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Metr ic-English Conversion and Units of Measure

Length

1 micron (m) = 4 .0 x 10.5 inch
1 millimeter (mm) = 1000 m = 0.04 ineh
1 centimeter (em) = 10 mm = 0.4 inch
1 meter (m) = 100 em = 3.28 feet
1 kilometer (km) = 1000 m = 0 .62 mile

Area

1 square meter (m') = 10.76 square feet
1 hectare (ha) = 10,000 m2 = 2.47 acres

\Veight

1 microgram (g) = 10-3 mg or
10-6 g = 3. 5 X 10-8 ounce

1 milligram (mg) = 3.5 x 10-5 ounce
1 gram (g) = 1000 mg = 0 .035 ounc e
1 kilogram (kg) = 1000 g = 2.2 pounds
1 metric ton = 1000 kg = 1.1 tons
1 kg/hectare = 0. 89 pound/acre

Volu me

1 milliliter (ml) = 0. 034 fluid ounce
1 liter = 1000 ml = 0 .26 gallon
1 cub ic meter = 35 .3 cubic feet

Temperature

Degrees Celsius (OC) = 5/9 (OF-32)

Specific Conductance

M icrosiernens/centimeter = p.S/cm =
p.mhos/cm

Tur bidity

NTU = Nephelometric Turbidity Unit

SO;-

Chloride

Sulfate

Water Chemistry Abbreviations

TOC - Total organic carbon

TS - Total solids

Cu - Toral copper

Hg - To tal mercury

Ca2~ - Total calcium

Mg2~ - Total magnesium

Total sodium

TDS - To tal dissol ved solids

T55 - Total suspended so lids

Al - Total alumi num

Ni - To tal nickel

Pb - Total lead

Se - Total selenium

TN Total nitrogen As - Total arsenic Zn - To tal zinc

NH3-N - Ammonia nitrogen

TP To tal phosphorus
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Cd - Total cadmium

Cr - Total chromium
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Executive Summary

Harr is Lake was constructed by Carolina Power & Light Company to supply cooli ng

rower makeup and auxiliary reservoir makeup water to the Harris Nuclear Power Plant. Prior

to commercial operation of the Harris Plant in May 1987, the reservoir was moderately

productive. However, the reservoir became more biologically productive when the Harris Plant

began discharging , under the auspices of the plant' s Nationa l Pollutant Discharge Elimination

System permit, primarily cooling rower blowdown along with low volume waste discharges into

the reservoir near the main dam .

The aquatic monitoring program conducted in 1992 continued to support the

Environmental Protection Plan for the Harris Plant and prov ided an assessment of the effects of

plant operation on the various components of the aquatic environment. Water quality

assessments in 1992 determined that nutrient concentrat ions, as measured by total phosphorus

and total nitrogen , seemed to have stabilized but at a level greater than the concentrations

observed when the reservoir was first created and prior to power plant operations . Algal

blooms, although not uncommon in piedmont reservoirs , now occur at least several times each

year . However, the blooms have not been of the undesirable, noxious blue-green algal types

and have not re ulted in any fish kills.

The major ions increased in 1992 as compared with their concentrations in previous

years. Such increases reflected the prolonged retention rime of water in the reservoir and the

infrequent discharge of water over the spillway. Seventy-eight percen t of the 300 metal and

metalloid samples analyzed in 1992 were less than their respective laboratory reporting limit

concentrations.

Biofouling by introduced nonnative organis ms--the Asiatic clam and the aquatic plant

hydrilla --did not affect Harris Plant operations . "The distributions of both species continued to

expand throughout much of the shallow-water zone. No , iatic clams were collected in sample

taken from the auxil iary intake canal, the intake structures, or the fire protection system. No

zebra mussels were found in the main or the auxiliary reservoirs .

During 1992 the fishery was dominated by largemouth bass and several species of

sunfish. An increasing proportion of the largemouth bass fishery was repre .ented by quality

length fish which presented the recreational fisherman and bass tournament participants with

excellent sportfishing opporruni ties .

v i i Caro l ina Power & Light Com pany
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HARRIS NUCLEAR POWER PLANT

1992 ANNUAL ENVIRONMENTAL MONITORING REPORT

Reservoir Description

The main body of Harris Lake has a surface area of 1680 ha; the auxiliary reservoir has

a surface area of 130 ha (Appendix 1). The main reservoir has a max imum depth of 18 m, a

mean depth of 5.29 m, a volume of 8.88 x 107 nr', a full -pool elevation of 67 .1 m (220 ft)

National Geodetic Vertical Da tum (formerly called mean sea level by the U.S, Geological

Survey), and an average residenc e tim e of 28 months. The rese rvoir began fi lling in

December 1980, and full -pool elevation was reached in February 1983. The 64.S-km shoreline

is mostly wooded, and the 183.89-km2 drainage area is mo stly rolling hills with land used

primarily for forestry and agriculture.

Historical Overview

Harri s Lake was constructed to supply cool ing tower makeup an d auxi liary reservoir

makeup water to the 900-MW, sing le-u nit Harris Nuclear Power Plant which began commercial

operation in May 1987. In 1986 the botto m waters of the reservoir began rece iving NPDES

permitted wastewater discharges near the main dam. In 1987 rnacronutrients (as estimated by

total phosphorus and total nit rogen concentrations) and ions (as estimat ed by total chloride and

total sulfate concentrations) increased above the previous yea rs ' concentrations in the rese rvoir,

particularly at the monitoring station closest to th e: dam (CP&L 1990a). Concomitantly, an

increase in alga! biomass (as estimate d by chl orophyll a concentrations) was also observed

throughout muc h of the rese rvoir. In May 1989 an algal bloo m was observed throughout the

reservoir for the first time, and chlorophyll a concentrations were measured above the North

Carolina water quality standard (40 ug/liter) at each of the four monitoring

stat ions. In 1990 ch lorophyll a concen trations approached or exceeded the wa ter qua lity

standard on three separate occasions and in 199 1 on two separate occasions.

The increased nutrien t loadings fro m all point and nonpoint sources accelerated the

primary producti vity of Harris Lake from low/m oderate productivity to mod era te/high

productivi ty within the period 1986-1989. The nutrient and chlorophyll a concentrations between

Environmental Serv ices Section 1
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1989 and 1991 have remained stable but were at greater concentrations than what they were when

the reservoir was first created and prior to operation of the plant.

The shift in productivity has also resulted in a greater volume of the hypolimnion being

oxygen-depleted during the summer months, diurnal fluctuations in the dissolved oxygen

concentration in the shallow-water zone during the summer months, and reduced water clarity.

In June 1991 a die-off of freshwater mussel s occurred, primarily in the Buckhorn Creek and

White Oak Creek arms, This die-off was the first reported incident of this type in Harris Lake,

and low dissolved oxygen concentrations in the shallow-water zone may have caused the die-off.

Another significant change to the reservoir' s benthic invertebrate community since

impoundment was the colonization of the reservoir by the Asiatic clam Corbicula fluminea during

1988-1989. This nonnative organism has the po cntial to block power plant pipes and tubes in

raw water systems. Until 1990 no clams had been collected from the intake structures or the

auxil iary reservoir. In 1990 one individual was collected in the main intake canal. .Although

densities remained at low levels dur ing 1991 and the reservoirwide moni toring program has not

shown a rapid population increase, the presence of shells along the shoreline in many areas has

indicated that the clam has continued to spread throughout the reservoir. No incidences of

biofouling within the Harris Plant have occurred from the clams and operations have not been

affected.

The fishery has been dominated by the sport fishes bluegill, pumpkinseed, largemouth

bass, redear sunfish, black crappie, and by gizzard shad. Monitoring of fish populations through

1987 and a study of largemouth bass age and growth in 1985 documented slow growth rates for

this species. However, during 1988 and 1989, the size distributions shifted towards larger-size

bass. This shift was probably the result of the increased primary productivity, the availability of

suitable-size forage fish due to the introduct ion of threadfin shad by the 1 orth Carolina Wildlife

Resources Commission (NCWRC) in 1987, and an increased abundance of suitable-size gizzard

shad. This shift towards intermediate- to large-size largemouth bass has presented anglers the

opportunity for greater fishing success. No detrimental impacts on the fish community from plant

operations have been observed since the Harris Plant became operational.

The aquatic plant hydri lla Hydrilla verticillata was initially found in 1988 growing in the

White Oak Creek arm of the reservoir. Within a two-year period, this nonnati ve rnacrophyte had

displaced the native species and had become the dominant littoral plant species. Since 1990

2 Carolina Power & light Company
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creeping water primrose Ludwigia uruguayensis has also increased its littoral zone coverage in

the main reservoir. The auxiliary reservoir, however, has remained relatively free of aquatic

vegetation since its impoundment. Despite these shifts in the structure of the aquatic macrophyte

community, the community has not impacted Harris Plant operations.

Objectives

The primary' object ive of the nonradiological environmental monitoring program for 1992

was to continue to support the Environmental Protection Plan for the Harr is Nuclear Power Plant.

Secondary objectives were to provide an assessment of the effects of plant operations on the

various components of the aquatic environment in Harris Lake, to document any natural changes

or changes induced by sources other than the power plant, and to assess the impact of any

introduced nonnative species. These objectives have also been addressed in previous reports (e.g.,

CP&L 1990a, 1990b, and 1991, 1992).

The 1992 environmental program included monitoring the limnology (water quali ty and

chemistry and phytoplankton [algae]); Asiatic clanl, zebra mussel , and fish populations ; and the

distribution of aquatic vegetation (Appendices 2 and 3). Sampli ng methods in 1992 were similar

to those used in previous years (Appendix 4), except the elcctrofishing sampling was conducted

biannually (May and November) rather than quarterly . Supporting data summaries, statistical

analyses (Appendix 5), and key environmental indicators were used to describe and interpret the

environmental quality of the reservoir. These indicators were included when a significant change

or abnorma l event occurred, an important trend was observed, or the potential for any of these

was present. Other data were included as key indicators when there was environmental, public,

or regulatory interest.

The accuracy and precision of laboratory analyses of water chemistry data were

determ ined with analyti cal standards, spikes, and replicates (Appendix 6). In this report where

concentrations were less than the laboratory reporting limit, the concentra tions were assumed to

be at one-half the reporting limit for the calculation of the mean.

Environmental Services Section 3
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Key I nd icators of Environmental Quality During 1992

Limnology

(Appendices 7-18)

Reservoir Elevations

Reservoir water surface elevations ranged from 218 to 221 ft (66.5-67.4 m) in 1992

(Appendix 7). Water spillage occurred from mid-June to mid-July and fro m early November

to the end of the year. There was no spillage from the reservoir between early July 1991

until mid-June 1992--a period of approximately 350 days.

Tcmperature

Harris Lake is a warm-water, monomictic reservoir. [A monomictic reservoir is defined as

a reservoir whose water temperature is not less than 4°C and whose waters circulate freely

in the winter but thermally stratify during the summer.] During 1992 surface water minimum

temperatures ranged from 7.2° to 9.2°C and maximum temperatures ranged from 29.6° to

31.6°C (Appendix 8). The waters at the deeper stations (E2, H2, and P2) were stratified from

April (except Station P2) through September and were freely circulating from January through

March (except Station H2) and October through December (Appendix 9).

Specific Conductance

Specific conductance (an estimate of the concentration of the dissolved ions) ranged from

51 to 198 ~l S/cm throughout the water column during 1992 (Appendix 8). Specific

conductance increased with depth during the summer months as the reservoir became

thermally stratified. When the bottom waters became increasingly devoid of oxygen during

stratification, cond itions were favorable for chemical reduction to occur and subsequent

dissolution of ions.

Dissolved Oxv2en

A clinograde oxygen curve was observed for all stations from May through September and

during November (Appendices 8 and 10). [A clinograde oxygen curve is defined as an abrupt

depletion and undersaturation of ox..rygen with a concomitant increase in depth.] As water

4 Carolina Power & Ught Company
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temperature increased and a well-defined thermocline developed during the summer, dissolved

oxygen concentrations in the hypol imnion (bottom waters) typ icall y decreased to anoxic

(where dissolved oxygen conce ntrations were < 1 mgfliter) condi tions (Appendices 8 and 10).

The depressed percent oxygen saturation levels observed in January 199 1 (CP&L 1992) we re

not repeated in 1992. Surface water percent saturation levels remained above 65% in 1992

(CP&L unpublished data), except for slightly lower levels during the fall tum over in October

when oxygen-depicted bottom wate rs circulated to the surface.

Solids. Turbidity, and Water Clar itv

During 1992 there was no consistent spatial trend among the surface waters for all indicators

and measurements of the opti cal clarity of the wate r-vsolids (to tal, total dissolved, and total

suspended), turbidity, and Secchi disk transparency depth data (Appendices 11- 13). However,

the annual mean turbidity value at Station S2 (the upper reservoir station) was significantly

greater than the values from the mid dle and lower reservoir stations (Stations E2, H2, and P2)

(Appendix 13). Conversely, the mean ecchi disk transparency depth value at 'tation S_ was

signi ficantl y less than at the other stations. Thi s relationship was expected due to the

tributary inflaw and subsequent sediment transport fro m White Oak Creek and the negative

rela tions hip bet vecn two variables.

The re were no sign ificant spatial trends for soli ds, turbidity, and Secchi disk transparency

depth data during the period 1987- 1992 (Appe ndix 14). Secchi disk transparency depth data

was not inversely related to the temporal trend of decreasing annual mean tur bidity values

from 1987 to 1992, except for the peak turbidity mean in 1989 which correspon ded to a peak

chlorophyll a mea n (Appendix 15). There were no significant temporal differences among

the solids data for the period 1987-1991.

Algal Biomass

Rcservoirwide mean chlorophyll a concentrations (an algal pigment that is used as an

appro ximate measure of algal biomass) during 1992 ranged from 3.8 to 44.4 ug/liter

(Appendices II and 13). There were no significant spatial differences in mean chlorophyll a

concentrations during 1992 or from 1987 to 1992 (Appendices 13 and 14). The annual mean

Environmental Serv ic es Sec t ion 5
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chlorophyll a concentration for 1992 was not significantly different than the annual means

for the period 1987-1991 , except for 1989 which had the greatest mean value for this period

(Appendix IS).

The mean chlorophyll a concentrations for January 1992 at Station H2 (40.2 ug/liter) and for

August 1992 at Station E2 (44.4 ug/liter) were greater than the North Caro lina water quality

standard of 40 ug/l iter (Appendices I I and 16) which indicated the occurrences of algal

blooms as defined by the NCDE M (1992) . Occasional chlorophyll a concen trations greater

than the water quality standard are not an uncommon occurrence in piedmont reservoirs and

have occurred periodically in Harris Lake since 1989.

When the mean chlorophyll a concentration at Station H2 was elevated in January, the total

algal density was in the lower end (9969 units/ml) of the range of condit ions defined as an

algal bloom (i.e., total density ~ l 0,000 units/ml ). The diatom Melosira dis/am and the

flagellated cryp tophyte Chroomonas minuta consti tuted approximately 45% of the total algal

density. Chroomonas minuta was the taxon in greatest abundance (26% of the total density)

during the bloom in August at Station E2. However, the total algal density for this month

(SI lO units/ml) was only in the moderate range (5-10,000 units/rnl ).

Nutrients

There were no clear spatial differen ces in mean total phosphorus concentrations during 1992

(Appendix 13). Mean concentrations remained appro ximatel y 1.5- 1.8 times greate r at

Station E2 than at either Station H2 or P2 during the 1987- 1992 period (Appendix 14). The

annual mean concentration for 1992 was not significantly different from the mean for 1991

and was signific antly less than the mean for 1990 (Appendix 15). The annual mean

concentrations in Harris Lake seemed to have stabilized at a level greater than the

concentrations observed prior to the opera tion of the plant.

During 1992 mean total nitrogen concen trations iri the surface waters at Station E2 were

greater than the concentrations at all other stations (Appendix 13). This pattern , however,

was not evident from the long-term analyses during the period 1987-1992 (Appendix 14).

6 Carolina Power & Li ght Company
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The annual mean concentration for 1992 was significantly less than the concentrations in 1990

and 1991 and returned to the lower levels that were observed during 1987- I 989

(Appendix 15).

Ions

Annual mean calcium concentrations in 1992 were significantly grea ter than the mean

concentrations measured since 1989 but were within the range (3.3-3.8 mg/li ter) of means for

the 1987-1989 period (Appendix 15).

Annual mean concentrations of magnesi um, sodium, chloride, and sulfate in 1992 were

significantly greater than mean concentrations of these ions measured for the 1987- 199 1

period and continued a general increasing trend each year (Appendix 15). This trend may be

reflec tive of the increased retention time of the water in the reservoir and the infrequent

discharge over the spillway during the 1990- 1992 period (Appendix 7).

There were no clear spatial trends in the sodium concentrations during 1992 (Appendix l J) .

However, concentrations were significan tly greater at Station E2 compared to the

concentrations at either Stat ion H2 or P2 during the period 1987-1992 (Appendix 14).

Trace I'vlcta ls and Metalloids

Excluding mercury and copper, all metal and metalloid concentrations meas ured in 1992 were

less than the respective North Caro lina water quali ty standard or action level (Ap pendices 12

and 17).

All mercury concentrations, except the sample collected from the bottom waters at Station E2

during November (0.11 ug/liter) and from the surface waters at Station E2 during March

(0.05 ug/li ter), were below the laboratory detection level of 0.05 ug/liter (Appendices 11 and

17). The North Carolina wate r quality standard for mercury is 0.012 ug/liter.

All copper concentrations during 1992 were less than the North Carolina action level

(7 ug/liter), except during January when the concent ration in bottom water s at Station E2 was

7.5 ug/liter (Appendices 12 and 17). The 1992 annual mean concentration was simi lar to the

Environmental Services Section 7
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values calculated for 1989 and 1991 and was less than the annual mean concentrations

observed for the years 1987-1988 and 1990 (Appendix 15). There were no significant spatial

differences during the period 1987-1992 (Appendix 14).

The annual mean aluminum concentration measured at Station S2 during 1992 was

significantly greater than at all other stations (Appendix 17). Elevated values during January

(610 ug/liter) and March (1200 ug/liter) contributed to the elevated mean for this station

(Appendix 12). There were no significant spatial differences in the concentrations in the

surface waters for the period 1987-1992 and there was not a clear temporal trend during this

period (Appendices 14 and 15).

Chemical Constituents from the Bottom Waters at Station E2

There were no signific ant differences in measured chemical concentrations between the

surface and bottom waters at Station E2 during 1992 (Appendix 13). Sign ificant differences

were unlikely due to the expected variability in the concentrations in the bottom waters

between periods of stratification and of uniform mixing in the water column. Concentrations

of most chemical constituents (i .e., total alkali nity, hardness, the solids, total phosphorus, total

nitrogen, ammoni a, total organic carbon, total calcium, and total magnesium) increased during

stratification to a maximum concentration by September because of the movement of

chemicals across the sediment-water interface under the reducing anoxic conditions found in

the bottom waters during that time (Appendix 12). Sulfate concentrations decreased during

the stratification period because the sulfate was reduced to hydrogen sulfide.

There were no significant differences among years (1987- 1992) for solids (total, dissolved,

and suspended solids), turbidity, nutrients (total nitrogen, nitrate + nitrite-N, amrnonia-N, and

total phosphorus), and total organic carbon in the bottom water at Station £2 (Appendix 18).

There were significant increases in the concentrations of the major ions-vsuch as magnesium,

sodium , chloride, and sulfate-In the bottom waters of Harris Lake at Station E2 during the

period 1987- 1992 (Appendix 18). There was no clear trend for total alkalinity and hardness

concentrations for the period 1987- 1992.
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Aluminum and copper concentrations for 1992 in the bottom waters at Station E2 remain ed

relat ively unchanged for the period 1987-1992 (Appendix 18).

Benthic Invertebra tes

f reshwater Mussels

There was no die-off of fresh water mussels in 1992 as there was in June 199] in Harris Lake.

Asiatic Clam Surveys

No Asiatic clams Corbicula flum inea were coll ected in either of the two intake canals during

Apri l 1992; however, during October one specimen was co llected near the intake structure

at Station Ml (Appendix I). The est ima ted density at this location decreased from

43 clams/m? in 1991 to 14 clams/rrr' in 1992. No Asiatic clams were co llected in the

aux iliary reservoir intake canal, in the intake structures, or in the fire protection system dur ing

1992.

Asi atic clam shells were qua litatively observed at many locations along the shorel ine which

indicated that the species has continued to spread throughout the reservoir.

Zebra Mussel Survevs

Zebra mussels Dreissena polymorpha, potentiall y serious biofouling organisms to power plant

operations, were not found during special moni toring act ivi ties. Although the species has not

yet been reported fro m No rth Carolina, it has the potenti al to coloni ze the state during the

nex t few years.

Fisheries

(A ppendices 19-35)

Fish Community Stru cture

The species composition during 1992 (i.e., 17 species rep resenting 7 famil ies) was similar to

that observed in previous years (Appendix 19), and, as in previou s years, the fish community

and sport fi shery were dominated by bluegill, largemouth bass, redear sunfi sh, gizzard shad,

and pumpkinseed (Appendices 20 and 2 1). Co nstruction of beaver lodges at some stations

Env ironmental Serv ices Sectio n 9
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provided increased cover which concentrated fish and made them more susceptible to

electrofishing. There were, however, no significant spatial differences in the mean catch rate

for any of these dom inant species during 1992 (Appendix 20).

Although no channel catfish were collected and the mean catc h rate for black crappie was 10\v

during 1992 (Appendix 20), conversations with anglers indicated that these species were being

caught in sufficient numbers to also be considered an important part of the sport fishery.

The mean catch rate of total fish using electrofishing sampl ing has not changed significantly

during the past ten years, except during 1989 when the catch rate was significantl y greater

at a rate of 309 fish/hour (Appendices 21 and 22) . The mean catch rate of total fish during

the period 1983-1992 was sign ificantly greater at Area V than at all other areas

(Appendix 22).

The mean catch rates for bluegill have not changed signifi cantly since 1988 (Appendices 2 1

and 22) . During the past ten years, the mean catch rate at Area V was significantly grea ter

than at all othe r areas (Appendix 22). The quality of the bluegill fishery was evaluated with

a length-frequency index based on the concept of total lengths as a percentage of world record

lengths (Gabelhouse 1984). The catch rates of stock- and quality-length fish have generally

increased since 1985, while the catch rate of preferred-length fish has generally been constant

at approximately 1-3 fishlhr since 1986 (Appendix 23) .

The mean catch rates for redear sunfish during 1990-1992 were significantly greater than the

catch rates during all the other years (Appendices 21 and 22). There were no significant

spatial differences in the mean catch rates for the period 1983- 1992. The quality of the

redear sunfish fishery was similarly evaluated with the length-frequency index based on world

record lengths. The catch rates of stock- and quali ty-length fish have generally shown a

steady increase since 1983 and the greatest rates were measured during 1992 (Appendix 24) .

The catch rate for preferred-length fish has fluctuated between 1-6 fishlhr since 1984, while

the catch rate for memorable-length fish peaked in 1990 (Appendix 24) .

Caro l ina Power & Light Company



Harris Nuc lear Power Plant 1992 Environmental Monitoring Report

The mean catch rate for pumpkinseed during 1992 was significantly less than the catch rate

in 1989 (Appendices 2 1 and 22). There were no significant spatial differences in the mean

catch rates for the period 1983-1992.

The mean catch rate of black crappie during 1992 was significantly lower than the catch rate

in 1989 but not significantly different from any other year (Appendices 21 and 22). Black

crappie were collected at significantly higher rates at Areas S and V than the other three areas

during the same time period (Appendix 22). A study conducted by the North Carol ina

Wildlife Resources Commission (NCWRC) during 1992 concluded that the black crappie

population in Harris Lake experi enced "good" growth rates and size structure among the

various age classes of fish (Mr. Wayne Jones, NC\v'RC, pers. comm.).

As in 1991, greater numbers of intermediate- to large-size sport fishes were collected by

electrofishing sampling during 1992 than in previous years based upon a comparison of the

length-frequency distributions (Appendices 25-28). The length-frequency histograms for

redear sunfish indica ted adequate recruitment and size distributions dur ing 1992

(Appendix 26). Recruitment for bluegill, pumpkinseed, and black crappie was as low or

lower than observed in previous years as indicated by few fish < 60 rnrn (Appendices 26-28).

The length-frequency histograms for gizzard shad and brown bullhead in 1992 indicated a

greater proportion of larger fish was collected than what would have been expected

(Appendices 29 and 30) . This may have occurred because electrofishing sampl ing can be

biased against the collection of small (i.e.. < 65 mm) fish (Reynolds 1983). The small

individuals of these two species are usually found in dense vegetation (brown bullhead) or

in open deep water (gizzard shad)--arcas not usually sampled efficiently \vi th the boat

electro fisher.

Largemouth Bass Population Structure

The mean catch rate of largemouth bass during 1992 was not significantly different from

catch rates during 1985- 1988 and 1991 but was signi ficant ly less than the catch rates during

the years 1983-1984 and 1989 (Appendices 21 and 22). The mean catch rate at Area S was

signi ficantly less than the catch rates at all other areas dur ing the period 1983- 1992

Environmenta l Serv ic es Section 11
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(Appendix 22). A study conducted by the NCWRC during 1992 concluded that the catch

rate at Harris Lake (3.9 fishll00 m of shoreline) was slightly greate r than the catch rates for

Falls of the Neuse Reservoir and Lake Gaston (2.4 and 1.5 fishl100 m of shoreline,

respectively) (Mr. Wayne Jones, NCWRC, pel's. cornrn.).

The length -frequency histogram indica ted adequate recruitment and size distribution during

1992 (Appendix 31).

The quality of the largemouth bass fishery was evaluated with the length-frequency index

based on world record lengths as prev iously applied to the bluegill and redear sunfish fishery.

The catch rate of stock-length fish has generally decreased since 1984 to a level of

approximately 5-8 fishlhr (Appendix 32). Quali ty-length fish peaked in 1988 at a rate of

9 fishlhr and have gradually increased dur ing the past two years as have preferred-length fish.

Prior to 1991, no memorable-length fish had been collected in Harris Lake during the May

and Novem ber electrofishing sampling. In 1992 the memorable-length fish catch rate was

approximately I fish/hr.

The quality of the largemouth bass fishery was further assessed with two correlated indicies-

Proportional stock Densi ty (PSD) and Relative Stock Density (RSD). The PSD is a measure

of the proportion of quality-size fish (fish z 300 mm) in the population (all fi sh collected

?: 200 mm), and the RSD is the propor tion of fish of any designated size group in a

population (Anderson and Gutreuter 1983). For example, an RSD-380 (i.e., preferred-length)

is the proportion of the population that was ~ 380 mm.

The PSD of largemouth bass in 1992 continued to be in the optimal range (Appendix 33).

indicating that the population contained many quality-length fish and was balanced for a

moderate dens ity objective (Gabelhouse 1984). A moderate density objective is defined as

where largemouth bass are one of several species of equal importance in a balanced

community (Gabelhouse 1984). This was opposite the situation which occurred durin g the

period 1983- 1987, when the PSD was below the optimal level indicating that the population

contained few quali ty-size fish.
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The RSD-380 of largemouth bass also showed continued improvement during 1992

(Appendix 33). The RSD-380 since 1989 has also remained in the optimal range for a

moderate density objective (Gabelhouse 1984). This proportion of the total population was

the greatest since impoundment, further supporting the observations that the largemouth bass

sport fishery has continued to improve.

During March 1992, 126 anglers participated in a largemouth bass tournament held at Harris

Lake. The tournament rules allowed each team to "weigh-in" ten fish. Two of the fish were

allowed to be between 12 and 14 inches (305-356 mm) and the eight other fish were required

to be ~ 14 inches. Two hundred sixteen fish were "weighed-in" during the tournament. This

resulted in the greatest tournament weigh-in catch rate, 0.20 fish/angler-hour, since 1987

(Appendix 34). [Note: "tournament weigh-in catch rate" is not synonymous with the term

"catch rate" used elsewhere in this report. This term is used by CP&L fishery biologists to

conveniently measure the relative success of largemouth bass toumaments.]

The length-frequency distribution of "weighed-in" fish during the tournament indicated that

a greater number of fish 2: 356 mm were caught in 1992 as compared with the distributions

in either! 987 or 1990 (Appendix 35). The 1992 length-frequency distribution was similar

to that from the 199 I tournament.

Aquatic Vegetation

(Appendix 36)

During 1992, hydrilla Hydr illa verticillata continued to be the dominant species of aquatic

vegetation in Harris Lake. This nonnative, submersed plant grew in homogeneous stands

throughout the littoral zone « 3 m deep) of the reservoir except for the Buckhorn Creek arm

(Appendix 36). A previously observed small patch in that arm was not present in 1992.

Also, the amount of hydrilla in a cove near the dam greatly decreased in surface area from

that of 1991. The areal coverage of hydrilla in Harris Lake in 1992 was approximately

430 ha, an increase of only 5 ha since 1991. This species had no impact to the Harris Plant's

operation.
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Only one species of submersed vegetation, naiad Najas minor, was observed growing in the

auxi liary reservoir. This occurred in the shallow areas of the headwaters near U.S.

Highway 1. One small patch of water shield Brasenia schreberi occ urred near the auxiliary

reservoir dam.

Emergent vegeta tion grew along the shoreline of both the main and the auxiliary reservoirs.

The dominant species were cat-tail Typha latifolia, rush Juncus effusus, bulrush Scirpus

cyperinus, and the emergent form of creeping water primrose Ludwigia uruguayensis (which

did not occur at the auxili ary reservoir). The littoral zon e of the Buckhorn Creek arm

supported three submersed native species; spike-rush Eleocharis baldwinii , naiad, and musk

grass Chara sp. Coverage varied from sparse to dense and most vegetation occurred in

protected coves.

Floating-leaf vegetation thro ughout Harr is Lake was dominated by creep ing water primrose

and lotus Nelumbo lutea. Creeping water primrose grew along the shorel ine of all major arms

of the lake. primari ly in the coves. Lotus was restricted to several stands in the headwater

area of the White Oak Creek arm . Water shield and water-lily Nymphaea odorata also grew

in small to moderate areas throughout the reservoir's littoral zone.

Co nclusions

The primary objective ofthe 1992 nonradiological environmental monitoring program was

to continue to support the Environmental Protection Plan for the Harris Nuclear Power Plant.

Seco ndary objectives were to provide an assessment of the effects of plant operations on the

various components of the aquatic environment, to document any natural changes or changes

induced by sources other than the power plant, and to assess the impact of any introduced

normative species .

The environme ntal monitoring programs that were conducted prior to commercial

operation of the Harris Plant determined that Harris Lake was in many ways a typical

southeastern, moderately prod uctive reservoir. However, after the Harri s Plant began discharging

cooling tower blowdown and other NPDES-permitted wastewater discharges into the reservoir.

the reservoir became more biologically productive. Environmental charact er istics of a typical
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southeastern, biologically productive reservoir include the presence of oxygen-deficient subsurface

waters, elevated nutrient and algal concentrations, reduced water clarity, an abundance of rooted

shallow- water aquatic plants, and a productive spo rt fishery-vall characteristics of Harris Lake.

Water quality assessments determined that nutrients, as measured by to tal pho sphorus and

total nitrogen, did not increase du ring 1992 and seemed to have stabilized but at a level greater

than the concentrat ions observed prior to the operation of the Harris Plant. Algal blooms,

although not uncommon in piedmont reservoirs, now occur several times per year in Har ris Lake.

The blooms, however, have not been composed of the noxi ous blue-green algal types and have

not resulted in any fish kills.

The major ions (i.e. , calcium, magnesium, sodium, chloride, and sulfate) continued to

increase in 1992 as com pared with concentra tions in previous years. Such increases may reflect

the reservoir's prolonged retention time and the infrequent spillage of water from the reservoir.

Seventy-eight percent of the 300 metal and meta lloid concentrations analyzed in 1992 were less

than the laboratory reporting limit.

Biofouling by the Asiatic clam and the aquat ic plant hydrill a did not impact Harris Plant

operations. Each of these species continued to slowly expand its distribu tion throughout much

of the littoral zone of the rese rvoi r. No clams were collected in the auxiliary intake canal, in the

intak e structures, or in the fire protection system. The zebra mussel , another potentially

biofouling organism, was not found in the main or the auxiliary reservoirs.

The recreational and sport fishery, as in previous years, was domina ted by largemouth

bass and several species of sunfish. During the pas t several years, an increasi ng proportion of

the largemouth bass fishery has been represented by quality- or better- leng th fish which have

prov ided the recreational fishermen with a greater opportunity for fishing success.
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Appendix 1. Harris Lake sampling areas and stations during 1992.
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Appendix 2. Har ris Lake environmental monitoring program for 1992.

Program

Limnology
Water quality
(temperature , dissolved oxygen, pH ,
specific conductance, and Secchi disk
transparency)

Water chemistry
Mon itoring

Nutrients
(turbidity, solids, total phosphorus,
ammon ia-nitrogen, nitrate + nitrite
nitrogen, and total nitrogen)

Plankton
(phy toplank ton " and
ch loro phyll a)

Benthic invertebrates
Asiatic clam surveys

Ze bra mussel surveys

Fisher ies
Fish community struc ture

Largemouth bass tou rnaments

Aquatic vegetat ion
Survey

Frequency

Once per calendar month

Alternate months
(Jan , Mar , May, Jul ,
Sep , Nov)

Once per calendar month

Once per calendar month

Twice per calendar year
(April, October)

Once per calendar mont h

Twice per calendar year
(May , Nov)

March

October

Location

£1 , H2, P2 , and 52 (su rface 10

bottom at l -rn intervals)

E2 (surface and bottom); H2,
P2 , and 52 (surface)

E2 (surface and bottom);
H2 , P2, and 52 (surface)

£1, H2 , P2 , and 52 (surface,
Secchi disk transparency depth ,
and twice the Secchi disk
transparency depth)

Emergency serv ice water and
cooling tower makeup system
intake structures and Stations V3,
zi. MI, and AI

Intake structure , water quality
station buoys , or Holl eman 's
boat ramp

El , E3, HI, H3, PI , P3, 51,
53, V I , V3

Harris Lake boat ramps

I. E. P, Q. s. V, Z

" Phytoplankt on samples were collec ted and preserved but identified and enumerated only when
the chlorophy ll a concentrations at a station were > 40 JAglIiter to assess bloom
conditions.
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Appendix 3. Harris Lake environmental monitoring program changes from 1991 to
1992.

Program

Limnology
Water quality, water chemistry
(nutrients), and plankton

Benthic invertebrates
Asiatic clam surveys

Zebra mussel surveys

FISheries
Fish community structure

Aquatic vegeta tion
Survey

Environmental Serv ices Section

Change

Increased sampling frequency from alternate months to
monthly to model nutrient and chlorophyll a relationships
and the eutrophication of Hams Lake.

Discontinued littoral zone survey because reservoir
monitoring was not a Nuclear Regulatory Commission
requirement (Generic Letter 89-13) .

Added to monitoring program as a Special Study to
document possible introduction of the species into the
reservoir.

Reduced sampling frequency from quarterly to
biannually (spring and fall) to adequately monitor the
general status of the fishery.

Discontinued summer survey because hydrilla was well
established and one fall survey was sufficient for
documenting its distribution.
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Appendix 4. Field sampling and laboratory methods followed in the 1992 Harris Lake
environm ental monitoring program.

Program

Limnology
Water quality

Water chemistry

Plankton
Phytoplankton

Chlorophyll a

Benthic invertebrates
Asiatic clam surveys

A-4

Method

Temperature, dissolved oxygen, pH, and conductivity were
measured with a calibrated Martek Mark xv' instrument and
YSI~ dissolved oxygen meter. Measurements were taken from
surface to bottom at l -m intervals. Water clarity was measured
with a Secchi disk.

Surface and bottom samples were collected with a nonmetallic
Van Dorn sampler, transferred to appropriate containers,
transported to the laboratory on ice, and analyzed according to
USEPA (1979) and APB A (1986).

Equal amounts of water from the surface , the Secchi depth, and
twice the Secchi depth were obtained with a Van Darn sampler
and mixed in a plastic container. A 250-ml subsample was
taken and preserved with 5 ml of "M3" fixative . Subsamples
were identified and enumerated in the laboratory .

Three l000-ml samples were collected from the surface, the
Secchi depth, and twice the Secchi depth with a Van Dorn
sampler, placed in dark bottles . and transported to the
laboratory on ice. At the laboratory , two 250-ml subsamples
were analyzed according to Strickland and Parsons (1972) and
APBA (1986) .

At Stations V3, ZI, MI. and AI. three replicate samples were
collected with a petite Ponar at the 2-01 depth. In the
emergency service water and cooling tower makeup intake
structures, seven samples were collected with a petite Ponar.
Samples were preserved with 5% formalin and returned to the
laboratory where they were elutriated through 1000-, 500- , and
300-fL mesh sieves. Asiatic clams were counted, measured, and
preserved.
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Appendix 4 (continued)

Benthic invertebrat es
Zebra mussel surveys

Fisheries
Fish community
structure

Largemouth bass
tournaments

Aquatic vegetation

1992 Environmental Monitori ng Report

An artificial substra te sampler, constructed of a PVC frame and
fined with removable PVC plates, was placed near the cooling
tower makeup intake struc ture. Th is sampler, the dock at the
Holleman' s boat ramp, or the water quality station marker
buoys were visually inspected for the presence of mussels
during routine water quality or Asiatic clam survey monitoring .

Fifteen-minute samples were collected at each station using a
Smith-Root equipped Wisconsin-design electrofishing boat with
pulsed DC current. Fish were weighed, measured , and
released.

After largemo uth bass tournament officials had recorded their
necessary measurements , fish were weighed, measured, tagged ,
and released .

Portions of the shoreline and/or littoral zone of the lake and
auxiliary reservoir were systematically surveyed by boat for the
presence of aquatic vegetation . The locat ion and extent of
observed species were recorded on maps and in field notes .
Estimation of areal coverage of hydrilla was made by measuring
the maximum depth of its growth at 49 transects throughout the
lake and applying these data to topographic maps.
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Appendix 5. Statistical analyses performed on data collected in the 1992 and 1983-1992
Harris Lake envir onmental monitoring programs.

Variable
Statistical

test/model"
Mai n

effect (s) In te r action term

For 1992 data on ly

Secchi disk One-way ANOVA Station
transparency depth, block on month
spec ific conducta nce .
selected chemical Paired t-test at Surface vs.
variab les , and Station E2 bottom
chlorophy ll a1

Catch rate of One-way ANOVA Area
individua l fish species!

For 1983-1992 data

Secchi disk Multi-factor At'\fOVA, Station, year Station-by-year
transparency depth, block on month
specific conductance,
selected chemical
variables, and
chlorophy ll a'

Catch rate of One-way ANOVA Area
individual fish spec ies! One-way ANOVA Year

"'" A Type I error rate of 5 % (ex = 0 .05) was used to judge the significance of all tests . Fisher's
pro tected least significant difference test was appl ied to determine where differen ce in
means occurred if the overall F test from the analys is of variance (ANa VA) indicated that
the main effect was significant.

1Chlorophyll a ANOVA models were structured using the mean stat ion-by-month concen tration
based on three paired replicate sample s.

SFisheries data were transformed using the loge (number of fish/ho ur + 1) transformation.
Because of the change in the sampling regime between 1992 and previous years (i. e ., from
quarterly to biannual [May and November] sampling) , the ANOVA models were fitted with
only the biannual data across all years.
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Appendix 6. Mean percent recovery and sample size of water chemist ry standards for
the CP&L Chemistry Laboratory during 1992.

Known Standard Recovery RSn 1

Vari able Standard" value Units n Mean deviat ion (%) ( %)

Chloride LQC 1.0 mg/L 15 0.9830 0.0146 98.3 1.49

HQC 2.0 mg/L 15 1.9170 0.0295 95.9 1.54

Low Spike 1.0 mg/L 3 0.9440 0.0510 94 .4 5.35

High Spike 2.0 mg/L 4 2.0300 0.0460 101.0 2.27

T. Phosphorus LQC 0.005 mg/L 14 0 .0058 0.0007 116.0 12.07

HQC 0.05 mg/L 14 0.0498 0.0009 99.6 1.8 1

Low Spike 0.00498 mg/L 5 0 .00516 16.3000 103.2 4 .7

High Spike 0.0498 mg/L 6 0 .0515 4 .8600 103 4.7

T. Nitrogen LQC 0. 1 mg/L 10 0.0983 0.0048 98.3 4 .88

HQC 0.2 mg/L 10 0.201 8 0.0055 100.9 2.73

Spike 0.2 mg/L 6 0.2062 0 .0 149 103.1 7.23

Sulfate LQC 2.0 mg/L IS 2.0250 0.0290 101.3 1.43

HQC 5.0 mg/L IS 4 .8840 0.08 14 97.7 1.67

Low Spike 2.0 mg/L 3 1.8100 0.0330 90 04 1.84

High Spike 5.0 mg/L 5 4.3800 97.5000 0.1 2.26
TOC (l)§ LQC 4.1 mg/L 6 3.9600 0. 1960 96.6 4.95
TOC (2)§ LQC 5.1 mg/L 7 4.7600 0.0620 93.3 1.30

TOC (W I LQC 6.8 mg/L I 6.6500 0.0000 97.8 0.00

Aluminum LQC 50.0 ftg/L 2 52.1500 1.4849 104 .3 2.85

HQC 100.0 ftg/L 9 104.7000 10.4898 104.7 10.02

Spike 100.0 ftg/L 5 92.3000 13.9000 92. 3 15. 10

Arsenic LQC 5 fLg/L 25 5.2000 0.1000 104 .0 1.92

Spike 500 fLg/L I~ 457.000 68.3000 91.4 14.95_ .J

Cadmium LQC 0.2 fLg/L 40 0.2 133 0.0347 106.7 16.27

HQC 0.5 fLg/L 40 0 .5038 0.0294 100.8 5 .84

Spike 0.5 fLg/L 8 0.5100 0.0480 102.5 9.42

Calcium LQC 1.0 rng/L 8 0.9659 0 .05 13 96.6 5.31

MQC 5.0 rng/L 8 4.8075 0.203 96. 15 4.22

HQC 10.0 rng/ L 8 9.85 13 0 .30 13 98.5 3.0 6

Spike 5.0 mg/L 10 4.5320 0.2954 90.6 6.)2

Chromium LQC 5.0 Itg/L 31 5.6200 0.6120 112.4 10.89

HQC 10.0 fLg/L 31 10.0100 0.9280 100 . 1 9.27

Spike to.O fig/L 5 10.3700 0. 1901 103.7 1.83

Copper LQC 5.0 f!g/L 7 5.0600 0.2517 10 1.2 4 .97

HQC 10.0 I JLg/L 7 9.9600 0.453 1 99.6 4 .55

Spike 5.0 fig/L I I 5.3791 0 .3640 107.6 6.77

Lead LQC 2.0 Itg/L 40 2. 1400 0.2810 107.0 13.13

HQC 5.0 JLg/L 40 5.1900 0.4270 103.8 I 8.23

I Spike 5.0 JLg/L 8 4.6800 0.3210 93.6 6.85

Environmental Services Sect ion A-7
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Appendix 6 (cont inued)

1992 Environmental Monitori ng Report

Known Standard IRecovery RSD
Variable Standard" value Units n Mean deviation (%» (%»

Magnesium LQC 1.0 mg/L 8 0 .9956 i 0 .0242 99 .6 2.43

MQC 5.0 mglL 8 5 .0213 I 0 . 176 1 100.4 3.51

HQC 10.0 mglL 7 10.1329 I 0 .2654 101.3 2.62

Spike 5.0 mg/L 10 4.9000 I 0 .1441 98.0 2.94

Mercury LQC 0.10 p.glL 22 0 .0850 0 .0330 85.0 38.82

HQC 0.30 p.g/L 23 0 .2740 0. 0406 9i.3 14 .82

Nickel LQC 10.0 p.g/L 31 10.4300 0. 9 190 104.3 8.81

HQC 20.0 p.g/L 30 19.8500 1.3 120 99.3 6.61

Spike 20 .0 p.g/L 5 20.8000 0. 8820 104.2 4.24

Selenium LQC 5 p.g/L 33 5.1000 0 .1000 102.0 1.96

Spike 500 p.g/L 70 493 .0000 86.2000 98.6 17.50

Sodium LQC 1.0 mg/L 11 1.0075 0 .0348 100.8 3.45

HQC 2.0 mg/L II 2.0375 I 0 .0628 J01-9 3.08

Spike 2 mg/L 10 1.9800 0.06 10 99.0 3.06

Zinc LQC 50 I p.g/L 8 50.3000 4.3000 100 .6 8.55

MQC 100 p.g/L I 8 98 .6000 8.7000 98.6 8.82

HQC 500 p.glL 8 502 .6000 10 .6000 100.5 2. 1\

Spike I 50 1 p.g/L 10 52.2000 3.7000 1M ... 7.09

' LQC = low-range quality control standard, MQC = mid-range quality control standard, HQC
= high-range quality control standard , Spike = sample matrix spike.

' RSD = Relative standard deviation = standard deviarion -;- mean x 100.

§There were three different concentrations used for the known values of total organic carbon in
the laboratory analyses.

A-8 Caroli na Power & Light Company
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Appendix 7.

Sample date

'Vater surface elevations at Harris Lake, 1989-1992. NVGD = National
Geodetic Vertical Datum (formerly called mean sea level by the U.S.
Geological Survey).
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