


INTRODUCTION

Lake Wylie, located in North and South Carolina, is the third largest of
eleven reservoits impounding the Catawba River by Duke Power Company.

This reservoir extends north 28 miles from the Wylie Dam up to the

Mountain Island Dam. At full pond elevation (569.4 feet above MSL) Lake
Wylie has a surface area of approximately 5000 ha, and contains a total
volume of approximately 3.46 x 108 m3 with a mean depth of approximately

7 meters {Industrial Bio-Test Laboratories 1974; USEPA 1975). Lake Wylie
has a drainage basin of 3020 square miles (Duke Power Company Data Manual
1980) with 630 squere miles drained by the South Fork Catawba River
('ndustrial Bio-Test Laboratories 1974). The lake receives 50% of its water
from the Catawba River via Mountain Island reservoir, 25% from the South
Fork River and 25% from local tributary input and runoff (Industrial Bio-Test
Laboratories 1974). Based on an average flow of 125 cms through Wylie Dam,

the average theoretical retention time >f the reservoir is 32 days (Industrial

Bio-Test Laboratories 1974).

The reservoir serves the Wylie Hydroelectric Station (60 megawatts) whi.h
has an average generating discharge of 116 cms. During operation, water
is withdrawn from a depth of 6 to 18 meters and discharged downstream.
The lake also serves as a cooling water source for Plant Allen Steam
Station, a 1155 megawatt fossil fired steam gererating station. Plant
Allen, located on the northern portion of Lake Wylie between the Catawba
River and the South Fork River, draws cooling water from the Catawba
River at a maximum rate of 38 cms. This water is used for once through

condenser cooling »nd discharged into the South Fork River.



In addition, Lake Wylie will supply makeup water at an average flow of
10 cms for the Catawba Nuclear Station (CNS). Catawba Nuclear Station
is located in York County, South Carolina, with the site being near the
center of a peninsula lying between Beaver Dam Creek on the north, Big
Allison Creek on the south, and the main body of Lake Wylie on the east
(Figure 1). The cooling water will be withdrawn from the main body of
the 1ake and will pass through a maximum of ten cycles of concentration
in mechanical draft cooling towers with the blowdown to be discharged

at a rat~ of 0.15 cms into the Allison Creek arm of Lake Wylie.

In August 1974, Duke Power Company, Environmental Services Section began

a sampling program on Lake Wylie. This program constitutes the interim
monitoring program for Catawba Nuclear Station. The interim study conforms
to the 1977-1979 interim program stated in the Catawba Nuclear Station
Environmental Report (CNSER Section 6.1.1.1.2 - Table 6.1.1-4). Data for

the period 1974 through 1980 have been reported by Duke Pcwer Company (1977a,
1978, 1979, 1980a). The data contained in this report cover the period

July 1980 through June 1981. The objectives of the interim study for

Catawba Nuclear Station are to:

(1) ' ocument any long-term trends in the temporal variability of

Lake Wylie water quality and,

(2) compare long-term trends in the water quality data immediately

above and below the CNS site.

MATERIALS AND METHODS
Sampling locations were monitored from July 1980 through June 1981 (Figure 1;
Table 1). The sampli’.g regime is listed in Table 2. A Hydrolab Model 6D



water quality surveyor was used for all in-situ measurements. Water samples
were collected with a diaphragm pump. The analytical methods for chemical
and physical constituents measured on Lake Wylie are listed in Table 3.

Quality assurance practices adhered to USEPA (1972).

Data Analysis

Daily precipitation totals at Douglas Municipal Airport, Charlotte, North
Carolina were plotted for July 1980 through June 1981 (National Oceanic and
Atmospheric Administratioi 1979-1980). Also, daily Lake Wylie forebay surface
eievations were plotted to indicate lake levels for the period. Mean daily
discharge at Wylie Hydroelectric Station and at Mountain Island Hydroelectric

Station were also plotted to indicate daily discharges (Figure 2).

The water quality data were subjected to desc-iptive statistics (means,
standard deviation, maximum and minimum values) as outlined in Barr et al.
(1976). Also, the data were subjected to Pearson's correlation analysis
(Helwig and Council 1970). Only results with p < 0.05 were considered
statistically significant. Standard d:viation is denoted by "s". For
statistical calculations, all analytical determinations recorded as less
than the detection limit were assumed to be equal to the detection limit
as listed in Table 3. Bicarbonate values were calculated from alkalinity
values using factors found in Hem (1970). Water samples were not analyzed

for iron during May 1981.

To summarize the large amount of data collected from July 1980 through
June 1981 the following locations were grouped into specific regions as
previously reported: Catawba River region (Locations 250.0 and 260.0),

South Fork Catawba River region (Locations 240.0 and 249.0), Catawba Nuclear






water from Plant Allen. Temperatures in the Catawba River region indicated
well mixed conditions. The maximum water temperature was measured in the
South Fork Catawba River region which is influenced by thermal discharge from
Plant Allen. The minimum temperature was measured during January at Location
249.0. Thermal stratification was apparent during the spring and summer.
Isothermal conditions were observed in the regions immediately above and below

CNS from November through March.

Dissolved oxygen (DO) concentrations generally reflected the relationship
between oxygen solubility and water temperature. Lowest DO concentrations
generally occurred from July through October resulting in anoxic or near
anoxic conditicns in the bottom waters. The maximum O concentration

was observed during January and February in the Catawba Nuclear Station

discharge region.

Due to below normal precipitation levels during the period ending June
1981, turbidity values were generally less than 15 NTU. Lake Wylie is a

soft water lake, exhibiting a hardness value of 15 mg-CaC03-l'].

Nutrient and mineral concentrations in Lake Wylie continued exhibiting trends
similar to those observed during previous studies. As reported previously,
the nutrient concentrations in the South Fork Catawba River were generally
higher than any of the other regions of the lake. Total phosphorus concen-
trations were greatest in the South Fork Catawba River region. Total phos-
phorus concentrations were generally lower in the rest of the lake with no

consistent uplake or downlake trends.

Analyses of cadmium, copper, and lead indicated concentrations and spatial

variability similar to previous years (Duke Power Company 1977, 1978, 1979,



1980). Heavy metal concentrations were highe in the South Fork Catawba

River region as previously reported.

Lake Wylie resembles other Piedmont reservoirs. The chemical and physical
constituents measured on Lake Wylie continued exhibiting trends similar
to those observed during previous studies. No significant changes were

observed from the previous year interim period.

RESULTS AND DISCUSSION

Physical Variables (Temperature, Dissolved Oxygen, Turbidity)

Lake Wylie temperatures ranged from 2.3°C during January (Location 242.0) to
38.2°C during July (Location 242.0). Maximum temperatures were observed during
the warmest months July (38.2°C) and August (36.4°C). The highest temperature
each month was measured in the South Fork Catawba River region due to thermal
discharges from Plant Allen Steam Station (Figure 3). Minimum temperatures
were recorded lakewide during January (2.3 C, Location 249.0) and February
(4.9°C, Location 215.0). With the exception of the low January temperature

at Location 249.0, the water temperature was always above 4°C. Thermal

stratification was apparent from May through August.

The South Fork Catawba River rejion was stratified each month as in past
studies (Industrial Bio-Test Laboratories 1974, Duke Power Company 1977a,
1978, 1979, 1980a). As a result of thermal discharge from Plant Allen, a
surface plume of heated water frequently extended upstream and downstream
(approximately 1.5 miles) from the point of discharge (Industrial Bio-Test
1974). As indicated by the consistently small difference between maximum 2nd
minimum water temperatures, the Catawba River region is a thermally weil-mixed

riverine system. Surface to bottom temperature values at CNS intake and



discharge exhibited little vertical difference from July 1980 through

June 1981 (Figure 5-6). The maximum difference in vertical temperature
values (5°C) was observed at CNS intake and discharge during July 1980 and
June 1981 (Figure 5-6). Previous studies reported temperature trends

similar to those observed during this period (Duke Power Compary 1977a, 1978,

1979, 1980a).

Following seasonal patterns typical of other Piedmont Carolina reservoirs
(Duke Power Company 1977b; Industirial Bio-lest Laboratories 1974), dissolved
oxygen (DO) concentrations in Lake Wylie ranged from 0.0 mg-l'] (July) to

13.5 mg-l'l (January). Highest concentrations occurred in January and
February and the lowest DO concentrations generally occurred from July through
October (Figures 3, 4, 6). Dissolved oxygen concentrations in the water
column began to decline in April with the bottom waters being less than 5.0
mg-1"" from July through September 1980 and June 1981 (Figures 3, 4, 6).
Surface DO concentrations were always above 5.0 mg.l']. These DO trends

were similar to those observed in previous reports (Duke Power Ccmpany 1977a,

1978, 1979, 1980a).

The mean DO concentrations in both the Catawba River and the South Fork
Catawba kiver regions were consistently higher during the warmest months
than the regions immedi.e.y above and below Catawba Nuclear Station
(Figures 3, 4). This was due to the more extensive oxygen depletion of
the bottom waters in the deeper downlake regions during the stratified
period. Mean monthiy DO concentrations were aearly identical among the
lncations in the downlake regions throughout the study. Depletion of
hypolimnetic oxygen occurred during the summer months (Figure 6), as

previously observed (Duke Power Company 1977a, 1978, 1979, 1980a).
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(range of 30 to 198 umho-cm'] during the period 1979-1980). No appreciable
variation was observed between the conductivities of the lake regions
immediately above and below CNS. Lake Wylie waters, exhibiting a hardness
value of 15 mg-CaC03»l'1. exemplified a soft water lake (Wetzel 1975).

Mineral Composition

No substantial mouthly or yearly variability was observed in mineral con-
centrations (Figure 8). Sodium and bicarbonate were the maj.r ions in
Lake Wylie. Calcium, chlcride, magnesium, silica, and potassium were also
abundant constituents in Lake Wylie (Figure 8). Minor mineral constit-

uents included aluminum, iron, ar« manganese (Figure 8).

Aquatic Nutrients (Nitrogen and Phosphorus)

The mean nitrate plus nitrite concentration was 0.21 mg-N.l'] (s = 0.14),
with concentrations ranying from less than 0.006 mg-N-l'] (July 1980) to
0.38 mg-N-1"1 (January 1981). The trends observed during the 1979-1980
study continued through the 1980 - 1981 period (Figure 9). Maximum con-
centrations of nitrate plus nitrite generally occurred in winter and spring.
The Tower nitrete plus nitrite concentrations occurred during July and were
indicative of low DO concen.ration and low oxidation-reduction potential

(=60 mv; July 1980) (Wetzel 1975) in Lake wylie bottom waters.

Upstream loading along the South Fork River (Industrial Bio-Test Laboratories
1974) resulted in higher nitrate plus nitrite concentrations in the South Fork
Catawba River region than any of the other three regions of the lake (Figure 2)
The lake regions immediately above and below CNS continued to display previous
observed seasonal patterns with slightly lower concentrations at the CNS
discharge region. Nitrate plus nitrite concentrations were similar to

those reported in previous studies (Figur- 9).



The mean ammonia concentration for the study was 0,22 mg-N-l'] (s = 1.2),
with concentratio.s ranging from less than 0.005 mg-N.l'] (January 1981)

to 12 mg-N-l'l (November 1980). Indicative of an upstream point source
loading, the highest ammonia value (12 mg-N-l") was observed in November at
the Catawba River region (Location 260.0) (Figure 10). Higher ammonia
concentrations were observed in the uplake regions during November and

January than observed in past years (Figure 10).

The temporal trends of total phosphorus and orthophosphate were similar,
Orthophosphate concentrations ranged from less than 0.005 mg-P-l'] (26%)

to 0.22 mg-P+1") -1

(x = 0.022 mg-P+1"", s = 0.03). Orthophosphate concentr:-
tions were higher in the deeper water regions immediately above and below
CNS during the fall and may have been due to the release of orthophosphate
froii the sediment during anoxic conditions (Golterman 1975). Orthophosphate
concentrations in the South Fork Catawba River region were considerably
higher than the concentrations in the Catawba River region. Orthophosphate
concentrations in the lower lake regions were intermediate between the

South Fork Catawba River and the Catawba River region. Previous studies
reported orthophonsphate trends similar to those observed during this period

(Duke Power Company 1977a, 1978, 1979, 1980a).

During the study period, total phosphorus concentrations ranged from 0.01]
to 0.50 mg-P.l'] (x = 0.050, s = 0.07). Total phosphorus concentrations
decreased with distance downstream from the South Fork Catawba River
region. As in previous years, highest levels of total phosphorus were
observed in the South Fork Catawba River region throughout the year with

the greatest concentration (0.50 mg-P~l']) measured during July (Figure 11).
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Table 1. Lake Wylie water quality monitoring locations and depths.

Sampling Location #

250.0
249.0
240.0

225.0
220.0

210.0

215.0

Total
Depth
Am)

3-4
11-12

14-15
i5

16-17

9-10

Description

Catawba River at Rt. 29-74 bridge, mid-
channel

Catawba River, 25 m from Allen Steam Station
intake screen

South Fork Catawba River at Upper Armstrong
Bridge, mid-channel

South Fork Catawba River at Lower Armstrong
Bridge, mid-channel

Lake Wylie at Route 49 Bridge, mid-channel

Lake Wylie near mouth of embayment near
proposed intake to CNS, mid-channel

Lake Wylie near mouth of Big Allison Creek
and Catawba River, due east of Goat Island,
mid-channel

Big Allison Creek, near bridge over proposed
discharge for CNS, mid-channel
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Figure 4. Montkly variations of mean temperature and dissolved oxygen for the CNS

Intake and the CNS Discharge regions of Lake Wylie, 1976-1981.
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Figure 6. Dissolved Oxygen (mg/1) isopleths at the CNS Intake (Location 220.0) and the CNS Discharga
(Location 215.0), July 1980 through June 1981.
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