Comments received from the following:

Charlotte-Mecklenburg Stormwater Services (CMSWS)
Charlotte-Mecklenburg Utilities Department (CMUD)
Mr. Dave Cole (Cole)
North Carolina North Carolina Division of Water Resources (NCDWR)
Resolute Forest Products (RFP)
City of Rock Hill (RH)
South Carolina Department of Transportation (SCDOT)
Dr. Dan Tufford, PhD (Tufford)
United States Environmental Protection Agency (USEPA)
United States Fish and Wildlife Service (USFWS)

Charlotte-Mecklenburg Storm Water Services
General Comments
CMSWS Comment 1:
“The hydrology calibration should balance the relative and absolute error rates due to the
significant number of calibration points that are streams and not reservoirs.
The hydrology calibration should be improved with respect to the absolute error rate. Herr 2012,
recommends; “A good absolute error is generally less than 20% for flow and conservative chemical
constituents…” The relative error was the primary statistic used in the hydrologic calibration to account
for reservoir water quality through the long-term pollutant load. However, as this model will be used to
develop daily loading rates for pollutants in areas outside reservoirs, a more balanced approach to
calibration in these areas will improve the simulation of pollutant loads.”
CMSWS Response 1:
Absolute error recommendations are general and not necessarily appropriate for all applications since it is
highly sensitive to small timing errors and outliers in the observed data. For applications such as this with
1) large area with comparatively sparse meteorology data, 2) few headwater locations with observed flow
3) time and budget not allowing for extremely detailed calibration and input data analysis, 4) a primary
objective of characterizing long term pollutant loads, focusing on relative error is a more useful and
necessary limitation for calibration.
CMSWS Comment 2:
“Revisit the total suspended sediment (TSS) calibration to improve R-squared values as well as
error rates.
Improving the hydrology calibration statistics may help improve the TSS calibration as well. The NSE
values are negative for several of the assessment points. According to Moriasi 2007 “…values ≤0.0
indicates that the mean observed value is a better predictor than the simulated value, which indicates
unacceptable performance. We understand the difficulty with calibrating TSS in WQ models; however,
could a surrogate such as turbidity be used as a substitute for TSS? There should be more turbidity data
available as compared to TSS data. Improving the TSS calibration will further improve the calibration of
adsorbed pollutants such as phosphorous.”
CMSWS Response 2:
As emphasized by Moriasi regarding quality of the observed dataset: “…in situations when a complete
measured time series does not exist, for instance when only a few grab samples per year are available, the
data may not be sufficient for analysis using the recommended statistics.”. The median NSE for daily
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TSS simulations in Moriasi’s literature review was -1.27. Statistical measures should not be used to
evaluate TSS calibration without continuous datasets, particularly without co-located flow data (i.e.,
several of the locations with TSS did not have flow data for prior hydrology calibration). Calibration
efforts focused on simulating the correct range of observed values, rather than the precise timing of peak
concentrations. The current Catawba WARMF model application is unable to simulate turbidity. Our past
calibration efforts relying on the relationship between turbidity and suspended sediment have not
consistently been successful and have indicated that this relationship is highly variable in space and time.
Recalibration of TSS would not improve results without substantially more data and is not within the
budget constraints of this project.
CMSWS Comment 3:
“Recalculate the fit statistics for ammonia-nitrogen based on post 2007 observed data to better
represent the intention of the calibration procedure.
We understand the difficulty resulting from sudden changes in observed data and the resulting statistics.
Currently the calibration statistics do not meet recommended criteria from Herr 2012 ([absolute error] less
than 30% for nutrients) nor Moriasi 2007 with regards to NSE. An additional table with the statistics
calculated for data post 2007 would provide a better idea of how well the model is calibrated.”
CMSWS Response 3:
The statistics were recalculated using only post-2007 data and table 5.5 was added to the report.
CMSWS Comment 4:
“Please expand on the comment regarding source assessment of ortho-phosphate.
We recommend more documentation regarding the following statement: “In the Sugar Creek watershed,
majority of the phosphate that is exported from the watershed comes from upstream point sources. Thus
coefficients that affect the amount of non-point source phosphorus that enters streams within the Sugar
Creek subwatershed do not have a measurable impact on simulation results.”
With the necessity of interstate coordination for TMDL implementation, it will benefit all parties to know
the background behind these comments. The adsorption isotherm was the primary model coefficient used
to calibrate ortho-phosphate but does sediment type or channel substrate have any effect on adsorption? A
more robust TSS calibration may have effects on the ortho-phosphorus calibration as well.”
CMSWS Response 4: An explanation of the Sugar Creek watershed ortho-phosphorus simulation has
been updated in Section 5.6 of the report. In the model, adsorption varies only with the total suspended
sediment. The relative percentages of different sediment classes does not have an effect on phosphorus
adsorption. Error in the phosphate simulation stems mainly from days with higher concentrations which
typically occur on days without rainfall events (and thus less dilution of point sources). On these days the
TSS concentration is at the lower “base” concentration rather than peak concentrations (i.e, the
concentrations occurring during high flow events from surface runoff and erosion). The “base”
concentration of TSS is simulated very well in Sugar Creek, as compared to the low concentrations
available in the limited TSS data set. Any efforts to improve TSS would focus on timing and high flow
events and would not help to reduce Phosphate on low flow days when the error is highest.
CMSWS Comment 5:
“The quality of the Total Phosphorus (TP) calibration should be improved in areas other than
Sugar Creek or the associated uncertainty should be accounted for during the allocation process.
Although TP simulation in Sugar Creek is much better than at other locations, improving the hydrology
calibration in streams versus reservoirs and the TSS calibration may play an important role in simulating
TP in the overall model. Because TP is driven by hydrology and TSS we recommend improving those
calibrations before finalizing the model. If TP is accurate for Sugar Creek but not for the rest of the
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model, then allocations should reflect the inaccuracy and be more conservative for the rest of the
locations. The burden of TP reduction should not be placed only on Sugar Creek if the model cannot
accurately quantify loading from other areas as well.”
CMSWS Response 5:
TP calibration was done when/where observations were available. The results in Sugar Creek are better
than other locations because there is sufficient hydrology and observed phosphorus data available. At
other locations, data were limited and therefore the model could not be calibrated to the same extent.
Also note that budget/resource constraints prevented were a consideration.
At this point in the nutrient TMDL development process, DHEC (or the Department) has not begun to
develop wasteload (WLA) and load (LA) allocations using this tool.
Instead, the Department is
currently completing updates to the model application in order to begin developing allocation scenarios.
There will be additional stakeholder involvement throughout the process, particularly as WLAs and LAs
are proposed. The Department anticipates additional discussions with affected parties prior to finalizing
TMDLs.

Charlotte-Mecklenburg Utilities Department
General Comments
CMU Comment 1:
“In regard to TP, SCDHEC and the NC Division of Water Resources have already implemented
requirements to reduce TP from point sources in the watershed by approximately 70 to 80 percent through
permit requirements implemented primarily prior to 2007. These prior reductions should be considered in
developing an allocation approach for wasteload allocations (for point sources) and load allocations for
nonpoint sources. Specifically, we do not believe an equal marginal percent reduction (EMPR) approach
often used by States and EPA is appropriate unless the prior reductions are also considered.”
CMU Response 1:
DHEC (or the Department) acknowledges the reductions in nutrient loading that have already been
implemented in NPDES permits issued to traditional point sources. The Department also acknowledges
that additional nutrient reductions will be necessary in the Catawba River watershed in order for the
downstream reservoirs to demonstrate attainment of standards.
At this point in the nutrient TMDL development process, DHEC (or the Department) has not begun to
develop wasteload (WLA) and load (LA) allocations using this tool.
Instead, the Department is
currently completing updates to the model application in order to begin developing allocation scenarios.
There will be additional stakeholder involvement throughout the process, particularly as WLAs and LAs
are proposed. The Department anticipates additional discussions with affected parties prior to finalizing
TMDLs.
CMU Comment 2:
“TN allocation strategies need to be considered carefully for a number of reasons:


TN impairments are not widespread in the reservoirs.



The substantial over-prediction of nitrogen by the model may require more reductions than
necessary to meet any allocations developed.
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Nitrogen reductions at wastewater treatment facilities can require substantial modifications to
treatment approach at substantial cost; therefore, SCDHEC and stakeholders need to be satisfied
with model predictions prior to proceeding with this allocation step.”

CMU Response 2:
At this point in the nutrient TMDL development process, DHEC (or the Department) has not begun to
develop wasteload (WLA) and load (LA) allocations using this tool.
Instead, the Department is
currently completing updates to the model application in order to begin developing allocation scenarios.
There will be additional stakeholder involvement throughout the process, particularly as WLAs and LAs
are proposed. Affected parties will have additional opportunity to review model scenarios prior to
allocation.

Model Documentation
CMU Comment 3:
“Model Coefficients Description
In terms of model coefficients, Section 3.2 “Model Coefficients” listed (a) system coefficients, (b)
catchment coefficients; (c) river coefficients and (d) reservoir coefficients. Tables 3-1 to 3-8 in this
section have listed the final model calibration coefficients (e.g. either using model default values or
calibrated values). We suggest adding one more data column in summary tables (i.e. Tables 3-1 to 3-8) to
indicate whether model default values or calibrated values were used for any particular coefficient.”
CMU Response 3:
Tables 3-1 and 3-2 were modified to make it more clear what the calibrated values are for each system
coefficient (i.e., these apply to the entire watershed). Tables 3-3 to 3-5 list the coefficients that are
typically calibrated for individual catchments. Tables 3-3 and 3-5 coefficients vary across the watershed.
Since there are 314 catchments in the entire watershed, it is not feasible to list all of the calibrated
coefficients for each catchment. Thus the ranges of calibrated values are listed in these tables. The
captions, headings and text have been updated to make this clear. The same is true for river coefficients
listed in tables 3-6 and 3-7.
CMU Comment 4:
“ Point Source Discharges
In the January 2014 draft model calibration report, there was no description of point source discharges,
except for listing a June 2013 technical memo as one of the references. This makes it difficult for the
readers to locate the information on point source data by just looking at the January 2014 draft report
alone. Therefore, there should be better cross-referencing between the January 2014 draft calibration
report and the June 2013 technical memo on model updates.
In Table 3 of the point source section (on page 3 of June 2013 technical memo), only 12 point sources
newly added to the model (among a total of 305 point sources) were listed. Furthermore, Appendix 1 of
June 2013 technical memo only provided a summary list of “Updated Point Source Input Files”, without
descriptive information on each point source discharge (e.g. name of discharges). This made it difficult to
track down specific point source information without spending additional search efforts. We would like to
recommend such summary information on point sources to be included in the model calibration report so
that a reviewer does not need to be looking at other reports or attempt to determine point source
information from the model input files.”
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CMU Response 4:
Tables A-1 and A-2 from Appendix A of the June 2013 technical memo has been added to the calibration
report. Adding further details to the tables is not considered high priority for a calibration report and is
not within the scope of the contract. SCDHEC has added a table (Table A-1) in Appendix A that list all
point sources in the Lower Catawba Basin that have discharged into the basin at any time since 1999.
This table includes the discharger name, NPDES number, design or permitted flow (if known), and other
information. A map of the Lower Catawba Basin showing all active and inactive point sources included
in the model.
Additional details regarding points sources and existing permit limits included in the model application
will also be included in a draft nutrient TMDL document. A draft TMDL document will also be made
available for public comment, once additional discussions with affected parties has occurred.
CMU Comment 5:
“ Land Use To update land use information in the Catawba River WARMF application, gridded land
cover data from the 2006 National Land Cover Database (NLCD) was downloaded. The land cover data
were overlaid with the updated catchment boundaries and percentages of each land cover classification
contained within each catchment were calculated.
Regarding land use coefficients, there are a number of model system coefficients which have values for
each land use. These coefficients define how the different land uses receive anthropogenic model inputs
such as irrigation and respond to natural model inputs such as atmospheric deposition. These land use
coefficients were set based on literature values and agricultural practice. It appears that development of
land use as model inputs followed the standard practice of model development.”
CMU Response 5:
Additionally, DHEC has added a table (Appendix A-3) showing changes in land use from the NLCD2006
to the NLCD2011. NLCD has recently been released to the public by 10-digit HUC but was not
available at time of the model application updates. Generally the change in land use from 2006 to 2011
was relatively small.
CMU Comment 6:
“Nutrient Budget
Summary information on relative loading from point sources versus land use or upstream sources was not
included in the model calibration report. Although this is not necessarily required for a calibration report,
it does provide insight into issues related to model calibration. Ideally, this information would be
available for subwatershed areas. For instance, the problems with the nitrate N calibration for a tributary
such as Rocky Creek could be better understood if the reviewer knew the relative loading contributions
(without having to dig them out of the model).”
CMU Response 6:
Pie charts have been added to the document (Appendix B) that breakdown the source contributions of
Total Phosphorus and Total Nitrogen in Fishing Creek Reservoir, Great Falls Reservoir, Cedar Creek
Reservoir, and Lake Wateree.
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Adequacy of Hydrology and Water Quality Calibration
It appears that model calibration followed a logical sequence. Hydrological calibration was performed
first. Then the calibrations for temperature and conservative substances were performed before the
calibration of nutrients (phosphate, ammonia, and nitrate), algae and dissolved oxygen.”
CMU Comment 7:
“Hydrologic Calibration
Hydrologic calibration is the process of adjusting the coefficients of the rainfall-runoff model so that the
simulations of streamflow better match the observations as well as possible. There are three levels of
hydrologic calibration: global, seasonal, and event.
The overall hydrologic calibration appears acceptable and in some cases matches well with observed
streamflow. However, the hydrologic calibration for tributaries such as Sugar Creek (more urban land use
type) and Rocky Creek (more rural land use type) appear to be significantly inferior to other subwatersheds (see Figure 4-3 in January 2014 model calibration report). An explanation for possible reason
should be provided in the draft report.”
CMU Response 7:
The calibration for locations on the main-stem of the Catawba river upstream of Fishing Creek Reservoir
is superior to tributary calibrations because the flow at those locations is dominated by the outflow of
Lake Wylie, which is defined with observed data. The influence of meteorological data error, spatial
heterogeneity in precipitation, runoff characterization error (ie, surface runoff versus interflow), and other
model error is damped at the main-stem locations and more pronounced for tributary sub-watersheds.
CMU Comment 8:
“As an overall comment for Section 4 “Hydrology Calibration Report”, the comparison plots for
simulated flow versus observed flow (i.e. Figures 4-2 to 4-7) are difficult to see during the low flow
ranges. A log-log scale should be considered to allow better visualization of the calibration results.”
CMU Response 8:
For the purpose of assessing pollutant loading on an annual basis, low flow periods contribute a relatively
minor portion of the total load and therefore were not the focus of this analysis. Producing additional
plots is not feasible with the budgetary constraints of the project.

Water Quality Calibration
CMU Comment 9:
“Temperature
The temperature calibration appears quite good for both free-flowing portion of the Catawba River,
tributaries such as Sugar Creek and Rocky Creek, and the lake stations. The temperature calibration
statistics shows that the relative error is negative at nearly all sampling locations by comparing model
simulation and observed data. This indicates a very slight systematic under-prediction of water
temperature (within 1°C).”
CMU Response 9:
The temperature calibration adequately addressed both the Catawba mainstem and tributaries.
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CMU Comment 10:
“pH
The pH calibration appears adequate to good for the free-flowing stations of the Catawba River and
tributaries. The model significantly over-predicts pH for the reservoir sites with predicted values
frequently exceeding a pH of 10 (see Figures 5-17 and 5-20 below which illustrate results for Fishing
Creek Reservoir and Lake Wateree headwaters, respectively). The report discounts these over-predictions
indicating that nutrient and algal simulations are not sensitive to pH. However, the nutrient and algal
simulations should significantly influence pH and this substantial over-prediction (pH is a log scale)
indicates that the model is likely predicting substantially more algal productivity than is occurring in the
lakes. This will be discussed further under the discussion of chlorophyll a calibration.”
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CMU Response 10:
Reducing the net growth of algae did lower pH simulations in the lakes during the summer, but also
resulted in large negative error in chlorophyll-a concentrations and large positive error in nutrient
concentrations. The point made in the report is that although pH is a function of algae (among many other
processes), the converse is not true – nutrient and algae concentration are not a direct function of pH. The
simulation of pH is affected by the many processes within the model that affect alkalinity and total
inorganic carbon, in addition to algae growth. Of particular importance is the reaeration of CO2 from the
atmosphere as algae grows and consumes TIC. WARMF calculates the CO2 reaeration rate in lakes as a
fixed function of wind speed. A check of the resulting rate range and comparison with literature values
suggests that the resulting values may be too low. The first figure below demonstrates the change in the
pH simulation with an increase in the model reaeration rate at Lake Wateree (the change was made within
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the hard code, the model does not include coefficients to adjust reaeration in lakes). The results indicate
that though reaeration may be occurring at a reasonable rate during the winter, reaeration of CO2 during
algae growth is likely not adequate. Nutrient results (figures following pH) demonstrate that algae and
nutrient simulations are unaffected by this change. Since the primary constituents of concern for this
application are not affected by the results, revisiting the model formulation of reaeration is not feasible
within the current project constraints. Results of this test will be added to the final calibration report.
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CMU Comment 11:
“Total Suspended Solids
As indicated in the calibration report, the calibration results for TSS are not very good and the model is
generally under-predicting TSS. The report indicates the lack of TSS data and the effects of storms, soil
erosion, and sediment transport. Compared with other water quality parameters, there is greater
uncertainty in the model calibration for TSS. Adjustments of TSS calibration would have impacts on
other parameters, particularly TP. “
CMU Response 11:
There are insufficient observed data to evaluate the TSS calibration, particularly high concentrations. The
report has been updated in Sections 5.2 and 6.0 to clarify this point.
CMU Comment 12:
“Nitrate-Nitrogen
The calibration of nitrate-nitrogen appear to be adequate for the main stem of Catawba River downstream
of Lake Wylie (e.g. at River ID 89) and certain tributaries (e.g. Sugar Creek). However, in several cases,
simulated nitrate-nitrogen concentrations do not follow the observed values (e.g. Fishing Creek and
Rocky Creek). For example, simulations of nitrate-nitrogen are significantly off in Rocky Creek (see
Figure 5-32), where the model simulations of nitrate are higher than the observed (nitrate concentrations
are all between 0 and 1 mg/l, while simulated concentrations are between 1 and 6 mg/L in the summer
and fall of most years). The nitrate-N predictions for the reservoir locations typically follow the seasonal
patterns (see Figure 5-31 for Fishing Creek Reservoir). However, in examining the simulated versus
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observed scatter plots for each of the reservoir sites (Figure 5-31 to 5-37) the model consistently overpredicts nitrate-N concentrations and these over-predictions increase as one moves downstream in the
basin (i.e. Great Falls Reservoir calibration results are worse than Fishing Creek Reservoir, Cedar Creek
Reservoir calibration results are worse than the downstream Great Falls reservoir, etc.)”
CMU Response 12:
Model updates have somewhat improved nitrate simulations in both the tributaries and reservoirs.
In Fishing and Rocky Creek, the most significant periods of nitrate over-simulation occur during periods
of very low or near zero flow. During very low flows, error in concentration is amplified. Very slight
changes in baseflow (<0.1 cms) resulted in a drastic changes in constituent concentrations. These changes
did not result in any visible difference in nutrient concentrations in the reservoirs downstream.
Nitrate concentrations in reservoirs were improved through additional calibration of algae growth and
timing as well as correction of errors in point source concentrations. A slight over-simulation is still
apparent downstream of Fishing Creek Reservoir, however higher concentrations, which are the priority,
are overall being simulated well.
CMU Comment 13:
“As mentioned in the January 2014 draft report, there are few mechanisms in the WARMF model to
simulate a large removal of nitrate from the water column since it does not readily absorb to settling
particles and denitrification occurs only in nearly anoxic conditions.”
CMU Response 13:
This statement holds true. However since the highest error was occurring during low flow periods, slight
improvement in the model simulation of baseflow in Rocky Creek resulted in an improvement in nitrate
concentrations as well.
CMU Comment 14:
“Ammonia-Nitrogen
In all locations, the ammonia simulations are relatively good after year 2007. The pattern in observed
ammonia data appears to change around the year 2007, with overall higher concentrations before 2007
and lower concentrations after 2007. The change in pattern in 2007 is not consistently found in the point
source data nor in the hydrology, thus does not appear in the simulations.
Based on the January 2014 draft model calibration report, the calibration effort was focused on matching
the ammonia concentrations after 2007. The higher concentrations in the observed data prior to 2007
cause a large negative relative error in most locations.”
CMU Response 14:
An examination of ammonia concentrations over time in all South Carolina lake and stream samples
shows that ammonia concentrations overall increased from 2003 through 2008, before falling back to
about where they had been before 2003. The Catawba stations followed this pattern. The cause of this
pattern is not clear, but may be related to climate variability. However ammonia is typically the least
important of the forms of nitrogen in these waters averaging somewhat less than 10% of the total
nitrogen. The model calibration is generally better for nitrate, which usually accounts for most of the
nitrogen, and total nitrogen.
CMU Comment 15:
“Total Nitrogen
TN in WARMF is calculated as the sum of the dissolved and adsorbed concentrations of simulated
nitrogen species (ammonia and nitrate), plus organic nitrogen, which is calculated as a proportion of
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organic carbon. Since Nitrate-N represents the largest component of TN, the simulation results are
typically similar to those for Nitrate. Simulations were adequate for free-flowing portions of the Catawba
River and Sugar Creek. TN is substantially over-predicted for Rocky Creek and Fishing Creek. For the
reservoir stations, the TN pattern seems reasonable however the scatter plots show fairly consistent overprediction particularly as you compare progressively downstream reservoirs, similar to nitrate-N results.
In summary, the nitrogen simulation results do not match and generally over-predict observed data in
several circumstances. This issue needs to be addressed before the model can be used for allocation of TN
in the TMDL process. This is particularly true since TN impairment is “patchy” and only occurs at a few
locations within the basin based on the 2013 303(d) list.”
CMU Response 15:
As previously mentioned, emphasis was placed on calibrating the mainstem Catawba River since
proposed nutrient TMDLs will address impairments located in the reservoirs. In addition, most of the
loading reaching all reservoirs comes from sources upstream of Fishing Creek Reservoir. Sensitivity tests
on the effect of the model error in Fishing Creek and Rocky Creek showed the showed the error in the
nitrogen prediction for these tributaries does not adversely affect the model in Lake Wateree (see Figure
5-28).
CMU Comment 16:
“Phosphorus
“In general, the WARMF model simulates the appropriate amount of TP over the simulation timeframe.
However, the model performance statistics (see Table 5-8) indicate that the simulated values do not match
the observations well when compared at the daily time step. In order to improve the daily simulation
statistics, each tributary would have to be calibrated for hydrology, sediment transport, and TP
concentrations. The free-flowing stations in the Catawba River and Sugar Creek simulations are quite
good whereas Fishing Creek and Rocky Creek simulations are not as good. The scatter plots (see Figures
5-61 and 5-62) show pretty wide scatter with similar under and over-predictions. The reservoir
predictions of TP are adequate, especially at Fishing Creek Reservoir, although the same pattern of overprediction in each downstream reservoir is seen as observed with nitrate-N and TN.”
CMU Response 16:
The model represents most of the TP data on Fishing Creek and Rocky Creek reasonably well but misses
the higher values in the data. Both Fishing Creek and Rocky Creek data show an upward shift during
2010-2012 that is not represented by the model. The cause of the data shift is not known. Further
calibration since the public comment period has improved TP simulation in the lakes. The model predicts
TP levels in the lakes reasonably well.
CMU Comment 17:
“Generally, the TP simulations appear to be generally adequate, although the model calibration could
probably be improved. It is likely that improved calibration for TSS would also result in improved
calibration of TP.”
CMU Response 17:
There are limited TSS data available for use in the model application. Recalibration of TSS would not
improve results without substantially more data and is not within the budget constraints of this project. As
noted above, further calibration since the public comment period has improved TP simulation in the lakes.
The model predicts TP levels in the lakes reasonably well. The Department believes that the model
calibration for TP is adequate to begin addressing the phosphorus impairments.
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CMU Comment 18:
“A substantial number of ortho-phosphorus samples have been collected at Sugar Creek at SC-160 by
Charlotte-Mecklenburg Utilities, which allows for comparison between the simulated and observed
values. In general, the model simulates the trends in ortho-phosphorus concentration reasonably well at
this location.”
CMU Response 18:
Comment noted.
CMU Comment 19:
“Algae - Chlorophyll a
The model was calibrated to measured algae concentrations (based on chlorophyll a) at five selected
locations including Fishing Creek Reservoir, Great Falls Reservoir, Cedar Creek Reservoir and two
locations at Lake Wateree. The model is doing an acceptable job of simulating the annual pattern and
magnitude of algae concentrations for Fishing Creek Reservoir. However, the model simulation of algae
concentration for the downstream reservoirs is not as good and seems to over-predict chlorophyll a for the
Great Falls and Lake Wateree (especially headwater) locations.”
CMU Response 19:
Both referenced locations are primarily dependent on levels of algae released from the upstream reservoir,
which depends on the concentrations existing at the specified depth of the turbine intake. Though
WARMF appears to be simulating a reasonable profile (seen in WARMF profile plots for a specified
date), concentrations released are still higher than downstream observations. Further calibration efforts to
reduce concentration at depth while maintaining the quality of simulations at the surface were not
successful. Additional factors not included in the model may be affecting algae concentrations passing
through the turbines to downstream segments.
CMU Comment 20:
“The report makes the point that the chlorophyll a data represents one point during the day whereas the
model is simulating a daily average. We recognize there are a lot of complexities in calibrating the
chlorophyll a portion of the model. Given the indication by the pH results that the model is predicting
substantially more algal productivity than is occurring (because the increase in pH is reflective of uptake
of various carbonate ions by algae), it would seem that the model is calibrated to match the peaks more
than the mid-range concentrations. “
CMU Response 20:
See CMU Response 10 regarding pH simulations.
CMU Comment 21:
“Summary of Calibration Efforts
In summary, the overall approach for WARMF model calibration seems reasonable and consistent with
standard practice used to develop nutrient TMDLs. Based on the 303(d) impaired water lists, TP
impairments occur throughout the Lower Catawba River reservoirs. TN impairments are more “patchy,”
occurring in Fishing Creek reservoir and one location downstream. In terms of draft model simulation
results for nutrients, it appears that phosphorus simulation results are reasonably acceptable for further
steps in the TMDL process (e.g. TMDL allocation); however, efforts to improve the TSS calibration
would also impact TP predictions and would need to be considered before moving forward. Effort to
refine the TSS calibration should precede acceptance of the TP calibration results. It would be interesting
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to see a sensitivity analysis regarding TSS and whether the impacts related to TP, algae (as chlorophyll a)
and pH.”
CMU Response 21:
Such a sensitivity analysis could be helpful in understanding the significance of TSS for the TP, algae and
pH simulations; however, it is not feasible with the current project scope and budget constraints.
Additional sensitivity analyses may be needed and conducted as the model is applied for TMDL
development.
CMU Comment 22:
“There is a significant concern regarding whether current model calibration for nitrogen would be
adequate before it can be used in the further steps of the overall TMDL process. Current calibrated model
tends to over-predict nitrogen concentrations especially in some more rural tributaries and in the
reservoirs. Further improvement for model calibration of nitrogen is necessary before moving forward
with the TMDL process.”
CMU Response 22:
Some improvements to nitrate simulations have been made in both tributaries and reservoirs. See CMU
Response 12.
Next Steps in the TMDL Development Process
CMU Comment 23:
“The attached map indicates fairly widespread impairment of the TP water quality standard from Fishing
Creek Reservoir through Lake Wateree. SCDHEC and the NC Division of Water Resources have already
implemented requirements to reduce TP from point sources in the watershed by approximately 70 to 80
percent through permit requirements implemented primarily prior to 2007. These prior reductions should
be considered in developing an allocation approach for wasteload allocations (for point sources) and load
allocations for nonpoint sources. Specifically, we do not believe an equal marginal percent reduction
(EMPR) approach often used by States and EPA is appropriate unless the prior reductions are also
considered.”
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CMU Response 23:
See CMU Response 1.
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CMU Comment 24:
“TN allocation strategies need to be considered carefully for a number of reasons:


TN impairments are not widespread in throughout the reservoirs (see attached map)



The substantial over-prediction of nitrogen by the model may require more reductions than
necessary to meet any allocations developed



Nitrogen reductions at wastewater treatment facilities can require substantial modifications to
treatment approach at substantial cost; therefore, SCDHEC and stakeholders need to be satisfied
with model predictions prior to proceeding with this allocation step.”

CMU Response 24:
See CMU Response 2.

Mr. Dave Cole
(note: Mr. Cole’s comments were submitted prior to the review period in emails dated Dec. 31, 2013,
Jan. 7, 2014, and Jan. 15, 2014)
Cole Comment 1:
“I am formally writing you to specify and include lab analysis data from ND0080900 and SC0020443 in
all calibrated WARMF models for the same model time period stream data is used and calibrated for this
TMDL process. It is my opinion that it is a myth that "non-discharge" permits have no influence on
surface water quality. Each of these reports should be on file with DHEC's Brenda Green, and must be
contained in any model that leads to a scientifically sound representation of water quality in this basin. I
have attached a few examples of what I am referring to (2010 SCDHEC Annual Report, City of Rock
Hill, SC Residuals Land Application Program, Permit No. SC0020443). Please advise and clearly /
scientifically document any and all reasons as to why DHEC Department of Water rejects this reasonable
request.”
Cole Response 1:
Field location, size, and land application records in the 2010 annual reports for permits ND0080900 and
SC0020443 were used to determine that a total of 710 acres in Fishing Creek watershed received land
applied biosolids in 2010, including 62,269 kg of phosphorus and 36,694 kg of nitrogen. These results
were compared to the WARMF model inputs for all agriculture in Fishing Creek watershed (pasture plus
row crops) for the same period. Results are summarized in the table below:
Area (acres)

Phosphorus (kg/yr)

Nitrogen (kg/yr)

Total

185,014

Pasture and Row Crops in
WARMF Model

45,902

1,287,460

1,711,937

Biosolids Land Application
Reported 2010

710

62,269

37,694

Biosolids land application occurred on 0.4 percent of the total area in Fishing Creek watershed and 2
percent of agricultural land. Total phosphorus and nitrogen introduced from land application of biosolids
were 5 percent and 2 percent, respectively, of the total input already accounted for in the WARMF model.
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Actual quantities of phosphorus and nitrogen introduced to the Fishing Creek watershed from land
application of biosolids are relatively small compared to the phosphorus and nitrogen inputs used in the
WARMF model to represent all agriculture combined. The acreage receiving biosolids is included in the
WARMF model as part of the agricultural land use input. The phosphorus and nitrogen loads from
biosolids are accounted for in the much larger loads from all agriculture. Based on this data, the current
WARMF model application which aggregates all agricultural sources, including land application, by
landuse (pasture or row crops) is considered appropriate.
Cole Comment 2:
“The WARMF model is deemed flawed if you do not include all data. Please be sure to also include
Monitoring station data used from tetratech's study. This includes monitor stations CW-005, CW-007,
CW-654, CW-695, and CW-697 I have attached and included one part of this study if you are unclear as
to what I am referring to (draft TMDL Document, Fishing Creek Watershed, SCDHEC Monitoring
Stations CW-005, CW-007, CW-654, CW-695, and CW-697, August 2011).”
Cole Response 2:
The referenced sites are benthic macroinvertebrate sampling sites in Fishing Creek or one of the
tributaries. The macroinvertebrate population data collected at these sites are not relevant to the Catawba
WARMF model which is being used to assess nutrient concentrations in the downstream lakes. One of
the sites, CW-005 Fishing Creek at County Road S-46-347, is also a historical water quality monitoring
site which is currently inactive. Water quality data at this location were not originally included but have
been added in the revised version of the WARMF model.
Cole Comment 3:
“Again, DHEC has ignored land application data from sludge permit ND0080900 and SC0020443;
annual reports are on file at SCDHEC Department of Water and this information MUST be included in
any model / simulation. This is a SIGNIFICANT gap. All data - including so called "non-discharge" land
application data, must be included in any simulation for this model for the simulation years covered to
have any shred of credibility.”
Cole Response 3:
Phosphorus and nitrogen inputs resulting from land application of biosolids are accounted in the overall
agricultural inputs to the WARMF model, and because the loads from this specific agricultural source
type are a small fraction of the total load from all agriculture, it is not necessary to disaggregate them in
the model. See Cole Response 1.
Cole Comment 4:
“Again, SCDHEC has not included all water quality monitoring stations - Even SysTech , the creators of
this WARMF model recommend to include more data, not less. Station data from CW-005, CW-007,
CW-654, CW-695, and CW-697 were not included in updated model. This is a SIGNIFICANT gap. All
data - even temporary monitor station data - must be included in any/all/every watershed model for this
model even to have a shred of credibility. During the WARMF model meeting in November 2013,
DHEC's Wade Cantrell suggested that all data, including the data from TetraTech's study WOULD be
included in the updated model. Reading thru the report and looking at the dataset included in latest model
concluded this was a false statement. Please include the data from these monitor stations, redo model, and
advise when this has been completed. I've included the recording where Mr. Cantrell promised to include
tetratech data: https://soundcloud.com/user924162303/dhec-warmf-meeting-recording#t=47:18”
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Cole Response 4:
Relevant data from the Tetra Tech Fishing Creek study are included in the current Catawba WARMF
model. The Tetra Tech Fishing Creek study lists 11 stream water quality monitoring sites in the Fishing
Creek watershed. The sites are: CW-233, CW-234, CW-227, CW-008, CW-224, CW-096, CW-006,
CW-212, CW-225, CW-005, and CW-029. Water quality data from all of these sites are included in the
Catawba WARMF model. CW-005 and CW-212 were not originally included but have been added in
response to comments. An additional water quality site not included in the Tetra Tech study, RS-11056,
is also included in the Catawba WARMF model. As noted in the Response to Comment 2,
macroinvertebrate population data from the benthic sampling sites CW-005, CW-007, CW-654, CW-695,
and CW-697 were not included in the Catawba WARMF model because they are not relevant to the
nutrient model application targeting the downstream lakes.
Cole Comment 5:
“This application is closed source, buggy and ancient. Is this really the best we can do to protect our
natural resources? Program abends if user 1) Clicks file, open, navigate to catawba062013_fullshed.wsm,
click open, click tmdl from select module "APPCRASH, warmf.exe, owl52f.dll, exeption code
c00000005. No one (!) uses Borlands BDE to interface with a database anymore. The application is single
threaded and simulations take entirely too long. DHEC must demand modern software from their chosen
model contractor.”
Cole Response 5:
The WARMF model is an EPA-approved tool for nutrient TMDL applications.
Cole Comment 6:
“DHEC appears to have "fudged" numbers re: Land application dataset for quadrants where DHEC has
permitted sludge. DHEC *MUST* complete model for each historical and future land application site;
DHEC has the data in their folders and this information *MUST* be entered into the land application
model, pasture type land use, for this model to even have the slightest credibility. Pulling a value out of
thin air when you actually have application data on hand is disingenuous as best.”
Cole Response 6:
Biosolids land application data for Fishing Creek watershed were evaluated. Phosphorus and nitrogen
loads from biosolids were compared to WARMF model phosphorus and nitrogen loads from all
agricultural activity. Results demonstrated that phosphorus and nitrogen loads from biosolids are a small
fraction of the total agricultural input in the WARMF model. The current WARMF model application
which aggregates all agricultural sources, including land application, by landuse (pasture or row crops) is
considered appropriate.See Cole Response 1.
Cole Comment 7:
“Sampling rates at some stations is collected daily vs hourly (resolution). This leads to gaps in incoming
data; Attempt to use averages are a conversation non-starter. Recommend DHEC improve data collection
quality and quantity efforts to fine tune model.”
Cole Response 7:
Recommendation noted.
Cole Comment 8:
“I am unsure how this model simulates Metals.”
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Cole Response 8:
The current WARMF model application for the Lower Catawba River watershed does not simulate
dissolved metals. Simulation of metals is out the scope of this TMDL effort.
Cole Comment 9:
“DHEC's own Dr. Glover recommended that input data is insufficient in previous TMDL efforts when
modeling Fishing Creek proper in response to the conclusion presented by TetraTech. The assumption is
no new stations have been added to basin - if one were to believe Dr. Glover in 2011 in regards to
TetraTech's study, wouldnt one need to conclude the same is true today - that DHEC has insufficient data
- without DHEC having added additional monitoring stations? What is DHEC's plans to address Dr.
Glovers concerns? (attached) (Memorandum from James Glover to Heather Preston, dated 23 August
2011)”
Cole Response 9:
The Tetra Tech study related to macroinvertebrates in Fishing Creek, and it is true that macrovertebrate
sampling in Fishing Creek has been limited or not available in recent years. As noted above,
macroinvertebrate data, and any concerns about the Tetra Tech study, are not relevant to the current
project targeting nutrient levels in the downstream lakes.
Cole Comment 10:
“WARMF does nothing to model dissolved oxygen (DO); how does DHEC plan to address this gap?”
Cole Response 10:
WARMF models DO. Refer to Section 5.9 in the calibration report.
Cole Comment 11:
“WARMF does nothing to model toxics; How does DHEC plan to address this gap?”
Cole Response 11:
Toxics are not relevant to the current nutrient application.
Cole Comment 12:
“WARMF does nothing to model temperature; How does DHEC plan to address this gap?”
Cole Response 12:
WARMF models temperature. Refer to Section 5.1 in the calibration report.
Cole Comment 13:
“Where is instream calibration to compare model to actuals?”
Cole Response 13:
Comparisions, both graphical and statistical, between the model and observed data are presented
throughout the calibration report.
Cole Comment 14:
“Where is the formal error analysis of model?”
Cole Response 14:
Error statistics are included in the tables of calibration statistics throughout the calibration report.
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Cole Comment 15:
“WARMF does not seem to simulate or take into consideration ground water movement or septic system
use in a particular subcatchment; How does DHEC plan to address this gap?”
Cole Response 15:
Groundwater movement is simulated in the WARMF model. Septic systems are included as inputs in
each catchment.
Cole Comment 16:
“Where is the QA check that source data is accurate?”
Cole Response 16:
The Catawba WARMF model includes data from a number of organizations each with their own QAQC
protocols. DHEC data undergoes QAQC checks prior to publication and application in modeling projects
in accordance with the Department’s data quality policies.

NCDENR/DWR
Model Comments
NCDWR Comment 1:
“Hydrology labeling – For hydrology, it would help if the locations of the flow stations were labeled on
Figure 4-1 and were consistent with the station names referred to in Figures 4-2 to 4-7 and in Table 4-1.”
NCDWR Response 1:
The suggested changes have been made in the calibration report.
NCDWR Comment 2:
” Water quality labeling - For water quality, Figure 5-1 shows two stations named “Catawba River at US21.” Please check because it seems one of these is actually “Catawba River at SC 5.” Also, please check
that the locations provided in the water quality calibration tables (e.g. Table 5-1) are consistent with the
labels included in Figure 5-1. For example, “Catawba River downstream of Shoals” is a station location
in Table 5-1, but is not shown in Figure 5-1. “
NCDWR Response 2:
The suggested changes have been made in the calibration report.
NCDWR Comment 3:
“Flow – We recommend that the cumulative frequency graphs produced by WARMF be included in the
report.”
NCDWR Response 3:
The figures are already included in Section 4 of the report. The bottom right plot in each calibration
figure is the cumulative frequency graph.
NCDWR Comment 4:
“Calibration performance targets – while statistics are provided for the calibration parameters, there is no
discussion as to what targets were set for those statistical measures. In other words, what was used to
determine that a calibration was good? Were there any targets set, such as for relative error?
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DWR realizes that the figures and statistics provided in the report are readily produced by WARMF, but
we encourage some additional post processing of the output to provide more information on the
calibration. The following describes model performance targets that DWR has used for flow and water
quality. These targets provide additional confidence in the ability of the model to represent seasonal
trends. This is especially important when developing a TMDL (or any nutrient management strategy)
where summer periods tend to be the most critical.
For flow, we recommend using the performance criteria provided in the USGS HSPEXP – Expert System
for Calibration of HSPF (Lumb, et al., 1994); provided below in Table 1 below. These criteria can help
during calibration as they provide insight into how well the model is performing under various flow
conditions. For example, we prepared such a comparison for Rocky Creek in Chester County SC (Table
2). As Table 2 indicates, the model is performing well overall and in fall and winter, but the model seems
to be under predicting flow in spring and summer.
Table 1. Flow performance criteria.

1

Prediction Error

Percent Difference Criteria

Error in total volume

10%

Error in volume of 50% lowest flows

10%

Error in volume of 10% highest flows

15

Seasonal volume error - Summer

30

Seasonal volume error - Fall

30

Seasonal volume error - Winter

30

Seasonal volume error - Spring

30

Adopted from the USGS HSPEXP – Expert System for Calibration of HSPF (Lumb, et al., 1994).
Table 2. Evaluation of flow prediction in Rocky Creek:
Prediction Error

Model

Goal

Remarks

Error in total volume

-2.6%

10%

OK

Error in 50% lowest flows

-71.4%

10%

Check Calibration

Error in 10% highest flows

20.7%

15%

Check Calibration

Seasonal volume error - Summer

-42.0%

30%

Check Calibration

Seasonal volume error - Fall

-1.7%

30%

OK

Seasonal volume error - Winter

17.6%

30%

OK

Seasonal volume error - Spring

-168.6%

30%

Check Calibration

For water quality, it can be difficult to judge the quality of calibration when evaluating time series
plots because water quality is not collected on a daily basis. For water quality parameters, we
recommend seasonal box plots that compare the monthly median observation with the range of
model predictions. For example, we prepared such a plot for total nitrogen for Sugar Creek at SC-
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160, provided below in Figure 1. As shown in Figure 1, the model is predicting total nitrogen
very well at this location.

Figure 1. Total Nitrogen (mg/L), Sugar Creek at SC-160. The red dot is the median of observed
data and the box plot is the range predicted by the model.”

NCDWR Response 4:
The Department acknowledges that there are many approaches that can be taken to generate simulation
statistics and evaluate model performance, and the example provided is an excellent choice.
Unfortunately due to the number of locations and constituents included in the calibration, calculating
additional performance measures external to WARMF is not possible given the limited budget of the
project. Where possible, will modify the current report to state calibration targets for each of the
statistical evaluation criteria that are presented.
A table listing the indicated hydrologic calibration performance results for the four stream segments
where the model simulation of watershed hydrology can be evaluated has been added (Table 4-2).
Box & whisker plots of selected water quality constituents have also been included. Limitations in
observed data for some constituents precludes providing these types of graphs. Plots comparing the
median, quartiles, and 10% and 90% percentiles for simulations of TP, TN, and chlorophyll-a have been
added (Figures 5-x, ). The plot of TP indicates that the model simulates well the range of concentrations
in the observed data in the Lower Catawba Basin.
NCDWR Comment 5:
“pH – On page 46, Section 5.2, the last line states that improving pH simulation results should not be
considered a high priority because the nutrient and algae simulation is not particularly sensitive to
simulated pH values. However, in keeping with stream chemistry, the decay of organic matter depletes
DO and produces organic acids, thereby reducing the pH level. The depletion mechanism seems to be a
limiting factor in the engineering module of the model, and as a result the simulated pH statistics provided
in Table 5-2 appeared to be generally greater than the observed statistics at each station. The calibration
of organic N is not considered; however, it is important for pH calibration and could be one of the reasons
the pH calibration is not strong. Also, deposition from the air is not included as an input in the model. It is
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important for pH calibration. Addressing these issues would be a significant undertaking. Therefore,
unless pH is a specific target for TMDL development or critical for some other target, we would
recommend not including pH in the report. Actually air deposition of nitrogen is an input into the model.
Air deposition data is from the EPA Castnet database. Data for the Catawba Basin is from the Cranberry
station in the North Carolina mountains.”
NCDWR Response 5:
During calibration, organic decay rates were adjusted to test the effect on pH and nutrient simulations.
Increasing decay of organic matter from the current calibrated values caused the DO simulation to be far
too low and ammonia concentrations to be far too high. The pH did improve with more decay however
since other constituents of degraded this was determined not to be the correct mechanism for pH
adjustment. Tests of reaeration rates indicate that model wind-based values of CO2 reaeration may be too
low (see CMU Response #10). SCDHEC agrees that pH should not be of high concern since the error in
pH simulation (or correcting such error) does not directly affect simulations of nutrients and algae.
Organic nitrogen is including in the model as a portion of organic carbon. How large or small is that
portion (ie, the ratio of OrgN/OrgC) is a fixed value in WARMF system coefficients. In reality that ratio
is variable in space and time, likely introducing some error into WARMF TN simulations.
NCDWR Comment 6:
“TSS – On page 57, Section 5.3, the second paragraph states that data for TSS is more limited than other
parameters, so calibration for this parameter is more difficult, and there is greater uncertainty in the
results. It seems that the uncertainty is further increased due to constant soil coefficients, such as
percentage of sand, silt, and clay, and soil erosion factor, for entire sub watersheds and streams. These
coefficients should be input into the model with respect to actual physical soil types and land cover in
order to simulate existing sediment erosion and transport processes in the model. This is probably a
significant source of uncertainty with regards to the TSS calibration and should be addressed. This should
help improve the phosphorus calibration as well.”
NCDWR Response 6:
Updating the model with STATSGO or SSURGO data on particle size distribution and erosivity
information could improve sediment transport modeling results. However these soil characteristics are
highly spatially variable. The data would need to be aggregated to the catchment scale resulting in
average soil characteristics over a large area. How representative the average characteristic is for highly
variable and nonlinear catchment processes is debatable and the subject of many ongoing modeling
studies. We acknowledge that with such limited data for calibration using a spatial average of soil data
may have provided a better starting point than regional values. However, budget restrictions made the
latter approach necessary.
NCDWR Comment 7:
“Section 5.5 ammonia nitrogen – The difference in ammonia data prior to and after 2007 is discussed, but
is there any information available to explain why there is a pattern shift after 2007? Did lab procedures
change? Is this pattern evident in both states? If there are any known reasons why this pattern changed, a
brief discussion would be appropriate.”
NCDWR Response 7:
An examination of ammonia concentrations over time in all South Carolina lake and stream samples
shows that ammonia concentrations overall increased from 2003 through 2008, before falling back to
about where they had been before 2003. The Catawba stations followed this pattern. The cause of this
pattern is not clear, but may be related to climate variability. However, ammonia is typically the least
important of the forms of nitrogen in these waters averaging somewhat less than 10% of the total
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nitrogen. The model calibration is generally better for nitrate, which usually accounts for most of the
nitrogen, and total nitrogen.
NCDWR Comment 8:
“Section 5.10 dissolved oxygen – Are there any thoughts as to why the calibration of dissolved oxygen at
Fishing Creek Reservoir is not as good as at other locations? Potential sources of error should be
included.”
NCDWR Response 8:
The overall calibration of dissolved oxygen in all of the reservoirs (Fishing Creek is actually better than
other reservoirs) is not as good as the in-stream sites. Algae population dynamics and reservoir reaeration
add complexity to reservoir simulations and are likely the sources of greater error.
NCDWR Comment 9:
“Conclusion – It would be helpful if there was a conclusion included in the document that summarizes
where the model is performing well and where it is not, including a discussion of the key assumptions and
uncertainties.”
NCDWR Response 9:
An overall conclusion (Section 6) was added to the final calibration report. References became Section 7.

Resolute Forest Products
General Comments
RFP Comment 1:
“Resolute Forest Products (Resolute) and its consultants, Shield Engineering, Inc. (Shield) are of the
opinion that most of the Catawba River TMDL Coalition (CRTC) comments previously presented in
2002 are still appropriate for this modeling effort. Some of these are reiterated for emphasis and to
indicate that these are still important comments that do not appear to have been taken into consideration
by either Systech or SCDHEC. Before discussing the specific comments several general comments
concerning the modeling principles do need to be re-iterated as follows:

“The level of effort used to develop a model should reflect the significance of the regulatory
consequences that will flow from its application.” (CRTC, 2002). This statement still rings true
today, as much as it did 12 years ago. The follow-on from this statement in 2002 was the
recommendation for SCDEHEC to develop a Quality Assurance Project Plan for this work. Since
this recommendation was initially made, the Environmental Protection Agency (EPA) has issued
Guidance for Quality Assurance Project Plans for Modeling (EPA QA/G-5M, December 2002).
We are not aware of the development of a QAPP for this modeling effort. The Systech report
describing the 2014 modeling effort does not discuss quality assurance within the document
provided to the reviewers.
The development of the QAPP would require the modelers and SCDHEC to initially review the
defensibility of the selected model for use in this river basin and whether the model requires
specific attributes of the basin to be adjusted or changed within the model to reflect evolving
characteristics (see Comment #3) of that specific river basin. Many aspects of the modeling
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effort should be identified upfront in the QAPP and one of the more important of these includes
the performance criteria for the model. No known calibration criteria were defined prior to the
execution of the modeling effort. Hence our understanding of what is acceptable in terms of
calibration criteria and Systech’s degree of acceptability for calibration criteria may be different.
However, these discrepancies should be resolved upfront through a cooperative review (i.e.,
industries, municipalities, SCDHEC, modelers) of the QAPP for this modeling effort prior to the
execution of the modeling.
Calibration of a model is an iterative process. The Systech report describing the 2014 modeling
effort does not detail the iterative process used during the calibration. What changes or decisions
were made during the modeling process to improve the model calibration? Can those changes or
decisions be justified? Did such changes improve the model calibration, and if not why not?
Why was one type of simulation process (e.g., single segment vs. multiple segments vs. CEQUAL-W2) used for simulating the water bodies and not one of the other simulation processes?
The model calibration process is a tool that will provide an understanding of the peculiarities and
site specific aspects of a river basin. As a reader of the Systech report describing the 2014
modeling effort none of this process is evident.
Since there are no previously established (i.e., presented within a site-specific QAPP prior to the
execution of the modeling effort) acceptance criteria for the application of a model to simulate the
water quality of the Lower Catawba River, it is difficult to evaluate the acceptability of this
model for the intended purposes.”
RFP Response 1:
WARMF is an EPA-approved tool for nutrient TMDL projects such as the Catawba project. The
Catawba WARMF model is a historical model that has been developed and documented over time for the
purpose of evaluating nutrient scenarios in the Catawba Lakes. For the current project, the historical
Catawba WARMF model was updated to present day using all available data. Development of a QAPP
for the model update was beyond the scope of the current project and was not considered necessary since
the purpose was to update the existing model. Based on the calibration results for the target waterbodies,
the Department considers the current Catawba WARMF model suitable for the intended application to
develop nutrient reduction scenarios for the Catawba system.
RFP Comment 2:
“The Systech report describing the 2014 modeling effort does not present results of any sensitivity
analyses from which the reader could better understand which attributes of the river basin are sensitive
and which attributes are insensitive. An understanding of these sensitivities is critical for those industries
with discharge permits along the river course between Lakes Wylie and Wateree. These sensitivities are
particularly important for their potential impact upon those water quality parameters that may ultimately
be provided a TMDL (e.g., total phosphorus). Knowing which model input parameters are sensitive on
the constituent concentrations (particularly those for which a TMDL is being considered) in the river
provides a basis for SCDHEC to focus on those users of the Catawba River that have the greatest impact
on those model parameters – for example; land use; flows from North Carolina; etc. (see Comments #3
and #11).
Discussion was presented within the report concerning sensitive input parameters, however no sensitivity
analyses were presented to the reader for evaluating which model input parameters are critical to the users
of the Catawba River. “
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RFP Response 2:
The sensitivity analysis was not included in the current scope of work. Additional sensitivity analyses
may be needed and conducted as the model is applied for TMDL development.
RFP Comment 3:
“A concern with a water quality model such as WARMF is the land use characteristics for the river basin.
The categorization of land uses across the river basin used within this particular version of the model is
based on 2006 land use data. The Systech report describing the 2014 modeling effort does state “The
model is sensitive to the ‘land use’ coefficients shown in Table 3-2.” In accepting this statement at face
value, as no sensitivity analyses data were presented, that would suggest that as increased development
occurs throughout the northern part of the river basin (i.e., both York and Mecklenburg County areas)
land use patterns keep changing as formerly rural land is enveloped into these growing metropolitan
areas. These land use changes are likely to impact the non-point source contributions and hence make it
more difficult for any water quality model to simulate dynamic conditions using steady-state data. The
dynamics of a river basin such as the Catawba River are likely difficult to simulate under the best of
circumstances due to the multiplicity of variables, but such a simulation is only made more difficult using
steady state data to reflect a dynamic system. This dilemma would have been assessed and resolved, if it
was found to need resolution, if the processes outlined within a project QAPP were to be followed by the
modelers.
This water quality model is a dynamic tool capable of replicating changes in numerous input parameters,
however based on the stated sensitivity of land use data (which was not quantified), the ability of this
model to reflect a dynamic system utilizing steady-state data raises questions as to the appropriateness of
this model for simulating the Catawba River basin. ”
RFP Response 3:
The statement about sensitivity in the January 2014 draft calibration report referred to sensitivity of land
use coefficients, not the percentage of a particular landuse (e.g. developed) within the catchments. The
latter being the model inputs that would change due to the urban development described above. The land
use coefficients listed in Table 3-2 are sensitive because they apply to all area of the corresponding land
use over the entire watershed. Changes to these coefficients typically have a larger impact on resulting
simulations at downstream points than other land use related coefficients in the model. However this does
not imply that the model would be sensitive to changes to the relative fraction of land use covering each
sub-catchment area. The level of increase in developed (and corresponding decrease in ag/rural) land use
associated with urbanization in local areas during the simulation period is unlikely to have a measurable
effect on simulations at the outlet of a watershed of this scale. Tests of this could be performed by the
user by altering a given catchments assigned landuse percentages. Furthermore, virtually all watershed
models utilize static land use information to simulate runoff and water quality processes over the
simulation timeframe. Land use data is extremely difficult to accurately obtain, and therefore data sets are
typically available on approximately ten-year intervals.
RFP Comment 4:
“A review of the 2003 model results indicate that though the current 2014 model provides a better fit to
the observed data it is evident and the modelers suggest that additional model calibration is needed for
select parameters. In addition, it is disconcerting that select parameters (periphytes, pH) are not
considered "high priority". The fit (simulated vs observed) of the pH results are relatively good for the
upstream boundary and Sugar Creek, but are woefully inaccurate for all other stations. The results for
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all modeled parameters provide confidence to the regulated community that the kinetics of the modeled
segment is understood and properly characterized.”
RFP Response 4:
The effect of including periphyton on nutrient and algae simulations was demonstrated to be minimal
with simulation examples in Section 2 of the calibration report. The error is pH simulation was found to
be most likely due to atmospheric reaeration of CO2 during algae growth. Figures are included in the
final report demonstrating the effect of reaeration on the pH simulation and resulting insignificance for
nutrient and algae simulations. For practical purposes, priority constituents must be identified for any
model of this size and scope. In this case, pH is not the constituent of concern, nor does reduction of error
in pH simulations affect the primary constituents of concern.
RFP Comment 5:
“The WARMF model, as constructed, provides the ability to settle particulate matter, but does not allow
for their resuspension. Since phosphorus has the potential to adsorb to solids and is a building block of
algae, once the solids settle or the algae die and settle, the phosphorus is no longer available to
phytoplankton in the model. In reality, after settling, the phosphorus and to a lesser extent nitrogen, can
be released from the sediment into the overlying water column. This availability is the result of
resuspension from shallow waters and the benthic release from the sediment. The benthic release of
nutrients is a recognized phenomena in lake modeling and under select conditions, has been shown to be a
significant phosphorus source in lake modeling studies.1,2,3,4 We are aware of studies conducted by US
EPA that measure lake nutrient flux in southeastern reservoirs. The referenced Nutrient in Lakes and
Reservoirs study reaffirms this fact: “Internal loading of nutrients, a process whereby phosphorus is
released from sediment under conditions of low oxygen, can be significant in reservoirs.” 4
The WARMF model uses a simplistic modeling process for nutrients that involves routing external loads
from watersheds and point sources through downstream reaches, including rivers and reservoirs. This
modeling process ignores the internal loading processes (resuspension and benthic release) that have been
proven to be a potentially significant source of nutrients in reservoirs. As a result, to calibrate a model the
external loading must be increased to compensate for the lack of internal loading. It is our opinion that
internal loads be included in the model. “
RFP Response 5:
WARMF model does in fact account for settling and resuspension of particulate matter in each stream and
lake segment. The magnitude of settling and resuspension within each stream segment is dependent on the
hydraulic geometry of the stream segment. In lakes, WARMF simulates diffusion of constituents from the
lake bed sediments back into the water column (See Section 3-42 of WARMF Technical Documentation,
October 2001).
RFP Comment 6:
“Several of the upstream wastewater treatment facilities (WWTF) were upgraded in 2006-07 to
incorporate nutrient removal. As a result there is a noticeable difference in the 2003-2006 and the 20062012 observed data. It is our opinion that focus of the calibration (specifically calibration statistics)
should center around that time period.”
RFP Response 6:
The model calibration period began in 2003 because this incorporates some of the previous model
calibration period. Including this longer period in the calibration also incorporates more of the limited
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observed data necessary for calibration. However, going forward the focus of modeling will be the period
after the significant changes in phosphorus that occurred in 2005 and 2006.
RFP Comment 7:
“Total nitrogen - as stated in the Calibration Report (pg. 86) Total Nitrogen (TN) mimics the ammonia
and nitrate results and where there are issues with ammonia or nitrate there will be issues with TN. As
can be seen in several of the figures (5-48 to 5-57), the simulation results for two (2) stations could be
considered to represent the in-situ kinetics while the results at six (6) stations are greater than the
observed data and one (1) under predicts. It was noted that the TN results at many stations had a better fit
to higher concentrations than to the lower concentrations. Since the model had difficulty in reproducing
TN concentrations less than 1 mg/l, the model when used for regulatory purposes will have a bias to
predict higher concentrations. The over prediction should be reconciled.”
RFP Response 7:
Some improvements have been made to TN simulations in both tributaries and reservoirs. Concentrations
just above and in Fishing Creek Reservoir are the primary indication of the model’s representation of
upstream nutrient load. Load coming from Rocky and Fishing Creek are comparatively small (even while
over-simulated) and have a minimal effect on reservoir concentrations. Test simulations using Fishing
and Rocky Creek as boundary conditions (i.e., adjusting simulated to the observed concentrations)
indicate that simulation error in those two tributary simulations has no visible/measurable impact on the
reservoir simulations. Variation in concentration within the reservoirs (downstream of the inflow point to
Fishing Creek Reservoir) is primarily a reflection of internal dynamics rather than external loading.
During model calibration, the intended application always guides the focus of calibration. If high
concentrations are the concern, calibration focuses on high concentrations.
The model predicts total nitrogen in Fishing Creek and Great Falls Reservoirs reasonably well. As shown
in Figure B-6, the major sources of total nitrogen are upstream of Fishing Creek Reservoir. The
Department considers the model suitable to evaluate total nitrogen scenarios for the sources to Fishing
Creek Reservoir.
RFP Comment 8:
“Total phosphorus –The observed total phosphorus (TP) is exhibiting a pattern of trending lower in 8 of
the 10 calibration stations. This pattern is more than likely the result of the regulations enacted in North
Carolina limiting the TP that can be discharged from WWTFs. The downstream reservoirs act as sinks
for the phosphorus and as previously mentioned, result in a future internal nutrient source. These
significant changes in upstream loading rates can take significant periods of time to work their way out of
downstream reservoirs.
The model results for TP are mixed. As stated in the report (pg 100) "indicating that the simulated values
do not match the observations particularly well when compared at the daily time step." Since phosphorus
could be the limiting factor for algal growth, the simulation of the fate of phosphorus is paramount when
evaluating compliance with established criteria. The recommendation to provide a better correlation
between flow and phosphorus adsorption, may be needed, but it is our opinion that the first step would be
to incorporate within the model internal loading from the reservoir sediments.”
RFP Response 8:
See Response #5 - The WARMF model does currently include internal loading from the reservoir
sediments via diffusion.
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RFP Comment 9:
“Chlorophyll a - though we agree with the report statement (pg 111) that the simulations "follow the
correct seasonal trends and approximate magnitude of the observations" , it is our opinion that the model
is generally over predicting algal concentrations, particularly in the important post 2006 period. It is not
difficult for a model to be seasonally correct (abundant light, warm temperatures and ample nutrients). It
is more difficult to calibrate to the observed value when the available data are scant.
It is difficult to have any confidence in the "calibration" results shown on Figures 5-69 to 5-73.
Reservoirs, even shallow reservoirs, have thermoclines with the top layers warmer during the spring,
summer and fall seasons. These warm top layers are where the algal population thrives and where water
quality samples for algae are collected. In addition, algal concentrations vary over the course of a day,
with the highest concentrations normally in the mid to late afternoon and lowest concentrations during the
night. Since the reservoirs were modeled as homogeneous systems (not layered) and the simulation
results are daily averages, it is near impossible to evaluate the acceptability of the "calibration" results.
Incorporating lake/reservoir segments into the model would provide the capability to simulate kinetics in
individual layers and provide a more direct comparison to the observed data. “
RFP Response 9:
WARMF does simulate lake layers, and the changing algae concentration with depth of the lake can be
seen in the profile plots of the WARMF output. The plots of simulated versus observed algae
(Chlorophyll a) included in the report are showing the simulated concentration in the surface layer of the
lake as compared to observations.
Note that the Department only collects profile data for a limited number of parameters and at a few
reservoir locations statewide. The calibration effort compared simulated versus observed surface values
during the September 2003 - September 2012 time-frame.
Comments on Future Use of WARMTH Model
RFP Comment 10:
“As CRTC (2002) outlined in their fourth comment “to date most of the work associated with the TMDL
development process has focused on the relationship between point source phosphorus loadings and
ambient phosphorus and chlorophyll a levels.” We would like to take this opportunity to reiterate that
SCDHEC should consider non-point sources reduction options for these constituents. A recent
Government Accountability Office (GAO) report Changes Needed If Key EPA Program Is to Help
Fulfill the Nation’s Water Quality Goals (December 2013) indicated that “In response to GAO’s survey,
state officials reported that long-established TMDLs generally do not exhibit factors most helpful for
attaining water quality standards, particularly for nonpoint source pollution (e.g., farms and storm water
runoff). The officials reported that landowner participation and adequate funding—factors they viewed as
among the most helpful in implementing TMDLs—were not present in the implementation activities of at
least two-thirds of long-established TMDLs, particularly those of nonpoint source TMDLs. Because the
Clean Water Act addresses nonpoint source pollution largely through voluntary means, EPA does not
have direct authority to compel landowners to take prescribed actions to reduce such pollution. In GAO’s
survey, state officials knowledgeable about TMDLs reported that 83 percent of TMDLs have achieved
their targets for point source pollution (e.g., factories) through permits but that 20 percent achieved their
targets for nonpoint source pollution. In 1987, when the act was amended to cover such pollution, some
Members of Congress indicated that this provision was a starting point, to be changed if reliance on
voluntary approaches did not significantly improve water quality. More than 40 years after Congress
passed the Clean Water Act, however, EPA reported that many of the nation’s waters are still impaired,
and the goals of the act are not being met. Without changes to the act’s approach to nonpoint source
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pollution, the act’s goals are likely to remain unfulfilled.” This conclusion by GAO does indicate that
non-point source pollution should be given consideration by the regulators. A properly calibrated and
“confirmed” model would be a useful tool to assess the optimal direction for SCDHEC to move (i.e.,
point sources or non-point sources) in terms of improving the water quality of the rivers in South
Carolina.
A water quality model meeting predetermined acceptance criteria and subsequently confirmed as being
capable of simulating the water quality of the lower Catawba River basin would better provide SCDHEC
the optimal direction for focusing future goals (point sources vs. non-point sources) to improve the water
quality of the rivers in South Carolina. “
RFP Response 10:
SCDHEC recognizes that improving water quality in these reservoirs to meet the nutrient standards
cannot be accomplished by reductions in traditional point sources alone. Reductions in loading will also
need to come from regulated stormwater MS4s, unregulated stormwater MS4s, agriculture, septic
systems, and other anthropogenic controllable source that is determined to be contributing to the
impairments. SCDHEC and NCDENR have limited regulatory authority over nonpoint sources, which
will have to be targeted with incentive programs such as 319 grants. The TMDLs will include
recommended reductions from all sources. Only by targeting the recommended reductions from all
sources (both the wasteload allocation and load allocation) will the water quality standards for nutrients
be achieved.
RFP Comment 11:
“To emphasize the latter portion of the CRTC (2002) fourth comment “is for SCDHEC to give adequate
consideration to the substantial non-point source component originating from North Carolina.” The
significant reduction in the total phosphorus loading in Sugar Creek especially around 2006 and 2007 was
largely due to the construction of the biological nutrient removal systems at the three WWTP that
discharge into Sugar Creek (i.e., Irwin Creek, Sugar Creek, and McAlpine Creek WWTPs). This creek is
tributary to the Catawba River upstream from the Resolute Forest Products NPDES discharge point.
Discharges entering into North Carolina waters should not be considered irreducible, “SCDHEC should
coordinate with DENR to explore opportunities for achieving basin-wide reductions”, utilizing joint
initiatives and programs with the goal of reducing specific constituent concentrations.
Recommend more cooperative efforts between SCDHEC and DENR through joint initiatives and
programs to reduce specific constituent concentrations throughout the river basin. “
RFP Response 11:
SCDHEC has been working with NCDENR and will continue to collaborate regarding this TMDL effort.
As stated in the previous response, achieving the reductions necessary to eliminate the nutrient
impairments will necessarily include the sources in North Carolina, both regulated and nonpoint sources.
The targeted watersheds include the North Carolina parts of Sugar, Twelvemile, Waxhaw, and Cane
Creeks.
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The City of Rock Hill
General Comments
RH Comment 1:
“In regard to TP, SCDHEC and the NC Division of Water Resources have already implemented
requirements to reduce TP from point sources in the watershed by approximately 70 to 80 percent through
permit requirements implemented primarily prior to 2007. These prior reductions should be considered in
developing an allocation approach for wasteload allocations (for point sources) and load allocations for
nonpoint sources. Specifically, we do not believe an equal marginal percent reduction (EMPR) approach
often used by States and EPA is appropriate unless the prior reductions are also considered.”
RH Response 1:
See CMU Response 1.
RH Comment 2:
“TN allocation strategies need to be considered carefully for a number of reasons:
TN impairments are not widespread in the reservoirs.
The substantial over-prediction of nitrogen by the model may require more reductions than necessary to
meet any allocations developed.
Nitrogen reductions at wastewater treatment facilities can require substantial modifications to treatment
approach at substantial cost; therefore, SCDHEC and stakeholders need to be satisfied with model
predictions prior to proceeding with this allocation step.”
RH Response 2:
See CMU Response 2.
Model Documentation
RH Comment 3:
“Model Coefficients Description
In terms of model coefficients, Section 3.2 “Model Coefficients” listed (a) system coefficients, (b)
catchment coefficients; (c) river coefficients and (d) reservoir coefficients. Tables 3-1 to 3-8 in this
section have listed the final model calibration coefficients (e.g. either using model default values or
calibrated values). We suggest adding one more data column in summary tables (i.e. Tables 3-1 to 3-8) to
indicate whether model default values or calibrated values were used for any particular coefficient.”
RH Response 3:
See CMU Response 3.
RH Comment 4:
“ Point Source Discharges
In the January 2014 draft model calibration report, there was no description of point source discharges,
except for listing a June 2013 technical memo as one of the references. This makes it difficult for the
readers to locate the information on point source data by just looking at the January 2014 draft report
alone. Therefore, there should be better cross-referencing between the January 2014 draft calibration
report and the June 2013 technical memo on model updates.
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In Table 3 of the point source section (on page 3 of June 2013 technical memo), only 12 point sources
newly added to the model (among a total of 305 point sources) were listed. Furthermore, Appendix 1 of
June 2013 technical memo only provided a summary list of “Updated Point Source Input Files”, without
descriptive information on each point source discharge (e.g. name of discharges). This made it difficult to
track down specific point source information without spending additional search efforts. We would like to
recommend such summary information on point sources to be included in the model calibration report so
that a reviewer does not need to be looking at other reports or attempt to determine pint source
information from the model input files.”
RH Response 4:
See CMU Response 4.
RH Comment 5:
“ Land Use
To update land use information in the Catawba River WARMF application, gridded land cover data from
the 2006 National Land Cover Database (NLCD) was downloaded. The land cover data were overlaid
with the updated catchment boundaries and percentages of each land cover classification contained within
each catchment were calculated.
Regarding land use coefficients, there are a number of model system coefficients which have values for
each land use. These coefficients define how the different land uses receive anthropogenic model inputs
such as irrigation and respond to natural model inputs such as atmospheric deposition. These land use
coefficients were set based on literature values and agricultural practice. It appears that development of
land use as model inputs followed the standard practice of model development.”
RH Response 5:
See CMU Response 5.
RH Comment 6:
“Nutrient Budget
Summary information on relative loading from point sources versus land use or upstream sources was not
included in the model calibration report. Although this is not necessarily required for a calibration report,
it does provide insight into issues related to model calibration. Ideally, this information would be
available for subwatershed areas. For instance, the problems with the nitrate N calibration for a tributary
such as Rocky Creek could be better understood if the reviewer knew the relative loading contributions
(without having to dig them out of the model).”
RH Response 6:
See CMU Response 6.

Adequacy of Hydrology and Water Quality Calibration
RH Comment 7:
“Hydrologic Calibration
Hydrologic calibration is the process of adjusting the coefficients of the rainfall-runoff model so that the
simulations of streamflow better match the observations as well as possible. There are three levels of
hydrologic calibration: global, seasonal, and event.
The overall hydrologic calibration appears acceptable and in some cases matches well with observed
streamflow. However, the hydrologic calibration for tributaries such as Sugar Creek (more urban land use
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type) and Rocky Creek (more rural land use type) appear to be significantly inferior to other subwatersheds (see Figure 4-3 in January 2014 model calibration report). An explanation for possible reason
should be provided in the draft report.”
RH Response 7:
See CMU Response 7.
RH Comment 8:
“As an overall comment for Section 4 “Hydrology Calibration Report”, the comparison plots for
simulated flow versus observed flow (i.e. Figures 4-2 to 4-7) are difficult to see during the low flow
ranges. A log-log scale should be considered to allow better visualization of the calibration results.”
RH Response 8:
See CMU Response 8.

Water Quality Calibration
RH Comment 9:
“Temperature
The temperature calibration appears quite good for both free-flowing portion of the Catawba River,
tributaries such as Sugar Creek and Rocky Creek, and the lake stations. The temperature calibration
statistics shows that the relative error is negative at nearly all sampling locations by comparing model
simulation and observed data. This indicates a very slight systematic under-prediction of water
temperature (within 1°C).”
RH Response 9:
See CMU Response 9.
RH Comment 10:
“pH
The pH calibration appears adequate to good for the free-flowing stations of the Catawba River and
tributaries. The model significantly over-predicts pH for the reservoir sites with predicted values
frequently exceeding a pH of 10 (see Figures 5-17 and 5-20 below which illustrate results for Fishing
Creek Reservoir and Lake Wateree headwaters, respectively). The report discounts these over-predictions
indicating that nutrient and algal simulations are not sensitive to pH. However, the nutrient and algal
simulations should significantly influence pH and this substantial over-prediction (pH is a log scale)
indicates that the model is likely predicting substantially more algal productivity than is occurring in the
lakes. This will be discussed further under the discussion of chlorophyll a calibration.”
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RH Response 10:
See CMU Response 10.
RH Comment 11:
“Total Suspended Solids
As indicated in the calibration report, the calibration results for TSS are not very good and the model is
generally under-predicting TSS. The report indicates the lack of TSS data and the effects of storms, soil
erosion, and sediment transport. Compared with other water quality parameters, there is greater
uncertainty in the model calibration for TSS. Adjustments of TSS calibration would have impacts on
other parameters, particularly TP. “
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RH Response 11:
See CMU Response 11.
RH Comment 12:
“Nitrate-Nitrogen
The calibration of nitrate-nitrogen appear to be adequate for the main stem of Catawba River downstream
of Lake Wylie (e.g. at River ID 89) and certain tributaries (e.g. Sugar Creek). However, in several cases,
simulated nitrate-nitrogen concentrations do not follow the observed values (e.g. Fishing Creek and
Rocky Creek). For example, simulations of nitrate-nitrogen are significantly off in Rocky Creek (see
Figure 5-32), where the model simulations of nitrate are higher than the observed (nitrate concentrations
are all between 0 and 1 mg/l, while simulated concentrations are between 1 and 6 mg/L in the summer
and fall of most years). The nitrate-N predictions for the reservoir locations typically follow the seasonal
patterns (see Figure 5-31 for Fishing Creek Reservoir). However, in examining the simulated versus
observed scatter plots for each of the reservoir sites (Figure 5-31 to 5-37) the model consistently overpredicts nitrate-N concentrations and these over-predictions increase as one moves downstream in the
basin (i.e. Great Falls Reservoir calibration results are worse than Fishing Creek Reservoir, Cedar Creek
Reservoir calibration results are worse than the downstream Great Falls reservoir, etc.) “
RH Response 12:
See CMU Response 12.
RH Comment 13:
“As mentioned in the January 2014 draft report, there are few mechanisms in the WARMF model to
simulate a large removal of nitrate from the water column since it does not readily absorb to settling
particles and denitrification occurs only in nearly anoxic conditions.”
RH Response 13:
See CMU Response 13.
RH Comment 14:
“Ammonia-Nitrogen
In all locations, the ammonia simulations are relatively good after year 2007. The pattern in observed
ammonia data appears to change around the year 2007, with overall higher concentrations before 2007
and lower concentrations after 2007. The change in pattern in 2007 is not consistently found in the point
source data nor in the hydrology, thus does not appear in the simulations.
Based on the January 2014 draft model calibration report, the calibration effort was focused on matching
the ammonia concentrations after 2007. The higher concentrations in the observed data prior to 2007
cause a large negative relative error in most locations.”
RH Response 14:
See CMU Response 14.
RH Comment 15:
“Total Nitrogen
TN in WARMF is calculated as the sum of the dissolved and adsorbed concentrations of simulated
nitrogen species (ammonia and nitrate), plus organic nitrogen, which is calculated as a proportion of
organic carbon. Since Nitrate-N represents the largest component of TN, the simulation results are
typically similar to those for Nitrate. Simulations were adequate for free-flowing portions of the Catawba
River and Sugar Creek. TN is substantially over-predicted for Rocky Creek and Fishing Creek. For the
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reservoir stations, the TN pattern seems reasonable however the scatter plots show fairly consistent overprediction particularly as you compare progressively downstream reservoirs, similar to nitrate-N results.
In summary, the nitrogen simulation results do not match and generally over-predict observed data in
several circumstances. This issue needs to be addressed before the model can be used for allocation of TN
in the TMDL process. This is particularly true since TN impairment is “patchy” and only occurs at a few
locations within the basin based on the 2013 303(d) list.”
RH Response 15:
See CMU Response 15.
RH Comment 16:
“Phosphorus
In general, the WARMF model simulates the appropriate amount of TP over the simulation timeframe.
However, the model performance statistics (see Table 5-8) indicate that the simulated values do not match
the observations well when compared at the daily time step. In order to improve the daily simulation
statistics, each tributary would have to be calibrated for hydrology, sediment transport, and TP
concentrations. The free-flowing stations in the Catawba River and Sugar Creek simulations are quite
good whereas Fishing Creek and Rocky Creek simulations are not as good. The scatter plots (see Figures
5-61 and 5-62) show pretty wide scatter with similar under and over-predictions. The reservoir
predictions of TP are adequate, especially at Fishing Creek Reservoir, although the same pattern of overprediction in each downstream reservoir is seen as observed with nitrate-N and TN.”
RH Response 16:
See CMU Response 16.
RH Comment 17:
“Generally, the TP simulations appear to be generally adequate, although the model calibration could
probably be improved. It is likely that improved calibration for TSS would also result in improved
calibration of TP. “
RH Response 17:
See CMU Response 17.
RH Comment 18:
“A substantial number of ortho-phosphorus samples have been collected at Sugar Creek at SC-160 by
Charlotte-Mecklenburg Utilities, which allows for comparison between the simulated and observed
values. In general, the model simulates the trends in ortho-phosphorus concentration reasonably well at
this location.”
RH Response 18:
See CMU Response 18.
RH Comment 19:
“Algae - Chlorophyll a
The model was calibrated to measured algae concentrations (based on chlorophyll a) at five selected
locations including Fishing Creek Reservoir, Great Falls Reservoir, Cedar Creek Reservoir and two
locations at Lake Wateree. The model is doing an acceptable job of simulating the annual pattern and
magnitude of algae concentrations for Fishing Creek Reservoir. However, the model simulation of algae
concentration for the downstream reservoirs is not as good and seems to over-predict chlorophyll a for the
Great Falls and Lake Wateree (especially headwater) locations.”
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RH Response 19:
See CMU Response 19.
RH Comment 20:
“The report makes the point that the chlorophyll a data represents one point during the day whereas the
model is simulating a daily average. We recognize there are a lot of complexities in calibrating the
chlorophyll a portion of the model. Given the indication by the pH results that the model is predicting
substantially more algal productivity than is occurring (because the increase in pH is reflective of uptake
of various carbonate ions by algae), it would seem that the model is calibrated to match the peaks more
than the mid-range concentrations. “
RH Response 20:
See CMU Response 20.
RH Comment 21:
“Summary of Calibration Efforts
In summary, the overall approach for WARMF model calibration seems reasonable and consistent with
standard practice used to develop nutrient TMDLs. Based on the 303(d) impaired water lists, TP
impairments occur throughout the Lower Catawba River reservoirs. TN impairments are more “patchy,”
occurring in Fishing Creek reservoir and one location downstream. In terms of draft model simulation
results for nutrients, it appears that phosphorus simulation results are reasonably acceptable for further
steps in the TMDL process (e.g. TMDL allocation); however, efforts to improve the TSS calibration
would also impact TP predictions and would need to be considered before moving forward. Effort to
refine the TSS calibration should precede acceptance of the TP calibration results. It would be interesting
to see a sensitivity analysis regarding TSS and whether the impacts related to TP, algae (as chlorophyll a)
and pH.”
RH Response 21:
See CMU Response 21.
RH Comment 22:
“There is a significant concern regarding whether current model calibration for nitrogen would be
adequate before it can be used in the further steps of the overall TMDL process. Current calibrated model
tends to over-predict nitrogen concentrations especially in some more rural tributaries and in the
reservoirs. Further improvement for model calibration of nitrogen is necessary before moving forward
with the TMDL process.”
RH Response 22:
See CMU Response 22.

Next Steps in the TMDL Development Process
RH Comment 23:
“The attached map indicates fairly widespread impairment of the TP water quality standard from Fishing
Creek Reservoir through Lake Wateree. SCDHEC and the NC Division of Water Resources have already
implemented requirements to reduce TP from point sources in the watershed by approximately 70 to 80
percent through permit requirements implemented primarily prior to 2007. These prior reductions should
be considered in developing an allocation approach for wasteload allocations (for point sources) and load
allocations for nonpoint sources. Specifically, we do not believe an equal marginal percent reduction
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(EMPR) approach often used by States and EPA is appropriate unless the prior reductions are also
considered.”

Map showing impairments in Lower Catawba River basin Lakes based on SC 2012 303 (d) list
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RH Response 23:
See CMU Responses 1 & 23.
RH Comment 24:
“TN allocation strategies need to be considered carefully for a number of reasons:
TN impairments are not widespread in throughout the reservoirs (see attached map)
The substantial over-prediction of nitrogen by the model may require more reductions than necessary to
meet any allocations developed
Nitrogen reductions at wastewater treatment facilities can require substantial modifications to treatment
approach at substantial cost; therefore, SCDHEC and stakeholders need to be satisfied with model
predictions prior to proceeding with this allocation step.”
RH Response 24:
See CMU Response 24.

The South Carolina Department of Transportation (SCDOT)
General Comments
SCDOT Comment 1:
“WARMF (Watershed Analysis Risk Management Framework) is a base model developed by the EPA to
facilitate TMDL development. Although WARMF uses state of the art hydrologic and water quality
process equations, it performs simulations in daily time-step increments only. At this time scale, impacts
from stormwater runoff are often muted. Extrapolating the pollutant loading results from the current
model to assess the impacts of MS4s from storm events on water quality will yield inaccurate estimates.
The results will be further aggravated since the water quality portion of the model has not been well
calibrated, and furthermore, the model calibration has not been tested through model validation.”
SCDOT Response 1:
The WARMF model is capable of simulating hydrology and water quality on a sub-daily time step. The
process requires sub-daily meteorology information, which is not available from the publicly available
data sources. Additional calibration was performed resulting in some improvement to nutrient
simulations. The project budget, combined with limited record of observed data for some constituents, did
not support reserving several years of data as necessary for a model validation. The process of validation,
though desirable in theory and academic studies, for practical purposes does not result in a better
calibration. After reviewing model results for a validation period, if any large errors exist, the calibration
would be adjusted to optimize results over the full period of record. For calibrating large watersheds with
limited budget, a validation analysis adds time and cost without adding value to the calibration.
SCDOT Comment 2:
“Watershed models have numerous parameters that represent physical processes and are adjusted during
model calibration based on their sensitivity. There is no documentation of a parameter sensitivity analysis
provided with the model report. This model will have a high degree of uncertainty when implemented.
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The current model can be used as a tool for watershed planning and prioritizing, but a sensitivity analysis
should be included in the model documentation.”
SCDOT Response 2:
SCDHEC (the Department) agrees a sensitivity analysis would provide useful information for
understanding the model, however under the current project and scope of work a sensitivity analysis was
not feasible. Additional sensitivity analyses may be needed and conducted as the model is applied for
TMDL development.
SCDOT Comment 3:
“There is no background or source information provided in the report to support the event mean
concentration (EMC) values associated with each different landuse category. EMC values are used to
predict pollutant loads from hydrologic model outputs. Without sound EMC values, the model will not
predict accurate pollutant loadings.”
SCDOT Response 3:
The WARMF model uses buildup and wash off of constituents based on land use categories rather than
event mean concentrations. These rates are determined from literature, any available data, and
calibration. That is, the rates are initially set based on literature and available data, but then adjusted
through calibration.
SCDOT Comment 4:
“For most of the water quality constituents, test statistics suggested a poor calibration. A more extensive
dataset, such as a continuous water quality dataset, should be collected and incorporated into the model to
assess trends and processes before the model is used to promulgate TMDLs. Currently, the model is based
upon data from collected grab samples, which can only give an instantaneous picture of water quality
parameters. This limited water quality dataset is then applied to the daily time-step outputs from the
hydrologic portion of the model. The report does not contain information on the methods used to align
these two datasets, which have different time scales. This step of the modeling process likely leads to
inaccuracies.”
SCDOT Response 4:
Both the hydrology and water quality simulations are performed at a daily time step within the model,
thus there is no alignment necessary. Observed datasets of water quality (i.e. the above mentioned grab
samples) in streams and lakes are used as a means of comparison to model simulations. In its current
state, the WARMF model was calibrated using the best dataset that could be assembled from available
sources, under the constraints of the project budget and scope.

Specific Comments
SCDOT Comment 5:
(Report, Page 2) “For this task, WARMF catchments overlaying additional specified urbanized areas
were subdivided and generally include areas west of the Catawba River that contribute to watershed area
below Lake Wylie, as well as Charlotte and Rock Hill. Urbanized areas delineated for Phase II are listed
in Table 2-1.Urbanized areas east of the river within South Carolina were subdivided as part of Phase I of
the project (Figure 2-1).”
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“There is no information provided to indicate how SCDOT’s right of ways and facilities are incorporated
into land use classifications. It is unclear how the load requirements will be disaggregated in order to
assign a load specifically to SCDOT.”
SCDOT Response 5:
The Department does not anticipate that SCDOT will be assigned a WLA based on the urbanized land
delineation. SCDHEC expects that the nutrient matrix established between SCDOT and SCDHEC will
determine any requirements that SCDOT would be required to meet as a result of nutrient TMDLS for the
Lower Catawba reservoirs.
SCDOT Comment 6:
(Report, Page 9) “Sensitivity results indicate that periphyton primarily effects dissolved oxygen and
nitrogen species, as shown in Figure 2-5 through Figure 2-10 for the Catawba River at SC-9. The
variation in dissolved oxygen becomes larger, with higher peaks and lower troughs due to the growth (DO
release) and decay (DO consumption) of the periphyton. Periphyton consumes both ammonia and nitrate
during growth, but only releases ammonia during decay. Thus simulations of ammonia are higher with
periphyton, while simulations of nitrate are lower, resulting in a slight net reduction in total nitrogen.
Periphyton also causes a small net reduction in total phosphorus. The impact on nutrient levels (TN and
TP) and algae in Fishing Creek Reservoir are minimal as shown in Figure 2-11 through Figure 2-13. Thus
periphyton does not significantly contribute to total net nutrient levels in the Catawba River and
downstream reservoirs. For this reason, and because the periphyton had a negative effect on the DO
calibration, periphyton were turned off in WARMF.”
“The full process for conducting the periphyton sensitivity analysis is not explained in this report. It
appears as though a local sensitivity analysis was performed. Given that periphyton influence and are
influenced by multiple parameters, a global sensitivity analysis would be more appropriate than a local
sensitivity analysis. The impact of periphyton growth, mortality and settling on TN, TP, and DO
concentrations appears to be non-linear. A probabilistic approach with a range of values should be used
instead of a single value to validate the statement: “Periphyton does not significantly contribute to total
net nutrients levels in the Catawba River and downstream reservoirs.”
SCDOT Response 6:
The test of the effect of periphyton on nutrients and DO was performed by setting the periphyton growth
rate equal to a value we have used in other watersheds. Based on the resulting effect on DO, the growth
rate was on the high end of values that might be tested for the Catawba watershed. A global sensitivity
analysis of periphyton was not feasible within the project constraints.
SCDOT Comment 7:
(Report, Page 15) “Given the available meteorological and operational data, the Catawba River Model
simulated stream flow and water quality at various river segments. At locations where monitoring data
were collected, the model predictions should match the measured stream flow and water quality. Initially,
some model coefficients such as physical properties of the watershed are known. Other coefficients are
left at default or typical literature values. The initial predictions made did not necessarily match the
observed values very well. Model calibration was performed by adjusting model coefficients within
acceptable ranges to improve the match between model predictions and observed data.”
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“The model calibration is not accompanied by the model validation.”
“Typically, model calibration is based on parameter sensitivity. There is no mention here about the
sensitivity of various parameters.”
“The report does not specify how “acceptable ranges” were determined.”
SCDOT Response 7:
Validation requires that a subset of observed data be reserved for this purpose and not used for
calibration. The quantity of data available is quite small, making calibration difficult in the majority of the
Catawba tributaries. Further reducing the quantity of data available for calibration was not considered due
to the limitations of the dataset, additional cost with added value (see Response #1).
Conducting a sensitivity analysis was beyond the scope of this project. The parameters used for
calibration were selected based on Systech's experience calibrating the WARMF model for other
watersheds. Additional sensitivity analyses may be needed and conducted as the model is applied for
TMDL development.
Acceptable ranges for each parameter were determined from literature values and previous calibration
experience.
SCDOT Comment 8:
(Report, Page 21) “Physical data for river segments, including upstream and downstream elevations and
lengths, are derived from digital elevation model data. Default stage-width curves and roughness
coefficients (i.e. Manning's n) were used for each river segment since no data were available to calculate
these values. An initial value for the Manning's n coefficient of 0.04 was used as recommended by
Rosgen (1996). The Manning's n value was increased for the majority of river segments because it
improved the simulation results when compared with observed data.”
“Manning’s n values were not verified and aerial photographs or field visits were not conducted to derive
appropriate Manning’s n values. Instead an initial value based on Rosgen, 1996 was used. The Manning’s
values and accurate information are very important, especially since increased Manning’s n values
improved the simulation results.”
SCDOT Response 8:
Field visits and aerial photograpic analysis were beyond the scope of this project. In addition, as with any
watershed model of this scale, channel characteristics such as roughness and shape within the model must
be an aggregated value representing the entire length of the model segment. Thus point measurements
and observations are not directly applicable and would still require calibration. It’s true the Manning’s n
values in the model were found to be important for the hydrology calibration, however this does not
necessarily indicate that using field-collected values as starting points would have resulted in a different
calibration.
SCDOT Comment 9:
(Report, Page 24) “Event calibration is the process of matching the simulated peak flows to the observed
peaks during precipitation events. There are 22 streamflow gaging stations on rivers and streams located
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within the Catawba River Watershed between Lake Wylie and Lake Wateree (Figure 4-1). Simulated
flow was compared to observed data at each of these locations.”
“In the current modeling efforts, statistics (such as NS coefficient, RMSE, R2 etc.) are calculated at each
station. Calculating these statistics for the output overall would be helpful in evaluating the model
performance.”
SCDOT Response 9
SCDHEC is not certain of what is being proposed by the commentor.
SCDOT Comment 10:
(Report, Page 32, Table 4-1) “NSE statistics are below 0.5 at Rocky Creek and Waxhaw Creek. Based on
scientific literature, these values should be greater than 0.5 for a good calibration.”
SCDOT Response 10:
Though generalized targets for statistical measures are often reported in scientific literature, these values
are not applicable for all watersheds and models. Several considerations must be taken into account that
affect the achievable model performance with respect to statistical criteria. In Moriasi et al (2007) (which
remains the most comprehensive review of watershed model calibration evaluation measures) the
recommended value of 0.5 for a “good” calibration is applicable for models run on a monthly time step
only. The “good” values for a daily time step model would be lower. The Catawba WARMF model is
run on a daily time step. As stated by Moriasi regarding his recommended ranges:
”The performance ratings presented in table 4 for RSR and NSE statistics are for a monthly time step;
therefore, they need to be modified appropriately. Generally, as the evaluation time step increases, a
stricter performance rating is warranted.”
And regarding NSE in general:
“NSE ranges between −∞ and 1.0 (1 inclusive), with NSE = 1 being the optimal value. Values between
0.0 and 1.0 are generally viewed as acceptable levels of performance”.
The NSE for both Rocky and Waxhaw Creeks are both greater than 0 thus would be considered
“acceptable”. Additional calibration efforts for Rocky Creek was performed and still did not yield
improved results with respect to NSE. Sub-model element scale of variability in meterological inputs, as
well as watershed processes not well captured in the model can reduce the maximum achievable
performance. Without further analysis, it is unclear why a better calibration was not attainable for Rocky
and Waxhaw Creek. If further calibration in these areas is performed internally, we recommend
performing a detailed comparison of magnitude and timing of forcing variables as compared to
hydrologic response (flow). A brief statistical comparison of precipitation and flow in Rocky Creek
indicated poor correlation.
SCDOT Comment 11:
(Report, Page 57, Table 5-2) “Based on NSE statistics and R2 values, the model calibration is very poor.
Other than downstream of Lake Wylie, the NSE statistics do not indicate a good calibration. The R2
statistics suggest that the model did not simulate pH trends well at any sites with the exception of
downstream of Lake Wylie.”
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SCDOT Response 11:
The error is pH simulation in reservoirs was found to be most likely due to insufficient atmospheric
reaeration of CO2 during algae growth. Figures are included in the final report demonstrating the effect
of reaeration on the pH simulation and resulting insignificance for nutrient and algae simulations. In
general due to the very large number of process affecting pH, it is one of the most difficult parameters to
simulate well in natural aquatic systems. If not all parameters that affect pH are fully calibrated (which is
rarely feasible in practical applications on a limited budget), pH simulations would be expected to include
greater error than other constituents. Also, due to it’s significant oversensitivity to extreme values and
outliers (from experience and supported by Moriasi, 2007), R2 is not a good indication of overall model
performance and was not used to guide the calibration process. Results were included in the report by
request and for completeness only. Guidelines for statistical measures reported for other constituents
(flow, nutrients, sediment) are not applicable for pH.
SCDOT Comment 12:
(Report, Page 64, Table 5-3) “Very few data points are included to compare the TSS results. NSE
statistics suggested a poor calibration. Additionally, no stormflow comparison has been conducted, which
is very critical for allocating appropriate loads to the MS4s. The R2 values advised poor model
performance in capturing the water quality trends.”
SCDOT Response 12:
The TSS analysis is data limited. There is not a single continuous-monitoring station within the study
area. Without stormflow TSS sampling it is impossible to know how sediment transport in these
watersheds is affected by storm events. The lack of storm sampling also makes it difficult to evaluate the
quality of the calibration. The calibration statistics are based on grab sample data that appear to be
collected during low to moderate flow conditions. Without information on high flow sediment transport,
calibration of high sediment concentration days is not possible. However despite this known limitation,
the Catawba TSS calibration results (NSE values) are actually within the range reported by Moriasi et al
as a result of literature review (-2.5 to 0.23).
SCDOT Comment 13:
(Report, Page 75, Table 5-4) “Based on NSE and R2 values, the model performs very poorly for nitratenitrogen.”
SCDOT Response 13:
Some improvement has been made to simulations of Nitrate-N in the reservoirs (Wateree in particular), as
well as Fishing and Rocky Creeks. A negative bias remains for the latter two locations, however test runs
indicated that nutrient simulations in the reservoirs are not sensitive to error in these tributary simulations,
as shown below. Blue line is the final calibration including bias in Fishing and Rocky Creek simulations,
green line is using observed concentrations in Fishing Creek and Rocky Creek, as well as observed flow
in Rocky Creek.
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SCDOT Comment 14:
(Report, Page 86, Table 5-5) “Based on NSE and R2 values, the model performs very poorly for
ammonia-nitrogen.”
SCDOT Response 14:
A clear shift in the trend of ammonia concentrations in the observed data occurred around 2006, which
degrades the model statistics. In addition, in many locations the observed data is too sparse to warranted
evaluations with calculated statistics and calibration focused on visual inspection of simulated versus
observed plots.
SCDOT Comment 15:
(Report, Page 98, Table 5-6) “Based on NSE and R2 values, the model performs very poorly for totalnitrogen.”
SCDOT Response 15:
See Response #13 and figure below for TN.
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SCDOT Comment 16:
(Report, Page 99, Table 5-7) “These model statistics, with some exceptions, are slightly more robust.
Ortho-P is the bioavailable phosphorus. More Ortho-P data is needed to calibrate the model.”
SCDOT Response 16:
There were little orthophosphorus data available for inclusion of this model application. The available
orthophosphorus data were used. In addition, additional data collection was out of the scope of this
project.
SCDOT Comment 17:
(Report, Page 111, Table 5-8) “Again, very poor NSE and R2 values across all the sites.”
SCDOT Response 17:
Simulations of total phosphorus have been improved in the reservoirs. As for nitrogen, error in Rocky and
Fishing Creek simulations was demonstrated to have very little effect on reservoir simulations, shown
below. Blue line is the final calibration including bias in Fishing and Rocky Creek simulations, green line
is using observed concentrations in Fishing Creek and Rocky Creek, as well as observed flow in Rocky
Creek.
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SCDOT Comment 18:
(Report, Page 117, Table 5-9) “Again, very poor NSE and R2 values across all the sites.”
SCDOT Response 18:
Chl-a data are collected only during the growing season, May-October of each year. Observations of Chla are too sparse to warrant evaluation with calculated statistics. Calibration focused on visual inspection
of time series plots.
SCDOT Comment 19:
(Report, Page 128, Table 5-10) “These statistics show stronger DO predictions at some sites.”
SCDOT Response 19:
The Department believes that the model calibration for DO was acceptable at most sites.
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Dr. Dan Tufford, PhD.
General Comments
Tufford Comment 1:
“ I am a little concerned about the comments relating to pH on p.46. The pH calibration is quite poor and
the report minimizes the importance of further work because nutrients and algae are not sensitive to pH.
In most freshwater systems algal dynamics are one cause, often the dominant cause, of variability in pH. I
did not look into the WARMF model to see how it simulates pH but the poor performance suggests it is
either not correctly coupled with phytoplankton dynamics or more work is needed to improve the
calibration. There is direct relevance to the TMDLs in those waterbodies because at one time, if not
currently, some locations (watersheds) were on the 303(d) list due to pH noncompliance.”
Tufford Response 1:
Given that pH is dependent on many factors and constituents, it is one of the most difficult water quality
parameters to calibrate. In practical application, budget and time constraints rarely allow for full
calibration of all constituents that affect pH. The very limited budget available for this model calibration
required prioritizing constituents that will be focus of current TMDL analysis for the calibration process.
However, though pH is not the primary constituent of concern, tests were performed to attempt to identify
the cause of the high simulated values in lakes. Simulations of pH in the lakes are affected by several
processes in addition to algae dynamics, most notably organic carbon decay and atmospheric reaeration of
CO2. Increasing organic carbon decay improved pH but significantly degraded dissolved oxygen and
nutrient (NH4) calibrations. Tests indicated that simulated reaeration of CO2 may be insufficient during
the algal growth. Adjusting the internal reaeration rate (possibly by code change only) significantly
improved pH in the reservoirs during the growth season. Simulations of nutrients and chlorophyll-a were
unchanged by this adjustment. Since the primary constituents of concern are not impacted, revisiting the
formulation of CO2 reaeration in the model is not feasible within the current project budget constraints.
Tufford Comment 2:
“A related issue is the somewhat poor calibration of nutrients and to a lesser extent CHLa. The report
correctly observes that the seasonal dynamics appear to be pretty good. For SCDHEC purposes that may
not be good enough. You need to use the model to forecast the effects of altering nutrient loads. In the
absence of acceptable calibration results it may be difficult to have confidence in the loading simulations.
I am well aware of how difficult these calibrations are and am not expecting great things, but I am
concerned about these results.”
Tufford Response 2:
Nutrient calibrations have been somewhat improved, particularly for Lake Wateree. However the lack of
a complete record of data – i.e., more frequent and year round samples (nutrient data indicates algae
growth prior to start of seasonal data in Lake Wateree) in a consistent location inhibits the Chl-a
calibration.
Tufford Comment 3:
“Also related to #2 is the absence of any documented validation/verification work. Normal modeling
protocol includes this step. It would seem to be particularly important for SCDHEC because of your
future uses of the model.”
Tufford Response 3:
The project budget, combined with limited record of observed data for some constituents, did not support
reserving several years of data as necessary for a model validation/verification. The process of validation,
though desirable in theory and academic studies, for practical purposes does not result in a better
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calibration. After reviewing model results for a validation period, if any large errors exist, the calibration
would be adjusted to optimize results over the full period of record. For calibrating large watersheds with
limited budget, a validation analysis adds time and cost without adding value to the calibration.
Tufford Comment 4:
I am also curious about the apparent change in ammonia concentrations around 2007. Ammonia can be
particularly important in water quality dynamics so understanding why that might have occurred may be
relevant. It is clear in the report that some investigative work was done. Is SCDHEC satisfied with that?
Tufford Response 4:
As in the response to previous comments about ammonia, an examination of ammonia concentrations
over time in all South Carolina lake and stream samples shows that ammonia concentrations overall
increased from 2003 through 2008, before falling back to about where they had been before 2003. The
Catawba stations followed this pattern. The cause of this pattern is not clear, but may be related to
climate variability. However ammonia is typically the least important of the forms of nitrogen in these
waters averaging somewhat less than 10% of the total nitrogen. The model calibration is generally better
for nitrate, which usually accounts for most of the nitrogen, and total nitrogen.

United States Environmental Protection Agency
USEPA’s comments were submitted after the review period had ended in an email dated March 31, 2014.
USEPA Comment 1:
“Relative error and absolute error were used primarily as metrics for comparison of simulated and
observed data. Other measures used are Nash-Sutcliffe Efficiency (NSE), percent bias, ratio of RMSE to
standard deviation of measured data. The other statistics were presented ‘but were not used to inform the
calibration process’. The other measures should also be used to quantify the performance of the
calibrated model. These other metrics particularly NSE and RMSE are indicator measures of uncertainty
in model predictions. Was there any performance goal set a-priori for the hydrology calibration process
(i.e. what was the target relative error, absolute error, etc for the calibration to be evaluated as reasonable
calibration)?”
USEPA Response 1:
The additional statistics mentioned are not included within the WARMF model statistical calculations and
output. The calibration was performed on a very limited budget for the size of watershed and number of
constituents and calibration points included. Thus we were limited to using the tools readily available
within the model for the calibration process. The target relative and absolute error are typically 10% and
20%, respectively. These are used as guides, while the calibration process was performed until parameter
adjustments were no longer resulting in improvements to the simulation. As the result of comments
received, SCDHEC has included Table 4-2 comparing the hydrologic simulation of the model to several
performance measures for the four tributary stream segments which are the function of precipitation.
USEPA Comment 2:
“In a few cases where it is evident that the total volume of rainfall was consistently too high or too low,
the meteorology coefficients were further adjusted during the calibration process. What are these
coefficients? Hydrology forcing functions are normally not adjusted in the calibration process as a
standard modeling practice. They are estimated independent of the calibration process.”
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USEPA Response 2:
Point measurements of hydrological model forcing such as precipitation must always be aggregated or
adjusted by some means to produce values that are representative for the spatial scale and location of the
model elements, i.e. the subcatchments. In WARMF, the nearest meteorology station to each
subcatchment centroid is identified and assigned to the catchment. Precipitation and temperature
multipliers are then calculated based on climatic trends across the available station network to account for
climatic variability within the extent of the network. This is an alternative approach to calculating mean
areal precipitation from point values to use as forcing. Using either approach, how representative the
forcing is for entire subcatchment area is highly uncertain particularly if the available station network is
sparse, characterized by large climatic variability, or a given catchment is located at the outer edge of the
network. Bias in the meteorological forcing can lead to significant error in simulated hydrologic
response. The precipitation and temperature multipliers in WARMF are calculated within the model prior
to simulations and held static throughout a simulation. However if it becomes evident during the
calibration process that a meteorological bias exists, it may be necessary to adjust the multipliers to
improve the water balance. This is analogous to adjusting station weights in mean areal precipitation
calculations if a particular station is known to be more or less representative for a given catchment area.
USEPA Comment 3:
“Twenty-two calibration stations for flow were used. The model report indicated comparisons to observe
data were made at these stations. However, Table 4.1 and Figures 4-2 through 4-7 only showed a
summary for six stations. In an appendix, please present the results for all stations used in the calibration
process.”
USEPA Response 3:
Section 4 Hydrology Calibration Results has been adjusted in the report. The six stations presented are
the primary stations used for the calibration process. The others were used for additional comparison
only. There are more than 30 flow gages in the Lower Catawba Basin. However, most are on small
streams, many of which are not in model or are not useful at the scale of this model.
USEPA Comment 4:
“For Figures comparing simulated flows, please indicate the USGS gage identification number for easy
reference. Also, it would be helpful to the readers if in Figure 4-1, the USGS gages used in the
calibration are labeled. What USGS gage was used as upstream boundary condition of the model?”
USEPA Response 4:
USGS IDs will be included in the figure captions and map of calibration locations. Lake Wylie total
downstream releases provided by Duke Energy was used as the upstream boundary condition. Days with
errors evident from this source were replaced with data from USGS gage 2146000.
USEPA Comment 5:
“Flow in the Catawba River is dominated by releases from Lake Wylie which have been incorporated into
the simulation, while flow in the tributaries is simulated from meteorology data and watershed runoff
characteristics, both of which have considerable associated uncertainty. The hydrologic calibration
should focus on having a reasonable model calibration at the tributary gages. It is at these gages where
model performance is critical since it would indicate how well the model describes watershed runoff
characteristics. Statistics shown in Table 4-1 indicates that tributaries are simulated with larger errors,
lower NSE and higher ratios of RMSE to observed mean than the main stem. (Table 4-1). Please provide
additional discussion on the relevance of the calculated NSE, RSR, and RMSE. These are metrics that
indicate some measures of uncertainty of the predictions of the model. For the purposes of this modeling
exercise, what are the acceptable limits of NSE, RSR and RMSE?”
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USEPA Response 5:
Hydrologic model calibration did focus on tributaries, very little parameter adjustment was warranted for
main-stem locations. Much larger error is to be expected in the tributaries versus the main stem, which is
dominated by measured releases from Lake Wylie. The model developers were limited to using the
statistical tools available within WARMF for the calibration process, which do not include NSE and RSR.
Identification of “acceptable limits” depends on the specific circumstances such as model type, time step,
data quality/quantity, and other factors. The process to identify such limits is a very involved analysis in
and of itself (see Moriasi 2007). Setting a limit for this calibration alone would be without supporting
basis. Our standard practical calibration procedure aims to minimize error as much as possible in each
calibration location given the project constraints (budget) and intended model application. The objectives
conveyed were to minimize error in long term trends as the priority for a TMDL application, thus
minimizing relative error was the main focus of calibration. SCDHEC has added Table 4-2 that provides
the hydrologic calibration performance of the model for the four tributaries compared to several
performance measures for total volume, low and high flows, and seasonal flows.
USEPA Comment 6:
“Was there any performance goal set a-priori to evaluate the goodness-of-fit of the water quality
calibration? What was the target relative error, absolute error, etc for the model performance to be
evaluated as reasonable calibration?”
USEPA Response 6:
The general goal for the calibration of conservative substances is 10% relative error, however the
attainability of this goal is highly influenced by the quality, quantity and representativeness of observed
data, all of which are often much lower for water quality parameters as compared to flow. Thus the
practical goal for water quality calibration is to reduce error as much as possible given the constraints of
the dataset. Like hydrology calibration, parameter adjustments were made until simulations could no
longer be improved.
USEPA Comment 7:
“Similar to the hydrologic calibration, water temperature calibration for the tributaries have larger errors,
lower NSE and higher RMSE. For pH, seven out of ten stations have errors larger than 10% and NSE less
than zero which indicate that the mean of the observed data is a better predictor than the model.”
USEPA Response 7:
As for all constituents, simulations of temperature are expected to have more error in tributaries than the
main stem because the main stem simulations are dominated by the Lake Wylie boundary condition. For
pH simulations, tests were performed to better understand the source and effects of the error in pH
simulations in the reservoirs. The error in pH was found to not affect the priority constituents – nutrients
and Chl-a. Demonstration and explanation of this was added to Section 5.10 of the report.
USEPA Comment 8:
“If TSS prediction proves to be a critical part of the TMDL allocation process, the model needs
improvement on the calibration for TSS. Four out of six calibration stations have relative errors greater
than +/- 35% with NSE’s less than zero.”
USEPA Response 8:
Due to the very limited dataset of TSS observations, statistical measures of the TSS calibration are
significantly effected by errors in timing, and outliers or bias in the observed data (e.g., lack of high flow
TSS sampling). In general, the quantity of TSS data does not support model evaluation with calculated
statistics (Moriasi 2007), particularly without co-located flow data (i.e., several of the locations with TSS
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did not have flow data for hydrology calibration). Thus calibration of TSS for watersheds with limited
data focuses on simulating concentrations within the range of the observed data points, not on matching
individual observations. Statistics were included for consistency in the report but were not used to inform
the calibration process.
USEPA Comment 9:
“In section 5.8, the report stated that ‘ to improve the daily simulation statistics (NSE, RSR, R2) each
tributary would have to be calibrated for hydrology, sediment transport, and phosphorus concentrations.
Currently the amount of observed hydrology and water quality data available does not support a more
intensive calibration effort to improve the daily simulation statistics.’ There are USGS gages in the
tributaries with periods of record that is adequate for intensive calibration.”
USEPA Response 9:
This referenced statement has been reworded in Section 5.8 to clarify. At the six locations with complete
USGS records of flow, intensive hydrology calibration was performed. However this constitutes only a
portion of the total watershed and only 2 of the 6 main tributaries to the Catawba below Lake Wylie. The
intended point is that to calibrate daily variation in any water quality constituents, complete observations
at a daily time scale are necessary. Thus statistics which emphasize error in daily variation of
concentration are less meaningful when complete daily observations are not available.
USEPA Comment 10:
“Calibration for five out of 10 water quality stations for TN shows relative errors greater than or less
than 25%. The errors are particularly high for the tributaries. All ten stations have NSE less than 0.5. If
critical to TMDL allocation scenarios, calibration should be improved for TN.”
USEPA Response 10:
Some improvement has been made in TN simulations, particularly in Lake Wateree but also in Fishing
and Rocky Creeks. In addition, error in tributary simulations (Fishing and Rocky Creek) was found to
have very minimal effect on concentrations in the reservoirs downstream.
USEPA Comment 11:
“Calibration for four out of 10 water quality stations for TP shows relative errors greater than or less than
25%. Similar to TN calibration, the errors are particularly high for the tributaries. All ten stations have
NSE less than 0.5 or RSR > 0.7. If critical to TMDL allocation scenarios, calibration should be improved
for TP.’
USEPA Response 11:
Some improvement has been made in TP simulations in Lake Wateree. Error in tributary simulations
(Fishing and Rocky Creek) was found to have very minimal effect on concentrations in the reservoirs
downstream.

The United States Fish and Wildlife Service (USFWS)
USFWS Comment 1:
“Compared to other aquatic species, freshwater mussels are extremely sensitive to water quality
degradation, including high nutrient levels and increases in suspended sediments. Therefore, the
Service is particularly interested in the water quality calibration results presented in the 2014
draft report. As stated in the report, SCDHEC's objective is to develop a watershed model
capable of simulating temperature, dissolved oxygen, total suspended sediment, nutrients and
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algae in the Catawba River Watershed between Lake Wylie and Lake Wateree. Water quality
data used to calibrate the model was taken from 85 locations between Lake Wylie and Lake
Wateree. However, the majority of these data collection points are located in areas lower in the
watershed (nearer the reservoirs), and outside of habitat for protected species. Therefore, the
Service is concerned that the largest cause of water quality degradation in the upper reaches of
the watershed, non-point source pollution, is not being fully accounted for in the model. In their
2013 technical memorandum, Systech Water Resources, Inc. states that Phosphorus is
significantly over predicted by the model in Fishing Creek (e.g., segment 10 149) throughout
both run periods. They go on to say that loading plots indicate that non-point sources,
particularly from pasture land use but from other land uses as well, are the main sources of total
phosphorus in Fishing Creek. Systech recommends that recalibration efforts in Fishing Creek
should focus on model inputs that affect non-point sources of total phosphorus such as land
application and livestock exclusion. The Service agrees and strongly encourages SCDHEC to
investigate non-point sources as primary causes of impairment throughout the LCB.”
USFWS Response 1:
The Department acknowledges USFWS concern regarding headwater habitats for
protected species. The Catawba Nutrient TMDL effort and the WARMF model used to
develop the TMDL include and will address nonpoint sources to the extent that they
contribute to nutrient impairments in the Catawba lakes. Additional WARMF model
calibration has been performed by Systech, as documented in the July, 2014 WARMF
model calibration report. As a result, phosphorus simulation for Fishing Creek and
Rocky Creek has improved. Nitrogen simulation in these areas, however, is poor. Based
on the sensitivity work by Systech documented in Section 5.3 of the calibration report,
error in the nitrogen simulation in the tributaries is not likely to adversely affect model
results in the downstream lakes which is the focus of the TMDL effort.
While nonpoint sources may be the main source of impairment in some areas, model runs
indicate the major source of nutrient impairment in the Catawba lakes, where this TMDL
will be applied, are point sources as shown in Figures B-1 through B-8. However, as
noted above, all sources contributing to nutrient impairments in the lakes will be
addressed by the TMDL.
USFWS Comment 2:
“Nutrient and sediment contributions from non-point sources, particularly land application of
biosolids and pasture land use, have continued to impact Carolina heelsplitter populations and
aquatic habitat in small streams throughout the LCB. In some portions of the LCB, there are
virtually no permitted point source discharges, yet streams are still listed on the 303( d) list as
impaired, indicating the large role non-point sources are playing in nutrient and sediment issues,
and use impairments. For example, South Fork Fishing Creek is impaired for aquatic life use
(station# CW-0007) even though there are no permitted point-source discharges into the stream.
The same is true for Gills Creek in Lancaster County (station # RS-07043). Both streams
contain occupied habitat for the Carolina heelsplitter, and both have experienced declines in
population numbers.”
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USFWS Response 2:
The Department acknowledges USFWS concerns regarding nonpoint sources and potential impacts to
Carolina heelsplitter populations and aquatic habitat in small streams in the basin. As discussed above,
the focus of this nutrient TMDL is attainment of water quality standards in the Catawba lakes.
USFWS Comment 3:
“The Service welcomes the opportunity to work with SCDHEC to ensure that endangered species
concerns are addressed through water quality monitoring efforts, as well as TMDL development
and implementation. It will be especially important to ensure that proposed TMDL Wasteload
and Load Allocations reflect the habitat and water quality requirements of the Carolina
heelsplitter, as well as other sensitive aquatic species in the LCB.
Please note that obligations under the ESA must be reconsidered if: (1) new information reveals
impacts of this identified action may affect any listed species or critical habitat in a manner not
previously considered; (2) this action is subsequently modified in a manner, which was not
considered in this assessment; or (3) a new species is listed or critical habitat is designated that
may be affected by the identified action.”
USFWS Response 3:
Federally-endangered species, such as the carolina heelsplitter, are considered as the 303 (d) list of
impaired waters is developed and sites impaired for aquatic life are prioritized for future TMDL
development. The WARMF model application will be used to develop TMDLs that address nutrient
impairments in the downstream reservoirs. Reductions in nutrients should result in attainment of the
aquatic life use for those pollutants in the target waterbodies. TMDLs may be revised at any time and at
the discretion of the Department.

Additional Amendments
The following additional amendments were made by the Department to the draft Catawba River WARMF
Model Calibration Report after the 30-day public comment period. These amendments were not made as
a result of written comments received but may have been result of an error in or a clarification of
descriptive information.
Amendment 1:
See Addendum as well as Appendices B and C.
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