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Abstract:  The proposed formula for the protection of downstream lakes is inaccurate, inappropriately applied, and unnecessary.  The error associated with the total phosphorus loading results provided by the Vollenweider formula is too large to use as a water quality standard.   Additionally, the assumption that zero phosphorus is attenuated in streams (i.e., that 100% of phosphorus in the headwaters reaches the lake) is not correct.
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Overall Comment: the Downstream Protection Value concept is legally unnecessary and the Vollenweider Derived Formula Contains too many Technical Weaknesses to be used for Criteria Adoption

[bookmark: _Toc260153570][bookmark: _Toc260218260]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.  Once the criteria for lakes are promulgated, Florida will have standards for the downstream lake waters that provide for their attainment and maintenance 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, since those were derived using minimally disturbed sites with respect to nutrients, then the nutrient delivery to the downstream lakes would be considered protective of the lake’s current natural eutrophication characteristic.  All lakes that receive flow from streams are undergoing natural eutrophication and stream contribution that is not anthropogenically elevated would be a part of that natural process.  Additionally, the proposed EPA approach produces DPV values that are larger that the IPV values the majority of the time.
[bookmark: _Toc260218261]Conclusion on Vollenweider 
The Vollenweider Formula, as derived in the proposed criteria, is not appropriately applied and contains sufficient technical weaknesses to lead one to conclude that the approach should be abandoned.  The technical weaknesses generally lead to the formula not being protective of the lakes in Florida and therefore should not be used to direct Clean Water Act activities.  Additionally, given the fate and transport of Total Phosphorus (TP) in streams, the FDEP proposed numeric nutrient criteria for stream protection, using minimally disturbed sites, is inherently protective of downstream lakes.
[bookmark: _Toc260218262]Testing the Vollenweider Formula on Lakes in Florida

[bookmark: _Toc260218263]Application of Vollenweider on Six Florida Lakes

The DEP tested the formula proposed by EPA by comparing the results of the formula to TMDLs that have been developed for several lakes using more rigorous methods.  The following results are provided for Lake Marion, Lake Jackson, Lake Cypress, and Lake Kissimmee (Kissimmee Basin), Lake Persimmon (Lake Placid Basin), and Lake Jesup, (Middle St. Johns River Basin).  The TMDL results for the lakes in the Kissimmee River and Lake Placid Basins are preliminary and have not been subject to peer-review or public comment.  However, draft TMDL documents have been produced for each lake and are currently under internal review.  

The TMDLs for Lakes Marian, Jackson, Cypress, Kissimmee, and Persimmon were based on use of the Hydrological Simulation Program-FORTRAN (HSPF) model.  HSPF is a time-varying (dynamic) mathematical model developed under joint EPA and USGS sponsorship for simulating hydrologic and water quality processes in natural and man-made water systems.  HSPF uses such information as the time history of rainfall, temperature, evaporation, and parameters related to land use patterns, soil characteristics, and agricultural practices to simulate the processes that occur in a watershed and predict watershed loadings to stream or lake reaches.  The initial result of an HSPF simulation is a time history of the quantity and quality of water transported over the land surface and through various soil zones down to the groundwater aquifers.  Runoff flow rate, sediment loads, nutrients, pesticides, toxic chemicals, and other quality constituent concentrations can be predicted.  The model uses these results and stream/lake channel information to simulate in-stream processes.  From this information, HSPF produces a time history of water quantity and quality at any point in the watershed.  HSPF is currently one of the most comprehensive and flexible models of watershed hydrology and water quality available.

The TMDL development for Lake Jesup involved estimating nutrient loadings using the Soil Conservation Service (SCS)’s curve number approach.  This approach estimates the surface runoff from the watershed based on landuse, hydrological soil group information, and antecedent moisture condition of the soil.  Nutrient loadings were calculated as the product between surface runoff and event mean concentrations (EMCs) of nutrients established for different landuse categories.  The natural attenuation of nutrients within the watershed, nutrient removal by best management practices, and nutrient contributions from septic tanks and ground water were also considered in the modeling.  Target nutrient loadings were established through linking the SCS model with the Bathtub model.  The Bathtub model applies a series of empirical eutrophication models to lakes and reservoirs.  The program performs steady-state water and nutrient balance calculations in a spatially segmented hydraulic network, which accounts for advective and diffusive transport, and nutrient sedimentation.  Eutrophication-related water quality conditions (total phosphorus, total nitrogen, chlorophyll-a, transparency, and hypolimnetic oxygen depletion) are predicted using empirical relationships derived from assessments of reservoir data.  In this case, the Bathtub model used the nutrient loadings simulated by the SCS model as input to estimate the in-lake nutrient and Chl a concentrations.  The target nutrient loadings were determined by adjusting the watershed nutrient loading until the in-lake TN and TP concentrations met the target TN and TP concentrations.  

For comparison of the modeled protective loads against the Vollenweider calculated protective loads, the following Vollenweider formula, which serves as the basis for EPA’s proposed standard for protection of downstream lakes, was used: 

For all cases except Lake Kissimmee, use of the FDEP TMDL TP concentration as the “criterion” resulted in the Vollenweider equation predicting a greater allowable load than determined by the calibrated model (note that under EPA’s proposal, the TP concentration would be set at the applicable lake criterion, possibly including a “modified criteria”, and DEP used the TMDL-based TP concentration to better evaluate the impact of the Vollenweider equation).  Use of the EPA approach would have resulted (or would result) in allowing a 52% greater TP load to Lake Marion than the FDEP TMDL, 22% greater for Lake Jackson,  6% for Lake Cypress, 42% greater loading for Lake Persimmon, and 48% greater loading for Lake Jesup.  The Vollenweider calculation resulted in a lower allowable load compared to the modeled protective load for Lake Kissimmee.  However, the estimated TMDL loads are preliminary at this time.  The EPA-Vollenweider approach allows on average 26% more loading than the current draft TMDL loads. Table 1 shows that the EPA approach would produce different results than the Departments draft TMDLs in 5 out of 6 lakes.

Table 1.   Comparison of FDEP TMDL to Vollenweider Results for loading rate and Total Allowable TP Load

	[bookmark: RANGE!E9:N17] 
	Surface Area
	Mean concentration (TMDL)
	Depth
	Retention Time
	Loading Rate    Voll
	Loading Rate TMDL
	Total Load TMDL
	Total Load   Voll
	Percent Load Difference

	WaterBody
	A
	[TP]L
	z
	Τw
	L(P)Voll
	L(P)
	TL(P)TMDL
	TL(P)Voll
	((Voll-TMDL) /Voll)*100

	 
	M2
	g/M3
	meters
	year
	g/m2/y
	g/m2/y
	Kg/y
	Kg/y
	%

	Lake Marion-TMDL
	26,518,680
	0.066
	3.96
	2.600
	0.263
	0.126
	3,352
	6,968
	52

	Lake Jackson-TMDL
	4,544,556
	0.045
	2.74
	0.224
	0.811
	0.637
	2,894
	3,690
	22

	Lake Cypress-TMDL
	16,591,880
	0.033
	1.62
	0.047
	1.384
	1.303
	21,614
	22,899
	6

	Lake Persimon-TMDL
	125,452
	0.017
	3.65
	0.503
	0.211
	0.121
	15
	27
	42

	Lake Kissimmee - TMDL 
	149,733,688
	0.036
	3.05
	0.224
	0.722
	0.928
	139,026
	108,134
	-29

	Lake Jesup-TMDL
	45,000,000
	0.096
	1.27
	0.250
	0.732
	0.383
	17,236
	32,918
	48








[bookmark: _Toc260218264]Application of EPA’s proposed formula on Lake Okeechobee

The EPA equation derived from the Vollenweider model was also tested to calculate a stream target concentration for the tributaries that flow into Lake Okeechobee.  Briefly, Lake Okeechobee is the largest freshwater lake in Florida, covering approximately 730 square miles.  The major hydrologic inputs into the lake include rainfall directly onto the lake surface (39 %) and the Kissimmee River (31 %), while the other 30% is from Fisheating Creek, Taylor Creek/Nubbin Slough, and numerous smaller inflows, such as discharges from the Everglades Agricultural Area (EAA), Harney Pond basin, and Indian Prairie Creek basin.  The long-term (1974-2008) annual water budgets and the in-lake target concentration for Lake Okeechobee have been well established, as shown in Table 2. 
The key assumption allowing EPA to predict upstream concentration from the modified Vollenweider equation (based on lake physical characteristics and in-lake TP concentrations) is that total streamflow into a lake (Qin, in m3/yr) cannot be more than the net outflow.  It would be a violation of the derivation of the EPA equation from the Vollenweider equation to use the EPA version in situations where this assumption was not true.  As depicted in Table 2 and Figure 1, the annual inflows and outflows for Lake Okeechobee satisfied the EPA assumption Qin < Qout (highlighted in grey) in only 8 out of 35 years.  This means that the EPA approach was not applicable in about 77% of the 35 years of observation.  The long- term (35-yr) average of inflow and outflow also indicate that stream inflow is greater than outflow, indicating that the EPA equation is not applicable to Lake Okeechobee even over long time periods.  
Based on the eight years that satisfied the assumption, the calculated average target stream concentration would be 176 ppb.  Considering that the assumption was only met about 23% of the time, using the EPA approach to set a single TP target over the entire basin seems oversimplified for Lake Okeechobee.  In contrast, the SWIM TP target concentrations for Lake Okeechobee have been developed for each basin (for a total of 29 basins), ranging from 60 ppb to 180 ppb (FDEP, 2001).  The SWIM targets reasonably reflect a spatially heterogeneous system with the ecological zones in the lake. 









Table 2. Annual Water Budgets for Lake Okeechobee from 1974 to 2008. 
	May- April Water YEAR
	Average Lake Volume m3
	Average Lake Area m2
	Inflow m3
	outflow m3
	Qin - Qout
	tw
	cf
	Stream [TP]in @40ppb

	1974
	4095592519
	1689827610
	2319421050
	1007410606
	1312010444
	4.07
	 
	N/A

	1975
	4296677983
	1701901469
	3608481748
	2481191861
	1127289887
	1.73
	
	N/A

	1976
	3891723235
	1659617817
	2171244829
	808076690
	1363168138
	4.82
	
	N/A

	1977
	4288270783
	1749413617
	2549786895
	672877817
	1876909078
	6.37
	
	N/A

	1978
	4196129987
	1715207550
	1927859305
	589781880
	1338077425
	7.11
	
	N/A

	1979
	5456820985
	1800832527
	3408517988
	2120222151
	1288295837
	2.57
	
	N/A

	1980
	5542695856
	1800118955
	3379659863
	2149534925
	1230124938
	2.58
	
	N/A

	1981
	4440112497
	1745830161
	488545012
	1008083269
	-519538257
	4.40
	0.48
	256

	1982
	2877299514
	1369414817
	1242803036
	717913033
	524890003
	4.01
	
	N/A

	1983
	5460846109
	1742754333
	6078577250
	3264267980
	2814309271
	1.67
	
	N/A

	1984
	5493137609
	1800832527
	2205043140
	1740157435
	464885705
	3.16
	
	N/A

	1985
	4986129901
	1788074125
	1519304201
	1880597702
	-361293501
	2.65
	0.81
	130

	1986
	4051489470
	1694811229
	2023506593
	881703570
	1141803023
	4.60
	
	N/A

	1987
	4681120002
	1777522297
	2275118420
	777855181
	1497263239
	6.02
	
	N/A

	1988
	4877671030
	1787953119
	2666924850
	1502473801
	1164451048
	3.25
	
	N/A

	1989
	4739231941
	1776433495
	1333779292
	1460322954
	-126543663
	3.25
	0.91
	123

	1990
	3323971519
	1485803830
	1663200885
	1413218806
	249982079
	2.35
	
	N/A

	1991
	3362550014
	1498033777
	1505102695
	325516375
	1179586320
	10.33
	
	N/A

	1992
	4931834042
	1766520055
	2707642847
	690960611
	2016682236
	7.14
	
	N/A

	1993
	5263587194
	1800464503
	3031510095
	2654725918
	376784178
	1.98
	
	N/A

	1994
	4448472981
	1788674337
	1046149862
	1209551644
	-163401782
	3.68
	0.86
	135

	1995
	5403712704
	1796687878
	4441706897
	3319151539
	1122555358
	1.63
	
	N/A

	1996
	5586687411
	1800832527
	4170336773
	4054765609
	115571164
	1.38
	
	N/A

	1997
	4663967845
	1775544926
	1058650809
	1602588349
	-543937540
	2.91
	0.66
	164

	1998
	5242187810
	1785165512
	5788385971
	4281843967
	1506542004
	1.22
	
	N/A

	1999
	5132258837
	1799894565
	1363085190
	1785211712
	-422126522
	2.87
	0.76
	141

	2000
	5138520766
	1793111228
	2919637758
	1996119856
	923517903
	2.57
	
	N/A

	2001
	3140940796
	1442658202
	513529777
	1496142533
	-982612756
	2.10
	0.34
	285

	2002
	3805390228
	1609592544
	2968613868
	685436680
	2283177187
	5.55
	
	N/A

	2003
	4757788191
	1748335525
	4311855120
	2434487821
	1877367300
	1.95
	
	N/A

	2004
	5205616841
	1800285690
	3671857558
	3158723925
	513133633
	1.65
	
	N/A

	2005
	4742301815
	1735704428
	4388556465
	3353014471
	1035541993
	1.41
	
	N/A

	2006
	5162341588
	1798624903
	4685706580
	4652104505
	33602074
	1.11
	
	N/A

	2007
	3366870618
	1508065438
	704332537
	1128452433
	-424119896
	2.98
	0.62
	175

	2008
	2420729045
	1265417705
	1249435218
	218388451
	1031046767
	11.08
	
	N/A

	Average (1974-2008)
	4527847990
	1702856092
	2611082011
	1814939316
	796142695
	3.66
	 
	176




Figure 1. Annual inflow (Qin) versus outflow (Qout). Dashed line indicates a 1 to 1 line for Qin = Qout.

[bookmark: _Toc260218265]Evaluation of the Derivation of the Vollenweider Formula

EPA proposal to use a modified Vollenweider requires putting an upstream phosphorus concentration component into the Vollenweider model that, in its original form, does not have this component.  With this document, we raise some concerns on using this approach to establish the upstream criteria for protection of downstream lakes.  
The derivation of the EPA modified Vollenweider model for establishing the upstream phosphorus criteria starts from the Vollenweider TP loading model:

 			EPA Equation 1
Where
	L(P) is loading rate,  g m-2 Y-1
	[TP]L is lake mean TP concentration,  g m-3
	Z is mean depth, m
	w is hydraulic retention time, Y
	The term  represents the P settling rate.

This model was derived from the original Vollenweider phosphorus loading model, which was strictly a theoretical mass balance model that takes the form of:
 				Vollenweider Equation 1
Where
	Lv is the volumetric loading rate,  g m-3 Y-1
	p is the specific sediment rate for phosphorus, Y-1
	w is the hydraulic residence time, Y-1 which is also represented in many loading equations as .

One major difficulty in using the original Vollenweider model was that, in most cases, there is no readily available specific sedimentation rate measurement for phosphorus (p).  In 1975, Vollenweider provided an empirical equation based on his studies on 25 temperate lakes that p = 10/z.  In 1976, he proposed another empirical equation, which related the phosphorus sedimentation rate with the hydraulic residence time.   The empirical equation is p = .  Substituting this equation into the Vollenweider Equation 1 listed above, and multiplying both sides of the Vollenweider Equation 1 by the depth of the lake (z) results in the form of Vollenweider model that is represented as EPA Equation 1.
It should be noted that the original Vollenweider model, while built on a theoretical mass balance equation, is based on several background assumptions.  The model assumes that the modeled lake is a completely and constantly mixed waterbody, the phosphorus sedimentation rate is proportional to the amount of phosphorus in the lake, and the concentration in the outflow of the lake is the same as the concentration in the lake.  In addition, the Vollenweider model assumes that the phosphorus cycle of the lake is at steady state, with the total phosphorus loading entering the lake equal to the phosphorus loadings leaving the lake through different pathways.  These assumptions are reasonable for simulating the phosphorus budget for lakes on a long-term average basis (multiple years), which average out the seasonal and annual variations in hydrology.  But the model is not appropriate to address year-by-year phosphorus variation because in some years the local hydrology may violate the steady state assumption, especially for lakes with control structure at the outlet, which is not uncommon for Florida lakes.  Also, for lakes with multiple compartments that are not completely mixed, assuming complete mixing may overestimate the effect of the loading on some part of the lake, while underestimating the effect on other parts of the lake.
Another point needs to be made about using the Vollenweider model for Florida lakes is the use of phosphorus sedimentation rate in the model.  Before the p =   was proposed by Vollenweider in 1975, the original Vollenweider model was a dimensionally and theoretically-correct mass balance equation.  After including the  item into his equation, the Vollenweider model becomes a semi-empirical model and the model’s dimensions were thrown off.  This is why the units of the Vollenweider model (in the form of EPA Equation 1) do not add up.  Of course, the model is still useful.  But when doing the calculation, while we still use the annual dimension for the hydraulic retention time, the  item should be considered unitless.
One key issue to be addressed before using the Vollenweider model to simulate the relationship between phosphorus loading and phosphorus concentration for Florida lakes is whether the hydraulic retention time has the same effect on the phosphorus loading into Florida Lakes as it had on the phosphorus loading into the lakes that Vollenweider used to build the model.  All the lakes that Vollenweider used to build his model were temperate northern lakes, many of them glacier kettle lakes with relative small surface area and relatively large depth.  Summer thermal stratification, which prevents phosphorus settled out of the water column from returning back to the surface zone of the lake (epilimnion), is fairly common for temperate northern lakes, but mostly does not exist in Florida lakes.  Most of Florida’s lakes are relatively shallow and many have large surface area to drainage basin ratios.  Wind mixing may easily stir up the sediment and bring settled phosphorus back to the water column.  While several studies focusing on building phosphorus loading models found that apparent phosphorus settling velocity (zp ) in temperate northern lakes ranged from 13 to 16 m/year (Chapra 1975, Kirchner and Dillon 1975), a study based on 101 Florida lakes found an average settling velocity of 8.5 m/year (Baker et al. 1981).  Therefore, it is prudent to examine the relationship between p and  or produce a relationship between p and other hydrologic or morphological characteristics that are specific for Florida lakes, instead of directly using the p =  relationship that was derived from northern temperate lakes.
Of course the final goal for EPA is to use the Vollenweider model to derive the upstream allowable phosphorus concentration that is protective of the downstream lake.  Therefore, an upstream phosphorus concentration item needs to be fashioned into the Vollenweider model, which, be it in the form of Vollenweider Equation 1 or EPA Equation 1, does not have any upstream concentration components.  The loading components in both forms of the Vollenweider equation include phosphorus loading from all sources into the lake, which can include loading from the inlet stream, watershed runoff, direct precipitation on the lake, and ground water contribution.  However, since EPA’s goal is to determine the upstream phosphorus concentration that is protective of the downstream lake, an upstream concentration component is needed to be included in the model.  Therefore, EPA made two major assumptions when modifying the Vollenweider model,
(1) The stream flow cannot be larger than the lake outflow, which results in the EPA Equation 2:
 							EPA Equation 2
Where
Qi is the stream flow into a lake, m3Y-1
	Cf is the portion of the total flow into the lake that is due to the stream flow
	A is the surface area of the lake, m2.
The zA component in EPA Equation 1 represents the total lake volume (depth multiplied by the lake surface area).   Since  , by definition, is the  lake volume (zA) divided by the lake’s outflow, Qo (= zA/Qo), then zA/component represents the total lake outflow.
This assumption implies that the evaporation from the lake is mostly balanced or less than the rainfall directly onto the surface of the lake.  On a long-term annual time scale, this assumption is reasonable.  Table 3 shows the rainfall data collected from eight weather stations and evaporation data (corrected with a pan evaporation coefficient of 0.86) collected from two weather stations located in the Kissimmee River basin, central Florida area.  The data show that the 11-year long-term average annual accumulative rainfall is very similar to the 11-year long-term average annual evaporation rate, indicating that EPA’s assumption is reasonable on the long-term average annual time scale.  However, EPA’ s assumption is not correct on a year-by-year basis because annual evaporation rate from the lake surface can exceed annual rainfall in some years (especially in 2000, 2001, and 2006).  This is also true for Lake Okeechobee as depicted in Table 2.  These data also suggest that, while the hydrology of Florida lakes can be considered being at a steady state on a long-term average basis, the steady state assumption does not apply on either a year-by-year basis or if unusual weather patterns extend over several consecutive years.   
Table 3.  Accumulative Annual Rainfall and Evaporation Rate from Weather Stations in the Kissimmee River Basin
	Station
	1996
	1997
	199
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	Average

	Accumulative annual rainfall (inches)

	Shing.RG
	48.32
	53.3
	42.7
	42.7
	27.3
	40.9
	64.5
	54.7
	59.5
	54.8
	22
	46.4

	Beeline_R
	52.4
	51.1
	39.3
	47.8
	30.1
	38.7
	53.6
	47.6
	58
	56.3
	33.2
	46.2

	Creek_R
	50.9
	50.2
	41.1
	40.7
	28.7
	41.1
	55.8
	52
	62.7
	64.3
	32.1
	47.2

	Exotr
	44.5
	45.8
	45.9
	46.9
	28.9
	41.8
	52.9
	50.3
	57
	65.2
	34.6
	46.7

	Indian_L_R
	44
	44.4
	44.1
	43.8
	26.5
	35.9
	46.3
	48.8
	55.2
	68.9
	31.9
	44.5

	Kenans1_R
	45.3
	47.4
	40.2
	41.2
	24
	35.7
	45
	41.5
	51.6
	61.5
	35.2
	42.6

	Lotela_R
	42.4
	55.3
	47.7
	53.5
	32.7
	48.2
	59.1
	57.1
	57.6
	65.1
	30.9
	50.0

	S68_R
	39.1
	53.5
	51.1
	51.8
	29.2
	40.8
	59.7
	45.4
	46.9
	51.8
	20.8
	44.6

	Pan evaporation coefficient adjusted accumulative annual evaporation rate (inches)

	WRWX
	44.2
	44.1
	43.1
	45.8
	49.7
	47.2
	47.8
	45.0
	47.5
	45.8
	48.2
	46.2

	S65CW
	47.3
	42.5
	44.1
	43.8
	49.8
	47.2
	47.5
	46.7
	47.5
	46.7
	48.9
	46.5



(2) EPA further assumed that all phosphorus loading is from the stream, and therefore created EPA Equation 3
    				EPA Equation 3
After rearranging the equation and substituting EPA Equation 2 into EPA Equation 3, the final equation (EPA Equation 4) sets up the relationship between the target lake phosphorus concentration and hydraulic residence time with the inlet stream phosphorus concentration that is protective for the downstream lake.
)			EPA Equation 4
The major concern with EPA’s assumption (2) is that, while EPA indeed put in a Cf factor to account for the flow from sources other than the single inlet stream, the phosphorus loading from all the other sources are primarily considered zero.  This is not consistent with the loading distributions for Florida lakes, which, in many cases, can receive phosphorus loadings from multiple inlet streams as well as loadings through runoff from the drainage areas immediately adjacent to the lakes, direct precipitation onto the lake, and also through ground water.  Table 4 shows the phosphorus loading distribution for Lake Jesup, an eutrophic lake located in Orange and Seminole Counties.
Table 4. Phosphorus Load Distribution from Different Sources into Lake Jesup (tons/year)
	Source
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	Mean
	Percent distribution

	Gee Creek
	1.2
	1.8
	1.2
	1.3
	0.9
	0.7
	1.4
	1.9
	1.3
	5%

	Howell Creek
	5.3
	8.0
	5.1
	5.8
	3.9
	3.1
	6.1
	8.5
	5.7
	20%

	Little Lake Howell Creek
	0.3
	0.5
	0.3
	0.4
	0.2
	0.2
	0.4
	0.5
	0.4
	1%

	Soldier Creek
	1.4
	2.1
	1.4
	1.5
	1.0
	0.8
	1.6
	2.2
	1.5
	5%

	Surface runoff
	4.9
	7.0
	4.7
	5.2
	3.6
	2.6
	5.4
	7.6
	5.1
	18%

	Baseflow (background)
	3.2
	4.5
	3.1
	3.3
	2.4
	1.7
	3.5
	4.9
	3.3
	11%

	Septic tanks
	2.7
	2.7
	2.7
	2.7
	2.7
	2.7
	2.7
	2.7
	2.7
	9%

	Artesian input
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	2%

	Atmospheric deposition
	3.7
	3.7
	3.0
	3.0
	2.7
	1.7
	3.0
	3.9
	3.1
	11%

	St. Johns River inflow
	0.8
	0.8
	5.0
	1.7
	9.4
	5.0
	15.2
	3.1
	5.1
	18%

	Total
	24.1
	31.7
	27
	25.5
	27.4
	19.1
	39.7
	35.9
	28.8
	100%


 
Table 4 shows that, for Lake Jesup, there is no dominant single one stream that contributes the majority of the phosphorus loading into the lake.  The largest loading came from Howell Creek, which only accounted for about 20% of the total phosphorus budget.   Loading from surface runoff, baseflow, Artesian input, and atmospheric deposition together account for about 42% of the total phosphorus loading into the lake.  
Table 5 Percent contribution of different sources of TP for four lakes in the Kissimmee River Basin
	 
	Total-TP (lbs/yr)
	Percent Upstream
	Percent Baseflow
	Percent Local runoff
	Percent direct on lake
	Percent            Settling (of total in-coming load)

	Lake Marian (3184)
	17,996
	NA
	7.2
	84.2
	8.6
	4.8

	Lake Jackson (3183G)
	13,396
	60
	4
	34
	2
	26

	Lake Cypress (3180)
	97,410
	85.4
	0.7
	12.9
	1.05
	6.2

	Lake Kissimmee (3183A)
	227,913
	78.4
	1.1
	16.6
	3.9
	19.2



Data in Table 5, support the conclusion that even in cases where over 50% of the total load is coming from streams, baseflow, runoff, and direct precipitation onto the lake surface account for a significant portion of the total TP mass load.

These data clearly indicate that assuming most of the phosphorus loading entering a lake is through a single dominant stream and considering loadings from all other sources as being negligible does not apply to all Florida lakes.
DEP acknowledges that there is at least one scenario in which EPA Equation 4 can be modified to estimate the upstream nutrient criteria that is protective of downstream lakes.  For example, if a given lake a) receives phosphorus loading from, say, three different inlet streams, b) the three creeks have similar phosphorus concentrations, c)  the drainage basin immediately adjacent to the lake shares a similar land use pattern to the drainage areas of the three inlet streams, d) the majority of the ground water entering the lake is through the inlet streams instead of directly into the lake, and e) the surface area of the lake, compared to the entire drainage basin, is relatively small, and therefore the atmospheric deposition onto the lake is not a major source of phosphorus loading to the lake,  the same phosphorus concentration criteria can be given to all three inlet streams and the surface runoff as the target event mean concentration.  In this case, phosphorus loadings from all the sources, instead of just from the single one dominant inlet stream, are considered in the model, and EPA Equation 4 can be revised to the following form:
 
The [TP]in in this equation is the target concentration that applies to all the inlet streams as well as the surface runoff from the immediate drainage basin.  How many Florida lakes actually meet this special condition is unknown and should be investigated before applying the EPA approach.   But even with all these conditions satisfied, using the model to address the year-by-year condition still faces the challenges of addressing non-steady state conditions and that the phosphorus sediment vs. hydraulic residence time relationship in the EPA equation is not specific to Florida lakes.
It should be noted that the Vollenweider model is a mass balance model and does not address the effect of phosphorus loading on the lake water quality condition.  The lake phosphorus target can be addressed using EPA’s lake criteria.  However, EPA Equation 4 implies that the longer the hydraulic residence time of a lake, the higher the phosphorus criteria can be for the inlet stream.  This is counter intuitive because the longer the hydraulic residence time for a lake, the higher the chance that phytoplankton may have sufficient time to use the phosphorus to produce an algal bloom, and therefore, the inlet stream phosphorus criteria should be lower to be protective for the lake instead of being higher.   If EPA wants to use EPA Equation 4 to establish the upstream nutrient criteria that is protective of downstream lakes, the nutrient criteria of the lake should also be related to the hydraulic residence time of the lake.  However, the lake nutrient criteria currently proposed by EPA are based on the color and alkalinity of the lake only and do not consider water residence time.   The data from these lakes indicate use of a fixed “preset” value of 50% for percent contribution from stream flow as proposed by EPA will underestimate the contribution ~50% of the time (range in lake specific information is from 5% to 85%) and over estimate it ~50%.  Similarly, hydraulic retention time varied from 0.026 years to 2.6 years, and using a fixed preset of 0.2 years would result in not being protective about 50% of the time.  EPA proposes to use the Land Development Index (LDI) as an indicator of how to treat inflow from sources other than stream inflow.  However, we could not locate where the EPA document provides the details of how the LDI would be used (EPA only stated they would use the LDI as an indicator of the relative contribution from direct surface water runoff into a lake).  If substantial local runoff was predicted and the LDI points to TP as having the potential to be elevated, EPA would add this source to the “fraction inflow” input to the Lake equation.  We assume that EPA would look at Event Mean Concentrations and percent impervious, and increase the fraction inflow accordingly.  In our experience, water from local runoff, precipitation, groundwater etc, all have concentrations that are different from (sometimes higher, sometimes lower) the major inlet stream concentrations.  The EPA approach wrongly assumes all inflow sources would have the same concentration as the inlet stream.  The Vollenweider equation is only valid for a single source stream or where all sources have the same concentration.
Additionally, Jones and Lee 1982, indicate that use of average hydraulic residence times in lakes with seasonally variable depths is not appropriate.
SUMMARY
In summary, using EPA Equation 4 to establish the upstream phosphorus criteria has significant uncertainties and is not suitable for many lakes.  The equation, if not correctly and carefully applied, would fail to protect many Florida lakes.  These uncertainties are associated with (1) the applicability in Florida of the original assumptions of the Vollenweider model, (2) the applicability of the two key assumptions made by EPA to modify the Vollenweider model, and (3) use of a phosphorus sedimentation rate that was derived based on data from temperate northern lakes (does not take into account re-suspension of TP within a lake and therefore could over estimate the sedimentation).  The assumption made by EPA that stream inflow is always lower than the outflow does not address the year-by-year variation evident in Florida lakes.  Assuming the majority of the phosphorus loading is entering a lake through a dominant single inlet stream does not address the situation where a lake may receive significant phosphorus loading from multiple streams, as well as from other sources with potentially different phosphorus concentrations.  Assigning fixed presets for hydraulic retention time and percent stream contribution cannot be assumed to be protective of Florida lakes.  There are also uncertainties associated with discrepancies between the approach used to develop the lake nutrient criteria and the approach used to develop the upstream criteria, primarily how the in-lake nutrient target should be reconciled with the water residence time used in the EPA Equation 4.  Because of the potential for harm to Florida’s lakes from use of the current version of the EPA modified Vollenweider equation, we recommend that the application of the EPA approach be withdrawn.
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[bookmark: _Toc260218266]Evaluation of other Formula’s for Prediction of Phosphorus in Lakes
FDEP submitted as part of our comment package a paper published in 1981 by Canfield and Bachmann on the use of phosphorus formulas to predict lake water quality in both natural and artificial lakes.  This paper explores many different empirical models and the confidence limits associated with the formula’s prediction.  The formula with the highest correlation coefficient (r = 0.83) still has a large 95% confidence interval (31-288% of the calculated total phosphorus value).  So, not only did the FDEP testing of the formulaic approach produce inaccurate results, the historical reviews of the best lake prediction formulas confirmed that you would expect a high degree of error.  
The error is compounded when you apply default values in lakes that have different hydraulic retention times and fraction of inflow due to stream flow than the default values.  The analysis in the next Section demonstrates the changes in the resulting downstream protection value that result from different hydraulic retention times and fractions of inflow due to stream flow.  Incorrect input values (as would likely be represented by default values) entered into the formula will most often produce incorrect results for a given lake, which is compounded by the fact that incorrect results are likely even when correct input values are used.
The Total Maximum Daily Load program has numerous years of experience with generating protective nutrient loads and concentrations for the protection of lakes.  That program has long abandoned this empirical formula approach in lieu of more accurate dynamic and sensitive water quality models such as BATHTUB and WASP.  If EPA is intent of endorsing a particular method of calculating lake protection values that are implementable and do not result in the State expending resources to adopt corrected criteria every time we implement standards, it must seriously consider more sophisticated models that calibrate more closely as the tool of choice.  Additionally, EPA should not apply default values in the absence of data.  That will force erroneous regulatory and programmatic decisions, particularly in the context of 303(d) listing.  The Florida Department of Environmental Protection takes our assessment programs very seriously, and will not implement criteria in a manner that is not supported by scientific analysis.
[bookmark: _Toc260218267]Testing the Vollenweider Formula DPV against IPV

While the Department does not support use of this equation to calculate the upstream concentration that is protective of downstream lakes, should EPA disagree, we provide the following analysis to support the position that the proposed in-stream criteria (IPVs) are inherently more protective of downstream lakes than the DPVs calculated by this equation.


Table 6
Regional Stream Criteria for TP
	Nutrient Region
	TP-IPV

	 
	(mg/L)

	Panhandle
	0.04

	Peninsula
	0.107

	North Central
	0.359

	Bone Valley
	0.739



All the Stream DPV concentrations are calculated using the equation below.

[image: cid:image003.png@01CAD49E.B894A0F0]

[TP]s = DPV, Calculated stream concentration that is presumed as protective of downstream lakes.\
[TP]L = Proposed Lake TP criteria
Cf = fraction of total Lake inflow contained in streams from 0 to 100 percent.  Default value = 0.5 (50%).
Tw = lake residence time as a fraction in years (default = 0.2, or 73 days)

As the Lake TP criteria for colored lakes can range from 0.05 mg/L to 0.157 mg/L, the stream DPV (using default Cf and Tw) ranges from 0.145 mg/L to 0.454 mg/L.  Lakes with incoming stream flow (the subject of these provision) will most likely be colored lakes.


Figure 2
Plot of DPV Stream Concentration [TP]S vs. EPA Lake Criterion [TP]L for Colored lakes

[image: ]

Figure 2 depicts the relationship between the regional IPVs, the 0.05 mg/L TP criterion for colored lakes, and the upstream DPV values for the default Cf of 0.5 and Tw of 0.2 (data contained in Tables 6 and 7).  Under these conditions, the IPVs in the Panhandle (0.043 mg/L) and Peninsula Florida (0.107 mg/L) are always protective.  The major impact of DPV on IPV will be in the Bone Valley and North Central areas, where TP concentrations are naturally high.  To address the difference between the IPV and DPV in these areas, it appears to be more appropriate to address the lake TP target by taking into consideration the high natural TP concentrations in the areas instead of just defaulting to a scheme based only on the colored-clear-alkaline-acidic lake classification method.  The Department is researching alternative lake criteria that could be used in those areas of the state with geology that results in a naturally high stream and  lake TP.   As stated previously, lakes that have received high natural phosphorus concentrations over time to geology will have different water quality expectations than others.









Table 7 
Colored Lakes
DPV Stream Concentration vs. EPA Lake Criterion
Using Default values for Cf and Tw

	 
	Default  Cf=0.5 and Tw=0.2

	 
	[TP]L
	[TP]S

	Colored Lakes
	0.05
	0.145

	Colored Lakes
	0.06
	0.174

	Colored Lakes
	0.07
	0.203

	Colored Lakes
	0.08
	0.232

	Colored Lakes
	0.09
	0.260

	Colored Lakes
	0.1
	0.289

	Colored Lakes
	0.11
	0.318

	Colored Lakes
	0.12
	0.347

	Colored Lakes
	0.13
	0.376

	Colored Lakes
	0.14
	0.405

	Colored Lakes
	0.15
	0.434

	Colored Lakes
	0.157
	0.454




Figure 3 depicts the relationship between stream DPV and Cf for each end of the range of Colored Lake criteria (0.05 mg/L and 0.157 mg/L).  The graph shows that as the fraction of total flow entering a lake through streams is reduced, the allowable stream DPV goes up.  At a lake criterion of 0.05 mg/L, the DPV would be 0.072 mg/L for lakes with 100% stream flow and 0.724 mg/L for lakes with only 10% of total flow from streams (Table 8).  In all such cases, the IPV is protective of colored lakes.

Figure 4 depicts the relationship for Colored Lakes between stream DPV and Tw using the default Cf of 0.5. Table 9 contains the data used to produce Figure4. Using these data with a lake criterion of 0.05 mg/L the stream DPV could vary from less than 0.128 mg/L for Tw less than 30 days (Tw = 0.08) and greater than 0.241 mg/L for Tw greater than 2 years (Tw = 2).  As the residence time increases, the DPV decreases.  In all such cases, the IPV is protective.
As the fraction of inflow from streams (Cf) goes up, stream DPV goes down.  As residence time (Tw) goes up, stream DPV goes up.  From Figures 3 and 4 it can seen that changes in Cf produce much greater shifts in DPV than do changes in Tw.


Figure 3
Stream DPV vs. Cf (0.1 – 1.0)
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Table 8
Change in Stream DPV as a function of Cf (percent Stream flow)

	Lake Type
	[TP]L
	[TP]s
	Cf
	Tw

	Colored Lakes
	0.05
	7.236
	0.01
	0.2

	Colored Lakes
	0.05
	0.724
	0.1
	0.2

	Colored Lakes
	0.05
	0.362
	0.2
	0.2

	Colored Lakes
	0.05
	0.241
	0.3
	0.2

	Colored Lakes
	0.05
	0.181
	0.4
	0.2

	Colored Lakes
	0.05
	0.145
	0.5
	0.2

	Colored Lakes
	0.05
	0.121
	0.6
	0.2

	Colored Lakes
	0.05
	0.103
	0.7
	0.2

	Colored Lakes
	0.05
	0.090
	0.8
	0.2

	Colored Lakes
	0.05
	0.080
	0.9
	0.2

	Colored Lakes
	0.05
	0.072
	1
	0.2










Figure 4
Stream DPV vs. Tw (0.01 – 2.0)
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Table 9
Colored Lakes Cf fixed at 0.5 and Tw varied from 4 days to 2 years

	Lake Type
	[TP]L (mg/L)
	[TP]s (mg/L)
	Cf
	Tw
	Residence (days)

	Colored Lakes
	0.05
	0.110
	0.5
	0.01
	4

	Colored Lakes
	0.05
	0.132
	0.5
	0.1
	37

	Colored Lakes
	0.05
	0.145
	0.5
	0.2
	73

	Colored Lakes
	0.05
	0.155
	0.5
	0.3
	110

	Colored Lakes
	0.05
	0.163
	0.5
	0.4
	146

	Colored Lakes
	0.05
	0.171
	0.5
	0.5
	182

	Colored Lakes
	0.05
	0.177
	0.5
	0.6
	219

	Colored Lakes
	0.05
	0.184
	0.5
	0.7
	255

	Colored Lakes
	0.05
	0.189
	0.5
	0.8
	292

	Colored Lakes
	0.05
	0.195
	0.5
	0.9
	328

	Colored Lakes
	0.05
	0.200
	0.5
	1
	365

	Colored Lakes
	0.05
	0.205
	0.5
	1.1
	402

	Colored Lakes
	0.05
	0.210
	0.5
	1.2
	438

	Colored Lakes
	0.05
	0.214
	0.5
	1.3
	475

	Colored Lakes
	0.05
	0.218
	0.5
	1.4
	511

	Colored Lakes
	0.05
	0.222
	0.5
	1.5
	547

	Colored Lakes
	0.05
	0.226
	0.5
	1.6
	584

	Colored Lakes
	0.05
	0.230
	0.5
	1.7
	620

	Colored Lakes
	0.05
	0.234
	0.5
	1.8
	657

	Colored Lakes
	0.05
	0.238
	0.5
	1.9
	693

	Colored Lakes
	0.05
	0.241
	0.5
	2
	730



Table 10
Colored Lakes (TP criterion = 0.05 mg/L) and Tw = 0.2

	Lake Type
	 
	[TP]L (mg/L)
	TP-IPVs (mg/L)
	 Cf <
	Tw

	Colored Lakes
	Panhandle
	0.05
	0.04
	1.8
	0.2

	Colored Lakes
	Peninsula
	0.05
	0.107
	0.675
	0.2

	Colored Lakes
	North Central
	0.05
	0.359
	0.201
	0.2

	Colored Lakes
	Bone Valley
	0.05
	0.739
	0.098
	0.2



Cf values greater than 100 percent are not possible.

For Colored lakes, holding Tw constant at 0.2 (73 days) gives the following results when Cf is varied.

1.  For the Panhandle a TP-IPV of 0.04 mg/L is protective for all lakes.  Cf would need to be greater than 180 percent of total inflow from all sources, not just  stream flow (not possible) before the Vollenweider equation predicts a [TP]s less than the IPV given a Tw of 0.2.  

2.  For the Peninsula Region a TP-IPV of 0.107 is protective for all lakes where Cf values are less than 67.5 percent of the total inflow from all sources (not protective when Cf is greater than 67.5 percent when Tw is 0.2).

3.  For the Central Region a TP-IPV of 0.359 is protective for all lakes where Cf values are less than 20.1 percent of the total stream flow when Tw is 0.2.

4.  For the Bone Valley Region a TP-IPV of 0.739 is protective for all lakes where Cf values are less than 9.8 percent of the total stream flow when Tw is 0.2.


Table 11
Colored Lakes (TP Criterion = 0.05 mg/L) and Cf = 0.5

	Lake Type
	 
	[TP]L (mg/L)
	TP-IPVs (mg/L)
	Cf
	Tw >
	Residence  

	Colored Lakes
	Panhandle
	0.05
	0.040
	0.5
	All
	< 1 minute

	Colored Lakes
	Peninsula
	0.05
	0.107
	0.5
	0.005
	2 days

	Colored Lakes
	North Central
	0.05
	0.359
	0.5
	6.7
	6.7 years

	Colored Lakes
	Bone Valley
	0.05
	0.739
	0.5
	40.8
	40.8 years



For Colored Lakes, holding Cf constant at 0.5 (50%) gives the following results when Tw is varied.

1.  For the Panhandle a TP-IPV of 0.04 mg/L is protective for all lakes.  The equation predicts [TP]s greater than 0.04 for all Tw’s greater than 1 minute when Cf is 0.5.  Convention dictates that a waterbody is only a lake if the retention time is greater than 14 days.

2.  For the Peninsula Region a TP-IPV of 0.107 is protective for all lakes where Tw values are greater than 0.005 (2 days).  The equation predicts [TP]s greater than 0.107 for all Tw’s greater than 2 days when Cf is 0.5.  Convention dictates that a waterbody is only a lake if the retention time is greater than 14 days.

3.  For the Central Region a TP-IPV of 0.359 is protective for all lakes where Tw values are greater than 6.7 years.  The equation predicts [TP]s greater than 0.359 for all Tw’s greater than 6.7 years when Cf is 0.5. 

4.  For the Bone Valley Region a TP-IPV of 0.739 is protective for all lakes where Tw values are greater than 40.8 years.  The equation predicts [TP]s greater than 0.739 for all Tw’s greater than 40.8 years when Cf is 0.5. 

The information above is based on Colored Lakes and varying Cf while Tw is held constant and then varying Tw while Cf is held constant.  We understand that [TP]s decreases as Cf is increased and increases as Tw is increased.  Based on this relationship, a set of worst-case scenarios were developed by increasing Cf at the same time that Tw is decreasing.  Table 12 depicts the results from one such scenario varying Cf and Tw in opposite directions at the same time for all three types of lakes (Colored, Clear Alkaline, and Clear Acidic).
In Table 12, Cf is varied from 10% to 100% while Tw is varied from 3.8 years to 4 days.  The table represents the worst-case possible Cf and Tw parings.
The Vollenweider equation can be reduced to DPV = Lake Criterion * ((1+square root of Tw)/Cf).  In this case, ((1+square root of Tw)/Cf) is termed the conversion factor.


Table 12
Worst Case Cf and Tw Combinations vs. Lake Criteria

	Cf
	Tw
	Conversion factor
	DPV Acid  [L]c = 0.01
	DPV Alkaline  [L]c = 0.03
	DPV Colored     [L]c = 0.05

	0.1
	3.8
	29.6
	0.296
	0.888
	1.480

	0.2
	2.6
	13.0
	0.130
	0.390
	0.650

	0.3
	1.7
	7.7
	0.077
	0.231
	0.385

	0.4
	1.1
	5.2
	0.052
	0.155
	0.258

	0.5
	0.8
	3.7
	0.037
	0.112
	0.187

	0.6
	0.5
	2.9
	0.029
	0.086
	0.143

	0.7
	0.3
	2.3
	0.023
	0.068
	0.113

	0.8
	0.2
	1.8
	0.018
	0.055
	0.092

	0.9
	0.2
	1.5
	0.015
	0.046
	0.077

	1
	0.1
	1.3
	0.013
	0.039
	0.066

	1
	0.07
	1.3
	0.013
	0.038
	0.063

	1
	0.04
	1.2
	0.012
	0.036
	0.061

	1
	0.03
	1.2
	0.012
	0.035
	0.059

	1
	0.02
	1.1
	0.011
	0.034
	0.057

	1
	0.01
	1.1
	0.011
	0.033
	0.056




From Tables 7- 12, it can be seen that under these combinations of Cf and Tw, the Panhandle IPV of 0.04 mg/L is always protective in colored lakes, protective in clear alkaline lakes until Cf approaches 100 percent and Tw is less than 0.2, and in clear acidic lakes whenever Cf is less than 40 percent and Tw approaches 1 year.  In Peninsular Florida, the IPV of 0.107 mg/l is protective of colored lakes whenever, the residence time (Tw) is greater than ~ 2 months and the fraction of total flow from streams (Cf) is less than 75%, protective in clear alkaline lakes whenever Cf is less than ~55 percent and Tw is greater than ~8 months, and protective in clear acidic lakes when Cf is less than ~25 percent and Tw is greater than ~ 2years.  Many other combinations of Cf and Tw are protective.  For example, if Cf is less than 50 percent, any lake with a residence time greater than 2 days is protected.  As discussed above, it may be more appropriate in areas with naturally high TP (such as the Central Area and Bone Valley) to investigate site specific conditions rather than rely on simplified approaches to determine in-stream concentrations that would be protective of downstream lakes.  As demonstrated above, the simplified approach should not be used to calculate downstream protective criteria in these areas of the state because the proposed lake criteria should take into account local naturally occurring sources of TP.  Even so, in colored lakes, based on the Vollenweider equation, the IPV of 0.359 mg/L in the North Central Area, would be protective whenever the residence time was greater than ~2 years and the total inflow from streams was less than ~30 percent.  Additionally, whenever Cf is less than 20 percent and Tw is greater than ~ 2 months, these lakes are protected.  The IPV of 0.739 mg/l for the Bone Valley would be protective whenever the residence time was greater than ~ 3 years and the total inflow from streams was less than ~ 10 percent.  Additionally, whenever Cf is less than 9.8 percent and Tw is greater than ~ 2 months, these colored lakes are protected.  

It is our understanding that the Peninsula area of the state does not include an abundance of Clear and Acidic lakes (TP criteria = 0.01 mg/L, default DPV = 0.03 mg/L).  In addition, many clear lakes that are present are located in the ridge areas and are relatively isolated without major inlet streams (Cf would be low).  Therefore, the number of streams whose IPV can be impacted by the calculated DPV of 0.03 mg/L should be small. 

Lakes within the same drainage basin, where the lakes are hydrologically connected, should fall in the same criterion category (colored, clear etc).  All of these lakes will have the same lake criterion.  The head water of each stream segment will be dominated by the water leaving the lake.  Under these circumstances no DPV is needed, because all of the proposed lake criteria are less than the stream criteria and all of the water quality for all of these streams that interconnect these lakes will be controlled by water quality of the lake.  As noted by Tetra-Tech to EPA the use of representative regional, best estimate, or average values as default coefficients in these simplified methods, must include the “explicit understanding that the estimates may be incorrect when applied to a particular lake and tributary.” 
[bookmark: _Toc260218268]Analysis of Duration and Frequency of Proposed Criteria

EPA Expression:  None
Comment:  The duration and frequency for the downstream protection values derived using the formula should be the same duration and frequency for the total phosphorus target value used in the derivation.  However, there is a disconnect between the [TP]L variable in the formula (being an annual geometric mean) and the derivation  of the formula (being long term/steady state).  FDEP’s analysis of the formula points out the problems with treating the formula output on an annual basis.  If the Vollenweider formula or any steady state analysis is used in the final rule, the duration of [TP]S needs to be long term, which is not the current TP lake criterion 
[bookmark: _Toc260218269]Incorrect Assumption Regarding the Fate and Transport of Total Phosphorus in Flowing Waterbodies upstream of Lakes

In the development of the total phosphorus in EPA’s criteria for the protection of downstream lakes, EPA assumes that there is no phosphorous loss or uptake in streams as they flow towards lakes.  In other words, phosphorus loads and concentrations in the headwaters streams of the watershed do not attenuate at all as they move towards the lake, regardless of hydrology, distance, and ecological interactions.  However, no citation is provided in support of the assumption, and the assumption is counter to findings in much of the literature regarding fate and transport of phosphorus, and is not consistent with practices embraced by water quality modelers across the country.  In fact, a significant amount of research has been conducted to better estimate phosphorus fate and transport in streams in recognition of actual phosphorus loss and uptake that should be recognized by EPA prior to including such an unfounded assumption.  

Smith, USGS 2003 found that large variations in natural background concentrations of TP can occur over short distances.  The authors report that travel time through a stream segment is a large factor controlling cumulative nutrient loss in streams during downstream transport.

Flaig and Reddy 1995, publishing results for wetlands and streams in the Lake Okeechobee watershed in south Florida found that TP in runoff is partially assimilated in wetland and stream sediments.  A large portion of TP discharged into wetlands and streams was stored in soils and sediments.  About 80% of TP stored in above ground biomass is released into the water column upon decomposition.  Whereas TP stored in below ground biomass represents long-term storage with the TP associated with iron and aluminum oxyhydroxides accounting for 20-71% of TP in streams.   They report a TP settling rate of 11 – 15 m/yr under ambient conditions (not up against a dairy or other discharger of TP) with ~ 80% of the adsorption sites in stream sediments available for additional TP absorption.  They report that TP retention is proportional to TP loading when residence times are greater than 4 days.  The average TP retention in sediments (associated wetlands and streams combined) was estimated to be 14% of the inflowing TP load.  

Alexander et al, 2008 found that the TP mass-transfer removal rate for streams in the Mississippi River Basin of 12 m yr−1 is one-third of that estimated for reservoirs (34 m yr−1), a plausible finding given that long-term particulate burial and floodplain storage is likely to be less in lotic ecosystems than in reservoirs.  They found that the rate of nutrient removal declines in streams with increases in water depth and stream size and decreases in reservoirs with increases in the water flushing rate.  They reported that lower river flows and longer river distances enhanced in-stream removal of TP.  They reported that reservoirs cause local- and regional-scale differences in phosphorus delivery as compared to nitrogen, especially in the Tennessee Basin.  They state that this is because reservoirs have a 10-fold higher phosphorus loss-rate coefficient as compared to that for nitrogen.  The EPA publication “Book II Streams and Rivers; Chapter 2 Nutrient Eutrophication Impacts” states that while the net sedimentation of TN and TP in shallow and turbulent rivers and streams may be insignificant, slow moving rivers and streams may demonstrate significant TP removal rates.

Based on results published by Baker et al 1981, from the National Eutrophication Survey Database for 101 Florida lakes the percent phosphorus attenuation in Florida lakes ranged from 5% to about 90%, depending on the morphology, hydrology, hydraulics, aquatic vegetation, and etc of individual lakes.  Taken together with the conclusions from the studies cited above, that streams typically attenuate about 1/3 of the phosphorus that lakes can attenuate, leads to a general conclusion that the percent stream phosphorus attenuation could range from about 2% to 30% of the total inflowing TP load.

Citations from some produced literature are included below to give EPA insight regarding the relevance of the phenomenon.
1) Phosphorus Dynamics in a Woodland Stream Ecosystem: A Study of Nutrient Spiraling, J. D. Newbold, J. W. Elwood, R. V. O'Neill and A. L. Sheldon, Ecology, Vol. 64, No. 5 (Oct., 1983), pp. 1249-1265

2) 	SUSPENDED SEDIMENT AND PARTICULATE PHOSPHORUS TRANSPORT AND DELIVERY PATHWAYS IN AN ARABLE CATCHMENT, GELBÆK STREAM, DENMARK,  BRIAN KRONVANG, ANKER LAUBEL, RUTH GRANT,  National Environmental Research Institute, Department of Streams and Riparian Areas, Vejlsøvej 25, DK-8600, Silkeborg, Denmark

	

	

	


3)	CHOICE OF SAMPLING STRATEGY AND ESTIMATION METHOD FOR CALCULATING NITROGEN AND PHOSPHORUS TRANSPORT IN SMALL LOWLAND STREAMS, B. KRONVANG, A. J. BRUHN, National Environmental Research Institute, Department of Streams and Riparian Areas, Vejlsovej 25, 8600 Silkeborg, Denmark
	

	



4)  	Phosphorus Loss by Stream Transport from a Rural Watershed:  Quantities, Processes, and Sources, Arthur H. Johnson, David R. Bouldin, Edward A. Goyette, and Anne M. Hedges

5)	Chemical Processes and Transport of Phosphorus, Nelson, DW | Logan, TJ, Agricultural Management and Water Quality. Iowa State University Press, Ames Iowa. 1983. p 65-91, 3 fig, 3 tab, 117 ref.
6)  	Phosphorus in flowing waters,Lowell E. Keup, Technical Advisory and Investigations Branch, Federal Water Pollution Control Administration, United States Department of the Interior, Cincinnati, Ohio 45213, U.S.A.
7)	Whole-stream phosphorus release studies: variation in uptake length with initial phosphorus concentration, Barry T. Hart, Paul Freeman and Ian D. McKelvie, Springer Netherlands, Volume 235-236, Number 1 / July, 1992

8)	Phosphorus Spiralling in a Woodland Stream: Seasonal Variations, Patrick J. Mulholland, J. Denis Newbold, Jerry W. Elwood, Leigh Ann Ferren and Jackson R. Webster, Ecology, Vol. 66, No. 3 (Jun., 1985), pp. 1012-1023 

9)	Transport and Transformation of Phosphorus in a Forest Stream Ecosystem, Judy L. Meyer and Gene E. Likens, Ecology, Vol. 60, No. 6 (Dec., 1979), pp. 1255-1269 

10)	Nitrogen and Phosphorus Attenuation within the Stream Network of a Coastal, Agricultural Watershed.  Scott H. Ensign,* Sara K. McMillan, Suzanne P. Thompson, and Michael F. Piehler.  Journal of Environmental Quality, V. 35, P. 1237-1247.

11)	Fate of phosphorus in the Lake Okeechobee watershed, Florida, USA: overview and recommendations. E.G. Flaig and, K.R. Reddy, 1995.  Ecological Engineering, V. 5, P. 127-142.

12)  Regulation of nutrient uptake in eutrophic lowland streams, Bjorn Gucker1 and Martin T. Pusch, Leibniz Institute of Freshwater Ecology and Inland Fisheries, Muggelseedamm 301, 12587 Berlin, Germany
13)  Mass-transfer–limited nitrogen and phosphorus uptake by stream periphyton: A conceptual model and experimental evidence, Scott T. Larned,1 Vladimir I. Nikora, and Barry J. F. Biggs, National Institute of Water and Atmospheric Research, P.O. Box 8602, Christchurch, New Zealand
14) Evidence that hyporheic zones increase heterotrophic metabolism and phosphorus uptake in forest streams, Patrick J. Mulholland and Erich R. Marzolf, Jackson R Webster, Deborah R. Hart, Susan P. Hendircks, The American Society of Limnology and Oceanography, Inc., 42(3), 1997, 443-451
15) Nutrient Loading – Trophic State Relationships in Florida Lakes.  Baker L. A., P. L. Brezonik, and C. R. Kratzer. 1981.  Water Resources Research Center, Publication No. 56.  Department of Environmental Engineering Sciences, University of Florida, Gainesville, Florida. 

16) Differences in Phosphorus and Nitrogen Delivery to The Gulf of Mexico from the Mississippi River Basin, Richard B. Alexander*†, Richard A. Smith†, Gregory E. Schwarz†, Elizabeth W. Boyer‡, Jacqueline V. Nolan† and John W. Brakebill§.  Environ. Sci. Technol., 2008, 42 (3), pp 822–830
17) Ohio Stream Management Guide.  http://www.dnr.state.oh.us/water/tabid/4060/Default.aspx
18) RCA III Fate and Transport of Nutrients: Phosphorus Working Paper No. 8. Andrew Sharpley USDA, Agricultural Research Service National Agricultural Water Quality Laboratory Durant, Oklahoma October 1995 
http://www.nrcs.usda.gov/

19) Natural Background Concentrations of Nutrients in Streams and Rivers of the Conterminous United States, Richard A. Smith, Richard B. Alexander, and Gregory E. Schwarz, U.S. Geological Survey, Reston, Virginia 20192 Environ. Sci. Technol., 2003, 37 (14), pp 3039–3047.

20) Technical Guidance Manual for Performing Wasteload Allocations - Book II, Streams and Rivers. Chapter 2, Nutrient/Eutrophication Impacts. (EPA 440/4-84-021). USEPA. 1984b. United States Environmental Protection Agency, Office of Water, Washington, DC.

There are significant site specific factors and technical difficulties in projecting necessary phosphorus concentrations upstream into a watershed.  Attenuation in streams is very difficult to generally quantify and depend on many site specific factors.  The existence of intervening lakes and wetlands changes fate and transport of phosphorus.  Riparian wetlands are also a complicating factor.  Stream slope, flow, and the existence of natural aquatic vegetation also play a considerable role.  All of these factors add up to conclude that phosphorus 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 watersheds.  Such an approach would involve setting a criterion at the point where the watershed discharges into another waterbody (like a lake).  That value would also provide a numeric protective threshold that would be used to assess attainment and generate water quality based effluent limits for upstream NPDES discharges.  This approach was contemplated in the DPV criteria for estuaries as articulated in EPA’s technical support document.  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.
[bookmark: _Toc260218270]Specific FDEP Responses to EPA Questions

Question:
Review of Formula									
· Appropriateness of assumptions and default values
· Requested comments on assumptions that a) rainfall exceeds evaporation, and b) all external phosphorus loading comes from streams (surface water runoff far greater than groundwater)
FDEP Response:
 (a) This is a key assumption of EPA and must be met for the EPA modifications of the Vollenweider equation to work.  As presented above in the discussion of the derivation and application of the modified equation, this assumption is not valid for many lakes in many individual years.  
(b) For some number of Florida’s lakes, sources of TP are varied and may include significant contributions from local runoff, interflow and groundwater, resuspension of previously settled TP, and rainfall directly on the lake’s surface.  This is especially true for the many lakes with large lake surface to watershed ratios and those that are not connected to other flow through lakes.  Even among the state’s numerous “chains” of lakes, wide variation is observed in all of the key assumptions that EPA has made.
DEP examined several lakes in the Kisssimmee Chain of Lakes to explore the variability in loading sources within a chain of lakes and estimated TP “settling rates” based on detailed budgets (10-year averages) for the each lake.  Estimated settling rates ranged from 4.8% for Lake Marian, 6.2 % for Lake Cypress, 19% for Lake Kissimmee, and 26% for Lake Jackson, 
	 
	Total-TP (lbs/yr)
	Percent Upstream
	Percent Baseflow
	Pcercent Local runoff
	Percent direct on lake
	Percent            Settling (of total in-coming load)

	Lake Marian (3184)
	17,996
	NA
	7.2
	84.2
	8.6
	4.8

	Lake Jackson (3183G)
	13,396
	60
	4
	34
	2
	26

	Lake Cypress (3180)
	97,410
	85.4
	0.7
	12.9
	1.05
	6.2

	Lake Kissimmee (3183A)
	227,913
	78.4
	1.1
	16.6
	3.9
	19.2



For the three lakes with upstream basins, the upstream contribution was 75%, local runoff (including any local streams) averaged 21%, baseflow 2%, and direct loading onto the lake 2%.  (c) The equation assumes complete mix.  Jones and Lee 1982, warn against use of the equation for the whole-lakes if the lake is multi-lobed or where lake water quality data is collected within the influence of stream in-flows (not well mixed).
Question:
· Need to comment on “preset” values for “percent contribution from stream flow” and “hydraulic retention time”
FDEP Response:
The data from lakes in the Kissimmee Chain indicate percent contribution from stream flow can range between 6 and 90 %.  Selecting a fixed number such as 50% as a preset will underestimate the contribution ~50% of the time and over estimate it ~50%.  Similarly, hydraulic retention time varies from 0.026 years to 2.6 years and using a fixed preset of 0.2 years would result in incorrectly allowing a higher loading (presumed lower retention time) about 50% of the time.  Additionally, Jones and Lee 1982, indicate that use of average hydraulic residence times in lakes with seasonally variable depths is not appropriate.
Jones and Lee, 1982.  Recent Advances In Assessing Impact of Phosphorus Loads on Eutrophication-Related Water Quality. Water Research, 16. pp 502-515.
Question:
· Requested comment on not using settling term, including using negative rate
FDEP Response:
The equation incorporates a term for settling (1 over the square root of the retention time, Tw).  This term for settling has an assumed relationship with the retention time.  This relationship between the settling rate and Tw in the equation is derived from data gathered in northern deep lakes.  Florida lakes are shallow and may have significant resuspension of in-lake material, making actual settling in our lakes lower.  Use of this equation is ony appropriate when all major sources have the same concentration.  The EPA approach is to simply sum up the flow contributions of each source and then apply the equation as if all the various sources had the same concentration.  If there are numerous inlet streams, each with a distinctly different concentration profile, it is inappropriate to simply sum up the flow fractions and then use the equation.  Additionally, results from using a calibrated HSPF model on the Kissimmee Chain of Lakes indicate significant year to year variation in settling rates (some years negative settling some years positive settling) with the ten year model averages indicating that all impaired lakes are still actively settling nitrogen and phosphorus at about 19% of the total load entering each lake.
Question:
· Whether need to address direct surface runoff
FDEP Response:
Based on the lakes above, direct surface runoff averaged 27.6 % (6% to 60%) of the total nutrient budget.  Based on our experience there is an excellent likelihood that sources other than stream based sources could be significant.
Question:
· Specifically requested comments on 
· Use of the Land Development Index (LDI) as an indicator of how to treat inflow, 
FDEP Response:
We did not find where the document provides the details of how the LDI would be used (only that EPA would use the LDI as an indicator of the relative contribution from direct surface water runoff into a lake).  If substantial local runoff was predicted and the LDI points to TP as having the potential to be elevated, EPA would add this source to the “fraction inflow” input to the Lake equation.  
We assume that EPA would look at event mean codes (EMCs) for stormwater runoff and percent impervious, and increase the fraction inflow accordingly.  In our experience, water from local runoff, precipitation, groundwater etc, all have concentrations that are different from (sometimes higher, sometimes lower) the major inlet stream concentrations.  The EPA approach incorrectly assumes all inflow sources would have the same concentration as the inlet stream.  The Vollenweider equation is only valid for a single source stream or where all sources have the same concentration.
Question:
· examination of regional groundwater phosphorus levels to see if a zero TP input from this source is appropriate, and 
FDEP Response:
Based on our experience, groundwater could be between 0.06 and 0.5 mg/L TP (outside of Bone Valley).  If groundwater contribution is large (as is the case for many lakes), then it could be a significant source of TP.  If groundwater is a significant source, and the concentration is not the same as the stream concentration, then we would need a different equation to relate this loading to the in-lake concentration.
Question:
· potential development of regionally-specific preset values as inputs to the equation
FDEP Response:
We think this could be developed in some regions (with lots of data) and we already have regional specific values for other things like EMCs.

Question:
· Potential to develop a corollary approach for nitrogen
FDEP Response:
We think the same approach would not work because nitrogen has different possible sources like n-fixation.  In studies of N-fixation for Lake Jesup, nitrogen fixation accounted for over 50% of the TN budget.  Given Florida’s high natural TP levels, there exists a significant possibility that nitrogen sources other than the main inlet stream are at play.  Like phosphorus, unless all of the various sources of nitrogen have the same concentration, using the fraction stream inflow approach to predict stream concentration is not appropriate.
Question:
· Whether there should be specific allowance for alternative lake-specific models (BATHTUB), and whether best facilitated via SSACs
FDEP Response:
Alternative models that could be applied to lakes with lake specific data will provide the most accurate results.  Sophisticated models like WASP have the highest likelihood to produce accurate results if lake specific input variables are used.  EPA should consider making this type of modeling approach the rule and the more erroneous formulas the exception.  The Department is only interested in implementing scientifically justified water quality standards.  
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