger than any other nitrogen source, likely because of their contribution of organic nitrogen.  Of course, forested areas have a much greater influence on nitrogen concentrations, but in the opposite direction (a sink vs. a source).  Wetlands represent a natural organic nitrogen source which should not be mitigated.  The following plots indicate similar relationships.


DEP then investigated the potential influences of natural wetland nitrogen sources on errors in the SPARROW estimated existing concentrations in the terminal reach.  Model error was calculated as previously described, and percent total wetland and forested wetland area were calculated for each Estuary Drainage Area (EDA), including upstream areas in Georgia and Alabama.  Florida landuse was based on 2004 landuse data from the Florida’s water management districts.  Alabama and Georgia landuse was tabulated using 2009 land cover/use GIS coverage from the U. S. Department of Agriculture, Natural Resources Conservation Service.  Nitrogen error, color, and percent wetland are summarized in Table 3.
Regression analysis was used to investigate the relationship between wetland area and percent wetland area.  Nitrogen error had a moderately strong relationship to percent total wetland area and was stronger than with forest wetlands (Figures 17 and 18).  St. Andrews Bay was highly influential on the strength of the relationship, and the relationships were much stronger when St. Andrews Bay was excluded from the analysis.  Color within the terminal reach to St. Andrews Bay is relatively low (43 PCU) compared to the rest of the systems, which suggested that wetland influence in minimized for this estuary.  In fact, the main tributary to St. Andrews Bay, Econfina Creek, is highly spring dominated, which dilutes the wetland influence.   The strength of the relationships is highly suggestive that a large portion of the error in the SPARROW estimated existing loads to Florida estuaries can be explained by natural factors and sources of nutrients, such as wetlands.  
Table 3.   Nitrogen error, percent wetland error, and color for terminal stream reaches to Florida estuaries.    Errors were calculated as the EPA mean estimated concentration reach minus the measured average concentration in the terminal reach.
	Estuary (EDA Code)
	Nitrogen Error (g/Lmg/L)
	Percent Wet Forested
	Percent Wetland
	Color (PCU)

	Choctawhatchee Bay (G120x)
	-0.11
	17.35
	18.89
	55

	Nassau (S175x)
	0.72
	22.85
	34.42
	212

	Pensacola Bay (G130x)
	0.01
	11.48
	12.53
	59

	Perdido Bay (G140x)
	0.14
	13.23
	13.7
	43

	St. Johns River (S180x)*
	0.24
	17.26
	31.33
	199

	St. Marys River (S170x)
	0.75
	27.62
	30.41
	264

	St. Andrews Bay (G110x)
	-0.02
	27.72
	30.49
	33

	Suwannee River (G080X)
	0.47
	19.56
	21
	96




Figure 17.  Relationship between percent total wetland area and the error in EPA’s SPARROW estimated nitrogen concentrations in the terminal reaches to Florida estuaries.  


Figure 18.  Relationship between percent forested wetland area and the error in EPA’s SPARROW estimated nitrogen concentrations in the terminal reaches to Florida estuaries.  
[bookmark: _Toc260223099]Influence of Wetlands/Natural Color Levels on Achievment of the Downstream Protection Value (DPV) At benchmark sites
DEP has empirically observed that water discharged from natural wetlands contains significant color and organic nitrogen.  If a nutrient loading model does not account for natural sources of nitrogen, large Type I errors are likely to occur.  Therefore, DEP retrieved color, nitrogen and drainage basin landuse data for DEP’s reference (benchmark) stream stations to investigate the effect of natural conditions on achievement of Downstream Protection Values (DPVs).   Note that the benchmark sites used for this analysis were thoroughly vetted by DEP to assure minimal human disturbance, and that EPA’s peer reviewers commented on the scientific rigor of DEP’s reference site selection approach.  Responses by the peer reviewers can best be summarized by the following reviewer’s statement: “I am extremely impressed by the way DEP has gone about choosing reference sites for nutrient criteria.  I can think of nothing that would improve upon their selection process.”  Geometric means for organic nitrogen and color were calculated for each reference site (n=89).  Additionally, the proportion of the drainage area covered by wetlands was tabulated, based on 2004 landuse GIS coverages.
Organic nitrogen was highly correlated with both percent wetland (spearman r=0.513) and color (spearman r=0.749; Figure 19).  These results validate DEP’s previous experience concerning the influence of natural processes and sources on nitrogen.  Natural vegetation, which contributes large quantities of leaf litter and which is subsequently decomposed in wetlands, ultimately provides the source of both the color (humic acid substances) and organic nitrogen.  The only anthropogenic sources of color in Florida waters are pulp and paper mills.   As these are permitted discharges, DEP is fully aware that there are only four pulp mills discharging to Florida’s freshwater streams.  Furthermore, none of DEP’s reference sites were downstream of pulp and paper discharges.  Therefore, the strong relationship between color and organic nitrogen is truly indicative of natural nitrogen sources.
The influence of these natural processes on the attainment of the DPVs was investigated using both ordinary least squares regression and logistic regression.  The difference between measured geometric mean organic nitrogen and the applicable DPV was calculated for each reference site.  Organic nitrogen at sites with differences less than zero would attain the DPV, while those greater than zero would exceed the DPV.  The relationship between these “difference values” and color is shown in Figure 20.  Additionally, logistic regression was used to calculate the probability of organic nitrogen exceeding the DPV based on the influence of color alone (Table 1; Figure 20).  The probability of exceeding the DPV increases dramatically as color increases.   
A second logistic regression model was constructed using both color and percent wetland area as independent variables to predict organic nitrogen exceedance of the DPV (Figure 21).  It should be noted that there is a moderate correlation between color and wetland area (r=0.413), reflecting the fact that wetlands can act as a natural source of color, thus color and proportion wetlands area are not completely independent variables.  However, the logistic regression model including both color and proportion wetland area provided a better fit than did models with either variable alone.  Furthermore, the addition of an interaction dramatically did not improve the fit or alter the relationship (Table 3) and is more difficult to visualize.  Therefore, only the model based on color and wetland area is discussed 
further.  The models illustrate the fact that as portion wetland area and/or color increase, the probability of exceeding the DPV also increases.  
The strength of these regression models is quite remarkable considering the fact that they do not take into account the influence of the SPARROW calculated fraction delivered on the DPVs.  Fraction delivered is essentially a function of travel time and distance from the terminal node and is independent of both color and wetland area, while the DPV is a function of an arbitrarily selected protective load to an estuary and fraction delivered.  Wetlands will attenuate flow and lengthen travel time.  However, the SPARROW model did not include wetland area as a variable.  Additionally, the fraction delivered did not correlate with wetland area (r=0.082), and the relationship between wetlands and DPV exceedance is inverse to that which would be expected if the primary influence of wetlands on the DPV was to attenuate flow.   
The relationships between organic nitrogen and color and wetlands area represent natural processes.  The degree to which large positive differences between measured organic nitrogen and the DPV or high exceedance probabilities (>25%) relate to natural conditions such as color or wetlands provides a clear indication that EPA’s DPVs are gross underestimates of natural nitrogen level in Florida’s streams.   Furthermore, scientific logic dictates that these organic nitrogen levels are inherently protective of downstream waters because they reflect natural conditions that would occur in the absence of anthropogenic activities.  These models clearly demonstrate that EPA’s currently proposed DPVs have not taken into account natural sources of nitrogen and will result in:
misguided efforts to remediate natural land uses, and/or 
a significant allocation of state and private resources to develop site specific criteria that better reflect natural conditions.  

DEP believes serious consideration needs to be given to criteria for inorganic nitrogen (which is largely the result of anthropogenic activities) only because a large portion of the organic fraction in Florida streams is derived from natural sources.  Alternatively, total nitrogen criteria should be adjusted to account for the influence of color and/or wetlands.
Table 1. Logistic regression models of probability of organic nitrogen in Florida reference streams exceeding DPV impairment as a function of color.  McFadden’s rho-squared (SYSTAT Software, Inc., 2004) is conceptually similar to the r-squared of linear regression.  McFadden’s rho-squared approaching 1.0 corresponds with more significant results.  McFadden’s rho-squared tends to be smaller than r-squared, so a small number does not necessarily imply a poor fit. Values between 0.20 and 0.40 indicate good results (SYSTAT Software, Inc., 2004).

	Parameter
	Estimate
	S.E.
	t-ratio
	p-value

	CONSTANT
	-1.649
	0.44
	-3.748
	0

	COLOR
	0.013
	0.003
	4.014
	0

	
	
	
	
	

	McFadden's Rho-Squared =        0.305
	




Table 2.  Logistic regression models of probability of organic nitrogen in Florida reference streams exceeding DPV impairment as a function of color and proportion drainage area as wetland.

	Parameter
	Estimate
	S.E.
	t-ratio
	p-value

	CONSTANT
	-5.552
	1.244
	-4.464
	0

	COLOR
	0.014
	0.004
	3.544
	0

	TOTALWET
	13.406
	3.642
	3.681
	0

	
	
	
	
	

	McFadden's Rho-Squared =        0.501
	




Table 3.  Logistic regression models of probability of organic nitrogen in Florida reference streams exceeding DPV impairment as a function of color, proportion drainage area as wetland, and interaction term between color and wetland area.


	Parameter
	Estimate
	S.E.
	t-ratio
	p-value

	CONSTANT
	-4.418
	1.555
	-2.842
	0.004

	COLOR
	0.003
	0.012
	0.229
	0.819

	TOTALWET
	9.01
	5.257
	1.714
	0.087

	COLOR*TOTALWET
	0.047
	0.047
	0.993
	0.321

	
	
	
	
	

	McFadden's Rho-Squared =        0.511
	



 Figure 19.  Relationship between color and organic nitrogen concentration in Florida’s reference (benchmark) streams.   Note that color accounts for almost 50% of the variability in organic nitrogen.

Figure 20.  Relationship between color and the difference between measured reference stream organic nitrogen and the DPV and the probability of exceeding the DPV.  Difference values greater than 0.0 represent reference sites with organic nitrogen in excess of the DPV; that is, sites that would exceed the criterion.   The exceedance probability was calculated using the logistic regression presented in Table 1.   

Figure 21.  Relationship between the probability of organic nitrogen in Florida reference streams exceeding the DPVs and color and proportion wetland in the drainage basis.  Isobars indication the probability of exceeding the appropriate DPV for a given combination of color and proportion wetland.  Probabilities were calculated based on the logistic regression presented in Table 3.  The data points (black circles) are the measured color and proportion drainage areas as wetland values.




[bookmark: _Toc260223100]Review of Proposed Protective Loads
The technical limitations of the SPARROW model described previously alone cause concerns about the scientific validity of the methodology used to calculate the presumed allowable loading for Florida’s estuaries.  As articulated previously, a variety of model limitations lead to errors in estimating both the current loads and the loads with anthropogenic sources of nitrogen removed (other than atmospheric deposition).  However, even if the limitations of the model were addressed by EPA and/or USGS, the methodology used would still not be scientifically valid because it a) presumes that all Florida estuaries are impaired for nutrients, when in fact many meet their designated uses related to nutrients, and b) it arbitrarily selects the mid-point between current loads and an estimate of natural background loads, rather than selecting a loading that is related to impairment.  We strongly recommend that, as indicated in the proposal, EPA not include the DPVs for the protection of estuaries in this year’s rulemaking, and instead defer the issue until scientifically supportable estimates of the allowable loading are calculated as part of the estuarine criteria development process.



[bookmark: _Toc260223101]Comment 4:  The fraction delivered calculated by SPARROW is significantly overestimated in most areas of Florida.  

The flow paths contained in the reach file used by SPARROW in combination with the flow velocities underestimate the actual decay of nitrogen as it moves through Florida waters.
Analysis:  
[bookmark: _Toc260223102]The Resolution of the Stream Network used by SPARROW grossly Oversimplifies Hydrology therefore grossly Underestimating Denitrification

Maps presented on the following pages  depict the differences between the 1:500K Stream and River segments that were used by the SPARROW model to delineate watersheds, the 1:100K NHD plus reaches that may be used by the SPARROW model in the future, and the 1:24K NHD reaches that represents the best depiction of actual stream hydrology.  The relationship between hydrology and water chemistry is very strong.  The effects of hydrologic dynamics related to residence time, depth, velocity, substrate, and surface/ground water interactions have a critical effect on water chemistry.  In particular, denitrification is significantly affected by hydrologic conditions.  This is specifically problematic because the proposed downstream protection values apply at any point in the WBID area.
The proposal as worded extends the downstream protection value throughout a waterbody area known as the WBID.  Any particular WBID contains vast differences in hydrology throughout the waterbody as shown in the 1:24K NHD coverage, whereas the criteria expression expects the same nitrogen concentration throughout the WBID.  However, the proposed downstream protection formula recognizes that the Fi variable targets the “fraction of the flux at the downstream node of the specific (ith) reach that is transported through the stream network and ultimately delivered to estuarine receiving waters (i.e., Fraction Delivered).”  The stream network that contains the transport function is also grossly oversimplified by the 1:500 NHD scale network.  All these simplifications overestimate the fraction delivered to the estuary by excluding lake dynamics, wetland dynamics, and groundwater dynamics.



Bear Bay Creek is a good example of how much of the resource is not captured at the 500K scale and shows the inaccurate hydrology when compared to the higher resolution at the 100K and 24K scales.  As shown in the higher resolution, there are many watercourses, streams and rivers that broaden and move through lakes and extensive wetlands, and these features have significant effects on velocity and water chemistry, particularly related to nutrient conditions.  


1 Bear Bay Creek Hydrology used in SPARROW

2 Bear Bay Creek at a possible Scale to be used by SPARROW in the Future

3 Bear Bay Creek Hydrology at its Highest Derived Resolution

Burnt Mill Creek provides an additional example of gross hydrology and depicts how broadly defined watersheds inaccurately model water flow.  Burnt Mill Creek is the only stream shown in the 500K scale, when in fact there are numerous streams that flow across the watershed divide in the western and northern portion of the Burnt Mill Creek watershed in the 1:24K graphic and a Lake that straddles the divide in the northern most portion of the watershed.







The Haw Creek example depicts the above mentioned problems and also shows how large lakes and canal systems may not follow , which was a criterion that USGS and EPA used to exclude most of southern Florida from SPARROW modeling.  Also notice the inaccurate depiction of hydrology related to the absence of Lake George and Crescent Lake.  Note that the watershed drains in two distinct directions and is also inclusive of many lakes, wetlands, and pools.  



 
 





[bookmark: _Toc260223103]Stream Velocities Significantly Effect Fraction of Nitrogen Delivered
The stream velocities used by SPARROW are grossly overstated, and the reach network does not include the effects of lakes and wetland areas, both of which result in very fast travel times that do not depict the actual time and opportunity for denitrification as water moves towards the estuary.   The following analysis shows the difference in measured stream velocities and SPARROW stream velocities.  
Mean Velocity Comparisons in the SAGT-SPARROW Model with measured velocities
[bookmark: _Toc260223104]Background
The hydrologic network used in the SAGT SPARROW model was based on the EPA 1:500,000 scale Reach File 1 (RF1) that was subsequently enhanced by Nolan  etal., 2002 (ERF 2).  References were cited that described the enhanced RF1 to support national and regional scale water quality models.  The following was extracted from U.S. EPA Reach File 1 (RF1) for the Conterminous United States in BASINS:
The RF1 stream flow data consist of mean annual flow and 7Q10 low flow estimates made at the downstream ends of more than 60,000 transport reaches coupled to an estimate of the time-of- travel velocity for the full length of those same reaches under each of those two flow regimes. EPA needed to estimate flows for more than 60,000 reaches because it needed flow data on all RF1 reaches and the USGS had consistent stream flow data on fewer than 2000 of them. Even on these few reaches where consistent data were available, the data were needed at the downstream ends of the reaches rather than where the USGS gages were typically located. Thus, in fact, all of the RF1 flow data are estimates at locations other than USGS gage sites. An additional limitation in the gage network was that vast areas of the country were without USGS data for drainage areas under 500 square miles, except for gages with data gaps, data skew, and anomalous conditions. Approximately 2,000 gages in this category were included in the data set used, such that 4112 gages with flow data were actually used in producing the estimates for all RF1 reaches. Another group of gages was used in the flow estimation process. Drainage area, an attribute essential to the flow estimation process used, is usually available from all USGS flow gages. All of the 4112 gages that included useful flow records, and approximately 4000 additional gages that did not have useful flow data for the project, were used to assign drainage area to reaches in RF1. The drainage area attribute available for gages was thereby used on approximately 8000 gages. By snapping gages to reaches, the project was able to acquire drainage area for approximately one reach in every eight reaches in RF1. Thus some gages were used for stream flow data and their drainage area measurement, and the remaining were used for only their drainage area measurement.

Enhanced River Reach File 2 serves as the foundation for SPARROW (Spatially Referenced Regressions (of nutrient transport) on Watershed) modeling.  Within the context of a Geographic Information System, SPARROW estimates the proportion of watersheds in the conterminous U.S. with outflow concentrations of several nutrients, including total nitrogen and total phosphorus, (Smith, R.A., Schwarz, G.E., and Alexander, R.B., 1997).  This version of the network expands on ERF1 (Version 1.2; Alexander, et al., 1999) and includes the incremental and total drainage area derived from 1-kilometer (km) elevation data for North America.  Previous estimates of the water time-of-travel were recomputed for reaches with water-quality monitoring sites that included two reaches.  The mean flow and velocity estimates for these split reaches are based on previous estimation methods (Alexander et al., 1999) and are unchanged in ERF1_2.  Drainage area calculations provide data used to estimate the contribution of a given nutrient to the outflow.  Data estimates depend on the accuracy of node connectivity.
According to Section III from a 1982 Reach File Enhancements report in 1982 provided by Anne Hoos of the USGS, stream velocities in the RF1 file were predicted based on a parabolic function of the form:
	V (ft/s) = C + A*logQ + B*(logQ)2     where Q is stream flow in cfs.
A total of 2,229 time of travel /velocity measurements (primarily conducted prior to 1973) across the country were partitioned based on USGS State Hydrologic maps on stream order and the  parabolic function was fit to each dataset by stream order.  The R2 values for stream orders 1 – 6 ranged between 0.223 and 0.524.  Expressions for stream orders 7 – 9 were fit was based on visual inspection due to small sample sizes.  Appendix B, which included a bibliography of time of travel study data, was not included so it is unknown at this time how many studies that included Florida streams were included in the analysis.


[bookmark: _Toc260223105]Summary of the Comparison velocity measurements with ERF2 and NHD-Plus values
The following table contains example comparisons between the mean velocity in the SPARROW model,  the estimate of mean velocity from the cross-walked NHD-Plus reach, and the mean from daily mean velocities calculated from gage measurements.   These discrepancies in velocities seriously affect travel time and nitrogen delivery to downstream waterbodies.  The detailed information is contained in Appendix F of this document.  
	Watershed
	USGS Gage Site
	ERF2 MeanV 
(ft/s)
	NHDPlus MeanV (ft/s)
	Calculated from Gage measurements (ft/s)

	8548
	Escambia River Nr Molino
	2.6
	2.05 – 2.07
	1.07

	8198
	Yellow River Nr Milton
	1.84
	1.67 – 1.72
	1.03

	7791
	Wakulla River Nr Crawfordville
	0.97
	1.05 – 1.09
	0.70

	7619
	Waccasassa River Nr Gulf Hammock
	1.66
	1.15 – 1.22
	0.19

	7764
	Santa Fe River Nr Hildreth
	1.97
	1.41 – 1.44
	0.66

	10765
	St. Johns River Nr Melbourne
	2.01
	1.40
	Median 0.15
At Mean Flow 0.25

	10795
	St. Johns River Nr Christmas
	2.25
	1.54
	Median 0.18
At Mean Flow 0.25

	10796
	Econlockhatchee River Nr Chuluota
	1.29
	1.18 – 1.76
	Median 1.32
At Mean Flow 1.90

	10798
	St. Johns River above Lake Harney Nr Geneva
	2.09
	1.62 – 1.63
	Median 0.19
At Mean Flow 0.25

	10098
	St. Johns River Nr Deland
	2.52
	1.77
	Median 0.39
At Mean Flow 0.49


 



[bookmark: _Toc260223106]Comparison of stream velocities among states included in the SAGT-SPARROW Model
Mean stream velocities in the ERF2 from other states in the SAGT-SPARROW model domain were obtained and summarized graphically and statistically.  Interestingly, based on the statistical summary, Florida had the highest 25th percentile and median stream velocity among the seven states that were compared.  Given Florida’s overall flat terrain compared to other southeastern States, this does not seem logical and should be evaluated by EPA and USGS.



Distribution of stream mean velocities in the SAGT-SPARROW Model
	STATISTIC
	FLORIDA
	MISSISSIPPI
	SOUTHCAROLIN
	NORTHCAROLIN

	N of cases
	712
	661
	1207
	1518

	Minimum
	0.290
	0.220
	0.250
	0.240

	Maximum
	4.010
	4.900
	3.480
	3.060

	Mean
	1.323
	1.267
	1.133
	1.077

	Standard Dev
	0.663
	0.655
	0.760
	0.549

	1 %
	0.456
	0.280
	0.320
	0.340

	5 %
	0.560
	0.570
	0.390
	0.450

	10 %
	0.680
	0.630
	0.450
	0.530

	20 %
	0.800
	0.740
	0.530
	0.621

	25 %
	0.840
	0.800
	0.572
	0.660

	30 %
	0.910
	0.840
	0.610
	0.700

	40 %
	1.010
	0.939
	0.710
	0.800

	50 %
	1.150
	1.050
	0.830
	0.910

	60 %
	1.287
	1.230
	0.980
	1.060

	70 %
	1.489
	1.470
	1.250
	1.260

	75 %
	1.645
	1.650
	1.497
	1.370

	80 %
	1.851
	1.823
	1.770
	1.530

	90 %
	2.236
	2.294
	2.480
	1.960

	95 %
	2.540
	2.680
	2.770
	2.206

	99 %
	3.858
	2.970
	3.434
	2.570







	STATISTIC
	ALABAMA
	TENNESSEE
	GEORGIA

	N of cases
	1736
	932
	1860

	Minimum
	0.360
	0.230
	0.290

	Maximum
	4.910
	5.530
	4.340

	Mean
	1.447
	1.402
	1.185

	Standard Dev
	1.061
	1.118
	0.761

	1 %
	0.430
	0.280
	0.350

	5 %
	0.540
	0.490
	0.450

	10 %
	0.600
	0.570
	0.500

	20 %
	0.700
	0.650
	0.590

	25 %
	0.745
	0.695
	0.640

	30 %
	0.780
	0.731
	0.675

	40 %
	0.880
	0.813
	0.780

	50 %
	1.020
	0.940
	0.910

	60 %
	1.190
	1.147
	1.060

	70 %
	1.467
	1.510
	1.315

	75 %
	1.670
	1.780
	1.505

	80 %
	2.020
	2.060
	1.760

	90 %
	3.336
	2.590
	2.370

	95 %
	3.934
	4.328
	2.830

	99 %
	4.770
	5.122
	3.550



In the case of the 1:100,000 NHDPlus attributes associated with a mean velocity estimate, reference is made to Jobson (1996).  Jobson used tracer time of travel studies conducted on over 980 subreaches for about 90 different rivers in the county to predict the peak velocity as a function of drainage area, discharge, and reach slope.
Vp = 0.094 + 0.0143 x (D′a)0.919 x(Q′a)-0.469 x S0.159 x Q/Da  
Where Vp is the peak velocity in m/s
D′a  = (Da 1.25 x √g)/Qa  where Da is drainage area in m2 
				Qa mean annual river discharge in m3/s
				g is acceleration of gravity in m2/s
Q′a = Q/Qa   where Q is discharge at the section at time of the measurement Q
S  is reach slope in meters per meter

FDEP evaluated the land surface slope in SPARROW to determine if that was the reason for the errors in stream velocities.  Land surface slope (as percent) was obtained from the SAGT-SPARROW model for stream reaches and is summarized graphically and statistically.  Among the seven states, mean slopes in Florida were lower than the other states throughout the distribution range.



Distribution of mean slopes in the SAGT-SPARROW Model
	STATISTIC
	FLORIDA
	MISSISSIPPI
	SOUTHCAROLIN
	NORTHCAROLIN

	N of cases
	868
	682
	1244
	1614

	Minimum
	0.000
	0.015
	0.000
	0.000

	Maximum
	5.484
	7.074
	25.393
	43.604

	Mean
	1.026
	2.564
	3.329
	7.280

	Standard Dev
	0.942
	1.269
	3.061
	8.855

	1 %
	0.009
	0.136
	0.071
	0.007

	5 %
	0.078
	0.490
	0.332
	0.127

	10 %
	0.128
	0.981
	0.479
	0.386

	20 %
	0.228
	1.502
	0.794
	0.845

	25 %
	0.304
	1.727
	0.976
	1.183

	30 %
	0.369
	1.910
	1.293
	2.310

	40 %
	0.494
	2.282
	2.398
	3.281

	50 %
	0.690
	2.543
	3.186
	3.840

	60 %
	0.932
	2.801
	3.697
	4.517

	70 %
	1.317
	3.035
	4.198
	5.682

	75 %
	1.488
	3.199
	4.449
	7.820

	80 %
	1.843
	3.399
	4.765
	12.480

	90 %
	2.552
	4.114
	5.635
	23.212

	95 %
	2.924
	4.969
	7.428
	27.826

	99 %
	3.646
	6.176
	18.229
	33.836



	STATISTIC
	ALABAMA
	TENNESSEE
	GEORGIA

	N of cases
	1757
	932
	1894

	Minimum
	0.000
	0.000
	0.000

	Maximum
	19.796
	43.604
	32.748

	Mean
	4.476
	9.881
	3.982

	Standard Dev
	2.635
	6.980
	4.000

	1 %
	0.281
	1.234
	0.127

	5 %
	1.209
	2.319
	0.366

	10 %
	1.609
	3.398
	0.658

	20 %
	2.394
	4.745
	1.358

	25 %
	2.632
	5.390
	1.690

	30 %
	2.927
	5.943
	1.961

	40 %
	3.481
	6.815
	2.432

	50 %
	3.962
	7.655
	3.265

	60 %
	4.567
	8.898
	3.878

	70 %
	5.289
	10.670
	4.431

	75 %
	5.775
	12.315
	4.704

	80 %
	6.316
	14.710
	5.102

	90 %
	7.964
	20.080
	7.147

	95 %
	9.253
	24.210
	11.582

	99 %
	13.058
	34.313
	21.902



The SAGT-SPARROW model also included a field labeled p-flat that represented the fraction of catchment area with slope less than 1 percent.  Comparisons among the seven states are presented graphically and as a statistical summary.  Florida tended to have a larger fraction of catchment areas with slopes less than 1 percent, which would be expected.


Distribution of p_flat in the SAGT-SPARROW Model
	STATISTIC
	FLORIDA
	MISSISSIPPI
	SOUTHCAROLIN
	NORTHCAROLIN

	N of cases
	868
	682
	1244
	1614

	Minimum
	0.000
	0.027
	0.000
	0.000

	Maximum
	6.408
	1.000
	1.001
	1.009

	Mean
	0.691
	0.295
	0.319
	0.262

	Standard Dev
	0.352
	0.235
	0.334
	0.352

	1 %
	0.087
	0.042
	0.005
	0.000

	5 %
	0.161
	0.064
	0.020
	0.001

	10 %
	0.246
	0.083
	0.027
	0.003

	20 %
	0.363
	0.110
	0.039
	0.014

	25 %
	0.435
	0.125
	0.046
	0.021

	30 %
	0.511
	0.144
	0.052
	0.028

	40 %
	0.668
	0.174
	0.074
	0.042

	50 %
	0.768
	0.216
	0.115
	0.057

	60 %
	0.856
	0.264
	0.255
	0.078

	70 %
	0.917
	0.332
	0.538
	0.273

	75 %
	0.938
	0.385
	0.653
	0.554

	80 %
	0.964
	0.463
	0.727
	0.695

	90 %
	0.992
	0.655
	0.861
	0.906

	95 %
	1.000
	0.865
	0.930
	0.992

	99 %
	1.000
	0.997
	0.999
	1.002





	STATISTIC
	ALABAMA
	TENNESSEE
	GEORGIA

	N of cases
	1757
	932
	1894

	Minimum
	0.000
	0.000
	0.000

	Maximum
	1.000
	1.000
	1.225

	Mean
	0.189
	0.089
	0.255

	Standard Dev
	0.199
	0.126
	0.287

	1 %
	0.009
	0.000
	0.001

	5 %
	0.018
	0.001
	0.011

	10 %
	0.025
	0.004
	0.023

	20 %
	0.041
	0.011
	0.039

	25 %
	0.048
	0.015
	0.045

	30 %
	0.061
	0.019
	0.053

	40 %
	0.084
	0.027
	0.078

	50 %
	0.115
	0.039
	0.123

	60 %
	0.152
	0.057
	0.183

	70 %
	0.209
	0.093
	0.288

	75 %
	0.253
	0.116
	0.382

	80 %
	0.308
	0.145
	0.505

	90 %
	0.466
	0.228
	0.769

	95 %
	0.646
	0.330
	0.910

	99 %
	0.934
	0.605
	0.994



Given that the distribution of land surface slopes and fraction of catchment area with slopes less than 1 percent in Florida appeared to be considerably different from the other states in the model domain, it is surprising that mean stream velocities up to the 50th percentile were higher in Florida than the other six states.  Perhaps other physical factors or precipitation differences could explain some of this.  Comparisons of velocities recorded at gages or estimated based on field measurements however suggest that mean stream velocities in ERF2 and NHD Plus consistently over-estimate mean velocities.

[bookmark: _Toc260223107]Influence of Stream Velocities on Nitrogen Delivery to the Terminal Reach
The SPARROW estimated fraction of nitrogen delivered from the headwaters of the St. Johns River to the estuary is 75 percent.  This is due to the estimate in SPARROW that such water reaches the estuary in 5.62 days.  That estimate is in error due to the model’s extreme overestimation of the velocity of the St. Johns River and lack of recognized lake systems.  Putting aside lake systems (which should never be done in fate and transport modeling) and plugging in actual velocities, the travel time increases to between 32 and 64 days, with a fraction delivered between 21 and 4 percent respectively.  
Analysis
Mainstem watersheds of the St. Johns River from the headwater to the terminal reach were identified, and key attributes from the SAGT- SPARROW model output were compiled.  Some of these attributes included:
Rchtot - Reach water time of travel (computed as quotient of reach length and reach mean annual stream velocity); used to estimate first-order contaminant decay.
MeanQ - Mean annual streamflow; value of -9999.00 indicates no flow (shoreline and a few interior reaches).
FracDelTar - Fraction (of 1.0) of the flux at the downstream node of this reach that is transported through the stream network and ultimately delivered to the basin outlet (the coast or, for reaches in the Tennessee River Basin, the confluence with the Ohio River)
	wshed
	termflag
	pname
	Rchtot
(days)
	MeanQ
(cfs)
	FracDelTar
	reach length (m)
	meanv (ft/s)
	Nhd
(ft/s)
	gage (ft/s)

	7456
	1
	ST JOHNS R
	0.23939
	6567.95
	1
	16202.91
	2.57
	2.10
	

	65066
	0
	ST JOHNS R
	0.0504
	6567.95
	1
	3411.02
	2.57
	2.10
	

	10099
	0
	ST JOHNS R
	0.60989
	3771.22
	1
	42404.82
	2.64
	2.06
	

	10141
	0
	ST JOHNS R
	0.42495
	3349.57
	0.98
	28426.79
	2.54
	1.80
	0.43*

	65743
	0
	ST JOHNS R
	0.35094
	3251.16
	0.98
	23291.42
	2.52
	1.77
	0.39

	10098
	0
	ST JOHNS R
	0.32344
	3251.16
	0.97
	21466.28
	2.52
	1.76
	

	7405
	0
	ST JOHNS R
	0.75183
	2393.21
	0.97
	44749.38
	2.26
	1.71
	0.47*

	7406
	0
	ST JOHNS R
	0.02319
	1936.39
	0.95
	1282.81
	2.1
	1.63
	0.59*

	10798
	0
	ST JOHNS R
	0.21865
	1926.87
	0.95
	12035.27
	2.09
	1.62
	0.19

	10797
	0
	ST JOHNS R
	0.17104
	1330.93
	0.95
	10135.20
	2.25
	1.57
	

	10795
	0
	ST JOHNS R
	0.24359
	1330.93
	0.94
	14434.49
	2.25
	1.54
	

	66427
	0
	ST JOHNS R
	0.10704
	1330.93
	0.94
	6343.00
	2.25
	1.53
	0.18

	7410
	0
	ST JOHNS R
	0.40294
	1093.59
	0.94
	22179.18
	2.09
	1.49
	

	7412
	0
	ST JOHNS R
	0.03211
	863.47
	0.93
	1826.36
	2.16
	1.47
	

	10770
	0
	ST JOHNS R
	0.15419
	824.28
	0.93
	8649.86
	2.13
	1.47
	0.41*

	10767
	0
	ST JOHNS R
	0.11847
	824.28
	0.91
	6645.92
	2.13
	1.46
	

	10769
	0
	ST JOHNS R
	0.07278
	781.3
	0.89
	4006.05
	2.09
	1.44
	

	10766
	0
	ST JOHNS R
	0.28831
	781.3
	0.88
	15869.53
	2.09
	1.42
	

	10768
	0
	ST JOHNS R
	0.15801
	694.06
	0.85
	8364.31
	2.01
	1.40
	

	10765
	0
	ST JOHNS R
	0.10971
	694.06
	0.83
	5807.52
	2.01
	1.40
	0.15

	66403
	0
	ST JOHNS R
	0.10298
	694.06
	0.82
	5451.39
	2.01
	1.39
	

	66457
	0
	ST JOHNS R
	0.10445
	694.06
	0.81
	5529.43
	2.01
	1.29
	

	66451
	0
	
	0.56427
	694.06
	0.8
	29870.45
	2.01
	1.29
	

	
	
	
	
	
	
	
	
	
	

	
	
	TOTAL
	5.62257
	
	
	338383.38
	
	
	


Based on regression of flow and channel velocity measurements with substitution of meanQ
Once nitrogen is delivered to the stream, SPARROW includes a nitrogen removal factor that is represented by an exponential function of the form:   e(-k*days instream travel).  The value of k is based on stream flow, k= 0.14/day for streams with meanQ < 1000 cfs and k= 0.014/day for streams with meanQ≥ 1000 cfs.  
In the case of the St. Johns, if a load XX enters the stream in the headwater watershed (66451) the predicted load that reaches the terminal reach (7456) would be:
Load at terminal reach = XX*(e.-0.14*1.7053)*(e-0.014*3.9173) = XX*0.788*0.947= 0.746*XX
In the SAGT-SPARROW model, the total distance along the mainsteam was 338,383.38 m (210.3 miles) with a total travel time of 5.62 days. 
There are a number of stream gages located along the mainstem segment of the St. Johns River.  Average velocities were calculated at eight of the gages as shown in the table.  Average velocities ranged between 0.15 and 0.59 ft/s.  The fraction of load XX entering the St. Johns at the headwater delivered to the terminal reach was evaluated assuming a velocity of 0.4 ft/s and 0.2 ft/s.
If the stream velocity was actually 0.4 ft/s., the total travel time would increase to 32.12 days and the fraction of load entering the estuary would decrease to 21%. 
	Load at terminal reach = XX*(e.-0.14*8.736)*(e-0.014*23.389) = XX*0.2943*0.7208= 0.212*XX
Similarly, if the stream velocities was  0.2 ft/s, the total travel time would increase to 64.25 days and the fraction of load entering the estuary would decrease to 4%
	Load at terminal reach = XX*(e.-0.14*17.472)*(e-0.014*49.778) = XX*0.0866*0.4981= 0.043*XX
In summary, SAGT-SPARROW estimates the travel time of the St. Johns River (210.3 miles) to be 5.62 days while actual travel times (excluding any accounting of lakes) are upwards of 64 days.  This translates to a SAGT-SPARROW estimated fraction delivered of 75% versus a calculated fraction delivered (using measured velocities and not accounting for lakes) of between 4 and 21% from the headwaters to the terminal reach.  If lakes were factored into the calculations, the fraction delivered would be reduced even more.
A partial explanation for why SPARROW over-estimated the fraction remaining is that all of the reaches of the St. Johns River were identified as streams in the ERF2 1:500,000 scale, when in fact there are seven  named lakes in the St. Johns River system.  If reaches were identified in the ERF2 coverage as a lake or reservoir, the SAGT-SPARROW model would have used a settling term to remove nitrogen (inverse of areal hydraulic loading: 10.7 yr/m).  The seven overlooked lakes in the St. Johns River are described in the following table.
	Watershed
	Lake Name
	Acreage
	Comment

	10099
	Lake George
	46,000
	6 miles wide, 11 miles long, average depth 8 ft.  2nd largest lake in Florida

	7405
	Lake Monroe
	9,400
	

	10798
	Lake Harney
	6,058
	

	10797
	Puzzle Lake
	1,300
	

	10770
	Lake Poinsett
	4,334
	Max width 5.43 miles, max length 2.74 miles

	10769
	Lake Winder
	1,496
	Max width 1.24 miles, max length 2.51 miles

	10768
	Lake Washington
	4,362
	1 mile wide, 4 miles long, 10-15 ft deep



Application of the HSPF Model to a Portion of the St. Johns River
Recently, a Total Maximum Daily Load (TMDL) for nutrients was completed for an 11 mile portion of the St. Johns River between the outlet of Lake Harney and the outlet of Lake Jesup (segment 11 in the figure below).  The model Hydrologic Simulation Program Fortran (HSPF) was used to simulate conditions over the 1996 – 2003 period.  Based on the model, the long-term (based on results for the 1996 – 2003 period) average flow velocity for the segment was about 0.11 ft/s, and the long-term water residence time for the same period is about 5.3 days over the 11 mile stretch.  The long-term average attenuation rate for TN for the segment is about 0.9%.  Note that this attenuation calculation reflects the difference between the total input of total nitrogen into the segment and the total nitrogen leaving the segment, not just attenuation of the load entering from the upstream boundary.  In the SAGT-SPARROW model, the watershed 7405 includes the portion from the outlet of Lake Harney through Lake Monroe as well as Lake Jesup.  For this much larger watershed (7405), the SAGT-SPARROW had a travel time of 0.75 days based on a mean stream velocity of 2.26 ft/s.  In comparison, an estimated mean velocity calculated from a regression between field measurements of flow and channel velocity taken at the gage located near Sanford (02234500) yielded a mean velocity at the mean Q for the gage of 0.41 ft/s and a travel time of 3.61 days.  Assuming an in-stream nitrogen loss rate of 0.014 per day, an instream load of XX from the outlet of Lake Harney would be 0.951XX at the end of watershed 7405 with a travel time of 3.61 days versus 0.985XXv based upon the SAGT-SPARROW model travel time of 0.75 days.  While this difference may seem small for this portion of the river, it projects to a very significant difference over the length of the river.

Impact to model predictions of monitored loads
A consequence of reducing reach velocities is an increase in the in-stream removal of nitrogen as nitrogen is transported downstream to the terminal reach.  This would suggest that without increased nitrogen loads delivered to the stream from individual watersheds, there would be an increased difference between the monitored loads at specific locations and model predicted loads based on the current model coefficients.  The model considers loading contributions from wet atmospheric deposition of inorganic nitrogen, nitrogen mass in commercial fertilizer applied to agricultural land, nitrogen mass in manure from livestock production, and nitrogen mass in permitted wastewater discharges.  Area of impervious surfaces was also included as a source input variable.
Several physical landscape variables are used in the model to estimate the attenuation of total nitrogen on the landscape.  An exponential function that includes physical landscape variables such as soil permeability, depth to bedrock, and mean annual precipitation is applied to the catchment load.  As described in Hoos and McMahon (2009), the delivery variation factor (DVR) defines the variation among catchments in nitrogen landscape attenuation processes and ultimately the landscape delivery ratio (LDR).  The LDR is the ratio of mass delivered to the stream channel to the measured input to catchment.  The DVR allows for variations among catchments in the LDR.  A DVR greater than 1 indicates a larger fraction of nitrogen reaches the stream than the model median, while a value less than 1 indicates a smaller fraction of nitrogen from the catchment reaches the stream.  The following table summarizes the delivery factors for the St. Johns River segments.  DVRs range between 0.76 and 1.08 with an average value of 0.93.

	wshed
	deliv_factor
	FracDelTar

	7456
	0.98
	1

	65066
	0.97
	1

	10099
	0.84
	1

	10141
	0.80
	0.98

	65743
	0.77
	0.98

	10098
	0.76
	0.97

	7405
	0.92
	0.97

	7406
	1.08
	0.95

	10798
	1.04
	0.95

	10797
	0.98
	0.95

	10795
	0.97
	0.94

	66427
	0.96
	0.94

	7410
	0.95
	0.94

	7412
	0.93
	0.93

	10770
	1.01
	0.93

	10767
	0.93
	0.91

	10769
	1.07
	0.89

	10766
	0.91
	0.88

	10768
	0.91
	0.85

	10765
	0.89
	0.83

	66403
	0.92
	0.82

	66457
	0.91
	0.81

	66451
	0.94
	0.8



If the source loads to the catchment are set inputs to the model, it would seem that the land delivery fraction from these sources would have to be increased to offset the increased loss of nitrogen from in-stream removal processes.  There should be an upper bound on the DVR above which there would be some concern regarding the accuracy of specific source loads to a catchment.  
Another possibility is that the model does not adequately represent other sources of nitrogen to stream reaches.  For example, nitrogen fixation has been shown to be a significant source of nitrogen in a number of Florida lake systems (for example, Lake Jessup and Lake George).  As discussed previously, another likely source of nitrogen is detrital material or colored dissolved organic matter (CDOM) that enters streams from wetlands and stream riparian areas.
[bookmark: _Toc260223108]Lack of Catchments and Stream Characteristics Effects Nitrogen Delivery
The hydrologic network used in the SAGT-SPARROW model was based upon the EPA 1:500,000 scale enhanced reach file 2 (ERF2).  Within Florida, ERF2 has only 17 catchments identified as reservoirs (reach type 1 and 11 catchments identified as reservoir reach outlets (reach type 2).  The following table summarizes the reservoir catchments.  Reservoir catchments in Florida are illustrated in the figure.
	mrb_id
	fnode
	tnode
	pname
	surfarea_km

	10321
	5739
	5737
	CHATTAHOOCHEE R
	168.19332

	65086
	7863
	7862
	ECONFINA CR
	19.012806

	10310
	5731
	5730
	OCHOCKONEE R
	27.72195

	10311
	5724
	5730
	LITTLE CR
	27.72195

	10312
	5725
	5729
	BEAR CR
	27.72195

	10313
	5727
	5728
	OCKLAWAHA CR
	27.72195

	10308
	5729
	5728
	OCHOCKONEE R
	27.72195

	10309
	5730
	5729
	OCHOCKONEE R
	27.72195

	65086
	7863
	7862
	ECONFINA CR
	19.012806

	10301
	5723
	5722
	CHIPOLA R
	27.1149

	10302
	5721
	5722
	CYPRESS CR
	27.1149

	661590
	2871
	8079
	OKLAWAHA R
	34.8042

	65065
	2881
	7838
	OKLAWAHA R
	82.9635

	661650
	3045
	7850
	WITHLACOOCHEE R
	125.457

	661640
	8314
	8304
	MANATEE R
	15.21672

	657940
	3011
	7983
	MANATEE R
	15.21672

	661940
	7983
	8314
	MANATEE R
	15.21672



In contrast, there are actually over 100 lakes and/or reservoirs in the state that have a surface area of over 1,000 acres.  Most of these lakes are identified as stream reaches in the ERF2 network.  This misidentification is very significant because, in the SAGT-SPARROW model, different nitrogen attenuation coefficients are used for streams and reservoirs.  The attenuation of nitrogen in reservoirs is related to the hydraulic load, while attenuation rates in streams are specified based on a mean flow greater than or less than 1000 cfs.  The following table and figures provide a few examples of lakes that are classified as stream reaches in ERF2 and differences in in-stream attenuation based on the model assumed travel times.  Surface areas of these lakes were based on Department GIS coverage of lakes.






	Watershed
	Lake Name
	Surface Area (m2)
	Travel Time (days)
	MeanQ
(cfs)
	Fraction transported using Lake Attenuation
	Fraction transported using Stream Attenuation

	1009
	Lake George
	175643337.9
	0.6099
	3771
	0.65
	0.99

	10091 and 7430
	Lake Griffin
	37715728.6
	0.3411
	545
	0.56
	0.96

	10769
	Lake Winder
	6395219.3
	0.0728
	781
	0.91
	0.94













The concern over how nitrogen attenuation may have been calculated for numerous lakes in the SAGT-SPARROW model based on the ERF2 reach classification also influences the fracdeltac calculated for catchments.  In addition, nitrogen fixation by cyanobacteria can represent a significant source of nitrogen in lakes, reservoirs, and large slow moving rivers.  
Lake Griffin also illustrates another potential issue that may not have been adequately captured in the ERF2 reach network.  As shown in the figure, there is a lock and dam structure located on the stream reach (Haines Creek).  There is also the Moss Bluff Dam and Spillway located approximately 10 miles downstream from the outlet of Lake Griffin.  Note that the dam is located approximately in the middle of the catchment (65065).  Within the SAGT-SPARROW domain of Florida, the National Inventory of Dams (NID) lists over 800 dams, spillways, control structures etc.  Many of these are not directly along stream reaches, but it is unclear how potential influences of these structures on land delivery of nitrogen or in-stream attenuation are addressed in the SPARROW model.  There appear to be some instances in which monitored loads were calculated upstream of structures and downstream loads were not adjusted based on operational controls of structures.
In the calculation of loads delivered to estuaries, loads predicted at the terminal reach(es) to individual estuaries were summed.  There appear to be a number of cases in which catchments may have been incorrectly assigned a termflag value in the model predictions output spreadsheet.  In the case of the Suwannee River estuary, the output file had four catchments identified with termflag=1 (7758, 66191, 66192, 7623).  Based on the GIS coverage, it appears that catchment 66191 flows to catchment 66192, which flows into catchment 7758. 
Another example of multiple terminal reaches that would lead to model error is in the case of the St. Andrews Bay.  In the model predictions output spreadsheet, nine catchments were identified as terminal reaches (terminal flag=1) and ten catchments were identified as shoreline reaches (terminal flag=3).  The following figure illustrates catchments in a portion of St. Andrews Bay surrounding Deerpoint Lake (a drinking water supply reservoir for Panama City).  Catchments 8170 (Bear Creek) and 8173 (Econfina Creek) are labeled as terminal reaches but appear to drain to Deerpoint Lake above the Deerpoint Dam, which controls freshwater discharges into St. Andrews Bay.  Similarly, catchment 81171 is identified as a shoreline reach, but appears to drain to Deerpoint Lake above the dam. 



[bookmark: _Toc260223109]Comment 5:  The expression of the criteria does not fit the formula.  

The formula is focused on the downstream node of the stream network (see Fi) used by SPARROW, while the expression targets water quality throughout the stream (upstream of the node).  Given the resolution of the hydrography used by SPARROW, waters contained in an area upstream of the node (including ground water delivered) exhibit many more variables that would affect nutrient delivery to the node.  If EPA decides that this provision is necessary in the final promulgated rule, FDEP recommends that the criteria application match the formula used to derive the criteria such that a downstream node is the spatial location for determining attainment.  
However, there are significant site specific factors and technical difficulties in projecting necessary nitrogen concentrations upstream from the estuary into a watershed.  The farther you move from the estuary, the greater the error.   For all the reasons articulated previously, denitrification in weltands, streams, and lakes as they flow towards estuaries is not done well in SPARROW.   All of the factors necessary to accurately estimate denitrification add up to conclude that nitrogen fate and transport is a very site specific analysis and cannot be accurately captured or assumed when applying criteria to streams.  
An alternative approach would be to apply downstream protection values at the pour point of watershed as they enter the estuaries.  Such an approach would involve setting a criterion at the point where the watershed discharges into another waterbody (like the estuary).  That value would also provide a numeric threshold used to assess attainment and generate water quality based effluent limits for upstream NPDES discharges ensuring nutrients coming from a watershed are at levels protective of the estuary.  In this circumstance, given the extensive network of wetlands and intervening lakes along waterways in Florida, we would recommend applying a pour point concept at the point where the stream enters the lake.  Of course that should only be adopted if the pour point numbers are technically defensible.
[bookmark: _Toc260223110]Comment 6:  The proposed criteria for the protection of downstream estuaries do not include a duration and frequency component to the criteria.  

For implementation, it is critical to identify the averaging period for the numeric value and the number of times it can be exceeded and still be protective.  The duration and frequency for the downstream protection values derived using the formula should be the same duration and frequency for the total nitrogen target value (Lest) used in the formula.
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Appendix A:  Apalachicola Bay System Description

The Apalachicola Bay system is a wide, shallow estuary on the northwest Florida gulf coast.  The system covers an area of approximately 210 square miles and includes St. Georges Sound, St. Vincent Sound, Apalachicola Bay and East Bay.  The average depth in the system is approximately 9 feet.  St. Vincent Island to the west, Cape St. George Island and St. George Island to the south, and Dog Island to the east separates the system from the Gulf of Mexico.  The Apalachicola River, which is the largest source of freshwater to the Apalachicola Bay and the largest river in Florida in terms of volume of flow, combined with the Chattahoochee, Flint and Ochlockonee Rivers drain a watershed of over 20,000 sq. miles (Figure 2).  The Apalachicola Bay and most of its drainage basin encompass what can be considered one of the least polluted, most undeveloped, resource rich estuarine systems in the United States (ANERR, 2008).

Figure 1.  The Apalachicola, Chipola, and Flint River Watersheds
The Apalachicola Bay system (Figure 2) is enclosed by barrier islands created by depositional processes and is a river-dominated system.  The system is one of the most productive estuarine systems remaining in the United States (Livingston, 1984; Edmiston and Tuck, 1987; ANERR, 1998; Pennock, et al., 1999) as a result of the overall good water quality.  The estuarine drainage area surrounding the bay has also been identified as having the tenth highest amount of total coastal wetlands (592,000 acres) in the continental United States (Field et al., 1991).  Apalachicola Bay supports a diverse and sizeable recreational and commercial fishery (Livingston, 1984).  Commercial and recreational fisheries in the area have historically been critical to the local economy.  Approximately 90 percent of Florida’s oyster harvest and 10 percent of that in the United States comes from the Apalachicola Bay system (Wilber, 1992). The annual shrimp harvest is worth even more in terms of dollar value than the oyster harvest. The bay also serves as a vital nursery area for propagation of a myriad of commercially and ecologically important invertebrates and finfish.  These ecological attributes suggest that there is no imbalance of the natural populations of aquatic flora or fauna of Apalachicola Bay.


Figure 2.  Apalachicola Bay – map courtesy of USGS

Because of its importance and uniqueness, numerous designations have been granted to note the importance of the Apalachicola Bay system and to provide additional protection.  In 1969, the State designated Apalachicola Bay one of its eighteen Aquatic Preserves.  The goal of the State’s Aquatic Preserve Act is to preserve aquatic areas that have exceptional biological, aesthetic, and scientific value for future generations.  In 1979, the lower Apalachicola River and bay system was designated as a National Estuarine Research Reserve by the National Oceanic and Atmospheric Administration.  This designation confers protection and management benefits to help ensure the long-term preservation of the system.  The Apalachicola National Estuarine Research Reserve (ANERR) is managed by the Department, with input from local partners and NOAA.  In 1979, the State also designated the lower Apalachicola River as an Outstanding Florida Water (OFW) and included the upper river in 1983.  As an OFW, the river is provided additional protections to prevent it from being lowered below the excellent water quality that existed at the time of designation.  In 1984, the United Nations Education, Scientific, and Cultural Organization (UNESCO) designated the ANERR as an International Biosphere Reserve.  Finally, in 1985 the State declared Franklin County an Area of Critical State Concern in order to help protect the bay system.  This designation led to improved county ordinance development and planning to protect the bay.  The sum effect of the state, national and international designations is to recognize the Apalachicola River and Bay system as a unique and environmentally sensitive resource and to ensure its protection into the future (ANERR, 2008).

Nutrient Status of Apalachicola Bay
The Apalachicola River supplies the majority of nutrients to Apalachicola Bay (Mortazavi 2000a, 2000b, 2001).  Nutrient concentrations in the bay are influenced by river flow, local runoff, tidal exchange, residence time, benthic sediment fluxes and resuspension (ANERR, 2008).  The magnitude and seasonality of nutrient supply is mainly determined by Apalachicola River flow patterns – the river supplies 83% of the total nitrogen and 78% of the total phosphorus on average (ANERR, 2008).  Apalachicola River discharge and nutrient delivery increases in winter in response to high rainfall in the upper watershed and reduced evapotranspiration.  Measurements by the U.S. Geologic Survey at a station upstream of the river mouth indicate that nitrate concentration did not significantly change between 1972 and 1990.  A more recent FDEP study did not find any increasing trends in total nitrogen in either the Apalachicola River or the Bay (Figure 3).  



 (
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Average Annual Total Nitrogen in the Apalachicola Rive and Apalachicola Bay from 1984 to 1994.
)





Mortazavi 2000a estimated similar nitrate inputs.  During summer, primary production in Apalachicola is nitrogen limited and reduction of nitrate inputs result in reduced phytoplankton productivity and decreased higher trophic level productivity.  Phytoplankton community biomass provides the primary support for the food web in Apalachicola bay (Chanton & Lewis, 2002).  Therefore, the ANERR staff are actually more concerned over potential decreases in nutrients (from diversion of upstream waters) than increases in nutrients (ANERR, 2009), since nutrient decreases would negatively affect the currently healthy community structure and function, as well as productivity of the bay (Putland, 2005).

Chlorophyll a levels in Apalachicola Bay
The ANERR has been collecting chlorophyll a data at stations throughout the bay (Figure 4) from 2002 to the present.  Review of the recent chlorophyll data indicate chlorophyll levels consistent with those reported by others (Mortazavi, 1998; Putland, 2005) previously.  Annual geometric mean chlorophyll levels (Figure 5) at all stations but one (East Bay) are consistently well below 11 μg/L, which is the chlorophyll value used by the Department for determining impairment (Rule 62-303.353 FAC).
 (
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ANERR Nutrient/chlorophyll sampling stations.
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Figure 5.  	Apalachicola Bay Annual Geometric Mean Chlorophyll a values (unpublished data obtained from ANERR)
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   Location of Apalachicola Bay WBIDs
)For water quality assessment purposes, the Department has divided Apalachicola Bay into four water body identification numbers (WBIDs; Figure 6).  The Department’s 2005 Water Quality Assessment Report (FDEP 2005) notes that, although the 1998 303(d) list did include two WBIDS (1274a and 1274b) as impaired for nutrients based on chlorophyll a levels, reanalysis of data in the 2005 report resulted in no nutrient impairments for Apalachicola Bay.  The recently adopted (May 2009) 303(d) list has re-listed WBID 1274b as impaired for nutrients; however, the impairment determination was based on chlorophyll a values from a single station in 2001 that exceeded the 11 μg/L impairment threshold. 

Further, more detailed review of the 2001 data indicated that replicate bottom samples were improperly included in calculations and replicate samples were treated as independent rather than averaging them.  Upon recalculation (excluding the bottom samples and averaging replicates), the recalculated value actually did not exceed the 11 μg/L impairment threshold, and FDEP plans to delist the WBID.

Evaluation of Proposed Panhandle Criteria for Protection of Apalachicola Bay 
Hagy and Green, 2009, used multiple lines of evidence to evaluate the effectiveness of the Department proposed nitrogen criterion for Panhandle bioregion streams for downstream protection of Apalachicola Bay.  Using 1999-2007 data, they determined that the period of record average concentration was 0.74 mg/L TN, which compared well with the SPARROW model-estimated 2002 base year average of 0.67 mg/L.  However, these averages do not take into account the natural variability in nitrogen loads and concentrations reaching Apalachicola Bay, which varied from under 5 million kg/year to almost 22.5 million kg/year.  As such, the SPARROW predicted protective load would be considered very conservative since nutrient impairment is not evident in Apalachicola Bay throughout this range of nitrogen loads.  

It should be noted that to achieve FDEP’s proposed numeric nutrient criteria for in-stream protection with a no more than one yearly exceedance allowed in a three year period, the actual long term mean nutrient concentration must be substantially lower than the 90th percentile value of the reference site population.  Using a probabilistic approach to calculate the long-term average nutrient concentrations necessary to achieve the proposed stream benchmark criteria at least 75% of the time in Apalachicola Bay, the FDEP determined that the long-term average TN concentration in the Bay would need to be 0.67 mg/L.  This value is well below the protective long-term averages calculated by Hagy and Green.  Therefore, we conclude that the Department’s proposed Panhandle bioregion nitrogen criterion would be protective of Apalachicola Bay.  



[bookmark: _Toc260223112]Appendix B:  Evaluation of the St. Johns River Estuary
Lower St. Johns River Nutrient TMDL
The Lower St. Johns River (LSJR) is that portion of the St. Johns River that flows between the mouth of the Ocklawaha River, its largest tributary, and the Atlantic Ocean, encompassing a 2,750-square-mile (mi2) drainage area (Figure 1). Within this reach, the St. Johns River is 101 miles long and has a water surface area of approximately 115 square miles. The LSJR is a sixth-order, darkwater river estuary, and, along its length, it exhibits characteristics associated with riverine, lake, and estuarine aquatic environments (Phlips et al., 2000). Additional information about the river’s hydrology and geology are available in the Basin Status Report for the LSJRB (Department, 2002). 

The LSJR is divided into the following three ecological zones based on salinity (Figure 2): (1) a predominantly freshwater, tidal, lakelike zone that extends from the city of Palatka north to the mouth of Black Creek; (2) an alternately freshwater and marine, oligohaline zone extending from Black Creek northward to the Fuller Warren Bridge (I-95) in Jacksonville; and (3) a predominantly marine and much narrower zone downstream from I-95 to the mouth (Hendrickson and Konwinski, 1998).
An interconnected suite of basinwide hydrologic, hydrodynamic, and water quality models was assembled to develop this TMDL. The suite of models includes the following: (1) a hydrologic model that calculates seasonal runoff and nutrient loads for each sub-basin within the LSJRB; (2) a hydrodynamic model of the river that simulates the mixing and transport of nutrients in the river; and (3) a water quality model that simulates the transformation of nutrients and processes affecting eutrophication in the river. Model simulations were completed for 1995, 1997, 1998, and 1999.
Based on the long-term average results for the four years, the TMDL for the freshwater portion of the LSJR was a 30 percent reduction in anthropogenic point, nonpoint, and upstream boundary nitrogen and phosphorus loads.  For the combined oligohaline/mesohaline portion of the river, nitrogen was the key nutrient that needed to be reduced to meet the DO target.   The modeling indicated that a 28.5 percent reduction in anthropogenic point and nonpoint nitrogen loads was needed from within the oligohaline/mesohaline portion to attain the DO SSAC.   This load reduction was contingent on the 30 percent reduction occurring in the upstream, freshwater reach. 

Figure 1. The Lower St. Johns River


Figure 2. Ecological Zones of the Lower St. Johns River Basin 
(Note: This figure inadvertently includes Lake George, which is not part of the LSJRB.)

Buffalo Bluff represented the upstream boundary for the LSJR TMDL.  Annual TN and TP loads for the 1995 – 1999 period at Buffalo Bluff were calculated (Total Maximum Daily Load for Nutrients for the Lower St. Johns River, 2008, Appendix D) and partitioned into natural background and anthropogenic components.  Table 1 summarizes TN and TP long term loads and estimated long term concentrations necessary to attain the established total maximum daily load, a 30 percent reduction in anthropogenic loadings.

Table 1.  TN and TP predicted concentrations at Buffalo Bluff under the TMDL

	
	Total Nitrogen
	Total Phosphorus

	Ave Total Load at Buffalo Bluff (metric tons/year)
	7613.2
	318.9

	Ave Natural Load at Buffalo Bluff (metric tons/year)
	3902.1
	199.4

	TMDL Target Load (metric tons/year)
	6499.9
	283.1

	Target Conc. Based on 1995 – 1999 flow ave (mg/L)
	1.32
	0.058

	Target Conc. Based on 1995 – 2006 flow ave (mg/L)
	1.41
	0.061



A model verification simulation was also performed over the 12/1/1994 – 11/29/1999 period with the reductions and allocations agreed to in the LSJR Basin Management Action Plan.  TN and TP concentrations averaged 1.21 mg/L and 0.062 mg/L, respectively at Racy Point.  Racy Point is located in the freshwater portion of the LSJR, approximately 20 miles downstream from Buffalo Bluff.  Simulation results at Fulton Point in the meso-polyhaline section TN and TP concentrations averaged 0.58 mg/L and 0.093 mg/L, respectively.
The LSJR Basin includes portion of the Northeast and Peninsula Weaver Regions.  Proposed TN and TP concentrations for streams in these Weaver Regions are presented in Table 2.
Table 2.  Proposed TN and TP Concentrations in Northeast and Peninsula Weaver Regions
	Parameter
	Region
	Criterion Magnitude
(Geomean in mg/L) not to be exceeded more than once in a three year period
	Long-term Concentration to not exceed  target > 1 in 3 years (Geomean in mg/L)

	TN
	Northeast, Peninsula
	1.73
	1.37

	TP
	Northeast
	0.101
	0.083

	
	Peninsula
	0.116
	0.086



While the proposed TN and TP stream criteria are based upon geometric means and the calculated concentrations at Buffalo Bluff and model simulation averages represent arithmetic means, the similarity between the proposed stream criteria and the TMDL based nutrient concentrations in the Lower St. Johns River support the conclusion that the FDEP criteria proposed for in-stream protection are inherently protective for the St. Johns estuary drainage area.  
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[bookmark: _Toc260223113]Appendix C:  Tampa Bay Estuary

In order to evaluate the proposed IPVs and DPVs proposed by EPA for the Tampa Bay Basin, FDEP calculated the annual average flows, total nitrogen (TN) and total phosphorus (TP) concentrations and loads delivered to Tampa Bay from major streams and rivers in the watershed.  For the Tampa Bay watershed, the working assumption for allowable loads of TN and TP that are protective of the estuarine waters of Tampa Bay is based upon the Tampa Bay Estuary Programs Reasonable Assurance documentation, which demonstrates that current loads (2003-2007) delivered to the bay are allowing achievement of designated use in the estuary and meeting the Federally-recognized TMDL for nitrogen approved by EPA.  
The figure on the following page shows the attainment of the protective Chlorophyll a thresholds used to measure the designated use support related to nutrient loads to Tampa Bay.  Each Bay segment is tracked and green (yes) indicates attainment of the Chlorophyll a thresholds.  
FDEP used the data sources described at the end of this appendix to characterize flows, concentrations and loads to Tampa Bay.  Tables are provided that show the annual average flows, concentrations and loads from these systems.  Based on the TBEP RA approach and knowledge that loads as reflected over the time period 2003-2007 are protective of designated uses in Tampa Bay, one can derive protective annual average concentrations and/or loads to the estuary based on these data.  The same rationale would suggest that concentrations/loads reflected over the time period from 1991-2008 (at a minimum) were all protective of designated uses in Tampa Bay.  Prior to 1987, not all surface water discharges into Tampa Bay were meeting current treatment levels andthe responses of bay water quality prior would not support this argument.
In addition, annual TN and TP concentrations can be calculated by stream/river, flow-weighted annual TN and TP concentrations by bay segment, or to the entire bay (the latter being the approach proposed in GED’s Downstream Protection Tool) over various time periods.  For purposes of discussion, these annual TN and TP concentrations have been calculated by stream/river for the period 2003-2007 for comparison to both IPVs proposed by FDEP and by EPA, as well as the DPVs proposed by EPA.  Flow-weighted annual TN and TP concentrations to the entire bay based on these same data have also been calculated and compared to the proposed DPVs for Tampa Bay.
The result of these comparisons indicates that meeting IPVs proposed by FDEP would be inherently protective of the designated uses of Tampa Bay.
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	Years
	Flow-weighted 5 Year Average TN concentrations discharged to Tampa Bay
	Long Term Concentration necessary to attain FDEP’s Proposed Numeric Nutrient Criteria for Streams discharging to Tampa Bay.

	1978-1982
	2.131
	1.37

	1983-1987
	1.804
	1.37

	1988-1992
	1.735
	1.37

	1993-1997*
	1.498
	1.37

	1998-2002*
	1.440
	1.37

	2003-2007*
	1.448
	1.37


* Designated use attained in Tampa Bay during these time periods.





1

	DATE
	Alafia
an av
Flow
(cfs)
	Alafia
an av
TN
(mg/L)
	Alafia
an av
TP
(mg/L)
	Hillsborough
an av
Flow
(cfs)
	Hillsborough
an av
TN
(mg/L)
	Hillsborough
an av
TP
(mg/L)
	Manatee
an av
Flow
(cfs)
	Manatee
an av
TN
(mg/L)
	Manatee
an av
TP
(mg/L)
	Little Manatee
an av
Flow
(cfs)
	Little Manatee
an av
TN
(mg/L)
	Little Manatee
an av
TP
(mg/L)
	
Tampa Bay
flow-weighted
TN
(mg/L)
	Tampa Bay
flow-weighted
TP
(mg/L)
	
Tampa Bay
flow-weighted
TN
5y av
(mg/L)
	Tampa Bay
flow-weighted
TP
5y av
(mg/L)
	DATE

	Dec-74
	309.9
	
	8.24
	
	
	
	
	
	
	113.1
	
	0.82
	
	6.256
	
	
	

	Dec-75
	266.2
	
	6.24
	
	
	
	
	
	
	98.9
	
	0.46
	
	4.672
	
	
	

	Dec-76
	279.4
	
	3.73
	
	
	
	
	
	
	41.5
	
	0.41
	
	3.304
	
	
	

	Dec-77
	137.4
	
	3.46
	
	
	
	
	
	
	98.6
	
	0.40
	
	2.179
	
	4.103
	1972-1977

	Dec-78
	249.7
	
	2.95
	
	
	
	
	
	
	180.1
	
	0.43
	
	1.893
	
	
	

	Dec-79
	540.7
	
	3.41
	
	
	
	
	
	
	186.7
	
	0.52
	
	2.669
	
	
	

	Dec-80
	269.3
	
	4.44
	
	
	
	
	
	
	100.1
	
	0.61
	
	3.401
	
	
	

	Dec-81
	168.2
	3.32
	2.53
	
	
	
	
	
	
	156.8
	1.20
	0.38
	2.301
	1.494
	
	
	

	Dec-82
	305.0
	2.61
	2.56
	
	
	
	
	
	
	252.8
	1.18
	0.30
	1.962
	1.533
	2.131
	2.198
	1978-1982

	Dec-83
	441.8
	2.14
	2.33
	
	
	
	
	
	
	265.1
	1.11
	0.36
	1.754
	1.593
	
	
	

	Dec-84
	242.7
	1.88
	2.04
	
	
	
	
	
	
	90.7
	1.42
	0.39
	1.756
	1.592
	
	
	

	Dec-85
	143.0
	1.86
	2.76
	
	
	
	
	
	
	80.5
	1.22
	0.38
	1.627
	1.905
	
	
	

	Dec-86
	190.5
	1.78
	2.10
	
	
	
	
	
	
	110.3
	1.33
	0.45
	1.615
	1.494
	
	
	

	Dec-87
	331.5
	2.39
	2.40
	
	
	
	
	
	
	166.2
	2.02
	0.46
	2.269
	1.754
	1.804
	1.668
	1983-1987

	Dec-88
	369.3
	2.06
	2.15
	
	
	
	
	
	
	211.7
	2.37
	0.51
	2.170
	1.554
	
	
	

	Dec-89
	174.6
	1.77
	2.23
	
	
	
	
	
	
	129.1
	1.32
	0.37
	1.581
	1.443
	
	
	

	Dec-90
	112.3
	1.89
	1.95
	
	
	
	
	
	
	89.3
	1.76
	0.40
	1.833
	1.259
	
	
	

	Dec-91
	241.8
	1.89
	1.95
	
	
	
	
	
	
	158.7
	1.37
	0.38
	1.687
	1.327
	
	
	

	Dec-92
	155.2
	1.80
	1.51
	
	
	
	73.8
	
	
	208.3
	1.61
	0.51
	1.404
	0.775
	1.735
	1.272
	1988-1992

	Dec-93
	252.1
	1.37
	1.66
	
	
	
	93.1
	
	
	119.9
	1.11
	0.36
	1.030
	0.992
	
	
	

	Dec-94
	373.8
	1.40
	1.66
	
	
	
	70.9
	
	
	266.3
	1.21
	0.45
	1.190
	1.044
	
	
	

	Dec-95
	384.8
	1.44
	2.53
	
	
	
	214.5
	0.81
	0.36
	249.8
	1.20
	0.43
	1.209
	1.362
	
	
	

	Dec-96
	271.2
	1.59
	1.58
	
	
	
	77.1
	0.88
	0.31
	126.0
	1.29
	0.46
	1.395
	1.076
	
	
	

	Dec-97
	300.4
	4.84
	21.00
	
	
	
	201.5
	0.73
	0.21
	216.2
	1.46
	0.44
	2.668
	8.974
	1.498
	2.690
	1993-1997

	Dec-98
	599.2
	1.86
	1.99
	
	
	
	260.5
	1.14
	0.34
	327.7
	1.23
	0.46
	1.529
	1.206
	
	
	

	Dec-99
	193.1
	1.67
	1.43
	
	
	
	109.1
	1.01
	0.26
	112.6
	1.20
	0.35
	1.367
	0.827
	
	
	

	Dec-00
	80.1
	2.11
	1.06
	
	
	
	50.3
	1.05
	0.28
	65.6
	1.03
	0.33
	1.478
	0.618
	
	
	

	Dec-01
	229.0
	1.99
	1.33
	75.0
	1.25
	0.39
	145.1
	1.21
	0.30
	187.5
	1.24
	0.39
	1.504
	0.709
	
	
	

	Dec-02
	266.1
	1.67
	1.65
	237.0
	0.95
	0.24
	121.8
	0.95
	0.31
	141.6
	1.61
	0.44
	1.323
	0.775
	1.440
	0.827
	1998-2002

	Dec-03
	541.6
	1.74
	1.52
	582.7
	1.07
	0.23
	298.7
	1.23
	0.29
	319.6
	1.30
	0.41
	1.347
	0.673
	
	
	

	Dec-04
	557.7
	2.17
	1.41
	379.7
	1.04
	0.18
	227.3
	0.72
	0.29
	233.5
	1.49
	0.49
	1.511
	0.742
	
	
	

	Dec-05
	404.1
	1.89
	1.41
	198.1
	0.91
	0.19
	200.6
	1.13
	0.29
	178.8
	1.23
	0.39
	1.419
	0.748
	
	
	

	Dec-06
	220.0
	2.03
	1.28
	36.4
	0.62
	0.15
	70.4
	1.04
	0.25
	107.0
	1.30
	0.35
	1.570
	0.790
	
	
	

	Dec-07
	139.4
	1.69
	0.90
	21.2
	0.56
	0.14
	33.7
	0.99
	0.28
	84.2
	1.29
	0.33
	1.395
	0.593
	1.448
	0.709
	2003-2007
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Site by Site Explanation of Data Gathered
Following is a site-by-site rationale for selection of flow and water quality (i.e., TN and TP concentrations) locations to estimate concentrations and loads delivered to the bay.
For the Lake Tarpon Outfall Canal, FDEP used flow from SWFWMD/Fl012 (S-551), which gages flow leaving Lake Tarpon over the control structure (S-551) and entering the Outfall Canal that discharges to the bay.  Water quality data was used from Lake Tarpon (PCDEM/03-09).  Water quality data may exist that is more representative of what actually flows over the control structures, and this is being investigated.  These locations for flow and water quality are consistent with those used by TBEP for loading estimates.  [The SPARROW model uses flow and water quality generated at USGS 02307359 (BROOKER CREEK NEAR TARPON SPRINGS FL) which characterizes a portion of the flow that enters Lake Tarpon, and therefore does not account for changes in water quality prior to leaving the lake, nor the alteration of flow entering the bay due to the control structure.  No reservoir reach is included to account for the control structure in the SPARROW model.  No data were used by GED from this system in the Downstream Protection calculations.]
For Rocky Creek, FDEP used flow from USGS 02307000 (ROCKY CREEK NEAR SULPHUR SPRINGS FL), which gages flow upstream of a control structure over which Rocky Creek enters Tampa Bay.  Data for flow over the control structure exists and is being pursued to refine these estimates.  Water quality data was obtained from EPCHC Station 103 (Rocky Creek at SR580 Bridge), which is in the tidally influenced waters of Rocky Creek below the control structure.  As a result, both flow and water quality may not be representative of what enters the bay, and additional water quality data more representative of what flows over the control structure is also being pursued.  These flow and water quality stations are consistent with those used by TBEP for load calculations.  [The SPARROW model uses flow from the same location, and uses water quality data from 21FLHILL.24040152 (ROCKY CREEK AT WATERS AVE), which is located above the control structure; therefore both flow and concentration data used in the SPARROW model may not be representative of what enters the bay over the control structure.  No reservoir reach is included to account for the control structure in the SPARROW model. No data were used by GED from this system in the Downstream Protection calculations.]
For Sweetwater Creek, FDEP used flow from USGS 02306647 (SWEETWATER CREEK NEAR TAMPA FL) and water quality data from EPCHC Station 104 (Sweetwater Creek at Memorial Highway Bridge).  The flow and water quality stations are consistent with those used by TBEP for load calculations.  [No data were used by SPARROW or GED from this system.]
For the Hillsborough River, FDEP used flow from USGS 02304500 (HILLSBOROUGH RIVER NEAR TAMPA FL), which measures flow below the Hillsborough River dam.  Water quality data were obtained from EPCHC Station (W side of the Rowlett Park Drive bridge), which measures water quality below the dam and is therefore partially under tidal influence, as is the flow data.  The flow and water quality stations are consistent with those used by TBEP for load calculations.  [The SPARROW model uses flow from the same location, and water quality (and possibly flow data) from 21FLHILL.24030011 (LOCAL #HR4 HLSB RIV-the representative nature of this concentration data is being reviewed), as well as from EPCHC Station 137, which is in the strongly tidally influenced portion of the lower Hillsborough River.  No reservoir reach is associated with the Hillsborough River Dam in the SPARROW calculations; in addition, two primary springs influence the Hillsborough River:  Crystal Springs near the headwaters of the river, and Sulphur Springs below the Hillsborough River dam.  For SPARROW modeling purposes (load delivered from the freshwater portion of the watershed), Crystal Springs could be represented as a ‘point source’ in order to better describe source apportionment to this portion of the river.  For Downstream Protection purposes, it appears that GED used water quality data from EPCHC Station 137, which is in the strongly tidally influenced portion of the lower Hillsborough River.  It appears that GED used flow data from USGS 02304500 and possibly 21FLHILL.24030011.  Additional confounding factors that do not appear to be recognized in the SPARROW model application for the Hillsborough River above the dam include river diversions into the Tampa Bypass Canal, bidirectional flows between the Hillsborough River and the Tampa Bypass Canal above the dam, and water withdrawals above the dam.  For downstream protection evaluation purposes, Sulphur Springs could be treated as a ‘point source’.  Both flows and TN/TP concentration data are available for both of these spring vents.]
For the Tampa Bypass Canal, FDEP used flow data from SWFWD/FLO13 (S-160), which gages flows that leave the Bypass Canal over the control structure into the Palm River, the conduit for introduction into Tampa Bay.  Water quality data were obtained from EPCHC Station 147 (Tampa Bypass Canal at north side of MLK Blvd.), which characterizes water quality above the control structure, and thus may not accurately characterize water quality as it flows over the control structure.  The flow and water quality stations are consistent with those used by TBEP for load calculations. [No data were used by SPARROW or GED from this system.  Water withdrawals which occur from the Tampa Bypass Canal would be accounted for by using flow from below the control structure.]
For Delaney Creek, FDEP used flow data from USGS 02301750 (DELANEY CREEK NEAR TAMPA FL) and water quality from EPCHC Station 138 (Delaney Creek at 36th Ave. & 54th Street).  The flow and water quality stations are consistent with those used by TBEP for load calculations.  [The SPARROW model used the same flow location, but water quality from EPCHC Station 133 (Delaney Creek at US 41), which is a tidally influenced station that may not be representative of water quality leaving the creek to the bay.  For Downstream Protection purposes, GED used water quality data from the more appropriate station (EPCHC 138) as used in the FDEP and TBEP approaches, and appears to use flow from USGS 02301750.]
For the Alafia River, FDEP used flow from USGS 02301500 (ALAFIA RIVER AT LITHIA FL) and water quality data from EPCHC Station 114 (Alafia River at Bell Shoals Road).  The TBEP, SPARROW model, and GED Downstream Protection approach used these same locations for flow and water quality.  A confounding factor for the Alafia River is two major springs that discharge to the river.  Both are below USGS 02301500, but one lies upstream of EPCHC Station 114 (Lithia Springs) and one downstream (Buckhorn Springs).  Again, as suggested for the Hillsborough River, these can be accounted for as ‘point sources’ in the SPARROW and GED approaches.  None of these spring influences have been explicitly accounted for in the FDEP approach, but data are available to make these adjustments.  The TBEP approach accounts for these spring loads, as well as water withdrawals.  [Water withdrawals (which occur below USGS 02301500) are not explicitly accounted for in the FDEP, SDPARROW or GED approaches, but could be as data are available.]
For Bullfrog Creek, FDEP used flow from USGS 02300700 (BULLFROG CREEK NEAR WIMAUMA FL) and water quality data from EPCHC Station 167 (Bullfrog Creek at Big Bend Rd.).  This flow location is consistent with that used in the TBEP approach; however TBEP uses water quality data from EPCHC 132, which is a tidally influenced station that may not accurately reflect water quality as delivered to the bay (this station was used by TBEP because it was not in existence at the time of model development).  Both the SPARROW and GED approaches use both flow and water quality data from USGS 02300700.  Using water quality from EPCHC Station 167 may better reflect concentrations delivered to the bay.
For the Little Manatee River, FDEP used flow from USGS 02300500 (LITTLE MANATEE RIVER NEAR WIMAUMA FL) and water quality from EPCHC Station 113 (Little Manatee River at US 301 bridge).  The TBEP and SPARROW approaches both use these same locations for flow and water quality.  It appears that the GED approaches used the same flow location and also obtained water quality data from this location.
For the Manatee River, FDEP used Manatee County flow (Station Lake Manatee Dam) and water quality (Station UM2) data obtained below the Lake Manatee Dam, reflecting flow and water quality that goes over the dam.  These locations are consistent with those used by the TBEP approach.  The SPARROW model and GED approach used flows and water quality obtained from USGS 02299950 (MANATEE RIVER NEAR MYAKKA HEAD FL) located well above Lake Manatee and its dam.  These approaches therefore do not appear to account for the reservoir or flow/load effects over the dam effects as they manifest themselves on downstream water quality.  Water withdrawals that occur from Lake Manatee should be accounted for in the FDEP and TBEP approaches by using flow and water quality of water that passes the dam.
For the Braden River, FDEP used data from USGS WRI Report 98-4251 to estimate flow over the Ward Lake Dam, and water quality data from Manatee County Station BR1 (below Lake Ward).  The TBEP model has not historically accounted for Braden River loads, but will likely use similar data reflective of flows and loads over the Ward Lake Dam. Gage data exist and a rating curve has probably been developed that can be used to extend the flow record beyond what FDEP has currently used.  The SPARROW model used flows from USGS 02300038 (RATTLESNAKE SLOUGH NEAR SARASOTA FL), USGS 02300032 (BRADEN RIVER NEAR LORRAINE FL) and USGS 023000355 (COOPER CREEK AT UNIVERSITY PARKWAY NR SARASOTA FL), all of which contribute flow to Lake Ward.  Water quality for the SPARROW model was from 21FLMANA.TS-1.  The reservoir effect of Lake Ward is thus apparently not taken into account based on flow, and the representative nature of the water quality data location are under investigation.



[bookmark: _Toc260223114]Appendix D:  Nutrient Longitudinal Study of the Waccasassa River and Estuary and the Steinhatchee River and Estuary

Introduction
DEP initiated the Nutrient Longitudinal Study during the summer of 2008 to evaluate downstream biological responses to naturally high upstream phosphorus levels.  Biological responses to excess nutrients can be separated in space and time from enrichment sources—i.e., an adverse response to nutrients may occur well downstream from the actual enrichment.  DEP’s hypothesis is that within systems with low levels of human disturbance and intact ecological processes, naturally high levels of nutrients can usually be assimilated into the ecosystem without causing adverse biological responses to the streams or downstream estuaries (i.e., the systems have evolved over time in conjunction with the existing nutrient regime).  The goal of this study was to determine whether nutrient concentrations representative of the upper portion of the benchmark site distribution are protective of the designated use of downstream reaches. 

[bookmark: _Toc233089583]Project Objectives 
The objectives of the study were as follows: 
(1) Collect physical, chemical, and biological data throughout the length of selected Florida river/estuary systems to establish the relationship between nutrient levels and adverse biological responses, including the most sensitive (generally downstream) reaches; and 
(2) Analyze the resulting dataset as one line of evidence in DEP’s effort to establish numeric nutrient criteria, particularly relating to the protection of downstream waters. 
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The longitudinal study focused on relating the effects of nutrients on various biological systems, from upstream to downstream, including the most sensitive areas, which typically are slowly flowing lower reaches or estuaries.  Two systems were studied: the Waccasassa River and Estuary and the Steinhatchee River and Estuary.  Both rivers are in the Big Bend region of the state and the Peninsula nutrient region. Blue Spring in Levy County forms the source of the Waccasassa River, which flows south to the Gulf of Mexico.  The Steinhatchee River originates in Lafayette County and flows south, forming the border between Taylor and Dixie Counties, and empties into the Gulf. Both systems were selected to represent conditions of relatively low human disturbance, meaning the existing nutrient concentrations represent minimal amounts of anthropogenic influence.    

Sampling of both systems was conducted in August 2008 and January 2009.  All samples were collected according to DEP-SOP-001/01.  The DEP Bureau of Laboratories in Tallahassee analyzed the water and biological samples.  All of the sampling and assessments listed below were performed at two upstream freshwater sites in each river.  In addition, five estuary sites and an additional freshwater site for each system were sampled for the first two parameters only (water chemistry and meter readings). 
• Water Chemistry (total Kjeldahl nitrogen, nitrate-nitrite, ammonia, total phosphorus, turbidity, chlorophyll a, color, total organic carbon, total suspended solids) 
• Meter Readings (dissolved oxygen, specific conductance, pH, and temperature) 
• Stream Condition Index (SCI) sampling
• Habitat Assessment
• Percent canopy cover 
• Rapid Periphyton Survey (RPS)
• Qualitative Periphyton Sampling
• Linear Stream Vegetation Survey
Since the objective of the study was to emphasize the effects of nutrients on biota, attempts were made to minimize or account for confounding factors during site selection.  Habitat suitability (substrate diversity and abundance), flow, and length of inundation were examined when deciding appropriate sites to sample in each system.  A Habitat Assessment and percent canopy cover determination were performed at each site where biological sampling was conducted, in order to adequately characterize these important variables.  
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The following sites were chosen for the nutrient longitudinal study: 
Steinhatchee River and Estuary Sites
Steinhatchee River at CR 357 (WBID 3573B), Steinhatchee River at Canal Road (WBID 3573A), Steinhatchee River at the waterfall (WBID 3573), Steinhatchee Estuary #1, where houses end (WBID 3573C), Steinhatchee Estuary #2, at bridge (WBID 3573C), Steinhatchee Estuary #3, at boat ramp (WBID 3573C), Steinhatchee Estuary #4, at channel marker 38 (WBID 3573C), Steinhatchee Estuary #5, at channel marker 23 (WBID 3573C)
Waccasassa River and Estuary Sites
Waccasassa River at Wildlife Management Area (WMA) (WBID 3699), Waccasassa River at OB Road #3 (WBID 3699), Wekiva River at Beck Park (WBID 3731), Waccasassa Estuary #1, below Wekiva (WBID 3699A), Waccasassa Estuary #2, at USGS station (WBID 3699A), Waccasassa Estuary #3, at “Caution Rocks” sign (WBID 3699B), Waccasassa Estuary #4, at channel marker 33 (WBID 3699B), Waccasassa Estuary #3, at channel marker 24 (WBID 3699B)
Sampling  locations were chosen after a reconnaissance trip, and are shown in Figures 8-1 and 8-2 below.  Photographs of the sites can be found in Appendix 8-A.

Figure 8-1. Map of the Steinhatchee River and estuary sampling locations.

Figure 8-2. Map of the Waccasassa River and estuary sampling locations.
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Sampling Results
[bookmark: _Toc233089587]Water Quality 

Steinhatchee River and Estuary 

Tables 8-1 and 8-2 below show the water quality results for the Steinhatchee River and estuary from the August 12, 2008 and January 14, 2009 sampling trips, respectively.  The sites are listed upstream to downstream from left to right.  Table 8-3 shows the Peninsula benchmark stream 50th, 75th, and 90th percentile values for total nitrogen and total phosphorus.  These values are shown to give a general idea of how the nutrient concentrations in the Steinhatchee compare to the distribution of nutrient concentrations at benchmark sites within the same nutrient region.  Note that the numbers in Tables 8-1 and 8-2 below are instantaneous values, whereas the benchmark site nutrient percentile values to which they are compared (Table 8-3) are based on annual geometric means (see Chapter 7 of this document for more information on how the percentiles were generated.) 

Graphs of the average concentrations per site (mean of the August 2008 and January 2009 results) of total nitrogen, nitrate-nitrite and total Kjeldahl nitrogen, total phosphorus, and chlorophyll a, are shown in Figures 8-3 to 8-6 below.  Sites are listed upstream to downstream from top to bottom in the graphs. 

Table 8-1. Sampling results for Steinhatchee River and Estuary sites on 8/12/2008.

“U”= Below Method Detection Limit; “I”= Below Practical Quantitation Limit; “A”= Value reported is the mean of two or more determinations; “J”= Estimated value; “L” = Actual value is known to be greater than the reported value



Table 8-2.  Sampling results for Steinhatchee River and Estuary sites on 1/14/2009.

“U”= Below Method Detection Limit; “I”= Below Practical Quantitation Limit; “A”= Value reported is the mean of two or more determinations; “J”= Estimated value; “L” = Actual value is known to be greater than the reported value


Table 8-3.  Distribution of Peninsula Nutrient Benchmark site total nitrogen and phosphorus (annual geometric means).




Figure 8-3. Average total nitrogen values at the Steinhatchee River and estuary sites.


Figure  8-4. Average nitrate-nitrite and total Kjeldahl nitrogen values at the Steinhatchee River and estuary sites.


Figure 8-5. Average total phosphorus values at the Steinhatchee River and Estuary sites. Percentile lines are distribution levels (annual geometric means) for Peninsula Nutrient Benchmark sites, shown for comparison. 


Figure 8-6. Average chlorophyll a values at the Steinhatchee River and estuary sites.

Total nitrogen values generally increased from freshwater to estuary sites.  As shown in Figure 8-4, nitrate-nitrite made up only a small portion of the total nitrogen in the Steinhatchee River, and most of the TN was TKN. 
The average total phosphorus value of 0.245 mg/L at CR 357 is greater than the 90th percentile of the Peninsula benchmark streams (0.116 mg/L), and the average value of 0.101 mg/L at the Canal Rd. site is greater than the 75th percentile (0.088 mg/L).  Average total phosphorus values in the Steinhatchee River decreased with distance downstream, and estuarine concentrations were below 0.05 mg/L.
Chlorophyll a concentrations in the Steinhatchee River were higher in the estuary than in the freshwater portions of the river.  However all of the average values at the estuary sites were well below the threshold for nutrient impairment of estuarine waters in the Impaired Waters Rule (11 μg/L annual mean for estuaries).  As well, chlorophyll a values for the freshwater sites all were much lower than threshold for nutrient impairment of streams from the Impaired Waters Rule (20 ug/L annual mean for streams).  

Waccasassa River and Estuary 
Tables 8-4 and 8-5 below show the water quality results for the Waccasassa River and estuary from the August 11, 2008 and January 13, 2009 sampling trips, respectively.  Table 8-3 above shows the Peninsula benchmark stream 50th, 75th, and 90th percentile values for total nitrogen and total phosphorus, as a means of comparison for how the nutrient concentrations in the Waccasassa compare to the distribution of benchmark sites within the same nutrient region.  As before, note that the numbers in Tables 8-4 and 8-5 below are instantaneous values, whereas the percentile values in Table 8-3 are based on annual geometric means.  
Graphs of the average concentrations per site (mean of the August 2008 and January 2009 results) of total nitrogen, nitrate-nitrite and total Kjeldahl nitrogen, total phosphorus, and chlorophyll a are shown in Figures 8-7 to 8-10 below.  Sites are listed upstream to downstream from top to bottom in the graphs.

Table 8-4.  Sampling results for Waccasassa River and Estuary sites on 8/11/2008.

“U”= Below Method Detection Limit; “I”= Below Practical Quantitation Limit; “A”= Value reported is the mean of two or more determinations; “J”= Estimated value; “L” = Actual value is known to be greater than the reported value

Table 8-5.  Sampling results for Waccasassa River and Estuary sites on 1/13/2009.

“U”= Below Method Detection Limit; “I”= Below Practical Quantitation Limit; “A”= Value reported is the mean of two or more determinations; “J”= Estimated value; “L” = Actual value is known to be greater than the reported value



Figure 8-7. Average total nitrogen values at the Waccasassa River and estuary sites. Percentile lines are distribution levels (annual geometric means) for Peninsula Nutrient Benchmark sites, shown for comparison.



Figure 8-8. Average nitrate-nitrite and total Kjeldahl nitrogen values at the Waccasassa River and estuary sites.


Figure 8-9. Average total phosphorus values at the Waccasassa River and estuary sites. Percentile lines are distribution levels (annual geometric means) for Peninsula Nutrient Benchmark sites, shown for comparison.



Figure 8-10. Average chlorophyll a values at the Waccasassa River and estuary sites.

Average total nitrogen values were higher in the estuary sites than the upstream values.  The increase in TN in the vicinity of the estuary was probably due to export of organic nitrogen from the extensive Spartina and Juncus marshes surrounding the lower Waccasassa system (see Figure 8-2). 

Total phosphorus values were also higher in the estuary sites than the freshwater sites.  The average TP value for the Estuary #2 site (0.098 mg/L) was greater than the 75th percentile for benchmark streams (0.088 mg/L), and the OB Rd #3 site and five estuary sites all had values greater than the 50th percentile (0.064 mg/L). 
The chlorophyll a values in the Waccasassa River showed a general trend of increasing with distance downstream at the estuarine sites.  Chlorophyll a concentrations at all three freshwater sites were below the method limits of detection (MDL, U-qualified data), and thus average values all were well below the threshold for nutrient impairment of streams from the Impaired Waters Rule (20 μg/L annual mean).   For the estuarine sites, average values of validated data also were below the threshold for nutrient impairment of estuarine waters in the Impaired Waters Rule (11 μg/L annual mean for estuaries). Chlorophyll a data for the Waccasassa Estuary #2 site sampled during August 2008 was excluded from the average for that site, as it was determined to be an anomalously high and inexplicably spurious result.  The chlorophyll a value at the sites immediately upstream and downstream of the Estuary #2 site on the same day were 3.4 μg/L and 5.9 μg/L respectively, and there were no observable differences in Secchi depth, color, or turbidity at the Estuary #2 site relative to the upstream and downstream sites. 

[bookmark: _Toc233089588]Historical Trends in Nutrient Concentrations
Steinhatchee River
The graphs below show time series nutrients and chlorophyll a concentrations in the Steinhatchee River.  Values shown are geometric means of available data from the Impaired Waters Rule database for a given Water Body ID (WBID) within a given year.  WBIDs are shown in the legends from upstream to downstream (top to bottom).  WBID 3573Z represents Steinhatchee Spring, which is located directly on the river.  WBIDs 3573A and 3573 are freshwater portions of the river, and WBID 3573C encompasses the estuary.  The Peninsula benchmark stream percentiles for nutrients (annual geometric means) are shown where relevant. 



Figure 8-11. Annual WBID geometric mean values of total nitrogen in the Steinhatchee River and estuary from 1995-2009. Percentile lines are distribution levels for Peninsula Nutrient Benchmark sites, shown for comparison.


Figure 8-12. Annual WBID geometric mean values of total phosphorus in the Steinhatchee River and estuary from 1995-2009. Percentile lines are distribution levels for Peninsula Nutrient Benchmark sites, shown for comparison.

[image: Graph showing annual WBID geometric mean values of chlorophyll a in the Steinhatchee River from 1999 to 2009.]
Figure 8-12. Annual WBID geometric mean values of chlorophyll a in the Steinhatchee River from 1999-2009.


The above graphs demonstrate that while total phosphorus levels in the Steinhatchee River have typically been above average compared to TP values in Peninsula benchmark streams, there has been no adverse effect on chlorophyll a levels within the river.  Chlorophyll a concentrations were mostly below the MDL, and show no trend over the ten-year time period (the drop in the reported concentration in 2009 is due to a lower MDL than for previous years).
Waccasassa River
Time series of nutrients and chlorophyll a concentrations in the Waccasassa River are shown in the graphs below.  Values shown are yearly geometric means of available data for WBID 3699, which encompasses a large freshwater stretch of the river (there were insufficient data for other WBIDs).  The Peninsula benchmark stream percentiles for nutrients (annual geometric mean) are shown where relevant. 

[image: Graph showing annual geometric mean values of total nitrogen for WBID 3699 within the Waccasassa River from 1995 to 2009.]
Figure 8-13. Annual geometric mean values of total nitrogen for WBID 3699 within the Waccasassa River from 1995-2009. Percentile lines are distribution levels for Peninsula Nutrient Benchmark sites, shown for comparison.

[image: Graph showing annual geometric mean values of total phosphorus for WBID 3699 within the Waccasassa River from 1995 to 2009.]
Figure 8-14. Annual geometric mean values of total phosphorus for WBID 3699 within the Waccasassa River from 1995-2009. Percentile lines are distribution levels for Peninsula Nutrient Benchmark sites, shown for comparison.

[image: Graph of annual geometric mean values of chlorophyll a for WBID 3699 within the Waccasassa River from 1999 to 2009.]
Figure 8-15. Annual geometric mean values of chlorophyll a for WBID 3699 within the Waccasassa River from 1999-2009.


The above graphs demonstrate that nutrient levels within the Waccasassa River are associated with low chlorophyll a values, with no trend noted in the chlorophyll a data.  
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Tables 8-6 and 8-7 below show the Habitat Assessment and Stream Condition Index (SCI) sampling results for the freshwater biological sites from the Steinhatchee River and Waccasassa River, respectively.  SCI sampling and Habitat Assessments were conducted per DEP-SOP-001/0, FS 7320 and FT 3100, respectively.

Table 8-6.  Habitat assessment and Stream Condition index Results for Steinhatchee River sites.
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Table 8-7.  Habitat assessment and Stream Condition Index results for Waccasassa River sites.
[image: Table summarizing habitat assessment and Stream Condition Index results for the Waccasassa River sites.]


The average Habitat Assessment scores for each site were in the “Optimal” range (≥ 120 out of a possible 160 points).  The average SCI scores were all above the impairment threshold of 40, except for the Steinhatchee at CR 357.  However, the SCI sampling that took place at CR 357 on 8/12/2008, which yielded a SCI score of 20, was done under low flow conditions.  Based on USGS hydrograph data from the nearest station downstream of the sampling site, as shown in Figure 8-16 below, the discharge rate for the Steinhatchee River had been low for over a month before sampling; therefore, it is likely that the CR 357 site had little to no flow and low water levels within the weeks prior to sampling, and the SCI score of 20 for the 8/12/2008 sampling event was probably due to hydrologic conditions.  By the January sampling event, water flow had increased, and the SCI score improved.


[image: USGS hydrograph of the Steinhatchee River at Cross City.]

Figure 8-16. USGS hydrograph of the Steinhatchee River at Cross City. The mean discharge rate for the Steinhatchee River near Cross City was 7.4 ft3/sec on 8/12/2008 and 23 ft3/sec on 1/14/2009.

Although the Steinhatchee and Waccasassa sites are all minimally disturbed stream sites, SCI results were lower for the Steinhatchee sites, despite high habitat assessment scores.  These lower SCI scores may be due to the naturally higher specific conductance in the Steinhatchee River, most likely due to influences from the limestone substrate.  DEP has shown that increasing specific conductance is related to lower numbers of sensitive taxa and lower SCI scores, even in minimally disturbed systems (FDEP 2008).
Periphyton was collected for taxonomic identification from natural substrates in the freshwater sampling sites per the Qualitative Periphyton Sampling method outlined in DEP-SOP-001/01, FS 7120.  The results of this analysis (August and January trips are averaged)  are listed below in Table 8-8, which shows the percentages of Bacillariophyta (diatoms), Chlorophycota (green algae), Cyanophycota (cyanobacteria), Euglenophycota, and Cryptophycophyta identified in the samples, as well as the total number of taxa identified. 

Table 8-8.  Results of Qualitative Periphyton Sampling for Steinhatchee and Waccasassa River sites.


The periphyton community at each of the sites was dominated by diatoms (Bacillariophyta).  The percentages of algal taxa and the total number of taxa identified were relatively similar among sites.  
In addition to periphyton taxa identification, algal thickness was measured at 99 points within a 100 m stretch of stream, per the Rapid Periphyton Survey (RPS) method described in DEP-SOP-001/01, FS 7130.  Results are shown in Figure 8-17 below, along with the descriptions of algal thickness ranks. 

[image: Graph showing rapid periphyton survey results in each algal thickness rank category within a given site.]



Figure 8-17. Rapid periphyton survey (RPS) results are shown as the percentage of points in each algal thickness rank category within a given site. 

At most sites, the majority of periphyton observed was less than 0.5 mm long or non-visible.  The Steinhatchee at Canal Rd. site had filamentous algae growing on a section of rocky limestone substrate within the 100 m assessment area; however, this algal growth did not adversely affect the macroinvertebrate community, as evidenced by the average SCI score of 51.5 (see Table 8-6).
[bookmark: _Toc233089590]Biological Health in the Steinhatchee and Waccasassa Estuaries

Seagrass beds are extremely valuable ecological and economic assets to Florida’s coasts.  They are considered to be a keystone habitat for a diverse array of marine and estuarine species, and support important recreational and commercial fisheries.  Seagrass beds may be adversely affected when high nutrient runoff from rivers causes excess phytoplankton growth in the water column, increased epiphyte load on seagrass blades, or macroalgal blooms covering seagrass beds, reducing the amount of photosynthetically active radiation reaching seagrasses. 
Maps of seagrass beds near the mouths of the Steinhatchee River (Deadman Bay) and Waccasassa River (Waccassassa Bay) were evaluated to determine trends or difference between the two systems.  Figures 8-18  and 8-19 show the areas of continuous and discontinuous seagrasses in Deadman and Waccasassa Bays, respectively.  This coverage was created by the Florida Fish and Wildlife Conservation Commission Fish and Wildlife Research Institute from aerial photos dating from 1987 to 2007.  Seagrass coverage is more extensive in Deadman Bay than Waccasassa Bay.  This is most likely due to greater light limitation from the high color in Waccasassa Bay, since the average measures of color in the Waccasassa estuary during the August and January sampling trips were roughly three times higher than in the Steinhatchee estuary. 
Figures 8-20 and 8-21 show the change in seagrasses from 2001 to 2006, north and south of the Steinhatchee River, respectively (Carlson 2008).  Paul Carlson from the Fish and Wildlife Research Institute (personal communication) noted that while some physical damage took place from the 2004 and 2005 tropical storms, very little seagrass loss has taken place around the Steinhatchee River, and the seagrass beds are stable and in good condition.  An analysis of this type could not be conducted for the Waccasassa Bay because there are insufficient data to establish historical trends in seagrass beds for Waccasassa Bay (Mattson et al. 2007).  There is anecdotal evidence that forestry practices in the watersheds of both rivers might have moderately increased color to both estuaries, but there is no evidence to suggest that nutrients have had any adverse effects on the estuary (Mattson et al. 2007).  
As shown in the maps below, the seagrass communities in Waccasassa and Deadman Bays appear healthy and intact.  Therefore, it is reasonable to conclude that the nutrient concentrations from the Waccasassa and Steinhatchee Rivers are supporting the health of these downstream ecosystems.



Figure 8-18. Seagrass coverage near the mouth of the Steinhatchee River.
[image: Map of seagrass coverage near the mouth of the Waccasassa River.]
Figure 8-19. Seagrass coverage near the mouth of the Waccasassa River.
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)[image: Aerial photograph showing seagrass habitat change between 2001 to 2006 from Steinhatchee to Keaton Beach.]
[image: Aerial photograph showing seagrass habitat change between 2001 to 2006 between Pepperfish Keys to Steinhatchee.]
Figure 8-20 and 8-21. Changes in seagrass coverage north and south of the Steinhatchee River mouth. Areas where seagrasses have not diminished between 2001 and 2006 are shown in green. 

As another measure of the biological health of these systems, DEP pursued information on the bay fisheries.  Commercial fish landings data were not available specifically for the Steinhatchee river/estuary (which divides Taylor and Dixie Counties), or the Waccasassa (in Levy County).  However, the sum of commercial landings from Taylor, Dixie, and Levy Counties in 2007 was 3,462,694 lbs., which represents approximately 4% of the 2007 statewide commercial landings.  Additionally, anecdotal information from area fishermen suggests an abundant and stable marine fishery at both systems.
[bookmark: _Toc233089591]Conclusions
Total phosphorus at the upper Steinhatchee River exceeded the 90th percentile of the nutrient benchmark sites and TP in the Waccasassa estuary approached the 90th percentile, yet no adverse effects were observed in the sensitive estuarine reaches, where healthy seagrass communities and fisheries prevailed.  This study found that chlorophyll a concentrations in both estuaries were below the 11 ug/L impairment threshold adopted in Chapter 62-303, F.A.C.  Compared with their respective headwaters, organic nitrogen was higher in both the Waccasassa and Steinhatchee estuaries, probably as a result of input from the extensive Spartina and Juncus marshes.  This study, conducted at two minimally disturbed river/estuary systems, supports the position that establishing nutrient criteria at the 90th percentile of the reference site distribution is protective of the biological integrity of sensitive downstream waters.

[bookmark: _Toc233089592]References

Carlson, P. R., L. A. Yarbro, K. Kaufman, and R. A. Mattson.  In review.  Vulnerability and Resilience of Seagrasses to Hurricane and Runoff Impacts Along Florida’s West Coast.  Submitted to Hydrobiologia.
FDEP.  2008. Technical Support Document: Derivation of a Revised Specific Conductance Criterion for Florida Class I & III Freshwaters.  Florida Dept. Environmnetal Protection, Standards and Assessment Section. 19 pp.
Florida Fish and Wildlife Conservation Commission.  2007.  2007 Annual Landings Summary.  Marine Fisheries Information System. http://research.myfwc.com/engine/download_redirection_process.asp?file=sumcnty_07.pdf&objid=19224&dltype=article
Mattson, R.A., Frazer, T.K., Hale, J., Blitch, S., and Ahijevych, L.. 2007. Florida Big Bend. In: Handley, L., Altsman, D., and DeMay, R., eds., 2007, Seagrass Status and Trends in the Northern Gulf of Mexico: 1940-2002. U.S. Geological Survey Scientific Investigations Report 2006-5287 and U.S. Environmental Protection Agency 855-R-04-003, 267 p.
Suwannee River Water Management District.  2008.  Changes in Seagrass Abundance in Florida’s Big Bend Region, 2001-2006.SRWMD Contract No. 02/03-225:  Final Report
USGS. 2009.  Real-Time Water Data for USGS 02324000 STEINHATCHEE RIVER NEAR CROSS CITY, FLA  http://waterdata.usgs.gov/nwis/uv?02324000



[bookmark: _Toc260223115]Appendix E:  Nitrogen gradient maps for 16 Florida Estuaries



 


























[bookmark: _Toc260223116]Appendix F:  Comparisons between ERF 2 and 1:100,000 NHD Plus reach mean velocities and actual velocities 

Comparisons between ERF 2 and 1:100,000 NHD Plus reach mean velocities and gage measurements
The USGS reports daily mean velocities for 28 gaging sites in Florida.  A number of these sites are in tidal or tidally influenced areas so five sites were selected that had no or minimal tidal influence for comparison with the ERF 2 and NHD Plus mean velocities.  A graph of daily mean velocities, a cumulative frequency plot, and summary statistics of daily mean velocities are presented for each of these sites.  Annual average flows are also presented for each of these sites.
USGS 02376033 ESCAMBIA RIVER NR MOLINO, FLA.
DESCRIPTION: 
Latitude 30°40'05",   Longitude 87°16'00"   NAD27
Escambia County, Florida, Hydrologic Unit 03140305 
Drainage area: 4,147.00 square miles   Contributing drainage area: 4,147.00 square miles, 
             Datum of gage: 0.00 feet above sea level   NGVD29.




	STATISTIC
	DAILY MEAN VELOCITY (FT/S)

	N of cases
	3232

	Minimum
	0.180

	Maximum
	2.750

	Mean
	1.066

	Standard Dev
	0.449

	1 %
	0.288

	5 %
	0.430

	10 %
	0.490

	20 %
	0.630

	25 %
	0.720

	30 %
	0.810

	40 %
	0.980

	50 %
	1.070

	60 %
	1.130

	70 %
	1.190

	75 %
	1.260

	80 %
	1.390

	90 %
	1.670

	95 %
	1.970

	99 %
	2.302



	YEAR
	ANNUAL AVE DISHARGE 
(CFS)
	ANNUAL AVE VELOCITY
 (FT/S)

	1988
	5040
	

	1989
	6569
	

	1990
	10680
	

	1991
	6310
	

	1992
	6006
	

	1993
	7810
	

	1994
	7734
	

	1997
	5711
	

	1998
	10600
	

	1999
	8225
	

	2000
	2433
	

	2001
	7133
	1.185

	2002
	3550
	

	2003
	11440
	

	2004
	6711
	1.365

	2005
	10950
	

	2006
	4018
	

	2007
	3381
	

	2008
	5074
	0.917

	2009
	6552
	

	MEAN
	6796
	



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 8548.  The mean velocity in the SPARROW model for this watershed (8548) was 2.6 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 2.05 – 2.07 ft/s.  In comparison, the mean from 3,232 daily mean velocities was 1.066 ft/s and the annual means reported by the USGS ranged between 0.917 and 1.365 ft/s.  The mean flow in the ERF 2 was 6,772.6 CFS which is very similar to the average from the annual averages over the 1988 – 2009 period (6,796 CFS).  The mean annual flow estimates in NHDPlus were 6,387 – 6,742 CFS.

USGS 02369600 YELLOW RIVER NR MILTON, FLA.

DESCRIPTION: 
Latitude 30°34'10",   Longitude 86°55'25"   NAD27
Santa Rosa County, Florida, Hydrologic Unit 03140103 
Drainage area: 1,340.00 square miles 
             Datum of gage: 35.50 feet above sea level   NGVD29.




	STATISTIC
	DAILY MEAN VELOCITY (FT/S)

	N of cases
	2853

	Minimum
	0.170

	Maximum
	2.250

	Mean
	1.026

	Standard Dev
	0.380

	1 %
	0.360

	5 %
	0.490

	10 %
	0.540

	20 %
	0.650

	25 %
	0.700

	30 %
	0.760

	40 %
	0.880

	50 %
	0.990

	60 %
	1.120

	70 %
	1.280

	75 %
	1.340

	80 %
	1.400

	90 %
	1.550

	95 %
	1.650

	99 %
	1.810





	YEAR
	ANNUAL AVE DISHARGE
(CFS)
	ANNUAL AVE VELOCITY
(FT/S)

	2002
	1259
	

	2003
	2978
	1.275

	2004
	2427
	

	2006
	1979
	

	2007
	1575
	

	2008
	2237
	

	2009
	2585
	1.123

	MEAN
	2148
	



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 8198.  The mean velocity in the SPARROW model for this watershed (8198) was 1.84 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.67 – 1.72 ft/s.  In comparison, the mean from 2,853 daily mean velocities was 1.03 ft/s and the annual means reported by the USGS ranged between 1.123 and 1.275 ft/s.  The mean flow in the ERF 2 was 6,772.6 CFS which is very similar to the average from the annual averages over the 1988 – 2009 period (6,796 CFS).  The mean annual flow estimates in NHDPlus were 2,226 – 2,676 CFS.



USGS 02327022 WAKULLA RIVER NEAR CRAWFORDVILLE, FL

DESCRIPTION: 
Latitude 30°12'49",   Longitude 84°15'42"   NAD27
             Wakulla County, Florida, Hydrologic Unit 03120001




	STATISTIC
	DAILY MEAN VELOCITY (FT/S)

	N of cases
	1906

	Minimum
	0.220

	Maximum
	1.410

	Mean
	0.695

	Standard Dev
	0.346

	1 %
	0.420

	5 %
	0.460

	10 %
	0.550

	20 %
	0.590

	25 %
	0.620

	30 %
	0.660

	40 %
	0.680

	50 %
	0.710

	60 %
	0.740

	70 %
	0.760

	75 %
	0.790

	80 %
	0.950

	90 %
	1.082

	95 %
	1.260

	99 %
	0.346





	YEAR
	ANNUAL AVE DISHARGE
(CFS)
	ANNUAL AVE VELOCITY
(FT/S)

	2006
	591.5
	0.854

	2007
	574.2
	

	2008
	751.6
	0.693

	2009
	643.2
	0.682

	MEAN
	640
	



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 7791.  The mean velocity in the SPARROW model for this watershed (7791) was 0.97 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.05 – 1.09 ft/s.  In comparison, the mean from 1,906 daily mean velocities was 0.695 ft/s and the annual means reported by the USGS ranged between 0.682 and 0.854 ft/s.  The mean flow in the ERF 2 was 99.07 CFS which is approximately one-sixth of the average from the annual averages over the 2006 – 2009 period (640 CFS).  It should be noted the gage site includes inflow from Sally Ward and McBride Slough.  The mean annual flow estimates in NHDPlus were 224 – 432 CFS.



USGS 02313700 WACCASASSA RIVER NR GULF HAMMOCK, FLA.

DESCRIPTION: 
Latitude 29°12'14",   Longitude 82°46'09"   NAD27
Levy County, Florida, Hydrologic Unit 03110101 
Drainage area: 480.00 square miles.  Contributing drainage area: 480 square miles,




	STATISTIC
	DAILY MEAN VELOCITY (FT/S)

	N of cases
	5422

	Minimum
	-2.270

	Maximum
	1.950

	Mean
	0.190

	Standard Dev
	0.226

	1 %
	-0.140

	5 %
	-0.030

	10 %
	0.010

	20 %
	0.050

	25 %
	0.070

	30 %
	0.090

	40 %
	0.120

	50 %
	0.150

	60 %
	0.180

	70 %
	0.220

	75 %
	0.240

	80 %
	0.270

	90 %
	0.410

	95 %
	0.574

	99 %
	1.123





	YEAR
	ANNUAL AVE DISHARGE
(CFS)
	ANNUAL AVE VELOCITY
(FT/S)

	1964
	610.9
	

	1965
	628.6
	

	1966
	516.4
	

	1967
	282.8
	

	1968
	130.3
	

	1969
	180.9
	

	1970
	434.1
	

	1971
	258
	

	1972
	319.4
	

	1973
	271.3
	

	1974
	165.4
	

	1975
	187.6
	

	1976
	195.2
	

	1977
	152
	

	1978
	397
	

	1986
	265.7
	

	1987
	234.6
	

	1988
	258.2
	

	1990
	229.3
	0.217

	1992
	136.3
	0.136

	1999
	193.2
	

	2000
	188.6
	

	2001
	63.1
	

	2002
	123
	0.139

	2004
	324.2
	

	2005
	322.4
	0.316

	2006
	91.1
	

	2008
	86.5
	

	MEAN
	259
	



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 7619.  The mean velocity in the SPARROW model for this watershed (7619) was 1.66 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.15 – 1.22 ft/s.  In comparison, the mean from 5,422 daily mean velocities was 0.19 ft/s and the annual means reported by the USGS ranged between 0.136 and 0.316 ft/s.  The mean flow in the ERF 2 was 607.7 CFS which is more than twice the average from the annual averages over the 1964 – 2008 period (259 CFS).  The mean annual flow estimates in NHDPlus were 309 – 435 CFS.



USGS 02322800 SANTA FE RIVER NR HILDRETH FLA
DESCRIPTION: 
Latitude 29°54'41",   Longitude 82°51'38"   NAD27
Gilchrist County, Florida, Hydrologic Unit 03110206 
Drainage area: 1,374 square miles 
             Datum of gage: 3.50 feet above sea level   NGVD29.




	STATISTIC
	DAILY MEAN VELOCITY (FT/S)

	N of cases
	2068

	Minimum
	0.230

	Maximum
	1.790

	Mean
	0.661

	Standard Dev
	0.149

	1 %
	0.302

	5 %
	0.410

	10 %
	0.473

	20 %
	0.560

	25 %
	0.580

	30 %
	0.600

	40 %
	0.640

	50 %
	0.670

	60 %
	0.700

	70 %
	0.730

	75 %
	0.740

	80 %
	0.750

	90 %
	0.800

	95 %
	0.880

	99 %
	1.068





	YEAR
	ANNUAL AVE DISHARGE
(CFS)
	ANNUAL AVE VELOCITY
(FT/S)

	2002
	970.6
	

	2003
	1744
	

	2004
	1823
	

	2005
	2660
	

	2008
	1259
	

	MEAN
	1691
	


Note: annual average velocities not calculated due to incomplete years of data
Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 7764.  The mean velocity in the SPARROW model for this watershed (7764) was 1.97 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.41 – 1.44 ft/s.  In comparison, the mean from 2,068 daily mean velocities was 0.66 ft/s.  The mean flow in the ERF 2 was 1,624.2 CFS which is very similar to the average from the annual averages over the 2002 – 2008 period (1,691 CFS).  The mean annual flow estimates in NHDPlus were 1,197 – 1,627 CFS.


Comparisons between ERF 2 and 1:100,000 NHD Plus reach mean velocities and gage calculations
Periodic measurements of discharge and channel velocity (stream velocity) made as part of maintaining the stage-discharge relation at a gaging station were used to establish a relationship between discharge and velocity.  For stations that utilize index velocity ratings with stage/area ratings to compute discharge, the relationship between the velocity readings were plotted versus those of discharge for various occasions and range in flow values.

USGS 02232000 ST. JOHNS RIVER NEAR MELBOURNE, FL
DESCRIPTION: 
Latitude 28°05'04",   Longitude 80°45'08"   NAD27
Brevard County, Florida, Hydrologic Unit 03080101 
Drainage area: 968 square miles 
             Datum of gage: 11.22 feet above sea level   NGVD29.

	% of TIME EXCEEDED
	FLOW (CFS)
	VELOCITY (FT/S)

	98
	9.2
	0.01

	95
	29
	0.022

	80
	92
	0.06

	59
	204
	0.11

	50
	300
	0.15

	42
	444
	0.20

	32
	655
	0.25

	23
	965
	0.32

	15
	1,400
	0.40

	7.6
	2,100
	0.51

	3.4
	3,090
	0.62

	1.2
	4,560
	0.78




	YEAR
	ANNUAL AVE FLOW (CFS)
	YEAR
	ANNUAL AVE FLOW (CFS)

	1940
	448
	1975
	329.5

	1941
	771.1
	1976
	681.1

	1942
	990.8
	1977
	256.6

	1943
	289.2
	1978
	780.1

	1944
	441.6
	1979
	673.5

	1945
	870.9
	1980
	465.4

	1946
	704.4
	1981
	93.9

	1947
	896.7
	1982
	745.6

	1948
	1343
	1983
	869.3

	1949
	1012
	1984
	709.3

	1950
	647.5
	1985
	447.8

	1951
	622.8
	1986
	648.9

	1952
	474.5
	1987
	417.2

	1953
	1235
	1988
	880.4

	1954
	1457
	1989
	123.6

	1955
	699.6
	1990
	382.4

	1956
	131.4
	1991
	882.9

	1957
	1162
	1992
	629.8

	1958
	540.3
	1993
	626.8

	1959
	773.9
	1994
	469.1

	1960
	1756
	1995
	1477

	1961
	764.8
	1996
	949.7

	1962
	229.5
	1997
	546.1

	1963
	431
	1998
	1384

	1964
	865.3
	1999
	321.8

	1965
	256.7
	2000
	631.4

	1966
	817.4
	2001
	501.3

	1967
	425.1
	2002
	983.5

	1968
	677.7
	2003
	801.6

	1969
	759.8
	2004
	668.3

	1970
	816.3
	2005
	1366

	1971
	98.8
	2006
	726.9

	1972
	354.2
	2007
	169.8

	1973
	440.2
	2008
	726.1

	1974
	779.6
	2009
	717

	

	MEAN
	686



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 10765.  The mean velocity in the SPARROW model for this watershed (10765) was 2.01 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.40 ft/s.  In comparison, the median velocity estimated from the rating curve method was 0.15 ft/s and the velocity would exceed 0.78 ft/s less than 2 percent of the time.  The mean flow in the ERF 2 was 694 CFS which is very similar to the average from the annual averages over the 1940– 2009 period (686 CFS).  The mean annual flow estimates in NHDPlus were 849 – 850 CFS.

USGS 02232500 ST. JOHNS RIVER NEAR CHRISTMAS, FL
DESCRIPTION: 
Latitude 28°32'34",   Longitude 80°56'37"   NAD27
Orange County, Florida, Hydrologic Unit 03080101 
Drainage area: 1,539 square miles 
             Datum of gage: 1.62 feet above sea level   NGVD29.

	% of TIME EXCEEDED
	FLOW (CFS)
	VELOCITY (FT/S)

	93
	81
	0.03

	84
	173
	0.06

	70
	371
	0.11

	50
	794
	0.18

	38
	1,160
	0.23

	27
	1,700
	0.31

	15
	1,400
	0.40

	7.5
	3,640
	0.51

	2.3
	5,320
	0.66



	YEAR
	ANNUAL AVE FLOW (CFS)
	YEAR
	ANNUAL AVE FLOW (CFS)

	1934
	1883
	1972
	844.1

	1935
	675
	1973
	1012

	1936
	1934
	1974
	1756

	1937
	572.9
	1975
	804.8

	1938
	1230
	1976
	1249

	1939
	515.6
	1977
	633.1

	1940
	1141
	1978
	1653

	1941
	1876
	1979
	1362

	1942
	1837
	1980
	1046

	1943
	671.1
	1981
	84.4

	1944
	974.6
	1982
	1492

	1945
	1809
	1983
	1481

	1946
	1175
	1984
	1385

	1947
	1443
	1985
	788.6

	1948
	2194
	1986
	1221

	1949
	1680
	1987
	786.6

	1950
	1077
	1988
	1552

	1951
	1047
	1989
	327.8

	1952
	1012
	1990
	726.3

	1953
	2010
	1991
	1685

	1954
	2569
	1992
	1603

	1955
	1084
	1993
	1479

	1956
	514.3
	1994
	891.2

	1957
	1923
	1995
	2319

	1958
	1368
	1996
	1847

	1959
	1388
	1997
	709.5

	1960
	2978
	1998
	2221

	1961
	1491
	1999
	621.2

	1962
	373.9
	2000
	1174

	1963
	936.6
	2001
	780.2

	1964
	1794
	2002
	2012

	1965
	789.1
	2003
	1471

	1966
	1727
	2004
	1031

	1967
	1176
	2005
	2299

	1968
	1502
	2006
	1426

	1969
	1391
	2007
	420.9

	1970
	1843
	2008
	1256

	1971
	291.6
	2009
	1333

	

	MEAN
	1298



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 10795.  The mean velocity in the SPARROW model for this watershed (10795) was 2.25 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.54 ft/s.  In comparison, the median velocity estimated from the rating curve method was 0.18 ft/s and the velocity would exceed 0.66 ft/s less than 3 percent of the time.  The mean flow in the ERF 2 was 1,331 CFS which is very similar to the average from the annual averages over the 1934– 2009 period (1,298 CFS).  The mean annual flow estimates in NHDPlus were 1,380 – 1,393 CFS.

USGS 02233500 ECONLOCKHATCHEE RIVER NEAR CHULUOTA, FL
DESCRIPTION: 
Latitude 28°40'40",   Longitude 81°06'51"   NAD83
Seminole County, Florida, Hydrologic Unit 03080101 
             Drainage area: 241 square  miles
	% of TIME EXCEEDED
	FLOW (CFS)
	VELOCITY (FT/S)

	95
	24
	0.65

	90
	34
	0.79

	80
	50
	0.92

	70
	66
	1.04

	60
	88
	1.17

	50
	120
	1.32

	40
	169
	1.55

	30
	250
	1.86

	20
	400
	2.15

	10
	718
	2.60

	5
	1,100
	2.80



	YEAR
	ANNUAL AVE FLOW (CFS)
	YEAR
	ANNUAL AVE FLOW (CFS)

	1936
	286.7
	1973
	200.4

	1937
	145.9
	1974
	308.5

	1938
	222.3
	1975
	164.3

	1939
	223.5
	1976
	229.7

	1940
	167.6
	1977
	112.8

	1941
	340.8
	1978
	256.7

	1942
	279
	1979
	229.7

	1943
	193.7
	1980
	122.8

	1944
	204.1
	1981
	79

	1945
	377.8
	1982
	339.8

	1946
	172.3
	1983
	334.3

	1947
	364.8
	1984
	336.2

	1948
	446.3
	1985
	278.7

	1949
	283.7
	1986
	278.1

	1950
	148.6
	1987
	291.5

	1951
	299.4
	1988
	383.5

	1952
	207.9
	1989
	219.3

	1953
	429.2
	1990
	132.8

	1954
	264.5
	1991
	377.5

	1955
	155.5
	1992
	320.3

	1956
	120.6
	1993
	358.2

	1957
	391.3
	1994
	354.4

	1958
	255.7
	1995
	491.9

	1959
	413.2
	1996
	438.1

	1960
	742
	1997
	247.5

	1961
	186.9
	1998
	450.3

	1962
	141.6
	1999
	170.3

	1963
	226.3
	2000
	182.9

	1964
	520.3
	2001
	266

	1965
	173.5
	2002
	389.9

	1966
	380.9
	2003
	462.1

	1967
	224.6
	2004
	474.2

	1968
	265.1
	2005
	386.1

	1969
	287.1
	2006
	309.6

	1970
	369.7
	2007
	169.8

	1971
	78.6
	2008
	414.4

	1972
	198.1
	2009
	344.9

	
	
	
	

	

	MEAN
	285



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 10796.  The mean velocity in the SPARROW model for this watershed (10796) was 1.29 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.18 – 1.76 ft/s.  In comparison, the median velocity estimated from the rating curve method was 1.32 ft/s and the velocity would exceed 2.80 ft/s less than 5 percent of the time.  The mean flow in the ERF 2 was 339 CFS which is very similar to the average from the annual averages over the 1936– 2009 period (285 CFS).  The mean annual flow estimates in NHDPlus were 241 – 243 CFS.

USGS 02234000 ST. JOHNS RIVER ABOVE LAKE HARNEY NEAR GENEVA, FL
DESCRIPTION: 
Latitude 28°42'50",   Longitude 81°02'08"   NAD27
Seminole County, Florida, Hydrologic Unit 03080101 
             Drainage area: 2,043 square miles
	% of TIME EXCEEDED
	FLOW (CFS)
	VELOCITY (FT/S)

	99
	80
	0.03

	95
	167
	0.047

	90
	245
	0.061

	80
	423
	0.09

	70
	640
	0.12

	60
	941
	0.16

	50
	1,230
	0.19

	40
	1,633
	0.23

	30
	2,260
	0.28

	20
	3,160
	0.35

	10
	5,000
	0.47

	5.73
	5,930
	0.54

	1.04
	8,120
	0.66



	YEAR
	ANNUAL AVE FLOW (CFS)

	1982
	2225

	1983
	2171

	1984
	1655

	1985
	1362

	1986
	1714

	1987
	1296

	1988
	2198

	1989
	884.4

	1990
	953.4

	1991
	2340

	1992
	2148

	1993
	2239

	1994
	1718

	1995
	3784

	1996
	2586

	1997
	1280

	1998
	3056

	1999
	858.1

	2000
	1583

	2001
	1155

	2002
	2673

	2003
	2170

	2004
	1857

	2005
	3196

	2006
	2060

	2007
	812.6

	2008
	1861

	2009
	1909

	
	

	MEAN
	1919



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 10798.  The mean velocity in the SPARROW model for this watershed (10798) was 2.09 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.62 – 1.63 ft/s.  In comparison, the median velocity estimated from the rating curve method was 0.19 ft/s and the velocity would exceed 0.66 ft/s less than 1.5 percent of the time.  The mean flow in the ERF 2 was 1,927 CFS which is very similar to the average from the annual averages over the 1982– 2009 period (1,919 CFS).  The mean annual flow estimates in NHDPlus were 1,835 - 1,850 CFS.

USGS 02236000 ST. JOHNS RIVER NEAR DE LAND, FL
DESCRIPTION: 
Latitude 29°00'29",   Longitude 81°22'58"   NAD27
Lake County, Florida, Hydrologic Unit 03080101 
Drainage area: 3,066 square miles 
             Datum of gage: -.09 feet above sea level   NGVD29
	% of TIME EXCEEDED
	FLOW (CFS)
	VELOCITY (FT/S)

	99.4
	105
	0.02

	98.5
	277
	0.05

	95
	627
	0.10

	90
	904
	0.15

	80
	1300
	0.21

	70
	1660
	0.26

	60
	2050
	0.32

	50
	2510
	0.39

	40
	3080
	0.48

	30
	3800
	0.57

	20
	4780
	0.72

	10
	6360
	0.92

	5
	7880
	1.13

	1.6
	10400
	1.48

	0.4
	13300
	1.85




	YEAR
	ANNUAL AVE FLOW (CFS)
	YEAR
	ANNUAL AVE FLOW (CFS)

	1934
	4566
	1972
	2119

	1935
	1608
	1973
	2535

	1936
	3840
	1974
	3198

	1937
	1724
	1975
	2309

	1938
	2830
	1976
	2618

	1939
	1679
	1977
	2180

	1940
	2347
	1978
	3487

	1941
	3873
	1979
	3330

	1942
	4008
	1980
	2658

	1943
	1911
	1981
	743.2

	1944
	3004
	1982
	3116

	1945
	3962
	1983
	4122

	1946
	3549
	1984
	3281

	1947
	3424
	1985
	2243

	1948
	4588
	1986
	3110

	1949
	4092
	1987
	2250

	1950
	2754
	1988
	2857

	1951
	2806
	1989
	1777

	1952
	2687
	1990
	1674

	1953
	3907
	1991
	2925

	1954
	5143
	1992
	2716

	1955
	2402
	1993
	3251

	1956
	1680
	1994
	2382

	1957
	3729
	1995
	4937

	1958
	3106
	1996
	4445

	1959
	3928
	1997
	2111

	1960
	6433
	1998
	4356

	1961
	3835
	1999
	1551

	1962
	1193
	2000
	2368

	1963
	2587
	2001
	1688

	1964
	4410
	2002
	4140

	1965
	2999
	2003
	3684

	1966
	4235
	2004
	2762

	1967
	2939
	2005
	4871

	1968
	3321
	2006
	3004

	1969
	3172
	2007
	1325

	1970
	4393
	2008
	2849

	1971
	1153
	2009
	3389

	

	MEAN
	3055



Based on a GIS overlay of the gaging site on the SAGT SPARROW polygon coverage, this gage is located in watershed 10098.  The mean velocity in the SPARROW model for this watershed (10098) was 2.52 ft/s.  The estimate of mean velocity from the crosswalked NHDPlus reach is 1.77 ft/s.  In comparison, the median velocity estimated from the rating curve method was 0.39 ft/s and the velocity would exceed 1.48 ft/s less than 2 percent of the time.  The mean flow in the ERF 2 was 3,251 CFS which is very similar to the average from the annual averages over the 1934– 2009 period (3,055 CFS).  The mean annual flow estimates in NHDPlus were 2,811 – 2,842 CFS.



[bookmark: _Toc260223117]Appendix G:  Analysis of Terminal Flag loads, flows, and concentrations comparison to Table 2-9

Procedure:
The following was taken from the predictions_modelB Excel spreadsheet dated 7/21/2009:
	The SPARROW model predictions reported in "SPARROWpredictions_modelB" can be used to summarize
 loads delivered to each estuary in the southeastern U.S.

	To do this, locate the set of terminal reaches AND shoreline reaches that discharge directly to the estuary 
of interest (for example, 7 terminal reaches discharge directly to Mobile Bay, identified as having edacode = G150x 
and termflag = 1; and 11 shoreline reaches discharge to Mobile Bay, identified as having edacode = G150x 
and termflag = 3); sum TotLd_kg, and instream load source shares for this set.   



EDAcodes for Florida estuaries were used to extract the termflag =1 and 3 catchments.  The following tables summarize the number of termflag =1 and 3 catchments and the TN load calculations.
	EDANAME
	# termflag =1 watersheds
	# termflag=3 watersheds

	Apalachee Bay
	9
	7

	Apalachicola Bay
	3
	5

	Charlotte Harbor
	8
	11

	Choctawhatchee Bay
	7
	10

	Crystal-Pithaschascotee
	3
	7

	Daytona St. Augustine
	4
	4

	Econfina-Steinhatchee
	2
	2

	Indian River
	2
	4

	Nassau
	2
	2

	Pensacola Bay
	5
	7

	Perdido Bay
	5
	6

	Sarasota Bay
	3
	3

	St. Andrew Bay
	9
	10

	St. Johns River
	14
	27

	St. Marys River
	4
	2

	Suwannee River
	4
	2

	Tampa Bay
	13
	12

	Waccasassa
	3
	3

	Withlacoochee River
	1
	3



	EDANAME
	TOTLD_KG FLAG1
	TOTLD_KGFLAG3
	LOADFLAG1ANDFLAG3

	Apalachee Bay
	4,862,867
	252,597
	5,115,464

	Apalachicola Bay
	16,034,892
	184,313
	16,219,205

	Charlotte Harbor
	4,308,658
	472,558
	4,781,216

	Choctawhatchee Bay
	3,988,001
	467,387
	4,455,388

	Crystal-Pithaschascotee
	325,183
	1,305,855
	1,631,038

	Daytona St. Augustine
	615,332
	394,833
	1,010,165

	Econfina-Steinhatchee
	189,959
	76,887
	266,846

	Indian River
	742,564
	471,122
	1,213,686

	Nassau
	205,025
	35,713
	240,738

	Pensacola Bay
	5,532,026
	91,330
	5,623,356

	Perdido Bay
	1,341,202
	506,317
	1,847,519

	Sarasota Bay
	260,331
	215,737
	476,068

	St. Andrew Bay
	377,471
	664,302
	1,041,773

	St. Johns River
	6,815,729
	676,044
	7,491,773

	St. Marys River
	670,776
	1,420,652
	2,091,428

	Suwannee River
	21,681,325
	158,898
	21,840,223

	Tampa Bay
	3,613,033
	102,250
	3,715,283

	Waccasassa
	525,566
	816,282
	1,341,848

	Withlacoochee River
	476,497
	138,823
	615,320



According to footnote b in Table 2-9, the watershed TN load was computed by dividing the SPARROW delivered load by the fraction of the watershed resolved by SPARROW.  The fraction of the watershed resolved by SPARROW was based on the ratio of the SPARROW total drainage area to the NOAA coastal assessment framework (NOAA CAF) estuary drainage area.  SPARROW total drainage areas from the termflag=1 reaches were obtained from the predictions_modelB Excel spreadsheet and compared to the NOAA CAF values in the following table.
	EDANAME
	EPA CAF
	DA_TOT FLAG1
	SPARROWTOEPACAF
RATIO
	Table 2-9

	Apalachee Bay
	14288
	19816
	1.39
	0.97

	Apalachicola Bay
	52215
	51888
	0.99
	0.99

	Charlotte Harbor
	8134
	7828
	0.96
	0.96

	Choctawhatchee Bay
	13496
	12997
	0.96
	0.96

	Crystal-Pithaschascotee
	2993
	833
	0.28
	0.28

	Daytona St. Augustine
	1882
	1792
	0.95
	0.95

	Econfina-Steinhatchee
	2047
	1074
	0.52
	0.52

	Indian River
	3093
	930
	0.30
	0.3

	Nassau
	1085
	854
	0.79
	0.77

	Pensacola Bay
	17650
	17041
	0.97
	0.97

	Perdido Bay
	2928
	2647
	0.90
	0.89

	Sarasota Bay
	653
	449
	0.69
	0.6

	St. Andrew Bay
	2697
	1913
	0.71
	0.65

	St. Johns River
	23214
	22255
	0.96
	1.01

	St. Marys River
	4386
	3879
	0.88
	0.84

	Suwannee River
	25989
	77166
	2.97
	1.01

	Tampa Bay
	5703
	8937
	1.57
	0.84

	Waccasassa
	2128
	1961
	0.92
	0.92

	Withlacoochee River
	5133
	5609
	1.09
	1.09

	
	
	
	
	

	 Difference between SPARROWDA/EPA CAF ratio and Table 2-9 is ≥ 0.04

	Note that for Suwannee River there were three termflag=1 watersheds (7758, 66191, 66192) that had similar drainage areas (25917, 25160, and 25802 km2) which yielded a sum over 75000 km2



The first question is why were a number of the calculated ratio’s different from those found in Table 2-9?  In almost all of the cases where there was a difference, the calculated ratio was higher than the Table 2-9 value.  With respect to the Suwannee, the output file had three terminal reaches and it appeared that watershed 7758 was actually the terminal reach.  Using just watershed 7758 resulted in a SPARROW/EPA CAF ratio of 1 which was close to the 1.01 value in Table 2-9.  Were there other cases where certain watersheds identified as terminal reaches were not considered in the calculation of the SPARROW total drainage area?  
The next step was to recreate the watershed load given in Table 2-9.  Based on footnote b in Table 2-9 the total SPARROW drainage area was divided by the fraction of watershed resolved in SPARROW and compared to the values in Table 2-9 below.  
	EDANAME
	ADJUSTED SPARROWFLAG1
	Table2-9 LOAD
	SPARROWFLAG1WITH-TABLE 2-9 FRACT
	PERCENT DIFFERENCE

	Apalachee Bay
	3,506,255
	3,451,330
	5,013,265
	1.6

	Apalachicola Bay
	16,135,926
	16,257,090
	16,196,861
	-0.7

	Charlotte Harbor
	4,476,800
	4,522,351
	4,488,185
	-1.0

	Choctawhatchee Bay
	4,141,038
	4,234,121
	4,154,168
	-2.2

	Crystal-Pithaschascotee
	1,167,736
	1,171,542
	1,161,368
	-0.3

	Daytona St. Augustine
	646,261
	660,380
	647,718
	-2.1

	Econfina-Steinhatchee
	361,963
	372,346
	365,306
	-2.8

	Indian River
	2,468,377
	2,560,222
	2,475,213
	-3.6

	Nassau
	260,422
	203,714
	266,266
	27.8

	Pensacola Bay
	5,729,786
	5,796,330
	5,703,120
	-1.1

	Perdido Bay
	1,483,749
	1,335,499
	1,506,969
	11.1

	Sarasota Bay
	378,881
	408,248
	433,885
	-7.2

	St. Andrew Bay
	532,214
	514,281
	580,725
	3.5

	St. Johns River
	7,109,403
	6,726,409
	6,748,247
	5.7

	St. Marys River
	758,463
	785,284
	798,543
	-3.4

	Suwannee River
	7,302,159
	7,484,483
	21,466,658
	-2.4

	Tampa Bay
	2,305,590
	2,541,245
	4,301,230
	-9.3

	Waccasassa
	570,463
	587,731
	571,267
	-2.9

	Withlacoochee River
	436,085
	438,142
	437,153
	-0.5



In 14 of the 19 EDA’s, the adjusted SPARROW watershed load was lower than the value in Table 2-9.  The last column represents the percen