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Executive Summary

Long term river flow, water quality, and phytoplankton data from the James River
were analyzed to characterize conditions in the James River basin as part of the
“Modeling Support of the James River Chlorophyll Study”. Over the period 1985-
2010 TN and TP fall line loads at Cartersville, VA have decreased significantly with a
more rapid decline in TP (Figure E1).

Figure E1 - Trends in James River Fall-line Nutrient Loads.

Trends in nutrient concentration were calculated at four stations in the tidal fresh,
mesohaline, polyhaline, and the Elizabeth River (Figure E2). The time period for the
trend calculation was shortened to 1995-2010 due to analysis changes in 1994 that
may have resulted in a step trend. There were no significant trends in TN in the
area of the James with the exception of a declining trend in the Elizabeth River. TP
concentrations declined significantly in the tidal fresh, mesohaline, and polyhaline
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Figure E2 - Long-term trends (1995-2010) of TN, TP, Si, and Water Temperature in the tidal
fresh, mesohaline, polyhaline, and Elizabeth River sections of the James River. Arrow direction
indicates trend direction.

Figure E3 - Long-term trends (1995-2010) of chlorophyll-a, biomass, annual abundance, and
summer abundance in the tidal fresh, mesohaline, polyhaline, and Elizabeth River sections of
the James River. Arrow direction indicates trend direction.
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and remained unchanged in the Elizabeth. Chlorophyll-a declined in the mesohaline
while dissolved silica increased in the mesohaline and polyhaline. There was an
increasing trend in water temperature in the polyhaline.

The phytoplankton data were analyzed for changes in abundance and carbon
biomass over time (1995-2010) in the same tidal regions that the water quality data
was analyzed (Figure E3). There was a decline in phytoplankton abundance in the
Tidal Fresh and declines in summer abundance in the mesohaline and polyhaline.
Phytoplankton biomass declined in the mesohaline, polyhaline, and Elizabeth.

The tidal water quality data were next analyzed for seasonal and spatial correlations
between chlorophyll-a and the nutrient and physical parameters (Figure E4). In the
Tidal Fresh, chlorophyll-a is strongly correlated with freshwater flow and
temperature and is not strongly correlated to TN or TP. In the mesohaline portion
of the estuary, chlorophyll-a does not appear to be strongly correlated to any
physical or nutrient variables. In the polyhaline portion of the estuary, chlorophyll-
a appears to be weakly correlated to TN or TP.

Figure E4 - Results from correlation analyses investigating the relationship between
chlorophyll-a and nutrient and physical parameters.

In a separate correlation analysis, the tidal monitoring stations were first grouped
using cluster analysis. In general, it was found that the ensemble chlorophyll-a data
monitored at upstream stations are highly predictable using locally measured water
quality parameters, while the variability of chlorophyll-a at downstream are less
controlled by local water quality conditions.
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A regression analysis was conducted on data from stations TF5.5, RET5.2, LE5.5, and
SBES (Figure E5). The purpose was to determine if the observed data would lend
themselves to predicting chlorophyll-a biomass using an empirical modeling
approach. In all cases the regression models performed poorly in predicting the raw
chlorophyll-a data. These results suggest that the construction of an empirical-
based model to predict chlorophyll-a concentrations in the tidal James River may be
limited to seasonal averages only and that a deterministic model will have to be
developed that will be able to the simulate the within season and year-to-year
variability. The latter framework will likely be more responsive to predicting
changes in chlorophyll-a in response to changes in nutrient inputs, than the
empirically-based model. The Project Team will, however, evaluate the predictive
accuracy of both modeling approaches as called for in the original scope of work.

Figure E5 - Results from a regression analysis to determine if the water quality data could be
used to predict the raw chlorophyll-a data.

A flow and nutrient budget for the tidal James River was developed using available
stream flow and water quality monitoring data as well as Chesapeake Bay Model
output (Figures E6 & E7). Flow and nutrient loads were calculated for the five
segments of the James River (TF1, TF2, OH, MH, and PH). In general, nutrient loads
increase with contributing drainage area. The major exception is the Hampton
Roads-PH drainage (Elizabeth River), which has the smallest drainage area but a
significant load contribution from permitted facilities. Its load contribution is
greater than Hampton Roads-MH (Nansemond River) and Chickahominy-OH for all
constituents.
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Figure E6 - TN and TP total annual loads by sub-watershed of the lower James River.
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Figure E7 - TN and TP total annual loads per unit area by sub-watershed of the lower James
River.

A critical condition for chlorophyll-a in the tidal James River was assessed to inform
future model application. The statistical analysis was consistent with that
previously conducted by EPA for Chesapeake Bay TMDL development but used
more recent data. As with the previous analysis, the updated analysis showed a very
weak relationship between flow and chlorophyll-a, water quality criteria
exceedance, regardless of location. Additional analysis focusing on the relationship
between flow and chlorophyll a concentrations showed moderately better
relationships that varied by location throughout the tidal James.

We attempted to calculate a biological reference curve for the tidal fresh portion of
the James. Doing so would inform the development of chlorophyll-a criteria and
provide an alternative to the current narrative criteria. Similar to the findings of the
USEPA Chesapeake Bay Program Office, we were not able to develop a biological
reference curve for chlorophyll-a for either the freshwater or the marine portion of
the tidal James River. Rather, it is proposed that the USEPA-approved Cumulative
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Frequency Distribution (CFD) approach be utilized for assessing attainment of
water quality standards.

Background

In December 2010, EPA developed the Chesapeake Bay Total Maximum Daily Load
(TMDL) for Nitrogen, Phosphorus and Sediment (EPA, 2010). The TMDL was based
on “Ambient Water Quality Criteria for Dissolved Oxygen, Water Clarity and
Chlorophyll-a for the Chesapeake Bay and Its Tidal Tributaries” (EPA, 2003, 2007).
Jurisdictional Watershed Implementation Plans (WIPs), which were developed in
addition to the TMDL, were designed to ensure that all pollution control measures
needed to fully restore the Bay and its tidal rivers would be in place by 2025, with at
least 60 percent of the actions completed by 2017. When the restoration goal is met
and the criteria are achieved, the Bay will be removed from EPA’s list of “impaired”
waters.

The Virginia State Water Control Board has held on to a key decision about
standards for the state’s largest Bay tributary—the James River. It noted that
nutrient reductions for most of the Bay watershed are driven primarily by the
dissolved oxygen and water clarity standards, which establish the minimum
amounts to support the fish, shellfish, SAV, and other organisms that live in the Bay.
In the James River, however, no low dissolved oxygen problems are apparent and
water clarity problems are generally caused by suspended sediments.

Local governments and wastewater treatment plant operators are concerned that
newly established chlorophyll-a criteria (Table 1) would require significant
additional nitrogen and phosphorus reductions. They contend that EPA and DEQ
have not yet demonstrated clear environmental benefits resulting from chlorophyll-
a criteria and standards revisions to justify such expensive reductions. While
dissolved oxygen and water clarity criteria are based on well-documented research,
(USEPA 2003, 2007), the chlorophyll-a criteria have proven more problematic. This
is due to the fact that the link between nutrient loading and phytoplankton biomass
and especially HABEs, is difficult to establish. Physical factors, such as temperature,
residence time, turbidity, salinity, stratification, and wind-induced mixing, can play a
major role in determining phytoplankton growth dynamics. In addition, “top down”
grazing effects may influence phytoplankton community composition and biomass.
In 2011 the General Assembly authorized funding administered by DEQ for
conducting additional riverine-estuarine water quality monitoring, targeted field
studies and enhanced watershed, hydrodynamic and water quality monitoring. The
funds also support a Scientific Advisory Panel (SAP), comprised of scientists and
modelers, to provide advice as to the best scientific basis for the new chlorophyll-a
standard, especially its linkages to HABs, and to ensure that the standards are
appropriately protective of water quality and aquatic life. Based on the results of
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the new riverine-estuarine monitoring, watershed and water quality modeling and
with input from the SAP, the VADEQ may revise the chlorophyll-a standards and
may revise the TMDL Waste Loads Allocations (WLAs) and effluent limits for James
River dischargers.

The first step in the watershed, hydrodynamic and water quality modeling task was
to provide a review of the available water quality data. Specifically, a data analyses
was conducted to understand the underlying processes driving phytoplankton
blooms; correlations between algal blooms and environment variables such as
rainfall, salinity, available light and nutrients; ambient factors limiting algal blooms;
and critical conditions for algal blooms. The major components of the data analyses
included the following tasks:

* Analyze seasonal and spatial distributions of phytoplankton, nutrients and
associated environmental variables in relation to chlorophyll-a
concentrations;

* Examine correlations among chlorophyll-a, nutrients, temperature, salinity,
suspended solids (turbidity), and light attenuation;

* Determine limiting factors for algal blooms such as those related to nutrients,
temperature, light availability, salinity, and residence time;

* Determine chlorophyll-a exceedances for the observation period; and

* Identify major algal species in different regions of the James River and its
estuary.

Table 1 - James River chlorophyll-a criteria

Temporal
Chesapeake Chlorophyll-a
Bay Criteria (ug/L)
Designated Program Salinity Mar 1- Jul 1-
Use Segment (abbreviation) Segment Description May 31 Sep 30
Tidal fresh James River, below
JMSTF1 Fresh (F) Hopewell, VA 15 23
Tidal fresh James River, above
Open Water JMSTF2 Fresh (F) Hopewell, VA 10 15
JMSOH Oligohaline (OH) | Tidal oligohaline James River 15 22
JMSMH Mesohaline (MH) | Tidal mesohaline James River 12 10
JMSPH Polyhaline (PH) Tidal polyhaline James River 12 10
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Subtask 2.1 — Data review and methodology Selection

Monitoring Data Summary

Chlorophyll and Water Quality Data

The initial time period selected for data analysis and water quality modeling focused
on the years 1991 through 2000. This was meant to be consistent with the EPA
directive to evaluate all eight 3-year periods to assess attainment of chlorophyll-a
water quality standards in the tidal James River, since a critical 3-year assessment
period could not be identified. The time period was further expanded to include the
time period 2007-2010, since there is more information available from expanded
monitoring and field studies during this time frame which could be used to better
understand HAB bloom dynamics and to develop and calibrate the HAB models.
However, for our data analysis, rather than to just look at the years 1991-2000 and
2007-2010, it was decided to include all of the available water quality data for the
period 1991 through 2010. While the analyses of time-series trends presented here
(and in the appendices to this report) illustrate the available water quality data for
this twenty-year period, the data included in the trend analysis were limited to the
period 1995-2010. This is based on a discussion presented in Dauer et al. (2012),
which indicated that laboratory methodologies for nutrients changed in 1994.
Initially the revised nutrient methodologies on James River water quality samples
were carried out in the Virginia Institute of Marine Science (VIMS) laboratories,
before the Virginia DEQ began conducting the analyses in their labs in 1995.
Therefore, in order to account for the method change and to eliminate any effects
due to the brief change in laboratories, our trend analysis was limited to the post-
method changes, i.e., 1995-2010.

Watershed and Flow Data

Available water quality and stream flow monitoring data were collected,
summarized, and reviewed to support the development of the watershed nutrient
loading and critical condition analysis. Data were available from three primary
sources; the United States Geological Survey (USGS), DEQ, and CBP. USGS data
included both stream flow and water quality data, while monitoring data available
from DEQ and CBP consisted of water quality observations only.

The focus area of the nutrient budget and critical condition analysis is the tidal
portion of the James River, below the City of Richmond. Review of the available
monitoring data were, therefore, for the nutrient budget and critical condition
analysis, reduced to monitoring locations at the tidal boundaries and in critical open
water segments of the James River. In addition, the CBP James River segment
definitions provided in Table 1 as well as HUC-8 descriptions of the local drainage
provided a framework for organizing the available data. Figure 1 shows the focus
area for this study.
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Figure 1. James River Basin focus area.

While the number of stream flow stations in the focus area included only four
locations, thousands of DEQ monitoring stations have available data, as well as
multiple CBP and USGS monitoring locations. To make the selection of monitoring
stations used in the analysis more manageable, select parameters were identified
and summarized by station. A station within a HUC-8 CBP segment composite area
was selected for each parameter if it had the longest period of record and the
greatest number of samples, with emphases also placed on the availability of more
recent data (2010-present). Figure 2 depicts the selected locations and Table 2
provides data summaries for each. The three selected stream flow monitoring
stations (USGS 02037500, 02041650, and 02042500) set the period of analysis on
the basis of their period of records, beginning in 1984 in correspondence with the
simulation start date of the Chesapeake Bay Model (U.S. EPA 2010) and ending for
the most recent sampling date (10/24/2012).
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Figure 2. - James River Basin selected monitoring stations
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Table 2. Monitoring station summary for selected stations

Sample Count

HUCS- Sample Chl S. Ortho NOyx | Org.
CBP Seg Station ID Dates a Solid | TSS | TP | Ortho F. TN | NH; | NO, | NO; | NOx F. N
7/12/84-
TF5.4 9/20/12 440 663 0| 782 0 804 900 0 0 0 0| 926 882
1/14/80-
2-APP001.53 12/4/12 168 788 0 | 469 0 913 0| 154 | 154 | 154 0| 413 0
1/14/80-
2-APP012.79 12/17/12 1 322 0| 313 130 130 59 | 258 | 258 | 258 2 0 0
Appom.- 1/17/80-
TF2 02041650 2/5/13 172 761 | 381 | 540 14 819 536 73 14 14 29 | 833 391
4/18/88-
RET5.1A 9/20/12 387 677 0 | 634 0 677 815 0 0 0 0| 856 878
1/29/80-
2-CHK002.17 12/10/12 30 315 0 | 308 96 160 57 | 265 | 256 | 256 9 0 0
4/26/84-
2-CHK035.26 12/5/12 0 156 0 | 158 0 12 146 | 158 12 12 | 146 0 0
1/18/80-
Chick.-OH | 02042500 2/5/13 10 117 | 143 | 170 23 200 170 35 1 1 35 | 200 52
6/14/83-
2-NAN010.69 | 6/5/02 6 130 0] 119 41 89 0] 121 | 132 | 132 0 0 0
Hampton 1/29/80-
Roads-MH | 2-NAN019.14 12/27/12 68 320 0| 297 126 133 59 | 256 | 261 | 262 0 0 0
2/27/89-
EBE1 9/26/12 522 555 0 | 559 0 556 526 0 0 0 0 | 561 524
9/25/84-
LE5.6 9/25/12 451 669 0| 770 0 795 905 0 0 0 0| 922 778
1/22/98-
LFBO1 9/25/12 184 375 0 | 333 0 371 358 0 0 0 0] 371 448
2/28/89-
SBE2 9/26/12 522 556 0 | 559 0 571 540 0 0 0 0| 572 543
2/27/89-
WBE1 9/25/12 521 556 0 | 545 0 563 526 0 0 0 0 | 566 567
1/7/80-
2-EBE000.40 12/13/12 41 246 0| 124 39 208 0| 158 | 168 | 169 0 78 0
1/22/98-
2-ELI004.79 12/18/12 197 389 0 18 0 382 0 2 0 0 0| 382 0
1/22/98-
2-LAF003.83 12/18/12 203 399 0 18 0 390 0 0 0 0 0] 390 0
1/7/80-
2-SBE001.53 5/19/10 1 190 0| 130 39 136 0] 163 | 175 | 175 0 1 0
Hampton 1/22/98-
Roads-PH | 2-WBE004.44 | 12/18/12 195 386 0 33 14 374 0 13 14 14 0| 375 0
Lower 9/25/84-
James-MH | LE5.2 9/6/12 439 668 0 | 765 0 800 917 0 0 0 0 | 949 891
Lower 7/12/84-
James-OH | RET5.2 9/6/12 438 658 0| 785 0 805 980 0 0 0 0 | 989 | 1001
7/12/84-
Lower TF5.6 9/20/12 443 677 0 | 786 0 818 883 0 0 0 0] 913 881
James- 5/19/80-
TF1 2-JMS050.57 12/4/12 0 186 0] 219 145 35 65 | 164 | 157 | 157 7 0 0
7/12/84-
TF5.2 9/20/12 433 337 0 | 390 0 409 595 0 0 0 0 | 564 574
1/23/80-
Middle 2-JMS110.30 12/4/12 172 487 0 | 315 15 541 0| 167 | 167 | 166 2 | 218 0
James- 5/17/06-
Willis-TF2 2-JMS113.20 12/4/12 124 154 0 | 154 0 125 149 27 0 0 27 | 127 0

12
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Data Review

Long-Term Trends in Water Quality

Before beginning the analyses of seasonal and spatial correlations in water quality,
it was decided to look at long-term trends in riverine and estuarine water quality.
Four stations for which both water quality and phytoplankton species

Figure 3. - Trends in James River Fall-line Nutrient Loads
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composition and biomass data were available (Marshall and Egerton, pers.comm.)
were selected.. The available stations included one in the upper freshwater section
of the James River Estuary (TF5.5), one in the mesohaline section of the estuary
(RETS5.2), one in the polyhaline portion of the estuary (LE5.5) and one in the
Elizabeth River (SBE5). We first downloaded James River fall-line (Cartersville, VA)
loading information as estimated by the U.S. Geological Survey’s River Input
Monitoring program (http://va.water.usgs.gov/chesbay/RIMP /index.html). An
analysis of these data suggests that both total nitrogen (Figure 3a) and total
phosphorus (Figure 3b) have declined over the past 25 years, with a more rapid
decline in total phosphorus (TP) as compared to total nitrogen (TN). This has
resulted in an increase in the ratio of TN/TP from around 3-4 in the mid- to late
1980’s to current levels of between 5 and almost 8 in the mid- to late 2000’s (Figure
3c). We were interested to see if this change in the N:P ratio might have resulted in
a change in algal species composition. This will be discussed below in this section.

The trend analysis considered the period 1995-2010 for the reasons provided
above. In conducting our trend analysis, we decided to take into account the effects
of seasonality. Seasonality comes into play in the following ways:

1) There are seasonal differences in freshwater inflows into the river, with the

winter/spring period typically having higher inflows as compared to the summer
and early fall, which tend to be characterized by lower freshwater inflows. This
seasonality may affect the concentrations of TN and TP via dilution and may affect
phytoplankton biomass (as indicated by chlorophyll-a) via increased residence
time during the summer months.

2) Temperature also varies seasonally with higher temperature during the summer
months. The higher temperatures usually are associated with higher rates of
primary production and thus could affect phytoplankton biomass. Therefore, this
potential seasonal variation must be compensated for to better discern the trend in
the water quality variables. Otherwise, little power may be available to detect
trends that are truly present within the data. A parametric approach was chosen to
address seasonality in the data; that is, a multiple regression using periodic
functions:

Y = Bo+ B1sin(2nT) + B, cos(2nT) + B3 sin(4nT) + B4 cos(4nT) +
Bs sin(6nT) + B¢ cos(6nT) + BoT + €

Where
Y = dependent water quality variable,
Bn = the regression coefficients,
T = time, and
€ = residuals.
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Normally, it is possible to get by with using only one or two paired sine/cosine
terms, but it was found that a slightly better power in the analysis for a few water
quality variables was obtained by using three sine/cosine pairs. Therefore, three
paired sine/cosine terms were used for all variables.

Statistical Note: On the plots and text which follow we present some statistical
information, including:

* The slope of the trend line or the rate of change of the variable of interest over time.
If the slope is positive, then the water quality variable is increasing over time; if the
slope is negative, then the water quality variable is decreasing over time,

* Standard error or standard deviation of the slope of the trend line,

* t-statistic is the slope of the trend line divided by the standard error. Generally for
large samples (>100), if tis greater than 1.7 then the slope of the trend line is
statistically significant and different than zero at a 95% confidence level,

* p-value, in our case, is a measure of the chance that the slope of the trend line is
observed by pure chance. In other words, if we obtain a p-value of 0.05, it means
that there is a 5% chance that the slope of the trend line estimated via the
regression analysis doesn’t actually exist.

* Correlation coefficient (r) of the trend line. The r2 value or coefficient of
determination is a measure of the fraction of the variation in the data that is
explained by the slope of the trend line.

Station TF5.5

Results for the upstream freshwater station, TF5.5, suggest that TN declined over
the 16-year period between 1995 and 2010 (Figure 4). However, the standard error
of the trend-line is fairly large relative to the estimate (and results in a t-score of
0.88). This suggests that the trend-line is not appreciably different from zero. In
the case of TP, however, the trend analysis indicates that there is a statistically
significant decline in TP (t-score =-3.9, p<0.0001) of approximately .038 mg P/L
between 1995 and 2010(Figure 4). Similar to TN, the trend analysis for chlorophyll-
a biomass results in a low t-score of -0.42, indicating no statistically significant
change in phytoplankton biomass. While the long-term trend of dissolved silica (Si)
indicated a strong seasonal cycle, with peak values in the winter and minimum
values in the summer (Figure 5), the t-score of -1.07 (p=0.14) indicated a moderate
decreasing trend in Si concentrations over the 16-year period of analysis.

Consistent with the increasing trend of the ratio of TN to TP in the fall-line loadings,
the trend analysis indicated a statistically significant (p<0.0001) trend in the ratio of
water column TN:TP. Interestingly, the water column ratios show a seasonal signal
and are about a factor of two greater than the fall-line loading TN:TP ratios. Water
column temperature shows a very strong seasonal signal, as might be expected, but
does not indicate a long-term change in water temperature.
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Station RET5.2

Moving downstream to the mesohaline portion of the estuary, a trend analysis was
conducted for station RET5.2 (Figure 6). Similar to the upstream TF5.5 station, the
trend analysis did not indicate a statistically significant trend in TN, but did find a
statistically significant declining trend (p = 0.029) of 0.014 mg P/L over the 16-year
interval for water column TP. Chlorophyll-a also showed a statistically significant
(p=0.008) decline of about 4 ug/L over the 16-year period. The trend analysis for Si
(Figure 7) indicates a statistically significant trend (p=0.058) over the 16-year
period. Further analysis suggests that this trend is the result of higher
concentrations of Si during the summer months, rather than a year-round increase.
This might suggest less utilization of Si during the summer months by the diatom
community or perhaps a decline in diatom abundance. This will be explored further
later in this section. The trend analysis does not show the same increasing trend in
the ratio of TN:TP as was observed at the upstream TF5.5 station. Also, there is no
statistically significant trend in water column temperature.

Station LE5.5

The next station considered was LE5.5, located in the polyhaline portion of the
estuary. As with the stations located upstream of LE5S.5, the trend analysis did not
show any trend for TN (Figure 8). There was a statistically significant (p<0.0001)
decline in TP of about 0.01 mg/L (Figure 8), which represents a decline of 15-20
percent. There was a statistically significant trend (p=0.065) of increasing
chlorophyll-a for this station. Also the trend analysis showed a statistically
significant (p=0.028) increase in Si (Figure 9). However, as was the case for the
RETS5.2 station, most of this can be attributed to increases in summer Si. The TN:TP
ratio also showed a statistically significant (p<0.0001) increasing trend over the 16-
year period. Interestingly, the trend analysis indicated a statistically significant
increase in water temperature (p=0.02) (Figure 9). Further investigation suggests
that perhaps this is due to increased water column temperature in the winter
months, rather than a year-round change in temperature.

Station SBE5

Finally moving into the Elizabeth River, a trend analysis was conducted for station
SBES5, which is located in the southern branch of the river. Unlike the other stations
in the mainstem James River Estuary, station SBE5 indicated a statistically
significant (p=0.005) decline in TN (Figure 10) over the 16-year period of about
0.22 mg N/L. The trend analysis also indicated a decline in TP (Figure 10), with a
p=0.146. The trend analysis did not indicate any long-term trend for chlorophyll.
However, the data do suggest that perhaps summer maxima are declining over time
(Figure 10). There were not sufficient data for Si to perform a trend analysis. The
data and the trend analysis suggest a decline in the TN:TP ratio (Figure 11).
However, the trend line was not statistically significant. Table 3 presents a
summary of the statistical results from the trend analysis for Stations TF5.5, RET5.2,
LE5.5, and SBES5, including the correlation coefficient for the long-term trend line.
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Long term trends in species compositions and abundance

The next step in the trend analysis was to see if there have been any long term shifts
in phytoplankton species composition and abundance. Information for this analysis
was kindly provided by Drs. Harold Marshall and Todd Egerton of Old Dominion
University (pers. comm.). A formal trend analysis on the data was not conducted for
phytoplankton species composition and abundance, given that the number of yearly
samples has declined from 10-11 per year in the early portion of the data set to 7-8
per year. However the analysis on the phytoplankton community was conducted
looking at both phytoplankton abundance (#/L) and looking at estimates of
phytoplankton carbon biomass. (Note: while picoplankton often dominated the
phytoplankton community based on cell counts, the available data did not provide
estimates of picoplankton carbon biomass.)

Station TF5.5

Starting at the upstream end of the James River Estuary at station TF5.5, and based
on a qualitative assessment, there appears to be a very slight decline in overall
phytoplankton abundance (Figure 12). This is reflected in the summer maxima cell
counts. Picoplankton tend to dominate the phytoplankton community, particularly
during the summer months and occasionally into the mid- and late fall. There also
appears to be a slight decrease in the numbers of diatoms, based on their percentage
contribution to the overall plankton abundance. The decline in the overall diatom
percentage of the total plankton cell counts appears to being made up by increases
in chlorophytes and perhaps cyanobacteria, the latter more readily observed in the
summer months. The carbon biomass estimates (Figure 13), indicate that there
were some elevated levels of phytoplankton biomass between 1999 and 2003, while
post-2003 appears to be consistent with the early and mid-1990’s. Carbon biomass
also supports an apparent decline in diatoms. Coincident with the decline in the
diatom community, it appears as though chlorophytes and cyanobacteria have
increased over this 16 year period.

Station RET5.2

Moving downstream in the mesohaline portion of the estuary, at station RET5.2,
there is some indication that phytoplankton abundances have declined very slightly,
but inconsistencies in sampling frequency preclude a formal trend analysis (Figure
14). It also appears, based on cell counts, as if the phytoplankton community
structure has changed over time. By examining the annually averaged data, one can
observe a small increase in diatom abundance during the early to mid-1990’s
followed by a gradual decline in the mid- to late-2000’s. A reverse pattern was
observed in the picoplankton abundance. Overall, the cyanobacteria and
chlorophyte communities do not show any consistent pattern. Based on estimates
of phytoplankton carbon biomass, there appears to be a long-term change in the
phytoplankton carbon, particularly post-1995 (Figure 15). Itis not apparent if the
decline is related to any one algal group, as there does not appear to be any real
change in the compostion of the plankton communities. There is considerable inter-
annual variation, with the diatoms and chlorophytes tending to dominate in each
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year, but no real long-term trend in the relative contributions of specific algal
groups to the carbon pool emerged.

Table 3 - Summary of the statistical results from the trend analysis for Stations TF5.5, RET5.2,
LE5.5, and SBES5, including the correlation coefficient for the long-term trend line.

Variable TF5.5 RET5.2 | LE5.5-W SBE5
Total Nitrogen (TN)
Trend line (mg N/L-yr) -0.0036 | -0.0028 | -0.0001 | -0.0136
Standard error of trend line 0.0041 0.0040 0.0011 0.0052
t-score -0,883 -0.694 -0.079 -2.585
p 0.189 0.244 0.469 0.005
Correlation coefficient (R) 0.062 0.044 0.005 0.184
Total Phosphorus (TP)
Trend line (mg N/L-yr) -0.0024 | -0.0009 | -0.0007 | -0.0004
Standard error of trend line 0.0006 0.0004 0.0002 0.0004
t-score -3.880 -1.900 -3.723 -1.057
p <0.0001 0.029 <0.0001 0.146
Correlation coefficient (R) 0.269 0.140 0.199 0.054
Chlorophyll-a (Chl-a)
Trend line (mg N/L-yr) -0.1187 | -0.2665 0.1554 -0.0361
Standard error of trend line 0.2847 0.1096 0.1024 0.1014
t-score -0.417 -2.431 1.517 -0.356
p 0.339 0.008 0.065 0.361
Correlation coefficient (R) 0.024 0.154 0.097 0.025
Silica (Si)
Trend line (mg N/L-yr) -0.0260 0.0280 0.0114 | No Data
Standard error of trend line 0.0242 0.0177 0.0059
t-score -1.074 1.579 1.929
p 0.142 0.058 0.028
Correlation coefficient (R) 0.069 0.102 0.126
TN/TP
Trend line (mg N/L-yr) 0.2360 -0.0124 0.2318 -0.0602
Standard error of trend line 0.0601 0.0540 0.0370 0.1065
t-score 3.930 -0.229 6.270 -0.565
p <0.0001 0.410 <0.0001 0.286
Correlation coefficient (R) 0.268 0.016 0.275 0.030
Water Temperature
Trend line (mg N/L-yr) 0.0228 -0.0001 0.0601 0.0074
Standard error of trend line 0.0316 0.0270 0.0206 0.0353
t-score 0.722 -0.002 2.918 0.210
p 0.236 0.499 0.002 0.417
Correlation coefficient (R) 0.012 0.0 0.036 0.005
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Station LE5.5

Station LE5.5, located in the polyhaline portion of the estuary, also seems to show a
decline in the peak abundances of phytoplankton during the summer months
(Figure 16). The cell abundances at this station are dominated by the picoplankton,
which represent almost 100 percent of the phytoplankton community, except
during the winter/spring period, which is dominated by diatoms (generally between
40 and 80 percent). The diatom composition at this station reveals periods of both
increasing and decreasing percentages, but no long-term trend is evident.

Estimated carbon biomass also indicates a decline post-2005, perhaps decreasing by
a factor of 2 to 3 (Figure 17). While there is considerable within year variability,
based on yearly averages, carbon biomass is generally dominated by diatoms (50-80
percent) and dinoflagellates (15-30 percent), followed by chlorophytes and
euglenophytes (not shown).

Station SBE5

Finally, looking at station SBE5, located in the southern branch of the Elizabeth
River, there does not appear to be a long-term trend in total phytoplankton cell
abundance (Figure 18). There is, however, a marked decline in the winter cell
counts of diatoms, from between 20 to 40 percent in the 1990’s to less than 10
percent in the late 2000’s. This decline has been accompanied by an increase in the
picoplankton community. The estimated phytoplankton carbon also shows a similar
post-2005 decline as was observed at stations RET5.2 and LE5.5 (Figure 19).
However, the decline in the diatom community is not as evident when considering
phytoplankton carbon. A yearly-averaged minimum in the percentage (~40%) of
estimated carbon biomass is observed in 2008, but by 2010, the percentage has
increased to levels (~60%) that were observed in the 1990’s. The diatoms do show
year-to-year and within year variability, but still tend to comprise between 40 to 70
percent of the phytoplankton carbon. They are followed by dinoflagellates (0-35
percent) with cryptophytes contributing between 10 and 20 percent of the
phytoplankton carbon, depending upon the year. Other contributors include
euglenophytes and chlorophytes (not shown).

Seasonal and Spatial Water Quality Correlations

The first in a series of analyses performed was to consider the inter-relationships
and correlations between chlorophyll-a (chl-a) and other environmental and water
quality variables. Initial assessment involved cross-plotting the raw data for each of
the variables under-consideration. An example of this is presented in Figure 20 for
available data for station TF5.5, using data from all months. While one can see a
general decreasing trend in chlorophyll-a as freshwater flow increases (leftmost
panel

upper row) and perhaps a decreasing trend in nitrate+nitrite (NO2+NO3) with
decreasing flow (fourth panel from left in upper row), the large scatter in the data
tends to cloud the correlations. Therefore, it was decided to “bin” the data using the
independent (or x-axis) physical (flow, temperature) or water quality (ex. total
nitrogen (TN), total phosphorus (TP), etc.). Binning the data involves averaging the
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dependent (or y-axis) data within fixed intervals or ranges of the independent (or x-
axis) data. For each interval or bin the average and standard-deviation of the
dependent data were computed and plotted at the min-point of the x-axis bin. Using
this procedure helps to better illustrate the relationship or trend in the water
quality variables vs. the physical and other water quality variables.

Station TF5.5

For example, again looking at the data for all months for station TF5.5, the
correlation between low flow and elevated chlorophyll-a levels in the tidal fresh
station (TF5.5) of the James River is easier to see in Figure 21 as compared to Figure
20. There are also weak trends of decreasing concentrations of TN and TP vs.
increasing river flow. The data show virtually no correlation between dissolved
inorganic nitrogen (DIN the sum of ammonium (NH4) and nitrate+nitrite
(NOs+NO3)) and river flow, nor in orthophosphate (PO4 or DIP) and river flow,
except at very low flows. There is a strong correlation between dissolved silica (Si)
and river flow with concentrations decreasing rapidly at flows below about 8000
cfs. There is a slight decreasing trend in the ratio of TN to TP with increasing flow,
perhaps due to the resuspension of particle bound phosphorus at high flows. The
data also suggest, in this portion of the river, that phosphorus may be a potentially
limiting nutrient. This is based on assuming a Redfield ratio of 7 mg N/mg P and
noting that the averages of the TN/TP ratios are all above the Redfield ratio of 7 mg
N/mg P and most are above 10 mg N/mg P.

Total organic carbon (TOC) appears to be independent of flow as does total
suspended solids (TSS), except for the highest flow, but this is likely due to a limited
number of samples available at high flows. Secchi depth (or the depth of light
penetration into the water column) appears to be very weakly correlated to flow,
with only a very slight increase in secchi disk depth with increasing flow. Water
temperature is very strongly correlated with flow, which is not surprising, given
that high flows usually occur in the mid- to late-winter and early spring and low
flows usually occur during the summer months and early fall when water
temperatures are highest. However, as indicated by the standard deviations about
the mean there is quite a bit of variability within this correlation.

Chlorophyll-a appears to be correlated to both TN and TP in this portion of the river,
with increasing chlorophyll-a concentrations associated with increasing
concentrations of TN and TP. However, it is important to note that there is
considerable variability in these correlations given the large standard deviations
about the binned means. Chlorophyll-a is also strongly correlated to water column
temperature with increasing chlorophyll-a levels associated with increasing water
temperature. Again there is considerable variability in this correlation. Itis difficult
to make a definite statement about a relationship between chlorophyll-a and TSS
perhaps due to data limitations. Chlorophyll-a appears to increase with increasing
TSS below concentrations of about 40-45 mg/L of TSS, but this relationship
disappears above a TSS concentration of ~50 mg/L. There does not appear to be a
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Figure 4. Trend Analysis for TN, TP, and Chlorophyll-a for Station TF5.5
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Figure 5. Trend Analysis for Silica, TN: TP Ratio, and Water Temperature for Station TF5.5
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Figure 6. Trend Analysis for TN, TP, and Chlorophyll-a for Station RET5.2
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Figure 7. Trend Analysis for Silica, TN:TP Ratio, and Water Temperature for Station RET5.2
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Figure 8. Trend Analysis for TN, TP, and Chlorophyll-a for Station LE5.5-W
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Figure 9. Trend Analysis for Silica, TN:TP Ratio, and Water Temperature for Station LE5.5-W
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Figure 10. Trend Analysis for TN, TP, and Chlorophyll-a for Station SBE5
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Figure 11. Trend Analysis for Silica, TN: TP Ratio, and Water Temperature for Station SBE5
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Figure 12. Trend Analysis for Phytoplankton Densities for Station TF5.5
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Figure 13. Trend Analysis for Phytoplankton Biomass for Station TF5.5
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Figure 14. Trend Analysis for Phytoplankton Densities for Station RET5.2
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Figure 15. Trend Analysis for Phytoplankton Biomass for Station RET5.2
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Figure 16. Trend Analysis for Phytoplankton Densities for Station LE5.5-W
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Figure 18. Trend Analysis for Phytoplankton Densities for Station SBE5
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Figure 20. Correlation Analysis of Raw Data for Station TF5.5
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relationship between chlorophyll-a and TOC, nor is there a correlation between
chlorophyll-a and the ratios of TN/TP nor DIN/DIP.

The data were also analyzed on a seasonal basis, considering spring and summer
data only. Consistent with the definition of spring and summer used by the VADEQ
for establishing seasonal chlorophyll-a standards for the James River; spring is
defined as March 1 through May 31, while summer is defined as July 1 through
September 30. There are several interesting differences between the spring (Figure
22) and summer (Figure 23) data sets. While there are still strong correlations
between chlorophyll-a and flow, the maximum binned chlorophyll-a averages are
about 30 ug/L for the spring vs. 50-60 ug/L for the summer, about a factor of two
higher. Some of this difference is due to longer residence times in this portion of the
estuary in the summer, which corresponds to lower freshwater inflows. Binned
averages for TN and TP are also lower in the spring as compared to the summer.
Average DIN and PO4 concentrations are quite similar and appear to be at
concentrations above which would strongly limit algal growth (10 ug N/L and 1 ug
P/L, respectively). Interestingly, minimum averages of dissolved silica (Si) appear
lower in the summer as compared to the spring, suggesting additional uptake and
utilization by summer diatoms. Although the concentrations of TSS appear quite
similar in the spring and summer, secchi depths are slightly lower in the summer as
compare to the spring; probably reflecting the influence of increased concentrations
of chlorophyll-a in the summer period. Interesting as well, is that there appears to
be a good correlation between the concentrations of chlorophyll-a and TN and TP in
the spring and for chlorophyll-a and TN in the summer, while the correlation
between chlorophyll-a and TP is not as strong in the summer. Both seasons,
however, continue to indicate that phosphorus is the more potentially limiting
nutrient, as indicated by the ratios of TN to TP.

Station RET5.2

Moving downstream to station RET5.2, located in the mesohaline portion of the
James River estuary, there does not appear to be a strong relationship between
chlorophyll-a and river flow either on an annual (Figure 24), spring (Figure 25) or
summer (Figure 26) timeframe. Chlorophyll-a levels do appear to be slightly higher
in the spring (binned averages ~10-15 ug/L) as compared to the summer (binned
averages ~5-10 ug/L). Concentrations of DIN are lower in the summer at this
station when compared to the upstream tidal fresh station (TF5.5), while
concentrations of PO4 are slightly higher, perhaps indicating that nitrogen is
becoming the more limiting nutrient in this section of the river. This is not as
strongly reflected in the ratios of TN/TP during the summer months. While, the
ratios are lower than observed at TF5.5, they are still slightly above 7, which would
still favor a limitation by nitrogen as compared to phosphorus. It should be
recognized however that the literature suggests that there is some range in this
value. Total suspended solids are elevated in the spring (binned averages ranging
from ~25-50 mg/L) when compared to the summer (~20-30 mg/L), which results
in slightly lower values of secchi disk depth in the spring as compared to the
summer. There is some suggestion of a correlation between chlorophyll-a and TP,
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but not TN, in the spring. However, during the summer months, chlorophyll-a
concentrations do not appear to be correlated to either TP or TN.

Station LE5.2

Station LE5.2 is located in the polyhaline portion of the estuary. On an annual basis,
the data do not show a strong correlation between chlorophyll-a biomass and
freshwater inflow (Figure 27), but do tend to increase a little at intermediate flows
(2,000 to 10,000 cubic feet per second (cfs)). Both DIN and TN increase at flow
above ~5,000 cfs. This is in contrast to PO4, which shows a decrease in
concentration with increasing flow, but the decrease levels off for flows about 2,500
cfs. TP is fairly independent of flow. Similar to DIN, Si demonstrates an increase in
concentration above flows of 2,500 cfs. The ratio of TN:TP shows an increasing
trend with increased flows, as does TSS. Corresponding to the increased levels of
TSS, the secchi disk depth decreases with increasing flow. At this station, there
appears to be a fairly strong relationship between chlorophyll-a and TN and to a
lesser degree with TP. Interestingly, chlorophyll-a appears to be inversely
correlated to temperature, with the higher chlorophyll-a concentrations observed at
the lower temperatures. However, as shown by the standard deviations about the
binned data, there is considerable variability in this relationship. On an annual
basis, there does not appear to be a relationship between chlorophyll-a and the ratio
of TN:TP. Similar observations can be made for the spring (Figure 28) and summer
(Figure 29) data sets. The one noteworthy observation concerns the ratio of TN: TP,
which for the summer period indicates that nitrogen may be becoming the more
limiting nutrient, as the TN:TP ratio is below 7 under low flows.

Station LE5.5

Station LES5.5, is also located in the polyhaline portion of the estuary, at the
confluence of the river and Chesapeake Bay. On an annual basis, the data do not
show a strong correlation between chlorophyll-a biomass and freshwater inflow
(Figure 30). Binned chlorophyll-a concentrations are averaging about 10 ug/L. DIN
does appear to increase about flows of ~10,000 cfs, while TN appears to be
relatively independent of flow. Both PO4 and TP data show minimum values
between 5,000 and 10,000 cfs. Silica, similar to DIN, shows an increasing trend at
flows above 10,000 cfs. The ratio of TN:TP appears to be slightly correlated to flow,
with the TN:TP ratio increasing with increasing flow. TSS and secchi depth appear
to be independent of flow. There does appear to be a correlation between
phytoplankton chlorophyll-a and TN, but not for TP nor salinity nor temperature.
Chlorophyll-a also appears to be independent of the TN:TP ratio. In general, the
same comments that were made for the annual data also apply to both the spring
(Figure 31) and summer (Figure 32) periods. The only major difference is that for
the summer period, the TN:TP ratio appears to be independent of flow and the
ratios are lower in the summer as compared to the spring.

In general, this data analysis (with additional supporting plots presented in
Appendix A) suggests that in the upper freshwater portions of the James River
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Figure 21. Correlation Analysis of Binned Data for Station TF5.5 - All Data 1995-2010
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Figure 22. Correlation Analysis of Binned Data for Station TF5.5 - Spring Data Only 1995-2010
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Figure 23. Correlation Analysis of Binned Data for Station TF5.5 - Summer Data Only 1995-2010
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Figure 24. Correlation Analysis of Binned Data for Station RET5.2 - All Data 1995-2010
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Figure 25. Correlation Analysis of Binned Data for Station RET5.2 - Spring Data Only 1995-2010
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Figure 26. Correlation Analysis of Binned Data for Station RET5.2 - Summer Data Only 1995-2010
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Figure 27. Correlation Analysis of Binned Data for Station LE5.2 - All Data 1995-2010
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Figure 28. Correlation Analysis of Binned Data for Station LE5.2 - Spring Data Only 1995-2010
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Figure 29. Correlation Analysis of Binned Data for Station LE5.2 - Summer Data Only 1995-2010



Chl-a (ug/L) vs Q (cfs)

TN (mg N/L) vs Q

PO4 (mg PIL) vs Q

TP (mg PIL) vs Q

80 T T TTTTTm T T TTTTT LLLURRAL 1.00 DI\NI\N\l\-l\ﬁIHNo\Zq \(Tg\I\NII\_)\\,\sHQ\ 2.00 T T TTTTTm T T TTITT LA 0.20 T T TTTTT T T TTTIT LA 0.20 T T T TTITT LA
DIN
NH4
60 4 075 NOz3 1.50 4 0415 4 045 4
40 | 050 2 1.00_ 2 0.0 2 0.0 4
| T ’ T T
200 T . T 1 o025 ll | o050 LIIIIEIII | 005 1 o005 1 IIITIIIL i
T I |
T
0 Ll HHH‘L \lerwjﬂm Ll HHH 0.00 Ll HL\\TT\T\T\I\I Ll \‘HHH 0.00 Lo e il 0.00 Ll HEWI“J‘\L\T\—\HHY TI\IH\H 0.00 Lol HJ\T\H Lo
10? o* o* 10°  10° 10° 10° 10°  10° 10° 10° 10°  10° 10° 10° 10°  10° 10° 0 10°
4.00 T \\\\$\I’Y]g\ S\II\L\\)\X\S T T TTTT 40 T\NI\TR\ \(\mg\ \N/\T%HP) \vs\ 9 TTTT 8.0 L -\rg\c\\ (nl\g\(\:l\li)\\\‘,s \Q\ TTTTT 320 L \s\ﬁl\i\\nity\ (\p\ \9\\\\’ LA 60.0 T \1\-§Hs (mgl\lT)\ \X\s Q\ T T T
3.001 4 301 4 6.0 4 240 I T | 450 4
I
T
2.001 4 201 T 4.0 4 16.0 L T T 4 300 4
WTT T L1
1.00] 1 1oL TTIIL illl 2.0 1 8ol I 1 150 TTT TT T
{ il JJ T TI I
T1+T7TI71 11l ]e
0.00 L \Hﬁﬁ’I e S T A AT 0 I T I I B W T 0.0 I T I I B W T 0.0 I T I I O W T 0.0 I T I I T O W T
102 10° 10" 10° 102 10° 10% 10° 102 103 10* 10° 102 103 10* 10° 102 103 0* 10°
20— HSﬁf:ch‘l \(r\n\)\ \‘\IHS —rrrm 920 ‘\N\at\e\\r\ Ierqp‘(‘d‘(‘e‘g‘jHC) ‘VS‘ 9\\\\ 80 T Chl-a ‘VS ™ T 80 T Chl-a ‘VS LLs T 80 (\:hl-a VS‘ Sal|n|t¥
1.5 [T | 240 [[[w} 2 60 60 60 4
1.0 I] JJ T I 4 16.0 JJ 1 l[ 4 40 4 40 4 40 4
iy il
0.5 L 8.0 4 201 4 201 4 201 T
I L7
T
Tl T l L .
0.0 Lo vrnne vl 0.0 T T R B A W N N T B AT ARt 0 7L\ ! ! - I 1 ! (] I | l‘[r
10 10 10 10° 102 103 10* 105 00 0.5 1.0 1.5 2.0 0.00 0.05 0.10 0.15 020 0 8 16 32
g0 Chl-a vs Water Temp?rature 80 : Chl-a vs TSS : 80 : Chl-a vs TOC : 80 ‘Chl-a vs TNITP‘ 80 (Fhl-a vs DINIDIE’
60 4 60| 4 60 4 60| 4 60| 4
40 4 40 4 40 4 40 4 40 4
20 T 1 20 20 1 20 ] | 20:( I |
IT175c] ! m T:Tle7 H Tpl- 1
T il T - I 1 T f
1 - 1 1 ‘
OL \ll\IIJ‘\J‘ 0I L L L 0 L L L 0 L J‘ \ll \iIL 0J~ I J~ Il 'A\
0 8 16 24 32 0 20 40 60 80 0 3 6 9 12 0 6 12 18 24 20 30 40
Figure 30. Correlation Analysis of Binned Data for Station LE5.5-W - All Data 1995-2010
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Figure 31. Correlation Analysis of Binned Data for Station LE5.5-W - Spring Data Only 1995-2010
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Figure 32. Correlation Analysis of Binned Data for Station LE5.5-W - Summer Data Only 1995-2010
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Estuary, chlorophyll-a is strongly correlated with freshwater flow and temperature
and, with perhaps the exception of stations TF5.4 and TF5.5, is not strongly
correlated to TN nor TP. In the mesohaline portion of the estuary, chlorophyll-a
does not appear to be strongly correlated to any physical or nutrient variables. In
the polyhaline portion of the estuary, chlorophyll-a appears to be weakly correlated
to TN or TP and perhaps temperature, depending upon the station and season being
considered.

Present Compliance with Existing Standards

The chlorophyll-a data were reviewed to evaluate the frequency that the observed
data exceeded the current chlorophyll-a standards. Cumulative frequency
distributions (including the one standard-deviation around the median, represented
by vertical bars) of the available chlorophyll-a concentrations (blue asterisks) were
generated on an annual basis and then for the spring (March 1 through May 31) and
summer (July 1 through September 30) periods. In addition, the data were
seasonally averaged (red diamonds) so that compliance with the current criteria
could be evaluated. Starting at the upstream freshwater station (TF5.5), the
observations show that, on an annual basis, chlorophyll-a concentrations are greater
than 18 ug/L more than 50% of the time (Figure 33) and are greater than 40 ug/L
about 20% of the time. The existing spring chlorophyll-a criteria of 10 ug/L would
have been exceeded in 9 of the 16 years, although the “raw” or non-seasonally-
averaged data were above the current criteria only about 50% of the time. The
summer criteria of 15 ug/L would have been exceeded in 15 of the 16 years, while
the “raw” data exceeded the criteria about 85% of the time during the 1995-2010
period. With the exception of a few high values in the spring, chlorophyll-a
concentrations are generally lower in the mesohaline portion of the river. On an
annual basis data from station RET5.2 (Figure 34) indicate that chlorophyll-a
concentrations are less than 10 ug/L about 50% of the time and less than 18 ug/L
about 85% of the time. The spring criteria of 15 ug/L would have been violated in 8
out of 16 years and the “raw” data were above the criteria about 45% of the time.
The summer criteria of 22 ug/L would not have been violated during the 1995-2010
period. Chlorophyll-a concentrations are also low in the polyhaline portion of the
estuary, as compared to the tidal freshwater portion of the estuary. Data from
station LE5.5-W (Figure 35) indicate that chlorophyll-a concentrations are less than
10 ug/L about 50% of the time and less than 15 ug/L about 85% of the time. For the
historical data record from 1995 through 2010, the data indicate that the polyhaline
criteria of 12 ug/L for the spring season would have been exceeded in 5 of the 16
years, while the summer criteria of 10 ug/L would have been exceeded in 12 of the
16 years.

Correlation analysis based on clustering

In an additional attempt to characterize chlorophyll-a dynamics over the 1991-2010
time periods, a cluster analysis was used to divide the chlorophyll-a monitoring
stations into similar groups and then principal component analysis, bivariate linear
regression and multiple-regression to study Chlorophyll-a as a function of water
quality parameters (flow, water temperature, secchi depth, TSS, TN, and TP) was
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conducted within these groups. The correlation matrices and the multivariate table
are listed in Appendix B and will be frequently cited.

The ensemble water quality data in the James River varies along its length and
through time. The chlorophyll-maximum shifts upstream between February and
July, as shown in Figure 36. The seasonal cycles at these maxima is illustrated in
Figure 37. Generally, in the summer months at the upstream station, the
correlation of chlorophyll-a with temperature is quite high (r=0.82), while further
downstream at station LE5.2, one can observe an inverse correlation of chlorophyll-
a with temperature. Since there are differences in space and time across a number
of variables, a cluster analysis was used to systematically identify similarities and
differences between the stations.

Cluster Analysis

A cluster analysis was performed on the James River data using the average distance
function of the variables (a measure of similarity or dissimilarity in the correlation
matrix). It separated and grouped the stations spatially, indicating significant
similarities and differences in water quality parameters in the upper, middle and
lower sections of the James River (see Figure 38). Cluster analyses for the
Elizabeth /Lafayette river systems found a similar pattern corresponding to a spatial
upstream and downstream grouping (see slide 29-31 in Appendix B).. The James
and Elizabeth River clustering identified 7 groups as follows:

Group 1: Upper tidal fresh James -- TF5.2, TF5.2A, and TF5.3

Group 2: Lower tidal fresh James, Summer Peak -- TF5.4, TF5.5, TF5.5A;

Group 3: Mesohaline James Spring peak - LE5.2;

Group 4: Lower mesohaline and polyhaline James - LE5.3, LE5.4, LES.5, and LE5.6;

Group 5: Elizabeth River upstream - SBE5 and SBE2;

Group 6: Polyhaline Elizabeth River downstream ELI2 and LFA01;

Group 7: Lafayette River, LFBO1.
Group 1 corresponds to the upper tidal fresh, group 2 to the lower tidal fresh, group
3 to the mesohaline, and groups 4, 5, 6, and 7 to the lower mesohaline and
polyhaline portions of the James River. Among them, two regions: (a) TF4, TF5 and
TF5A and (b) LE5.2 in the James are clearly distinct from other stations and each
other in the James. In the Elizabeth River, it was found that the upper Lafayette
station LFBO1 is clearly distinct from the rest of the Elizabeth river stations. Given
the close proximity of LFBO1 to the City of Norfolk, this distinction corresponds to
the spatial distribution of the observed water quality variables. Based on the cluster
analysis, the stations within the same spatial group possess similar water quality
properties; therefore, in the subsequent system analyses, it is not necessary to
conduct analysis for each station; rather, it is sufficient to either pool the data or to
select a representative station from the group to characterize the response of that

group.
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Bivariate linear regression analysis

(a) For group 1, using the ensemble average data, chlorophyll-a was highly
correlated with water temperature and inversely correlated with flow. The
correlation of chlorophyll-a with temperature and flow is: 0.79 and 0.48 for
1995-2010, 0.62 and 0.40 for 1995-2000, and 0.69 and 0.30 for 2001-2010
(see slide 9, Appendix B). However, when the raw data were used, the
correlation of chlorophyll-a with water temperature and flow dropped
dramatically to 0.25 and <0.05 (left panel of slide 7 in Appendix B). This
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suggested that the cross-correlations between daily chlorophyll-a and daily
temperature were weaker than the cross-correlation conducted from the 5-
15 year ensemble average of chlorophyll and temperature. A similar
conclusion can be drawn for the cross-correlation between chlorophyll-a and
flow data. This indicates that the short-term dynamics in this region tend to
appreciably depart from the long-term ensemble mean and make it difficult
to make short predictions using the long-term monitoring data. It also
suggests that the region is more susceptible to higher frequency fluctuations
specifically inter-annual variations.

(b) In group 2, using ensemble data stations TF4, TF5 and TF5A in the lower
tidal fresh James, it was found that chlorophyll-a is highly correlated with
temperature and inversely correlated with flow. The correlation of
chlorophyll-a with temperature and flow is: 0.89 and 0.71 for 1995-2010,
0.78 and 0.79 for 1995-2000, and 0.87 and 0.46 for 2001-2010, respectively.
When the raw data in 1995-2010 were used, the correlation between
chlorophyll-a with temperature and flow became 0.44 and 0.33. The drop of
r? from using ensemble data to raw data was obvious, but the drop was not
as dramatic as that for group 1. This indicates that the dynamics in this
region are more associated with the long-term average such as seasonality
and less affected by inter-annual fluctuations when compared with group 1.
One important point is that for both groups 1 and 2, which are located in the
tidal fresh James, chlorophyll-a is negatively correlated with flow. One
plausible explanation is that the influence of flushing rate exceeds the effect
of phytoplankton growth rates and biomass accumulation. In both groups 1
and 2, the correlation of TSS (or secchi depth) with chlorophyll-a was not
high, 0.11 for both the groups, suggesting that phytoplankton growth was not
strongly controlled by the light limitation. However, Lung (1986) indicated
that turbidity may have controlled phytoplankton growth during 1980s in
the lower tidal fresh James. Recent bioassay experiments by Wood et al.
(2013) indicated weak dependence on light. Therefore, the limiting factor for
phytoplankton growth rate may have changed since the 1980s.

(c) Further downstream from the tidal fresh James, group 3(LE5.2) and group 4
(LE5.3, LE5.4 and LE5.6) are located in the lower mesohaline, and polyhaline
James. In this region, it was found that chlorophyll-a is positively correlated
with the flow. This is significant and intriguing because in groups 1 and 2,
chlorophyll-a is inversely correlated with flow. Borsuk et al. (2004) reported
the confounding effect of flow in the upper Neuse River in that it can play a
role in flushing the phytoplankton, depressing the algae population, during
relatively large freshwater inflows and, at the same time, deliver nutrients to
fuel algal growth. This seemingly contradicting role of flow is illustrated in
Figure 39. The figure shows the dual roles of flow - on one hand, the effects
of flow velocities, turbidity and salinity can reduce the algal population (
right panel); on the other hand, flow also plays a key role in delivering
nutrients, which fuels the algal population (left panel). The inverse
relationship between chlorophyll-a and flow suggests that the flushing
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Figure 38 - Average Distance Cluster analysis of the James River Water Quality stations. Note
that the first cluster identified on the right hand side, the TF5.4, TF5.5, and TF5.5A group,
corresponds to the stations near the summer turbidity maximum.

effect outweighs the delivery of nutrients in the tidal fresh region (groups 1
and 2). The positive relationship between chlorophyll-a and flow in the
mesohaline and polyhaline (groups 3 and 4), on the other hand, suggests that
delivery of nutrients overwhelms the effect of flow, turbidity and salinity.
Thus, as part of the modeling effort, the ability of the model to separate the
different zones by simulating salinity intrusion and turbidity maximum
becomes critically important. Salinity in the mesohaline is inversely
correlated with flow (r?=0.63) as salinity transitions from salt water to fresh
water. Given the phytoplankton population in different parts of the James is
controlled by different mechanisms and flows change over time, it is foreseen
that the TMDL control strategy is “dynamic” in both space and time.
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Multivariate regression analysis

The multivariate regression analyses are used in this section which considers the
relationship between chlorophyll and multiple independent variables
simultaneously.

Tidal freshwater,
Mesohaline, oligohaline

Polyhaline

Multivariate regression analysis:

The multivariate regression analyses in this section considers the relationship
between chlorophyll-a and multiple independent variables at the same time, versus
the previous analysis that just looked at chlorophyll-a relative to single variables.

(a) The summer chlorophyll-a maximum occurs at stations TF4, TF5, and TF5A
(group 2), which are located in the lower tidal fresh region of the James. The
Pearson correlation matrix (slide 14 Appendix B) indicates that chlorophyll-a

TASK 2 — EMPIRICAL DATA ANALYSIS REPORT | 61



is correlated with several individual variables including water temperature
(r=0.94), flow (r=-0.84), TP (r=0.76), TN (r=0.87), Secchi depth (r=-0.25), and
TSS (r=-0.25), in one to one correlations. A multivariate regression statistical
model considers multiple independent water quality parameters using:

Ln (CHLA)=a+bx, + ¢

This statistical analysis encompasses multiple independent variables. The
sum of squares symbol R? is used to represent the square of the correlation
coefficient. The model was applied to group 2 and the sum of squares is
R?=0.66 for the 1995-2010 period, R?=0.58 for the 1995-2000 and R?=0.85
for the 2001-2010 period. This indicates the model can explain 66% and
85% of the variability for 1995-2010 and 2001-2010 respectively. The
multivariate regression coefficient as well as partial regression coefficients
for 1991-2010 are shown in Figure 40. Among the most significant variables
are: water temperature (0.43), Secchi (0.39), flow (-0.34). It also shows that
TN and TP have a less significant standardized slope of 0.26 and 0.12
respectively. Between TN and TP, nitrogen, on average, is more likely to be
the limiting nutrient. However, it is a well-known fact that the TN to TP ratio
tends to increase during high flow and decrease during low flow periods.
Thus there are periods, particullarly low flow periods, when TN and TP are
co-limiting, which is consistent with the Wood et al. (2013) bioassay
experiments. Figure 41 shows the TN/TP and DIN/DIP time series in which it
can be seen that the ranges vary significantly, affected by flow, seasons, and
storm events. To discern all these effects, the WRTDS (Weighted Regression
on Time, Discharge, and Season) method developed by Hirsch and Archfield
(2010) may be needed.

(b) For the mesohaline station LE5.2 (group 3), where the chlorophyll-a

maximum is located, the standardized slopes of TN and TP from the
multivariate regression have a larger contribution: TN (=0.55) and TP (=-
0.34) indicating that the mesohaline James is more strongly nitrogen limited.
The multivariate predictability for LE5.2 , though, was not as good; the R?is
only 0.13-0.30. Itis interesting to note that adding DIN as a variable in a
step-wise statistical procedure can improve the R? for the linear regression
model by 0.20 and 0.40 for the mesohaline James and the Elizabeth and
Lafayette Rivers, respectively. These are very significant improvements in
the predictability of chlorophyll. Gudimov, et al. (2012) have used both TN
and DIN as the index variables (measurements) for the latent variable
nitrogen in the study of lake eutrophication in Canada.

(c) At the downstream stations in the lower mesohaline and polyhaline regions
of the James, which includes stations LE5.3, LE5.4, LE5.5 and LE5S.6, the
multivariate linear regression for chlorophyll-a was not highly correlated
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with the independent water quality variables (R?= 0.20). A possible reason
for this may be due to influence from the adjacent Chesapeake Bay. The
highest correlation of chlorophyll-a is with salinity (R?=-0.33) followed by
flow (R?=0.24), and Secchi depth (R?=-0.20). The inverse relationship
between chlorophyll-a and Secchi depth suggests a self-shading effect by the
phytoplankton.

Elizabeth and Lafayette River Special Study

The Elizabeth and Lafayette Rivers were clustered into three groups: group 5 (the
upstream Elizabeth River stations SBE5 and SBE2), group 6 (the downstream
polyhaline Elizabeth River with stations ELIZ, LFAO01) and group 7 (the Lafayette
River group with station LFB01). The Deep Creek Spillway located downstream of
the Dismal Swamp is the only major river inflow into the southern branch of
Elizabeth River. The annual mean discharge of the Deep Creek Spillway is about 100
cfs with occasional high flows, which do not follow a seasonal pattern.

(a) The upstream portion of the Elizabeth, group5, consisting of stations SBE5
and SBEZ2, has the strongest bivariate relationship between chlorophyll-a and
TSS. The multivariate regression model indicates that TSS, secchi, and
salinity are the most significant predictors; but with the overall R? ranging
between 0.28 -0.32, much of the variability in chlorophyll-a in the upstream
portion of the Elizabeth is unexplained by these factors.

(b) The polyhaline downstream portion of the Elizabeth, group 6, consisted of
stations EL12 and LFAO1. For EL12, the strongest bivariate relationship is
between chlorophyll-a and secchi depth (-0.35). Going from the Elizabeth
River into the Lafayette River, an increase in the correlation of TN and
chlorophyll-a was observed. For LFA01, the strongest bivariate relationship
is between chlorophyll and TN (0.37). The multivariate regression gives the
largest standardized slope for Secchi (-0.60) followed by water temperature
(-0.29) and salinity (0.14). The overall R? for the multivariate regression
though is 0.21, which indicates a low predictability. As pointed out in the last
section, however, when DIN is added as an additional variable, the R? jumps
from 0.21 to 0.68, which is a very significant improvement, with DIN and TN
having the largest standardized slopes of -0.88 and 0.52 respectively.

(c) The upstream portion of the Lafayette River, represented by station LFB01, is
distinctly different from other stations in the Elizabeth River based on the
cluster analysis. For this group, the bivariate linear regression showed that
TP (R?=0.81) and TN (R?=0.65) have the two highest correlation scores.
Using the multivariate regression, the R? was 0.54, and TN, TP and Secchi
depth have standardized slopes of 0.35, 0.32, and -0.46 (slide 63, Appendix
B). Additionally, the principle component analysis (top of slide 64, Appendix
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B) shows that clear patterns stand out as factors 1 and factor 2, which
combined can explain 72% of the total variance. Factor 1, consisting of
turbidity, TN, TP, and temperature, has a Pearson correlation coefficient of
0.62 with chlorophyll-a. Factor 2, consisting of salinity has a correlation
coefficient of -0.18 (bottom slide 64, Appendix B). Factor 1 shows a highr
for TP (0.77), TN (0.70), secchi depth (-0.82), TSS (0.81) and water
temperature (0.82), suggesting a relationship with locally high nutrients
and turbidity characteristic of urban runoff from Norfolk metropolitan area.
Factor 2, salinity, is inversely correlated with chlorophyll, suggesting
nutrient discharge is associated with freshwater from the city. Synthesizing
both factors 1 and 2 suggests that the local inputs of nutrients in the Upper
Lafayette River from the City of Norfolk is a likely cause of recurring high
chlorophyll-a and harmful algal blooms in the region, which is consistent
with the study by Mulholland et al. (2009). Additional field and laboratory
analysis are needed, though, to further elucidate and confirm the exact
mechanism.

(d) From Charette and Buesseler (2004), the submarine groundwater discharge
(SGD) in the Lafayette River was determined to be 200 m3/day, which is
among the highest SGD in the Elizabeth River basin. Nitrate and phosphorus
surface concentrations were also considered elevated. The degree to which
the SGD and elevated nitrate and phosphorus concentrations contribute to
Elizabeth River water quality is unknown, but it is included here for future
reference.

An ensemble statistical analysis was conducted using James River monitoring data
from 1995-2010. The data was divided into 1995-2010, 1995-2000, 2001-2010
periods. It was found that the ensemble chlorophyll-a data at upstream stations in
group 1 and group2 located in the tidal fresh James are better correlated with the
locally measured water quality parameters. While the variability of chlorophyll-a at
downstream stations such as group 3 and group 4, located in the mesohaline and
polyhaline, are less controlled by local water quality conditions. When the raw data
(rather than the ensemble data) were used, the prediction skill score dropped
significantly.

It was found that flow has a confounding role - on the one hand, it flushes the algal
population out of the system and, on the other hand, delivers a nutrient load to fuel
algal growth. From tidal fresh to polyhaline stations, both the chlorophyll:flow
relationship and the nutrient:flow relationship change from negative to positive,
suggesting there is a dynamic shift between tidal fresh and polyhaline zones. The
chlorophyll-a and water quality variables have a better correlation with the tidal
fresh stations compared to those in the lower mesohaline and polyhaline. In the
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Elizabeth and Lafayette River, the relationship was unexplainable for most of the
stations except in LLFBO1. Located in the upstream area of the Lafayette, the multi-
regression results for LFBO1 were relatively high: R? (0.54) with standard slopes
for TN (0.35), TP (0.31), and Secchi (-0.46), indicating nutrient inputs from the

Norfolk metropolitan area.

Station group (Lower tidal fresh,

location of summer peak: TF5.4 TF5.5

TF5.5A) (1995~2010)

R?=0.66
N=106 samples

(2001-2010)
R?=0.85
N=61 samples

logChla

| | | |

0 1 2 3 4
Predicted Value
Parameter Estimates
Variable DF Parameter Standard t Value Pr > || Standardized
Estimate Error Estimate
Intercept 1 -0.09815 1.48263 -0.07 0.9475 0
logFlow 1 -0.36097 0.0982 -3.68 0.0005 -0.33621
WTEMP 1 0.05873 0.0102 5.76 <.0001 0.42917
TP 1 498124 3.38126 1.47 0.1465 0.11543
SECCHI 1 4.45925 0.87991 5.07 <.0001 0.38683
TSS 1 0.03151 0.00978 3.22 0.0022 0.25188
TN 1 1.35295 0.45993 2.94 0.0048 0.25851

Figure 40: The results of multivariate regression linear statistical model for tidal fresh stations. The
figure and regression table is for 200111991-2010.
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Figure 41- Time series of DIN/DIP and TN/TP plotted at tidal fresh station TF5.5 from 1991-2010.

Additional Regression Analyses

Additional regression analyses were performed on the four stations with long-term
phytoplankton cell count and biomass data: TF5.5, RET5.2, LE5.5, and SBE5. A
series of regression analyses were conducted for each station, starting with using
the “raw” or individual data points and then using “binned” or monthly-averaged
data from 1995-2010. The purpose was to determine if the observed data would
lend themselves to predicting chlorophyll-a biomass using an empirical modeling
approach. The regressions were performed using the observed chlorophyll-a data
and loge transformed chlorophyll-a data. Interestingly, when performing univariate
regressions (e.g., chlorophyll-a vs. TN or chlorophyll-a vs. temperature) there was
not a significant difference between the untransformed data and the transformed
(loge) regressions. However, when performing multivariate regressions, the loge
transformed regressions provided greater predictive power (i.e., higher correlation
scores). Therefore, we shall present the log. transformed results (the
untransformed regression results can be found in the appendices). Figure 42
presents the regression analysis results for chlorophyll-a versus TN for station
TF5.5. The upper left panel presents the results for the “raw-transformed” data.
Although the regression analysis indicates that the slope is significant (p<0.001), the
correlation coefficient is only 0.36, which only explains about 13% of the variation
in the data. Applying the slope and intercept from the regression analysis to the TN
to predict the log. chlorophyll-a and then transforming the predictions back to
arithmetic space (panel upper right), indicates that the regression is a poor
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predictor of chlorophyll-a, with only a few predicted chlorophyll-a concentrations
above 45 ug/L versus a significant portion of the observed data being about 45
ug/L. Next a regression was performed using the “binned” or monthly-averaged
data. As can be seen from the panel on the lower left, the regression slope is a poor
predictor of chlorophyll-a from monthly-averaged TN (p=0.16). This is also
observed when applying the estimated slope and intercept to the monthly-averaged
TN to estimate monthly-averaged chlorophyll-a (lower center panel). Applying the
regression slope and intercept, as estimated from the monthly-averaged data, to the
raw TN data, the regression also fails to do a good job of predicting the observed
raw chlorophyll-a data (lower right panel).

A similar analysis was conducted for TP (Figure 43) for station TF5.5. The results
are very similar to those obtained from the TN regression analysis. The

computed slope for the raw chlorophyll-a versus TP (upper left panel), was
significant (P<0.001), but the correlation coefficient was low (~0.3) and explained
less than 10% of the observed variation between chlorophyll-a and TP. Predicted
chlorophyll, as estimated from TP and the regression slope and intercept, compares
poorly to the observed chlorophyll-a data (upper right panel). Although the
regression results obtained from the monthly-averaged data are more favorable
than obtained for TN, i.e., the slope is significant (p<0.001) and the correlation
coefficient is 0.73, which explains about 53% of the data (lower left panel) and does
areasonably good job of predicting the monthly-averaged chlorophyll-a (lower
middle panel), using the computed slope and intercept and the raw TP, the
regression model performs poorly, when predicting the raw chlorophyll-a data
(lower right panel). Although using the slope and intercept from the monthly-
averaged regression appears to perform better than the slope and intercept from
the raw data, i.e., the predictions are better centered around the 1:1 line, the
regression model significantly over-predicts chlorophyll-a for observed chlorophyll-
a concentrations less than 60 ug/L.

Next, the regression analyses were performed for water temperature (Figure 44).
The regression slope was statistically significant (p<0.001) and explained about 43
percent of the variation between chlorophyll-a and water temperature (upper left
panel), but overall was a poor predictor of chlorophyll-a (upper right panel).
Similar to TP, the regression results obtained from using the monthly-averaged
chlorophyll-a and water temperature were statistically significant with the
regression model being able to explain about 85% of the variation in the data (lower
left panel) and also providing a good prediction of the monthly chlorophyll-a (lower
middle panel). However, when applied to the raw data, the regression model again
proved to be a poor predictor of chlorophyll-a biomass (lower right panel). Similar
results were also obtained from a regression of chlorophyll-a against a logio
transformed 10-day averaged freshwater flow - Q1o (Figure 45). While the
regression slope for the logio transformed Q10 was significant (p<0.001) and
explained about 46% of the variation in the data, it performed poorly when
predicting the high concentrations of chlorophyll-a observed in the data. Using the
slope and intercept estimated from the monthly-averaged data appears to perform
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better at predicting the raw chlorophyll-a data, but one can observe considerable
variation around the 1:1 line. For example, for observed chlorophyll-a
concentrations of between 45 and 55 ug/L, the predictions range from about 12
ug/L to about 125 ug/L. Each of the regression models performed poorly when
attempting to predict the raw chlorophyll-a biomass.

The next step in the regression analysis was to perform a multiple linear regression
on the raw data. In this case chlorophyll-a was regressed against TN, TP, water
temperature and the logio transformed 10-day averaged freshwater flow (Q10). The
initial regression analysis was performed on the raw data (left-hand panel Figure
46) and while the multi-variable regression model was able to explain about 54% of
the observed variation in the chlorophyll-a data, overall it was a poor predictor of
chlorophyll, failing to reproduce the observed chlorophyll-a data in excess of ~50
ug/L (left-hand panel). Performing a similar analysis on log. transformed
chlorophyll, provided a small increase in the correlation coefficient, which explained
about 63% of the observed variation in the data. However, as can be seen (right-
hand panel) there is still a large degree of variation around the 1:1 prediction line.
Finally, multiple linear regression analyses were performed using the “binned” or
monthly-averaged data (Figures 47 and 48). While the multiple linear regression
models performed well on both the normal and loge transformed chlorophyll-a data,
explaining greater than 90% of the observed variation in the monthly-averaged
chlorophyll-a data (left-hand panels), when the regression slopes and intercept
were then applied to the raw TN, TP, water temperature and logio Q10 data to
predict chlorophyll, the models did not perform as well (right-hand panels).

When these regression analyses were applied to data from Stations RET5.2, LE5S.5,
and SBE5 (results presented in Appendix A), the overall findings were quite similar.
In some cases the monthly-averaged regression models appeared to provide a
reasonable prediction of monthly-averaged chlorophyll-a data, but in all cases they
performed poorly in predicting the raw chlorophyll-a data. These results suggest
that the construction of an empirically-based model to predict chlorophyll-a
concentrations in the tidal James River is not feasible. This is likely due to the fact
that phytoplankton biomass, as represented by chlorophyll-a, is determined by the
complex interactions of TN, TP, temperature, freshwater flow (and other water
quality variables, such as light attenuation, wind-mixing, etc.), and cannot be
captured in simple univariate or multivariate linear regression models. Rather, it
will be necessary, to construct a process-based or deterministic model to provide
water quality managers with a tool with which to predict chlorophyll-a response to
nutrient management scenarios. The output, specifically chlorophyll-a biomass,
from the deterministic model may then be used together with an empirically-based
chlorophyll-HAB model to predict the frequency, duration and spatial extent of
HABs in the freshwater and marine waters of the James River.
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Figure 43. Regression Analysis Results for Chlorophyll-a versus TP for Station TF5.5
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Subtask 2.2- Flow and Nutrient Budget

A flow and nutrient budget for the tidal James River was developed using available
stream flow and water quality monitoring data as well as Chesapeake Bay Model
(U.S. EPA 2010b) output. Budgets were first calculated on the basis of coincident
flow and water quality data. Coincident data were sorted into flow percentile
categories, in 10 percent increments. Loads were then calculated for each category.
The percentile loads were aggregated and then used to develop annual and seasonal
budgets. Budgets are representative of the time period from 1985 to 2012, to
coincide with the simulation start date of the Chesapeake Bay Model and ending
when data are no longer available (as outlined in Table 1). Budgets were then
calculated based on Chesapeake Bay Model results and reflect the time period from
1985 to 2005, coinciding with the start and end simulation dates of the model.

Assessment Locations

Upland pollutant loads from the James River watershed are the drivers of the
nutrient budget. As a result, the loading analysis focused on loading at five locations
that represent significant upland drainage areas to the tidal James River. These
areas include:

e Middle James-Willis-TF2

* Appomattox-TF2

* Chickahominy-OH

* Hampton Roads-MH

* Hampton Roads-PH

These areas represent the majority of upland area contributing pollutant loads to
the tidal James River. Not included are the lateral direct drainage areas to the Lower
James. These areas will be evaluated at a later date as data permit. The Middle
James, Appomattox, and Chickahominy drainages include a USGS flow monitoring
gage at or near the location of confluence with the tidal James. Monitored flows
were adjusted on an area percentage basis to account for watershed area not
draining to the gage. For the two Hampton Road locations (MH and PH representing
the Elizabeth and Nansemond Rivers, respectively) no observed monitoring records
are available. To estimate stream flow inputs and direct runoff from these areas,
output from the Chesapeake Bay Model (U.S. EPA 2010b) was used. Corresponding
water quality data were used from the selected water quality monitoring locations
for all areas. For the two Hamptons Road locations this is limited to data through
2005 because the Bay Model simulation period ends at this date. In addition,
modeled flows and pollutant loads were examined at each location and compared to
the observed data for coincident dates.

The nutrient budgets presented in the following sections characterize average
annual loads of observed total nitrogen (TN), nitrate (NO3), total organic nitrogen
(Org N), total phosphorus (TP), and dissolved ortho-phosphate (Ortho P or PO4).
Comparative modeled loads are presented for the same constituents, excluding NO3
and PO4 because the Chesapeake Bay model does not directly simulate these
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pollutants. Bay model output for NOx and POa4, representing the various forms of
nitrogen oxides and phosphates, respectively, are used as surrogates for comparison
purposes.

Middle James-Willis-TF2

Figure 49 presents a seasonal analysis for observed flow and pollutant loads at the
outlet of the Middle James-Willis-TF2 segment, with total phosphorus and PO4
presented in separate plots for clarity. In general, pollutant loads track with river
outflows, with the highest occurrences in the winter for all parameters except
organic nitrogen, which has the highest loads in the fall. Loads are lowest for all
parameters in the summer when flows are at their lowest. Following the flow trend,
spring loads are generally greater than fall loads, again with an exception for
organic nitrogen.

.Figure 49. Observed seasonal flow and pollutant loads for Middle James-Willis-TF2.
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Table 4 presents a comparison of the observed and modeled average annual loads of
the selected constituents for the Middle James-Willis-TF2 segment. The loads
presented only include observed data collected during the Chesapeake Bay Model
simulation period (1985-2005). Note that no organic N observations are available
for the modeling time period at this location, thus no comparison was made.

Table 4. Average annual flow and loads for select nutrient constituents for Middle James-
Willis-TF2

Constituent | Source Winter Spring Summer Fall Total
Modeled | 2,416,221 | 1,208,485 | 1,003,204 | 1,077,379 | 5,705,289
TN (kglyr)
Observed | 2,991,969 | 1,185,679 | 1,387,126 985,529 | 6,550,302
Modeled 411,138 246,470 205,243 200,465 | 1,063,316
TP (kglyr)

Observed 493,950 152,141 242,228 163,425 | 1,051,744
Modeled 507,460 268,200 192,522 197,942 | 1,166,125
Observed 903,847 529,530 201,895 411,163 | 2,046,436

NOs3 (kglyr)*

. | Modeled 88,064 66,844 47,363 68,462 270,732
PO (kglyr)
Observed 108,897 81,067 50,078 68,256 308,298
OrgN Modeled -- -- -- -- --
(kgfyr) Observed -- - - - -

*Modeled NO, andPO,, loads are used as surrogates for NO; and PO,, respectively, for comparison to observed
loads

Appomattox-TF2

Figure 50 presents a seasonal analysis for observed flow and pollutant loads at the
outlet of the Appomattox-TF2 segment, with total phosphorus and PO4 also
presented in a separate plot for clarity. All pollutant loads track with river outflows,
with the highest occurrences in the winter for all parameters. Loads are lowest for
all parameters in the summer when flows are at their lowest. Following the flow
trend, spring loads are very similar to fall loads with greater loads in the spring for
NOs, organic N, and POy, but slightly smaller loads for TN and TP
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Figure 50 Observed seasonal flow and pollutant loads for Appomattox-TF2.

Table 5 presents a comparison of the observed and modeled average annual loads of
the selected pollutants for the Appomattox-TF2 segment over the Chesapeake Bay
Model simulation time period (1985-2005).

Table 5. Average annual flow and loads for select nutrient constituents for Appomattox-TF2

Pollutant Source Winter Spring | Summer Fall Total

Modeled | 479,839 | 272,251 | 187,143 | 280,732 | 1,219,965
TN (kglyr)

Observed | 426,399 | 244761 | 125275 | 236,240 | 1,032,674
1P (kgiyr) | Modeled 35208 | 31,844 | 26,847 | 27,116 | 121,016

Observed | 50,243 | 28331 | 15663 | 28,968 | 123205
NO; Modeled | 212,360 | 87,279 | 70,146 | 103,054 | 472,838
(ka/yr) Observed | 141,458 | 55220 | 30251 | 81,193 | 308,122
PO, Modeled 12,233 9,279 8,968 9,549 40,029
(kg/yr) Observed | 12,812 7,161 3,716 7,276 30,964
Org N Modeled | 200,723 | 137,031 | 97,192 | 146,273 | 581,219
(ka/yr) Observed | 232,907 | 171,116 | 102,564 | 143,658 | 650,244

*Modeled NO, andPOu, loads are used as surrogates for NO; and PO,, respectively, for comparison to observed loads.
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Chickahominy-OH

Figure 51 presents a seasonal analysis for observed flow and pollutant loads at the
outlet of the Chickahominy-OH segment, with total phosphorus and PO4 also
presented in a separate plot for clarity. All pollutant loads track with river outflows,
with the highest occurrences in the winter for all parameters. Loads are lowest for
all parameters in the summer when flows are at their lowest. Following the flow
trend, spring loads are very similar to fall loads with greater loads in the spring for
TP and organic N, but slightly smaller loads for TN, NO3, and POa.

Figure 51 - Observed seasonal flow and pollutant loads for Chickahominy-OH.

Table 6 presents a comparison of the observed and modeled average annual loads of
the selected pollutants for the Chickahominy-OH segment over the Chesapeake Bay
Model simulation time period (1985-2005).
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Table 6. Average annual flow and loads for select nutrient constituents for Chickahominy-OH

Pollutant Source Winter Spring | Summer Fall Total
IN (kqiyr) |Modeled | 69,083 | 49753 | 35585 | 30,162 | 185483
Observed | 75,074 | 52229 | 34,711 | 43386 | 205,400
1P (kgiyr) | Modeled 6,356 8,662 8,235 3,864 | 27,116
Observed 8,328 6,357 5,133 4115 | 23,932
NO3 Modeled | 30,357 | 15,166 9,000 | 13,562 | 68,985
(kalyr)” Observed | 18,327 7,555 3,086 9,011 | 37,978
PO, Modeled 4,075 5,534 6,523 3437 | 19,569
(kalyr)” Observed 1,071 088 761 821 3,641
Org N Modeled | 36,286 | 32,640 | 25289 | 15,704 | 109,919
(kalyr) Observed | 50,526 | 42,383 | 31,508 | 32,020 | 156,437

*Modeled NO, andPOu, loads are used as surrogates for NO; and PO,, respectively, for comparison to observed loads.

Hampton Roads-MH

Figure 52 presents a seasonal analysis for modeled flow and pollutant loads at the
outlet of the Hampton Roads-MH segment, representing the Nansemond River

Figure 52 - Modeled seasonal flow and pollutant loads for Hampton Roads-MH
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drainage, with total phosphorus and PO4 also presented in separate plots for clarity.
The seasonal signature for this location is unlike what is observed for the three
upstream locations. This area shows slightly higher summer flows than in spring or
fall, though the volumes for these three seasons are very similar. Winter is still the
wettest season and, as for the other locations, exhibits the highest pollutant loads.
Fall generally exhibits the lowest pollutant loads, including for TN, organic N, TP and
P043-. Comparing spring and summer, the larger load changes with pollutant where
spring shows higher TN, NO3, and organic N loads, but higher TP and PO43-are seen
in the summer. The seasonal flow and pollutant loading signatures for this area are
likely affected by point sources and reservoirs located in the watershed.

Table 7 presents a comparison of the observed and modeled average annual loads of
the selected pollutants for the Hampton Roads-MH segment over the Chesapeake
Bay Model simulation time period (1985-2005). Only modeled flows are available
for this watershed. Observed loads are estimated using modeled flows and observed
monitoring data. These should be used with caution given the tidal nature of the
monitoring location. Modeled loads of NOx and PO4y are used as surrogates for NO3
and POq, respectively, as the Chesapeake Bay model did not explicitly simulate the
latter.

Table 7 - Average annual flow and loads for select nutrient constituents for Hampton Roads-
MH

Pollutant Source Winter Spring | Summer Fall Total
TN (kg/yr) Modeled 14,527 9,278 15,877 20,734 60,416
Observed 11,725 1,965 12,253 13,916 39,859
TP (kglyr) Modeled 5,389 2,037 1,247 1,919 10,591
Observed 9,006 2,661 2,637 2,977 17,282
NO; Modeled | -- -- -- -- --
(kglyr)” Observed | -- -- -- -- --
PO4 Modeled 2,605 981 1,096 1,209 5,890
koD | observed | 3,936 1,272 1,699 1218 | 8,124
Org N Modeled -- -- -- -- --
(kalyr) Observed -- -- -- -- --

*Modeled NO, andPOu, loads are used as surrogates for NO; and PO,, respectively, for comparison to observed loads.

Hampton Roads-PH

Figure 53 presents a seasonal analysis for modeled flow and pollutant loads at the
outlet of the Hampton Roads-PH segment, representing the Elizabeth River
drainage, with total phosphorus and PO4 presented in a separate plot for clarity. The
seasonal signature for this location is similar to what was described for the
Hampton Roads-MH segment. Again, this area shows higher summer flows than in
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spring or fall. Winter is still the wettest season, but summer flows are only 8 percent
lower than for the winter. Also the spring and summer show the highest loads for
certain pollutants including TP and PO4x in the summer and NOy in the spring.
Winter has the highest loads for the other constituents (TN and organic N). Fall
generally shows the lowest pollutant loads, though loads higher than in spring are
seen for organic N, TP, and PO4y. Seasonal flows and pollutant loads for this area are
likely affected by permitted facilities in the watershed.

Figure 53 - Modeled seasonal flow and pollutant loads for Hampton Roads-PH.

Table 8 presents a comparison of the observed and modeled average annual loads of
the selected pollutants for the Hampton Roads-PH segment over the Chesapeake
Bay Model simulation time period (1985-2005). Again, only modeled flows are
available for this watershed. Observed loads are estimated using modeled flows and
observed monitoring data. These should be used with caution, particularly when
compared to modeled loads, given the tidal nature of the monitoring location and
permitted facility contributions represented by the modeled loads. Modeled loads of
NOx and POy are used as surrogates for NO3 and POq, respectively, as the
Chesapeake Bay model did not explicitly simulate the latter.
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Table 8. Average annual flow and loads for select nutrient constituents for Hampton Roads-PH

Pollutant Source Winter Spring | Summer Fall Total
Modeled | 239,520 | 216,365 | 266,537 | 214,714 | 937,135
TN (kglyr)
Observed | 55227 | 38422 | 75199 | 44,055 | 212,903
Modeled 19239 | 19,653 | 26,177 | 17,662 | 82,730
TP (kglyr) %€ : : : : :
Observed 5,065 4,152 9,626 4,009 | 22851
NOs Modeled 72,324 | 72715 | 79470 | 64,420 | 288,928
(ka/yr) Observed 8,949 5,005 | 12,869 | 11294 | 38207
PO, Modeled 13182 | 14,415 | 19,209 | 12523 | 59,029
(kg/yr) Observed 925 1,033 5,256 2,318 9,532
Org N Modeled | 76,356 | 52,323 | 84,469 | 60,252 | 273,401
(kg/yr) Observed | 40478 | 26,717 | 46563 | 24,842 | 138,599

*Modeled NO, andPOu, loads are used as surrogates for NO; and PO,, respectively, for comparison to observed loads.

Nutrient Budget Summary

A summary of the nutrient loads to the tidal James River based on the Chesapeake
Bay Model results is presented in Table 9. The contributing areas assessed include
90 percent of the watershed. The remaining un-assessed areas represent direct
lateral flows to the Lower James. In general, nutrient loads increase with
contributing drainage area. The major exception is the Hampton Roads-PH drainage
(Elizabeth River), which has the smallest drainage area but a significant load
contribution. Its load contribution is greater than Hampton Roads-MH (Nansemond
River) and Chickahominy-OH for all constituents.

The Elizabeth River and its tributary, the Lafayette River, have been identified as
algae bloom hotspots (Marshall and Egerton 2013) and are likely influenced by the
high nutrient loads delivered to open water in these areas. This conclusion is
reinforced if unit-area flows and loads are examined for each segment as shown in
Table 10. The Hampton Roads-PH segment exhibits the greatest unit area loading
for all nutrients, largely due to permitted facility contributions and high unit-area
flows caused by the large fraction of urban impervious area in the drainage. It
should be noted that these model results are currently being confirmed given the
magnitude of variability when compared to other drainage areas.
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Table 9 - Summary of flow and nutrient loads to the tidal James River?!

Bt Average Annual Load (kg/yr)
rainage

HUC8-CBP Drainage Area Flow (ac- Organic

Seg Description (miz) ftlyr) TN TP NO N POy

padle James- | James River above 6,803 | 5,498,103 | 5,200,729 | 1,029,412 | 1,210,077 | 3,668,970 | 256,273
/;‘,220"‘3“0"' Appomatiox River 1,612 | 1,041,983 | 1,214,049 | 116,339 | 483,926 | 559,754 42,620
Shickanominy- Chickahominy River 470 | 359017 | 216167 | 27,363 | 76,945 | 128,392 18,742
gﬁg‘dpstf’,\;H Nansemond River 201 | 122613 | 178566 | 19,595 | 71,870 | 94,948 12,441
Hampton
R o Elizabeth River 168 | 282,399 | 1,007,514 97,125 | 311,000 | 336,028 72,701
Total 9,254 | 7,304,115 | 7,817,025 | 1,289,834 | 2,153,818 | 4,788,092 | 402,777

"Flows and loads from direct local drainages are not included in the summary.

Table 10. Summary of unit area flow and nutrient loads to the tidal James River?!

U';:'It Area | ynit Area Average Annual Load (kg/yr-mi’)
ow
(ac- Organic

HUC8-CBP Seg Drainage Description ftlyr-miz) TN TP NO N PO4x
Middle James- James River above
Willis-TF1 Richmond, VA 808 | re4] 1% 178 539 38
Appomattox-TF2 Appomattox River 646 753 72 300 347 26
Chickahominy-OH | Chickahominy River 764 460 58 | 164 273 40
Hampton Roads-
MH Nansemond River 610 888 97 358 ar2 62
Hampton Roads-
PH Elizabeth River 1,681 5,997 578 | 1,851 2,000 433

"Flows and loads from direct local drainages are not included in the summary.

Subtask 2.3 - Critical Condition Analysis

Critical condition analysis is conducted to identify conditions suitable as a basis for
TMDL development. Attainment of applicable water quality criteria during the
critical condition implies a general attainment of criteria during all conditions.
Therefore, identifying critical conditions in the tidal James River will help inform
future model application including selecting an appropriate model simulation time
period. A critical condition for chlorophyll-a in the tidal James River was assessed
previously as part of the development of the Chesapeake Bay TMDLs (U.S. EPA
2010a). This work is built on previous analysis done by Malcolm Pirnie (Bell 2009).
In light of new data collected, DEQ seeks to revisit this analysis.

The previous critical condition analysis assumed that freshwater inputs during the
winter-spring drive chlorophyll a criteria exceedances in the tidal James. Thus, the
average daily inflow from January through May was calculated for each year and for
a sliding 3-year period within a 75-year period of record (1935-2009). The sliding
3-year period is consistent with critical condition analysis conducted by EPA for

TASK 2 — EMPIRICAL DATA ANALYSIS REPORT | 85




dissolved oxygen in the Chesapeake Bay (U.S. EPA 2010a), as well as assessment
periods evaluated. The return period of these flows was determined and compared
to chlorophyll a exceedances over the Bay Model simulation time period (1984-
2004) to determine if there was a statistical correlation between flow magnitude
and water quality. Results of the analysis found no strong correlation. Later work
done by Malcolm Pirnie (Bell and Hunley 2009) using multi-variable regression
techniques to account for the various factors that contribute to algae blooms also
failed to identify a statistically significant critical condition.

The availability of more recent water quality and flow data prompted a
reassessment of the critical condition in the James River watershed. Data collected
through 2012 (Table 1) was used to investigate what conditions may be driving
chlorophyll-a criteria exceedances in the tidal James. Two veins of investigation
were approached using the new data. A statistical approach re-visited the methods
used in previous analysis to correlate ambient conditions with water quality
violations, while a graphical approach used summaries of paired data to visually
assess the relationship between water quality watershed conditions.

Statistical Approach

Correlation of flow conditions and chlorophyll-a water quality criteria exceedances
was assessed for five locations in the James River watershed. These locations and
the water quality and flow data assigned to them are shown in Table 11. The data
analysis methods built upon previous methods and used a 3-year sliding average of
flow return periods over 1984-2012, which were compared to chlorophyll-a
exceedance averages over the same periods. This approach was founded on the
previously documented relationship between winter-spring inflows and summer
hypoxia in the mainstem Bay.

Table 11. James River segments, flow, and water quality data used for critical condition
correlation analysis

Water
USGS Stream-flow | Quality
HUC8-CBP Segment Station Station
Appomattox-TF2 02041650 TF5.4
Middle James-Willis-
TF2 02037500 TF5.2
Sum of 02037500;
Lower James-TF1 02041650 TF5.6
Sum of 02037500;
Lower James-MH 02041650; 02042500 | LE5.2
Sum of 02037500;
Lower James-OH 02041650; 02042500 | RET5.2

The non-parametric Kendall-Tau statistic and single-variable linear regression were
used to determine the strength of the relationship between chlorophyll-a water
quality criteria exceedances and the flow return period. Analysis was performed on
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data grouped by segment and season, with the seasons defined as in Virginia’s James
River chlorophyll-a standards:

* Spring (March-May)

*  Summer (July-September)

The correlation analysis was accompanied by a hypothesis test to determine if the
correlation was significant at the 95-percent confidence level (a=0.05). Results are
presented in the following sections.

Statistical Approach Results

The combined results of the statistical analysis are interpreted below for each
segment-season combination. The Kendall-Tau correlation score can range from -1
to 1. The closer the absolute value of a score is to 1 the stronger the correlation,
while the sign of the score indicates a positive or inverse relationship. An inverse
relationship would indicate a higher number of water quality criteria exceedances
during low-flow conditions. None of the segment-seasons showed a particularly
strong correlation between chlorophyll a exceedances and stream flow return
period. That is not to say that there is no correlation between stream flow and
chlorophyll a concentrations in general, as discussed in Subtask 2.1. Only that a
weak association is observed for flow and water quality criteria exceedance. Also,
the flow return periods differ by season with one of the driest summers (1992-
1994) being associated with the wettest springs. This is generally indicative of a
representative annual rainfall budget where rainfall can be shifted from one season
to the next along the margins. A general increase in exceedances is seen for this
period at most locations, but it does not represent the time of most exceedance at
any location.

Spring

The Kendall Tau rank correlation coefficients presented in Table 12 indicate weak
correlations during the spring season between chlorophyll-a and stream flow return
periods for the five James River segments examined. Appomattox-TF2 and Lower
James-OH show the highest scores, both indicating an inverse relationship. All other
segments show a positive relationship with scores less than or equal to 0.10. The
Appomattox-TF2 and Lower James-OH are also the only segments with r? values
greater than zero and no segment came close to showing a statistically significant
relationship between chlorophyll-a exceedances and stream flow return period
(a=0.05).

The spring relationship between flow return periods and chlorophyll-a exceedance
for running three year averages are shown for the analyzed segments in Figure 54
through Figure 58. The flow return periods for segments are very similar with 1992-
1994 showing the highest return period, representing the wettest 3-yr average and
1999-2001 showing the shortest return period. The timing of exceedances varies
noticeably between the five segments, though the Lower James-TF1 and OH show
the most similar pattern with comparatively large percentages of exceedances
preceding and following the highest flow return period. The Appomattox-TF2
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segment generally shows exceedances throughout the monitoring period, while the
Middle James-TF2 only shows exceedances in 2000-2003 and 2007-2012.

Table 12. Correlation results for the spring season

Kendall
Tau p-

HUC8-CBP Segment Score r* | value
Appomattox-TF2 -0.13 | 0.08 0.36
Middle James-Willis-
TF2 0.07 | 0.00 0.82
Lower James-TF1 0.08 | 0.00 0.58
Lower James-OH -0.16 | 0.12 0.27
Lower James-MH 0.10 | 0.00 0.51

Figure 54 - 3-yr average flow return periods and chlorophyll-a percent exceedances at
Appomattox-TF2 during spring.
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Figure 55 - 3-yr average flow return periods and chlorophyll-a percent exceedances at Middle
Jmes-Willis-TFZ2 during spring.

Figure 56 -. 3-yr average flow return periods and chlorophyll-a percent exceedances at Lower
James-TF1 during spring.
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Figure 57 -3-yr average flow return periods and chlorophylla percent exceedances at Lower
James-OH during spring.

Figure 58 - 3-yr average flow return periods and chlorophyll-a percent exceedances at Lower
James-MH during spring.

Summer

The Kendall Tau rank correlation coefficients presented in Table 13 indicate
generally weak correlations during the summer season between chlorophyll-a and
stream flow return periods for the five James River segments examined. Summer
correlations are generally stronger than for spring, however, with Appomattox-TF2
and Middle James-TF2 showing close to or at moderate scores (>0.33).
Appomattox-TF2 also shows a statistically significant relationship with a p-value
less than 0.05. The negative sign of the Tau score indicates that it is an inverse
relationship, with lower flow return periods (dry periods) correlated with higher
water quality criteria exceedances. As with the spring season the remaining
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segments do not show a statistically significant relationship between chlorophyll-a
exceedances and stream flow return period. Also of note is that the sign of the Tau
scores for the Lower James-OH and MH switched from the spring season. Because
the scores are so low, however, it is difficult to draw any conclusions from the
change.

Table 13 - Correlation results for the summer season

Kendall
Tau p-
HUC8-CBP Segment Score r* | value
Appomattox-TF2 -0.31 | 0.13 0.03
Middle James-Willis-TF2 0.36 | 0.61 0.08
Lower James-TF1 0.00 | 0.15 1.00
Lower James-OH 0.08 | 0.02 0.57
Lower James-MH -0.19 0.1 0.17

The summer relationship between flow return periods and chlorophyll-a
exceedance for running three year averages are shown for the analyzed segments in
Figure 59 through Figure 63. The flow return periods for segments are very similar
with 2003-2005 showing the highest return period, representing the wettest 3-yr
average and 1991-1993 showing the shortest return period. As noted previously,
the highest and lowest return periods for the summer are essentially reversed for
the spring season indicating the vast majority of rainfall occurring in one season
during those time periods.

The timing of exceedances between the five segments varies even more during the
summer than was observed for the spring season. Again the Appomattox-TF2
segment generally shows exceedances throughout the monitoring period, but for
the summer season the exceedances are much more severe often approaching or
equaling 100 percent. This reinforces the negative Tau score for this segment, which
indicates lower flows being associated with higher chlorophyll-a exceedances. The
Lower James-TF1 shows the next most frequent exceedances, while the other
segments only show sporadic exceedances at low percentages for the comparison
period. Like for the spring season, there is no clear visible relationship between flow
return period and water quality criteria exceedance.
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Figure 59.- 3-yr average flow return periods and chlorophyll-a percent exceedances at Lower
Appomattox-TFZ during summer.

Figure 60 - 3-yr average flow return periods and chlorophyll-a percent exceedances at Middle
James-TF2 during summer.
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Figure 61 - 3-yr average flow return periods and chlorophyll-a percent exceedances at Middle
James-Willis-MH during summer.

Figure 62- 3-yr average flow return periods and chlorophyll-a percent exceedances at Lower
James-OH during summer.
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Figure 63 -3-yr average flow return periods and chlorophyll-a percent exceedances at Lower
James-MH during summer.

Water Quality Concentration Analysis
To further explore the statistical approach, the analytical methods were replicated
to determine if using average chlorophyll a concentrations, as opposed to water
quality criteria exceedance, would strengthen the return flow correlation results.
Sliding 3-year averages and the 1984-2012 time period were again used for this
analysis. In addition to examining concentrations, alternative time period “slices”
were examined to determine whether flows in one time period were driving water
quality conditions in another. For example, do winter flows (January-March) drive
summer water quality (July-September)? The temporal comparisons made in the
supplemental correlation analysis included:

* March-May return flows : March-May chlorophyll a concentrations

* July-September return flows : July-September chlorophyll a concentrations

*  Winter return flows : Winter chlorophyll a concentrations

* Spring return flows : Spring chlorophyll a concentrations

*  Summer return flows : Summer chlorophyll a concentrations

* Fall return flows : Fall chlorophyll a concentrations

* Spring-Summer return flows : Mar-May chlorophyll a concentrations

* Spring-Summer return flows : July-September chlorophyll a concentrations

*  Winter-Spring return flows : Mar-May chlorophyll a concentrations

*  Winter-Spring return flows : July-September chlorophyll a concentrations

In addition, correlation analysis was performed for the Lower James-PH segment
using the same USGS stream-flow data as Lower James-MH and water quality
monitoring station LE5.4. A summary of the locations and temporal comparison that
showed statistically significant correlation at the 95-percent confidence level
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(a=0.05) is presented in Table 14. Locations with close to significant («<0.10) are

also presented to help identify trends in the results.

Table 14 - Supplemental flow return period-average chlorophyll a concentration correlation

results for selected scenarios

Avg.
Kendall 95% Flow Chlorophyll
HUCS8-CBP Flow Time Concentration Tau Confidence | Return a Conc.
Segment Period Time Period Score r? p-value Interval Period (nglL)
Fall Fall -0.508 0.28 0.00 | Stat. sig 1.50 37.26
Jul-Sep Jul-Sep -0.268 0.22 0.06 | Not sig 1.66 52.54
Spring-
Summer Jul-Sep -0.243 0.14 0.09 | Not sig 1.59 52.54
Appomattox- | Summer Summer -0.268 0.22 0.06 | Not sig 1.66 52.54
TF2 Winter Winter -0.422 0.20 0.00 | Stat. sig 1.41 9.31
Fall Fall 0.436 0.58 0.04 | Stat. sig 14.79 1.10
Jul-Sep Jul-Sep 0.451 0.59 0.03 | Stat. sig 14.79 2.94
Spring-
Middle Summer Jul-Sep 0.407 0.06 0.05 | Stat. sig 15.30 2.94
James- Summer Summer 0.451 0.59 0.03 | Stat. sig 14.79 2.94
Willis-TF2 Winter Winter -0.462 0.18 0.03 | Stat. sig 1.39 4.94
Lower Fall Fall -0.372 0.23 0.01 | Stat. sig 1.51 14.71
James-TF1 Winter Winter -0.440 0.06 0.00 | Stat. sig 2.21 14.93
Fall Fall -0.348 0.16 0.01 | Stat. sig 1.58 19.28
Lower Winter Winter -0.415 0.10 0.00 | Stat. sig 1.21 16.48
James-OH Winter-Spring Jul-Sep 0.354 0.04 0.01 | Stat. sig 6.48 21.62
Mar-May Mar-May 0.255 0.02 0.07 | Not sig 4.85 23.30
Lower Spring Spring 0.348 0.05 0.01 | Stat. sig 3.62 10.32
James-MH Winter-Spring Mar-May 0.255 0.00 0.07 | Not sig 2.98 23.30
Jul-Sep Jul-Sep -0.397 0.02 0.00 | Stat. sig 1.10 16.17
Spring Spring 0.274 0.19 0.05 | Not sig 11.23 10.81
Spring-
Summer Jul-Sep -0.348 0.03 0.01 | Stat. sig 1.38 16.17
Spring-
Summer Mar-May 0.415 0.16 0.00 | Stat. sig 3.09 16.45
Summer Summer -0.397 0.02 0.00 | Stat. sig 1.10 16.17
Lower Winter Winter -0.292 0.13 0.04 | Stat. sig 1.38 27.30
James-PH Winter-Spring Jul-Sep -0.243 0.03 0.09 | Not sig 1.33 16.17

Some general observations of the supplementary analysis include:
e Correlative concentration results are similar to the exceedance results for the same

comparison time periods (March-May and July-September).

e}

Both comparisons show no statistically significant correlation for March-

May, while p-values for locations showing statistical significance for

exceedance data are very similar to those using average concentration data
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(Appomattox-TF2: p-value=0.03 for exceedance vs. p-value=0.06 for
concentration; Lower James-TF2: p-value=0.08 for exceedance vs. p-
value=0.03 for concentration).

o All Kendall Tau scores have the same sign between the two analyses,
indicating the same trend direction.

* Average chlorophyll a concentrations at Appomattox-TF2 show consistent negative
correlation with return flow period indicating that lower flows are associated with
higher concentrations. This relationship is observed for five of the comparison time
periods as presented in Table 13. That the highest chlorophyll a concentrations are
observed in the summer (see Appendix C) at this location is consistent with the
correlation trend. The average return period for comparisons showing statistically
significant or near-significant correlation is 1.56 years.

* Average chlorophyll a concentrations at Middle James-Willis-TF2 show statistically
significant correlation with return flow period for five of the comparison time
periods as presented in Table 13, for of which were positive. The average
chlorophyll a concentration for the statistically significant comparisons is 2.48 ug/L,
however, which is well below the applicable water quality criteria indicating that
chlorophyll a water quality is not necessarily a concern at this location.

* Average chlorophyll a concentrations at Lower James- TF1 are always negatively
correlated with return flow period. This relationship is observed for two of the
comparison time periods (Fall : Fall and Winter : Winter) with an average return
period of 1.56 years for the statistically significant comparison time periods. That
the highest chlorophyll a concentrations are observed in the summer at this location
(see Appendix C)is consistent with the correlation trend.

* Average chlorophyll a concentrations at Lower James-OH show both negative and
positive correlation with return flow period. Positive correlation is observed for the
Winter-Spring : July-September comparison period, while negative correlation is
observed for the Fall : Fall and Winter : Winter comparison time periods. The flow
return period for the positively correlated time period is 6.48 years and 1.40 years
for the negatively correlated time period. Seasonal average chlorophyll a
concentrations reflect the correlation analysis showing peak concentrations in
spring and summer (see Appendix C).

* Average chlorophyll a concentrations at Lower James- MH are always positively
correlated with return flow period. This relationship is observed for three of the
comparison time periods (March-May : March-May, Spring : Spring, and Winter-
Spring : March-May) with an average return period of 3.82 years for the statistically
significant comparison time periods. That the highest chlorophyll a concentrations
are observed in the late winter-early spring at this location is consistent with the
correlation trend.

* Average chlorophyll a concentrations at Lower James-PH show both negative and
positive correlation with return flow period. Positive correlation is observed for the
Spring : Spring and Spring-Summer : March-May comparison period, while negative
correlation is observed for five comparison time periods as presented in Table 13.
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The flow return period for the positively correlated time period is 7.16 years and
1.26 years for the negatively correlated time period. Seasonal average chlorophyll a
concentrations partially reflect the correlation analysis showing peak
concentrations in the winter and spring at this location (see Appendix C). There
does not appear to be a significant increase in average chlorophyll a concentrations
during the low-flow seasons of summer and fall. This could be an artifact of small
but consistent changes in concentration associated with lower flows.

Graphical Approach

Key water quality and flow monitoring data were paired with coincident
chlorophyll-a sampling to examine the potential for association and temporal
trends, in order to supplement the statistical analysis. The five locations included in
the statistical analysis, as well as the Hampton Roads-PH and Chickahominy-OH
segments were evaluated for this graphical analysis. The water quality parameters
outlined in Table 1 as well as flow data were included in the paired graphical
analysis from which constituents were chosen on the basis of whether there were
sufficient coincident data to examine trends. Sufficient data typically consisted of 30
or more paired observations. Table 15 lists the analysis locations and the water
quality parameters that had sufficient data to perform the analysis.

Table 15. Water quality parameters evaluated as part of the graphical trend analysis

HUC8-CBP Segment Sample Counts
25 ' -
£ |3 |48 =S |5 | E |4
0 > c 3 & A [N
x = o o ) o £
o o c -
€| 5 |czx| E| E| E 3%
g | 2 |8%| 2| 2 | 3 |=E
ro% S [ - —
g | 3 |8 s | ¢ | g |28
. = ] © o o 3 =
Comparison Parameter < 3 T -~ - -~
Flow 375 326 300 372 373 380 153
Suspended solids (S. Solids) 299 322 243 316 316 325 154
Total phosphorus (TP) 366 311 294 362 364 370 139
Ortho-phosphorus (Ortho) -- -- - - - 143 --
Ortho-phosphorus dissolved (Ortho F) 344 325 294 368 371 380 154
Total nitrogen (TN) 361 309 292 358 364 366 143
Ammonia (NHs) 35 64 - -- -- 151 --
Nitrite (NO2) - 63 - - - 144 -
Nitrate (NO3) 35 63 - - - 144 -
Nitrite + nitrate dissolved (NOy F) 375 325 299 371 372 379 154
Organic nitrogen (Org N) 359 309 269 336 352 360 31

Graphical Approach Results

Paired data were compared in two ways. First, paired data were grouped into
percentile ranges and compared as shown on the left in Figure 64. Within each
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percentile range, weighted concentrations are calculated on the basis of the quantity
(flow) or concentration (water quality) of the constituent being compared with
chlorophyll-a. The other analysis looks at seasonal trends for the paired data as
show in the same Figure to the right. Graphical trends are presented for all seven
locations and available monitoring data are generally distributed evenly amongst
the analysis intervals (percentile and season). Graphical analyses for all constituents
and data summaries for the evaluated locations are presented in Appendix C.

Figure 64 - Graphical trends example for stream flow associated chlorophyll-a concentrations
in the Appomattox-TF2 segment.

Critical Analysis Summary

The statistical analysis showed a very weak relationship between flow and
chlorophyll a criteria exceedances, regardless of location. The only location to show
a statistically significant correlation between flow and chlorophyll a exceedance was
the Appomattox-TF2 segment, which had a negative linear correlation (p=0.03) with
stream flow during the summer season. The Middle James-Willis-TF2s segment also
showed a moderately strong positive Tau test score (0.36), indicating positive
correlation with stream flow. Chlorophyll a concentrations at this location are
consistently low; however, indicating it is not necessarily an area of water quality
concern.

Additional statistical analysis using paired flow return period and average
chlorophyll a concentrations showed statistically significant relationships for
various time period “slice” comparisons, differing by assessment location. General
trends showed a negative correlation at Appomattox-TF2 and Lower James-TF1, a
general positive correlation at Middle James-Willis-TF2 and Lower James- MH, and
both positive and negative correlation at Lower James-OH and Lower James-PH.

The graphical analysis presented in Appendix C also indicates significant variability
in the association of flow and chlorophyll a throughout the James River, mirroring
the trends identified in the Task 2.1 Section and the average flow-concentration
statistical analysis presented in this section. Flow is negatively associated with
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chlorophyll a concentrations at three locations (Appomattox-TF2, Chickahominy-
OH, and Lower James-TF1), positively associated at three locations (Hampton
Roads-PH, Lower James-MH, and Middle James Willis-TF2), and shows no apparent
association at Lower James-OH. As discussed in the Task 2.1 Section this variability
throughout the river is due to differences in channel geometry, residence time,
pollutant inputs, water clarity, salinity, mixing, and other factors that vary along the
length of the James River and its tributaries.

Contrary to what is observed for stream flow, the relationship between chlorophyll
a concentrations and the examined nutrient constituents is consistent across
locations. In general, increased concentrations of total nitrogen and total
phosphorus are associated with increases in chlorophyll a concentrations. At the
same time, bioavailable nutrients (NH3, NO3, and NO;) generally decrease with
increased chlorophyll a concentrations, suggesting algal uptake. Because the
occurrence of algal blooms is influenced by a variety of factors, associating a critical
time period for the entire tidal James River with just one variable (flow) is likely not
justified (Malcolm Pirnie 2009a). As a result it is recommended that all eight three
year periods in the 1991-2000 hydrologic period be evaluated to assess attainment
of the chlorophyll a water quality standards. This is consistent with the 2010 EPA
conclusion made for chlorophyll a critical conditions in the Chesapeake Bay (U.S.
EPA 2010a).

Subtask 2.4 — Biological Reference Curve

Defining a chlorophyll biological reference curve for the James River is not as easy
as developing such a curve for dissolved oxygen. For dissolved oxygen, one can
consider the relationships between dissolved oxygen and benthic diversity and/or
abundance, fish presence/absence, or fish and/or larval survival. While there have
been some special studies in the James River and nearby Chesapeake Bay that show
the effects of specific phytoplankton species on aquatic life (e.g., Glibert et al., 2007,
Mulholland et al,, 2009) and much information is available in the literature
concerning Microcystis aeruginosa, a toxin- producing cyanobacteria species
commonly found in the upper tidal freshwater James River, large data sets were not
readily available with which to determine or classify the health of relevant species
of interest in the James River estuary as they are influenced by chlorophyll-a.
Therefore, at this point, we propose to utilize a combination of the Cumulative
Frequency Distribution (CFD) approach, allowing approximately 10 percent
“allowable” exceedance in time and space (Figure 65), recommended by the USEPA
(2003, 2007) and empirical relationships between chlorophyll-a and the presence of
HABS.
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Figure 65 - Cumulative frequency distribution curve in the shape of a hyperbolic curve
that represents approximately 10 percent allowable exceedances equally
distributed between space and time.

The computational results from the deterministic water quality model can be used
to develop the CFD curves, since the water quality model will have very high spatial
(on the order of 500x500 meters) and temporal (daily) resolution.

We have performed a limited literature review of relevant data from Chesapeake
Bay and its tidal tributaries, including the James River, as well as conducting our
own preliminary data analyses, to look at relationships between chlorophyll-a and
the occurrences of HABs. The analysis started in the upper freshwater portion of
the James River, where blooms of the toxin producing cyanobacteria, Microcystis
aeruginosa, are usually observed in mid- to late summer (Marshall et al., 2008,
Wood et al., 2013). Analysis of data in the upper tidal freshwater James River by
Bukaveckas (pers. comm.), indicated that as the levels of chlorophyll-a increased so
did the likelihood of M. aeruginosa blooms (Figure 66).
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Figure 66 - Likelihood of the presence of Microcystis as a function of total chlorophyll-a

The analysis considered the likelihood of the presence of M. aeruginosa as a function
not only of chlorophyll-a, but other environmental (freshwater inflow and
temperature) and water quality variables as well (TN, TP, and the ratio of TN:TP).
Data from the period between March and November were considered and were
binned to see if the relationships would become clearer. Water quality data from
stations TF5.4, TF5.5 and TF5.5A, the three stations that tend to show the highest
chlorophyll-a concentrations, were grouped and the analysis conducted with M.
aeruginosa cell count information from station TF5.5. As was observed by
Bukaveckas et al. (pers. comm.) a strong relationship exists between M. aeruginosa
cell count and chlorophyll-a (Figure 67). With increasing chlorophyll-a
concentrations the frequency of occurrence of M. aeruginosa increases, such that for
concentrations of chlorophyll-a above 35 ug/L, M. aeruginosa are observed in
greater than 70% of the samples.

M. aeruginosa cell counts are also strongly correlated to the concentration of TN
(Figure 68), with the frequency of observation of M. aeruginosa increasing with
increases in TN. In fact, for concentrations of TN greater than 1.75 mg N/L, the
frequency of M. aeruginosa observations was 100 percent, and 50 percent of the
time the cell counts were greater than 10,000 cells/ML. There is a mixed signal on
the correlation of M. aeruginosa and TP (Figure 69). The data suggest that the
highest frequency of observations of M. aeruginosa (35-65%) occurs in the mid-
range of TP concentrations of greater than 0.10 mg P/L and less than 0.175 mg/L.
There did not seem to be a strong correlation between the frequency of occurrence
of M. aeruginosa and the ratio of TN:TP (Figure 70).
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Figure 67 — Frequency (as a percent) of the occurrence of Mycrocystis aeruginosa as a function
of Chlorophyll-a for stations TF5.4, TF5.5, and TF5.5A.

Generally, there was a good correlation between water temperature and M.
aeruginosa cell counts, with the exception of some anomalous data at water
temperatures below 4° C (Figure 71). Generally, the frequency of occurrence of M.
aeruginosa increased with increasing temperature. However, the greatest increases
in frequency of occurrence were within the 0-10,000 cells/mL range, rather than the
greater than 10,000 cells/mL range. It is possible that the unusual observations of
M. aeruginosa at temperatures less than 4° C might be related to resuspension of M.
aeruginosa cells from the sediment bed during high flow events in the late winter
and early spring. The correlation between M. aeruginosa cell counts and the 10-day
averaged flow was marginal
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Figure 68 - Frequency (as a percent) of the occurrence of Mycrocystis aeruginosa as a function
of TN for stations TF5.4, TF5.5, and TF5.5A.

(Figure 72). There appeared to be a correlation between cell counts greater than
10,000 cells/mL and flow, with the percentage of samples greater than 10,000
cells/mL decreasing from about 20% at flows less than 8,000 cfs to less than 10% at
flows above 10,000 cfs. It appears then that the best chance for developing a
biological reference curve for the upper tidal freshwater portion of the James River
could be based on a correlation between M. aeruginosa and chlorophyll-a, perhaps
in conjunction with TN.

As reported in the Chesapeake Bay criteria document (USEPA, 2003), based on
laboratory analyses (Wickfors and Smolowitz 1995; Luckenbach et al. 1993 a
threshold density of 3,000 cells/mL for Prorocentrum minimum was shown to have
effects on larval growth, poor development of the digestive system and
development into pedi-veligers and new set spat of the Eastern oyster (Crassostrea
virginica). The USEPA analysis found that chlorophyll-a concentrations greater than
5 ug/L could generate bloom densities (>3,000 cells/mL densities) that might
impair oyster larvae and that the likelihood of bloom level events tended to increase
with increasing chlorophyll-a levels (Figure 73).
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Recently, Todd Egerton and Harold Marshall (pers. comm.) presented some 2012
data from the lower James and the Elizabeth and Lafayette Rivers that indicated
potential relationships between HAB (Cochlodinium polykrikoides and Heterocapsa
triquetra) biomass and chlorophyll-a (Figure 74). As more data become available it
is likely that we will be able to develop strong empirical relationships between
HABs (both freshwater and marine) that can be used in conjunction with the
deterministic water quality model and the CFD approach to provide VADEQ with a
tool with which to guide the development of new chlorophyll-a criteria.
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Figure 68. Frequency (as a Percent) of the Occurrence of Microcystis-aeruginosa as a Function of TP for Stations TF5.4, TF5.5
and TF5.5A

Figure 69 - Frequency (as a percent) of the occurrence of Mycrocystis aeruginosa as a function
of TP for stations TF5.4, TF5.5, and TF5.5A.
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Figure 69. Frequency (as a Percent) of the Occurrence of Microcystis-aeruginosa as a Function of the Ratio of TN: TP for
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Figure 70 - Frequency (as a percent) of the occurrence of Mycrocystis aeruginosa as a function
of the ratio TN:TP for stations TF5.4, TF5.5, and TF5.5A.
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Figure 70. Frequency (as a Percent) of the Occurrence of Microcystis-aeruginosa as a Function of Water Temperature for
Stations TF5.4, TF5.5 and TF5.5A

Figure 71 - Frequency (as a percent) of the occurrence of Mycrocystis aeruginosa as a function
of water temperature for stations TF5.4, TF5.5, and TF5.5A.
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Figure 71. Frequency (as a Percent) of the Occurrence of Microcystis-aeruginosa as a Function of 10-day Averaged
Freshwater Flow (Q10) for Stations TF5.4, TF5.5 and TF5.5A

Figure 72 - Frequency (as a percent) of the occurrence of Mycrocystis aeruginosa as a function
of 10-day averaged freshwater flow (Q10) for stations TF5.4, TF5.5, and TF5.5A.

Figure 73 — Occurrences of P. minimum abundances above the 3,000 cells/mL threshold
as a function of chlorophyll-a. (USEPA, 2003)
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Figure 74 — Relationships between C. polykrikoides biomass and chlorophyll-a and
between H. triquetra biomass and chlorophyll-a for the lower James River and
the Elizabeth and Lafayette Rivers
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Appendix A:
Additional Long-term Water Quality Data Analysis
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Appendix B:
Analysis of James River water quality data



James River: PCA and Cluster Analysis

In all of the three time periods, the Cluster Analysis generally identifies two
main groups:
TF5.4, TF5.5 and TF5.5A (location of summer Chl-a peak);

The others including LE5.2 (spring Chl-a peak);
Besides, LE5.1 is distinctive from others during the 2001~2010 period

The subsequent analysis is mainly based on:

TF5.4, TF5.5 and TF5.5A (location of summer Chl-a peak)
LE5.2 (spring Chl-a peak)

LE5.1 (at the near upstream of spring Chl-a peak)



James River: Cluster Analysis (1995~2010)

Cluster History

Number Semiparti
al

of Clusters Joined Freq R-Square R-Square
Clusters

13 LE54 LE5.6 2 0.0057 0.994

12 TF5.2 TF5.2A 2 0.0078 0.987 .

1 CL13 LE55-W 3 0.0118 0.975

10 LE5.3 CL11 4 0.0282 0.947

9 CL12 TF5.3 3 0.0268 0.92

8 TF5.4 TF5.5 2 0.0273 0.892

7 CL9 TF5.6 4 0.0327 0.86

6 CL7 CL10 8 0.0634 0.796

5 CL6 RET5.2 9 0.0438 0.753

4 CL8 TF55A 3 0.051 0.702

3 CL5 LE5.2 10 0.0771 0.624

2 CL3  LE5A1 11 0.0904 0.534

1 CL2 CL4 14 0.534 0

14 stations;
176 samples per station



James River: Cluster Analysis (1995~2000)

Cluster History

Number Semiparti
al
of Clusters Joined Freq R-Square R-Square
Clusters
13 LE54 LE5.6 2 0.0038 0.996
12 TF5.2 TF5.2A 2 0.0063 0.99 -
1 CL13 LE5.5-W 3 0.0077 0.982
10 LE5.1 CL11 4 0.0126 0.97
9 TF5.3 CL10 5 0.0231 0.947
8 CL12 CL9 7 0.0387 0.908
7 CL8 LE5.3 8 0.0308 0.877
6 CL7 RET5.2 9 0.0316 0.845
5 TF5.4 TF5.5 2 0.026 0.819
4 CL6  LE5.2 10 0.0433 0.776
3 CL4 TF56 11 0.0493 0.727
2 CL5 TF5.5A 3 0.0583 0.669
1 CL3 CL2 14 0.6686 0

14 stations;
71 samples per station



James River: Cluster Analysis (2001~2010)

Cluster History

Number Sem;rartl
of Clusters Joined Freq R-Square R-Square

Clusters
13 LE5.4 LE5.6 2 0.0076 0.992
12 TF5.2 TF5.2A 2 0.0099 0.983
1" CL13 LE5.5-W 3 0.0175 0.965
10 CL12 TF5.6 3 0.0202 0.945
9 CL10 CL11 6 0.0362 0.909
8 TF5.4 TF5.5 2 0.0312 0.877
7 CL9 TF5.3 7 0.0443 0.833
6 CL7 LE5.3 8 0.0549 0.778
5 CL6 RET5.2 9 0.062 0.716
4 CL8 TF5.5A 3 0.054 0.662
3 CL5 LE5.2 10 0.1162 0.546
2 CL3 CL4 13  0.3558 0.19
1 CL2 LE5A1 14  0.1904 0

14 stations;
105 samples per station



Station group (upstream: TF5.2, TF5.2A, TF5.3)




Station group (upstream: TF5.2, TF5.2A, TF5.3)

Summary of regression analysis between Chl-a and each water
quality parameter
Raw Data Monthly (ensemble average, 1995~2010)

Statistical Model:
log(CHLA)=a+bx+ ¢

(Linear regression, log transform on Chl-a)

Parameters R2 samples - Parameters R?
WTEMP 0.25 119 WTEMP 0.79
SALINITY <0.05 102 SALINITY <0.05
SECCHI 0.06 113 TSS 0.11

TSS <0.05 119 TP 0.13
TP <0.05 117 TN 0.29
N 0.13 115 FLOW ‘0.48
FLOW <0.05 120
FLOWS 0.08 120
FLOW10 0.09 120
FLOW?20 0.11 120 12 samples per parameter
FLOW30 0.08 120
FLOW40 0.07 120 Selective regression plots

are presented in next slide



Station group (upstream: TF5.2, TF5.2A, TF5.3)

Regression plots between Chl-a and each water quality parameter
1995~2010, (only those with high correlation)

Monthly WTEMP (ensemble average) Monthly Flow (ensemble average)
, R?=0.79 , R?=0.48



Station group (upstream: TF5.2, TF5.2A, TF5.3)

Summary of regression analysis between Chl-a and each water
quality parameter, monthly ensemble average, 3 periods

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters R2(1995~2010) R2(1995~2000) R2(2001~2010)

WTEMP 0.79 0.62 0.69
SALINITY <0.05 0.11 <0.05
TSS 0.11 0.17 <0.05
TP 0.13 0.04 0.38
TN 0.29 <0.05 0.26
FLOW 0.48 0.40 0.30

12 samples per period per parameter



Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)
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Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)

Summary of regression analysis between Chl-a and each parameter
Raw Data Monthly (ensemble average, 1995~2010)

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters R2 samples Parameters R?
WTEMP 0.44 116 WTEMP 0.89
SALINITY 0.06 105 SALINITY <0.05
SECCHI <0.05 113 SECCHI 0.07

TSS 0.10 117 TSS 0.06
TP 0.18 115 TP ‘0.59
TN 0.19 113 TN <0.05
FLOW ,0.33 118 FLOW ‘0.71
FLOWS5 0.38 118
FLOW10 ‘037 118
FLOW?20 0.36 118 12 samples per parameter
FLOW30 0.31 118
FLOWA40 0.28 118

Selective regression plots
are presented in next slide 1



Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)

Selective regression plots between Chl-a and each water quality parameter
1995~2010, (only those with high correlation)

Un-averaged WTEMP , Monthly WTEMP
(on sampling dates ), R*=0.44 (ensemble average) , R?=0.89
Monthly TP Monthly FLOW

(ensemble average), R?=0.59 (ensemble average), R?=0.71
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Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)

Summary of regression analysis between Chl-a and each water
quality parameter, monthly ensemble average, 3 periods

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters R2(1995~2010) R2(1995~2000)  R?(2001~2010)
WTEMP 0.89 0.78 0.87
SALINITY <0.05 0.12 <0.05

SECCHI 0.07 <0.05 0.11
TSS 0.06 <0.05 <0.05
TP 0.59 0.44 0.59
TN <0.05 0.28 0.06

FLOW 0.71 0.79 0.46

12 samples per period per parameter

Comments: similar among different periods



Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)

Correlation Matrix, Monthly ensemble average, 3 periods, 12 data points (12 months) per period per parameter

[ Pearson Correlation Coefficients, N = 12

Prob > |r| under HO: Rho=0

time periods logChl-a FLOW WTEMP SALINITY TP SECCHI TSS TN
logChl-a 1995~2010 1
1995~2000 1
2001~2010 1
FLOW 1995~2010 -0.84361 1
1995~2000 -0.88832 1
2001~2010 -0.68059 1
WTEMP 1995~2010 0.94415 -0.66996 1
1995~2000 0.88401 -0.73211 1
2001~2010 0.93365 -0.506 1
SALINITY 1995~2010 0.12978 -0.4397 -0.13336 1
1995~2000 0.34156 -0.55233 0.03174 1
2001~2010 0.02549 -0.28376 -0.14344 1
TP 1995~2010 0.76768 -0.6711 0.72455 0.04342 1
1995~2000 0.66313 -0.55444 0.70927 0.22619 1
2001~2010 0.77014 -0.56879 0.6469 0.16872 1
SECCHI 1995~2010 -0.25757 0.30061 -0.11175 -0.37236 -0.64092 1
1995~2000 0.01329 0.00266 0.06751 -0.22923 -0.5322 1
2001~2010 -0.32444 0.30087 -0.17227 -0.46214 -0.69381 1
TSS 1995~2010 -0.24827 0.37226 -0.1692 -0.14451 0.34318 -0.60966 1
1995~2000 -0.12359 0.18911 -0.08908 -0.03252 0.54404 -0.68587 1
2001~2010 -0.20443 0.4756 -0.19096 0.04276 0.34262 -0.47294 1
TN 1995~2010 0.08666 -0.37553 -0.12131 0.68102 0.44503 -0.83373 0.42099 1
1995~2000 0.52638 -0.69279 0.35587 0.47025 0.57644 -0.47712 0.24782 1

2001~2010 -0.24082 -0.14105 -0.46498 0.59556 0.30366 -0.66595 0.48335 1 14



Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)

1

5 Parameter Estimates
Mu]tip]e Regression 4 o .°°ﬂ0 Parameter Standard Standardized
istical del: o gﬁggﬁ Variable F Estimate Error tValue Pr> |t Estimate
Statistical Model: o 3- . %o Intercept 1 4.0866  1.43263 2.85 0.0053 0
log(CHLA) =a+ bl,xl_ +& 5 ° %g}of logFlow 1 -0.51365  0.10721 -4.79 <.0001 -0.44119
g 24 0 ® {;Dn o WTEMP 1 0.05681 0.01095 519 <.0001 0.41219
9% ® TP 1 -2.76794 3.28671 -0.84 0.4017 -0.06775
~ 1 - @ &
(1995 2010) ’-'g_-?o SECCHI 1 1.3752 0.76857 1.79 0.0766 0.12441
R2=0.66 0- YP, TSS 1 0.02852  0.01106 2.58 0.0114 0.1999
T T T T 1 . .50941 1.1 24 A 4
106 samples per parameter I TN 0.59089  0.509 6 0.2489 0.1058
Predicted Value
i Parameter Estimates
o ® Parameter Standard Standardized
. 08 Fd Variable F Estimate Error t Value Pr > |t] Estimate
- =4 "o oo Intercept 1 542774 250325 217 0.0365 0
g ° % logFlow 1 -0.43084 0.21093 -2.04 0.0481 -0.32666
o B 2+ o Lo WTEMP 1 0.0723  0.02003 3.61  0.0009 0.52102
(1995~2000) = 1 g "o TP 1 -7.14211 5.4267 -1.32 0.196 -0.18549
R2=0.58 1 ° SECCHI 1 -1.27529  1.43487 -0.89  0.3797 -0.10232
45 | t 0 - 8 TSS 1 0.04659  0.02362 1.97 0.0559 0.25686
samples per parameter o ™ 1 044438 098635 -045  0.6549 -0.07245
o 1 2 3
Predicted Value
[ Parameter Estimates
4 OR Parameter Standard Standardized
Y % Variable F Estimate Error t Value Pr> |t| Estimate
o 3 R P®™ Intercept 1 -0.09815 1.48263 -0.07 0.9475 0
= Og;';goc'o ° logFlow 1 -0.36097 0.0982 -3.68 0.0005 -0.33621
98’ 24 © o’ WTEMP 1 0.05873 0.0102 5.76 <.0001 0.42917
(2001~2010) P T TP 1 498124 338126 147  0.1465 0.11543
2 o /2° SECCHI 1 445925  0.87991 5.07 <.0001 0.38683
R*=0.85 o] @ TSS 1 003151  0.00978 322  0.0022 0.25188
61 samples per parameter — T T TN 1 1.35295 0.45993 2.94 0.0048 0.25851
0o 1 2 3 15

Predicted Value



Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)

PCA (identifying the patterns among water quality parameters)
On sampling dates (1995~2010)

Rotated Factor Pattern No obvious patterns
Factor1 Factor2 Factor3
TN 85 * 17 24
TP 29 47 * 63 *
SECCHI -3 -86 * S
TSS 22 79 * 21
WTEMP  -14 10 87 *
FLOW -56 * 34 -64 *
SALINITY 80 * 15 -15

Printed values are multiplied by 100 and rounded to the nearest
integer. Values greater than 0.4 are flagged by an "™'.

99 samples per parameter
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Station group (downstream, location of spring peak: LE5.1, LE5.2)

17



Station group (downstream, location of spring peak: LE5.1, LE5.2)

Summary of regression analysis between Chl-a and each water
quality parameter
Raw Data Monthly (ensemble average, 1995~2010)

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters R? Samples Parameters R?
WTEMP <0.05 118 WTEMP 0.30
SALINITY <0.05 118 SALINITY  * 0.27
SECCHI 0.05 117 SECCHI , 0.20
TSS 0.05 117 TSS 0.40
TP <0.05 112 TP <0.05
N 0.05 110 N 1056
FLOW <0.05 118 FLOW 0.28
FLOWS5 <0.05 118
FLOW10 <0.05 118
FLOW20 <0.05 118 12 samples per parameter
FLOW30 <0.05 118
FLOWA40 <0.05 118 Selective regression plots

are presented in next slide
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Station group (downstream, location of spring peak: LE5.1, LE5.2)

Selective regression plots between Chl-a and each water quality parameter
1995~2010

Monthly WTEMP Monthly SALINITY
(ensemble average), R?*=0.30 (ensemble average), R?*=0.27
Monthly TSS Monthly TN Monthly FLOW

(ensemble average), R?*=0.40 (ensemble average), R?*=0.56 (ensemble average), R?*=0.28
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Station group (downstream, location of spring peak: LE5.1, LE5.2)

Summary of regression analysis between Chl-a and each water
quality parameter, monthly ensemble average

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters R2(1995~2010) R2(1995~2000) R2(2001~2010)
WTEMP 0.30 0.10 0.30
SALINITY 0.27 0.33 0.10

SECCHI 0.20 0.22 0.09
TSS 0.40 0.35 0.31
TP <0.05 0.58 <0.05
TN 0.56 0.48 0.31

FLOW 0.28 0.07 0.13

12 samples per period per parameter

Comments: similar among different perio%‘.



Station group (downstream, location of spring peak: LE5.1, LE5.2)

Correlation Matrix, Monthly ensemble average, 3 periods, 12 data points (12 months) per period per parameter

Pearson Correlation Coefficients, N = 12

Prob > |r| under HO: Rho=0

time periods logChl-a FLOW WTEMP SALINITY TP SECCHI TSS
logChl-a 1995~2010 1
1995~2000 1
2001~2010 1
FLOW 1995~2010 0.53282 1
1995~2000 0.26499 1
2001~2010 0.35689 1
WTEMP 1995~2010 -0.54657 -0.69291 1
1995~2000 -0.31154 -0.73116 1
2001~2010 -0.54451 -0.5179 1
SALINITY 1995~2010 -0.52086 -0.57528 0.39459 1
1995~2000 -0.57102 -0.63557 0.31611 1
2001~2010 -0.32106 -0.47412 0.36794 1
TP 1995~2010 0.14266 -0.44358 0.50214 0.25994 1
1995~2000 0.76047 -0.12789 0.26555 -0.49619 1
2001~2010 -0.07507 -0.57795 0.53685 0.65913 1
SECCHI 1995~2010 -0.44845 -0.29056 -0.06831 0.77948 -0.16769 1
1995~2000 -0.46519 -0.49758 0.05167 0.88944 -0.48683 1
2001~2010 -0.30709 -0.0667 -0.18915 0.62692 0.0117 1
TSS 1995~2010 0.63552 0.4924 -0.30916 -0.93355 -0.03522 -0.89239 1
1995~2000 0.59441 0.54068 -0.32806 -0.85985 0.43275 -0.84973 1
2001~2010 0.55445 0.43862 -0.26403 -0.83065 -0.29629 -0.86429 1
TN 1995~2010 0.74749 0.66614 -0.81651 -0.45573 -0.13847 -0.14053 0.42068

1995~2000 0.69467 0.79334 -0.81749 -0.63285 0.18361 -0.37575 0.59136
2001~2010 0.55362 0.41797 -0.70632 -0.21351 -0.20092 0.0661 0.26494

TN

=R



Station group (downstream, location of spring peak: LE5.1, LE5.2)

Parameter Estimates

5 o .

. . Parameter Standard Standardized
MUItlple Regressmn 47 Variable DF Estimate Error tValue Pr> |t Estimate
Statistical Model: o 3 Intercept 1 2.09609 2.1116 0.99 0.3233 0

= logFlow 1 -0.13719 0.18984 -0.72 0.4716 -0.15756
log(CHLA)=a+bx, + & % 2- WTEMP 1 0.00575  0.01438 04 06899 0.05336
= 14 SALINITY 1 0.02945 0.03774 0.78 0.4371 0.17262
0- TP 1 -7.90723 5.94594 -1.33  0.1867 -0.17367
(1995~2010) —. SECCHI 1 -0.4415 0.39535 -1.12  0.2669 -0.18473
R2=0.13 —T— 1T 1T TSS 1 0.02074 0.01618 1.28 0.2032 0.1805
) 01 2 3 4 5 1IN 1 1.39193  0.52184 2.67  0.009 0.37224
105 samples per parameter Predicted Value

4 i Parameter Estimates
© Parameter Standard Standardized
3 D Variable F Estimate Error t Value Pr> || Estimate
© S Intercept 1 1.17866 2.92926 0.4 0.6896 0
E 5] ° ':’:'9% logFlow 1 -0.15997 0.24497 -0.65 0.5176 -0.17765
=) 000 @0 WTEMP 1 0.04139 0.02304 1.8 0.0802 0.41864
R rc'e?_ﬁo SALINITY 1 0.06383 0.04691 1.36 0.1814 0.36247
(1995~2000) 2 ° TP 1 -14.4799 7.96699 -1.82 0.0768 -0.3479
R2=0.30 0 o " SECCHI 1 -0.74885 0.53276 -1.41 0.1678 -0.34231
T T T TSS 1 0.01424 0.02007 0.71 0.4823 0.14701
47 samples per parameter 1 2 3 TN 1 2.61513 1.07046 2.44 0.0192 0.55287

Predicted Value

1 Parameter Estimates
5 o Parameter Standard Standardized
4 Variable F Estimate Error tValue Pr>|t Estimate

o Intercept 1 0.63299 3.28644 0.19 0.848

= =5 O'Sé'p'? logflow 1 0.0589 0.30274 0.19  0.8465 0.07105
S 2 %% WTEMP 1 -0.01058 0.02006 -0.53  0.6003 -0.09465
(2001~2010) 2 4 g SALINITY 1 0.04352 0.06216 0.7 0.4872 0.26759
R2=0.13 gy TP 1 -2.61814 8.80402 -0.3 0.7674 -0.05484
' 0 SECCHI 1 -0.33491 0.61766 -0.54  0.5901 -0.13501
58 samples per parameter B TSS 1 0.0303  0.02581 117 0.2459 0.23269
1 2 3 4 TN 1 0.68888 0.67023 1.03 0.309 22 0.20332

Predicted Value



Station group (downstream, location of spring peak: LE5.1 LE5.2,)

PCA (identifying the patterns among water quality parameters)
On sampling dates (1995~2010)

1

Rotated Factor Pattern 2 main factors explaining 62% of the variance.
Factor1 Factor2
TN -68* -7

Possible interpretation:

TP -20 74* Factor 1: Salinity , Flow and turbidity dominated, TN also has some effects
SECCHI 83* -19 Factor 2: Temperature and TP dominated

TSS -74* 16

WTEMP 22 80* 108 samples per parameter

FLOW -75* -37

SALINITY 87~ 12

Printed values are multiplied by 100 and rounded
to the nearest integer. Values greater than 0.4 are
flagged by an ™.

| Pearson Correlation Coefficients Correlations between principle components and Chl-a are all weak
Prob > |r| under HO: Rho=0

Number of Observations
logChl-a Factor1 Factor2

logChl-a 1 -0.19732 0.08436

0.0436 0.3922

118 105 105

Factor1 -0.19732 1 0

0.0436 1

105 108 108

Factor2 0.08436 0 1
0.3922 1 23

105 108 108



Station group 4 (downstream: LE5.3, LE5.4, LE5.6)

LE5.6

24



Station group 4 (downstream: LE5.3, LE5.4, LE5.6)

Summary of regression analysis between Chl-a and each water
quality parameter
Raw Data Monthly (yearly average, 1995~2010)

Statistical Model:
log(CHLA)=a+bx+ ¢

(Linear regression, log transform on Chl-a)

Parameters R2 Samples ‘ Parameters R2
WTEMP <0.05 120 WTEMP <0.05
SALINITY <0.05 120 SALINITY 0.13

SECCHI 0.20 119 SECCHI 0.21
TSS 0.08 119 TSS 0.15
TP <0.05 116 TP <0.05
TN <0.05 115 TN 0.21

FLOW <0.05 120 FLOW 0.08

FLOWS <0.05 120

FLOW10 <0.05 120 12 samples per parameter

FLOW20 <0.05 120

FLOW30 <0.05 120

FLOWA40 <0.05 120



Station group 4 (downstream: LE5.3, LE5.4, LE5.6)

Summary of regression analysis between Chl-a and each water
quality parameter, monthly ensemble average

Statistical Model:
log(CHLA)=a+bx + ¢

(Linear regression, log transform on Chl-a)

Parameters R2(1995~2010) R2(1995~2000) R2(2001~2010)
WTEMP <0.05 0.15 <0.05
SALINITY 0.13 0.25 <0.05

SECCHI 0.21 0.13 0.22
TSS 0.15 <0.05 0.22
TP <0.05 <0.05 <0.05
TN 0.21 0.06 0.28

FLOW 0.08 <0.05 <0.05

12 samples per period per parameter

The parameters that have large differences among the 3 periods

are presented in next slide
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Station group 4 (downstream: LE5.3, LE5.4, LE5.6)

Selective regression plots between Chl-a and each water quality parameter :

Monthly SALINITY (ensemble average)
1995~2010 1995~2000 2001~2010

R2=6738.33 R2=0R720.57 R2= &750.05
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Elizabeth River: Cluster Analysis

Comments:

>>In all of the three time periods, Cluster Analysis identifies three main groups:
Upstream, downstream and one station on Lafayette river (LFBO1)

>>The subsequent analysis is mainly based on these 3 groups, since some
stations have missing data, the subsequent analysis is focused on the stations
with at least 13 years of data:

upstream — SBE5, SBE2

downstream — ELI2, LFAO1

Lafayette river — LFBO1

>>LFAO1 is not distinguished from the stations from Elizabeth River, probably
because it is near the mouth of Lafayette river and close to Elizabeth River.

>>flow discharge data for Elizabeth River is from Deep Creek spillway:
1991~1998: monthly average dataset; 1999~2010: daily average dataset.

For the “on sampling dates” analysis during 1991~1998, monthly average flow
discharge is used as an approximation of the flow discharge on each water
guality sampling date (usually 1 water quality sample per month)



Elizabeth River: Cluster Analysis (1995~2010)

Cluster History

Number Sem;rartl
of Clusters Joined Freq R-Square R-Square
Clusters
9SBC1 SBE2 2 0.0031 0.997
8CL9 SBAT 3 0.0086 0.988
7SBD1 CL8 4 0.0224 0.966
6ELDO1 LFAO1 2 0.0354 0.93
5SBE5 CL7 5 0.0518 0.879
4CL6 ELI2 3 0.0698 0.809
3ELEO1 CL4 4 0.0932 0.716
2CL5 CL3 9 0.3459 0.37
1CL2 LFBO1 10 0.3698 0

10 stations;
36 samples per station
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Elizabeth River: Cluster Analysis (1995~2000)

Cluster History

Number Sem;rartl
of Clusters Joined Freq R-Square R-Square
Clusters
9SBC1 SBE2 2 0.0031 0.997
8CL9 SBAT 3 0.0086 0.988
7SBD1 CL8 4 0.0224 0.966
6ELDO1 LFAO1 2 0.0354 0.93
5SBE5 CL7 5 0.0518 0.879
4CL6 ELI2 3 0.0698 0.809
3ELEO1 CL4 4 0.0932 0.716
2CL5 CL3 9 0.3459 0.37
1CL2 LFBO1 10 0.3698 0

10 stations;
19 samples per station
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Elizabeth River: Cluster Analysis (2001~2010)

Cluster History

Number Sem;rartl
of Clusters Joined Freq R-Square R-Square
Clusters
9SBC1 SBE2 2 0.0024 0.998
8CL9 SBAT 3 0.0097 0.988
7SBD1 CL8 4 0.0155 0.972
6ELDO1 LFAO1 2 0.0356 0.937
5SBE5 CL7 5 0.0544 0.882
4ELEO1 ELI2 2 0.051 0.831
3CL5 CL6 7 0.1183 0.713
2CL3 CL4 9 0.3326 0.38
1CL2 LFBO1 10  0.3805 0

10 stations;
17 samples per station
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Elizabeth River SBE5
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Elizabeth River SBE5

Summary of regression analysis between Chl-a and each water

quality parameter
Raw Data Monthly (ensemble average, 1995~2010)

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters R? samples Parameters R2
WTEMP 0.07 179 WTEMP 0.06
SALINITY 0.18 179 SALINITY <0.05

SECCHI <0.05 178 SECCHI 0.54
TSS 0.08 189 TSS 0.38
TP <0.05 187 TP <0.05
TN 0.07 183 TN 0.24
FLOW <0.05 189 FLOW <0.05

12 samples per parameter 12 samples per parameter
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Elizabeth River SBE5

Selective regression plots between Chl-a and each water quality parameter
1995~2010, (only those with high correlation)

Monthly SECCHI
(ensemble average)

R?=0.54
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Elizabeth River SBE5

Summary of regression analysis between Chl-a and each water
quality parameter

Monthly ensemble average, 3 periods

Statistical Model:
log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Parameters RZ(1995~2010) RZ(1995~2000) RZ2(2001~2010)
WTEMP 0.06 0.23 <0.05
SALINITY <0.05 <0.05 <0.05

SECCHI 0.54 0.40 0.55
TSS 0.38 0.38 0.33
TP <0.05 0.11 <0.05
TN 0.24 0.20 0.27

FLOW <0.05 <0.05 <0.05

12 samples per period per parameter

Comments: similar among different periogISs



Elizabeth River SBE5

Correlation Matrix, Monthly ensemble average, 3 periods , 12 data points (12 months) per period per parameter

i Pearson Correlation Coefficients, N = 12

Prob > |r] under HO: Rho=0

p;:'ri?:js logChl-a FLOW WTEMP  SALINITY TP SECCHI TSS TN

logChl-a 1995~2010 1
1995~2000 1
2001~2010 1

FLOW  1995~2010 0.05208 1
1995~2000 -0.00373 1
2001~2010 -0.0111 1

WTEMP 1995~2010 0.23671 -0.83643 1
1995~2000 0.47834 -0.64082 1
2001~2010 0.11884 -0.88641 1

SALINITY 1995~2010 -0.04579 -0.88805 0.76107 1
1995~2000 -0.16027 -0.89633  0.5984 1
2001~2010 0.20259 -0.80618 0.75526 1

TP 1995~2010 0.07923 -0.57225 0.79234  0.68147 1
1995~2000 0.33095 -0.19411 0.71955  0.22027 1
2001~2010 0.00685 -0.75676  0.78425  0.80618 1

SECCHI 1995~2010 -0.7371 -0.34526 -0.02964 0.48474 0.11251 1
1995~2000 -0.63324 -0.4413  -0.08605 0.64342 -0.11994 1
2001~2010 -0.74397 -0.24999 0.01909 0.24704  0.21499 1

TSS 1995~2010 0.61416 -0.32247  0.6128 0.10175 0.32003 -0.63061 1
1995~2000 0.61976 -0.36308 0.69117  0.14357 0.35346 -0.55599 1
2001~2010 0.57358 -0.14777 0.35304 -0.02696 0.12413 -0.63677 1

TN 1995~2010 -0.4944 0.4754  -0.60001 -0.31931 -0.20969 0.24943 -0.49052 1
1995~2000 -0.4439 0.76607 -0.67552 -0.68082 -0.10092 -0.13053 -0.44528 1

2001~2010 -0.51511 0.40787  -0.3456 -0.3506  -0.06905 0.26985 -0.27604 1



Elizabeth River SBE5

Multiple regression (On sampling dates )

Multiple Regression
Statistical Model:

log(CHLA)=a+bx, +¢

(1995~2010)
R2=0.28
170 samples per parameter

(1995~2000)
R2=0.32
64 samples per parameter

(2001~2010)
R2=0.31
106 samples per parameter

logChla

logChla

2

Predicted Value

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

TN

"

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

TN

17

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

N

[ UL UL (UL UL U G W e 1 |

PR N O U U G G 1

Parameter Estimates

Parameter

Estimate
0.1465

-0.00034
0.0049
0.10379
-1.20643
-0.64531
0.034
-0.19164

Standard

Error
0.59549

0.000746
0.01237
0.02899
2.36365

0.2293
0.012
0.22276

t Value
0.25

-0.46
0.4
3.58
-0.51
-2.81
2.83
-0.86

Parameter Estimates

Parameter

Estimate
1.10477

-0.00131
0.00163
0.05941

2.7657

-0.76186
0.03775

-0.50224

Standard

Error t Value

1.31167
0.00126
0.02339
0.05169
4.46104
0.48243
0.01804
0.65879

0.84
-1.04
0.07
1.15
0.62
-1.58
2.09
-0.76

Parameter Estimates

Parameter

Estimate
-1.27318

0.0019
0.01924
0.18239

-6.43103
-0.73553
0.01636
-0.004

Standard

Error t Value

0.73656
0.00108
0.01468
0.03817
2.94713
0.24756
0.01957
0.21555

-1.73
1.77
1.31
4.78

-2.18

-2.97
0.84

-0.02

Pr > |t]

0.806
0.6488
0.6922
0.0005
0.6105
0.0055
0.0052
0.3909

Pr > ||
0.4032
0.3014
0.9446
0.2553
0.5378
0.1199
0.0409

0.449

Pr> ||

0.087
0.0804
0.1932
<.0001
0.0315
0.0037
0.4053
0.9852

Standardized

Estimate
0

-0.05363
0.03621
0.47783

-0.04274

-0.2529
0.1991
-0.07095

Standardized
Estimate
0

-0.21534
0.01008
0.23717
0.07619

-0.22991
0.24661

-0.12953

Standardized

Estimate
0

0.28291
0.16462
0.93047
-0.27413
-0.34702
0.07636

7 .0.00186



Elizabeth River SBE5

PCA (identifying the patterns among water quality parameters)
On sampling dates (1995~2010)

1

Rotated Factor Pattern

Factor1 Factor2
FLOW -85* -21
TN -67* -5
TP 17 73"
SALINITY 89* 24
SECCHI 76* -18
WTEMP 33 80*
TSS -25 58*

Printed values are multiplied by 100 and rounded
to the nearest integer. Values greater than 0.4 are

flagged by an ™.

Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations

logChl-a Factor1

logChl-a 1 0.28282

0.0002

189 170

Factor1 0.28282 1
0.0002

170 170

Factor2 0.29003 0

0.0001 1

170 170

Factor2
0.29003

0.0001
170

0

1

170

1

170

2 main factors explaining 63% of the variance.
Possible interpretation:
Factor 1: Flow, Salinity and turbidity dominated, TN also has some effects

Factor 2: Temperature and TP dominated, turbidity also has some effects

170 samples per parameter

Correlations between principle components and Chl-a are all weak
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Elizabeth River SBE2
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Elizabeth River SBE2

Summary of regression analysis between Chl-a and each water

quality parameter

Raw Data

Parameters
WTEMP
SALINITY
SECCHI
TSS
TP
TN
FLOW

RZ
<0.05
<0.05
<0.05

0.11
<0.05
<0.05
<0.05

Statistical Model:

Monthly (ensemble average, 1995~2010)

log(CHLA)=a+bx+¢

(Linear regression, log transform on Chl-a)

Samples
177
177
176
186
184
180
187

Parameters R?
WTEMP <0.05
SALINITY <0.05

SECCHI 0.52
TSS 0.49
TP <0.05
TN <0.05
FLOW 0.06

12 samples per parameter

40



Elizabeth River SBE2

Selective regression plots between Chl-a and each water quality parameter
1995~2010, (only those with high correlation)

Monthly SECCHI Monthly TSS
(ensemble average) (ensemble average)

R?=0.52 R?=0.49
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Elizabeth River SBE2

Summary of regression analysis between Chl-a and each water
quality parameter, monthly ensemble average

Statistical Model:
log(CHLA)=a+bx + ¢

(Linear regression, log transform on Chl-a)

Parameters RZ(1995~2010) R2%(1995~2000) RZ2(2001~2010)
WTEMP <0.05 <0.05 <0.05
SALINITY <0.05 0.28 <0.05

SECCHI 0.52 0.37 0.57
TSS 0.49 0.66 0.60
TP <0.05 <0.05 <0.05
TN <0.05 <0.05 0.07

FLOW 0.06 0.08 <0.05

12 samples per period per parameter

The parameters that have large differences among the 3 periods

are presented in next slide
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Elizabeth River SBE2

Selective regression plots between Chl-a and each water quality parameter
1995~2010, (only those with high correlation)

Monthly SECCHI Monthly TSS
(ensemble average) (ensemble average)

R?=0.52 R?=0.49
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Elizabeth River SBE2

Correlation Matrix, Monthly ensemble average, 3 periods , 12 data points (12 months) per period per parameter

3 Pearson Correlation Coefficients, N =12
Prob > |r| under HO: Rho=0

time periods logChl-a FLOW WTEMP SALINITY TP SECCHI TSS

logChl-a  1995~2010 1
1995~2000 1
2001~2010 1
FLOW 1995~2010 0.25387 1
1995~2000 0.28337 1
2001~2010 0.16563 1
WTEMP 1995~2010 0.00164 -0.8234 1
1995~2000 -0.11116  -0.61946 1
2001~2010 0.03288 -0.88178 1
SALINITY 1995~2010 -0.12824  -0.82133 0.701 1
1995~2000 -0.52741 -0.8527 0.55523 1
2001~2010 0.16997 -0.79029 0.71481 1
TP 1995~2010 -0.03759 -0.53239 0.79096 0.72899 1
1995~2000 -0.21264  -0.25354 0.79623 0.385 1
2001~2010 0.05346 -0.7142 0.77576 0.83152 1
SECCHI 1995~2010 -0.71847  -0.19941 -0.15187 0.36104 0.05299 1
1995~2000 -0.61106 -0.244 -0.28774 0.48861 -0.26509 1
2001~2010 -0.75269 -0.22757 0.0007 0.22374 0.20433 1
TSS 1995~2010 0.70233 0.02407 0.24286 -0.24313  -0.09102  -0.75579 1
1995~2000 0.80961 -0.02508 0.10091 -0.34962  -0.11048  -0.62567 1
2001~2010 0.77201 -0.10007 0.36816 0.14674 0.22268 -0.68284 1
TN 1995~2010 -0.19136 0.58832 -0.54716  -0.26125  -0.12452 0.22472 -0.38426

1995~2000 0.06628 0.92712 -0.61613 -0.74645 -0.2016 -0.04543 -0.23198
2001~2010 -0.26633 0.38524 -0.28275 -0.14299 0.03611 0.27953 -0.27303

TN
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Elizabeth River SBE2 Multiple regression (On sampling dates )

Multiple Regression

Statistical Model:

log(CHLA)=a+bx, +¢

(1995~2010)
R2=0.25

168 samples per parameter

(1995~2000)
R2=0.33

64 samples per parameter

(2001~2010)
R2=0.32

104 samples per parameter

logChla

logChla

logChla

24

Predicted Value

0 -

Predicted Value

1

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

TN

"

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

TN

(I ]

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

N

Parameter Estimates

Parameter

Estimate
0.76005

-0.00097
-0.02521
0.09489
-0.97431
-0.79185
0.05752
0.08694

[ UL UL (UL UL U G W e 1 |

Standard

Error
0.74706

0.000758
0.01344
0.03667

3.0025
0.196
0.01342
0.20977

t Value
1.02

-1.28
-1.88
2.59
-0.32
-4.04
4.29
0.41

Parameter Estimates

Parameter

Estimate
-0.40544

-0.00123
-0.03782
0.1345
8.58374
-1.26808
0.04994
0.62451

PR N O U U G G 1

Standard

Error t Value

1.64266
0.00115

0.026
0.06959
8.26017
0.42729
0.01839
0.72121

-0.25
-1.07
-1.45
1.93
1.04
-2.97
2.72
0.87

Parameter Estimates

Parameter

Estimate
1.02599

-0.00155
-0.02417
0.06479
-4.4348
-0.57256
0.11334
0.07858

JES UL UL (UL UL U W G e 1 |

Standard

Error t Value

0.85157
0.00105
0.01524
0.04377
3.05038
0.21028
0.02635
0.19926

1.2
-1.48
-1.59

1.48
-1.45
-2.72

4.3

0.39

Pr > |t]
0.3105
0.2041
0.0625
0.0106

0.746
<.0001
<.0001
0.6791

Pr > ||

0.806
0.2898
0.1514
0.0583
0.3032
0.0044
0.0088
0.3902

Pr> ||
0.2312

0.143
0.1161
0.1421
0.1492
0.0077
<.0001
0.6942

Standardized

Estimate
0

-0.13939
-0.17707
0.31822
-0.0314
-0.3547
0.30819
0.03248

Standardized
Estimate
0

-0.18646
-0.23545
0.38521
0.16769
-0.40678
0.31217
0.1518

Standardized

Estimate
0

-0.20989
-0.18593
0.23973
-0.18046
-0.29996
0.40739
S5 0.03654



Elizabeth River SBE2

FLOW
N
TP

SALINIT
Y

SECCHI
WTEMP
TSS

PCA (identifying the patterns among water quality parameters)

Factor1
80*

79*
1
-75*

-46*
-20
11

On sampling dates (1995~2010)

Rotated Factor Pattern

Factor2
-30

18
92*
39

4
83*
10

-70*
10
81*

Printed values are multiplied by 100 and rounded to the nearest
integer. Values greater than 0.4 are flagged by an '™'.

No obvious patterns

169 samples per parameter
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Elizabeth River ELI2
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Elizabeth River ELI2

Summary of regression analysis between Chl-a and each water
quality parameter

Raw Data

Parameters
WTEMP
SALINITY
SECCHI
TSS
TP
TN
FLOW

RZ
<0.05
<0.05

0.10
<0.05
<0.05
<0.05
<0.05

Statistical Model:

Monthly (ensemble average, 1995~2010)

log(CHLA)=a+bx + ¢

(Linear regression, log transform on Chl-a)

Samples
180
180
180
190
183
177
190

Parameters R2
WTEMP <0.05
SALINITY 0.08

SECCHI 0.35
TSS 0.29
TP <0.05
TN <0.05

FLOW <0.05

12 samples per parameter
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Elizabeth River ELI2

Selective regression plots between Chl-a and each water quality parameter
1995~2010, (only those with high correlation)

Monthly SECCHI
(ensemble average)

R?=0.35
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Elizabeth River ELI2

Summary of regression analysis between Chl-a and each water
quality parameter

Statistical Model:
log(CHLA)=a+bx + ¢

(Linear regression, log transform on Chl-a)

Parameters RZ(1995~2010) R2%(1995~2000) RZ2(2001~2010)
WTEMP <0.05 <0.05 <0.05
SALINITY 0.08 0.09 <0.05

SECCHI 0.35 0.32 0.34
TSS 0.29 0.25 0.23
TP <0.05 <0.05 0.08
TN <0.05 0.17 0.14

FLOW <0.05 <0.05 0.08

12 samples per period per parameter

The parameters that have large differences among the 3 periods

are presented in next slide
50



Elizabeth River ELI2

Selective regression plots between Chl-a and each water quality parameter :

Monthly SALINITY
(ensemble average)

R2=0.23 R2=0.41 R2=<0.05
(1995~2010) (1995~2000) (2001~2010)
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Elizabeth River ELI2

Correlation Matrix, Monthly ensemble average, 3 periods, 12 data points (12 months) per period per parameter

3 Pearson Correlation Coefficients, N =12
Prob > |r| under HO: Rho=0

time periods logChl-a FLOW WTEMP SALINITY TP SECCHI TSS TN
logChl-a  1995~2010 1
1995~2000 1
2001~2010 1
FLOW 1995~2010 0.19007 1
1995~2000 -0.0578 1
2001~2010 0.4027 1
WTEMP 1995~2010 -0.03103 -0.8203 1
1995~2000 0.18661 -0.62996 1
2001~2010 -0.15765 -0.88105 1
SALINITY 1995~2010 -0.27482 -0.74832 0.6024 1
1995~2000 -0.29475 -0.77314 0.55857 1
2001~2010 -0.19644  -0.68217 0.52394 1
TP 1995~2010 -0.18602 -0.49161 0.77507 0.67398 1
1995~2000 0.00912 -0.24869 0.77354 0.50236 1
2001~2010 -0.27938  -0.64874 0.76722 0.63539 1
SECCHI 1995~2010 -0.58891 -0.06524  -0.35633 0.33364 -0.23053 1
1995~2000 -0.56427 -0.2337 -0.36305 0.49101 -0.38078 1
2001~2010 -0.58559 0.07069 -0.33845 0.20874 -0.16985 1
TSS 1995~2010 0.54087 -0.0722 0.34168 -0.26063 0.24103 -0.82137 1
1995~2000 0.49951 -0.18534 0.45936 -0.1193 0.19809 -0.66552 1
2001~2010 0.47616 0.15691 0.17977 -0.33751 0.21933 -0.65499 1
TN 1995~2010 -0.12282 0.11791 0.14893 0.39582 0.64886 0.04425 -0.02373 1
1995~2000 0.41817 0.27893 0.1039 -0.08242 0.43815 -0.38113 0.06093 1

2001~2010 -0.37549 -0.04708 0.151 0.24122 0.61832 0.22001 -0.03875 1



Elizabeth River ELI2 Multiple regression (On sampling dates )

Multiple Regression
Statistical Model:

log(CHLA)=a+bx, + ¢

(1995~2010)
R2=0.19
169 samples per parameter

(1995~2000)
R2=0.28
64 samples per parameter

(2001~2010)
R2=0.22
105 samples per parameter

logChla

logChla

logChla

1 2 3

1 2 3

Predicted Value

1

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

TN

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

TN

17

Variable
Intercept

FLOW
WTEMP
SALINITY
TP
SECCHI
TSS

N
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Parameter Estimates

Parameter

Estimate
2.31224

-0.00101
-0.00829
0.0236
-6.57767
-0.68126
0.01658
0.86171

Standard

Error
0.55883

0.000534
0.01026
0.02501
3.28783
0.16909
0.00756
0.39112

t Value
414

-1.88
-0.81
0.94
-2
-4.03
2.19
2.2

Parameter Estimates

Parameter

Estimate
1.77954

-0.00173
-0.00975
0.05287
-5.49039
-0.91116
0.01233
1.27519

Standard

Error t Value

1.13193
0.000793
0.01729
0.04872
7.44303
0.32667
0.01108
0.90322

1.57
-2.19
-0.56

1.09
-0.74
-2.79

1.1

1.41

Parameter Estimates

Parameter

Estimate
2.03729

0.000491
-0.00427
0.02612
-7.2473
-0.5294
0.02314
0.63468

Standard

Error t Value

0.65902
0.000778
0.01272
0.0289
3.66055
0.19349
0.01214
0.41291

3.09
0.63
-0.34
0.9
-1.98
-2.74
1.91
1.54

Pr > |t|
<.0001
0.0616
0.4203
0.3469
0.0471
<.0001
0.0299

0.029

Pr > ||
0.1216
0.0329
0.5749
0.2825
0.4638
0.0072
0.2705
0.1635

Pr> ||
0.0026
0.5294
0.7377
0.3683
0.0506
0.0074
0.0596
0.1275

Standardized

Estimate
0

-0.18971
-0.07776
0.09924
-0.22178
-0.35205
0.1811
0.19493

Standardized
Estimate
0

-0.35538
-0.08307
0.18985
-0.13751
-0.38859
0.14618
0.23157

Standardized

Estimate
0

0.08298
-0.0433
0.12243
-0.29199
-0.3078
0.21159

3 0.16615



Elizabeth River ELI2

PCA (identifying the patterns among water quality parameters)
On sampling dates (1995~2010)

1

Rotated Factor Pattern

Factor1 Factor2 Factor3 No obvious patterns
FLOW -87* 11
TN -40 81* -10 169 samples per parameter
TP 37 79* 27
SALINIT 84* 8 -19
Y
WTEMP 57 52* 23
TSS 6 -2 85*

Printed values are multiplied by 100 and rounded to the
nearest integer. Values greater than 0.4 are flagged by an

(21



Lafayette River LFAO1
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Lafayette River LFA01

Summary of regression analysis between Chl-a and each water

quality parameter
Raw Data Monthly (ensemble average, 1998~2010)

Statistical Model:
log(CHLA)=a+bx + ¢

(Linear regression, log transform on Chl-a)

Parameters R2 Samples Parameters R2
WTEMP <0.05 143 WTEMP <0.05
SALINITY <0.05 143 SALINITY <0.05

SECCHI 0.15 143 SECCHI <0.05
TSS <0.05 142 TSS <0.05
TP <0.05 139 TP <0.05
TN <0.05 140 TN 0.37

12 samples per parameter
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Lafayette River LFAO1

Selective regression plots between Chl-a and each water quality parameter
1991~2010, (only those with high correlation)

Monthly TN
(ensemble average)

R?=0.37
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Lafayette River LFAO1

Correlation Matrix, Monthly ensemble average, 1998~2010, 12 data points (12 months) per period per parameter

Pearson Correlation Coefficients, N = 12
Prob > |r| under HO: Rho=0

logChl-a WTEMP SALINITY TP SECCHI TSS TN
logChl-a 1 -0.0451 0.01503 -0.06749 -0.21924 0.21833 -0.60722
WTEMP -0.0451 1 0.45922 0.73838 -0.72892 0.68376 0.33595
SALINITY 0.01503 0.45922 1 0.73658 0.09471 -0.08787 0.39961
TP -0.06749 0.73838 0.73658 1 -0.36608 0.19579 0.68695
SECCHI -0.21924 -0.72892 0.09471 -0.36608 1 -0.85115 -0.08792
TSS 0.21833 0.68376 -0.08787 0.19579 -0.85115 1 -0.17805
TN -0.60722 0.33595 0.39961 0.68695 -0.08792 -0.17805 1
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Lafayette River LFAQ01 Multiple regression (On sampling dates )

Multiple Regression
Statistical Model:

log(CHLA)=a+bx, +¢

1

4 R Parameter Estimates
Parameter Standard Standardized
34 Variable DF Estimate Error t Value Pr> || Estimate
© Intercept 1 2.99354 0.4455 6.72 <.0001 0
(1998~2010) 5 o WTEMP 1 -0.02439 0.00881  -2.77  0.0065 -0.28785
R2=0.21 g SALINITY 1 0.02578  0.01791 1.44 0.1525 0.14201
1 o TP 1 0.2688  2.04841 0.13 0.8958 0.01257
135 samples per parameter SECCHI 1 -0.91692  0.18107 -5.06 <.0001 -0.59918
0 TSS 1 -0.00576  0.00749 -0.77 0.4429 -0.08105
! ! ! ! ! TN 1 -0.03088  0.34621 -0.09 0.9291 -0.00809

0 1 2 3 4
Predicted Value
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Lafayette River LFAO1

PCA (identifying the patterns among water quality parameters)
On sampling dates (1998~2010)

Rotated Factor Pattern No obvious patterns.

Factor1 Factor2 Factor3
TN 1 18 92* 130 samples per parameter
TP 7 85* 21
SALINITY -17 66* -60*
SECCHI -88* -3 -25
TSS 88* 11 -13
WTEMP 51* 68* 2

Printed values are multiplied by 100 and rounded to the nearest
integer. Values greater than 0.4 are flagged by an ™.



Lafayette River LFB0O1
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Lafayette River LFBO1

Summary of regression analysis between Chl-a and each water

quality parameter
Raw Data Monthly (ensemble average, 1998~2010)

Statistical Model:
log(CHLA)=a+bx + ¢

(Linear regression, log transform on Chl-a)

Parameters R2 Sample Parameters R2
WTEMP 0.13 143 WTEMP 0.48
SALINITY <0.05 142 SALINITY 0.33

SECCHI 0.28 143 SECCHI 0.36
TSS 0.17 142 TSS 0.47
TP 0.34 138 TP 0.81
TN 0.39 137 TN 0.65

12 samples per parameter
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Lafayette River LFB0O1

Selective regression plots between Chl-a and each water quality parameter
1998~2010, (only those with high correlation)

Monthly TP Monthly TN Monthly WTEMP
(ensemble average) (ensemble average) (ensemble average)
R?=0.81 R?=0.65 R?=0.48
Monthly TSS Monthly SECCHI Monthly SALINITY
(ensemble average) (ensemble average) (ensemble average)

R?=0.47 R?=0.36 R?=0.33
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Lafayette River LFBO1

Correlation Matrix, Monthly ensemble average, 1998~2010, 12 data points (12 months) per period per parameter

Pearson Correlation Coefficients, N = 12
Prob > |r| under HO: Rho=0

logChl-a WTEMP SALINITY TP SECCHI TSS TN

logChl-a 1 0.6935 0.57692 0.89789 -0.60406 0.68286 0.80712
WTEMP 0.6935 1 0.51172 0.78589 -0.8107 0.91568 0.81177
SALINITY 0.57692 0.51172 1 0.74312 -0.06453 0.29869 0.66081
TP 0.89789 0.78589 0.74312 1 -0.62065 0.74259 0.95829
SECCHI -0.60406 -0.8107 -0.06453 -0.62065 1 -0.92357 -0.66064
TSS 0.68286 0.91568 0.29869 0.74259 -0.92357 1 0.74368
TN 0.80712 0.81177 0.66081 0.95829 -0.66064 0.74368 1



Lafayette River LFB01 Multiple regression (On sampling dates )

(1998~2010)
R2=0.54

s
-
Q
g
131 samples per parameter

Multiple Regression
Statistical Model:

log(CHLA)=a+bx, +¢

2 3 4 5
Predicted Value

1

Variable D
Intercept

WTEMP
SALINITY
TP
SECCHI
TSS

TN

JEL U U U U U e 1]

Parameter Estimates

Parameter

Estimate
2.57508

-0.02037
-0.00028
4.14604
-1.0461
-0.007
1.09309

Standard

Error
0.44232

0.00972

0.0172
1.31161
0.22658
0.00661
0.29024

t Value
5.82

-2.1
-0.02
3.16
-4.62
-1.06
3.77

Pr > ||
<.0001
0.0382
0.9869

0.002
<.0001
0.2919
0.0003

Standardized
Estimate
0

-0.19788
-0.00125
0.31673
-0.46325
-0.10986
0.34974
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Lafayette River LFB0O1

PCA (identifying the patterns among water quality parameters)
On sampling dates (1998~2010)

(B}

Rotated Factor Pattern

Factor1 Factor2
TP 77* 26
TN 70* -33
SECCHI -82* 17
TSS 81* 3
WTEMP 82* 29
SALINITY 4 97*

Printed values are multiplied by 100 and rounded to the nearest

integer. Values greater than 0.4 are flagged by an ™.

(B}

Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations

logChl-a Factor1

logChl-a 1 0.61896

<.0001

144 131

Factor1 0.61896 1
<.0001

131 138

Factor2 -0.18298 0

0.0364 1

131 138

Factor2
-0.18298

0.0364
131

0

1

138

1

138

2 main factors explaining 72% of the variance

Factor 1: Turbidity, temperature and nutrient dominated
Factor 2: salinity dominated

138 samples per parameter

Factor 1 has positive correlation with Chl-a: high water temperature,
high nutrient concentrations and high turbidity condition leads to high
Chl-a concentration. The R? is not very high though.

Factor 2’s correlation 1s weak
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* Additional Pots of TN/TP and DIN/DIP in mid-
stream, location of summer peak: TF5.4 TF5.5
TF5.5A



Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)
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Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)
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Station group (mid-stream, location of summer peak: TF5.4 TF5.5 TF5.5A)
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Appendix C
Graphical Analysis of Water Quality and
Stream Flow Data
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Appomattox-TF2

Constituent-Associated Trend Assessment

Location: TF5.4

Comparison Parameter: 02041650 (cfs)

Pollutant: Chl-A (ug/L)

Data from: 6/19/1985 to 9/20/2012 (375 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 38 91.702 37.237 126.13 45.645 1.34 73.43
10-20 37 162 129.73 189.79 44.833 11.2 116.3
20-30 38 254.53 190.99 342.34 40.037 9.595 76.5
30-40 37 410.48 344.74 492.49 32.311 0.91 122.16
40-50 37 577.06 493.69 645.04 24.425 2.5 67.89
50-60 38 754.29 653.45 827.62 16.574 1 58.78
60-70 37 965.24 844.44 1087.1 10.838 0.5 48.11
70-80 38 1374.7 1101.5 1645.6 7.2054 0.5 28.5
80-90 37 2212.1 1657.6 3399.4 5.4534 1 24.5
90-100 37 6730.2 3519.5 15015 3.1076 0.85 10.22
ChEA (ugiL) = 02041650 (cfs) (Min, Mean, Max)
50.0 15,045 1.6E+04
45.0 I  1.4E+04
S 400 - i
® r 1.2E+04
= 35.0 o r
qC.> L
2 30.0 4 - 1.0E+04
o [
o 25.0 A  8.0E+03
D r
= 20.0 o E
._57 6.0E+03
Q 15.0 A r
= L 4.0E+03
10.0 + r
F 2.0E+03
0 +HH——==— = = 3.7E+01

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: TF5.4

Comparison Parameter: 02041650 (cfs)

Pollutant: Chl-A (ug/L)
Data from: 6/19/1985 to 9/20/2012 (375 Observations)

Time Period

Month
January
February

March

April
May

June
July
August

September
October
November

December

Weighted Concentration

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
25 2126.1 353.15 7699.6 3.0226 0.5 13.17
26 2423.4 290.69 9741.7 3.0083 1 24.67
34 2662.7 444.44 13333 4.3205 1 23.03
31 1792.1 496.09 7807.8 8.0218 1.4 58.78
34 1666.2 213.81 22342 10.511 0.5 122.16
37 808.57 78.078 5429.4 23.261 5.57 74.95
34 536.69 45.646 5441.4 25.148 1.6 76.5
34 296.24 37.237 875.67 32.173 7.2 70.47
35 926.57 42.042 15015 8.5481 0.87 75.5
35 563.6 49.249 2906.9 18.97 0.98 76.48
27 1227.5 69.669 8156.1 6.5195 0.85 116.3
23 2742.6 104.5 11567 3.4202 0.91 36.19
ChI-A (ug/L) —&— 02041650 (cfs) Mean

3.04E+03

2,663 2,743:
- 2.54E+03
- 2.04E+03
1248 - 1.54E+03
927 [ 1.04E+03

537 564 L
1 \ \2? ‘ - 5.37E+02
I. I | —e et 1t I 3.72E+01

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
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Constituent-Associated Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)

Pollutant: NH3 (mg/L)

Data from: 1/30/1985 to 2/1/1994 (97 Observations)

Flow Range
Percentile

Weighted Concentration

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

90-100

0.4

0.3

0.3

0.2

0.2

0.1

0.1

# Obs
Count

10
10
9
10
9
10
10
9
10
9

Associated Constituent

Mean
140.3
210.93
336.07
500.42
686.68
902.34
1118.9
1568.2
2264.2
6152.8

NH3 (mg/L)

Min
92.492
180.18
278.68
436.03
606.6
806
1000.6
1345.3
1729.7
3015

Max
178.98
267.87
428.83
586.18
768.76
992.19
1333.3
1717.7
3003
8936.9

Pollutant Concentration

Mean Min
0.069264 0.04
0.10411 0.02
0.076259 0.04
0.28766 0.04
0.24986 0.04
0.20499 0.09
0.16897 0.07
0.16788 0.1
0.23289 0.1
0.10279 0.07

= 02041650 (cfs) (Min, Mean, Max)

179

0-10

769

1,333
992 '

3,003

1,718

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Max
0.12
0.3
0.15
0.9
0.61
0.4
0.3
0.31
0.69
0.2

r 1.0E+04
8,937 |

9.1E+03
8.1E+03
7.1E+03
6.1E+03
5.1E+03
4.1E+03
3.1E+03
2.1E+03

L 11E+03

9.2E+01

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)

Pollutant: NH3 (mg/L)

Data from: 1/30/1985 to 2/1/1994 (97 Observations)

Time Period

Month
January
February

March

April
May

June

July

August

September
October
November

December

Weighted Concentration

0.3

0.3

0.2

0.2

0.1

0.1

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
8 3085.6 494.89 8780.7 0.17446 0.07 0.69
9 2315.2 428.83 6462.4 0.17128 0.1 0.4
8 2352.4 806 8216.2 0.13741 0.09 0.31
9 2923.2 586.18 14655 0.10728 0.04 0.2
9 1638.4 326.72 8936.9 0.14028 0.04 0.9
7 681.42 267.87 1537.5 0.13661 0.04 0.3
9 489.95 92.492 1633.6 0.10333 0.04 0.3
7 459.89 105.7 1729.7 0.26614 0.04 0.4
7 744.57 126.13 3063 0.087195 0.02 0.1
9 581.51 130.93 2102.1 0.22122 0.04 0.3
7 545 163.36 944.14 0.21353 0.04 0.5
8 1583.2 443.24 5225.2 0.18381 0.09 0.61
NH3 (mg/L) —&— 02041650 (cfs) Mean
r 3.59E+03
3,086 i
r 3.09E+03
- 2.59E+03
r 2.09E+03
1,584t
r 1.59E+03
745 1.09E+03
582] 54 -
490 L
460 - 5.92E+02
- 9.25E+01

Jan I FebI MarI Apr I MayI Jun I Jul I Aug I SepI Oct I NovI Dec

Month
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Constituent-Associated Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)

Pollutant: NO2 (mg/L)

Data from: 1/30/1985 to 2/1/1994 (97 Observations)

Max
0.16
0.14
0.14
0.15
0.06
0.02
0.1
0.03
0.25
0.03

r 1.0E+04

9.1E+03
8.1E+03
7.1E+03
6.1E+03
5.1E+03
4.1E+03
3.1E+03
2.1E+03

L 11E+03

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 10 140.3 92.492 178.98 0.075317 1 0.02
10-20 10 210.93 180.18 267.87 0.048656 1 0.01
20-30 9 336.07 278.68 428.83 0.049079 0.01
30-40 10 500.42 436.03 586.18 0.054054 0.01
40-50 9 686.68 606.6 768.76 0.020573  0.01
50-60 10 902.34 806 992.19 0.014977  0.01
60-70 10 1118.9 1000.6 1333.3 0.024574  0.01
70-80 9 1568.2 1345.3 1717.7 0.017864 0.01
80-90 10 2264.2 1729.7 3003 0.035225 0.01
90-100 9 6152.8 3015 8936.9 0.019501 1 0.01
NO2 (mg/L) = 02041650 (cfs) (Min, Mean, Max)
0.1
8,937
0.1 3
C -
§e]
*@’ 0.1 3
5
2 0.1 d
C
o]
&) 0.0 o
O
L 2
.-5) 0.0
() -
= 0.0
0.0
- 268 429 586 L
— e il F

0-10

ﬁl T T T T T T T
10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

9.2E+01

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: 2-APP001.53

Comparison Parameter: 02041650 (cfs)
Pollutant: NO2 (mg/L)

Data from: 1/30/1985 to 2/1/1994 (97 Observations)

Time Period

Month
January
February

March

April
May

June

July

August

September
October
November

December

Weighted Concentration

0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.0
0.0
0.0

Month

Appendix C

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
8 3085.6 494.89 8780.7 0.021967 0.01 0.03
9 2315.2 428.83 6462.4 0.016454 0.01 0.03
8 2352.4 806 8216.2 0.014794  0.01 0.02
9 2923.2 586.18 14655 0.013505 1 0.01 0.05
9 1638.4 326.72 8936.9 0.025464 0.01 0.1
7 681.42 267.87 1537.5 0.039708 0.01 0.14
9 489.95 92.492 1633.6 0.044062 0.01 0.15
7 459.89 105.7 1729.7 0.17456 0.05 0.25
7 744,57 126.13 3063 0.019982 1 0.01 0.16
9 581.51 130.93 2102.1 0.040601 0.02 0.11
7 545 163.36 944.14 0.022031 0.01 0.08
8 1583.2 443.24 5225.2 0.015794  0.01 0.02
NO2 (mg/L) —&— 02041650 (cfs) Mean
r 3.59E+03
3,086 F
2,923 [ 3.09E+03
- 2.59E+03
r 2.09E+03
1,583[
r 1.59E+03
745 1.09E+03
582 54 -
490
460 - 5.92E+02
|. I I. L . . . . I . I It 9.25E+01
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Associated Constituent (value))



Constituent-Associated Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)

Pollutant: NO3 (mg/L)

Data from: 1/30/1985 to 2/1/1994 (97 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 10 140.3 92.492 178.98 0.44195 0.04 1.54
10-20 10 210.93 180.18 267.87 0.30693 0.04 1.23
20-30 9 336.07 278.68 428.83 0.36419 0.17 0.54
30-40 10 500.42 436.03 586.18 0.29558 0.04 0.45
40-50 9 686.68 606.6 768.76 0.28577 0.12 0.52
50-60 10 902.34 806 992.19 0.25835 0.13 0.44
60-70 10 1118.9 1000.6 1333.3 0.23919 0.08 0.36
70-80 9 1568.2 1345.3 1717.7 0.24698 0.13 0.41
80-90 10 2264.2 1729.7 3003 0.27695 0.15 0.65
90-100 9 6152.8 3015 8936.9 0.22075 0.06 0.34

NO3 (mg/L) = 02041650 (cfs) (Min, Mean, Max)
0.5 - 1.0E+04
8,937 f
0.5 r 9.1E+03
S  04- F 8.1E+03
Z 0.4 - E 7.1E+03
GC.) o
Q 0.3 6.1E+03
O L
@) 0.3 + - 5.1E+03
3 r
= 0.2 ~ - 4.1E+03
_'57 3,003 r
O 0.2 ~ - 3.1E+03
= 1,714 5
0.1 1 1.339 ’ F 2.1E+03
992 ’ ,\:ﬁ E
0.1 T 429 986 e - F 1.1E+03
179 268 ___?—-ar
- e 3
_Eﬁ T T T T T T T T 92E+01
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: 2-APP001.53

Comparison Parameter: 02041650 (cfs)
Pollutant: NO3 (mg/L)

Data from: 1/30/1985 to 2/1/1994 (97 Observations)

Time Period

Month
January
February

March

April
May

June

July

August

September
October
November

December

Weighted Concentration

0.6

0.5

0.4

0.3

0.2

0.1

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
8 3085.6 494.89 8780.7 0.26885 0.2 0.44
9 2315.2 428.83 6462.4 0.28606 0.21 0.47
8 2352.4 806 8216.2 0.19469 0.13 0.4
9 2923.2 586.18 14655 0.17533 0.04 0.26
9 1638.4 326.72 8936.9 0.24571 0.13 0.46
7 681.42 267.87 1537.5 0.24228 0.08 0.35
9 489.95 92.492 1633.6 0.18018 0.04 0.48
7 459.89 105.7 1729.7 0.51005 0.23 0.65
7 744.57 126.13 3063 0.17296 0.06 1.54
9 581.51 130.93 2102.1 0.32873 0.21 1.23
7 545 163.36 944.14 0.29322 0.16 0.52
8 1583.2 443.24 5225.2 0.25773 0.13 0.41
NO3 (mg/L) —&— 02041650 (cfs) Mean
r 3.59E+03
3,086 i
2,923 [ 3.09E+03
- 2.59E+03
r 2.09E+03
38 1,583
r 1.59E+03
745 1.09E+03
582] 54 L
490 [
460 - 5.92E+02
. . . - 9.25E+01

Jan I Feb Mar Apr MayI Jun I Jul I Aug I SepI Oct I NovI Dec

Month
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Constituent-Associated Trend Assessment

Location: 02041650
Comparison Parameter: 02041650 (cfs)

Pollutant: NOx (mg/L)
Data from: 11/20/1990 to 11/19/1992 (14 Observations)

Flow Range
Percentile

Weighted Concentration

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

90-100

0.4

0.3

0.3

0.2

0.2

0.1

0.1

Max
0.39
0.22
0.1
0.09
0.07
0.26
0.07
0.2
0.3
0.13

r 1.1E+03

9.6E+02
8.6E+02
7.6E+02
6.6E+02
5.6E+02
4.6E+02
3.6E+02

2.6E+02

- 1.6E+02

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min
2 166.97 164.56 169.37 0.30869 0.225
1 170.57 170.57 170.57 0.22 0.22
1 350.75 350.75 350.75 0.1 0.1
2 424.62 389.19 460.06 0.071669 0.05
1 499.7 499.7 499.7 0.07 0.07
1 516.51 516.51 516.51 0.26 0.26
2 613.81 586.18 641.44 0.06045 0.05
1 903.3 903.3 903.3 0.2 0.2
1 968.16 968.16 968.16 0.3 0.3
1 970.56 970.56 970.56 0.13 0.13
NOx (mg/L) = 02041650 (cfs) (Min, Mean, Max)

968 971
903 r
641 E
460
351

160] 17 ‘ ‘ i

—— T T T T T T T T
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Associated Constituent (value)
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Seasonal Trend Assessment

Location: 02041650
Comparison Parameter: 02041650 (cfs)
Pollutant: NOx (mg/L)

Data from: 11/20/1990 to 11/19/1992 (14 Observations)

Time Period

Month
January
February

March

April
May
June
July

August

September
October
November

December

Weighted Concentration

0.4

0.3

0.3

0.2

0.2

0.1

0.1

0.0

Pollutant Concentration

# Obs Associated Constituent
Count Mean Min Max Mean Min
2 709.9 516.51 903.3 0.22183 0.2

2 969.36 968.16 970.56 0.21489 0.13
0 No Data No Data No Data No Data No Data

2 1067.9 586.18 1549.5 0.05 0.05
0 No Data No Data No Data No Data No Data

3 374.77 164.56 499.7 0.10087 0.07
0 No Data No Data No Data No Data No Data

2 169.97 169.37 170.57 0.3047 0.22
0 No Data No Data No Data No Data No Data
0 No Data No Data No Data No Data No Data

3 460.46 350.75 641.44 0.071983 0.05
0 No Data No Data No Data No Data No Data

NOx (mg/L) —&— 02041650 (cfs) Mean
1,068 E
969 “
71 g
460 i
375 A j
170 3
Jan I FebI MarI Apr I MayI Jun I Jul I Aug I SepI Oct Nov Dec

Month

Appendix C

Max
0.26
0.3
No Data
0.05
No Data
0.225
No Data
0.39
No Data
No Data
0.1
No Data

1.16E+03
1.06E+03
9.65E+02
8.65E+02
7.65E+02
6.65E+02
5.65E+02

E 4.65E+02

3.65E+02
2.65E+02

F 1.65E402

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: TF5.4

Comparison Parameter: 02041650 (cfs)

Pollutant: NOx_f (mg/L)

Data from: 2/4/1985 to 9/20/2012 (386 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 39 92.677 37.237 129.73 0.27582 0 0.695
10-20 38 164.31 133.33 190.99 0.21411 0 0.864
20-30 39 260.94 192.19 350.75 0.23108 0 0.7
30-40 38 413.34 350.75 480.48 0.28134 0 1.51
40-50 39 569.7 490.09 645.04 0.23115 0 0.7
50-60 38 749.48 645.04 824.02 0.24059 0 0.738
60-70 39 959.97 827.62 1087.1 0.25142 0 0.542
70-80 38 1362.2 1101.5 1633.6 0.25082 0 0.5085
80-90 39 2231.1 1645.6 3519.5 0.20528 0 0.4195
90-100 38 6845.8 3591.6 15015 0.19685 0 0.39
NOx_f (mg/L) 202041650 (cfs) (Min, Mean, Max)
0.3 15,0151 1.6E+04
I - 1.4E+04
c 0.3 A r
.0 L
*@' - 1.2E+04
*g 0.2 :
2 - 1.0E+04
2 C
(e} [
@) 0.2 A r 8.0E+03
'O L
o) ol ¢
S - 6.0E+03
.% 0.1 A f
= 3,52 L 4.0E+03
0.1 1 1,634 -
824 1,087% /% r 2.0E+03
130] 191 351| 480 045 | | i
| e |
0.0 +——————= 3.7E+01

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: TF5.4
Comparison Parameter: 02041650 (cfs)
Pollutant: NOx_f (mg/L)

Data from: 2/4/1985 to 9/20/2012 (386 Observations)

Time Period # Obs

Month Count
January 25
February 27
March 36
April 34
May 36
June 37
July 35
August 35
September 35
October 35
November 27
December 24

Weighted Concentration

Mean Min
2126.1 353.15
2670.9 290.69
2572.2 444.44
1676.4 452.85
1596.5 213.81
808.57 78.078
526.74 45.646
445.99 37.237
926.57 42.042
563.6 49.249
1227.5 69.669
2647.6 104.5

Associated Constituent

NOx_f (mg/L)

Max

7699.6
9741.7
13333
7807.8
22342
5429.4
5441.4
55637.5
15015
2906.9
8156.1
11567

Pollutant Concentration
Min Max

Mean

0.29201
0.23072
0.20931
0.16913
0.16531
0.20502
0.14168
0.2053

0.15759
0.2826

0.23684
0.21306

O O O O OO o o o o o o

—&— 02041650 (cfs) Mean

0.738
0.4775
0.542
0.45
0.378
0.425
0.3775
0.6

0.7
1.51
0.7
0.864

527

446

927

2,648}

- 3.04E+03

2.54E+03

- 2.04E+03

1.54E+03

L 1.04E+03

- 5.37E+02

0.0

Appendix C

Month

Jan I FebI MarI Apr I MayI Jun I Jul I Aug I SepI Oct I NovI Dec

[ 3.72E+01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: TF5.4
Comparison Parameter: 02041650 (cfs)
Pollutant: OrgN (mg/L)

Data from: 2/4/1985 to 9/20/2012 (370 Observations)

Max
1.35
1.35
1.28
1.2583
1.105
0.92
0.925
0.592
0.7186
0.78

- 1.6E+04
[ 1 4E+04
[ 1 .2E+04
1. 0E+04
 8.0E+03

6.0E+03

4.0E+03

r 2.0E+03

3.7E+01

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 37 90.901 37.237 126.13 0.84962 0
10-20 37 163.49 129.73 190.99 0.82546 0
20-30 37 259.72 192.19 350.75 0.71203 0
30-40 37 411.52 350.75 474.47 0.6612 0
40-50 37 572.68 490.09 645.04 0.52857 0
50-60 37 752.3 653.45 824.02 0.41065 0
60-70 37 960.11 844.44 1082.3 0.41978 0
70-80 37 1383.5 1087.1 1657.6 0.34897 0
80-90 37 2345.2 1669.7 3627.6 0.34606 0
90-100 36 7025.6 3783.8 15015 0.43513 0
OrgN (mg/L) = 02041650 (cfs) (Min, Mean, Max)
0.9 15,615
0.8 - I F
§ o7 _
o
[ .0 T
§ 0.6 1
8 0.5 A ]
B 0.4 A h
S 03- ]
g 3,62 I F
0.2 A
| 165
017 o6l 101| 351| 474| 45| 824 1’08‘, ]
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: TF5.4

Comparison Parameter: 02041650 (cfs)
Pollutant: OrgN (mg/L)

Data from: 2/4/1985 to 9/20/2012 (370 Observations)

Time Period

Month
January
February

March

April
May

June

July

August

September
October
November

December

Weighted Concentration

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
23 2227.4 353.15 7699.6 0.30893 0 0.595
25 2803.4 290.69 9741.7 0.30031 0 0.5655
35 2580.5 444.44 13333 0.44794 0 0.74
33 1712.1 452.85 7807.8 0.41173 0 0.78
34 1640.9 213.81 22342 0.52485 0 1.2583
36 823.55 78.078 5429.4 0.60011 0 1.309
34 536.86 45.646 5441.4 0.60085 0 1.35
35 445.99 37.237 5537.5 0.61526 0 1.35
31 989.4 42.042 15015 0.52023 0 1.315
34 525.06 49,249 2906.9 0.54714 0 1.1807
26 1250.9 69.669 8156.1 0.43162 0 0.79167
24 2647.6 104.5 11567 0.40937 0 0.925
OrgN (mg/L) —&— 02041650 (cfs) Mean
2,803 r 3.04E+03
581 2,648:
22 2.54E+03
- 2.04E+03
712 164 [
12 - 1.54E+03
989
24 r 1.04E+03
537 446/ 525
S I( [ 5.37E+02
- 3.72E+01

Jan I FebI MarI Apr I MayI Jun I Jul I Aug I SepI Oct I NovI Dec

Month
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Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-APP012.79
Comparison Parameter: 02041650 (cfs)
Pollutant: Ortho (mg/L)
Data from: 12/27/1990 to 6/5/2003 (130 Observations)

Max
0.06
0.53
0.05
0.04
0.04
0.04
0.05
0.06
0.06
0.09

r 1.4E+04
- 1.2E+04
1.0E+04
8.0E+03
6.0E+03
4.0E+03

- 2.0E+03

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 13 80.388 37.237 114.11 0.02854 0.01
10-20 13 147.84 120.12 181.38 0.059394 |0.01
20-30 13 257.61 188.59 337.54 0.024319 |0.01
30-40 13 400.74 338.74 466.06 0.018476 |0.01
40-50 13 582.67 505.7 658.25 0.021973 |0.01
50-60 13 802.21 672.67 983.78 0.026555 |0.01
60-70 13 1226.7 1004.2 1393.4 0.022933 |0.01
70-80 13 1634.5 1405.4 1861.8 0.031051 |0.01
80-90 13 2693.4 2054 4012 0.039756 |0.01
90-100 12 6810.8 4312.3 12252 0.060319 |0.03
Ortho (mg/L) =02041650 (cfs) (Min, Mean, Max)
0.1
12,2521
0.1 »
C
9
S 0.1 -
[
5
5 0.0 r
(@)
3 0.0 -
=) 4,013
)
0.0 -
; %
1,864
0.0 984 1,39 C
114| 181| 338| 468| ©°8
_—
——-

0-10

ﬁl T T T T T T T F
10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

3.7E+01

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: 2-APP012.79
Comparison Parameter: 02041650 (cfs)
Pollutant: Ortho (mg/L)

Data from: 12/27/1990 to 6/5/2003 (130 Observations)

Time Period

Month
January
February

March

April
May

June

July

August

September
October
November

December

Weighted Concentration

0.1

0.1

0.1

0.1

0.0

0.0

0.0

0.0

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
10 1940.9 742.34 4012 0.03908 0.01 0.06
11 1917.1 385.58 7711.7 0.044206 0.02 0.06
11 3683.8 299.1 15856 0.073799 0.01 0.11
12 2358.9 593.39 7999.9 0.030803 1 0.01 0.04
10 1342.3 338.74 5994 0.038089 1 0.01 0.06
10 1266.2 171.77 3435.4 0.028475 1 0.01 0.04
10 678.79 99.699 4720.7 0.03654 0.01 0.06
11 331.09 37.237 1004.2 0.030937 0.02 0.06
11 1405.8 79.279 12252 0.073061 0.01 0.08
11 414.85 37.237 2738.7 0.05731 0.01 0.53
11 878.95 69.669 4312.3 0.024673 0.01 0.04
12 1982.3 360.36 7603.5 0.060578 0.01 0.09
Ortho (mg/L) —&— 02041650 (cfs) Mean
3,684 . 4.04E+03
F 3.54E+03
- 3.04E+03
F 2.54E+03
1,98%¢
r 2.04E+03
1 1,406 L
1,266 ' - 1.54E+03
87 L
15 r
33 L 5.37E+02
. . . . . . . . . . . F 3.72E+01
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Appendix C

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)

Pollutant: Ortho_f (mg/L)

Data from: 1/30/1985 to 10/23/2012 (419 Observations)

Max
0.085
0.07
0.1
0.12
0.185
0.09
0.13
0.08
0.08
0.11

- 1.6E+04

1.4E+04

1.2E+04

1.0E+04

8.0E+03

6.0E+03

4.0E+03

2.0E+03

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 42 91.262 0.000419 1 129.73 0.019082 0.002
10-20 42 166.57 130.93 198.2 0.017677 0.0025
20-30 42 267.24 205.4 350.75 0.020578 0.002
30-40 42 424.34 353.15 496.09 0.02569 0.0045
40-50 41 580.85 497.29 665.46 0.033063 0.0025
50-60 42 784.72 682.28 896.09 0.028891 0.0045
60-70 42 1002.2 896.09 1155.5 0.029785 |0.007
70-80 42 1414.8 1171.2 1669.7 0.030453 |0.002
80-90 42 2258.5 1681.7 3387.4 0.025826 |0.007
90-100 41 6911.3 3399.4 15015 0.027327 0.008
Ortho_f (mg/L) = 02041650 (cfs) (Min, Mean, Max)
0.0 15,045
0.0 I E
C
.0
S 0.0
C
8 C
5 0.0
O L
3 0.0 d
_C -
2
g 0.0 3,381 I F
= /g
0.0 . . . 496 665 896 1’1564 C
= —— i — |

0-10

gl T T T T T T T -
10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

4.2E-04

Percentile Ranges for Associated-Constituent Measurements

Appendix C
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Seasonal Trend Assessment

Location: 2-APP001.53

Comparison Parameter: 02041650 (cfs)

Pollutant: Ortho_f (mg/L)

Data from: 1/30/1985 to 10/23/2012 (419 Observations)

Time Period # Obs Associated Constituent

Pollutant Concentration

Month Count Mean Min Max Mean Min Max
January 31 2225.3 353.15 8780.7 0.037375  0.0045 0.13
February 32 2776.1 290.69 9741.7 0.023853 | 0.002 0.09
March 38 2327.9 444 44 13333 0.022399  0.0055 0.09
April 38 2011 452.85 14655 0.03761 0.0045 0.11
May 37 1550.5 213.81 22342 0.018368  0.0025 0.1
June 36 810 78.078 5429.4 0.019327 1 0.003 0.07
July 38 385.65 45.646 1957.9 0.025323 0.003 0.06
August 35 451.41 37.237 5537.5 0.025685 0.0025 0.085
September 36 986.05 42.042 15015 0.023468  0.003 0.07
October 39 484.39 0.000419  2906.9 0.024832  0.002 0.07
November 32 1135.7 69.669 8156.1 0.028842  0.002 0.185
December 27 2530.1 104.5 11567 0.026299 0.005 0.12
Ortho_f (mg/L) —&— 02041650 (cfs) Mean
0.0 2,776 r 3.00E+03
i 2,530[
S o0 22 — - 2.50E+03
® 001 in 011 i
g 00 - 2.00E+03
(&) . L
5 \i”
O 0.0 1 - 1.50E+03
3 1,1
% 0.0 4 986
3 10 ﬁ - 1.00E+03
= 00 1 sa0| 451 @ [
X - 5.00E+02
0.0 1 \A- [
0.0 L 4.19E-04

Month

Appendix C

Jan I FebI MarI Apr I MayI Jun I Jul Aug Sep Oct Nov Dec

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)
Pollutant: Ssolid (mg/L)
Data from: 1/30/1985 to 10/23/2012 (368 Observations)

Max
138.5
132.5
94.5
74.5
66.5
73
43.5
98
51
68

- 1.6E+04
[ 1 4E+04
[ 1 .2E+04
1. 0E+04
 8.0E+03

6.0E+03

4.0E+03

r 2.0E+03

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 37 90.479 0.000368 133.33 40.171 18
10-20 37 168.46 134.53 198.2 39.287 21
20-30 37 268.61 205.4 350.75 37.978 17
30-40 36 448.41 353.15 533.33 27.276 3
40-50 37 628.71 538.13 742.34 29.825 5
50-60 37 839.28 742.34 944.14 22.64 8
60-70 36 1082.2 953.75 1285.3 22.049 3
70-80 37 1541.1 1309.3 1789.8 25.758 7
80-90 37 2416 1861.8 3519.5 21.186 10
90-100 36 7215.5 3627.6 15015 27.87 7.5
Ssolid (mg/L) = 02041650 (cfs) (Min, Mean, Max)
45.0 15,015
40.0 - I g
C
] 35.0 A C
o
5 30.0 A s
o
5 25.0
(@) L
3 20.0 A i
5 150 s
g . 3,52( I E
10.0 /%
1,790
1,289 ’ o
i 944
= e — =
1 == = —

0-10

gl T T T T T T T -
10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

3.7E-04

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: 2-APP001.53
Comparison Parameter: 02041650 (cfs)
Pollutant: Ssolid (mg/L)
Data from: 1/30/1985 to 10/23/2012 (368 Observations)

Time Period
Month
January
February
March
April
May
June
July
August
September
October
November
December

60.0

50.0

40.0

30.0

20.0

Weighted Concentration

10.0

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
29 2284.5 353.15 8780.7 29.784 9 51
31 2538.6 290.69 9741.7 21.24 75 38.5
33 2509.3 444 .44 13333 25.564 11 98
32 22411 452.85 14655 24.527 10.5 46.5
31 1719.7 213.81 22342 48.879 13 76.5
32 854.76 78.078 5429.4 34.661 3 138.5
33 418.2 45.646 1957.9 38.188 3 94.5
31 468.58 37.237 5537.5 25.224 9 73
31 1109.1 42.042 15015 19.711 13 89.5
33 512.62 0.000368 2906.9 23.458 7 86
27 1247.9 69.669 8156.1 20.964 5 54.5
25 2560 104.5 11567 31.494 8 68
Ssolid (mg/L) —&— 02041650 (cfs) Mean
r 3.00E+03
2,539 2509 2,560[
- 2.50E+03
- 2.00E+03
1,248 - 1.50E+03
1,109
- 1.00E+03
418| 46 W
] \‘_ [ 5.00E+02
. . . . . . . . . . . L 3.68E-04
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
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Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: TF5.4
Comparison Parameter: 02041650 (cfs)
Pollutant: TN (mg/L)

Data from: 2/4/1985 to 9/20/2012 (372 Observations)

Max
1.842
2.01
1.6378
2.61
1.55
1.38
1.4825
1.2
1.095
1.0525

- 1.6E+04
[ 1 4E+04
[ 1 .2E+04
1. 0E+04

8.0E+03

6.0E+03

4.0E+03

r 2.0E+03

3.7E+01

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 38 91.702 37.237 126.13 1.2923 0
10-20 37 162.16 129.73 189.79 1.1296 0
20-30 37 253.35 190.99 342.34 0.9968 0
30-40 37 404.7 344.74 464.86 1.1082 0
40-50 37 563.42 473.27 641.44 0.89157 0
50-60 37 742.73 645.04 820.41 0.78472 0
60-70 37 946.09 820.41 1075.1 0.7737 0
70-80 37 1361.8 1081.1 1645.6 0.73556 0
80-90 37 2292 1657.6 3591.6 0.62175 0
90-100 37 6933.8 3627.6 15015 0.67894 0
TN (mg/L) = 02041650 (cfs) (Min, Mean, Max)
1.4 5,04
1.2 I E
C
§e]
S 1.0
[
o C
5 0.8
(@) L
3 0.6 d
_C -
o)
g 0.4 3,592 I -
1,644
0.2 ’ /% C
26| 00| 42| aes| esr] 820] T g
g—q—*—q C
_zﬁﬂ T T T T T T T
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: TF5.4
Comparison Parameter: 02041650 (cfs)
Pollutant: TN (mg/L)
Data from: 2/4/1985 to 9/20/2012 (372 Observations)

Time Period # Obs

Month Count
January 23
February 25

March 35

April 33
May 34
June 37
July 34

August 35

September 33

October 34

November 25

December 24
1.2 2,803

Weighted Concentration

Associated Constituent

Mean
2227.4
2803.4
2580.5
1712.1
1640.9
808.57
536.86
445.99
937.4
525.06
1248.6
2647.6

TN (mg/L)

Min
353.15
290.69
444 .44
452.85
213.81
78.078
45.646
37.237
42.042
49.249
69.669
104.5

Max
7699.6
9741.7
13333
7807.8
22342
5429.4
5441.4
5537.5
15015
2906.9
8156.1
11567

Pollutant Concentration
Min Max

Mean

0.68655
0.59766
0.73
0.64833
0.76056
0.85869
0.82997
0.89595
0.71081
1.0074
0.74475
0.7081

—&— 02041650 (cfs) Mean

1.635
1.2775
1.1725
1.0525
1.4475
1.49
1.76
2.01
1.72
2.61
214
1.8305

537

X 446

937

2,648}

- 3.04E+03

2.54E+03

2.04E+03

1.54E+03

1.04E+03

- 5.37E+02

0.0

Month
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[ 3.72E+01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: TF5.4

Comparison Parameter: 02041650 (cfs)

Pollutant: TP (mg/L)

Data from: 2/4/1985 to 4/12/2012 (377 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 38 95.811 37.237 134.53 0.11326 0 0.2349
10-20 38 169.53 136.94 205.4 0.11897 0 0.295
20-30 37 272.41 211.41 353.15 0.10207 0 0.18
30-40 38 420.67 356.75 492.49 0.11703 0 0.24
40-50 37 576.25 493.69 645.04 0.10604 0 0.31
50-60 38 754.29 653.45 827.62 0.091619 0 0.53
60-70 38 963.45 844.44 1087.1 0.076608 0 0.125
70-80 37 1360 1101.5 1633.6 0.074679 0 0.1128
80-90 38 2197.2 1645.6 3399.4 0.062324 0 0.165
90-100 37 6835.1 3519.5 15015 0.085906 0 0.19
TP (mg/L) = 02041650 (cfs) (Min, Mean, Max)
0.1 15,0451 1.6E+04
0.1 - I F 1.4E+04
S ;
:é 01 - - 1.2E+04
§ L 1.0E+04
g 0.1 ~
O r 8.0E+03
3 0.1 - ol £
5 - 6.0E+03
2 0.0 1 ot I L 4.0E+03
0.0 + ] 1,634/; s
sl 20| 38| 492 6as| 828 1,08 : 2.0E+03
0.0 +————r——= = 3.7E+01
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Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: TF5.4

Comparison Parameter: 02041650 (cfs)

Pollutant: TP (mg/L)

Data from: 2/4/1985 to 4/12/2012 (377 Observations)

Time Period

Month
January
February

March

April
May

June

July

August

September
October
November

December

Weighted Concentration

0.1

0.1

0.1

0.1

0.0

0.0

0.0

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min Max
24 2154.6 353.15 7699.6 0.078713 0 0.135
27 2670.9 290.69 9741.7 0.053256 0 0.1447
36 2572.2 444.44 13333 0.097652 0 0.53
34 1676.4 452.85 7807.8 0.075303 0 0.145
35 1626.1 213.81 22342 0.083584 0 0.195
36 826.79 78.078 5429.4 0.10189 0 0.295
33 550.22 45.646 5441.4 0.10458 0 0.215
34 456.98 37.237 5537.5 0.091878 0 0.185
34 951.66 42.042 15015 0.072709 0 0.1905
35 563.6 49,249 2906.9 0.083127 0 0.18
25 895.22 69.669 8156.1 0.087308 0 0.31
24 2647.6 104.5 11567 0.091665 0 0.215
TP (mg/L) —&— 02041650 (cfs) Mean
r 3.04E+03
2671 5 570 Sistdy
- 2.54E+03
2,15 L
- 2.04E+03
674 162 C
1 [ 1.54E+03
952
27 89 L 1.04E+03
550 457/ 564
\ ‘ Y - 5.37E+02
- 3.72E+01

Jan I FebI MarI Apr I MayI Jun I Jul I Aug I SepI Oct I NovI Dec

Month
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Constituent-Associated Trend Assessment

Location: 02041650
Comparison Parameter: 02041650 (cfs)

Pollutant: TSS (mg/L)
Data from: 1/24/1985 to 10/3/2012 (346 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 35 74.234 22.823 123.72 4.2672 0.5 23
10-20 34 180.36 127.33 230.63 4.191 1 11
20-30 35 3421 236.64 446.84 4.4256 2 11
30-40 34 532.91 448.05 619.82 5.4396 2 12
40-50 35 725.59 623.42 881.68 6.7098 2 17
50-60 34 1036.2 890.08 1213.2 10.293 3 40
60-70 35 1420.8 1225.2 1657.6 12.328 4 69
70-80 34 2220.4 1669.7 2858.8 13.325 6 36
80-90 35 4121.8 2906.9 5489.5 16.533 1 72
90-100 34 10351 5537.5 22342 29.426 11 55
TSS (mg/L) = 02041650 (cfs) (Min, Mean, Max)
35.0 2.5E+04
22,342
30.0 ~
IS - 2.0E+04
S 25.0
[
S [ 1.5E+04
c 20.0 ~ '
o]
(@)
°
D 15.0 ~
e /" - 1.0E+04
2 L
)
10.0 o -
: ]
- 5.0E+03
5.0
124 i
1 T T T T T T T 2.3E+01
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
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Seasonal Trend Assessment

Location: 02041650

Comparison Parameter: 02041650 (cfs)

Pollutant: TSS (mg/L)

Data from: 1/24/1985 to 10/3/2012 (346 Observations)

Time Period # Obs Associated Constituent

Pollutant Concentration

Month Count Mean Min Max Mean Min Max
January 31 2086.3 110.51 10126 18.192 2 34
February 33 2126.4 290.69 9525.5 18.511 3 69
March 40 3251.4 386.78 12012 20.51 3 72
April 33 2793.1 332.73 11664 16.073 3 31
May 28 2324 203 22342 30.98 3 55
June 34 887.93 72.072 3555.5 7.4772 1 11
July 22 531.91 45.645 3423.4 7.0239 2 23
August 30 1819.7 22.823 23784 34.165 2 51
September 23 2820.8 34.835 19219 24.226 1 34
October 19 1013.9 43.243 13093 29.632 0. 41
November 32 2545.6 45.645 15736 27.768 1 42
December 21 2878.1 72.072 9453.4 17.817 1 35
TSS (mg/L) —&— 02041650 (cfs) Mean
40.0 3251 - 3.52E+03
35.0 1 [ 3.02E+03
S :
s 3001 [ 2.52E+03
§ 25.0 - -
S L 2.02E+03
O  20.0 1 Z
3 [ 1.52E+03
5, 15.0 - C
2 100 - 1.02E+03
5.0 - L 5.23E+02
0.0 - 2.28E+01

Month
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Chickahominy-OH

Appendix C
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: Chl-A (ug/L)
Data from: 4/18/1988 to 9/20/2012 (326 Observations)

Max

41.5
64.74
35.76
44.28
26.6
54.61
32.5
40.42
47.85
35.5

4.5E+03

E 4.0E+03
E 3.5E+03
 3.0E+03
 2.5E+03
F 2.0E+03
- 1.5E+03
E 1.0E+03

- 5.0E+02

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 33 10.187 0.13129 26.215 17.961 5.75

10-20 32 55.181 28.088 84.263 18.781 0.5
20-30 33 117.97 86.135 153.55 18.111 3.99
30-40 32 195.09 157.29 230.32 16.698 1
40-50 33 265.67 230.32 301.47 12.875 1.64
50-60 32 346.3 303.35 395.1 15.323 1
60-70 33 463.13 406.33 528.05 14.985 1
70-80 32 631.85 531.79 754.62 13.127 0.5
80-90 33 977.79 760.24 1260.2 12.86 0.87
90-100 32 2196.5 1400.6 4100.8 12.019 1.8
Chl-A (ug/L) = 02042500 (cfs) (Min, Mean, Max)
20.0 4101
18.0
§ 16.0
Z 10
C
8 120
Q .
o
O 10.0
3
= 8.0
.% 6.0 1,26(
= 755
20 1 6| 84| 1154] 3¢ . | —F
| e ——d

0-10

ﬁ T T T T T T T T -
10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

1.3E-01

Percentile Ranges for Associated-Constituent Measurements

Appendix C

Associated Constituent (value)

29



Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: Chl-A (ug/L)
Data from: 4/18/1988 to 9/20/2012 (326 Observations)

Max
28.7
35.76
54.61
29.8
32.5
36.47
64.74
44.28
33.64
40.42
41.33
27.8

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02

Time Period # Obs Associated Constituent Pollutant Concentration
Month Count Mean Min Max Mean Min
January 23 719.94 207.85 2303.2 8.8895 1
February 24 769.21 119.84 3333.1 10.646 1.5
March 28 882.75 132.95 2902.4 15.433 2.3

April 30 732.78 102.99 2359.4 14.871 2.7
May 29 562.72 39.323 4100.8 12.697 0.5
June 31 266.26 5.805 969.96 18.97 0.5
July 29 192.55 0.13129 797.69 22.033 8.79
August 29 331.06 0.73049 2059.8 15.52 4.19
September 30 471.84 0.28103 4550.2 9.3625 5.32
October 29 309.53 7.8647 1593.5 17.34 2.53
November 25 500.93 24.343 3089.6 9.8712 0.87
December 19 924.23 101.12 3408 10.678 2.5
Chl-A (ug/L) —&— 02042500 (cfs) Mean
25.0 924 T
883 s
c 769 s
S 20.0 4 720 733 -
© c
g 63 5
e 15.0 + 50 E
8 472 _
3 E
£ 1007 . /32 310 -
QO E
< 193 F
5.0 ~ :
0.0 T :

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I NovI Dec

Month
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Constituent-Associated Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)

Pollutant: NH3 (mg/L)

Data from: 1/7/1985 to 12/5/2006 (206 Observations)

Max

0.1
0.1
0.27
0.21
0.41
0.6
0.6
0.69
0.6
0.3

3.5E+03

3.0E+03
2.5E+03
2.0E+03
1.5E+03
1.0E+03

- 5.0E+02

2.8E-01

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 21 10.372 0.28107 22.47 0.057125 1 0.04

10-20 20 58.516 29.96 80.518 0.057872 1 0.04
20-30 21 104.68 82.39 136.69 0.071695 0.04
30-40 20 169.27 136.69 196.61 0.058899 1 0.04
40-50 21 234.42 200.36 269.64 0.11267 0.04
50-60 20 327.5 277.13 368.88 0.1338 0.04
60-70 21 415.61 370.76 456.89 0.11197 0.04
70-80 20 561.38 458.76 687.21 0.16032 0.04
80-90 21 848.34 698.45 1084.2 0.1694 0.04
90-100 20 1788.5 1121.6 3202 0.11481 0.04
NH3 (mg/L) 202042500 (cfs) (Min, Mean, Max)
0.2 3,202 |
0.2 -
c
2 0.1
© L
S 01
3]
5 o1 C
O
:8 0.1 L
< 1,084
o g
2 0.1 F
687
= 0.0 457
270| 369 = -
0.0 81 137 197 a/iﬁ'
&2 = | r
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Seasonal Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: NH3 (mg/L)
Data from: 1/7/1985 to 12/5/2006 (206 Observations)

Time Period

Month
January

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.3

0.3

0.2

0.2

0.1

0.1

0.0

# Obs
Count

17
18
17
18
15
21
16
17
17
18
16
16

Associated Constituent

Mean Min
911.36 211.59
653.71 121.71
935.04 269.64
725.18 164.78
537.16 74.9
160.45 6.3667
162.05 0.28107
177.41 1.442
135.21 0.37464
287.96 5.6177
279 22.47
644.73 61.793

NH3 (mg/L)

Max

3520.3
1793.9
3070.9
2190.8
3202

432.55
520.56
1084.2
447.53
1378.2
1284.5
1715.2

Pollutant Concentration

Mean
0.26017
0.22012
0.10669
0.072294
0.077332
0.05655
0.041824
0.042023
0.045465
0.047088
0.090231
0.13703

Min

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04

—&— 02042500 (cfs) Mean

911

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I NovI Dec

Month

Appendix C

Max
0.69
0.6
0.39
0.2
0.19
0.11
0.1
0.1
0.1
0.1
0.3
0.4

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02
2.8E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: NO2 (mg/L)
Data from: 1/7/1985 to 3/6/2003 (197 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 20 10.61 0.28107 22.47 0.012833 |0.01 0.04
10-20 20 59.078 29.96 82.39 0.011585 |0.01 0.05
20-30 19 104.17 86.135 134.82 0.016613  |0.01 0.05
30-40 20 169.46 136.69 200.36 0.017094 |0.01 0.06
40-50 19 234.36 200.36 267.77 0.015168 |0.01 0.06
50-60 20 326.66 269.64 370.76 0.015913  |0.01 0.05
60-70 20 417.85 372.63 456.89 0.014457 |0.01 0.03
70-80 19 560.37 458.76 698.45 0.019302 |0.01 0.06
80-90 20 855.83 719.04 1084.2 0.017194 |0.01 0.04
90-100 19 1792.4 1121.6 3202 0.013289 |0.01 0.03
NO2 (mg/L) = 02042500 (cfs) (Min, Mean, Max)
0.0 3202 3.5E+03
£ 00 : 3.0E+03 S
= C ©
g - 2.5E+03 %
(0] C c
g 00 20403 2
(&) [ 2
8 Lo L 156403 S
_-5.) ’ 1,084 ..8
g 508 j F 1.0E+03 §
0.0 i
o ) 571 /z./% | 5.0E+02 2
22 | e — =] -
ey 2.8E-01
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Seasonal Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: NO2 (mg/L)
Data from: 1/7/1985 to 3/6/2003 (197 Observations)

Time Period

Month

January

February

March
April
May
June
July

August

September

October

November

December

Weighted Concentration

0.0

0.0

0.0

0.0

0.0

0.0

Pollutant Concentration

# Obs Associated Constituent

Count Mean Min Max Mean Min
17 911.36 211.59 3520.3 0.015487 0.01
17 655.27 121.71 1793.9 0.015668 0.01
17 935.04 269.64 3070.9 0.012832 0.01
17 758.15 183.51 2190.8 0.014826  0.01
15 537.16 74.9 3202 0.01637 0.01
19 157.82 6.3667 432.55 0.01286 0.01
16 162.05 0.28107 520.56 0.012196  0.01
15 189.46 1.442 1084.2 0.014131 0.01
17 135.21 0.37464 447.53 0.016174  0.01
17 283.86 5.6177 1378.2 0.017898 0.01
16 279 22.47 1284.5 0.017013 1 0.01
14 567.77 61.793 1318.2 0.021517 1 0.01

NO2 (mg/L) —&— 02042500 (cfs) Mean
Q&5

911 b o

58 3

65 3

37 568I§

284| 27 g

189 AL -

58] 162 g

AT ALK é

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I NovI Dec

Month

Appendix C

Max
0.04
0.03
0.02
0.04
0.02
0.05
0.02
0.06
0.05
0.05
0.04
0.06

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02
2.8E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: NO3 (mg/L)
Data from: 1/7/1985 to 3/6/2003 (197 Observations)

Max

0.25
0.59
0.47
0.84
0.71
0.73
1.17
0.64
0.58
0.54

3.5E+03

3.0E+03
2.5E+03
2.0E+03
1.5E+03
1.0E+03

- 5.0E+02

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 20 10.61 0.28107 22.47 0.076039 0.04
10-20 20 59.078 29.96 82.39 0.15594 0.04
20-30 19 104.17 86.135 134.82 0.1699 0.04
30-40 20 169.46 136.69 200.36 0.20422 0.04
40-50 19 234.36 200.36 267.77 0.23963 0.04
50-60 20 326.66 269.64 370.76 0.32281 0.04
60-70 20 417.85 372.63 456.89 0.32783 0.04
70-80 19 560.37 458.76 698.45 0.3169 0.04
80-90 20 855.83 719.04 1084.2 0.2905 0.04
90-100 19 1792.4 1121.6 3202 0.25218 0.04
NO3 (mg/L) = 02042500 (cfs) (Min, Mean, Max)
0.4 3,202 |
0.3
c
§e]
S o3
[
3
§ 02
@)
2 02
5 1,084
@)
2 o . ﬁ
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135
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Seasonal Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: NO3 (mg/L)
Data from: 1/7/1985 to 3/6/2003 (197 Observations)

Time Period

Month

January

February

March
April
May
June
July

August

September

October

November

December

Weighted Concentration

0.5
0.5
0.4
0.4
0.3
0.3
0.2
0.2
0.1
0.1
0.0

Pollutant Concentration

# Obs Associated Constituent
Count Mean Min Max Mean Min
17 911.36 211.59 3520.3 0.43527 0.23333
17 655.27 121.71 1793.9 0.33987 0.21
17 935.04 269.64 3070.9 0.24208 0.09
17 758.15 183.51 2190.8 0.15992 0.04
15 537.16 74.9 3202 0.23909 0.04
19 157.82 6.3667 432.55 0.15969 0.04
16 162.05 0.28107 520.56 0.043561 1 0.04
15 189.46 1.442 1084.2 0.074028 0.04
17 135.21 0.37464 447.53 0.11834 0.04
17 283.86 5.6177 1378.2 0.30983 0.04
16 279 22.47 1284.5 0.40241 0.04
14 567.77 61.793 1318.2 0.35119 0.13
NO3 (mg/L) —&— 02042500 (cfs) Mean
911 BT 3
568|

27

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I NovI Dec

Month
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Max
0.64
0.71
0.49
0.43
0.34
0.55
0.25
0.42
0.35
0.59
0.73
1.17

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02
2.8E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-CHK035.26
Comparison Parameter: 02042500 (cfs)
Pollutant: NOx (mg/L)

Data from: 3/9/2007 to 10/3/2012 (112 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 12 14.929 0.4682 39.323 0.072744  0.008 0.14
10-20 11 93.966 41.195 157.29 0.08433 0.04 0.27
20-30 11 227.77 166.65 279 0.080583 1 0.03 0.14
30-40 11 330.41 280.88 370.76 0.030144  0.008 0.06
40-50 11 437.32 387.61 477.49 0.053169 0.02 0.09
50-60 11 555.28 490.6 638.53 0.02702 0.01 0.07
60-70 11 730.96 655.38 812.67 0.032352 0.01 0.08
70-80 11 912.76 829.52 1097.3 0.02635 0.01 0.06
80-90 11 1609.7 1114.1 1966.1 0.049845 |0.01 0.18
90-100 11 3241.1 1984.9 4737.4 0.040289 |0.01 0.1
NOx (mg/L) 202042500 (cfs) (Min, Mean, Max)
0.1 4,737+ 5.0E+03
01 E 4.5E+03 _
5 o - 4.0E+03 3
g E 356403 =
5 0.1 %
g 01 - 3.0E+03 %
% [ F 2.5E+03 g
g 0 ' 206403
'% 0.0 - 1.5E+03 “%
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0.0 e30] 13 - 1.0E+03
0.0 oo 31| | ] 2
. 39 157 5.0E+02
| - 4.7E-01
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Seasonal Trend Assessment

Location: 2-CHK035.26
Comparison Parameter: 02042500 (cfs)
Pollutant: NOx (mg/L)
Data from: 3/9/2007 to 10/3/2012 (112 Observations)

Time Peri
Month
January

od

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.1

0.1

0.1

0.1

0.0

0.0

0.0

0.0

0.0

Max
0.08
0.06
0.18
0.10667
0.15
0.27
0.095
0.13
0.09
0.04
0.05
0.04

1.6E+03

1.4E+03

1.2E+03

1.0E+03

8.0E+02

6.0E+02

4.0E+02

2.0E+02

# Obs Associated Constituent Pollutant Concentration

Count Mean Min Max Mean Min

9 517.44 234.06 893.19 0.039859 1 0.02

7 697.91 174.14 1157.2 0.036282 0.02

18 1223.9 280.88 4231.9 0.056031 0.01

11 1374.8 24717 4737.4 0.06027 0.01

9 451.69 157.29 1097.3 0.066951 1 0.01

8 333.07 20.598 1537.3 0.056894 0.04

8 340.08 1.7228 1026.1 0.018755 1 0.008
9 659.48 6.1793 2902.4 0.022783 1 0.008

9 879.34 0.4682 3838.6 0.015901 1 0.01

8 407.65 14.231 866.97 0.021913 1 0.01

8 1295.8 76.773 6048.2 0.035863 1 0.01

8 1517.2 119.84 3164.5 0.023957 1 0.01

NOx (mg/L) —&— 02042500 (cfs) Mean
1,517

1,375 .
| 1,2 _
- 69 .
1517 i
K 52 E
| 333 -
i F

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I

Month

Appendix C

Nov Dec

4.7E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: NOx_f (mg/L)
Data from: 4/18/1988 to 9/20/2012 (329 Observations)

Max
0.185
0.4905
1
0.705
0.6575
0.575
0.545
0.3955
0.374
0.4165

4.5E+03

E 4.0E+03
E 3.5E+03
 3.0E+03
 2.5E+03
F 2.0E+03
- 1.5E+03
E 1.0E+03

- 5.0E+02

1.3E-01

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 33 10.187 0.13129 26.215 0.031237 |0
10-20 33 56.119 28.088 86.135 0.04757 0
20-30 33 119.39 89.88 151.67 0.10796 0
30-40 33 193.1 153.55 230.32 0.12378 0
40-50 32 264.55 230.32 299.6 0.13694 0
50-60 33 344.94 301.47 395.1 0.1555 0
60-70 33 460.47 406.33 526.18 0.15757 0
70-80 33 628.71 528.05 754.62 0.10847 0
80-90 33 977.79 760.24 1260.2 0.11576 0
90-100 32 2196.5 1400.6 4100.8 0.11952 0
NOx_f (mg/L) = 02042500 (cfs) (Min, Mean, Max)
0.2 4101 |
0.2
.§ 0.1
o
T A
§ 0
8 0.1
:8 0.1
.-5" 0.1 1,26(
o
= 00 526 ° %
001 | g| 152| 20 soo| 39| __}-=F
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0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
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Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: NOx_f (mg/L)

Data from: 4/18/1988 to 9/20/2012 (329 Observations)

Time Period

Month
January

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.3

0.2

0.2

0.1

0.1

0.0

# Obs
Count

23
24
28
30
30
31
30
29
30
29
24
21

Associated Constituent
Min

Mean
719.94
769.21
882.75
732.78
549.77
266.26
191.18
331.06
471.84
309.53
513.54
863.58

NOx_f (mg/L)

207.85
119.84
132.95
102.99
39.323
5.805
0.13129
0.73049
0.28103
7.8647
24.343
101.12

Max Mean
2303.2 0.21607
3333.1 0.17692
2902.4 0.12174
2359.4 0.059503
4100.8 0.14483
969.96 0.085919
797.69 0.035982
2059.8 0.031779
4550.2 0.059309
1593.5 0.079427
3089.6 0.23471
3408 0.099675

O O O O OO o o o o o o

—&— 02042500 (cfs) Mean

720

883

864

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I Nov Dec

Month

Appendix C

Pollutant Concentration
Min

Max
0.6165
0.6575
0.577
0.3355
0.465
0.3875
0.28
0.1245
0.185
0.2975
0.545
1

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02
1.3E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: OrgN (mg/L)
Data from: 4/18/1988 to 9/20/2012 (313 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 32 11.122 0.13128 28.088 0.67117 0 1.37
10-20 31 56.055 29.96 84.263 0.68432 0 1.2233
20-30 31 115.55 86.135 144.18 0.67189 0 1.62
30-40 31 183.63 144.18 220.96 0.6404 0 1.5
40-50 31 253.82 220.96 282.75 0.56938 0 0.9
50-60 32 333.19 282.75 383.86 0.51924 0 0.775
60-70 31 453.39 393.23 528.05 0.52297 0 0.97
70-80 31 633.03 531.79 754.62 0.44843 0 0.925
80-90 31 970.87 760.24 1226.5 0.4669 0 0.832
90-100 31 2198.4 1260.2 4100.8 0.50466 0 0.895
OrgN (mg/L) = 02042500 (cfs) (Min, Mean, Max)
0.8 4,101 f 4.5E+03
0.7 F 4.0E+03
S : 3.5E+03
= 9. +
§ 0.6 C
c - 3.0E+03
8 05 :
o) E 2.5E+03
O 04 ;
:8 - 2.0E+03
< 0.3 s
.% 1,221 - 1.5E+03
= 02 755 % - 1.0E+03
384 528 - r
0.1 221| 283 | L 5.0E+02
28 84 (E8 _q—‘q E
| e |
—— 1.3E-01
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Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: OrgN (mg/L)
Data from: 4/18/1988 to 9/20/2012 (313 Observations)

Time Period

Month
January

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Max
0.785
0.735
0.895
1.5
0.88367
0.98
1.2233
1.62
1.22
1.37
0.86
0.96

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02

# Obs Associated Constituent Pollutant Concentration

Count Mean Min Max Mean Min
21 723.15 207.85 2303.2 0.39097 0
22 799.65 119.84 3333.1 0.35997 0
27 848.66 132.95 2902.4 0.50719 0
30 732.78 102.99 2359.4 0.56178 0
29 552.84 39.323 4100.8 0.57834 0
30 255.29 5.805 969.96 0.55539 0
30 191.18 0.13128 797.69 0.61452 0
29 331.06 0.73049 2059.8 0.63615 0
26 522.37 3.3708 4550.2 0.42041 0
27 262.34 7.8647 1026.1 0.59794 0
22 517.83 24.343 3089.6 0.46228 0
20 880.73 101.12 3408 0.42469 0
OrgN (mg/L) —&— 02042500 (cfs) Mean

849 881 |

800 E

723 733 n

>3 522 51 -

33 '

55 / 62 -

e 5

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I NovI Dec

Month
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1.3E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: Ortho (mg/L)
Data from: 7/19/1994 to 3/6/2003 (94 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 10 5.4902 0.28097 11.235 0.040034 |0.02 0.05
10-20 9 42.548 13.108 74.9 0.027311  |0.01 0.06
20-30 9 134.2 97.37 162.91 0.03214 0.01 0.06
30-40 10 196.24 170.4 217.21 0.032271  |0.01 0.05
40-50 9 244.05 222.83 267.77 0.04844 0.03 0.08
50-60 9 328.52 293.98 372.63 0.043908 |0.02 0.11
60-70 10 423 378.25 456.89 0.035135 |0.02 0.06
70-80 9 537.2 458.76 610.44 0.030608 |0.01 0.05
80-90 9 873.01 646.02 1084.2 0.043449 0.02 0.09
90-100 9 1675.1 1121.6 3070.9 0.055886 0.02 0.26
Ortho (mg/L) = 02042500 (cfs) (Min, Mean, Max)
0.1 r 3.5E+03
3,071 [
c 01 ;3.0E+03 ,§
2 C ©
S - 2.5E+03 <
§ 0.0 *GC';
S - 2.0E+03 2
O 00 [ 2
3 L 156403 3
< L
5 oo 1,084 : E’
§ - 1.0E+03 ©
7| 0 i S
[ n
o0 27| 2e8] 7 | —=F [ 5.0E+02 2
163 | — | C
—— 2.8E-01
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Seasonal Trend Assessment

Location: 2-CHK002.17
Comparison Parameter: 02042500 (cfs)
Pollutant: Ortho (mg/L)
Data from: 7/19/1994 to 3/6/2003 (94 Observations)

Time Period

Month

January

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.1

0.1

0.1

0.1

0.0

0.0

0.0

# Obs Associated Constituent

Count Mean Min Max
8 902.55 211.59 3520.3
8 716.23 136.69 1793.9
8 1005.1 299.6 3070.9
8 749.24 217.21 1735.8
6 326.75 74.9 578.61
8 160.19 6.3666 293.98
8 221.93 0.28097 520.56
8 214.49 1.4419 1084.2
8 150.22 0.37454 370.76
8 362.59 5.6176 1378.2
9 359.11 22.47 1284.5
7 460.9 61.793 1121.6

Ortho (mg/L)

Pollutant Concentration

Mean
0.11009
0.058431
0.034127
0.024408
0.028176
0.039117
0.030431
0.025181
0.036313
0.051632
0.039594
0.033848

Min

0.033333

0.02
0.02
0.02
0.01
0.02
0.01
0.02
0.03
0.01
0.01
0.02

—&— 02042500 (cfs) Mean

1,005

903

214

Jan Feb Mar Apr May Jun

461
363] 359
150 ‘

Jul IAug I SepI Oct Nov Dec

Month

Appendix C

Max
0.26
0.09
0.11
0.04
0.05
0.06
0.04
0.05
0.05
0.08
0.06
0.05

1.2E+03

1.0E+03

8.0E+02

6.0E+02

4.0E+02

2.0E+02

2.8E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: Ortho_f (mg/L)
Data from: 4/18/1988 to 9/20/2012 (329 Observations)

Flow Range

Percentile

Weighted Concentration

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

90-100

0.0

0.0

0.0

0.0

0.0

0.0

0.0

# Obs
Count
33
33
33
33
32
33
33
33
33
32

Associated Constituent

Mean
10.187
56.119
119.39
193.1
264.55
344.94
460.47
628.71
977.79
2196.5

Ortho_f (mg/L)

Min Max Mean Min
0.13129 26.215 0.0089207 0
28.088 86.135 0.010604 O
89.88 151.67 0.010877 0
153.55 230.32 0.010364 O
230.32 299.6 0.010842 0
301.47 395.1 0.0094093 0
406.33 526.18 0.0086662 0O
528.05 754.62 0.0082902 0
760.24 1260.2 0.010546 0O
1400.6 4100.8 0.012978 0O

202042500 (cfs) (Min, Mean, Max)

26

——-

0-10

86

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

152 230

4101
- 4.0E+03

1,260

755 %
526

s00| 395 =

=T
_q——q

_—q‘—q

Pollutant Concentration

Max

0.02
0.02
0.055
0.03
0.0275
0.021
0.0215
0.03
0.034
0.0285

4.5E+03

E 3.5E+03
 3.0E+03
 2.5E+03
F 2.0E+03
 1.5E+03
E 1.0E+03

- 5.0E+02

1.3E-01

Percentile Ranges for Associated-Constituent Measurements
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Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: Ortho_f (mg/L)
Data from: 4/18/1988 to 9/20/2012 (329 Observations)

Time Period

Month
January

February

March
April
May
June
July

August

September

October

November

December

Weighted Concentration

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

# Obs Associated Constituent

Count Mean Min Max Mean Min
23 719.94 207.85 2303.2 0.010013 0
24 769.21 119.84 3333.1 0.0074764 0O
28 882.75 132.95 2902.4 0.0084495 0
30 732.78 102.99 2359.4 0.010047 |0
30 549.77 39.323 4100.8 0.01425 0
31 266.26 5.805 969.96 0.0095549 0
30 191.18 0.13129 797.69 0.0094694 0
29 331.06 0.73049 2059.8 0.011162 |0
30 471.84 0.28103 4550.2 0.012627 |0
29 309.53 7.8647 1593.5 0.014277 |0
24 513.54 24.343 3089.6 0.012915 0
21 863.58 101.12 3408 0.011667 0O
Ortho_f (mg/L) —&— 02042500 (cfs) Mean

£12 864

769

720 33 F

50 -

472 >

331 /A w

66 E

e
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Month
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Pollutant Concentration

Max
0.03
0.03
0.025
0.02
0.03
0.02
0.0205
0.0165
0.024
0.034
0.055
0.0285

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02
1.3E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: Ssolid (mg/L)
Data from: 4/18/1988 to 9/20/2012 (327 Observations)

Max
199
87
98.5
95
104
117
100.5
82
71.5
81

4.5E+03

E 4.0E+03
E 3.5E+03
 3.0E+03
 2.5E+03
E 2.0E+03

1.5E+03

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 33 10.232 0.13128 26.215 42.913 13.5

10-20 33 56.119 28.088 86.135 33.379 10
20-30 32 118.38 89.88 147.93 30.848 9
30-40 33 190.71 151.67 224.7 33.387 8.5
40-50 32 262.39 230.32 295.86 4411 15
50-60 33 344.88 299.6 395.1 29.447 10
60-70 33 460.47 406.33 526.18 37.982 13.5
70-80 32 631.5 528.05 754.62 34.598 11
80-90 33 977.79 760.24 1260.2 27.751 12
90-100 32 2196.5 1400.6 4100.8 36.873 11
Ssolid (mg/L) = 02042500 (cfs) (Min, Mean, Max)
50.0 4101 F
45.0
S 400
2 350
c
S 300
Q .
o)
O 25.0
3
= 20.0
2 5o 1,26(
= .

10.0
5.0

26

——-

0-10

86

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
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— =

526
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- 5.0E+02

1.3E-01

Percentile Ranges for Associated-Constituent Measurements
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Associated Constituent (value)
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Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: Ssolid (mg/L)
Data from: 4/18/1988 to 9/20/2012 (327 Observations)

Max
75
99.5
86
117
104
92
85.5
98.5
114.5
199
100.5
72.5

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02

Time Period # Obs Associated Constituent Pollutant Concentration
Month Count Mean Min Max Mean Min
January 23 719.94 207.85 2303.2 37.299 10.5
February 24 769.21 119.84 3333.1 27.838 13.5
March 28 882.75 132.95 2902.4 29.535 11

April 30 732.78 102.99 2359.4 32.047 10
May 29 550.13 39.323 4100.8 41.026 8.5
June 31 266.26 5.805 969.96 34.968 12.5
July 30 191.18 0.13128 797.69 39.604 13
August 30 320.3 0.73049 2059.8 28.915 9
September 28 494 .54 0.28103 4550.2 47.617 13.5
October 29 309.53 7.8647 1593.5 33.66 10
November 24 513.54 24.343 3089.6 30.888 10
December 21 863.58 101.12 3408 32.457 9.75
Ssolid (mg/L) —&— 02042500 (cfs) Mean
50.0 C
883 o
45.0 - 864 E
c 769 E
ko) 40.0 4 720 33 o
© :
- 35.0 | 4K §
o _ 50 o
S 30.0 495 51
O 25.0 /‘ -
3 E
2 200 - 32 w -
Ko 66 o
o 15.0 ~ E
= 191 E
10.0 A \‘ -
5.0 A
0.0 T F

Jan Feb Mar Apr May Jun

Jul I Aug I Sep I Oct I NovI Dec

Month
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1.3E-01

Associated Constituent (value))
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)

Pollutant: TN (mg/L)

Data from: 4/18/1988 to 7/19/2012 (313 Observations)

Max
1.4375
1.44
2.1
2
1.3775
1.395
1.2638
1.04
1.3025
1.0475

4.5E+03

E 4.0E+03
E 3.5E+03
 3.0E+03
 2.5E+03
F 2.0E+03
- 1.5E+03
E 1.0E+03

- 5.0E+02

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 32 9.6857 0.13128 24.343 0.69169 0
10-20 31 52.43 26.215 80.518 0.76389 0
20-30 31 112.71 82.39 144.18 0.84835 0
30-40 31 183.63 144.18 220.96 0.81244 0
40-50 31 255.2 220.96 282.75 0.7733 0
50-60 32 336.64 284.62 393.23 0.73431 0
60-70 31 455.56 395.1 528.05 0.73108 0
70-80 31 633.03 531.79 754.62 0.62842 0
80-90 31 970.87 760.24 1226.5 0.631 0
90-100 31 2198.4 1260.2 4100.8 0.66329 0
TN (mg/L) 202042500 (cfs) (Min, Mean, Max)
0.9 4701
0.8
S o7
o
= .
§ 0.6
:8 0.4
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(@)
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Percentile Ranges for Associated-Constituent Measurements
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Associated Constituent (value)
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Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: TN (mg/L)
Data from: 4/18/1988 to 7/19/2012 (313 Observations)

Time Period

Month
January

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Max
1.3825
1.7625
1.3025
2
1.065
1.185
1.44
1.6875
1.2875
1.4375
1.2638
2.1

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02

# Obs Associated Constituent Pollutant Concentration
Count Mean Min Max Mean Min

21 723.15 207.85 2303.2 0.71171 0

22 799.65 119.84 3333.1 0.59934 0

27 848.66 132.95 2902.4 0.67114 0

30 732.78 102.99 2359.4 0.65816 0

30 549.77 39.323 4100.8 0.76415 0

29 260.22 5.805 969.96 0.67571 0

30 191.18 0.13128 797.69 0.68825 0

28 337.8 0.73049 2059.8 0.70427 0

27 494.45 0.28103 4550.2 0.50839 0

27 262.34 7.8647 1026.1 0.71374 0

22 517.83 24.343 3089.6 0.78129 0

20 880.73 101.12 3408 0.54902 0

TN (mg/L) —&— 02042500 (cfs) Mean
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Constituent-Associated Trend Assessment

Location: RETS5.1A
Comparison Parameter: 02042500 (cfs)

Pollutant: TP (mg/L)

Data from: 4/18/1988 to 2/7/2012 (315 Observations)

Max
0.2049
0.1902
0.2
0.1437
0.195
0.1825
0.14615
0.1414
0.2016
0.17975

4.5E+03

E 4.0E+03
E 3.5E+03
 3.0E+03
 2.5E+03
F 2.0E+03
- 1.5E+03
E 1.0E+03

- 5.0E+02

1.3E-01

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min
0-10 32 9.6857 0.13128 24.343 0.080423 0
10-20 31 52.43 26.215 80.518 0.089839 0
20-30 32 113.7 82.39 144.18 0.085969 0
30-40 31 188.64 147.93 224.7 0.07638 0
40-50 31 260.82 224.7 293.98 0.094082 0
50-60 32 340.27 295.86 393.23 0.070926 0
60-70 31 453.93 395.1 526.18 0.078254 0
70-80 32 623.96 526.18 747.13 0.06876 0
80-90 31 959.33 754.62 1226.5 0.074963 0
90-100 31 21914 1260.2 4100.8 0.075215 0
TP (mg/L) = 02042500 (cfs) (Min, Mean, Max)
0.1 4101 F
0.1
§ 01
S 01
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S 01
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Associated Constituent (value)
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Seasonal Trend Assessment

Location: RET5.1A
Comparison Parameter: 02042500 (cfs)
Pollutant: TP (mg/L)
Data from: 4/18/1988 to 2/7/2012 (315 Observations)

Time Period

Month

January

February

March
April
May
June
July

August

September
October
November

December

Weighted Concentration

0.1
0.1
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
0.0

Max
0.1261
0.2016
0.14615
0.185
0.141
0.1965
0.1902
0.2049
0.1825
0.15745
0.10785
0.135

1.0E+03
9.0E+02
8.0E+02
7.0E+02
6.0E+02
5.0E+02
4.0E+02
3.0E+02
2.0E+02
1.0E+02

# Obs Associated Constituent Pollutant Concentration

Count Mean Min Max Mean Min

22 711.3 207.85 2303.2 0.074654 0

24 769.21 119.84 3333.1 0.063099 0

27 848.66 132.95 2902.4 0.069834 0

29 752.1 102.99 2359.4 0.074249 0

29 552.84 39.323 4100.8 0.081452 0

29 261.71 5.805 969.96 0.095038 O

29 191 0.13128 797.69 0.079829 0

28 337.8 0.73049 2059.8 0.085972 0

29 479.85 0.28103 4550.2 0.078666 0O

28 309.88 7.8647 1593.5 0.073351 0

21 428.45 24.343 3089.6 0.070888 0

20 880.73 101.12 3408 0.06088 0

TP (mg/L) —&— 02042500 (cfs) Mean
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Constituent-Associated Trend Assessment

Location: 02042500

Comparison Parameter: 02042500 (cfs)

Pollutant: TSS (mg/L)

Data from: 4/12/1988 to 10/3/2012 (135 Observations)

Flow Range # Obs Associated Constituent Pollutant Concentration
Percentile Count Mean Min Max Mean Min Max
0-10 14 17.21 0.46822 33.705 3.2632 1 4
10-20 13 82.39 39.323 119.84 4.3934 2 9
20-30 14 207.58 127.33 267.77 4.3112 1 8
30-40 13 323.37 279 353.9 9.8494 2 90
40-50 13 419.15 370.76 466.25 32.958 1 400
50-60 14 526.17 468.13 602.95 4.4715 2 9
60-70 13 705.36 604.82 784.58 5.0783 0.7 20
70-80 14 922.21 812.67 1114 .1 3.8855 0.6 8
80-90 13 1686.3 1157.2 2003.6 6.892 3 13
90-100 13 3220.7 2041 4737.4 8.1699 3 16
TSS (mg/L) = 02042500 (cfs) (Min, Mean, Max)
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Seasonal Trend Assessment

Location: 02042500
Comparison Parameter: 02042500 (cfs)
Pollutant: TSS (mg/L)

Data from: 4/12/1988 to 10/3/2012 (135 Observations)

Max

90
20
19

400

15

12

1.6E+03

1.4E+03

1.2E+03

1.0E+03

8.0E+02

6.0E+02

4.0E+02

2.0E+02

Time Period # Obs Associated Constituent Pollutant Concentration
Month Count Mean Min Max Mean Min
January 9 517.44 234.06 893.19 3.1411 1
February 8 641.8 174.14 1157.2 4.581 2
March 20 1223.5 280.88 4231.9 8.525 3

April 16 1318.1 24717 4737.4 7.5073 2
May 12 694.86 157.29 3202 6.7456 1
June 10 518.87 20.598 2490.4 4.6059 2
July 9 311.03 1.7228 1026.1 56.984 1
August 11 560.85 6.1793 2902.4 5.8346 2
September 15 608.62 0.46822 3838.6 7.2039 2
October 8 407.65 14.231 866.97 1.645 0.6
November 9 1198 76.773 6048.2 4.8546 2
December 8 1517.2 119.84 3164.5 7.7378 0.7
TSS (mg/L) —&— 02042500 (cfs) Mean
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Middle James Willis-TF2

Appendix C
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Constituent-Associated Trend Assessment

Location: 2-JMS110.30
Comparison Parameter: 02037500 (cfs)
Pollutant: ChlI-A (ug/L)

Data from: 6/22/1999 to 9/20/2012 (153 Observations)

Flow Range # Obs

Percentile

Weighted Concentration

0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

90-100

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Associated Constituent

Count Mean
16 815.557
15 1315.67
15 1778.4
15 2444.63
15 3263.99
16 4470.99
15 6171.36
15 7998.79
15 12653
15 25070.9

Chl-A (ug/L)

Min
354.606
1138.37
1571.55
1984.59
2951.7
3737.47
5389.61
6900.72
10074
16219.2

Max
1098.07
1541.33
1984.59
2931.55
3606.51
5359.39
6840.28
9661.01
15614.8
47146.5

Pollutant Concentration
Min

Mean
1.38741
0.969837
0.993185
1.41983
1.43377
3.20524
2.63597
2.82464
3.5963
3.34311

0
0.11
0.5
0.37
0.5
0.5
0.5
0.5
0.66
0.64

= 02037500 (cfs) (Min, Mean, Max)

1,099 1.541

6,840

9,661%

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Percentile Ranges for Associated-Constituent Measurements
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Max

6.18
1.62
2.9
7.12
5.77
16.3
26.5
17.76
16.68
16.39
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