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EXECUTIVE SUMMARY

In accordance with National Pollutant Discharge Elimination System (NPDES) permit
number NC0024392 for McGuire Nuclear Station (MNS), the Lake Norman Maintenance
Monitoring Program continued during 2005. No obvious short-term or long-term impacts of
station operations were observed in water quality, phytoplankton, zooplankton, and fish
communities. The 2005 station operation data is summarized and continues to demonstrate

compliance with thermal limits and cool water requirements.

The average monthly capacity factors for MNS during critical summer months was 100.7%
(July), 101.3% (August), and 77.7% (September). Average monthly discharge temperatures
were below the 99.0 °F (37.2 °C) thermal limit for these critical months. The volume of cool
water in Lake Norman was adequate to comply with both the Nuclear Regulatory
Commission Technical Specification requirements and the NPDES discharge water

temperature limits.

Annual precipitation in the vicinity of MNS was 45.6 inches and similar to that measured in
2004 and long-term precipitation averages for this area. Air temperatures in 2005 were
generally warmer than the long-term mean and noticeably warmer than 2004 winter and late-

summer temperatures.

Temporal and spatial trends in 2005 water temperature and dissolved oxygen (DO) were
similar to those observed historically. All data were within the range of previously measured
values. Winter water temperatures in 2005 were generally warmer than those observed in
2004 1n both the mixing and background zones. Spring and summer water temperatures in
2005 were generally similar to those observed in 2004 with several exceptions. Water
temperatures in the upper 10 m of the water column in June 2005 were up to 5.2 °C cooler
than in June 2004. July and August water temperatures in the metalimnion (10-15 m) were
also slightly cooler in 2005 than in 2004. Additionally, in September 2005 water
temperatures in the hypolimnion (below 20 m) were cooler than in September 2004. Fall and
early winter water temperatures in 2005 were generally similar to those measured in 2004,

and followed the trend exhibited in air temperatures.

Winter and early spring DO values in 2005 were generally equal to or slightly lower than
those measured in 2004 in both the background and mixing zones with one exception. In
January 2005 the mixing zone exhibited slightly higher oxygen concentrations than in



January 2004. Spring and summer DO values in 2005 were highly variable throughout the
water column in both the mixing and background zones, similar to patterns observed in
previous years. Considerable differences were observed between 2005 and 2004 late summer
and fall DO concentrations in both the mixing and background zone, especially in the
metalimnion and hypolimnion during September and to a lesser extent during October and
November. DO concentrations in September 2005 were notably lower than those observed
during September 2004 while DO values observed in October and November 2005 were
higher than in 2004.

Reservoir-wide isotherm and isopleth information for 2005, coupled with heat content and
hypolimnetic oxygen data, illustrate that Lake Norman thermal and oxygen dynamics are
characteristic of historical conditions and similar to other Southeastern reservoirs of
comparable size, depth, flow conditions, and trophic status. Adult striped bass habitat
conditions were marginally better in 2005 than observed in most previous years and similar in
distribution and amount to 2004. Striped bass mortalities in 2005 (20 fish) were much less
than in 2004 (2610 fish).

All chemical parameters measured in 2005 were similar to 2004, and within the concentration
ranges previously reported for the lake during both preoperational and operational years of
MNS. Metal concentrations in 2005 were low or below the analytical reporting limits.
Cadmium, lead, zinc, and copper values did not exceed the NC water quality standards during
2005. Manganese and iron concentrations in the surface and bottom waters were generally
low in 2005, except during summer and fall when bottom waters became anoxic releasing
forms of these metals into the water column. Iron concentrations did not exceed NC’s water
quality standard (1.0 mg/L). Manganese levels, however, exceeded the State standard (200
ug/L) in the bottom waters throughout the lake in the summer and fall. Manganese

concentrations measured in 2005 are characteristic of historical conditions.

Lake Norman continues to support highly variable and diverse phytoplankton communities.
Chlorophyll concentrations during 2005 were generally within historical ranges. Lake-wide
mean chlorophyll @ concentrations were most often in the mesotrophic range in 2005 except
in November when mean chlorophyll concentrations were in the oligotrophic range. Lake
Norman is classified as oligo-mesotrophic based on long-term, annual mean chlorophyll
concentrations. The highest chlorophyll value (11.12 pg/L) recorded in 2005 was well below
the NC water quality standard (40 pg/L). '
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Phytoplankton densities and biovolumes during 2005 were also within historical ranges and
never exceeded the NC guidelines for algae blooms. In February and May 2005, total
phytoplankton densities and biovolumes were higher than those observed during 2004. In
August and November, phytoplankton densities and biovolumes were lower than in 2004.

Seston dry and ash-free weights were more often lower in 2005 than in 2004. Maximum dry
and ash-free weights occurred most often at uplake Location 69.0 while minimum values
were noted mostly downlake at Locations 2.0 through 8.0. The higher proportion of ash-free
dry weights to dry weights in 2005 compared to 2004 indicates an increase in organic

composition.

Secchi depths reflected suspended solids, with shallow depths related to high dry weights.
The lake-wide mean Secchi depth in 2005 was slightly lower than in 2004 and was within

historical ranges recorded since 1992.

The taxonomic composition of phytoplankton communities during 2005 was similar to those
of many previous years and more diverse than any other year of this monitoring program.
Cryptophytes were dominant in February, while diatoms were dominant during May and
November. Green algae dominated phytoplankton assemblages during August. Blue-green
algae were slightly more abundant during 2005 than in 2004, however, their contribution to

total densities seldom exceeded 4%.

The phytoplankton index (Myxophycean) characterized Lake Norman as oligotrophic during
2005, and was the lowest annual index value recorded. Quarterly index values were highest
in May and lowest in November thus reflecting maximum and minimum chlorophyll values.
Location index values tended to reflect increases in chlorophyll and phytoplankton standing

crops from down-lake to mid-lake.

Lake Norman continues to support a highly diverse and viable zooplankton community.
Zooplankton densities, as well as seasonal and spatial trends were similar to historical data,
and no impacts of plant operations were observed. Maximum epilimnetic zooplankton
densities occurred in April at all locations except Location 2.0, where the maximum density

occurred in May. Minimum zooplankton densities occurred most often in September. Mean

~ zooplankton densities were generally higher at background locations than at mixing zone

locations during 2005 and epilimnetic densities were higher than whole column densities.
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This is similar to historical data. Long-term trends show increasing densities in the mixing

zone during May and higher year-to-year variability at background locations.

Overall relative abundance of copepods decreased from 2004 to 2005. Copepods dominated
only two samples collected during spring and fall. Cladocerans were dominant in five
samples during the summer and showed more year-to-year variability. Rotifers dominated
over 82% of all samples. Microcrustaceans increased slightly in relative abundance since
2004.

Adult copepods rarely accounted for more than 7% of zooplankton densities in 2005. The
most important adult copepod was Tropocyclops. Bosmina was the predominant cladoceran,
while Bosminopsis dominated most cladoceran populations during the summer. The most
abundant rotifers observed in 2005 were Polyarthra, Conochilus, and Keratella. These

results are consistent with results from previous years.

In accordance with the Lake Norman Maintenance Monitoring Program, monitoring of
specific fish population parameters were coordinated with the North Carolina Wildlife
Resources Commission (NCWRC) and continued during 2005. Spring electrofishing
indicated that numbers and biomass of fish in 2005 were generally similar to those noted
since 1993. Declines in largemouth bass numbers, which were first observed in 2000, appear
to be an exception. Striped bass mortalities declined significantly from summer 2004 to
summer 2005 and the 2005 data were similar to that observed historically. Mean relative
weights (W,) for Lake Norman striped bass collected in November and December 2005 was
slightly higher than values measured in 2003 and 2004. Little change was observed in
crappie populations in Lake Norman. The prey fish population estimate was comparable to
values measured from 1997 to 2003 and shows declining percentages of alewife to forage fish
species composition and a shift in threadfin shad lengths toward smaller size ranges observed

prior to the alewife invasion.
Lake Norman Maintenance Monitoring results from 2005 are consistent with results from

previous years.' No obvious short-term or long-term impacts were observed in water quality

or biota of Lake Norman.
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CHAPTER 1

MCGUIRE NUCLEAR STATION

INTRODUCTION

The following annual report was prepared for the McGuire Nuclear Station (MNS) National
Pollutant Discharge Elimination System (NPDES) permit (# NC0024392) issued by North
Carolina Department of Environment and Natural Resources (NCDENR). This report

summarizes environmental monitoring of Lake Norman conducted during 2005.

OPERATIONAL DATA FOR 2005

Station operational data for 2005 are listed in Table 1-1. The monthly average capacity
factors for MNS were 100.7, 101.3 and 77.7% during July, August, and September,
respectively. These are the months when conservation of cool water is most critical and
compliance with discharge temperatures is most challenging. These three months are also
when the thermal limit for MNS increases from a monthly average of 95.0 °F (35.0 °C) to
99.0 °F (37.2 °C). The average monthly discharge temperature was 95.5 °F (35.3 °C) for
July, 98.4 °F (36.9 °C) for August, and 96.1 °F (35.6 °C) for September 2005. The volume
of cool water in Lake Norman was tracked throughout the year to ensure that an adequate
volume was available to comply with both the Nuclear Regulatory Commission Technical

Specification requirements and the NPDES discharge water temperature limits.
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Table 1-1.  Average monthly capacity factors (%) and monthly average discharge water
temperatures for McGuire Nuclear Station during 2005.

MONTHLY AVERAGE '\&'gg‘gg'b\: é“gﬁié*gg
0,

CAPACITY FACTORS (%) D RS
Month Unit 1 Unit 2 Station OF oC
January 105.3 105.0 105.2 70.0 21.1
February 105.1 105.0 105.0 68.4 20.2
March 105.0 1.4 53.2 68.9 20.5
April 104.6 30.6 67.6 711 217
May - 103.9 104.4 104.1 82.6 28.1
June 103.0 103.6 103.3 89.1 317
July 99.1 102.4 100.7 95.5 35.3
August 101.1 101.4 101.3 98.4 36.9
September 54.0 101.5 777 96.1 35.6
October 382 103.1 70.6 87.1 30.6
November 100.5 1016 101.1 79.5 26.4
December 98.0 105.4 101.7 72.0 222
Average 93.2 88.8 91.0 81.6 27.5
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CHAPTER 2

WATER CHEMISTRY

INTRODUCTION

The objectives of the water chemistry portion of the MNS NPDES Maintenance Monitoring

Program are to:

1. maintain continuity in the chemical data base of Lake Norman to allow detection of
any significant station-induced and/or natural change in the physicochemical structure
of the lake; and

2. compare, where applicable, these physicochemical data to similar data in other

hydropower reservoirs and cooling impoundments in the Southeast.

This report focuses primarily on 2004 and 2005. Where appropriate, reference to pre-2004
data will be made by citing reports previously submitted to the NCDENR.

METHODS AND MATERIJALS

The complete water chemistry monitoring program for 2005, including specific variables,
locations, depths, and frequencies is outlined in Table 2-1. Sampling locations are identified
in Figure 2-1, whereas specific chemical methods and associated analytical reporting limits,
along with the appropriate references, are presented in Table 2-2. Measurements of
temperature, dissolved oxygen (DO), DO saturation, pH, and specific conductance were
taken, in situ, at each location with a Hydrolab Data-Sonde (Hydrolab 1986) starting at the
lake surface (0.3 m) and continuing at one meter intervals to lake bottom. Pre- and post-
calibration procedures associated with operation of the Hydrolab were strictly followed, and
documented in hard-copy format. Hydrolab data were captured and stored electronically, and

following a data validation step, converted to spreadsheet format for permanent filing.
Water samples for laboratory analysis were collected with a Kemmerer water bottle at the

surface (0.3 m), and from one meter above bottom, where specified (Table 2-1). Samples not

requiring filtration were placed directly in single-use polyethylene terephthalate (PET) bottles
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which were pre-rinsed in the field with lake-water just prior to obtaining a sample. Samples
processed, in the field, by filtering a known volume of water through a 0.45 p glass-fiber
filter (Gelman AquaPrep 600 Series Capsule) which was pre-rinsed with 500 mL of sample
water. Upon collection, all water samples were immediately preserved and stored in the
dark, and on ice, to minimize the possibility of physical, chemical, or microbial

transformation.

Water quality data were subjected to various graphical and statistical techniques in an attempt
to describe spatial and temporal trends within the lake, and interrelationships among
constituents. Whenever analytical results were reported to be equal to or less than the
method reporting limit, these values were set equal to the reporting limit for statistical
purposes. Data were analyzed using two approaches, both of which were consistent with
earlier Duke Power Company, and Duke Power studies on the lake (Duke Power Company
1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998,
1999, 2000, 2001, 2002, 2003, 2004a and 2005). The first method involved partitioning the
reservoir into mixing, background, and discharge zones, consolidating the data into these
sub-sets, and making comparisons among zones and years. In this report, the discharge
includes only Location 4; the mixing zone, Locations 1 and 5; the background zone includes
Locations 8, 11, and 15. The second approach, applied primarily to the insitu data,
emphasized a much broader lake-wide investigation and encompassed the plotting of monthly
isotherms and isopleths, and summer striped bass habitat. Several quantitative calculations
were also performed on the insiru Hydrolab data; these included the calculation of the areal
hypolimnetic oxygen deficit (AHOD), maximum whole-water column and hypolimnion
oxygen content, maximum whole-water column and hypolimnion heat content, mean
epilimnion and hypolimnion heating rates over the stratified period, and the Birgean heat
budget.

Heat content (Kcal/cm?), oxygen content (mg/cmz), and mean oxygen concentration (img/L)
of the reservoir were calculated according to Hutchinson (1957), using the following

equation:

Zm
Lt = Ao‘loJ. TO e Az e dz
Zy

where;
Lt = reservoir heat (Kcal/cm?) or oxygen (mg/cm?) content

A, = surface area of reservoir (cm?)



TO = mean temperature (°C) or oxygen content (mg/L) of layer z
Az = area (cm?) at depth z

dz = depth interval (cm)

Z, = surface

Zm = maximum depth (m)

Precipitation and air temperature data were obtained from a meteorological monitoring site
established near MNS in 1975. These data are employed principally by Duke Power as input
variables into meteorological modeling studies to address safety issues associated with
potential radiological releases into the atmosphere by MNS (Duke Power 2004b), as required
by the Nuclear Regulatory Commission. The data also serve to document localized temporal
trends in air temperatures and rainfall patterns. Data on lake level and hydroelectric flows
were obtained from Duke Energy-Carolinas Fossil/Hydroelectric Department, which

monitors these metrics hourly.

RESULTS AND DISCUSSION

Precipitation and Air Temperature

Annual precipitation in the vicinity of MNS in 2005 totaled 45.6 inches (Figures 2-2a, b) or
1.0 inches more than observed in 2004 (44.6 inches); it was also similar to the long-term
precipitation average for this area (46.3 inches), based on Charlotte, NC airport data.
Monthly precipitation totals were remarkably similar between years except for the months of
September and October which exhibited reverse patterns. In September 2005, rainfall totaled
only 0.16 inches and contrasted markedly with the 7.73 inches recorded in September 2004.
Hurricanes Frances and Ivan, both of which bypassed the greater Charlotte area, exerted a
considerable effect on the North Carolina mountains and foothills, and accounted for the

majority of September 2004 rainfall totals.

Air temperatures in 2005 were generally warmer than the long-term mean, based on monthly
average data; they were also noticeably warmer than 2004 temperatures in the winter, and
late-summer (Figure 2-2c). The temporal differences were most pronounced in January and
August when 2005 temperatures averaged 2.1 °C and 2.4 °C warmer, respectively, than
2004.



Temperature and Dissolved Oxygen

Water temperatures measured in 2005 illustrated similar temporal and spatial trends in the
background and mixing zones (Figures 2-3 and 2-4), as they did in 2004. This similarity in
temperature patterns between zones has been a dominant feature of the thermal regime in

Lake Norman since MNS began operations in 1983.

Winter (January and February) water temperatures in 2005 were generally warmer than those
observed in 2004 in both the mixing and background zones, and paralleled interannual
differences exhibited in air temperatures (Figures 2-2¢, 2-3, and 2-4). Minimum water
temperatures in 2005 were recorded in early February and ranged from 7.1 °C to 9.6 °C in the
background zone, and from 7.8 °C to 16.1 °C in the mixing zone. Temperature differences:
between 2005 and 2004 were most pronounced in the surface waters where maximum delta T
values of 1.9 °C and 4.7 °C were observed in the background and mixing zones,
respectively.  Minimum water temperatures measured in 2005 were within the observed
historical range (Duke Power Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993,
1994, 1995, 1996; Duke Power 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005).

Spring and summer water temperatures in 2005 were generally similar to that observed in
2004, with several exceptions. The greatest between-year variability in summer water
temperature was observed in June in both the mixing and background zones, with the primary
differences occurring in the upper 10 m of the water column (Figures 2-3 and 2-4). Water
temperatures in this portion of the water column were up to 5.2 °C cooler in 2005 than 2004,
and the differences appear to be related to the antecedent May air temperatures (Figure 2-2c),
which were the warmest recorded over the last 40 years in May 2004 (unpublished data,
Charlotte airport). Similarly, July and August water temperatures in the metalimnion (10-15
m) were also slightly cooler in 2005 than 2004 with the largest difference (4.7 °C) observed
in the mixing zone at a depth of 11 m. Conversely, September 2005 epilimnion temperatures
were up to 3.1 °C warmer than in 2004, and appear to be related to above average air
temperatures in August and September (Figure 2-2¢). Minimal differences in hypolimnetic
(below 20 m) temperatures were observed between 2005 and 2004 during the summer. The
lone exception was in September 2005 when the deeper waters were cooler (and the surface
waters were warmer) than observed in 2004, especially in the background zone. These
thermal differences can be explained by differential cooling of the water column in 2005
versus 2004, in response to higher air temperatures in the preceding month of August 2005
(Figure 2-2c).



Fall and early winter water temperatures (October, November and December) in 2005 were
generally similar to those measured in 2004, and followed the trend exhibited in air
temperatures (Figure 2-3) Some differences were observed between years, and in certain
portions of the water column, but overall cooling of the water column proceeded at a similar
rate in 2004 and 2005.

Temperature data at the discharge location in 2005 were generally similar to 2004 (Figure 2-
5) and historically (Duke Power Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993,
1994, 1995, 1996; Duke Power 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005).
Temperatures in 2005 were slightly warmer (by a maximum of 3.8 °C) in the spring, and
slightly cooler (by a maximum of 3.6 °C) in the summer than observed in 2004. The warmest
discharge temperature of 2005 at Location 4 occurred in August and measured 37.1 °C, or 1.7
°C cooler than measured in August, 2004 (Duke Power 2005).

Seasonal and spatial patterns of DO in 2005 were reflective of the patterns exhibited for
temperature, i.e., generally similar in both the mixing and background zones (Figures 2-6 and
2-7). As observed with water column temperatures, this similarity in DO patterns between
zones has been a dominant feature of the oxygen regime in Lake Norman since MNS began

operations in 1983.

Winter and early spring DO values in 2005 were generally equal to or slightly lower, in both
the background and mixing zones, than measured in 2004, except in January in the mixing
zone which exhibited slightly higher oxygen concentrations in 2005 versus 2004 (Figures 2-6
and 2-7). The interannual differences in DO values measured during February and March
appear to be related predominantly to the warmer water column temperatures in 2005 versus
2004. Warmer water would be expected to exhibit a lesser oxygen content because of the
direct effect of temperature on oxygen solubility, which is an inverse relationship, and
indirectly via a restricted convective mixing regime which would limit water column
reaeration. DO concentrations in March 2005 were about 0.3 mg/L less throughout the water
column in the background zone than measured in 2004, and 0.6 mg/L less than 2004 in the

mixing zone.

Spring and summer DO values in 2005 were highly variable throughout the water column in
both the mixing and background zones ranging from highs of 6 to 8 mg/L in surface waters to
lows of 0 to 2 mg/L in bottom waters. This pattern is similar to that measured in 2004 and
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earlier years (Duke Power Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994,
1995, 1996; Duke Power 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005).
Epilimnetic and metalimnetic DO values in May and June ranged'from 0.4 to 2.5 mg/L
higher in 2005 than 2004, and corresponded closely with the cooler water temperatures
measured in this portion of the water column in 2005 relative to 2004. Conversely, August
2005 DO concentrations between 7 and 13 m were less than recorded in 2004 despite being
somewhat cooler (Figures 2-3, 2-4, 2-6 and 2-7). This apparent discrepancy can be
explained by between-year differences in the depth of the epilimnion, or the warm and well
oxygenated surface portion of the water column, which was noticeably deeper in 2005 than
2004, especially in the mixing zone (Figures 2-3 and 2-4). Hypolimnetic DO values
measured during this period were also either equal to or slightly greater than measured in
2004 in both the mixing and background zones. All dissolved oxygen values recorded in
2005 were within the historical range (Duke Power Company 1985, 1987, 1988, 1989, 1990,
1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998, 1999, 2000, 2001, 2002, 2003,
2004a, 2005).

Considerable differences were observed between 2005 and 2004 late summer and fall DO
values in both the mixing and background zone, especially in the metalimnion and
hypolimnion during the months of September, and to a lesser extent in October and
November (Figures 2-6 and 2-7). These interannual differences in DO levels during the
cooling season are common in Catawba River reservoirs and can be explained by the effects
of variable weather patterns on water column cooling (heat loss) and mixing. Warmer air
temperatures delay water column cooling (Figure 2-3 and 2-4) which, in turn, delays the
onset of convective mixing of the water column and the resultant reaeration of the
metalimnion and hypolimnion. Conversely, cooler air temperatures increase the rate and
magnitude of water column heat loss, thereby promoting convective mixing and resulting in

higher DO values earlier in the year.

The 2005 late summer and autumn DO data indicate that convective reaeration was
temporally variable in the rate at which it occurred, compared to 2004. Concentrations of DO
in September 2005 were considerably lower than observed in September 2004, especially
below 10 m in the background zone (Figures 2-6 and 2-7). These between-year differences in
DO corresponded strongly with the degree of thermal stratification which, as discussed
earlier, correlated with interannual differences in air temperatures (Figures 2-2c, 2-3, and 2-

4). Conversely, DO values in October, and to some extent November 2005, were greater than
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in 2004 indicating that reaeration during these months proceeded somewhat faster in 2005
than 2004.

The seasonal pattern of DO in 2005 at the discharge location was similar to that measured
historically, with the highest values observed during the winter and lowest observed in the
summer and early fall (Figure 2-5). The lowest DO concentration measured at the discharge
location in 2005 (4.87 mg/L) occurred in August, and was slightly lower than measured in
2004, but about 0.8 mg/L higher than measured in August 2003 (4.1 mg/L).

Reservoir-wide Temperature and Dissolved Oxygen

The monthly reservoir-wide temperature and DO data for 2005 are presented in Figures 2-8
and 2-9. These data are similar to that observed in previous years and are characteristic of
cooling impoundments and hydropower reservoirs in the Southeast (Cole and Hannan 1985;
Hannan et al. 1979; Petts 1984). Detailed discussions on the seasonal and spatial dynamics
of temperature and dissolved oxygen during both the cooling and heating periods in Lake
Norman have been presented previously (Duke Power Company 1992, 1993, 1994, 1995,
1996).

The seasonal heat content of both the entire water column and the hypolimnion for Lake
Norman in 2005 are presented in Figure 2-10a; additional information on the thermal regime
in the reservoir for the years 2004 and 2005 is found in Table 2-3. Annual minimum heat
content for the entire water column in 2005 (9.57 Kcal/cm? 9.74 °C) occurred in early
February, whereas the maximum heat content (29.76 Kcal/cm?; 29.00 °C) occurred in early
July. Heat content of the hypolimnion exhibited a somewhat different temporal trend as that
observed for the entire water column. Annual minimum hypolimnetic heat content occurred
in early February and measured 4.75 Kcal/cm® (7.65 °C), whereas the maximum occurred in
early October and measured 15.69 Kcal/cm® (24.8 °C). Heating of both the entire water
column and the hypolimnion occurred at approximately a linear rate from minimum to
maximum heat content. The mean heating rate of the entire water column equaled 0.103
Kcal/cm?/day and 0.045 Kcal/cm®/day for the hypolimnion. The 2005 heat content and
heating rate data were similar to that observed in previous years (Duke Power Company
1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998,
1999, 2000, 2001, 2002, 2003, 2004a, 2005).



The seasonal oxygen content and percent saturation of the whole water column, and the
hypolimnion, are depicted for 2005 in Figure 2-10b. Additional oxygen data can be found in
Table 2-4 which presents the 2005 AHOD for Lake Norman and similar estimates for 18
Tennessee Valley Authority (TVA) reservoirs. Reservoir oxygen content was greatest in
mid-winter when DO content measured 10.5 mg/L for the whole water column and 10.4
mg/L for the hypolimnion. Percent saturation values at this time approached 93% for the
entire water column and 91% for the hypolimnion. Beginning in early spring, oxygen content
began to decline precipitously in both the whole water column and the hypolimnion, and
continued to decline linearly until reaching a minimum in mid summer. Minimum summer
volume-weighted DO values for the entire water column measured 4.4 mg/L (60%
saturation), whereas the minimum for the hypolimnion was 0.06 mg/L (0.8% saturation).
The mean rate of DO decline in the hypolimnion over the stratified period, i.e., the AHOD,
was 0.040 mg/cm*/day (0.063 mg/L/day) (Figure 2-10b), and is similar to that measured in
2004 (Duke Power 2005).

Hutchinson (1938, 1957) proposed that the decrease of DO in the hypolimnion of a
waterbody should be related to the productivity of the trophogenic zone. Mortimer (1941)
adopted a similar perspective and proposed the following criteria for AHODs associated with
various trophic states; oligotrophic - < 0.025 mg/cm?/day, mesotrophic - 0.026 mg/cm?/day to
0.054 mg/cm*/day, and eutrophic - > 0.055 mg/cm?*/day. Employing these limits, Lake
Norman should be classified as mesotrophic based on the calculated AHOD value of 0.040
mg/cm?/day for 2005. The oxygen based mesotrophic classification agrees well with the
mesotrophic classification based on chlorbphyll a levels (Chapter 3). The 2005 AHOD value
is also similar to that found in other Southeastern reservoirs of comparable depth, chlorophyll
a status, and Secchi depth (Table 2-4).

Striped Bass Habitat

Suitable pelagic habitat for adult striped bass, defined as that layer of water with temperatures
<26 °C and DO levels > 2.0 mg/L, was found lake-wide from mid September 2004 through
early July 2005. Beginning in late June 2005, habitat reduction proceeded rapidly throughout
the reservoir both as a result of deepening of the 26 °C isotherm and metalimnetic and
hypolimnetic deoxygenation (Figure 2-11). Habitat reduction was most severe from mid July
through early September when no suitable habitat was observed in the reservoir except for a
thin layer located in the metalimnion and a small, but variable, zone of refuge in the upper,

riverine portion of the reservoir, near the confluence of Lyles Creek with Lake Norman.
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Habitat measured in the upper reaches of the reservoir appeared to be influenced by both
inflow from Lyles Creek and discharges from Lookout Shoals Hydroelectric facility, which
were somewhat cooler than ambient conditions in Lake Norman. Upon entering Lake
Norman, this water apparently mixes and then proceeds as a subsurface underflow as it

migrates downriver (Ford 1985).

An additional refuge was also observed in the hypolimnion near the dam during this period,
but this lasted only until 18 July when dissolved oxygen was reduced to < 2.0 mg/L by
microbial demands. Summer-time habitat conditions for adult striped bass in 2005 were
similar to 2004 when the largest striped bass die-off ever was observed in the reservoir (2610
fish). Conditions were also marginally better than observed in most previous years, including
2003 which exhibited complete habitat elimination for a period of about 30-35 days. Striped
bass mortalities in 2005 totaled 20 fish.

Physicochemical habitat was observed to have expanded appreciably by mid September,
primarily as a result of epilimnion cooling and deepening, and in response to changing
meteorological conditions. The temporal and spatial pattern of striped bass habitat expansion
and reduction observed in 2005 was generally similar to that previously reported in Lake
Norman, and many other Southeastern reservoirs (Coutant 1985; Matthews et al. 1985; (Duke
Power Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke
Power 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005).

Turbidity and Specific Conductance

Surface turbidity values were generally low at the MNS discharge, mixing zone, and mid-lake
background locations during 2005, ranging from 1.0 to 3.2 NTU’s (Table 2-5). Bottom
turbidity values were also relatively low over the 2005 study period, ranging from 1.1 to 4.0
NTU’s (Table 2-5). Turbidity values observed in 2005, as a whole, were slightly lower than
measured in 2004 (Table 2-5), but well within the historical range (Duke Power Company
1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998,
1999, 2000, 2001, 2002, 2003, 2004a, 2005).

Specific conductance in Lake Norman in 2005 ranged from 37 to 75 umho/cm, and was
generally similar to that observed in 2004 (Table 2-5), and historically (Duke Power
Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power
1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005). Specific conductance values in

2-9



surface and bottom waters in 2005 were similar throughout the year except during the period
of intense thermal stratification, i.e., August through November, when an increase in bottom
conductance values was observed. These increases in bottom conductance values appeared to
be related primarily to the release of soluble iron and manganese from the lake bottom under
anoxic conditions (Table 2-5). This phenomenon is common in both natural lakes and
reservoirs that exhibit extensive hypolimnetic oxygen depletion (Hutchinson 1957, Wetzel

1975), and is an annually recurring phenomenon in Lake Norman.

pH and Alkalinity

During 2005, pH and alkalinity values were similar among MNS discharge, mixing and
background zones (Table 2-5). Values of pH were also generally similar to values measured
in 2004 (Table 2-5), and historically ((Duke Power Company 1985, 1987, 1988, 1989, 1990,
1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998, 1999, 2000, 2001, 2002, 2003,
2004a, 2005). Values of pH in 2005 ranged from 6.8 to 7.6 in surface waters, and from 6.0 to
7.2 in bottom waters. Alkalinity values.in 2005 ranged from 11 to 14.5 mg/L, expressed as
CaCOs, in surface waters and from 10.5 to 17.5 mg/L in bottom waters.

Major Cations and Anions

The concentrations of major ionic species in the MNS discharge, mixing, and mid-lake
background zones are provided in Table 2-5. Lake-wide, the major cations were sodium,
calcium, magnesium, and potassium, whereas the major anions were bicarbonate, sulfate, and
chloride. The overall ionic composition of Lake Norman during 2005 was generally similar
to that reported for 2004 (Table 2-5) and previously (Duke Power Company 1985, 1987,
1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998, 1999, 2000,
2001, 2002, 2003, 2004a, 2005).

Nutrients

Nutrient concentrations in the discharge, mixing, and mid-lake background zones of Lake
Norman for 2004 and 2005 are provided in Table 2-5. Overall, nutrient concentrations in
2005 were well within historical ranges (Duke Power Company 1985, 1987, 1988, 1989,
1990, 1991, 1992, 1993, 1994, 1995, 1996, Duke Power 1997, 1998, 1999, 2000, 2001, 2002,
2003, 2004a, 2005). Nitrogen and phosphorus levels in 2005 were low and generally similar
to those measured in 2004 (Duke Power 2005). Total phosphorus and ortho-phosphorus
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concentrations were typically measured at or below the analytical reporting limits (ARL) for
these constituents, i.e., 5 pg/L. (Note that the reporting limit for total phosphorus was
lowered from 10 pg/L to 5 pg/L in 2005). For total phosphorus, all 44 samples analyzed in
2005 exceeded the ARL, but most measurements (29 of 44) were < 10 pg/L, and the
maximum recorded value was 16 ug/L. For ortho-phosphorus all 44 of the samples assayed
measured < 5 pg/L. Nutrients in 2005 were generally higher in the upper portions of the
reservoir compared to the lower sections, but the differences were slight and not statistically
significant (p< 0.05). Spatial variability in various chemical constituents, especially nutrient

concentrations, is common in long, deep reservoirs (Soballe et al. 1992).

Nitrite-nitrate and ammonia nitrogen concentrations were low at all locations sampled in
2005 (Table 2-5), and also were generally similar to 2004 and historical values (Duke Power
Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power
1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005).

Metals

Metal concentrations in the discharge, mixing, and mid lake background zones of Lake
Norman for 2005 were similar to those measured in 2004 (Table 2-5) and historically (Duke
Power Company 1985, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke
Power 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a, 2005). Iron concentrations in
surface and bottom waters were generally low (< 0.2 mg/L) during 2005, the lone exception
being a 0.30-mg/L value measured in the bottom waters at Location 5 in August. Nowhere in
the reservoir in 2005 did iron concentrations exceed NC’s water quality standard (NCDENR
2004) for this constituent (1.0 mg/L), which is unusual. Historically, iron concentrations
typically increase in the bottom waters during the late summer, and early fall, in response to
changing redox conditions (see below). It’s unclear why this phenomenon was not as

prevalent in 2004 and 2005, as in previous years.

Similarly, manganese concentrations in the surface and bottom waters were generally low (<
100 pg/L) in 2005, except during the summer and fall when bottom waters were anoxic
(Table 2-5). Manganese concentrations were also appreciably lower in 2005 than 2004,
especially in the bottom waters. This phenomenon, i.e., the release of manganese (and iron)
from bottom sediments in response to low redox conditions (low oxygen levels), is common
in stratified waterbodies (Stumm and Morgan 1970, Wetzel 1975). Manganese

concentrations in the bottom waters rose above NC’s water quality standard (NCDENR
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2004) for this constituent, i.e., 200 pg/L, at various locations throughout the lake in summer
and fall of 2005, and is characteristic of historical conditions (Duke Power Company 1985,
1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996; Duke Power 1997, 1998, 1999,
2000, 2001, 2002, 2003, 2004a, 2005).

Concentrations of other metals in 2005 were typically low, and often below the analytical
reporting limit for the specific constituent (Table 2-5). These findings are similar to those
observed for earlier years (Duke Power Company 1985, 1987, 1988, 1989, 1990, 1991, 1992,
1993, 1994, 1995, 1996; Duke Power 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004a,
2005). All values for cadmium, lead and zinc were reported as either equal to or below the
reporting limit for each constituent, and no NC water quality standard was exceeded. Most
copper concentrations were less than 3 pg/L, whereas the highest copper concentration
reported was 5.2 pg/L. All copper values reported were below the NC standard of 7 pg/L
(NCDENR 2004).

FUTURE STUDIES

No changes are planned for the Water Chemistry portion of the Lake Norman maintenance-

monitoring program.

SUMMARY

Annual precipitation in the vicinity of MNS in 2005 totaled 45.6 inches or 1.0 inches more
than observed in 2004 (44.6 inches) but was similar to the long-term precipitation average for
this area (46.3 inches). Air temperatures in 2005 were generally warmer than measured in
2004, as well as the long-term mean. Temporal differences were most pronounced in
January and August when 2005 temperatures averaged 2.1 °C and 2.4 °C warmer,
respectively, than 2004.

Temporal and spatial trends in water temperature and DO in 2005 were similar to those
observed historically, and all data were within the range of previously measured values.
Winter water temperatures in 2005 ranged from 1.9 °C to 4.7 °C warmer than observed in
2004 in both the mixing and background zones, and paralleled interannual differences

exhibited in air temperatures. Spring and summer water temperatures in 2005 were generally
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similar to that observed in 2004, with several exceptions. Water temperatures in the upper
10 m of the water column in June 2005 were up to 5.2 °C cooler than in 2004, and the
differences appear to be related to the antecedent May 2004 air temperatures which were the
warmest recorded over the last 40 years. Similarly, July and August water temperatures in
the metalimnion (10-15 m) were also slightly cooler in 2005 than 2004 with the largest
difference (4.7 °C) observed in the mixing zone at a depth of 11 m. Minimal differences in
hypolimnetic (below 20 m) temperatures were observed between 2005 and 2004 during the
summer, the lone exception being September when the deeper waters were cooler (and the
surface waters were warmer) than observed in 2004, especially in the background zone.
These thermal differences can be explained by differential cooling of the water column in
2005 versus 2004, in response to higher air temperatures in the preceding month of August
2005. Fall and early winter water temperatures in 2005 were generally similar to those
measured in 2004, and followed the trend exhibited in air temperatures.

Winter and early spring DO values in 2005 were generally equal to or slightly lower, in both
the background and mixing zones, than measured in 2004, except in January in the mixing
zone which exhibited slightly higher oxygen concentrations in 2005 versus 2004. The
interannual differences in DO values measured during February and March appeared to be
related predominantly to the warmer water column temperatures in 2005 versus 2004. DO
concentrations in March 2005 were about 0.3 mg/L less throughout the water column in the

background zone than measured in 2004, and 0.6 mg/L less than 2004 in the mixing zone.

Spring and summer DO values in 2005 were highly variable throughout the water column in
both the mixing and background zones ranging from highs of 6 to 8 mg/L in surface waters to
lows of 0 to 2 mg/L in bottom waters. This pattern is similar to that measured in 2004 and
earlier years. Epilimnetic and metalimnetic DO values in May and June ranged from 0.4 to
2.5 mg/L higher in 2005 than 2004, and corresponded closely with the cooler water
temperatures measured in this portion of the water column in 2005. Conversely, August
2005 DO concentrations in the waters between 7 and 13 m were less than recorded in 2004
despite being somewhat cooler. This apparent discrepancy can be explained by between-year
differences in the depth of the epilimnion, which was noticeably deeper in 2005 than 2004,
especially in the mixing zone. Hypolimnetic DO values measured during this period were
also either equal to or slightly greater than measured in 2004 in both the mixing and

background zones.



Considerable differences were observed between 2005 and 2004 late summer and fall DO
values in both the mixing and background zone, especially in the metalimnion and
hypolimnion during the months of September, and to a lesser extent in October and
November. Concentrations of DO in September 2005 were markedly lower than observed in
September 2004, especially below 10 m in the background zone, whereas DO values in
October, and to some extent November 2005, were greater than in 2004. These between-year
differences in DO corresponded strongly with the degree of thermal stratification which, in
turn, correlated with interannual differences in air temperatures. All dissolved oxygen values

recorded in 2005 were within the historical ranges.

Reservoir-wide isotherm and isopleth information for 2005, coupled with heat content and
hypolimnetic oxygen data, illustrated that Lake Norman exhibited thermal and oxygen
dynamics characteristic of historical conditions and similar to other Southeastern reservoirs
of comparable size, depth, flow conditions, and trophic status. Availability of suitable
pelagic habitat for adult striped bass in Lake Norman in 2005 was generally similar in
distribution and amount to 2004 when the largest striped bass die-off ever was observed in
the reservoir (2610 fish). Conditions were also marginally better than observed in most
previous years, including 2003 which exhibited complete habitat elimination for a period of
about 30-35 days. Striped bass mortalities in 2005 totaled 20 fish.

All chemical parameters measured in 2005 were similar to 2004, and within the concentration
ranges previously reported for the lake during both preoperational and operational years of
MNS. Specific conductance values, and all concentrations of cation and anion species
measured, were low. Nutrient concentrations were also low with most values reported close
to or below the analytical reporting limit for that test. Concentrations of metals in 2005 were
low, and often below the analytical reporting limits. All values for cadmium, lead, and zinc
were reported as either equal to or below each constituent’s reporting limit, and no NC water
quality standard was exceeded. Most copper concentrations were less than 3 pg/L, while the
maximum copper concentration reported in 2005 was 5.2 pg/L. All copper values reported
were below the NC standard of 7 pg/L.

Manganese and iron concentrations in the surface and bottom waters were generally low in
2005, except during the summer and fall when bottom waters became anoxic and the release
of soluble forms of these metals into the water column was observed. In contrast to historical
observations, at no time during 2005 did iron concentrations exceed NC’s water quality
standard (1.0 mg/L). Manganese levels, however, did exceed the State standard (200 ug/L) in
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. the bottom waters throughout the lake in the summer and fall, and are characteristic of

historical conditions.
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Table 2-1. Water chemistry program for the McGuire Nuclear Station NPDES Maintenance Monitoring Program on Lake Norman.

2005 McGUIRE NPDES SAMPLING PROGRAM

PARAMETERS LOCATIONS 1 2 4 5 8 9.5 1t 13 14 15 159 62 69 72 80 16
DEPTH (m) 33 33 5 20 32 23 27 21 10 23 23 15 7 5 4 3
IN-SITU ANALYSIS
Method
Temperature Hydrolab
Dissolved Oxygen Hydrolab In-situ measurements are collected monthly at the above locations at Im intervals from 0.3m to 1m above bottom.
pH Hydrolab Measurements are taken weekly from July-August for striped bass habitat.
Conductivity Hydrolab
NUTRIENT ANALYSES
Ammonia AA-Nut QTB QTB QT QTB QTB QTB QTB QT,B QT QTB QTB Q/T,B S/T
Nitrate+Nitrite AA-Nut QTB QTB QT QTB QTB QTB QTB QTB QT QTB Q/TB Q/T,B S/T
Orthophosphate AA-Nut QTB QTB QT QTB QTB QTB QTB QT,B QT Q/TB  QITB Q/T,B S/T
Total Phosphorus AA-TP.DG-P Q/TB Q/T,B QT QTB QTB QTB QTB QTB QIT QTB  QITB Q/T,B S/T
Silica AA-Nut QTB QITB QT QTB QTB QTB QTB QTB QT QTB QTB Q/T,B S/T
Cl AA-Nut Q/TB Q/IT.B QT QTB QTB QTB QTB QTB QT Q/TB  QIT,B Q/T,B S/T
TKN AA-TKN QTB QB QT QTB QTB QTB QT,B QTB QT Q/TB QB Q/T,B ST
Total Organic Carbon TOC QTB QTB QT QTB QTB QTB Q1B QB QT Q/TB  Q/T,B Q/T,B S/T
Dissolved Organic Carbon DOC Q/TB QTB QT QTB QTB QTB QTB QTB QT Q/T.B  QIT,B Q/T,B S/T
ELEMENTAL ANALYSES
Aluminum ICP-MS-D Q/T,B S/T,B QT QTB QTB QTB QTB QTB QT QT,B  QTB Q/T,B ST
Calcium ICP-24 QTB  Q/TB QT QTB QTB QTB QTB QTB QT QTB QTB Q/T,B ST
Iron iCP-MS-D QTB  Q/TB QT QTB OQTB QTB QTB QTB QT QTB QB Q/T,B ST
Magnesium ICP-24 QTB  QTB QT QTB QTB QTB QTB QTB QT QTB QTB Q/T,B ST
Manganese ICP-MS-D QTB QTB Q/T QTB QTB QTB QTB QB QT Q/TB QB Q/T,B ST
Potassium 306-K QT,B  QTB QT QTB QTB QTB QTB QTB QT QT.B QB QT,B ST
Sodium ICP-24 QTB Q/TB QT QTB  QTB QTB QTB QTB QT QTB  QTB Q/T,B ST
Zinc ICP-MS-D QT,B  QTB QT QTB QTB QTB QTB QTB QT QTB QTB Q/T,B ST
Arsenic ICP-MS-D QTB QTB QT QTB QTB QTB QTB QTB QT QTB  QTB Q/T,B ST
Cadmium ICP-MS-D QTB Q/TB QT QTB QTB QTB QTB QTB QT QTB QTB Q/T.B ST
Copper (Total Recoverable) [CP-MS-D Q/T,B Q/T,B Q/T Q/T,B Q/T,B Q/T,B Q/T,B Q/T,B QT Q/T,B Q/T,B Q/T,B S/IT
Copper (Dissolved) ICP-MS QT,B  QTB QT QTB QTB QTB QTB Q/TB QT QT,B QB Q/T,B SIT
Lead [CP-MS-D QT,B  Q/TB QT QTB QTB QTB QTB Q/TB QT QT.B QTB Q/T,B ST
Selenium ICP-MS-D QTB QTB QT QTB QTB QTB QTB QTB QT QTB  QTB Q/T,B ST
ADDITIONAL ANALYSES
Hardness QTB  Q/TB QT QTB QTB QTB QTB QTB QT QT.B QTB Q/T,B ST
Alkalinity T-ALKT QT,B Q/TB QT QTB QTB QTB QTB QITB QT QTB  QTB Q/T,B ST
Turbidity F-TURB QTB (QTB QT QTB QTB QTB QTB QTB QT QTB QTB Q/T,B ST
Sulfate Uv_S04 QTB QTB QT QTB  QTB QTB QTB QTB QT QTB  QTB Q/T,B S/T
Total Solids S-TSE QTB QTB QT QTB  QTB QTB QTB QTB QT QTB  QTB Q/T,B ST
Total Suspended Solids S-TSSE QT,B  QTB QT QTB QTB QTB QTB QB QT QTB  QTB Q/T,B ST
CODES:  Frequency Q = Quarterly (Feb, May, Aug, Nov) S = Semi-annually (Feb,Aug) T=Top (0.3m) B = Bottom (1m above bottom)
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Table 2-2. Analytical methods and reporting limits employed in the McGuire Nuclear Station NPDES Maintenance Monitoring

Program for Lake Norman.

Parameter Method (EPA/APHA) Preservation Reporting Limit

Alkalinity, Total Total Inflection Point, EPA 310.1 4 C 0.01 meg/L
Aluminum ICP, EPA 200.7 0.5% HNO, 0.05 mg/L
Cadmium, Total Recoverable ICP Mass Spectroscopy, EPA 200.8 0.5% HNO,3 0.5 pg/L
Calcium ICP, EPA 200.7 0.5% HNO, 30 pg/L
Chloride Colorimetric, EPA 325.2 4C 1.0 mg/L
Copper, Total Recoverable ICP Mass Spectroscopy, EPA 200.8 0.5% HNO, 2.0 yg/L
Copper, Dissolved ICP Mass Spectroscopy, EPA 200.8 0.5% HNO; 2.0 ug/L
Iron, Total Recoverable ICP, EPA 200.7 0.5% HNO; 10 pg/L
Lead, Total Recoverable ICP Mass Spectroscopy, EPA 200.8 0.5% HNO, 2.0 pg/L
Magnesium Atomic Emission/ICP, EPA 200.7 0.5% HNO, 30 pg/L
Manganese, Total Recoverable ICP Mass Spectroscopy, EPA 200.8 0.5% HNO; 1.0 pg/L
Nitrogen, Ammonia Colorimetric, EPA 350.1 4C 20 pg/L
Nitrogen, Nitrite + Nitrate Colorimetric, EPA 353.2 4C 20 pg/L
Nitrogen, Total Kjeldahl Colorimetric, EPA 351.2 4C 100 pg/L
Phosphorus, Orthophosphorus Colorimetric, EPA 365.1 4C 5 ug/L
Phosphorus, Total Colorimetric, EPA 365.1 4C 5 pg/L
Organic Carbon, Total EPA 415.1 0.5% H,SO, 0.1 mg/L
Organic Carbon, Dissolved EPA 415.1 0.5% H,SO, 0.1 mg/L
Potassium ICP, EPA 200.7 0.5% HNO, 250 pg/L
Silica APHA 45008Si-F 0.5% HNO4 500 ug/L
Sodium Atomic Emission/ICP, EPA 200.7 0.5% HNO3 1.5 mg/L
Solids, Total Gravimetric, EPA 160.2 4C 0.1 mg/L
Solids, Total Suspended Gravimetric, EPA 160.2 4C 0.1 mg/L
Sulfate lon Chromatography 4C 0.1 mg/L
Turbidity Turbidimetric, EPA 180.1 4C 0.05 NTU
Zinc, Total Recoverable ICP Mass Spectroscopy, EPA 200.8 0.5% HNO3 1 pg/L

References: USEPA 1983, and APHA 1995



Table 2-3. Heat content calculations for the thermal regime in Lake Norman for 2004 and

2005.

2005

2004

I N R

Maximum Areal Heat Content (g-cal/cmz) 29,764 29,718
Minimum Areal Heat Content (g-cal/cmz) 9,574 7,921
Birgean Heat Budget (g-cal/ cm?) 20,190 21,797
Epilimnion (above 11.5 m) Heating Rate (°C /day) 0.123 0.122
Hypolimnion (below 11.5 m) Heating Rate (°C /day) 0.076 0.076
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“ ‘ Table 2-4. A comparison of areal hypolimnetic oxygen deficits (AHOD), summer
chlorophyll a (Chl a), Secchi depth, and mean depth of Lake Norman and 18
TVA reservoirs.

AHOD Summer Chla  Secchi Depth  Mean Depth

Reservoir (mg/cm2/day) (ug/L) (m) ' {m)

Lake Norman (2005) 0.040 5.5 22 10.3

TVA @

Mainstem
Kentucky 0.012 9.1 1.0 5.0
Pickwick 0.010 3.9 0.9 6.5
Wilson 0.028 5.9 14 12.3
Wheelee 0.012 -~ 4.4 5.3
Guntersville 0.007 4.8 : 1.1 5.3
Nickajack 0.016 2.8 1.1 6.8
Chickamauga 0.008 3.0 1.1 5.0
Watts Bar 0.012 6.2 1.0 7.3
Fort London 0.023 5.9 0.9 7.3
‘ Tributary

Chatuge 0.041 55 27 9.5
Cherokee 0.078 10.9 1.7 13.9
Douglas 0.046 6.3 1.6 10.7
Fontana 0.113 4.1 2.6 37.8
Hiwassee 0.061 5.0 24 20.2
Norris 0.058 21 3.9 16.3
South Holston 0.070 6.5 2.6 23.4
Tims Ford 0.059 6.1 24 14.9
Watauga 0.066 2.9 2.7 24.5

a Data from Higgins et al. (1980), and Higgins and Kim (1981)
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Table 2-5. Quarterly surface (0.3 m) and bottom (bottom minus 1 m) water chemistry for the McGuire Nuclear Station discharge,
mixing zone, and background locations on Lake Norman during 2004 and 2005. Values less than detection were assumed
to be equal to the detection limit for calculating a mean.

Mixing Zone Mixing Zone MNS Discharge Mixing Zone Background Background
LOCATION: 2 4.0 5.0 11.0
. DEPTH: Surface Bottom Surface Bottom Surface Surface Bottom Surface Bottom Surface Bottom
PARAMETERS _ YEAR: 2004 2005 2004 2005 2004 2005 2004 2005| 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
Turbidity (ntu)
Feb 2.81 16 2.38 1.0 312 1.80 1.94 2.10 NS 1.50 212 1.90 1.61 2.00 2.02 2.10 3.51 1.70) 3.36 2.20 3.36 3.00
May 1.50 14 1.52 1.20 NS 1.80 NS 1.30] 1.02 1.30 1.38 1.20 NS 1.60 1.25 140 1.31 1.20) 1.28 1.50 0.94 1.80
Aug . 1.45 17 257 1.30 1.5 170 209 1.70] 1.4 1.70 1.46 1.60 3.63 4.00 1.32 140 299 1.60) 2.1 1.80 249 2.50
Nov 2.80 1.1 2.8 3.30 3.13 1.30 3.69 1.70 3.05 1.20] 2.98 1.80 7.53 1.60) 2.72 3.20 5.77 1.10) 3.32 1.20 6.46 3.60
Annual Mean 2.14 1.45 2.32 1.9 2.58 1.7 257 1.7 1.82 1.4 1.99 1.6 4.26 23 1.83 20 3.40 14 2.52 17 331 2.7
Specific Conductance (umho/cm}
Feb 52.0 51 51.0 49 52 51 50 48 53 52 52 52 51.0 49 51 50 50 49 51 51 50 49
May 53.0 56 53 52 57 53 53 50, 58 55 57 54 54 51 56 37 54 44 58 46 55 46
Aug 63.0 56 59.0 58 62.0 56 60.0 61 64.0 56 62.0 56 66.0 61 60.0 56 58.0 56 62.0 57 59.0 59
Nov 56.0 55 99.0 55 56.0 55 100.0 75 58.0 56 57.0 55 58.0 55] 56.0 55 98.0 52 52.0 54 52.0 51.0
Annual Mean 56.0 54.5 65.5 53.5 56.8 53.8 65.8 588 583 548 570 54.3 57.3 54.0 55.8 49.5 65.0 50.3 55.8 52.0 54.0 51.3
pH (units)
Feb 70 74 70 7.0 73 7.3 71 71 73 73 74 73 74 7.0 74 74 7.2 7.2 73 74 74 7.0
May 7.2 7.3 6.3 6.5 74 74 6.6 6.7 73 74 74 74 6.6 6.7 7.7 74 6.6 6.5 77 7.0 6.7 6.4
Aug 7.3 6.9 6.0 6.0 74 7.0 6.1 6.1 71 6.8 73 7.0 6.3 6.2 8.0 76 6.1 6.1 71 75 6.1 6.2
Nov 6.5 7.0 6.8 6.9 NS 7.0 NS 6.6 6.9 7.0 7.0 7.1 6.7 6.8 70 7.1 6.9 6.6 7.0 71 6.7 6.6
Annual Mean 7.00 6.53 6.53 6.60, 737 7.18 6.60 6.63 7.15 7.10 7.28 7.20 6.68 6.68| 753 7.38 6.70 6.60) 7.28 1.25 6.65 6.55
Alkalinity (mg CaCO3/1)
Feb 135 1.5 13.0 115 13.0 115 13.0 11.5) NS 11.0 13.0 1.5 13.0 1.5 13.0 13.5 13.0 115 13.0 120 13.0 12.0
May 13.5 125 135 12.5] NS 125 NS 12.5] 14.0 12.5 135 12.5 NS 12.5 13.0 125 135 12.5) 14.0 13.0 13.0 13.0
Aug 15.0 135 145 14.0 15.0 14.0 14.5 14.0 145 13.5] 15.0 14.0 20.0 17.5 15.0 145 14.5 14.5 15.0 14.5 15.0 15.0
Nov 13.0 145 36.0 16.0 135 125 35.5 FQc 135 14.0 13.0 Fac 14.0 15.0 13.0 FQc 15.0 13.0 12.0 FQC 12.5 12.5
Annual Mean 13.8 13.0 19.3 13.5 138 12.6 21.0 12.7 140 12.8] 13.6 12.7 15.7 14.1 135 135 14.0 12.9 135 13.2 134 13.1
Chloride (mgfl}
Feb 40 43 42 44 4.1 46 4.0 43 NS 4.4 38 45 4.1 43 4.1 45 4.0 4.4 43 4.4 4.1 4.4
May 45 44 45 43 NS 44 NS 4.4 48 4.4 46 4.5 NS 4.4 46 45 4.6 4.4 52 45 46 45
Aug 5.3 41 48 43 53 44 4.7 4.2 54 4.2 5.3 4.2 52 4.2 5.4 43 4.9 4.2 5.4 43 48 4.2
Nov 46 44 47 44 4.5 44 4.8 4.5 4.4 4.3 44 4.3 46 4.4 4.5 4.5 4.5 4.3 4.1 4.1 4.1 4.3
Annual Mean 4.6 4.3 46 4.4 46 4.5 45 4.4 49 4.3 4.6 44 46 43 4.7 4.5 4.5 43 48 4.3 44 4.4
Sulfate (mg/f)
Feb NS 4.2 NS 45 5.0 43 47 4.3 NS 4.4 NS 43 NS 4.2 47 4.7 4.8 53 NS 4.3 6.7 4.2
May NS 44 NS 44 NS 44 NS 4.4 5.1 4.4 NS 4.5 NS 4.7 5.1 45 5.0 4.4 NS 4.4 NS 43
Aug NS 4.2 NS 45 46 4.2 47 45 4.7 4.2 NS 43 NS 4.5 46 44 4.7 4.5 NS 43 NS 4.5
Nov NS 39 NS 40 45 6.0 3.2 39 45 4.0 NS 41 NS 4.0 4.5 4.0 4.4 4.0 NS 4.0 NS 4.0
Annual Mean NA 4.2 NA 44 47 47 4.2 43 4.8 4.3 NA 4.3 NA 44 4.7 44 4.7 46 NA 4.3 6.7 4.3
Calcium (mgfl)
Feb 3.12 2.96 3.09 3.07 3.15 2.96 3.10 NS 2.99 3.09 2.95 3.09 2.97 3.06 3.15 3.12 3.29 2.94 3.20 2.89 3.1
May 2.92 3.35 3.07 3.65 NS 3.31 NS 3.02 344 3.65 335 NS 3.33] 3.47 333 3.24 381 3.29 347 3.16 3.51
Aug 2.69 3.45 297 3.54 2.1 3.19 292 273 3.51 277 3.15 3.67 3.84 273 329 3.06 3.69] 3.27 3.52 3.15 3
Nov 2.99 3.06 4.18 3.09 2.98 3.05 4.10 3.00 3.04 2.98 315 3.03 3.07 2.97 3.08 3.04 2.44 2.78 2.94 2.84 2.46
Annual Mean 2.93 3.21 3.33 3.34 2.95 3.13 3.37 2.92 3.25 3.12 3.15 3.26 3.30 3.06 3.21 3.12 3.31 3.07 3.28 3.01 3.20
Magnesium (mg/l)
Feb 1.39 1.33 137 1.33 1.40 1.32 1.38 1.37] NS 1.33 1.39 1.32 1.39 1.32] 1.38 1.35 140 1.31 1.33 1.35 133 1.32
May 1.37 1.40 144 1.42 NS 1.40 NS 1.42) 1.41 141 1.56 1.41 NS 1.41 1.55 1.40 1.48 141 1.45 1.42 142 1.45
Aug 1.48 1.41 1.55 1.44 1.49 1.39 153 1.45 1.49 1.40 1.51 1.39 1.75 1.53] 1.48 1.40 1.57 147 1.65 1.44 1.62 1.49
Nov 1.33 1.52 1.68 1.52 1.35 1.52 1.66 1.53 134 1.62 1.34 1.52 1.35 1.52] 1.34 1.52 1.35 1.47 1.25 1.51 1.25 1.47
Annual Mean 1.39 1.42 1.51 1.43 1.41 1.41 1.52 144 141 142 1.45 141 1.50 1.45] 1.44 142 1.45 1.42] 1.42 1.43 141 1.43

NS = Not Sampled: NA=Not Applicable; FQC = Failed Quality Control
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Table 2-5 (Continued)

Mixing Zone Mixing Zone MNS Discharge Mixing Zone Background Background
LOCATION: 1.0 2 4.0 5.0 80 11.0
DEPTH: Surface Bottom Surface Bottom Surface Surface Bottom Surface Bottom Surface Bottom
PARAMETERS _ YEAR: 2004 2005 2004 2005] 2004 2005 2004 2005 2004 2005] 2004 2005 2004 2005] 2004 2005 2004 2005] 2004 2005 2004 2005
Potassium (mgfl)
Feb 1.59 1.74 1.57 1M 1.62 1.72 1.60 1.60 NS 1.74 1.57 1.70 1.59 1.69] 167 1.64 1.60 1.70] 146 1.65 1.46 1.64
May 1.63 1.61 1.57 1.63) NS 1.64 NS 1.63 1.58 1.62| 1.58 1.66 NS 1.64 157 1.62 1.59 1.60 153 147 1.54 1.85
Aug 1.67 1.56 1.62 1.60] 1.60 1.54 1.61 1.57 1.64 1.59) 1.64 1.53 1.70 1.63] 161 1.54 1.64 1.61 1.62 1.54 1.62 1.61
Nov 1.62 1.74 1.68 1.72 1.59 1.1 1.72 1.74 1.59 1.72 1.61 1.74 1.57 1.73] 1.66 1.74 1.62 1.84 1.63 1.77 1.59 1.85
Annual Mean 1.63 1.66 1.61 1.67 1.60 1.65 1.64 1.64 1.60 1.66] 1.60 1.66 1.62 1.67 1.60 1.64 1.61 1.69 1.56 1.61 1.55 1.66
Sodium (mgll)
Feb 4.27 437 4.28 4.30] 4.25 437 432 4.40] NS 4.24 433 4.22 4.28 4.25 4.16 422 4.33 443 4.20 4.39 412
May 453 4.42 4.49 441 NS 4.40 NS 4.37 4.61 4.59 440 NS 4.29 468 4.39 4.61 4.34 498 4.55 467 443
Aug 5.22 4.41 4.73 4.27, 517 434 466 4.29] 521 5.22 4.32 4.89 4.39 5.09 4.36 4.75 4.34 5.28 4.39 4.77 433
Nov 4.62 4.42 4.89 4.44 4.61 441 481 4.43 4.63 4.60 442 4.62 443 5.19 4.42 4.49 442 4.08 4.39 4.07 4.40
Annual Mean 4.66 4.41 4.60 4.36 4.68 4.38 4.60 4.37 4.82 4.66 4.37 4.58 4.35) 4.80 4.33 4.52 4.36 4.69 4.38 4.48 4.32
Aluminum (mg/l)
Feb 0.050 0.055 0.098 0.050| 0088  0.063 0.099 0.051 NS 0.050] 0.094  0.050 0.113 0064 0080  0.062 0.176  0.050] 0.132  0.050 0.140  0.071
May 0.050 0.050 0.050 0.053 NS 0.050 NS 0.050] 0.050 0.050] 0.050  0.050 NS 0071f 0050  0.050 0093 0055 0057  0.050 0.063  0.065
Aug 0.050 0.050 0.050 0.050| 0.050  0.050 0.050 0.050] 0.050 0050 0050 0.050 0.050 0.050; 0050  0.050 0050 0050 0.050  0.050 0066  0.050
Nov 0.108 0.050 0.066 0.054| _0.108 _0.050 0.076 0.050] 0100 0.056] _0.103 _0.050 0.173 0.055] _0.102 _0.050 0.199  0.144 0122 _0.055 0.066 _0.158
Annual Mean 0.065 0.052 0.066 0.052| 0.082  0.053 0.075 0050] 0067 0.052] 0074  0.050 0.112 0.060| _0.071 0.053 0130 0.075 0.090  0.051 0084  0.086
Iron (mg/l)
Feb 0.088 0.100 0.150 0.150] 0.106 0.100 0.127 0.180] NS 0.120| 0.106 0.110 0.149 0.150| 0.087 0.110 0.240 0.130[ 0.149 0.110 0.151 0.210
May 0.059 0.100 0.061 0.120 NS 0.100 NS 0.100] 0.060 0.100] 0.045 0.100 NS 0.160[ 0.040 0.100 0.141 0.100[ 0.080 0.100 0.100 0.250
Aug 0.044 0.100 0.05% 0.100| 0.037  0.100 0.046 0.100] 0.031 0.100] 0.030  0.100 0.625 0.300] 0.043  0.100 0046  0.100 0.088  0.100 0046  0.100
Nov 0.126 0.098 0.055 0.172] _0.120 _0.105 0.072 0243 0131 0.086] _0.107  0.094 0.206 0.150| _0.132 _0.074 0.291 0.226| _0.162 _0.075 0079 0279
Annual Mean 0.079 0.100 0.079 0.136] 0.088  0.101 0.082 0.158] 0.074  0.02] 0.072  0.10% 0.327 0.190] 0076  0.096 0180 0.139| 0.120 _ 0.096 0094  0.210
Manganese (ug/)
Feb 14 15 22 40, 14 15 19 35 NS 16| 14 15 22 32 1 16 22 14 20 20 21 30
May 12 7 24 23 NS 14 NS 17 8 8| 7 7 NS 36| 6 6 30 19 11 10 21 34
Aug 23 19 481 502 24 19 245 264 34 28 30 23 1906 1337 14 13 549 522| 108 16 663 868
Nov 17 Il 8694 274 94 81 8500 484 262 68 125 73 438 188 60 50 985 294 55 41 284 201
Annual Mean 42 28 2305 210) 44 32 2922 200 101 30 44 30 789 398 23 21 396 212 48 22 247 283
Cadmium (ug/l)
Feb NS 05 NS 0.5 0.5 05 05 0.5 NS 0.5] NS 05 NS 0.5 05 0.5 0.5 0.5] NS 05 NS 05
May NS 05 NS 0.5 NS 05 NS 0.5 05 0.5 NS 05 NS 0.5 0.5 05 05 0.5] NS 0.5 NS 05
Aug NS 05 NS 0.5 05 05 0.5 0.5 05 0.5 NS 05 NS 0.5 05 05 05 0.5 NS 05 NS 05
Nov NS 05 NS 0.5 0.5 05 0.5 0.5 0.5 0.5] NS 05 NS 0.5 05 05 05 0.5, NS 0.5 NS 0.5
Annual Mean NA 0.5 NA 0.5 0.5 0.5 0.5 0.5 0.5 0.5 NA 0.5 NA 0.5 05 0.5 0.5 0.5 NA 05 NA 0.5
Copper (ugh)
Feb NS 20 NS 22 23 20 24 21 NS 21 NS 2.1 NS 24 20 27 24 2.0 NS 30 NS 23
May NS 20 NS 2.2 26 20 NS 2.0 286 2.3 NS 20 NS 20 28 23 26 2.3 NS 33 NS 24
Aug NS 20 NS 2.0 23 20 2.1 2.0 24 2.0 NS 20 NS 20 26 20 20 2.0 NS 2.9 NS 20
Nov NS 2.3 NS 2.0 2.0 2.0 2.0 2.0) 2.0 2.0 NS 2.0 NS 2.0 21 20 2.0 2.2 NS 52 NS 2.3
Annual Mean NA 2.1 NA 2.1 2.3 2.0 2.2 2.0 2.3 2.1 NA 2.0 NA 20 24 2.3 2.3 2.1 NA 36 NA 2.3
Lead (ugll)
Feb NS 20 NS 2.0 2.0 20 2.0 2.0 NS 20 NS 20 NS 2.0 20 20 20 2.0 NS 20 NS 20
May NS 20 NS 2.0 2.0 20 NS 20 20 20 NS 20 NS 2.0 20 20 20 2.0 NS 20 NS 20
Aug NS 20 NS 2.0 2.0 20 2.0 2.0 20 20 NS 20 NS 20 20 20 20 2.0 NS 20 NS 20
Nov NS 20 NS 2.0 2.0 2.0 20 2.0 2.0 2.0 NS 20 NS 20 20 20 20 2.0 NS 20 NS 20
Annual Mean NA 2.0 NA 2.0 2.0 2.0 2.0 2.0l 2.0 20 NA 2.0 NA 2.0 20 20 2.0 2.0 NA 20 NA 20

NS = Not Sampled: NA=Not Applicable; FQC = Failed Quality Control
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Table 2-5 (Continued)

Mixing Zone Mixing Zone MNS Discharge Mixing Zone Background Background
LOCATION: 1.0 M 2 40 5.0 8.0 11.0
DEPTH: Surface Bottom Surface Bottom Surface Surface Bottom Surface Bottom Surface Bottom
PARAMETERS _ YEAR: 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005] 2004 2005 2004 2005 2004 2005 2004 2005
Zinc (ugfl)
Feb 20.0 1.0 20.0 1.0 20.0 1.0 30.0 1.0 NS 1.0 200 1.0 200 1.0 20.0 1.0 20.0 1.0 200 1.0 200 1.0
May 200 1.0 20.0 14 NS 1.1 NS 1.5 20.0 8.0 20.0 12 NS 58 20.0 1.0 20.0 21 20.0 1.0 20.0 15
Aug 200 1.0 20.0 1.0 20.0 1.0 20.0 1.0 20.0 1.0 20.0 1.0 200 10 20.0 1.0 20.0 1.0 20.0 1.0 200 10
Nov 20.0 34 20.0 17 20.0 1.5 20.0 16 20.0 5.3 20.0 1.0 200 18 270 15 20.0 1.7 20.0 33 20.0 1.6
Annual Mean 20.0 1.6 20.0 1.3 200 12 23.3 13 20.0 38 20.0 1.1 200 24 218 1.1 20.0 1.5 20.0 16 20.0 1.3
Nitrite-Nitrate (ug/l}
Feb 200 270 210 270 200 260 220 270 NS 270 200 280 200 270 200 210 200 310 250 330 240 180
May 210 240 250 290 NS 240 NS 290 210 240 220 250 NS 290 190 230 260 290 220 230 270 300
Aug 90 130 330 320 70 130 340 350, 90 160) 110 150 340 210 40 80 340 310 100 70 310 300
Nov 180 130 20 570 190 120 20 80 190 100 190 130 170 120 190 130 180 230 220 260 220 290
Annual Mean 170.0 192.5 202.5 362.5] 1533 1875 193.3 2475| 1633  1925] 1800 2025 236.7 22250 1550 1775 2450  285.0] 1975 2225 260.0 2675
Ammonia (ug)
Feb 30 60 50 100 40 30 40 60 NS 40 40 30 40 70 40 20 30 70 20 30 30 40
May 20 20 50 70 NS 20 NS 60 30 30 20 20 NS 60 20 20 70 70 30 30 70 90
Aug 20 90 30 120 20 90 20 80 20 90 20 60 90 130 20 40 20 100 20 230 20 100
Nov 80 130 540 120 70 80 570 140 70 80 70 75 100 110 50 77 140 340 90 82 110 130
Annual Mean 375 75.0 167.5 102.5 43.3 55.0 210.0 85.0 400 60.0 375 46.3 76.7 925 325 39.3 650 1450 40.0 93.0 57.5 90.0
Total Phasphorous (ug/l)
Feb 10 10 10 10 10 10 10 10 NS 10 10 10 10 10 10 10 10 10 10 10 10 10
May 1 10 10 10 NS 10 NS 9 10 10 10 " NS 11 10 1 10 10 12 15 10 14
Aug 7 9 5 1 8 11 6 9 1" 1 5 1 8 1 5 1 10 10 5 12 6 12
Nov 5 8 5 8 5 10 7 8 7 7 5 7 8 5 7 7 16 5 9 5 16
Annual Mean 8.3 9.3 75 9.8 77 10.3 7.7 9.0 9.3 95 15 9.8 8.3 10.0 7.5 9.8 9.3 11.5) 8.0 11.5 7.8 13.0
Orthophosphate (ug/l)
Feb 5 5 5 5 5 5 ) 5 NS 5 5 5 5 5 5 5 5 5 5 5 5 5
May 6 5 9 5 NS 5 NS 5 9 5 8 5 NS 5 9 5 5 5 10 5 9 5
Aug 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Nov 5 5 5 5 5 5 13 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Annual Mean 53 5.0 6.0 50 5.0 5.0 77 5 6.3 5 58 5.0 5 6.0 5 5.0 5 6.3 5.0 6.0
Silicon (mg/l)
Feb 49 47 5.0 4.8 5.0 47 5.2 48 NS 47 5.0 48 48 48 5.0 438 5.0 47| 5.1 49 5.1 49
May 43 42 49 47| NS 42 NS 46 44 43 43 43 NS 47 42 41 5.0 46 39 4.1 49 47
Aug 38 37 5.4 4.9 38 38 54 49 39 39 38 38 52 47 37 36 5.4 438 42 39 54 49
Nov 42 4.6 5.6 47 43 47 5.6 48 43 47 43 A7 44 47 43 47 44 5.3 44 4.8 4.6 5.3
Annual Mean 43 43 5.2 48 44 44 54 48 42 44 44 44 438 47 43 4.3 5.0 49 44 44 5.0 5.0

NS = Not Sampled:

NA= Not Applicable; FQC = Failed Quality Control
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Figure 2-1. Water quality sampling locations (numbered) for Lake Norman. Approximate
locations of Marshall Steam Station, and McGuire Nuclear Station are also

. shown.
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‘ Figure 2-2a. Annual precipitation totals in the vicinity of McGuire Nuclear Station.
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