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McGuire's thermal discharge clearly affected localized fish distribution, but
evidently caused no direct mortalities or adverse impacts to the lake's fish
composition or standing crop, Rotenone sampling in McGuire's discharge area
indicated a similar fish stock in May 1990 as in previous years, followed by

g decline to a record low of 14 kg/ha in August 1990, Hydroacoustic density
estimates confirmed that limnetic fish species avoided the discharge area when
temperatures exceeded 30 C. Vertical distribution of fish also reflected a
response to temperature profiles, with fish moving deeper as surface temperatures
increased, and later redistributing as waters cooled, Although temperature and
dissolved oxygen conditions in the summer of 1990 were deemed unsuitable for
adult striped bass, no mortalities were observed or reported.
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1.

TEMPERATURE AND DISSOLVED OXYGEN

INTRODUCTION

The objectives of the temperature and dissolved oxygen /DO) portion of the
McGuire Nuclear Station (MNS) NPDES Maintenance Monitoring Program are to:
1) maintain continuity in Lake Norman's temperature and DO data base
s0 as to allow detection of any significant station-induced and/or
natural change in the physicochemical structure of the lake; and
2) compare, where appropriate, these physicochemical data to similar
data in other hydropower reservoirs and cooling impoundments in
the Southeast.

This year's report focuses primarily on 1989 and 1990, with the specific
objective of assessing the impact of raising the summer (July-September)
discharge temperature at MNS from 95¢ F (1989) to 99 F (1990) on the
lake-wide thermal and DO structure of Lake Norman. Specific areas of
investigation covered in this chapter include thermal plume validation and
assessment, striped bass habitat, and reservoir-wide temperature and DO
information. Where appropriate, reference to pre-1989 data will be made
by citing reports previously submitted to the North Carolina Department of
Environment, Health, and Natura)l Resources (NCDEHNR).

METHODS AND MATERIALS

Water temperature and DO were measured monthly at 12 locations (Locations
1, 5, 8, 9.5, 11, 13, 15, 15.9, 62, 69, 72, and 80; Figure 1) throughout
Lake Norman in 1990 using a Hydrolab Datasonde (Hydrolab Corporation,
1986). Additional measurements were taken at these locations at weekly to
biweekly intervals during the summer to more accurately define the
distribution and rate of decline of striped bass habitat. Measurements of
temperature and D0 were taken at 1-m intervals throughout the water column
at each location extending from the surface (0.3 m) to 1 m above the lake
bottom. Calibration of the instrument followed procedures recommended by
the manufacturer (Hydrolab Corporation, 1986) and was performed before and
after each data collection neriod.



The relationship between heating and cooling of lakes can be examined by
comparing lake temperatures with the equilibrium temperature. The
equilibrium temperature is defined as that temperature, under extant
meteorological conditions, at which the net rate of heat exchange with the
atmosphere wou'd be zero (Edinger et al., 1974). (Expressed in another
way, the equilibrium temperature represents the theoretical temperature
that the water body would attain, under a specific combination of
meteorological conditions (air temperature, wind speed, dew point), given
sufficient time. In this study, Ryan unheated equilibrium temperatures
were calculated for 1988, 1989, and 1990, according to Ryan and Harleman
(1973), and used to assess the influence of meteorology on reservoir heat
flux.

Data were analyzed using two approaches, both of which were consistent
with earlier studies (DPC 1985, 1987, 1988a, 1989, 1990). The first
method involved partitioning the reservoir into mixing, background, and
discharge zones, and making comparisons among zones and years. In this
report, the discharge includes only Location 4; the mixing zone encompass-
es Locations 1 and 5; the background zone includes Locations 8, 11, and
15. The second approach emphasized a much broader lake-wide investigation
and encompassed the plotting of monthly isotherms and isopleths, and
summer-time striped bass habitat. Several quantitative calculations were
also performed; these included the calculation of the areal hypolimnetic
oxygen deficit (AHOD), maximum whole-water column and hypolimnion heat
content, mean epilimnion and hypolimnion heating rates over the stratified
period, and the Birgean heat budget.



RESULTS AND DISCUSSION

McGuire/Marshall Plume Size Validation

Duke Power Company requested from Aero Dynamics, Corporation (1990) an
aerial infrared survey of the thermal plumes at MNS and MSS during the
summer of 1990.  This information was used to validate plume size
predictions at a therma) discharge of 99° F at MNS using the Massachusetts
Institute of Technology thermal model (DPC 1988b). Results of the survey
are 11lustrated in Figure 2. The 5* F (2.8 () above background isotherm
measured 730 ac at MNS and 145 ac at MSS, both of which were substantially
Jess than the 2006 a. at MNS and 552 ac at MSS predicted under worst-case
meteorology at = discharge temperature of 99¢ F (DPC 1988b). The observed
acreage wat ulso appreciably less than that predicted under worst-case
meteorology (or the 95¢ F discharge criteria, f.e., 1492 ac at MNS and 714
ac at MSS (DPC 1985). Similarly, the observed acreage of the 90°f
(32.2°C) (.otherm was 386 ac at MNS and 69 ac at MSS. These values were
significantly less than the 1452 ac at MNS and 303 ac at MSS predicted
under worst-case meteorologv at a discharge tenjerature of 99« F. The
acreages were also less than predicted under worst-case meteorological
conditions at a 95° F discharge temperature, i.e., 982 ac at MNS and 432
ac at MSS,

Temperature and Dissolved Oxygen

Woter temperatures measured in 1990 {llustrated similar temporal and
spatial trends in the mixing and background zones (Figures 3 and 4).
Winter water temperatures ranged from 0.1° to 3.5° C cooler throughout the
water column in both zones than in 1989 (Figures 3 and 4), and were well
within the historic range (DPC 1985, 1987, 1988a, 1989, 1990). Spring and
summer water temperatures, on the other hand, were generally warmer
throughout the water column in both zones in 1990 as compared to 1989 and
historically, whereas fall temperatures were within the historic range.
Spring water temperatures ranged from 0.1° to 3.3° C warmer than 1989 and
historically, whereas summer water temperatures ranged from 0.1° to 4.1°C
warmer than historic conditions with the major increases restricte)
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slightly cooler (by 4* (), whereas spring and early-summer temperatures
were slightly warmer (by 2° to 6° C) in 1990 than in 1989 (Figure §).
Meteorology again appears to be the primary factor influencing these
differences, because the 99° F variance did not take effect until July.
The warmest discharge temperature of 1990 occurred in July and measured
34.6° C (94.3¢ F), which was 1.9° C warmer than in 1989 and historically
(DPC 1985, 1990).

Seasonal and spatial patterns of DO in 1990 were generally similar in
both the mixing and background zones (Figures 6 and 7). Winter DO values
ranged from 0.! to 1.0 mg/1 higher throughout the water column in both
zones in 1990 than in 1989, but were well within the historic range (DPC
1985, 1987, 1988a, 1989, 1990). These between-year differences appear to
be due primarily to meteorology, with the cooler 1990 winter equilibrium
temperatures promoting a greater degree of mixing and reaeration than
occurred in 1989, Conversely, spring and summer DO values were generally
less than observed historically, particularly in the metalimnion and
hypolimnion where DO concentrations ranged from 0.1 to 2.2 mg/1 lower than
observed previously. August metalimnetic DO values were greater in 1990
than 1989 in both zones, and were similar to maximum values observed for
these depths historically. The differences among 1990 and historic spring
and summer DO values are believed to be predominantly related to the
warmer than historic water temperatures measured in the spring and summer
of 1990 which, as discussed earlier, appears to be due to a comb ‘nation of
meteorology and operations at MSS. Warmer water column temper. = s would
decrease oxygen solubility and increase biological respirstion rates,
thereby reducing the available supply of DO. An aoditional contributing
comnonent s the quantity of advected oxygen brought into Lcke Norman via
upstream inputs from Lookout Shoals (Figure 1). The average summer flow-
through at Lookout Shoals Hydroelectric Station in 1989 was 70.8 m'/s
contrasted with only 45.5 m’/s in 1990, indicating that less oxygen was
aévected into Lake Norman in 1990 than in 1989. Fall and early-winter DO
concentrations were generally lower than observed in 1989, but were within
the historic range. Meteorology, and its subsequent impact on the timing
and degree of lake turnover, is believed to be the primary factor
contributing to the differences between 1990 and 1989.



The seasonal pattern of DO in 1990 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 eary-fall (Figure 5). Winter
DO values measured in 1990 were greater than in 1989 (Figure 5) but
similar to historic values, whereas spring, summer, and fal) values were
slightly less (by <1.0 mg/)), equal to, or slightly more (by < 1.0 mg/1)
than 1989, and historic data (DPC 1985, 1986, 1987, 1988a, 1989, 1990).
The lowest DO concentration measured at the discharge location in 1990
(3.9 mg/1) occurred in October and coincided with low-level pumping at
MNS .

The monthly reservoir-wide temperature and dissolved oxygen data for 1990
are presented in Figures 8 and 9. For the most part, the temporal and
spatial distributional patterns of both temperature and dissolved oxygen
are similar to other cooling impoundments and hydropower reservoirs in the
Southeast. During the winter cocling and mixing period, vertical rather
than horizontal homogeneity in temperature predominated, with the
shallower uplake 'riverine' zone exhibiting slightly cooler temperatures
than the deeper downlake 'lacustrine' zone (Figure 8). These longitudinal
differences in temperatures were clearly illustrated in January and
February. The principal factors influencing this gradient in Lake Norman
are thermal discharges from MSS and MNS, morphometric (depth) differences
within the reservoir, and surface water inputs from the upper reaches of
the reservoir,

The heating period in Lake Norman generally begins in March, as more heat
is gained at the water's surface than is lost at night. Quring the
initial stages of the heating period, buoyancy forces "smooth out" the
horizontal differences in temperature, thereby reducing temperature
differences between up-reservoir and down-reservoir locations. Due to the
vertical instability of the water column during this period, temperature
increases are observed at all depths. These points are i1llustrated by
contrasting the January and February temperature data with the March and
April data (Figure B). As solar radiation and air temperatures increase,
heating occurs at a greater rate in the u per waters than in the mid or
bottom waters.
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Eventually, differential heating at the surface leads to the formation of
the classical epilimnion, metalimnion, and hypolimnion zones. These zones
(strata) are clearly depicted in the July, 1990 data (Figure 8).

In contrast to most natural lakes, but not unlike many reservoirs in the
Southeast, a distirct thermocline within the metalimnion was not observed
in Lake Norman in 1990. Rather, the metalimnion was more or less
continuous with respect to vertical density differences within the lower
water column, and even showed signs of merging with the hypolimnion, a.
i1Tustrated in the August data (Figure 8).

Cooling of the water column began in early September as 1llustrated by
decreases in surface temperatures compared to August data. Concurrent
with decreases in surface temperatures were an increase in the depth of
the epilimnion (caused by convective mixing) and a disruption of the
horizontal homogeneity in epilimnion temperatures (caused by reservoir-
wide differential heating and cooling, and advective inputs from up-
stream). Continuation of these differential vertical and horizontal
processes led to even more pronounced thermal differences within the
reservoir, For example, by October the uplake riverine zone had already
"turned over', while the downlake lacustrine zone wias still strongly
stratified. Not until early November was Lake Norman completely mixed
vertically throughout the reservoir.

Distributional pati.rns of dissolved oxygen in 1990 were similar to but
not identical to temperature (Figure 9). Generally, dissolved oxygen
concentrations were greatest during the winter cooling and mixing period
when biological respiration was at a minimum and atmospheric reaeration
was at a maximum. The highest reservoir-wide mean concentration of
dissolved oxygen (11.5 mg/1) occurred in March when the reservoir
exhibited a mean temperature of 10.7¢C (Figure 8). Unlike the thermal
regime, no major longitudinal differencc. existed in dissolved oxygen
within the reservoir during the winter., Not until the lake became

stratified, thereby isolating the metalimnion and hypolimnion from

atmospheric reaeration, were uplake-to-downlake gradients in dissolved
oxygen observed. Longitudinal gradients in metalimnetic and hypolimnetic
dissolved oxygen in 1990 were first observed in May. Differential

-
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dissolved oxygen depletion and eventual anuxic were first observed in the
transitional zone (Locations 15 through 62) where hypolimnetic volume 1s
small, water column and sediment organic matter high, and advective mixing
minimal. By August, the complete hypolimnion throughout the reservoir
below elevation 217 m was anoxic. This represents aporoximately 18% of
the entire volume of the lake at full pond.

Reaeration of the water column started in September concomitantly with the
cooling and mixing of the reservoir. Decreasing air temperatures cooled
the surface waters resulting in a convective deepening, aided by wind-
induced mixing, of the epilimnion. As the oxygenated epilimnion eroded
progressively deeper into the water column, the width of the anoxic zone
decreased. Longitudinal differences in reaeration were also observed and
apparently were related to differential mixing caused by MNS and MSS,
upstream advective inputs, and horizontal gradients in photosynthesis
(Chapter 1V). Reaeration of the reservoir was essentially complete by
early November, except for the bottom waters in the downlake “lacustrine"
zone.

Table 2 presents some common quantitative limnological calculations for
the thermal environment in Lake Norman. Few comparable calculations exist
in the literature for reservoirs, but these data are generally within the
“ballpark” of those presented by Mutchinson (1957) for natural lakes at
similar latitudes throughout the world.

Table 3 presents the 1990 AHOD for lake Norman compared to similar
estimates for 18 TVA reservoirs. The data i1llustrate that Lake Norman
exhibits an AMOD that is similar to other Southeastern reservoirs of
comparable depth, chlorophyll & status, and secchi depth.

"
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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/1, existed in al)
months in Lake Norman in 1990 except in late-July and most of August
(Figure 10). The pattern and degree of habitat reduction in 1990 was
similar to historic conditions; it 1s aiso typical of striped bass habitat
distribution and reduction patterns in many other Southeastern reservoirs
(Coutant 1985). Despite habitat elimination in most of the reservoir for
a period ranging from about two to four weeks in 1990, no mortalities of
striped bass were reported by local fishermen or observed during weekly
habitat searches conducted by OPC personnel in July, August, and
September.

FUTURE STUDIES

No changes are planned for the Temperature and Dissolved Oxygen portion of
the Lake Norman maintenance monitoring program during 1991,

SUMMARY

The reservoir-wide physicochemical structure of Lake Norman in 1990 was
studied using several techniques. Aerfal infrared imagery 1llustrated
that, at a summer discharge temperature of 99° F at MNS, the size of both
the 5° F above background and the 90° F isotherm plumes were substantially
less than predicted by mathematical modeling wusing worst-case
meteorological inputs. The observed acreages were also appreciably less
than predicted under worst-case meteorological conditions at a discharge
temperature of 95¢ F,

Temporal and spatial trends in water temperature and DO data collected
morthly in 1990 were similar to those observed historically. Winter and
fall temperature and D0 data were generally within the range of previously
measured values, whereas spring aod summer temperatures ranged from 0.1°
to 4.1° C warmer than historic values. These differences among years
appeared to be related primarily to a combination of meteorology and
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steam-electric operations. Similarly, spring and summer DO values ranged
from 0.1 to 2.2 mg/) lower than observed historically. Dissolved oxygen
differences among years were attributed to 1) a decrease in oxygen
solubility and an increase in biological respiration rates due to warmer
water temperatures, and 2) a reduction in the quantity of oxygen brought
into Lake Norman via upstream inputs from Lookout Shoals,

Reservoir-wide isotherm and isopleth information for 1990, coupled with
heat content and hypolimnetic oxygen data, 1llustrated that Lake Norman
exhibited thermal and oxygen dynamics similar to other Southeastern
reservoirs of comparable size and trophic status.

Suftable pelagic habitat for adult striped bass existed in all months in
Lake Norman in 1990 except in late-July and most of August. The pattern
and degree of habitat reduction in 1990 was similar to historic
conditions; it was also typical of striped bass habitat distribution and
reduction patterns observed in other Southeastern reservoirs. Despite
habitat elimination in the reservoir for a period ranging from two to four
weeks in 1990, no mortalities of striped bass were observed or reported.

13
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Table 1. Monthly average equilibrium temperatures (°C) for the Lake Norman

watershed in 988,

1988
January 1.0
February 6.7
March 13.0
Apr! 7.2
May 24,1
June 27.5%
July 29.3
August 29.2
September 23.3
October 13.8
November 10.7
December 4.8
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Taole 2. Heat content calculations for the thermal regime in Lake Norman in

1990

Maximum areal heat content

Maximum hypolimnetic (below 11.5 m) areal heat content

Birgean heat budget

1989, and 1990.

1989

6.

]
12
18

22

27

28.

27

23,
17,
10,

0

Epilimnion (above 11.5 m) heating rate

Hypolimnion (below 11.5 m) heating rate

N A S S SRS 9T A S RS S L A A VRN LT TN TIPS A SR A A AU 3 S5 VAT 1088

NN OEBSBUCMOYWO WO

"~
-~
SN N YT WO O YN O

28,306
15,672
19,594
0.095¢
0.077¢

grcal«cm*
g+cal«cm’
g-calecm’
C«day’

C-day



Table 3. A comparison of areal hypolimnetic oxygen deficits (AHOD), susmer chlorophyil
a (chl a), secchi depth {S0), and mean depths of Lake Norman and 18 TVA

reservoirs.
AHOD Summer Chi a Secchi Depth Mear
Reservoir (mg-cm z-dcy 1) (wg-L ‘) (m) Depth (m)
Lake Norman 0.056 5.0 3.0 10.2%
VAl
Mainstem
Kentucky 0.012 9.1 1.0 50
Pickwick 0.010 i9 2.9 6.5
Wilson 0.028 59 1.4 12.3
wheelee 0.012 44 - 5.3
Guntersville 0.007 48 1.1 $.3
Nickajack 0.016 2.8 1.1 6 8
Chickamauga 0.008 3.0 1.1 5.0
Watts Bar 6.012 6.2 1.0 7.3
fort London 0.023 59 0.9 7.3
Tributary
Chatuge 0.041 5% 2.7 9.5
Cherokee ¢ 078 16.9 1.7 13.9
Douglas 0.046 6.3 1.6 10.7
Fontana 0.113 41 2.6 37.8
Hiwassee 0.061 5.0 2.4 20.2
Norris 0.0%8 2.1 39 16.3
South Holston 0.970 6.5 2.6 23.4
Tims Ford 0.059 6.1 2.4 4.9
Watauga 0.066 2.9 2.7 245

%Data taken from Higgins et al (1980), and Higgins and Kim (1981)
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RESULTS AND DISCUSSION

Precipitation Amount

During 1990, about 47 inches of precipitation fell in the vicinity
of MNS, compared to 52 inches during 1989 (Figure 1). The wettest
month of 1990 was October, in which 27% (12.5 in.) of the annual
precipitation fell. “nnual precipitation during both years was
relatively hiyh for the fifteen-year period.

Turb_.dity and Specific Conductance

Annual mean turbidity values near the surface were low (2-4 NTU) at
the MNS discharge, mixing zone, and mid-lake background locations
during 1989 and 1990 (Table 3). Annual mean turbidity near-bottom
ranged from 7 to 24 NTU over the two-year period, well within the
range of values previously reported (Duke Power Co. 1989). The
higher annual mean bottom turbidities in 1990 compared to 1989 are
probably related to rainfall. It is presumed that suspended
sediments in runoff following precipitation events in May and
October had settled to the near-bottom strata of the lake when
samples were collected in May and November.

Annual mean specific conductance (surface and bottom) in the MNS
discharge, mixing, and mid-lake background zones decreased about 18%
(10-16 umho/cm) from 1989 to 1990, which was attributed to a
ducrease in the dissolved ions, sodium and chloride (Table 3). The
1990 annual means ranged from £6 to 61 umho/cm. Specific
conductance values were similar (within 4 umho/cm) among the
discharge, mixing zone, and mid-lake background zones in 1990.

pH and Alkalinity

During 1990, annual mean pH and alkalinity values were similar among
MNS discharge, mixing, and mid-lake background zones (Table 3).
Annual mean pH and alkalinity for each location were consistently
lower (0.2-0.5 pH units and 2-3 mg Cacoj/l) in 1990 than in 1989.
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Quarterly ¢ . .nd alkalinity values at all locations for both years
were within their historical ranges (Duke Power Co. 1989).

Major Cations and Anions

The concentrations (mg/l) of major ionic species in the MNS
discharge, mixing, and mid-lake background zones are provided in
Table 3. The overall lonic composition of Lake Norman during 199C
was similar to that reported f-r 1988 and 1989 (Duke Power Co. 1989,
1990). The major cationg (descending order as equivalents/l) were
sodium, calcium, magnesium, and potassium; major anions (descending
order as equivalents/l) were bicarbonate (the primary component of
alkalinity), sulfate and chloride. Annual means of sodium and
chloride concentrations during 1990 were similar among the lake
zones (Table 3), and were 2-3 mg/l lower than the 1989 annual means.
The decrease in sodium and chloride concentrations appeared
unrelated to MNS operations and/or rainfall.

Rut t

Nutrient levels in the discharge, mixing, and mid-lake background
zones of Lake Norman are provided in Table 3 (p. 4 of 4). Nitrogen
and phosphorus levels Auring 1989-90 were within the ranges
historically reported (Duke Power Co. 1989), snd are characteristic
of the lake's oligo-mesotrophic status (Rodriguez 1982), The
slightly higher annual mean concentrations of nitrite+nitrate from
all three lake-zones for 1990 compared to 1989 were attributed to
the relatively higher inputs during the winter and spring of 1990.
Ammonia nitrogen concentrations increased in bottom waters of the
MNS discharge, mixing, and mid-lake background zcones during the
summer and fall of 1989-90. Phosphorus concentrations were
generally similar or slightly less in 1990 than in 1989, which is
partly explained by the lowered analvtical detection limits in 1990.

Metals

Metal concentrations in the discharge, mixing, and mid-lake
background zones of Lake Norman during 1989-90 (Table 3) were within
their historical ranges (Duke Power Co. 1989).
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RESULTS AND DISCUSSION

sianding (rop

Standing crop values for phytoplankton were generally highest at mid and
uplake Locations 11.0, 13.0, 15.9 and 69.0 (Figure 1). A1l chlorophyll 3
values above 10 mg/m* were found uplake, including the highest value observed
during 1990, 15.1 mg/m* at Location 15.9 in February. By contrast, no

chlorophyll § concentrations greater e & —; B . tonmtrdbiunh 1
than 6.0 mg/m were found at Locations

2.0, 5.0, 8.0, or 9.5 (Table 1). i i el T
Chlorophyll a concentrations varied the | iocstion Feb May Aug Nov |
most at Location 69.0 where the lowest 2.0 147 L% AW 20
values of any location were found in 5.0 4.3 T 3.71 3.3
February, May, and November, but which 80 5§97 494 4.7 347
exhibited the highest value in August 9.8 S35 460 508 4.4
(10.6 mg/m*). This August peak in 1.9 156 A0 6.8 4
chloropk; i1 g at Localion 69.0 was also 3.0 .35 418 345 b
observed in 1988 and 19¢9 (Figure 2). 4 s LBt At
The yearly highs for boty total o8 sk £ 1.5 68
densities and biovolumes were also __J

observed uplake: at Location 11.0 in February for biovolumes (2,244 mm*/m*)
and at Location 15.9 in August for densities (3,973 units/ml). Total
phytoplankton densities at Location 15.9 were consistently higher than at any
other location during every month sampled since August 1987, except February
1990, and also peaked in August (Figure 3). This trend of increased standing
crop values “rom downlake to uplake has bean observed in past years (DPC 1988,
1989 and 1990) and may be due to higher inputs of nutrients associated with
increased suspended solids uplake as evidenced by seston ash-free dry weights
(Figure 1).

Phytoplankton standing crop values at all locations in 1990 were generally
within the ranges of those observed during the same months of 1988 and 1989
(Figures 2 and 3) except for the high chlorophyll a value observed at Location
15.9 in February. Early spring peaks ‘n phytoplankton are typically seen
uplake in Lake Norman (Rodriguez 1982) so we may have sampled this year at the
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during August of 1990. Diatoms and cryptophytes were also important
numerically in August. Dinophyceae dominated the biovolume in August,
comprising more than 35% of the total biovolumes at all locations and 60.3% of
the biovolume at Location 9.5. In November, diatoms, green algae, and
cryptophytes were codominant numerically. Diatoms dominated the biovolumes,
comprising more than 40% of the total biovolume at all locations.

Major species of phytoplankton (»>5% of the tota! density or biovolume)
observed during 1990 are presented in Tables 3 and 4, Species composition
among phytoplankton samples collected during 1990 was generally similar to
that observed for samples collected during 1989 (DPC 1990). Melosira ambigua,
a centrate diatom, dominated the phytoplankton biovelume at all locations
during February, comprising from 17.8% of the total at Location 5.0 to 65.4%
of the total at Location 11.0. Melosirs ambigua (formerly called Melosira
{talica) is a perenial spring dominant in Lake Norman (Rodriguez 1982).
Another centric diatom, Attheya zachariasi dominated the biovelume of
phytoplankton assemblages downlake during May, comprising more than 20% of the
total biovolume at Locations 2.0, 5.0, and 9.5. This species appeared to take
the place of Cyclotella comta, which dominated the biovolume 3t these same
locations during May of 1989. Cyclotella comta was not seen at all in 1990
and had not been observed in previous Lake Norman studies prior to 1989. The
presence of this species in 1989 was an unusual event for which there is no
ready explaination, Attheya zachariasi was also a major (>5% biovolume)
species during May 1989 at most locations so its dominance in May 1990 is not
unusual. Synedra spp., a pennate diatom, dominated the biovolume at Location
15.9 in May, comprising 32.2% of the total. ODinoflage!late species, primarily
Peridinium spp., dominated the biovolumes at ail locations during August of
1990. This was similar to 1989 except that few dinoflagellates were found at
Location 15.9 in August of 1989. In November, Mglosira ambigua w:: again an
important part of the biovel - at all locations, while Attheya zachariasi was
only important downlake.

Rhodomonas minuta, a small cryptophyte, was overall the most numerically
abundant taxon in 1990, comprising from 12% to 30% of the total phytoplankton
density at all locations in February, May, and November. Rhodomonas minuta
has consistently been a numerical dominant in phytoplankton assemblages in
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Table 2. Phytoplankton taxa identified foom Lake Norman samples collected
in August and November 1987 and February, May, August, and
November 1988, 1989 and 1990 (*«taxon not recorded before 1990).

CHLOROFHYCE AL
Acanthosphasth LAEhArias) Lemmerman
Actingatrym hantzaghl! Legerheim
Askistrodesmus faliatus (Corda) Relfs
A faleatys v mizabilly ‘Corda) Ralfs
A falsabud v lumidus (West & West) 6 5 west
A, funiformis Cords sensy Korshikoy
A spiralis (Turner) Lemmerman
Acihrodesmus logus (Breb. ) Hassall
Aslarococcus Lignelicus 6 M Smith

Lharacium spp

Lhlamydomongy sep. Ehrenberg
Chigrogenium spe. Ehrenberg
Llosteriopsls Jongissime | emmermann

Lo longiasime v. Lropice West b vest
Llosterivw ‘noutyym Brebisson
Llogterium spp. Nitzsch

kotlasirym campricum Archer

L. apheericum Neegel!

Loglestoum npp, Naege!!

Losmariuem angulosum v gongionym (Rab jWest & west
£ asphearosporym v slriggsum Norstedt
& gentractym Kirchner

£ pelygonym (Naegeli) Archer

¢ lenug Archer

£ tingtum Lunde!)

& spp. Corda

Crugigenie grucifecq (volle) Colling

k- Lrregularg wi' e

C. tstrapedig (1 rchner) West & West
Rictyospheariye ghrenbergianum Neage !
P pulehells Wood

Llakatothr'y gelatinosa wille

fugstrum spp. Chrenberg

fudoring elggeny Ehrenberg

franceie Jdroesghert (Lemmerman) G. M Smith
E. gvalis (France) Lemwrman
Gloeocyatis planktonigy (West & west) Lenmerman
G gloes (Kuetzing) Lagerheim

G spp. Neagell

Golenkinis paucisping vest & vest

§. radigta (Chodat) wille

Gorniym sociale (Dujar.) Warm,
Kirghagriells sontoets (Schmidie) Bunlin
K. lunaris (¥Kirchner) Moab

K. gbess (¥. west) Schmidle

£ aubslitoria 6. 5. west

K. spp. Schmidle

\agerheimia ciliaty (Lagerheim) Chodat
L longisets (Lemmerman) Printz

b Quadrisets (Lemm ) G. M. Smith

L aubsels \emmerman

Mesostigms yiride Lauterborn

Mioraahioiun gualllum fresenius
Meneraphidivm wpoterium Thuret
W gnilli Printe
Mougeolls elongatum (Agardh) wittrock
Mougectia spp. (agardh) Wittrock
Nephrocytlum agardhiangs Neage! |
N limoeticum (G. M. Smith) G. M. Smith
Qonxalls ellyptica ¥ vest
P lacusiris Chodat
L. parys west & vest
Rocxalls app, Neegel!
fandoring charkowignsiy Korshikov
Padlasirum piraciatum Meyen
£ duplex Meyen
P pbiusum Lucks
P Leiras (Ehrenberg) Ralfs
£, letras v. telcsodan (Corda) Ralfs
Pedisalrum spp, Meyen
flackipsphaeris gelatingss 6 M. Smith
Quadrigu)s lagustris (Chodat) 5 M. Smith
2ienedesnus abundans (Kirchner) Chodat
ghungans v. asymelrice (Shroeder) G. M. Smith
abundens v brevicauds 6. M Smith
acuminatus (Lagerheim) Chodat
armatus v biceudetus (Gugliell-Printz) Chodat
biduge (Turpin) Lagerheim
hilugs v alterans (Reinsch) Hansgirg
genticulatus (egerheim
. dimorphus (Turpin) Kuetzing
incrasavlatuy
. guadricauds (Turpin) Brebisson
selenastrym minylum (Weageli) Colling
5 westil 6. M Smith
sphearocystis schrogter) Chodat
Spheerozosmg granylata Roy & Bliss
slaurasirym anericonym (west & West) G M. Smith
. gpicylatym Brebisson
previspings Brebisson
. gurvatym v. glongatum G M. Smith
Giapidatyn Brebisson
dejectym Brebisson
Qickell v rhomboideum West and West
manfeldtil v. flymingnge Schumacher
- megacanthym Lundel]
Raradoxye v clngylym west b west
BAZQOXUM V. DACYYT W West
. subgruciatum Cooke & wille
telragerym Ralfs
Lurgescens Denot
lelcagdron arihrodesmiforme v. ganioris wolos:
L. caudatun (Corda) Mansgirg
Saudatym v. longisplogm Lemmerman
minimygm (A Braun) Hansgirg
mutigum (A Braun) Hansgirg
cequiare v logus Telling
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Table 2. (Continued)

letrasgdron spp. Kuetzing
Istrastous hetarocanttun (Nerdst ) Chodet
lrusbaris astinery (Archer) G M Smith
Meatalls Lingatiy 6 ™. Smith
BACTLLAR IOPHYCE AE
Achoanthes migcocephala (Kuetzing) Grunow
A spp. Bory
Anpmogongis yitres (Grunow) Ross
A spp. PN
Astarionglle formose Hassa))
Althexs agherigsl J Brun
kecsenels plageniuly threnberg
faclatells comis
L. meoeghiniang fuetzing
Lo basudontelligers Mustedt
b stelligers (Cleve) Van Wuerck
Cambells minyte Hilse ex. Rabenhorst
Lo lurgide Gregory
wmbelle sep. Agardn
* Qiplonels spp. Ehrenbery
Eragilaris crotongnals Kitton
Eruatulis thomboides (Ehrenberg) Detoni
Melosirs ambigua (Grunow) O Myller
¥ gisteny (Enrenberg) Kuetzing
¥ grenylats (Enrenberg) Ra'fs
¥oqranulets v ADQualissime Mueller
¥ italiga (Ehrenberg) Kuetzing
M spp. Agardh
Nitzschis acicularis (Kuetzing) ¥ Smith
M. adniis Hustedt
N holsatica Hustedt
N pales (Kuetzing) W Smith
N aublineariy Musteot
N. spp. Hassal)
Rhizeselgnia sop. Chrenberg
Skelgtongmp potemos (Weber) vasle
dlephanodiscus sup Ehrenberg
Anedra acus Kuetzing
& plakienige fhrenverg
§ rumpens Kuetzing
& rumpens v fragllaripides Grunow
& Lumpeny v acoligs Grunow
§ ulng (Nitzach) Ehrenberg
2. spp. Ehrenberg
Iabellerip fenesirata (Lyngby) Kuetzing
1 Llogsuloss (Reth) Kuetzing
CHRYSOPHYCEAE
Chromgling spp. Clenkowsk)

Chrysesphagre!ls selitaris Preisig and Takahash!

Ringhryon pavaricum Imhof

L sxlindrigum Imhof

0 sertuleria fhrenverg

2. spp. Ehrenterg

Lrkenis subaequici)iats Skuje
Sephyrign rubi-klaysirl Conrad
Mallomongs pseudocoronaty Prescott
Y. lonsurata Teiling

M. spp. Perty

N NN BRI Simee———.. e ik =g - - -

fehromongs spp  Wyssotrk)
Rhizechrygis spp. Pascher
dleleromonas WEhplome Lackey
LL0uCh ARIDGAR Forehikoy
§owally threnbery
L. spp Ehrenbery
Leoglgnopsiy americans (Calk) Lemmerman
HAP TORMYCEAE
ROy Lackey
LANTHOPHYCEAE
spp . Korghikpy
CRYPTOPHYCEAE
Lruplomenas eross threnbery
£ grala threnberg
G tallem Skuge
Ehodomongs winyle Skuis
MYXOPHYCEAE

Agnenellyn quadt el icatun Brebisson
Ansbeera wisconaingnsg Prescott

A spp. Bory

Lhroococeus Limoglicys | emmerman

& mingr Fuetzing

£ spp. Neagel!

Lelosphanr i kugtzinglanum Neege!!

MiGrocystis Aerualngsy Kuetzing
nmum demingly Meneghini

0 Limnetics Lemmerman
L spp. Vaucher
Phormisigm spp. Fuetzing
faghigionals gucvats Fritsch & Rich

* Synechococous lingarg (Sch. et Lavterb ) Komarek

£ UGLENOPHYCEAE

* fugleny agus Enrenbery
L. spp. Ehrenbery

\sngeinglys spp. Perty

acanthostoma (Stokes) Deflandre

Lrache lomonas
I pulgherrima Playfair
1 xgplyacing Ehrenberg
1. spp. Ehrenberg
DINOPHYCEAE
Ceratiym hiryndinglly (Mueller) Schrank
Glenediniye bergel (Lesmerman) Schiller
§ palustrg Schilling
§. guadridens (Stein) Schiller
Qymopdiniym spp. Stein
Beriginiue pciguliferyn | emmerman
£ ingonspiguum | emmerman
P.opygillye (Pennard) Lemmerman

£ wisconsinense fddy
* Unidentified dinoflagellates

CHLOKOMONADOPHYCE AE

Gonyostomum depressum (Lauterborne) Lemmerman

§ Latum lwanoff
G spp. Deising
Unigentified flage!lates
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Table 3. Total densities (units/m)) and percent composition of major taxa (>6%)
of phytoplankton collected at locations in Lake Norman, NC during
February, May, August and November of 1990,

Locations
e 60 s "o 159
Y*n unite/mi % untleml % unitwmi N uniteiml % unite/mi %
Ank fnlostiue v mir 44 66
Ank spiralie ok 67 142 76 ™ 58
Coccod greens 1% 92 1 W0 w20
Meiosira ambigue 90 L] ] 122 6e e 06 a 452 88
Mel distans v aip. 154 a2
Meiosirs spp W7 114 ”m 8 b ] 56 645 60 158 €6
Fihizosolenis erensis w 64
Slephanodiscus spp 208 61
Synure uvelis 130 &4
Chrysochrom patve s 87 183 88 196 L B
Cryptomones 8/ose w8 60 a8 7
Ahadomonas ase 219 a8 P42 273 198 700 208 766 518
MAY
Ank {nlcatus v mil 28 W02 220 61 183 65
Micrastinium pusilium 126 54 167 78 a0 m 61
Attheys zachariasi 158 60 151 68 168 67
Frogliaria crolonensis 167 58
Malosirs ambig.e 22 65
Meioaita distans 220 98 122 §6 158 61 183 66
Synedie spp 139 60 208 81 801 174
Unid chrysophytes 122 L% ] 268 LR 220 78 FLA 2]
Chrysochrom parve 142 61 146 66 253 83
Cryplomonas erosn
Ahodomonas minute aas 170 350 187 K 1486 728 269 765 266
AUGUST
Cosmaiium ssphaerosporum v slri 118 60 8 69
Coccoid greens 20 137 178 163 281 168 g mno @7 107
Ahizosolenis enensis 10 67
Synedrs spp. 18 60 0 76 9 59 126 66 212 83
Unid chrysophytes 196 117 0 €5
Cryptomonss e1ose e 62 4] 64 10 7 202 61
Crypt phaseoius -] 60
Rhodomonas minuta 154 79 W 64 178 81
Anabaens spp w 54 (] 16
Anacy#tis incena 8s 61 118 61 201 £
Raphidiopsie curvata 686 178
NOVEMBER
Ank faloatus v mir 110 66 17T e 126 £8
Cotcold greens 126 A1
Soen quadricauda 81 64 168 T2 126 81
Cocoold greens 73 87 Y 68 126 17 176 71
Melosire ambigue 211 128 123 57 73 o
Erkenia spp. 134 94
Cryptomonas erose 73 87 102 71 80 54 158 13 224 81
Rhodomonas minute 176 17 183 28 268 163 M2 68 419 171
Gomph. iacustris (] 1
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Table 4., Biovolumes (mm?/m*) and percent composition of major taxa (>5%)
of phytoplankton collected at locations in | ake Norman, NC during
February, May, August and November 1990,

Locations
20 50 #s 10 %

Tﬁ mmmd % mmmd % mmum3 % 0 mm/m3 % mmm3 %
Melosire ambigus 1% 212 oW 178 W 274 1468 6654 685 46
Mel distans v alp £ 68
Melosire spp ™ 18 6 128 @2 o
Ahizosolenis eriensie 35 82
Synedie spp. a6 66
Mallomonas caudete 7 138 7] 47
Synure uvells 43 87 43 78 87 a9 138 83
Chrysoohrom. parve 1 8
Crypromonas e1oss % 61 12 785
Rhodomonas minute a8 60 av (3] 82 55
Anabasns spp. 3 56 45 67
Peridinium inconspicuum 4 64 6 125 % 147
Peridinium pusilium 87 128 1% 108

MAY
Attheys tachaias 266 28 28 N3 25 218 17 165

Fragilana crotonensis 126 162

Melosire ambigus 9 87 R 73 12 112
Melosire distans 86 60
Synedra spp - I 52 54 % 8 120 108 a6 W2
Mall pseudocoronata 7 74 87 60
Cryptomonas erose 44 §3
Rhodomonas minute 76 68 2 WO
Anabaens spp 90 67
Gienodinium gymnodinium a9 60 146 107 146 127
Per pusilium . 69 51
AUGLSY

Staur paradoxum 120 8a 100 133
Staut. manfeidti v fluminense 120 Ba a7 8o
Attheys zachariast 70 70
Synedra spp. 47 623 &2 83 67 66 112 87
Tabelleris fenesiats 53 63
Cryptomonae erosa 80 62
Ansbasns spp. 207 144 54 72 198 129 142 110
Glenodinium quadridens 145 100
Per. wisconsinense 133 82 134 133
Peridinium spp. 210 146 210 281 ™0 513 37? NS 453 361

NOVEMBER
Atthaye zachanasi 70 164 70 1686 64 61
Melosira ambigue 88 131 68 162 320 388 186 240 111 168
Rhiroscienia eriensis 27 64
Synedra spp. 2 81 4 64
Tabellaris tenestiata & ne 4 108
Cryptomonas eiose Pl 69 40 38 63 81 B8 143
Crypt refloxa M 51
Rhodomonas minuta K] 60 45 67
Ariabaena spp 7 63
Ceratium nirundinelia 1% 218 65 84
Peridinium spp 53 68
Phacus tortus 24 6§56






related to the ability of zooplankton to maintain their position in the water
column in response to the 1ight gradient (Mamme 1982). Zooplankton standing
crops in 1990 were generally highest in February and lowest in August. The

large population observed uplake in Februay was in contrast to 1989 where
highest densities were found in May (Figure 2). However, since the February
samples in 1990 were collected at the end of the month, this could be
considered an early spring sample which 1s generally the time of maximum
zooplankton standing crops (Hamme 1982). As in 1989, zooplankton standing
crops in the surface tows were, 1n general, greater uplake than downlake
(Figure 1).

looplankton densities during February, May, August, and November of 1990 were
generally within the range of those observed during these months of 1989 and
previous years (DPC 1988, 1989, and 1990). Zooplankton densities in the
mixing zone (Locations 2.0 and 5.0) in 1990 especially were quite similar to
those observed in 1989 (Figure 2). Densities further uplake appeared to be
higher in February anu May compared with 1989 (figure 2), especially at
Location 11.0 (10 m to surface) in February, which were over three times
higher than those observed in 1989 (188,400 ro./m* and $4.6 no./m’,
respectively). This high density, however, is similar to zooplankton standing
crops observed at Location 15.9 in February of 1989. In fact, overall the
range of zooplankton densities observed at all locations in 1990 (high of
188,400 no./m* at Location 11.0 in February and low of 15,600 no./m at
Location 2.0 in August) is very similar (o that observed in 1989 (high of
189,600 no./m* at Location 15.9 in February and low of 17,500 no./m* at
Location 11.0 in August).

Community Composition

Fifty-three zooplankton taxa have been identified in sampies collected since
the Lake Norman Maintenance Monitoring Program was initiated in August 1987

(Table 2). No new zooplankton taxa were identified in samples collected in

1990,

Rotifers generally dominated zooplankton assemblages at all locations during
1990, followed closely in importance by copepods, with cladocerans a distant

ha



third (Table 1; Figure 3). Rotifers dominated zooplankton populations of most
samples collected in February and August, whereas copepods dominated most
samples collected in May and November. C(ladocerans never comprised more than
25% of the total zooplankton density at any location in any month, and were
never dominant in 1990. The highest percent composition of rotifers was
recorded at Location 15.9 in August, where rotifers accounted for more than
B0% of the total densities in both 10 m to surface tows and bottom to surface
tows (Figure 2). Hamme (1982) also found that highest rotifer densities
generally occurred at uplake locations.

During February 1990, Keratella and Polyarthra were codominant in rotifer
populations at all locations with Collotheca also occassionally becoming
important. Asplanchna was the dominant rotifer taxon at all locations except
11.0 in May where Synchaeta was more abundant. Keratella and (ollotheca were
again important rotifers at all locations in May as in February. (onochilys
was the dominant rotifer at most locations in August in 1990 as in 1989, It
was especially abundant at Location 15.9 where it comprised about 70% of the
total zooplankton densities in both 10 m to surface and bottom to surface
tows. Asplanchna, Polyarthra, Kerateila, and Hexarthra were also important
rotifer taxa in August. In November 1990, Keratella and Polyarthra again were
codominant rotifers at most locations with Conochilus important at some
downlake locations. These taxa were also the most abundant rotifers observed
during 1989 and in previous years (DPC 1988, 1989 and 1990)(Hamme 1982).

As in 1989, copepou populations were dominated by immature forms (primarily
nauplii and cyclopoid copepodids with some calanoid copepodids) during all
sampling periods of 1990. With the exception of [ropocyclops spp. in the
bottom to surface tow at location 5.0 in August, no adult copepod comprised
more than 5% of the total zooplankton densities at any time. No distinct
spatial trend in copepod abundance was detected for samples collected in 1990.
Copepods appeared to be slightly more abundant overall in 1990 compared with
1989 (Figure 2)(DPC 1990).

Bosmina was the most abundant cladoceran observed in samples collected in
1990, just as it had also been in 1969 (DPC 1990) and in previous years (Hamme
1982) Bosmina was especially abundant in Fioruary, when it comprised more
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than 5% of the total density at all locations, including the high for the year
of 21.3% (40,128 no./m*) at Location 11.0. Bosminopsis was an important
constituent of cladoceran populations at Location 2.0 in August. Qaphnia spp.
comprised over 5% of the total density at Location 15.9 in November in both 10
m to surface and bottom to surface samples. Cladoceran densities appeared to
be slightly lower in 1990 than 1989 especially in August (Figure 2). No
distinct spatial trend in cladoceran abundance was observed in 1990,

SUMMARY

looplankton densities, in general, were slightly higher in 10 m to surface
samples than in bottom to surface samples in 1990 as in 1989. Total
zooplankton standing crops were generally highest in February and, except for
Location 15.9, lowest in August. Since the February sampling was done at the
end of the month, this could be considered early spring in Lake Norman,
Therefore, this seasonal trend was not unlike past studies where zooplankton
peaks were often observed in the spring. The overall range of zooplankton
densities observed during 1990 was similar to the range observed in 1989.

Rotifers dominated zooplankton standing crops throughout 1990, as they did in
1989, followed closely in importance by copepods. Rotifers were generally
dominant at most locations in February and August, and copepods w»re dominant
at most locations in November. Cladocerans were 1ever dominant in 1990,

Major rotifer taxa observed in '.s0 were Keratella, Polyarthra, and
Congchilus. Copepod pop..ations were Jominated by immature forms (nauplii and
cyclopoid copepo? us). As in 1989, Bosmina was the most abundant cladoceran
taxa obser.ed at all locations, with Bosminppsis abundant at Location 2.0 in
Aigast and Daphnia spp. at Location 15.9 .. November. A1l of the major genera
identified during 1990 were also listed as among the most abundant taxa in
1989 and during previous years. Copepod percent composition by month in 1990
was slighty higher than in 1989, while rotifers and cladocerans were lower.
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summer period.

FUTURE STUDIES

*Fish distribution and density in the MNS mixing zone in 1991 using
hydroacoustics and purse seine when water temperatures approximate
32, 35, 37, and 32°C to continue to evaluate the change in the
discharge temperature 1imit from 35 to 37.2° C.

*Plan a lakewide creel survey for December 1991 through November 1992 in
cooperation with NCWRC to collect striped bass distribution
information required for the NPDES permit.

*Continue striped bass mortality monitoring throughout the summer.
SUMMARY

The MNS warmwater discharge does affect the behavior of fish in lower
Lake Norman. Rotenone standing stock declined from pre-1984 levels of
approximately 140 kg/ha to 74 kg/ha after 1984, and 14 kg/ha in August
1991. This change in the standing stock near the MNS discharge
indicates that the fish are avoiding the warmer water in the summer.

May 1990 rotenone standing stock was similar to previous MNS operational
years, however, iit*oral fish populations probably selected cooler water
away from the MNS discharge in August, thereby, reducing the standing
stock in the cove further in August. The hydroacoustic data better
shows the movement of fish away from the heated water, when temperatures
exceed 31°C. Fish moved to areas in lower Lake Norman where
temperatures were below 31° C by moving away from the discharge area,
and moving deeper when summer heating of the surface water pushed
surface water temperatures above the 26 - 28° C preferred by threadfin
shad and other warmwater fish species (Welch and Wojtalik, 1968).

The voluntary angler creel is not providing sufficient information to
determine distribution of striped bass in Lake Norman as required by the
NPDES permit. A creel survey will need to be implemented in 1991 - 1992
to provide information about the distribution of striped bass throughout
the year. This creel survey will be a cooperative study with NCWRC,



will provide information about all species of game fish, will allow
comparison of harvest and fishing pressure during MNS operation to pre-
MNS operation in 1982, and will provide distribution of striped bass
using a larger angler population than is presently available with the
voluntary creel.
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Table 1. Standing stock (kg/ha) and density (no/ha) for cove 4.0 1,

May and August 1990.

August
Taxa kg/ha no/ha kg/ha no/ha
Dorosoma cepedianum 4.88 20 0.92 3
Dorosoma petenense 4.19 562 0.4¢ 430
Cyprinus carpio 14.21 10 0.84 1
Notemigonus crysoleucas 0.02 1 0.00 0
Notropis chloristius 0 0l 2 0.00 0
Notropis hudsonius 0.u0 1 0.00 0
Notropis niveus 0.37 1i3 0.27 221
Pimephales promelas 0.00 1 0.00 0
Carpiodes cyprinus 18.46 25 0.00 0
Ictalurus catus 2.05 10 0.01 4
Ictalurus punctatus 0.00 0 0.17 6
Plyodictis olivaris 8.73 1 0.12 1
Gambusia affinis 0.00 2 0.00 0
Morone chrysops 0.09 1 0.00 0
Lepomis auritus 3.2 306 2.54 260
Lepomis gibbosus 0.01 1 0.00 0
Lepomis gulosus 0.43 51 0.23 43
Lepomis macrochirus 4.09 610 7.80 1043
Lepomis microlophus 1.48 51 0.14 2
Lenomis hybrid 0.52 35 0.65 16
Micropterus salmoides 5.90 1902 0.23 23
Pomoxis nigromaculatus 2.16 13 0.00 0
Etheostoma olmstedi 0.00 1 0.00 0
Perca flavescens 0.%4 101 0,00 0
TOTAL 71.66 3820 14.34 2053
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Table 3. Fish caught with 600 ft X 40 ft X 1/4 inch mesh purse seine
in Lake Norman near McGuire Nuclear Station in 19%90.

DATE
SPECIES 6/13/90 6/14/90 6/18/90 8/23/90 10/1/90
Dorosoma cepedianun 3 1 2 0 0
Dorosoma petenense 13,489 4,013 17,233 3,210 5,264
Ictalurus furcatus 0 0 2 0 0
Ictalurus punctatus 1 3 1 0 0
Morone chrysops 3 0 3 0 0
Morone saxatilis 0 3 0 0 0
Pomoxis nigromaculatus 2 1 4 5 19

B2



Table 4. Number of striped bass caught by anglers participating in
the voluntary creel.

ZONE

1 2 3 4 5 6 8 9
Apr-89 1 3 7 13 25 l 0 0
May-89 0 0 3 2 5 0 1 0
Jun-89 0 0 8 0 o 1 0 1
Jul-89 0 2 1 0 0 | 0 0
Aug-89 0 0 0 0 0 3 0 0
Sep-89 0 0 0 0 0 3 0 0
Oct-89 0 0 0 0 0 0 0 0
Nov-89 0 0 0 0 27 0 0 2
Dec-89 7 0 21 29 31 0 0 0
Jan-90 3 5 0 18 0 0 0 1
Feb-90 0 0 0 10 10 0 0 0
Mar-90 0 0 3 8 8 0 0 0
Apr-90 0 1 3 12 6 0 0 0
May-90 0 0 0 0 1 0 0 0
Jun-90 0 0 0 0 0 0 0 0
Jul-90 0 0 3 0 0 4 0 0
Aug-90 0 0 0 0 0 1 0 0
Sep-90 0 0 0 0 0 0 0 0
Oct-90 0 0 9 0 3 0 0 0
Nov-90 0 0 8 0 34 0 0 0
Dec-90 0 0 0 0 19 0 0 0
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Figure 10 Depth distribution of fish near the MNS discharge (transect 4) and in an
area with ambient surface water temperatures {(transect 9) on 1 October 1990

9.00
11.00
TRANSECT 4

TRANSECT 9

Depth (m)

26.00

30.00



. M

Figure 11.
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