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Tab 1

ISSUE
Are endpoints justified?

Is the segmentation
appropriate?
Are the data used
appropriate? Any data
missing from their
analyses?
Method for determining
NNC – empirical vs.
mechanistic
Model validity –
watershed,
hydrodynamic, WQ
response

Model application to
derive NNC

DPVs

Pensacola Bay

St. Andrews Bay

Springs Coast

Indian River
Lagoon
Chl-light - ?
Chl-bloom depends upon
assumptions
DO – FDEP
criteria? IRL1
Yes

Chl-light - ?
Chl-bloom –
depends upon
assumptions
DO – FDEP
criteria? PB1
Yes

Chl-light - ?
Chl-bloom depends upon
assumptions
DO – FDEP
criteria? SAB1
Yes

Chl-light - ?
Chl-bloom depends upon
assumptions
DO – FDEP
criteria? SC1
Yes

Yes

Yes SAB2

Missing SWFWMD Yes
COAST data SC2

Chose
mechanistic –
due to lack of
data
No atmospheric
deposition
loads; overall
very poor model
fit; faulty
calibration
acceptance
process PB2
Light insensitive
to nutrients;
used
mechanistic
model and
average DO of 5
mg/L in 2
segments PB3

Chose mechanistic
– due to lack of
data SAB3

Chose
mechanistic – due
to lack of data SC2

No atmospheric
deposition loads;
overall very poor
model fit; faulty
calibration
acceptance
process SAB4

No atmospheric
deposition loads;
overall very poor
model fit; faulty
calibration
acceptance
process SC3

DO insensitive to
nutrients; Used
mechanistic model
and average DO of
5 mg/L; very poor
model fits

Complete lack of
justification for
the levels
proposed; model
issues as above

Complete lack of
justification for
the levels
proposed; model
issues as above

Light and DO
insensitive to
nutrients; Major
questions
regarding
watershed model;
Used average DO
of 5 mg/L; very
poor model fits
Complete lack of
justification for
the levels
proposed; model
issues as above

Used empirical
methods that
are being reevaluated IRL2
PLSM model
being updated
and refined

Used empirical
methods –
many poor
model fits IRL3

Used dilution
model which
has many
critical
assumptions
IRL4;

Regressions
run on few
data points

Pensacola Bay
PB1
-

Coefficient relating Kd to Secchi depth has been shown to be segment-specific in Florida
estuaries, instead of a constant value of 1.44 as used for all estuarine systems in the state.
Levels of chlorophyll indicative of a bloom are set at 20 µg/L for all estuaries. Supporting
documentation needs to be provided, this may well vary seasonally as well as by estuary.
Consideration of the upcoming revisions to the state DO criteria should be made, with
discussion of the saturation-based criteria.

PB2
•

Watershed Model (Appendix C, Attachment 2):
- Time series of modeled and observed DO indicate that modeled DO follows a regular
annually repeating pattern, whereas the observed DO data show considerably more
variation. The modeled DO range is much more confined than observed data ranges.
- Time series of modeled and observed TSS indicate that the model overpredicts TSS values by
at least 2 orders of magnitude at three of the four comparison sites.
- Time series of modeled and observed TN indicate that the model range is much greater than
the observed range in TN concentrations in three of the four comparison sites.
- Time series of modeled and observed TP indicate that the model range is much greater than
the observed range in TP concentrations in three of the four comparison sites.

•

Estuarine Model (Appendix D, Attachment 2):
- Hydrologic and pollutant loadings from atmospheric deposition directly to the water surface
were not considered. These loads have been shown to account for 20-40% of TN loadings to
Florida estuaries.
- The assumption that all watershed discharges carried chl-a concentrations of 2 µg/L is
unsupported.
- It would be helpful to provide time series of modeled and measured water quality data for
evaluation of appropriateness of the calibration and validation.
- Based on the tabular comparison provided, the simulated chl-a typically underestimates the
measured data.
- Based on the tabular comparison provided, the modeled nitrate-nitrite, ammonia, and
phosphate typically overestimate the measured data, often by more than 100%.
- Based on the tabular comparison provided, the mean station modeled DO typically
overestimates the measured data.
- Based on the tabular comparison provided, the mean station modeled light attenuation
typically underestimates the measured data.

•

Application of Model to NNC:
- Explanation of relationship between nutrient loadings and annual geometric mean
concentrations is missing
- There was no underlying conceptual model provided that describes the relationship
between nutrient loadings, nutrient concentrations and dissolved oxygen
concentrations given that chlorophyll a concentrations were meeting their targets.
- The entire estuary was reduced so that two segments would comply with targets that
may not be reasonable for those particular segments given their geomorphology.

PB3

-

-

No depiction of model validity for critical time period when DO is most susceptible to
violate criterion (i.e., summer)
Further information should be provided on the empirical data in summary tables and
graphical displays.
Statistical relationships should be developed for those segments with sufficient data
available and the results should be provided to compare with results of the mechanistic
model for those segments with sufficient data.
Uncertainty in the model results should be incorporated into the decision framework
used by the EPA and expressed in the derivation for the NNC

St. Andrews Bay
SAB1
- Coefficient relating Kd to Secchi depth has been shown to be segment-specific in Florida
estuaries, instead of a constant value of 1.44 as used for all estuarine systems in the state.
- Levels of chlorophyll indicative of a bloom are set at 20 µg/L for all estuaries. Supporting
documentation needs to be provided, this may well vary by estuary.
- Consideration of the upcoming revisions to the state DO criteria should be made, with
discussion of the saturation-based criteria.
SAB2
-

SAB3
-

SAB4
•

•

Only one flow gage and one water quality site were used for calibration for the entire
watershed. There are numerous other available flow and water quality sites which, if used in
calibration/validation, would improve the level of comfort with the model capabilities.

Data were deemed insufficient to develop empirical relationships, although there appear to be
many data collection locations in the St. Andrews Bay system, as indicated in Appendix D Figure
D4-2.

Watershed Model (Appendix C, Attachment 4):
- The modeled DO range is much more confined than observed data range.
- Time series of modeled and observed TSS indicate that the model overpredicts TSS values by
at least an order of magnitude at the comparison site.
- Time series of modeled and observed TN and TP indicate that the model range is much
greater than the observed range at the comparison site.
- There appears to have been no consideration of the downstream flow control structure on
the Deer Point Reservoir, which is the major source of freshwater to St. Andrews Bay and
receives the inflow from Econfina Creek, used for flow calibration.
- Only one water quality site was used for calibration. Why were the many other sites located
in the creeks and lake discharging to St. Andrews Bay not included?
Estuarine Model (Appendix D, Attachment 2):
- Hydrologic and pollutant loadings from atmospheric deposition directly to the water surface
were not considered. These loads have been shown to account for 20-40% of TN loadings to
Florida estuaries.

-

It would be helpful to provide time series of modeled and measured water quality data for
evaluation of appropriateness of the calibration and validation.
Based on the tabular comparison provided, the mean station modeled DO typically
overestimates the measured data.
Based on the tabular comparison provided, the mean station modeled TN, TSS, and light
attenuation typically underestimates the measured data.
Potential attenuation of pollutant loads in Deer Point Reservoir are not accounted for, with
no calibration to water quality conditions just downstream of the reservoir to ensure that
the model is appropriately responding.

Springs Coast
SC1
- Coefficient relating Kd to Secchi depth has been shown to be segment-specific in Florida
estuaries, instead of a constant value of 1.44 as used for all estuarine systems in the state.
- Levels of chlorophyll indicative of a bloom are set at 20 µg/L for all estuaries. Supporting
documentation needs to be provided, this may well vary by estuary.
- Consideration of the upcoming revisions to the state DO criteria should be made, with
discussion of the saturation-based criteria.
SC2
-

We know of an extensive monitoring program of the riverine and nearshore reaches of the
Springs Coast region that extends from the Anclote River and offshore area in the south to the
Withlacoochee River and offshore area in the north, the Project COAST dataset collected by
Thomas Frazer, University of Florida. Monthly sampling began in 1997 and continues, with
collection of hydrographic and water quality data at ten fixed stations in each of nine estuarine
systems: Anclote, Pithlachascotee, Hudson, Aripeka, Weeki Wachee, Chassahowitzka,
Homosassa, Crystal, and Withlacoochee. Data reporting describes long-term and seasonal
patterns in chlorophyll, TN, and TP (Jacoby et al., 2011; 2009; Frazer et al., 1998). These reports
provide empirical relationships derived from the data collected between chlorophyll and TN and
TP. The data from these 90 relatively long-term stations since 1997 should be included in this
evaluation.
Jacoby, C.A., T.K. Frazer, and D.D. Saindon. 2009. Water quality characteristics of the nearshore
Gulf coast waters adjacent to Citrus, Hernando and Levy Counties, Project COAST 1997-2008.
Submitted to the Southwest Florida Water Management District.
Jacoby, C.A., T.K. Frazer, D.D. Saindon, S.R. Keller, and S.K. Notestein. Water quality
characteristics of the nearshore Gulf coast waters adjacent to Pasco County, Project COAST
2000-2010. Submitted to the Southwest Florida Water Management District.
Frazer, T .K., M.V. Hoyer, S.K. Notestein, D.E. Canfield, F.E. Vose, W.R. Leavens,
S.B. Blitch and J. Conti. 1998. Nitrogen, phosphorus and chlorophyll relations in selected rivers
and nearshore coastal waters along the Big Bend region of Florida. Final Report. Suwannee River
Water Management District (SRWMD Contract No. 96/97-156) and the Southwest Florida Water
Management District (SWFWMD Contract No. 96/97/157R).

SC3
•

Watershed Model:

Appendix C, Attachment 11: Waccasassa
- The water quality site utilized is tidally influenced, how was this accounted for in the
calibration?
- Time series of modeled and observed DO indicate that modeled DO follows a regular
annually repeating pattern, whereas the observed DO data show considerably more
variation, especially in the lower ranges.
- Time series of modeled and observed TSS indicate that the model overpredicts TSS values by
2 orders of magnitude.
- Time series of modeled and observed TN indicate that the model range is much greater than
the observed range in TN concentrations in two of the three comparison sites.
- Time series of modeled and observed TP indicate that the high TP concentration ranges
observed at one site are not replicated by the model.
- Comparison of measured and modeled TN and TP loads indicate very large annual and
average errors, with considerable bias.
Appendix C, Attachment 14: Crystal
- Only the Anclote River USGS station was used for flow calibration, why were no other river
gages used?
- The flow exceedence curve comparing modeled and observed flow indicates that the model
overpredicts flows between the 10th and 70th percentile flows.
- There appears to have been no consideration of groundwater withdrawals from the Anclote
watershed.
- There appears to have been no consideration of the Anclote power facility and the
movement of water associated with the cooling water withdrawal from the Anclote River.
Appendix C, Attachment 15: Withlacoochee
- The flow exceedence curves for USGS 02312600, 02313000, and 02312000 show model
overprediction for 80%-90% of the flow record.
- Time series of modeled and observed DO indicate that modeled DO follows a regular
annually repeating pattern, whereas the observed DO data show considerably more
variation. The modeled DO range is much more confined than observed data ranges.
- Time series of modeled and observed TSS indicate that the model overpredicts TSS values by
2 orders of magnitude.
- Comparison of modeled and observed TN and TP loads indicate the model overpredicts both
at the comparison site with the most data (21FLGW 3513).
- There appears to have been no consideration of the downstream flow control structures on
the Withlacoochee River
•

Estuarine Model (Appendix D: Big Bend, Attachment 5):
- Hydrologic and pollutant loadings from atmospheric deposition directly to the water surface
were not considered. These loads have been shown to account for 20-40% of TN loadings to
Florida estuaries.
- The assumption that all watershed discharges carried chl-a concentrations of 2 µg/L is
unsupported.
- It would be helpful to provide time series of modeled and measured water quality data for
evaluation of appropriateness of the calibration and validation.
- Based on the tabular comparison provided, the simulated chl-a typically underestimates the
measured data.
- Based on the tabular comparison provided, the modeled TN typically underestimates the
measured data.

-

Based on the tabular comparison provided, the modeled TP typically underestimates the
measured data.
Based on the tabular comparison provided, the modeled color typically overestimates the
measured data, often by more that 100%.
Based on the tabular comparison provided, the mean station modeled light attenuation
typically overestimates the measured data, often by more than 100%.
No discussion is provided of how groundwater inflows directly to the estuarine model
domain were accounted for. The Springs Coast area is known for the large number of
offshore spring vents.

Indian River Lagoon
IRL1
- Coefficient relating Kd to Secchi depth has been shown to be segment-specific in Florida
estuaries, instead of a constant value of 1.44 as used for all estuarine systems in the state.
- Levels of chlorophyll indicative of a bloom are set at 20 µg/L for all estuaries. Supporting
documentation needs to be provided, this may well vary by estuary.
- Consideration of the upcoming revisions to the state DO criteria should be made, with
discussion of the saturation-based criteria.
IRL2
-

-

-

-

IRL3
-

-

There are ample data that have been collected in Florida estuaries that have coincident
measurements of Kd and Secchi disk. These data should be used to validate the model
developed if these models are to be used to develop candidate NNC.
A statistical model was used to predict depth at sampling locations. The upper 90th percentile
prediction interval of the predicted depth became the depth value associated with the sample.
This means that the value used is deeper than the best estimate of the model which results in a
smaller Kd value required to achieve 20% of surface irradiance. The best estimate (the predicted
value) not the 90th percentile prediction interval should be used.
There should be additional evidence provided to justify the use of the final statistical models
presented to develop candidate NNC.
The decision to log transform annual geometric means needs more justification since the
distribution of geometric means should be approximately normal
Anova Tables, Goodness of fit statistics, Information Criteria, and residual plots should be
provided to justify the final model selection relative to other model forms such as those without
the log transformed independent variables
Hierarchical linear mixed effects models that use the raw data should be presented for
comparison to the annual geometric means

There is no information provided on how uncertainty in the models are propagated into the
NNC
There is little information provided on implementation, and no information provided on
managing the risk of falsely declaring criteria exceedances when in fact they are just a product
of natural system variability.
Using the upper bounds of data to set NNC as was done in the IRL is not a predictive estimate of
criterion values representing adverse effects or compliance with biological endpoints. This
would be applicable if a reference period approach were established but there is no discussion
of this approach.

IRL4
-

The DPV mixing/dilution model method for TN appears to be conservative (linear), this does not
seem to conform with the state of knowledge of nitrogen cycling in Florida waters.
The DPV method seems more like straight linear interpolation than an actual dilution or mixing
model
For each sub-lagoon, regressions were based on three points in time

Tab 2

Review of EPA Proposed Estuarine Numeric Nutrient Criteria for Pensacola Bay.
This review is specific to the proposed Numeric Nutrient Criteria (NNC) for Pensacola Bay and
the Downstream Protective Values (DPVs) developed for the tributary reaches of the Pensacola
Bay watershed. This watershed includes nine estuarine segments, six of which define the
Pensacola Bay Estuary complex which includes Escambia Bay, East Bay and Blackwater Bay,
and three of which define Santa Rosa Sound.
The development of NNC for Pensacola Bay follows the broader decision framework that was
used to develop NNC for estuaries throughout Florida. This framework identifies biologically
relevant endpoints that demonstrate support of the estuaries designated use. These three
endpoints included a measure of water clarity (the light attenuation coefficient Kd) thought to be
protective of the deep edge of seagrasses in the estuary, the concentrations of chlorophyll a
that is thought to result in a well balanced phytoplankton community, and the concentration of
dissolved oxygen in the water column that is thought to be protective of both acute and chronic
adverse effects.
The decision to use biologically relevant endpoints in the development of NNC is justified and
there is extensive precedent for using this type of approach in establishing management level
criteria in Florida estuaries. However, the specific endpoints identified in the development of
NNC for Pensacola Bay likely contain at least some uncertainty as to the exact numerical
expression of these endpoints that results in protection of the designated use. Further, there is
the potential for the expression of these endpoints to be confounded by both physical processes
and time dependent factors. For example, recently the Florida Department of Environmental
Protection (FDEP) has moved away from using dissolved oxygen concentrations in establishing
water quality standards due to the physical dependencies between temperature, salinity and the
ability of water to hold oxygen. FDEP has recently revised these standards to be based on the
theoretical oxygen saturation constant that accounts for temperature, and to a lesser extent
salinity at the time of sampling. In a sense, this removes the seasonal effects on the endpoint
that may bias assessments when averaging data on an annual basis as is done for the final
proposed criteria. Phytoplankton community composition has also been found to have a
seasonally explicit signature in Pensacola Bay as stated in section 2.2.2.4. Seasonality in the
stressor response relationship can confound candidate criteria expressed based on annual
averages and therefore careful consideration of the interactions between seasonal influences of
flows, and temperatures should be explicitly examined and displayed as part of the NNC
development process.
The development of the candidate NNC was based on the consideration of two principal
analytical approaches; statistical stressor response modeling, and an integrated set of
mechanistic models. For Pensacola Bay, the authors claim that data were insufficient within
each segment to conduct statistical analyses and therefore relied solely on the mechanistic
modeling approach to develop NNC.
This statement should have been supported with a
description of what data were available for each segment, with the period of record and number
of observations to give the reader some more information on the empirical data and monitoring
efforts in the Pensacola Bay system. In table 2-10, it states that water quality data between
1998 and 2004 were used for the estuary model development. Where these data insufficient for
developing statistical models but sufficient for developing a complex mechanistic model that is
representative of the entire system? In general, there was a lack of sufficient description of the
available empirical data and summarization of the spatial and temporal availability of those data
as well as summarization and graphical display of the intra-annual and interannual variation for
the principal parameters of interest.

The derivation of the final candidate criteria for Pensacola Bay relied on driving the mechanistic
model to achieve compliance with the dissolved oxygen standard thought to be protective of
chronic effects to the estuarine system (i.e., daily average of 5.0 mg/l). Under existing
conditions, model predictions suggested that this particular criterion was not met in two
segments within the estuary; Upper Pensacola Bay (2006) and Western Santa Rosa Sound
(2008). It is important to note that the other DO targets (i.e, minimum 3 hour average of 1.5
mg/l and minimum of 4.0 mg/l 90% of the time) were met under existing conditions for all
segments. Further, the chlorophyll a targets were met for all segments in all years under
existing conditions. The decision framework used by the EPA directs the NNC development
process to be based on the most sensitive of the candidate criteria and therefore the DO of 5.0
mg/l as a daily average was used as a target and loads were reduced until the target was met.
Given that the mechanistic model was used to develop the candidate NNC, the
calibration/validation statistics as described in Tables 1-7 and 1-8 of the methods section should
be provided explicitly for the Pensacola Bay model. These statistics provide a level of
certainty/uncertainty regarding the model predictions. There is no indication of how confident
the model predictions for DO values near 5.0 mg/l were in the model verification process and
therefore no confidence expressed that the model is actually capable of determining the true
conditions under which the DO criterion were met. This is especially important since the DO
criterion relies on a 10% exceedance frequency meaning that the conditions resulting in a
criterion exceedance are likely event driven. For example, it is highly likely that the daily
averages did not meet the criterion during the warmest months of the year as is supported by
the discussion in section 2.2.2.3. how did the model perform under these conditions relative to
the remainder of the year? More detail is required to provide the reader confidence in the utility
of the model to accurately predict conditions protective of the designated use as defined by this
criterion value.
There is also insufficient documentation of how the mechanistic model simulations were
translated from loadings to nutrient concentration targets. The details of this process are
important to understand the potential confounding effects as described above that might
ultimately affect the derivation of the final NNC numerical expression. Further, there was no
underlying conceptual model provided that describes the relationship between nutrient loadings,
nutrient concentrations and dissolved oxygen concentrations given that chlorophyll a
concentrations were meeting their targets. The mechanism by which nutrient concentrations
affect dissolved oxygen in the absence of adverse phytoplankton blooms remains unexplained.
In summary, this initial review found several issues that require further explanation to be
confident that the NNC are valid and reliable for use as regulatory standards for identifying
impaired waters.
•

Further information should be provided on the empirical data in summary tables and
graphical displays. Statistical relationships should be developed for those segments with
sufficient data available and the results should be provided to compare with results of
the mechanistic model for those segments with sufficient data.

•

The mechanistic model validation statistics should be provided, especially for the
seasonally dependent parameters during the times when the criteria are most likely to be
violated (i.e, summer).

•

Uncertainty in the model results should be incorporated into the decision framework
used by the EPA and expressed in the derivation fo the NNC.

•

The details of how the mechanistic modeling simulations were translated to nutrient
concentrations should be provided.

Tab 3

Review of EPA Proposed Estuarine Numeric Nutrient Criteria for Springs Coast
This review is specific to the proposed Numeric Nutrient Criteria (NNC) for the Springs Coast
and the Downstream Protective Values (DPVs) developed for the tributary reaches of the
Springs Coast watershed. This Springs Coast includes fourteen estuarine segments, eight of
which define the Springs Coast offshore estuarine reaches, and six of which the estuarine river
reaches of the major tributaries: Anclote River, Pithlachascotee River, Weeki Wachee River,
Chassahowitzka River, Crystal River, and Homosassa River (although the location of the
Homosassa River is not shown on the map provided in Figure 2-34 of the Technical Support
Document).
The development of NNC for the Springs Coast follows the broader decision framework that
was used to develop NNC for estuaries throughout Florida. This framework identifies biologically
relevant endpoints that demonstrate support of the estuaries designated use. These three
endpoints included a measure of water clarity (the light attenuation coefficient Kd) thought to be
protective of the deep edge of seagrasses in the estuary, the concentrations of chlorophyll a
that is thought to result in a well balanced phytoplankton community, and the concentration of
dissolved oxygen in the water column that is thought to be protective of both acute and chronic
adverse effects.
The decision to use biologically relevant endpoints in the development of NNC is justified and
there is extensive precedent for using this type of approach in establishing management level
criteria in Florida estuaries. However, the specific endpoints identified in the development of
NNC for the Springs Coast likely contain at least some uncertainty as to the exact numerical
expression of these endpoints that results in protection of the designated use. Further, there is
the potential for the expression of these endpoints to be confounded by both physical processes
and time dependent factors. For example, recently the Florida Department of Environmental
Protection (FDEP) has moved away from using dissolved oxygen concentrations in establishing
water quality standards due to the physical dependencies between temperature, salinity and the
ability of water to hold oxygen. FDEP has recently revised these standards to be based on the
theoretical oxygen saturation constant that accounts for temperature and to a lesser extent
salinity at the time of sampling. In a sense, this removes the seasonal effects on the endpoint
that may bias assessments when averaging data on an annual basis as is done for the final
proposed criteria.
The development of the candidate NNC was based on the consideration of two principal
analytical approaches; statistical stressor response modeling, and an integrated set of
mechanistic models. For each segment of the Springs Coast system, the authors state that the
data were insufficient to derive proposed criteria, and therefore relied solely on the mechanistic
modeling approach to develop NNC.
This statement should have been supported with a
description of what data were available for each segment, with the period of record and number
of observations to give the reader some more information on the empirical data and monitoring
efforts in the Pensacola Bay system. In table 2-91, it states that water quality data and municipal
and industrial point source data from the Georgia Environmental Protection Division were

utilized for model development, an obvious misprint. Review of Appendix D of the Technical
Support Document, the Hydrodynamic and Water Quality Modeling Report for Nutrient Criteria
for Florida Estuary Systems, indicates that the Springs Coast estuarine system was modeled as
part of the Florida Big Bend Model. There was a lack of sufficient description of the available
empirical data and summarization of the spatial and temporal availability of those data as well
as summarization and graphical display of the intra-annual and interannual variation for the
principal parameters of interest.
Review of Attachment 5 of Appendix D of the Technical Support Document indicates that not all
the recent available data were utilized in mechanistic model development, and hence may not
have been available for consideration when determining the viability of developing empirical
relationships for criteria development. We know of an extensive monitoring program of the
riverine and nearshore reaches of the Springs Coast region that extends from the Anclote River
and offshore area in the south to the Withlacoochee River and offshore area in the north, the
Project COAST dataset collected by Thomas Frazer, University of Florida. Monthly sampling
began in 1997 and continues, with collection of hydrographic and water quality data at ten fixed
stations in each of nine estuarine systems: Anclote, Pithlachascotee, Hudson, Aripeka, Weeki
Wachee, Chassahowitzka, Homosassa, Crystal, and Withlacoochee. Data reporting describes
long-term and seasonal patterns in chlorophyll, TN, and TP (Jacoby et al., 2011; 2009; Frazer et
al., 1998). These reports provide empirical relationships derived from the data collected
between chlorophyll and TN and TP. The data from these 90 relatively long-term stations since
1997 should be included in this evaluation.
Given that the mechanistic model was used to develop the candidate NNC, the goodness of fit
of the calibration/validation of the mechanistic model is very important. The limited statistical
comparison of means in Attachment 5 of Appendix D of the Technical Support Document does
not provide assurance that seasonal patterns are replicated by the mechanistic models, or that
observed interannual patterns are being successfully simulated by the mechanistic models.
Prior to requiring significant expenditure of resources on attaining the proposed criteria,
sufficient technical support should be provided to ensure that appropriate responses to
management actions are indicated. Based on the information provided in the Technical Support
document, “Dan evaluation of model sensitivity to the water quality targets applied revealed that
light and DO targets were insensitive to changes in nutrients in Springs Coast” (page 192). This
does not provide assurance that attainment of nutrient and chlorophyll criteria will result in
achievement of DO criteria. More detail is required to provide the reader confidence in the utility
of the model to accurately predict conditions protective of the designated use as defined by this
criterion value.
There is no indication of how confident the model predictions for DO values near 5.0 mg/l were
in the model verification process and therefore no confidence expressed that the model is
actually capable of determining the true conditions under which the DO criterion were met. This
is especially important since the DO criterion relies on a 10% exceedance frequency meaning
that the conditions resulting in a criterion exceedance are likely event driven. More detail is

required to provide the reader confidence in the utility of the model to accurately predict
conditions protective of the designated use as defined by this criterion value.
Section 2.11.8 provides a table of Downstream Protection Values (DPVs) specific for numerous
tributaries to the Springs Coast. Although there is little discussion of the derivation of the DPVs
in this section, it is assumed that this derivation followed the mechanistic model approach
provided in Section 1.6 of the Technical Support Document. If so, these DPVs are only as
trustworthy as the mechanistic model results, which as noted above do not have sufficient
documentation and support to be acceptable as currently provided. Again, as noted previously,
an extensive dataset exists of monthly hydrographic and water quality data in the major rivers of
the Springs Coast since 1997 as part of the COAST dataset which would likely prove useful in
deriving appropriate DPVs for the Springs Coast.
In summary, this review found several issues that require further explanation to be confident
that proposed NNC are valid and reliable for use as regulatory standards for identifying impaired
waters.
•

Further information should be provided on the empirical data in summary tables and
graphical displays. Statistical relationships should be developed for those segments with
sufficient data available and the results should be provided to compare with results of
the mechanistic model for those segments with sufficient data. It should be ensured that
all available data are utilized for this effort, including the COAST data.

•

The mechanistic model calibration and validation statistics should be provided in more
detail that just overall means for each model grid cell, especially for the seasonally
dependent parameters during the times when the criteria are most likely to be violated
(i.e, summer).

•

Uncertainty in the model results should be incorporated into the decision framework
used by the EPA and expressed in the derivation of the NNC.
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Tab 4

Tab 5

MEMORANDUM
To:
From:
Date:
Re:

Kurt Spitzer, Florida Stormwater Association (FSA)
Tiffany Busby, Wildwood Consulting/Legislative and Governmental Affairs Committee
January 2, 2013
Feedback on proposed Environmental Protection Agency (EPA) Numeric Nutrient Criteria (NNC)
for the Lower St. Johns River (LSJR) Estuary

1. Are endpoints justified?
The proposed EPA endpoints for the LSJR estuary are as described in the table below along with the
endpoint of the marine section total maximum daily load (TMDL) adopted by the Florida Department of
Environmental Protection (FDEP) and approved by EPA.
Table 1. Comparison of Numeric Endpoint for the LSJR Estuary

Proposal
2012 EPA
Proposed
Criteria
2012 EPA
Proposed
Criteria
2012 EPA
Proposed
Criteria
2010 FDEP
Proposed
Criteria

Segment
1801-LSJR

Total Nitrogen
(TN) (mg/L)
0.75

Total
Phosphorus
(TP) (mg/L)
0.095

Chlorophyll-a
(µg/L)
2.5

Downstream
Protection
Values
(DPVs)
Freshwater
TMDLs

1802—“Trout
River”

1.09

0.108

3.6

Freshwater
TMDLs

1803—“Trout
River”

1.15

0.074

7.7

Freshwater
TMDLs

TMDL nutrient Not
Not to exceed 40 The annual
TMDL TN
loads for the
proposed
µg/L more than
marine portion (not
10% of the time and TP loads
for the
of the LSJR
necessary)
(applying the
freshwater
(load based
freshwater
portion of
NNC) based on
section TMDL
the river
the dissolved
target to the
which flows
oxygen (DO)
marine section)
into the
site specific
marine
alternative
section
criterion
(SSAC)1
1
In the Lower St. Johns, the SSAC is a minimum DO concentration of 4 mg/L and a Total Fractional
Exposure to DO levels in the range of 4.0 to 5.0 mg/L of 1.0 or less over the year.
Marine Section
LSJR (WBIDs
2213A - 2213H)

The proposed EPA endpoints appear to have used (as one of several endpoints) interpretations of the
DO levels set by the Florida SSAC for the LSJR marine section. EPA states that they used the freshwater
TMDLs based on achieving health chlorophyll-a levels as adequate protection for downstream marine

waters. They also state that they used the watershed loading model [pollutant load screening model
(PLSM) and Quality Integrated Compartment Model (CE-QUAL-ICM)] and the hydrodynamics model
[Environmental Fluid Dynamics Code (EFDC)] used for the TMDLs to establish their proposed NNC
concentrations. It is not certain based on my cursory review what EPA used specifically from the model
outputs to establish the criteria (mean, median, geometric mean, etc.). Based on a conversation with
the St. Johns River Water Management District (SJRWMD) staff that developed these models, the
proposed concentrations are “in the ball park” of the concentrations they would expect as outputs from
their TMDL models.
Therefore, the overall conclusion is that the proposed numeric targets are based on the LSJR SSAC and
the TMDL targets, but they are concentration, not load, based. It is not well-established that a TP
concentration is necessary, since the marine section is nitrogen limited.
2. Is the segmentation appropriate?
• EPA Section 1801 approximately corresponds to a portion of the meso-polyhaline riverine
section and the marine section WBIDs 2213A and 2213B.
• EPA “Trout River” Section 1802 approximately represents marine section WBIDs 2213C and
2213D
• EPA “Trout River” Section 1803 approximately represents the oligohaline lacustrine section,
marine section WBIDs 2213E, 2213F and 2213G.
While the precise segmentation does not completely correspond to the TMDL approach, the three
segments proposed basically correspond to the marine section WBIDs in the TMDL. The map in the
TSD (figure 2-62), however, is badly mislabeled with the sections listed as the “Lower,” “Middle,” and
“Upper” SJR while the map is of the Lower St. Johns River Marine Section only.

Figure 1. Ecological zones of the LSJR, SJRWMD, 2010.

Mislabeled EPA map (Figure 2-62) from the Technical Support Document, Volume 1 (2012).

3. Method for determining NNC; Model validity – watershed, hydrodynamic, WQ response; Model
application to derive NNC
The stated methods were that the mechanistic TMDL models were used and the TMDL targets were
applied as one of several lines of evidence. A statistical analysis did not reveal a strong relationship to
the DO endpoint but did support chlorophyll-a endpoints of 6.1 μg/L, 8.5 μg/L, and 8.4 μg/L for
segments 1801, 1802, and 1803, respectively, which are higher than the proposed criteria. Through
evaluation of chlorophyll-a and DO targets, EPA found that both the chlorophyll-a and DO targets
were met under the 1995–1999 loads. The values under mechanistic modeling represent the 90th
percentile annual geometric mean nutrient concentrations from the 1995–1999 modeled nutrient
loads.

EPA used the mechanistic modeling results to set the criteria and used the statistical analysis of the
chlorophyll-a data to corroborate the mechanistic model results (Table 2-161 in the TSD, Volume 1).
4. DPVs
It was stated in the EPA documentation that the freshwater TMDL targets were applied to protect the
downstream marine waters, although a table to DPVs for marine waters, based on the mechanistic
models, is provided in the TSD and it is unclear how these will be applied (Table 2-162).

Tab 6

Feedback on Proposed EPA NNC for the St. Lucie Estuary
Background
In November 2012, the Environmental
Protection Agency (EPA) issued numeric
nutrient criteria (NNC) for estuaries in Florida
not specified in the FDEP NNC. Included in
the list of water bodies considered in the
EPA NNC was the St. Lucie Estuary (See
Figure 1). For this area, FDEP has produced a
TMDL (October 2008) and site-specific
information in support of NNC for this area
(August 2010). Provided below is a
comparison of these documents.

FDEP TMDL Report (October
2008)
The TMDL Report identifies that for the St.
Lucie Estuary (SLE), the North SLE (WBID
3194B) and South SLE (WBID 3210) are
impaired by nutrients. The North SLE (WBIDs
3194 and 3194B) is also impaired for
dissolved oxygen (DO) with the causative
pollutant identified as high TN or TP. To
address all of the impairments, FDEP
adopted nutrient criteria of 0.72 mg/l for TN
Figure 1 - Verified Impaired WBIDs for the St. Lucie Basin (from
and 0.081 mg/l for TP. No Chlorophyll-a
FDEP, Oct 2008)
criteria were included, although the TN and
TP target concentrations were set so that the IWR estuarine Chlorophyll-a did not exceed 11 μg/l and
the fluctuation in DO due to diurnal algal activity is minimized.

FDEP Site-Specific Information in Support of Establishing NNC in the St. Lucie
Estuary (August 2010)
In support of the setting of estuarine criteria by Florida, this document provided a summary of studies
done in the St. Lucie area including the TMDL report. In short, the document concluded that the
applicable criteria should be those recommended by the TMDL.

EPA NNC for Estuaries (40 CFR Part 131, December 18, 2012)
EPA’s version of the NNC for this area is listed in Table III.B-1 on page 74952. The criteria ranges are 0.58
to 1.22 mg/l for TN, 0.045 to 0.197 mg/l for TP and 5.3 to 8.9 μg/l for Chlorophyll-a. Although EPA

acknowledges the FDEP TMDL report, the technical analysis (documented in Appendix C Attachment 19:
Indian River of the Technical Support Document) based the recommended NNC on deterministic
modeling to protect three biological endpoints: light levels to maintain historical depth of seagrass
colonization, chlorophyll a concentrations associated with balanced algal biomass and sufficient DO to
maintain aquatic life (40 CFR 131, page 74939).
The overall model used (known as the Indian River Model) extended from southern Volusia County to
Palm Beach County and included a total of 5 USGS stations for calibration and validation. For the St.
Lucie River, the only nearby station used for validation was 02277600 for flow and 21FLLOX55 for water
quality. The model simulated the annual flows at 02277600 (Loxahatchee River) reasonably well but
underestimated the summer storm flows by as much as 15 percent. For the water quality simulation, of
note is the simulation of TSS for the Loxahatchee River: the measured values did not exceed 50 mg/l
from 1997 to 2005, yet the simulated values exceeded 300 mg/l. The simulation of TN and TP for the
Loxahatchee River (shown on page C19-44) show that TN appears to be under-simulated (predicted
lower than measured) by as much as 100 percent and TP is represented in a scale that minimizes the
comparison. Figures C19-63 and 64 in the Appendix show that the modeled TN and TP loads were
almost always underestimated by the model. This is confirmed by Tables C19-22 and 23 which indicate
that for the 10-year simulation the percent errors were -38.9% for TN and -34.5% for TP, respectively.
EPA states that these errors for calibration are considered “very good”.

Comparison
The inset table provides a comparison of the
Table 1 - Comparison of EPA and FDEP Proposed NNC
proposed EPA NNC and FDEP TMDL. It is
Total
Total
Downstream
Chlorophyll-a
Protection
Nitrogen (TN - Phosphorus
clear that the EPA proposal did not use the
Proposal
Segment
mg/l)
(TP - mg/l)
(μg/l)
Values
Based on
TMDL targets although the range of
2012 EPA
dilution
1401 - Lower
Proposed
0.58
0.045
5.3
proposed NNC surround Florida’s except for
St. Lucie
model using
Criteria
NNC
Chlorophyll-a. It appears that the EPA
Based on
2012 EPA
1402 dilution
proposed criteria and FDEP criteria are based
Proposed
Middle St.
0.90
0.120
8.4
model using
Criteria
Lucie
on 2 of the same endpoints (i.e., ChlorophyllNNC
Based on
2012 EPA
a concentrations are sufficient DO values.
dilution
1403 - Upper
Proposed
1.22
0.197
8.9
St. Lucie
model using
EPA’s criteria add the endpoint of light
Criteria
NNC
All
penetration for grassbeds and FDEP’s do not
2010 FDEP
Esturarine
0.72
0.081
11.0
TMDL
1
Criteria
(although the Site-Specific Information for
Segments
this area identifies loss of grassbeds as a problem).

Conclusions
The summary of the EPA’s NNC is concluded with a consideration of 7 questions.
Are the endpoints justified? FDEP’s and EPA’s appear to be somewhat consistent. The biggest
difference is that while FDEP noted the loss of grassbeds as a problem, they did not use light penetration
to set a Chlorophyll-a target. Furthermore, while EPA used a regression analysis to estimate the light
penetration from Chlorophyll-a, turbidity and color (Appendix B, page B-4), they did not accurately

simulate turbidity (note that it is not explained how TSS and turbidity is related, nor how EPA considered
color in these simulations).
Is the segmentation appropriate? To a large degree, EPA’s segmentation mimics FDEP’s. However, for
the model segmentation, there is not enough information (i.e., scale is too small) to provide a
comparison.
Are the data used appropriate? Any data missing from their analysis? EPA used only USGS data. There
are significant data available from SFWMD that were ignored.
Method for determining NNC – Empirical or Mechanistic? EPA uses a mechanistic (also referred to as
deterministic) methodology to set the NNC for the St. Lucie Estuary.
Model Validity – watershed, hydrodynamic, WQ response? As noted above, the model domain spread
from south Volusia County to north Table 2 - Simulated and Measured TN and TP Loads
Station:
21FLSJWMIRLTPM 21FLWPB20010706 21FLSJWMIRLVMC
21FLLOX55
21FLWPB28010532
Palm Beach County using the data
TN %
TP %
TN %
TP %
TN %
TP %
TN %
TP %
TN %
TP %
from only 2 flow and water quality
Year
Error
Error
Error
Error
Error
Error
Error
Error
Error
Error
1997
(27.3)
(19.3)
stations for calibration and3 more
1998
(45.6)
(48.1)
added for validation. Examination
97.4
(39.0)
(7.7)
1999
142.7
2000
177.0
67.5
(33.1)
(8.5)
of their definition of calibration
2001
78.0
303.0
(58.1)
(32.4)
was illustrated in tables comparing
2002
120.5
(38.0)
(29.8)
(52.0)
12.3
(33.8)
2003
47.6
38.4
(30.1)
(51.8)
85.9
(26.8)
(44.4)
(39.2)
the measured and simulated
2004
(22.9)
(49.2)
94.8
(46.9)
(39.0)
(45.9)
annual TN and TP loads. Table 2
2005
10.3
(15.6)
118.2
(25.6)
(17.2)
(20.4)
2006
1.1
(18.9)
249.0
83.7
shows a range of % error for the
2007
102.9
27.0
143.2
(15.0)
calibration and validation sites. It
2008
62.3
(20.1)
0.4
(11.2)
2009
can be seen that EPA averaged the
24.1
(18.2)
(30.1)
(51.8)
120.8
(9.1)
(38.9)
(34.5)
5.4
Average
percent error for the years where
EPA
VG
VG
VG
G
F
VG
VG
VG
VG
VG
Rating
annual data were available. For
station 21FLWPB20010706 (South Prong of St. Sebastian River near Sebastian), annual errors ranged
from 38.4 percent to -49.2 percent with an average of -18.2, which is considered “Very Good” (VG). This
methodology is not valid. It is essentially stating, for example, that a sine curve is the same as a straight
line because the differences between the line and sine curve average to zero. Based on these data, the
model works for a variation of -58.1 percent and 249.0 percent of the measured values – setting of
standards based on this range is unsupportable.

Model application to derive NNC? EPA used the LSPC model for watershed loading. The EFDC model
was used for the receiving water temperature and elevations and WASP7 model was used for
Chlorophyll-a, DO, BOD, TN, TP, ammonia, Nitrate + Nitrite and TSS. For the LSPC model, it appears that
119 subwatersheds were used to define the runoff for the entire domain. Due to the scale of the maps,
it is not possible to identify the number of subwatersheds in the St. Lucie area; however, a rough
estimate is 20 based on the interconnectivity of the canals. In a flat, coastal environment such as this,
more subwatersheds are needed. Also, it is not clear how EPA addressed the discharges from Lake
Okeechobee – they may have done so, but it is not clearly described in the documents. Finally, as noted

previously, calibration and validation was not done well with wide variation in model results. EPA states
(Appendix C: Watershed Hydrology and Water Quality Modeling Report for Florida Watersheds, page C39) that percent errors of 40 to 90 percent were considered “good” and errors up to 40 percent were
considered “very good” – these values are not consistent with common practice nor are they acceptable
to even EPA in review of TMDLs. This type of variation means that the criteria derived are not precise,
nor do they lead to reasonable consideration of cause and effect.
Downstream protection values? Appendix B of the Technical Support Document provides the
description of the process to define downstream protection values (DPVs). Although the DPV results
are not provided for review, EPA states that a mixing/dilution model was used to consider the DPVs.
The model is a simple, conservative mixing process which mixes freshwater inputs with target nutrient
concentrations. For the purposes of the analysis, freshwater salinity was assumed to be 2.7 PSU
(practical salinity unit; same as parts per thousand) and estuarine salinity was assumed to be 36 PSU.
The DPV was calculated as:

DPV =

(TNcrit - TNsea )
(2.7 - Ssea ) + TNsea
(Sseg - Ssea )

This equation is based on a linear derivation (y=mx + b):

Y=

(Y1 - Y0 )
(X - X 0 )+ Y0
(X1 - X 0 )

where Y is the DPV, X is the salinity of the segment in question, (X0, Y0) is the point
representing the ocean (sea), and (X1, Y1) is the point representing the criteria for
freshwater. Therefore, the ocean is represented by the point (36, 0.14) and the
freshwater criterion is represented by the point (2.7, 0.58). The point that needs to
be determined is (Sseg, DPV). In the formula defined by EPA, however, the X and X1
have been reversed. Therefore, the equation should be:

DPV =

(TNcrit - TNsea )
(Sseg - Ssea )+ TNsea
(2.7 - Ssea )

Segment
Salinity
2.7
4.0
6.0
8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0
26.0
28.0
30.0
32.0
34.0
36.0

DPV
0.58
0.56
0.54
0.51
0.48
0.46
0.43
0.40
0.38
0.35
0.32
0.30
0.27
0.25
0.22
0.19
0.17
0.14

This formula results in the values in the inset for the example. At the ocean, with salinity 36, the TN
should be 0.14 mg/l and at the inflow with freshwater, the TN should be the criteria (0.58 mg/l).
Therefore, this corrected formula rings true. Therefore, it appears that the equation used by EPA for
DPV formulation is incorrect.

