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EXECUTIVE SUMMARY

As required by the National Pollutant Discharge Elimination -

)I\

System Permit (TN0020168)_for operation of Watts Bar Nuclear Plant (WBN),

this report is a composite evaluation of nonradiological preoperationsal

v aqqétic monitoring conducted from 1973 through 1979 and from 1982 through
1985. Baseline biological, physical, and water quality conﬁitioﬂs iq
Chickamauga Reservoir in the vicinity of WBN are described. The
following biologicai COmpbnents are included: plankton, beriphyton,-

, bénthic macroinvertebrates, fish eggs and larvae, and'juVenile and gdult

fish. Because Sequoyah Nuclear Plant (SQN) also is located on

Chickamauga Reservoir, results of various aspects of preoperational and

operational monitoring for SQN are integrated in this report to provide a

more comprehensive assessment of resefvoit-wide conditions.

- Water quality in the vicinity.of WBN, while génerally
safisfactory.’was influenced by discharges from WAtts Bar Dam; loca;?d
uﬁsﬁ:eaﬁ approximately 2 miles. TYpicglly, hydropdwér-reledSeﬁ' |
(25,000-45,006'cfs)'froﬁ the damrinhibited stratification-and
establishment of a thermocline during summer in thg{upper_iﬂ miles of |

Chick&mahga Reservoir. However, releases from WattshBar Dam, which

reflect water quality in Watts Bar Reservoir and upstream tributary
reservoirs, showed periodic'deficiencies in'dissolveq'oxygen'(<5.0 mg/L)

during May through September.throughout the preoperational monitoring.

ey

;,\qr\.l!" i-ig

period. As a result of a prolonged drought, this éondition was worse in

—

1985 than in prévioub‘years.
_Although numerous'spatial.and temporal variations:in the biotic

T community'weré'identified during preoperational monitoring, none appeared



tobbe directly'related to‘fluctuations'in dissolved oxygen. Spatial
banalyses 1nd1cated that river flow was the dominant factor influencing
abundance and/or -occurrence of macro1nvertebrates, phytoplankton, and
zooplankton in the vicinity of WBN. Periphyton and 1chthyop1ankton (fish
eggc and lcrvae) also were affected. The ichthyoplankton assemblage in
WBN Vicinity rcﬁresented eggs and larvae spawncd prim&ri}y in Watts.Bar
Reservoir and exposed tq‘passage~through the-tucbines at Watts Bar Dam. -
To a leéSer extent;'flcw influeﬁced :elative abundance and speciesf.
chmﬁositicn of juvenile and adult fish in netting and electrofishing |
samples ct‘tuo.stations in‘the plant vicinity.

Temporal analyscs showed that seasonal and yearlj changes in
v'abuﬁdance and other.vaciables for all component populations, except
"frcshuater ﬁussels; were comﬁoh, The freshwater musscl pcpulation in chc
vvicinity of'UBM'is.quite old and most of the 30 found species may not
hace‘reproduced successfully in the past 40 years. Abundance trends for
Sévcral'communities (macroinvertebrates,.plankton, and periphyton) were
| more cyclic than linear, indicating that preoperational monltoring for

HBN covered a w1de range of flow and climatic conditions. Also cyclic
trends in the harvest of some fish species (e.g., white crappie) were |
noted in the reservoir-w1de creel survey Largemouth bass harvest,
however, showed a signiflcant linear 1ncrease Total fishing pressure on
_ Chickamauga Reservoir has increased dramatically gince 1973. Some
increasing and some decreaéing trends were noted cmong imporcant fish
specics in cove rotenone samples sihce }970; however, total fish biomaés

" remained relatively stable. The overriding influence on standing stock
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estimates for many of the.importaﬁtxfish species was attributed to

habitat alteration due to a large increase -in aqﬁatic vegetation in

shallow overbank and cove areas of Chickamauga Reservoir.
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1.0 INTRODUCTION

' The Tennessee Valley Authority (TVA), a corporate agency of the .

‘United States Government, announced in May 1971 plans to build a two-unit

‘nuclear power plant in Rhea County. Tennesseet' In accordance with the

Nationai Environmental Policy Act of 1969 (NEPA), TVA prepared a draft

Env1ronmenta1 Impact Statement (EIS) which was sent to the Council on

t Env:ronmental Quality (CEQ), made available to the public, and circulated-

to other governmental agenc1es for review and comment on May 14, 1971.

Supplements and additions to the draft EIS were sent to the CEQ and made.

~available to the public on April 7, 1972. TVA;s Final EIS was sent to

the CEQ and made available to the public on November 9. 1972. The'Atomic_

.Energy'Commission (predecessor of the Nuclear'Regulatory Commission)
‘issued ConstructionIPermits Nos. 'CPPR—91 and CPPR-92 for the Watts Bar o
"1Nuclear Plant (UBN) on January 23, 1973.. The U. S. Nuclear.ReguIatory

'Comm1ss1on (NRC) 1asued xts Final Environmental Statement in December

\

'..1978

1. 1 Purpose and ObJect1ve

In accordance w1th the National Pollutant D1scharge Elimination}

System (NPDES) perm1t (TN0020168) for operation of HBN by TVA, this

' report 1nc1udes results of the nonradiolog1cal preoperational aquatic
, mon1tor1ng program for the perlod,February 1973 through‘December 1985.

,The'purpoae of prebperational monitoring'iSsto‘provide baaeiine'data on

the fisheries. iimnologj, and water quality of Chickamauga‘reaerVoir for .

-comparison with conditions following startup and operation of WBN. These



cohparisons will “be used to identify potential impacts of witndrawal andi
discharge ot water at WBN. Both spetial and.temporal variations in.
b1olog1ca1 and water quality condit1ons in the vicinity of WBN as well as
in the far f1e1d zone of the reservo1r for selected parameters are
evaluated. |

i Preoperatlonal aquatlc mon1tor1ng for UBN has been divided into’
'two per1ods, 1973 to 1979 and 1982 to 1985. Results of the first phase
were reported to the U.S. Env1ronmenta1 Protection Agency (EPA) in two"
documents, fisheries (TVA 1980a) and water quality/aquatic biology
(nonfishi (TVA‘léBOb)w' Due to various delays in.eonstruction and
fdeleloading.'a second period of monitoriné was conducted from ﬁaroh 1982
:thrOugh December 1985 to update the data base. This report providee a
' composite'anaiysis:of biological and water quality conditions for‘botn
‘periods Becadse the Sequoyah Nnclear Plant (SQN) also iS’located on'
Chickamauga Reservoir, results of various aspects of the preoperational
and operational aquatic monitorlng program for SQN are integrated in the
) UBN'preoperational evaluation for a more comprehensive assessment of_

reservoir-wide conditions.

L

1.2 Watts Bar Nuclear Plant Description
| Watts Bar Nuclear Plant (WBN) is located on the right bank
(QeSt) of Chickamauga Reservoir near Tennessee River Mile (TRM) 528.
'Tnis two—dnit nuclear generating plant is designed for an electrical
output of about 2 540 megawatts (MWe). WBN is situated approximately two
milas downatream of Watts Bar Dam (TRM 529.9) and one mile downstream of

the'ﬁour-unit Watts Bar Fossil Plant (NBF) that is also on the right bank

b " " . .




_

" of Chickamauga Reservoir (TRM 529). WBF was decommissioned on March 29,

1983, end:it'wes off_line all-of 1982._ Figure 1-1 shows the locetions-of
these TVA facilities. | _. -

4. UBN will be operated in closed cycle cooling mode, using two
natural draft cooling towers for heat‘dissipation. Blowdown from the
cooling towers willzbe discherged throngh multiport“diffnsers located in

the main channel at TRM 527i8. Makeup water and other water supply

- R s

requirements will be obtained from an intake channel and pumping stationff

‘at TRM 528. These intake and-discherge structures are indicated in

flgure 1-1.
Maximum intake pumping flowrate. is approximately 4.5 m®/s (160

cfsi : Ihe intake channel cross section'dpening is approximately 155 m2

.(1 650 ft?) at Chickamauga Reservoir winter pool elevation of 206 m
v'(675 ft) mean sea level and 293 m2 (3,159 ft’) at summer pool level
 of 208 m (682 5 ft) Corresponding average velocities into the intake’
‘»; channel are .03 m/s ( 1 ft/s) and .015 m/s (. 05 ft/s) Four gates lead N
“to the traveling screens with a comb1ned opening of 33 m2 (360 ft2), |
.’so ‘the maximum screen velocity is approximetely .15Am/s (0.5 ft/s). This
pumning flowrate represents about b.6tpercentiof the longfterm average
flow past UBN of 767 m3/s (27, 100 cfs).
| Blowdown from the cooling towers will be discharged at a rate of
' ' between 1.3 and 2.4 m3/s (45 and 85 %fs) to maintain concentrations of .
i dissolved sollds at approximately twqcevthat of the Iennessee River.
'Y‘Blowdown isrdischarged.directly to tﬁe diffuser or intoAa.holdiné pond.
‘ which in turn releases water through*the diffusers Durlng periods of'nO»

releases from Watts Bar Dam, discharges w111 be stored in the holding

|
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pond. Releases for normal two-unit operation will be 2.4 m?/s (85- S

cfs). Even with add1t1ona1 releases from the blowdown holding pond,

- Areleases through the diffuser will in all cases be 1ess than 5.0 m°/s

| The diffuservsystem consists of.two»pipes extending into the

main channel The’downstream pipe segment extends 90 m into the channel-
- with a 50 m long, 1.35 m d1ameter diffuser section locat1on in the

’deepest portion (5 or 6:m) of the 400 m wide.channel. The upstream pipe
:segment extends 140 m with a 25 m leng, 1.0 m diameter diffuser section
beg1nn1ng where the downstream diffuser section ends. The diffuser
sections are half buried in the river bottom with two rows of 2. 5 cm (1
| .1n) diameter ports at 7.5 m (25 ft) spacing oriented at 45‘ in the down-
istream direction. The exit jet velocity will vary depending on opera-
tional mode, from 2 to. S m/s  The expected discharge temperature depends
on cooling touer performance. ‘and varies from 17 C in January to 35 C 1n

July. The maximum blowdown temperature is 35°C, 8o the expected monthly

‘average temperature difference between the discharge and the river varies

from 10° C during winter and spring to 5°C during summer and fall. ‘The
diffuser.system.will result in a near-field dilution of,et'leasttlé.
Far-field mixing will.depend’on releases from Watts Bar Dam. At thev
long-term auerege release, maximum diffuser discharge represents 0.6

percent of reservoir flow.

1.3 Chickamauga Reservoir Description

Chickamauga Reservoir is formed by Chickamauga Dam, located 57
"~ river miles downstream of WBN at TRM 471. Water elevation normally

varies from 205.7 m (675 ft) msl in winter to 208 m (682.5 ft) in
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' 3 ft/s) 1n,w1nteri

summer.'-Reseruoir volume is 465 x 10°m® (375,000 Ac-ft) at elevation
206 m during winter and 735 x 10°m® (600,000 Ac-ft) at elevation

208 m during gummer. Figure 1-2 shows Chickamauga Reservoir in profile

and approximately cumulative volume from watts Bar Dam The Hiwassee

R1ver joins the Tennessee River at TRH 500 and Chickamauga Reservoir

: extends 52 km (32 miles) up the Hiwassee Rlver at surface elevation

'208 m. The confluence of the Hiwassee River with the Tennessee River is

near the downstream extent of WBN aquatic monitoring stations and
provides’a convenient reference point. Chickamauga Reservoir can be .
segmented into three regions as follows: (1) upstream of the Hiwassee

River.confluence. where Chickamauga Reservoir volume is 160 x 10°m? -

at elevation 208 m (22 percent of total), (2) the Hiwassee segment of the

reservoir which has a volume of 50 x 10%m® (7 percent of total), (3)

and the downstream segment from Hiwassee River confluence to Chickamauga

_ Dam with a volume of 525 x 10em® (71 percent of total). Figure'1—3

ghows the upstream segment of Chickamauga Reserv01r in prof11e and the

cumuletlve volume from Watts Bar Dam for this reach Depths range from

5 m at WBN dur1ng winter to 14 m in deep portions of the channel during

summer .
Figure 1-4 shows cross seetions_at several locations in the

upstream portion of Chickamauga Reservoir. Areas are 1395 to 2320 m2

'(15,006 to 25;000Vft’) in winter and 1860 to,3T20 m2 (20,000 to .

40“000 ft’) in summer.. Uhen allvfive.hydropower units at Watts Bar Dam

are generatlng at. full capac1ty. releases are 1275 m3/s {45,000 cfs),

80 average velocities in the upstream port1on of Chlckamauga Reserv01r.

are 0 3 to 0.6 m/s (1 to 2 ft/s) 1n summer and 0.6 to 0.9 m/s (2 to

o
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2.0 ENVIRONMENTAL CONDITIONS DURING AQUATIC MONITORING PERIOD

Evaluation of possible effects from WBN operations on aquatic
organ1sms begins w1th a characterization of major environmental

influences on the aquatic environment in the vicinity of WBN. These

include reservoir flow and travel time, temperature grad1ents and m1x1ng,

ava11ab1e llght and nutrients, and suspended sediment conditions

Z;i' Flow and Travel Time

| Trarel time fron release at Watts Bar Dam governs the time
: ava11ab1e for biological growth and decay processes as water moves past
- WBN and through the Chickamauga Reservoir. Although releases from Watts

.4Bar'Dam‘dominate the flows at WBN, two other water sources may be

biologically significant. First, there are several small backwater areas -

and creek empayments thrOughout the upper_30 miles of the'reservoirithat
may be sources of plankton during high reservoir flow. Peaking power
releases.produce some change in water surface levels downstream of ﬁatts
Bar.Dam which leads tc exchange with these embayments. Second, locaI}.
" runoff following heavy rainfall can have an effect on water quality.
Watts Bar Hydropower Plant consists of five turbines with a
total discharge of approximately 1275 m’/s.(45,000 cfs). The_units can
operate efficiently at lower flows so that releases vary typically from
710 to 1275 m3/s (25,000 to 45,000 cfs). The hydropower plant usually
‘operates for 14 to 24 hours a day, supplying power dnring pericds of peak
demand. 'During flood control operations, spillway flows increase the

releases above 1275 m3/s8 (45,000 cfs).

10

g



i

The long-term average release since closure of Watts Bar Dam

(1942) is about 767 m®/8 (27,100 cfs). The flow pattern which’changes

seasonally and from year -to-year reflects variability in runoff and
upstream reserv01r operations. Figure 2-1 shows the monthly flows during
WBN aquatio monitoring period, 1973-1985. Highest flows normally occur -
in Decembervthrougo Harcu. but the seasonal pattern is variablei
Year—to—vear differences are also large, with gome years having uniform
flow throughout the year (1976,-l984) and»other years having more vari-
able-patterns (1974, 1975; 1982). Duriug spring, flows are often reduced :
’asfupstream tributaryvreservoirs are filled (1976, 1978, 1981, 1982), but
this does not.always occur. The WBN aquatic monitoring samples are taken
quarterlv and'the daily flows for particular dates are shown by circles

in figure 2-1. These'sample date flows are usually representative of

" seasonal conditions.

Travel time to. various downstream locations can be est1mated

from the releases and the cumulative volume from Watts Bar Dam (shown in

. figure 1—3); At the long-term average flow of 767 ‘m3/s (27.100 cfs),

water moves in one day-pastinNito TRM 515 in summer and to TRM 508 in
winter. The cumulative volume from Uatts~Bar Dam to the monitoring

stat1on at TRM 497.0 is approximately 150x10‘m3 during winter and

- 220x10°m3 during summer, requlring two days travel in W1nter and

three days in summer at the lohg—term average flow of 767_m3/s (27,100
cfs).
Average velocity can be calculated from the Watts Bar Dam

release and the cross section area. But as figure 2-2_indicates.

velocities are considerably slower in overbank areas and along the

11



channel bottom and sides. Velocities are SO.percent higher-than:average

in?the middle of'the main channel. This also means that travel times are
shorter in the main channel and longer in the shallow areas. The channel
‘bends in the. upstream portion of Chickamauga Reservoir produce additional
hlateral mixing and c1rcu1at10n These factors of h1gh flows, small cross

sections, and channel bends create conditions of fully—mixed flow

upstream of Hiwassee River confluence.

é.2 Temperatures and Hixing
| Water temperatures near WBN are moderated by upstream
'reserv01rs, but year -to- -year variations in meteorology produce some
A fluctuations in the seasonal water temperature pattern. Figure 2- 3 shows‘
‘the seasonal temperature pattern with data from 1970-1985. Greatest
' variability occurs in winter, when temperatures can remain near 10 C or
drop to near 2°C, and during summer when temperatures can remain below
25°C or approach 28°C. The effects of meteorological conditions on water
temperatures and mixing can be identified from'data collected by the. .
temperature monitor #10 located at TRM 497.0. -Stratification'rarely .
occurs as fully-mixed conditions normally occur upstream from this
point The Watts Bar Fossil Plant, located at TRM 529, discharged 600
cfs with a temperature rise of approximately 2°C throughout much of the
first phase of the WBN preoperational period. The Watts Bar Fossil Plant
is no longer operating;

Because flow and temperatures are the dominant characteristics

of the habitat in most of the WBN monitoring area, the daily patterns for

1973 through 1985 are shown in figure 2-4 through 2-16 for reference. AS

]
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;;fcan be seen in figures 2-4 through 2-16, measurements taken at Watts Bar '

Dam are répresentétive-of the monitoring area. Measurements taken at

- water temperéture monitor #13 (TRM 484.7, intake at Sequoyah Nuclear
Plant) are shown in figures 2-15 and 2-16. The bottom temperature at
station 13 also provides a good indication of temperatures in the

- vicinity of WBN.

2.3 Available Light

PtimaryAproductivitylof phytoplankton and aquatic_macrophytes 

depends on available golar energy which in turn depends on solar

' radiation and light penetration (turbidity). Day-to-day variations in

'iight conditions are great, but these variations may not be reflected in

average seasonal condiitons. Interpretation of productivity data should

reflect theseidifferences. Light penetration generally increases

' downétream as suspended solids settle aftér release from Watts Bar Damf
_Depth of one percent surface light penetration varies from 3 to 5 m,

) uhless_watet tqrbidity is unusually high or low. Turbidity and light

conditions on sampie dates are reported_in appendix 2-A.

2.4 Seasonal Dissolved Oxygen and Nutrients

Dissolved oxygen concentrat1ons in releases from Watts Bar Dam
generally follow the’ seasonal saturat1on pattern with some add1t1ona1 DO
_dgflc;;'dunlng low flow per1ods ;n gpr1ng-and summer. Figure 2-3 shows
“the vgfiﬁbiiity that’oécufé Yeaero-year. Dgring some suﬁmers, DO
concéhtfations abprOachl3 mg/L.'whilé dufing other years, DO .
;éncentratiohs remaih above 5 mg/L. Dissolvéd oxygen cdnditioné are

discuésed-inffurther defail inrséction 4.0.
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The'seasonal pntterns for other water quality_pa:anotera;are not
as pronounced as for dissolved~oxygén; Available data (1960 to 1985) |
from TRM 529 9 have been displayed as monthly means in f1gure 2-17. |
c Turbidity is generally highest in w1nter and spr1ng (15 to 20 NTU) and
lowest in summer and fall (7 to 10 NTU). Alkalinity 1s4genera11y
slightly higher during the summer 1owAf10w period. Ammonia (not shown on
figure)-is generally low, ébout 0.05 mg/L. Nitrate (N03-N) io highest '
in winter (0.5 mg/L) and drops to between 0.2 and 0.3 mg/L during summer,
: reflecting algal uptake in Hatts Bar and upstream reserv01rs Total
:phosphorus concentrations are var1ab1e, but are generally higher during

winter and spring (0.03 mg/L) than summer and fall (0.02.mg/L) These
represent the iniportant nntrients for bhytoplantton growth.andfare

apparently avcilable in excess of algal requirements.

:2.5 Conditions Prior to Quarterly PlanktontSamplina
| Environmental factors during and prior to each plankton sampling
'Are tabulated in appendix 2-A. Daily averagevwatts Bar Dam releases,
: solar radiation, water turbidity, rainfall, and w1ndspeed are the
physical factors reported. These are expected to influence all sampling
stations. Travel time, temperature, DO, pH, alkalinity, secchi depth
(light penetration); and nutrient measurements at each of the seven
somp;ing stations are averaged ovor depth to describe overall
conditions " As descfibed previously, travel time through the uﬁﬁtrean
portion of Chickamauga Reservoir varies from less than one day to several

days during low flow periods.
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Water quelity'data in Chickamauga Reservoir in‘the early 1970s -

Were‘mostly‘sparse and incomplete; ‘these data were collected mainly for-

- long-term reservoir water quality assessment. Available data in the late

19706 and early 1980s were more extensive and detailed enough for an

‘overdll analysis of environmental conditions during and prior to WBN

" aquatic sampling. The influence of these environmental factors on

plankton proddctivity will be discussed in section S. O. A synopsis of

the avallable data (shown in appendices A-1 to A-35) is summarized in

table 2 1. ThlB table identifies‘differences observed in environmental

. conditions prior to'planktoh sampling. Measurements of environmental'

'Afactore in the same period (i.e., February, May, August, and November)

are divided into three-categories:A loﬁ. middle, and high. For each

“environmental feétor, a rhnge ofhyalues is assigned te'each.eategory with

the attribhtive year(s).

February Conditione-—Cohditibns during the quarterly sampling

"periods are sumharized in table 2-1. River flows'during Fehruary

- (1975—1985) are generally between 20,000 ahd 30,000 cfs with'enfaverege

‘travel time through the monitor1ng area (TRH 496~ 532) of 1.5 days.
February temperatures range from § to 10°C and dissolved oxygen

cbncentretions are between 10 and 12 mg/L. Becauee‘of well-mixed

conditiens, little’varfation in chemical parameters exists among stations

‘or with depth

Hay Cond1t1ons--River flows durlng Hay (1975 1985) are between

20 000 and 30, 000 cfs w1th ‘an. average travel t1me through the mon1tor1ng

| f reach (TRH 496- 532) of 3 7 days ' Hay temperatures range from 15 to 20 C,

dlssolved oxygen concentrat1ons are between 7 and 9 mg/L and the

reservoir is well mlxed.
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August Conditions—-Rivér-flows during August (1975-1985) are -

between 30,000 and 35.000 cfs with an average travel time‘through the

monitoring reach (TRM 496—532)'df 3.1 days. 'Auguét temperatures range
from 24 to 26°C and dissolved oxygen concentrations arevnormally between
. 4 and 5 mg/L.

November Conditions—fRiver flows during November (1975-1985) are

between 20,000 and 25,000 cfs with an éverage;travel time through thé
monitoring reach (TRH 496-532) of 2.3 days. November temperhtﬁpes'range
from 15 to 16°C and dissolved oxygen concentrations are between 7.and 8

- mg/L.-
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Table 2-1. SMry of Environmenta! Factors During and Prior to Plankton Sampling
- Environmental .. February - o May ' : August - November =

Fac‘l'or" S Low Middle High . - Low Middle ~ High : Low Hiddl_e : High Low Middle - Hi&_h
Fiow, 1,000 cfs <20  20-30 >30 . <20 . 20-30 >30 <30 30-35 >3 20 . 2025 >
. Year - S - *  (74,75,83) 76,82, * (83,84) 76,77,85 % - (83,85) * . (76,82
Turbidity, NT < 10-20  >20° <10 . 10-20  >20 . <10 . 10-20  >20 4 <10 10-20  >20
Year : (83,84) % 74,75,  (82,85) ¥ (74,75) . - 82,83, - # (75,76,71) 82,83, *  (75,76,77)

- o 16,77 ’ ' ' 84,85 - _ 84,85 :
‘Mind Speed, mph <5 5-10 >10 <5  5-10 >0 <5 °  5-10 >10 - <5  .5-10 >10
Year (83 . * (73) - (79) * (74) RN () R 3 - (71,8 o+ - (74
Temperature, 'C <5 5-8 >8 <17 17-20  >20 <25 25-26 . >26 <15 I5-16  >16
Year © (1,85 * (78,7 D * a5 (76) * an (76) * (75,85)
Do, mg/L <l (=12 >I2 <7 7-9 >9 <A 4-5 >5 <7 7-8.5 >8.5
Year . | (84) LI ¢ - 7% ) B ¢ 1)) * - (82,83,88) (77,85 * (76,82) an # . (76,83)
N oW C <7 7-7.5  >7.5 0 . <« 7-7.5  >1.5 <7 7-7.5 >7.5 <7 7-7.5 >7.5
‘ Year e *  77,83,85 - .o 73,74, - * @) - - - (84)

: - 82,85 - o
‘Alkalinity, mg/L <50 5060 >60. <50 5060 >60 50 5060 >60 <50 060 >60
Year - (84) S * - (77,83) (76,83) ¥  .(82) . (76) * (82-85) (75,7) . * - (84,83,84)
Inorganié N, mg/L <.4 A4-5 >5 . <.3 .3-.4 >.4 <3’ . ©.3-.35  >.35 <.3 - .3-.5 . >.5
Year - - * . (75,76) - - * (77,84). (85 * - (73,74,76)  (83,88) ¥ . (7D
Organic N, mg/L <. A2 52 <. -2 3.2 ' <. -2 >.2 <! L1=3 0 >3
Year . - * . (83,85 (77,84) (82,85) - * 73,82,85 (76,77)  ® - (73,74)
Diss. P, mg/L <.0l . .01-.02 >.02 © <0l -.01-.02 >.02 . <.0l .01-.02 >.02 © . <.0l . .01-.02 >.02.

Year - - - % (&) . * - @,8n - x (76 (82,84)  * (83)




. Table 2-1 (Continued)

"Environmental February May August . ' November

Factor Low Middle High . Low Middle High - Low Middle High Low Middle High
Total P, mg/L <.05  .03-.04 >.08 <02 :02-.03 >.035 <.02 . .02-.03 >.03% .  <.03  .03-.04 >.04
Year _ - * (88 - 76,7 - *  (73,76) - +  (84)
Diss. C, mg/L - 1.5-2.0 >2.0 - .52 >2.0 - 24 . - = 24 -
Year - . - (84) - - @ (89 - . (84-85) - - (84,85) -~
Total C, mg/L <2 2-3 >3 <l 1-2.5  >2.5 o< 2.3 >3 <2 -3 >3
Year 76,89 * - T - (78,75,77)  * . (82,83,85)  (76,84) * -
~Chlorophy!! a, ug/L' - 4-5 6-12 1.5-3.5 1.5-5.5 >5.5 23 25 > -2~ 34 5.6
Year - (83,85) (84 (82) (84) (83,85 (8% (84) (82,85) (88) (8%  (82,85)

#A1| years except those in low and high categories.
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Figure 2-1. Monthly Flows From Watts Bar Dam During Preoperational WBN Aqua'tic;. Monitoring.
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,,3.0 OTHER FACTORS POTENTIALLY AFFECTING
WATER QUALITY AND BIOLOGICAL CONDITIONS

3.1 Instream Construction

Largeéscale monitoring of.construction effects was not necessary
at WBN, but special monitoring was conducted during dredging operations
for the discharge diffuser and removal of the "intake plug." Generally
these activities resulted only in,short—term; localized perturbations to
water quality nearvthe plant. A summary of the monitoring carried out in

conjunction with each of these activities follows,

Diffuser Dredg1gge-About 1,200 m® of material was removed to

 insta11 the diffuser line. Originally the expected time required for
removal of this small volume of material was three days. .Aithough.a‘much
lpﬁger period (March 1977-July 1977) was required, the'quantity of |
material reﬁoved was the same as the original estimate. The period of
diffuser dredging was extended because of a limestone lens in the
drédging'area and pefiods of heavy rainfall that raised pool levels.

The presence of the rock, although extending the dredging time,
probably resulted in less impact to the aquatic_envirbnment. The
.fractured limestone rock (removed by line drill and shovel) contained
smaller quantities of fine particles which could be resuspended in the
water column and carried out of the dredge_zone. Turbidity was observed

<75 m downstream from the dredging operation.

Intake Plug Removal--Removal of the intake plug began August 25,

1977. Riverside dredging resulted in a visible turbidity plume which




.-fl: o f extended downstream along the r1ght bank for several hundred meters A

' _water quality survey was conducted at the peak of dredging activities on

October 18, 1977. The survey confirmed that the plume was confined to a
;Ii“ff.: ;-ifnarrow portion of the:river Haximum suspended solids concentration and
. '~.':turbidity in this zone did-not exceed 29 mg/L and 16 JTU respectively'

(table 3- 1)' As expected these values were higher than those upstreem

ey - = \
- |

from the. dredging operation, but concentrations rapidly receded
.;‘downatream. Within about 700 m, suspended solids and turbidity levels

”approached theiupstream control leveis.

-
—_—

. 3.2 Facility Discharges

-\‘

' In addition to discharges resulting from assorted water uses at.
‘ HBN the principal p01nt -source discharge in this vicinity during the
preoperational per1od was from the Uatts Bar Fossil Plant (UBF) As
“noted in section 2L0,‘UBF was in operation‘during’the first phase of
. preoperational monitoirng 1973 to 1979, but operation ceased prior to the

- second ohase 1982 to‘1985; Both WBN and WBF discharges were-regulated_

~‘by NPDES perm1ts ~ Instream water quality monitoring, conducted as part
I ; S of the preoperational monitoring program (see section 4, O). provided an

‘ add1t10na1 check of stream .conditions relative to these discharges

'3t3 'AQuatic Macrophytes
| One of the most obv1ous changes in reservoir condition since the-
1n1t1ation of WBN preoperational monitoring has been the dramatic
" increase of submersed aquatic macrophytes, Similar increases occurred in

~other TVA mainstream'reservoirs.: Although.macrophyte colon1zat10n has




been limited in the immediate vicinity of WBN, total acreage infegtéd,in_

Chickamauga Reservoir has increased about sevén-fold since the |
mid—1970'st In 1985.-16-percen£ (5,600 acres) of the total reservoir .

area was colonized, primarily by exotic species (Eurasian watermiifoil,

Myriophyllum spicatum; spinyleaf‘naiad, Najas minor; and southern naiad,

.Najas quadélupenis) (Burns et al. 1986). These species have become
established in overbank and shallow areaé of the reservoir and often
: gfeatevreservoir-use conflicts. Control measures are necessary in areés
‘around recreation and.qulic access sites, lakeéhore development, and
‘indugtriallwafef intakes. Cbﬁtrol activities have entailed an iﬁtegfated
_apprbach using reservoir drawdown and herbicide-applications. o
Dense dquatic weeds have been implicated in water quality ;
Qeterioration (témperature and dissolved oxygen) in localized areas,
~altering fish distribution and standing stocks, and changing flow
f_ batterns @nd gilt deposition in reserVoirg.' Although similar conditioﬁé
“have:not occurred. in the immediate vicinity of WBN, possiSle‘impacts
relative to monitoring and evaluation of reservoir-wide conditions are
:ecognized._ Vafious;aspects of the impact of aquatic macrophytes have

‘been addressed in_tﬁé SQN aquatic monitoring program (TVAJ1986).

;'
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Table 3-1. Water Quality Survey During Dredging from Intake Plug Removal,
: Watts Bar Nuclear Plgnt. October 1977.

© Location: Location: Suspended
-Tennessee % From  Depth Solids Turbidity
River Mile L. Bank Meters mg/L  JTU-
© §28.2 Control Station 95 0.3 7 - 7.0
- A s . 1.5 13- 7.3
50 0.3 9 7.4
1.5 .8 7.8
5.0 9 6.5
527.95 Dredging Zone 95 . 0.3 29 16
- : 1.5 28 l6
80 0.3 7 7.2
1.5 8 7.2
5.0 8 7.3
527.8 240 meters below 95 0.3 18 9.0
. dredging zone 1.5 25 15
' ‘ 80 0.3 - 7.1
1.5 - 7.3
5.0 - - 4.7
'~ 527.63 515 meters below 95 0.3 17 10
o ~dredging zone - 1.5 21 12
50 0.3 - 6.4
1.5 - 5.8
5.0 - 7.2
527.5 725 meters below 95 0.3 15 9.0
dredging zone 1.5 18 10
: 70 0.3 - 6.1
‘1.5 - 6.7
5.0 - 6.8
527.12 1,335 meters below 95 0.3 11 8.0
dredging zone 1.5 13 7.8
. 50 0.3 7 6.5
1.5 9 7.1
5.0 8 .6.0
59



4.0 INSTREAM WATER QUALITY

The Tennessee River in the vicinity of WBN is-preseﬁtly
classified by.the State of Tennessee as an "effluent limited“ stream,
where stream standards are met and there are no significant sources-of
ppllution (Tennessee, 1978). 1In this classification, stream standards
gfe met ﬁhrough secondary treatment for muhicipalities and best
p?acticable treatment for'imdustries; The Tennessee River from mile
49@:5 (2.9 miles downstfeam from the mouth of the Hiwassee River in
Chickam&uga Reservoir) to mile 532.1 (hear the Piney River embayment in
Uatﬁs Bar Reservoir) has been classified as suitable for all water

uges——domestic. industrial, fish and aquatic life, recreation,

irrigation, 1jvgstdck watering, wildlife, and navigation (Tennessée.
1983). Water quality criteria and standards for the protection of
aquatic life and hﬁman health. are presented in table 4'11

The following section summarizes results of the quarterly
'preopergtional inétream water quality monitoring program conducted near
wﬁﬁ from August 1973 to November 1977 and May 1982 to February 1986.
Data collecfed during the 1973-77 perioduhave been summarized’previouSly

'(TVA,-1980b) but are again included as part of this report.

v‘é;l Haterial; and Methods

| Field--The WBN quérterly preoperational water quality monitoring
program is summarized in table 4-2. Horizontal locations at each giver‘
mile were selécted to coincide with the primary river channel. Uhere tWO'_"

horizontal locations are given for a particular river mile, both
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. locations (except for TRM 532.1) are within_the main Tennessee River:
" channel. (At TRM 532.1, the two horizontal locations are over original

river channels that,Once were separated by an island. The island,is'nou

underwater.) Water quality data were collected quarterly:during the

: August 1973 to'Novemberv1977 and May 1982 to February 1986 sampling
n surveys.a;Surveys'were scneduled as much as possible sO_that'winter
‘collections were made;in February. spring collectidnsiin May, summer

,collections.in August.land autumn collections in November.

Prior to 1976 "in situ full stratum measurements of only

‘ temperature and dissolved oxygen (DO) were made at all stations Full
‘stratum measurements of pH and conductivity in addition to temperature

“f'and DO have been made . regularly since February 1976

Since 1976 water quality data (nutrients) were obtained to

support assessment of biological data at 7 of the 12 water quality

. mon1tor1ng stations. (see figure 5- 1) Prior to 1976. only TRM 527 4 wasf

: sampled for a comprehensive set of parameters 1nc1uding nutrients

During.1976—77 biological support water quality samples were collected '
at depths of 1. 0 3 0, and 5. 0 m and during 1982- 86 at depths of 0.3,

'1,0,’3.0, and 5.0 m. These samples ‘were poured from the same subsurface

.- water sample as the replicate_phytoplankton samples.

- Since August 1973, a;more complete set of chemical parameters

" were determined at TRM 527. 4;:and starting in February 1984; some of -
o these extra chemical parameters were collected at TRMs 529.5, 528 0,

' ~and 518, 0.
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During the per1od from August 1973 to February 1986, the
gtations sampled and parameters measured have changed somewhat Table
ﬁ14—2 shows a summary of data collected. Appendix 4-A lists all measured
water quality data and provides the most comprenensivedlist of‘stations.

- sampled and parameters measured.

Laboratofz——Analytical and sample preservation methods currently ’

used for chemical water quality charecterizafions are snown in
Vappendix'4—B. The referenced laboratory methods are the prefe:red TVA

' methods, which are approved by EPA. The Laboratory ﬁrench may
occaslonally use other EPA-approved laboratory methods. It should‘be B
noted that s1nce the 1n1tiation of sampling, analyt1ca1 and preservat1on
:>;echniQues have 1mproved and that samples collected earlier in the

- sampling period may not have been preserved or analyzed by the method

“listed in appendix 4-B. The methods used, however, were methods approved

by EPA at the time of sampiing.
.'Ueter quality measurements determined in the‘field were |
stemperature DO, pH, conductivity, and alkalinity. "Biologicai support“
weter quality samples were analyzed for organic nitrogen ammonia.
itrogen. nitrate plus nitrite nitrogen, total and d1ssolved phosphorus,
'i,end'total_and dissolved organic carbon. Other chemical and physical.
measurements included turbidity, S-day biochemical oxygen demand (BOD),
chem1ca1 oxygen demand (COD), total nonfiltrable residue (total sol1ds),
dissolved residue (total dissolved solids). calcium, magnesium. sodium,
' potassium. chloride, sulfate. dissolved silica, aluminum, arsenic,
barium. beryllium, boron, cadmium. chromium, copper, total and dissolved
farrous iron, lead, lithium, total and dissolved manganese, mercury,

'.nicksl. selenium. silver, titanium, and zinc.

42




A Data Analysis--All water quality data were entered into the EPA

‘v watef_quality data STOrage RETrieval (STORET) system and are available}v

'from TVA's'Data‘Services Bfanch. All data reduction and statistical
eVAiuatiOn-procédureé uséd étandard statistical routines aéailéble‘ o
,through tﬁé»STORET system. ﬁany data inferences and inﬁéipretﬁtions.
caﬁe from an inﬁgstigatidn 6f simple plots éf data ovér depth or time.

,Determinatiéns ofA#ta;istical differences among stations and different -

cohjunction with an analysis of variance.

' e _ sampling periods were made using Duncan's Multiple Range Test in

4.2 Results ‘and Discussion
The guarterly predperational data collected from August 1973,t§
l_‘ '. Fébruafj‘1986 are smarized in appendix 4-C.  Similar statistics for |
thé4sﬁmé-period,‘bu£ basged §h the Sedsoh or quarter, are ﬁreseﬁfed in
- appendix 4-D. Sta;istics‘in appendices 4-C ;nd 4-D combine depth, andv.

‘ thus vertical differénces inApaereters‘that may exhibit stfatificatiéh ‘
afe'noﬁ appﬁtent. Therefore, care must be exercised iﬁ comparing within;'
and between tables. The raw data uséd'to determine the above described
staéigtics'are tabulated in appendix 4-A.. |
| Tﬁe major factor influencing the water qﬁality of the Tennessee
vRiver in the vicinity of NﬁN (TRM 528)'13 the flow and quality of |
releases from Watts Bar Dam. Thése releases generally inhibitf
stratificatioﬁ-and establi:hmant of a stfong’thermocline so that thévl
water colhﬁn is‘qsualiy weli»mixed.in the main.channel.” Thisvié

especially true for the six river mile stations sampled below Watts Bar

" Dam (TRMs 529.5 to 496.5). The two stations at TRM 532.1 (above Watts
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Bar. Dam) both show fairly strong stratification during some months of the
year. This stratification is not, however, as strong as that observed in

some of TVA's tributary storage reservoirs.

Dissolved Oxygen--While water quality in the vicinity of WBN
lgrgely-reflééts tha; released from Watts Bar Dam, these releaseé also
obvi;usly reflec§ the quality ofvwhter which flows into Watts Bar
Reservoir from'upstream dam releases and from the drainage area around
. Uatts Bar, togethér with the effect of waste discﬁarges, natural |

reaeration and other factors. With respect to Do; this parameter is
affected by the upstream tributary reservoir releases from Cherokee and
‘Douglas. These reservoirs stratify during the summer months (i.e., Hay‘
#hfbugh September) and release low DO water which, although reaerated as
iﬁ travels'ddwn to Watts Bar Dam, still has some effect on DO
concentrations in the Watts Bar Dam tailwaters. DO concentrations in the
Watts Bar Dam tailﬁaters have been measured on a weekly basis (roughly)
since 1960, Thérefofe, while these data were not specifically part of
the WBN preoperational monitoring program, an évaluation of the data
“collected at the dam ffom 1973 through 1985 was_conducted. 'These.data.,
haying been collected weekly rather than quarterly as were the preopefaf,
_tioﬁal data, provide a much more accurate picture of DO concentrdtions in
thg vicinity ofAUBN. especially because the dam is only 2.0 miles
upstream from the WBN diffuser (TRM 528).
Table 4-3 summarizes the occurrence of low DO levels (e.g.,
below the State standard of 5.0 mg/L) at Watts Bar Dam. As shown.

therein, DO measurements of less than 5.0 mg/L have occurred quite

frequently over the past thirteen years as, on the average, the DO was
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t,less than 5.0 in about 37 percent of the measurements made during May.’

through September of 1973-85. Furthermore, DO levels in the Watts Bar

tailrace ‘do not appear to be improving in the 19808 because the average

" percent of DO values less than 5.0 dnring May through September was abonti

51 percent during 1980-85, with 1985 being the worst year of all at 81

percent. The year 1985 reflects the effect of the extreme drought which
began in June of 1984 and continues in 1986. The lack of rainfall
resuited in lower than normal flows during 1985 and the resultant longer

detention times caused the water impounded in the reservoir to become

" more oxygen-deficient than usual. - o S

In summary, DO concentrations below 5.0 mg/L are foirly common,
.during the summer months in the Watts Bar Dam tailrace, and are more
frequent during low flow years such as 1985. 'Discussion of thé'data

collected specifically for the WBN preoperational monitoring program is

_ presented below.

February--February DO profiles showed little .or no surface to
bottom variation with all stations indicating well mixed conditions.
With the except1on of two of the river mile stations sampled during 1974

all DO measurements made on tlie Tennessee River during the preoperatlonalb

period fall between 9.0 and 14.0 mg/L. The atypical DO observed on

February 12, 1974 ocourred at TRM 532.1 (37 and 85 percent horizontal

,locat1ons) and at TRM 496.5 (57 percent horizontal location). DO values

over these three profiles ranged from 2.8 to 10.0 mg/L. The reason for
these low DO valuos is unknown as DO concentrations on this day in the
dam taiiracelond other locations sampled~Were in the ronge of 10.0 to
11.bvmg/L. The mean DO concentration at all stations over all years'waé

11.6 mg/L (306yobservationé).
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May--May DO profiles at the Chickamauga Reservoir stations
showed surface to bottom variations from year to year and over the -
stations downstream from Watts Bar Dam. Most of these DO valuea fall
within the 7.0 to 9.0 mg/L rangé; however, occasional values less than
tﬁe‘§.0 mg/L standard were observed. These were generally at depths
greater than'5 feet. During 1975, dn exception, most profiles showed DO
»values in the 6.0 to 7.8 mg/L range. DO profiles measured at TRM 532.1
(Hatts Bar'Reserveir) showedZZ;O to 5.0 mg/L variations from surface to
the bottori (about 20-m)~ 'Surfaéé DO was usually within the 9.0 to 11.0:
mg/L range and bottom DO wlrhin the S :5 to 7.5 range. There was seldom
any strong oxyclxne with DO déclining at one rate over the entire depth.

August—-Auguat DO profiles at all stations below Uatta Bar Dam
usually showed 1éss thdn 1.0 fig/L in tép to bottom differencea and most
DO measurements weré found to be between 5;0 and 6.0 mg/L. Conaistenr
) with the Watts ﬁar Dam tailface DO data discussed above, DO concen-
trations below 5:0 mg/L wére common during the August gurveys: An
average of - 46 percent of thé August measurements at the 5-fcot depth were
less than 5.0 mg/L (seé table 4:4); The largeat variation in top to
bottom.DO during this study period was found in August at TRM 532f1‘in
Watts Bar Reservoir: Typically; sufface DO was betweeii 8.0 and iz.e mg/L
and bottom DO bBetween 1:0 and 4.0 mg/L with the oxycline in the 3;0 to
7.0.m zoné. An excéptiof was 1977 whéen surface DO at both TRM 532.1

stations was hear'S.o fig/k; the bottom DO was near 1.0 fg/L, lower than

other years' observations. Conseéquently, DO at the Chickamsuge Reservoir

stations were also lowef in 1977.
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November--Similar to February, DO profiles in November showed

little surface to bottom differences (usually less than 1.0vmg/L)<at any

' station other than at TRM 532.1. Most DO values Were,betweeh_7;0 and ,

'lo.o‘mg/L. During 1977, the lowest November, DO values fénged’from 6.0'

to 7.0 mg/L.

Alkalinity and pH--The State of Tennessee water quality criteria .. -

specify that pH shall be within a range of 6.0 to 9.0 for waters used

for domestic raw water supply, industriél water supply, recreation,
irrigatioh, livestock watering, and wildlife,(Tennessee, 1982). The

criterion used for fish and aquatic life is within a range of 6.5 to 8.5

(Tennessee, 1982). Values for pH outside of the less stringent criteria - .

were observed 14 times out of a total of 1,117 pH observations during the

. preoperational ﬁonitoring period. All 14 criteria exceedances occurred

. during August 1983 at TRM 532.1. In 12 of the 14'instances, the'uppef pH

. 1imit was exceeded in the top five meters. These high pH vaiues were

; prpbabiy related to phytoplankton.production‘in the surface waters. The

4 remainihg two exceedances were questionable measurements of 3.0 and 4.6

near the bottom at this same station.
_Total alkalinity measurements (4,805).during the pfeoperationdl
monitoring-period fanged from 26 to 81 mg/L as C3003 wiﬁh a mean 6f
56.2 mg/L, indicating a moderate buffering cépacity.
febfuary--ﬁalues of pH observed during February ranged from 6.3
to 8.0. Other than ope.value of 6.3 observed near thé bottom at TRﬁ
'496;5 (57 percent horizontal location), all vaiﬁeé'wgre within the

accepted range (6.5 to 8.5) for fish and aquatic life. Most pH profiies,

. including those at TRM 532.1, showed less than 0.2 pH unit differences
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‘from sﬁrface to bottom. Total alkalinity measuremenfs during February
sﬁrveys ranged from 44 to 64 mg/L as CaCO3 and averaged 54.6 mg/L.. The '
mean alkalinity values for each station (all debths and February's
combined) were statistically (0.05 level) indistinguishable frem each
other with mdst»varietion being observed between years.
ﬁay-—All‘pH observations} except for some near-surface

" measurements made in 1982 at TRM 532 1, fell within the 6.5 to 8.5
'range. Most pH profiles measured below Watts Bar Dam showed differences
from‘surface to bottom of less than 0.2 pH units. Profiles of pH at TRM
532.1 (Watts Bar Reservoir) showed a.consistent’surface to bottom
variation often more than 1.0 pH unit difference with higher values near
the surface (probably associated with phytoplankton productivity).
Alkelinity ranged from 26 to 70 mg/L as CaCO3 with a mean of 54.7

mg/L. Surface to bottom variations were relatively small ranging from 0
to 19 mg/L and averaging 3.4 mg/L. The maximum range occurred at TRM
506.6 in 1977. |

Angust—eExcept for the aforementioned August 1983 pH profiles

‘measured at TRM 532.1, all velues were between 6.2 and 8.5 pH units.
Similar to observations in April, profiles downstream from Uatts'Bar Dam
showed little surface ;o bottqm differences'with most less than 0.2 le
units. Profiles in Watts Bar Reservoir typically exhibited surface to.

Abotfom vafiations near 1.0 pH unit. Except for 1983, typical profiles

had pH values near 8.0 at the surface and 7.0 at 20 m. August alkdlinity

values ranged‘from 35 to 81 mg/L as CaCO3 and averaged 58.8'mg/L (90

‘percent of the observations fell within the range of 47 to 73 mg/L).
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November--Values for pH ranged from 6.3 to 9.1 pH units.

Excluding these two extreme :values, the remaining 299 values ranged from

7.0 to 8.3. Most profiies measured, including those at TRM 532.1 in :

Watts Bar Reservoir, exhibited surface to bottom variations of 0.2 pH
units or less. Profiles of alkalinity at any one river mile within any
Qhe year were similar to other profiles. Again, surface to bottom
variations were smgll‘ Overall, November alkalinitiés ranged from 39 to
69 mg/L as CaCO, and averaged 56.8 mg/L. |

Turbidity--Seasonal light conditions are governed by ambient -

+ solar radiation, water transparency, and vertical mixing. Turbidity was

low (less than 10 Jackson turbidity units [JTU]).for éll measurements in
1976, but all othef yeﬁrs showed one or more winter/épring values greater
than 10 JTU and usually above 20 JTU. The maximum turbidityiwas-observed
in March of 1973 with a value of 60 JTU.

February--Turbidity in February at the seven Tennessee River

stationé.(except for TRM 529.9) ranged from 4.1 to 20 JTU and averaged

8.3 JTU. This corresponds to a one-percent light penetration depth range

of 7;3 to 1.5 m and an average of 3.67 m. The February mean turbidity
for any station was not significantly different froﬁ any other February
station mean. | | |

May--Slightly less than February, May turbidity values ranged
from 3.2 to 15 JTU and averaged 7.7 JTU. This cbrre;ﬁonds to a
one-percent light penetration depth range 6f 9.4 to 2.0 m and an average
of 3.9 m. Thesé values were based primarily on measurements at TRM o

529.4.
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August--Becoming more transparent, August turbidity ranged from
3.2 to 10 JTU and aﬁeraged'7.0 JTU. This corresponds to a‘one-percent |
- light penetration depth of 9.4 to 3.0 m and an average of 4.3 m. Again
the méjority of measurements were made at TRM 527.4, but the few
méasufements at TRM 496.5 did not differ significantly. Tﬁo observations
di TRM 518.0 averaged 10AJTU, which was statistically (significant at
0.05 level) different from the 6.0 JTU mean at TRM 496.5 and the 6.8 JTU
mean at TRM 527.4.

November--November observations of turbidity were the lowest of
the four seasons, ranging from 2.2 to 10 JTU andvaveraging 6.2 JTU. This
ﬁorrasponds to a ohe—percent light penetration depth of 13.6 to 3 m and
an average of 4.8 m. All but one of twenty-five turbidity measurements

vmade in November were at TRM 527.4. |

Nutrients--Nutrients analyzed during thé preoperational period
included organic, ammonia, and nitrate plus nitrite fofms of nitrogen,
total and dissolved phosphorus, and total organic carbon (TOC).

Over all years and all stations the following values were

observed.

Mean SD Minimum Maximum

Org-N, mg/L 0.174 0.126 0.01 1.65
NH_-N, mg/L 0.055 0.046 0.01 0.43

~ NO_-N, mg/L 0.338 0.256 0.01 3.50
Totel P, mg/L 0.026 0.010 0.01 0.08
Dissolved P, mg/L 0.013 0.006 0.01 0.07

TOC, mg/L 2.6 1.2 1 15

Comparing these values to the applicable standards listed in

table 4-1, all nitrate (N03) values were well below the 10 mg/L
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d;inking water standafd. Aléo, all ammonia (NH3) values were below the
aquatic life criterion.
February--Observed means and ranges.for the various nutrients.
" were as follows.

- Mean ,SD Minimum Maximum

Org-N, mg/L 0.158  0.106 - 0.01 1.53
NH,-N, mg/L 0.041  0.030 0.0 0.12
NO_-N, mg/L 0.476  0.100 - 0.38 1.30
Total P, mg/L 0.033  0.013  0.01 0.08
‘Dissolved P, mg/L 0.017 0.009 0.01 - 0.07

TOC, mg/L , 2.32° 0.54 “1.4 4.5

Organic nitrogen values in 1983 at all stations were generally

greater than those observed in other years with most values greater than

0.2 mg/L. Also, when combining organic nitrogen data ovefuyears, a trend

was observed by river mile with downstream stations showing slightly

!

‘lower values than those upsfream. The following presents the results of .

Duncan‘s Multiple Range Test at the 0.05 level. River miles connected by

‘a horizontal line were found to have mean organic nitrogen values statis-

— - .
‘ \“

tically indistinguishable from each other. All three stations located

above the WBN discharge point were higher than any of the four downstream

-

stations.
ﬂl 4
| River mile 528.0° 532.1% 529.5% 527.4 496.5 5180 506.6
i Mean Org-N 0.223% 0.192® 0.186* 0.153 0.136 0.129 0.103
: (mg/L)

a. Upstream frém WBN diséharge.

o1



Ammonia nitrogen showed an opposite trend, with all three
upstream stations averaging less than the averages for the four
downstream stations. These differences were, however, statistically
indistinguishable at the'0.0S level. The maximum mean was found at TRM.

'52f.4 with 0.480 mg/L and the minimum 0.6 miles upstream at TRM 528.0
with 0.227 mg/L. |

Nitrate plus nitrite means at the various stations only showed

statistically significant (0.05 level) differences when comparing TRM

527.4 (mean = 0.533 mg/L) to either station TRM 528.0 (0.441 mg/L) or TRM

496.5 (0.426 mg/L). All other combinations of stations were
indistinguishable from each other and there were no trends with'river
“mile.

Total phosphorus was slightly higher in 1984 (most values

between 0.04 and 0.08 mg/L) than previous values which were in the 0.01

' t§ 0.04 mg/L rangé. .Héans at individual stations were statisticaily

'indistinguishéble from each other although all three stations above

UBN had greater mean:valﬁes than the four downstream stations.
bissolvéd phospﬁorus over time and by station remained quite

- consistent with all values except one ranging from less than 0.01 to

0.03 mg/L. The maximum value of 0.07 mg/L was found at the surface

of TRHA532.1, 37-percent horizontal location in 1984.

| TOC values were on an average the lowest in February and»were

éohsistent in the seven stations and over the different years sampled.
Hﬁy—-Observed May means and ranges for the various nutrients

were as follows: "
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" Maan Sh . Minimum Maximum

Org-N, mg/L 0.193 0.137 0.04 1.65
NHX-N, mg/L - 0.070 0.038 0.01 ~ 0.28
NO_-N, mg/L S 0.279 °  0.086 0.02 0.66
Total P, mg/L 0.022 0.008 0.01 0.04
Dissolved P, mg/L ©0.011 0.003 0.01 0.02
TOC, mg/L 2.57 0.88 1.1 5.4

Organic nitrogen values observed in 1982 were higher than those

in other years. Values observed in 1982 ranged from 0.30 to 1.65 mg/L

Awhile those in other years ranged from 0.04 to.0‘30 mg/L. There was also

little difference by stations except for the mean at TRH.532.1
(0.280 mg/L) énd those at TRM 527.4 (0.158 mg/L) and TRM 496.5
(0.145 mg/L). All other station means fell between these extrémes
and were statistically indistinguishable.

Ammonia nitrogen values in 1982 were also high with five vaiues
éxceeding’0.13 mg/L, tﬁe highest value in other years. Also, the station
in Watts Bar Reservoir (TRM 532.1) averaged 0.0329 mg/L‘and»was signi- . -
ficantly lowér (0.05 1evel)~tha; any other station in 1982; All six

stations were statisfically indistinguishable with means ranging from

- .0.588 mg/L at TRM 496.5 to 0.085 mg/L at TRM 528.0.

Nitrate plus nitrite nitrogen remained relatively constant oﬁer
all yeafs and all stations with most observations between 0.1 and 0.4
mg/L. Oniy 2 of 117 May observations were greater than 0.45 mg/L wiﬁh
the ﬁaximum of these at 0.66 mg/L. | |

Total phosphorus showed no significant differences over the
seven stations. The range‘of values was 0.01 to 0.04 mg/L with the

laboratory reporting data to the nearest 0.01 mg/L.
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Dissolved phosphorus ranged from 0.01 to 0.02 mg/L and sﬁowed no

signiﬁicant differences over the seven stations. Again the laboratory

only ﬁeborts data to the nearest 0.01 mg/L with 0.01 mg/L as the lower
dgtecéion limit.
TOC showed no significant differences over the seven stations or

over. the various years data were collected.

August--Observed means and ranges for the various nutrients were

-

‘as follows:

_ Mean . _SD Minimum Maximum

Org-N, mg/L 0.205 0.158 0.05 1.40.
NH_-N, mg/L 0.049 0.049 0.01 0.43. iﬁ
* NO_-N, mg/L 0.306 0.403 0.01 ~ 3.50 /
Total P, mg/L 0.022.  0.007 0.01 0.05 \
Dissolved P, mg/L  0.011  0.003 0.01 0.02 .

TOC, mg/L 2.87 1.50 1.0 14.0

Organic nitrogen values in 1977 and 1982 were generally higher

than those in other years. Excluding these years, organic nitrogen did

not exceed 0.32 mg/L (19 of the 1977 and 1982 observations exceeded this

"‘-’

value). No significant (0.05 level) differences between stations means

were observed during the preoperationai‘period.

'

_
<.

.Ammonia nitrogen, for the most part, was at or below 0.06 mg/L
with only nine observations greater than 0.06 mg/L. Two of these in
1977.éwere at or near the maximum value of 0.43 mg/L. Comparison among
- gtations showed that TRM 532.1 had a mean of 6.017 mg/L, which was
significanfiy lower than that at TRMs 496.5 or 527.4. All pther.

- combinations of mean values were statistically indistinguishable.
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The maximum ammonia concentration (0.43 mg/L) during
preoperational monitoring was observed in August 1977 at TRM 496 5.
However, it occurred at a pH of 7.1 and temperature of 25.5° C, and
therefore waS well below the aquatic life criterion, which would be 13.5
mglt (as N) at this pH and temperature. (All»elevated NH3
concentrations occurred at pﬁ and temperature levels such that the
aquatic life criterion was easily met.)

Nltrate plus nitrite nitrogen values were all less than 0.05

mg/L except for three at TRM 527.4 made in 1973 and 1983. Also, the

gstation with the lowest mean concentration was TRH 532.1 (mean = 0.099

mg/L) which had a significantly lower mean than the TRM 527.4 mean

(mean = 0.476). All other combinations of stations were

indistinguishable at the 0.05 level.
Total phosphorus in August was usually 0.03 mg/L or less. Only
3 of 75 measurements were greater than this and these three were less

than or equal to 0.05 mg/L. There was not statistically significant

- (0.05 level) difference over stations with station means ranging from

0.20 to 0.024 mg/L.

All dissolved phosphorus observations in August were reported as

0.02, 0.01, or less than 0.01 mg/L and no statistically significgnt (0.05

level) differences were observed over statiqnst

TOC in August generally was less than 4.5 mg/L. Two
observations in 1977 exceeded 10 mg/L (14 mg/L at TRM 506.6, 70-percent
horizontal locétion at 3 n and 11 mg/L at TRM 496;5. 57-percent
horizontal location at 1 m). Only three other observations exceeded 45

mg/L and these all occurred at thev3 m depth in 1982. No statistically
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'significant (0.05 level) differences were observed over the stations
sampled.
November--Observed November means and ranges for the various

nutrients were as follows:

Mean SD Minimum Maximum

‘Org—N.‘ﬁg/L . : 0.135 0.069 0.03 0.34
Nﬂx-u,‘mg/L © 0.062  0.055°  0.01 0.35
NOX-N,Fmg/L 0.298 0.057 0.18 0.44
Total P, mg/L 0.027 0.007 0.01 -~ 0.05
Dissolved P, mg/L 0.012 0.005 0.01 0.03

~TOC, mg/L _ : 2.67 1.52 1.0 15.0
| Ofganic nitrogen in November varied over a smaller range of
values than in any other month and no statistically significant (0.05 .
level) differences were observed among stations.

Ammonia nitrogenAvaluea observed in November were generally less
than 0.12 mg/L. Only nine vglues. all observed in 1977, exceeded this
rvalﬁe. No statistically siénificant (0.05 level) differences wéré
observed among the seven sampled stations.

Nitrdte plus nitrite nitrogen ‘Values observed in November, .
simllar to organic nitrogen, varied over the smallest range than any
other month and no statistically significant (0.05 level) dlfferences
were observed among stations.

Totai phosphorus observations in Noyeﬁber were no; too different
from thqse observed at other times. Also, there were no statistically

significant (0.05 level) differences among stations.
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DisSolved phosphorus obsérvations'in November were 0.2 mg/L or

less except for three observations (two in 1983 and one in 1976). These o

-three were all 0.3 mg/L and were found over the range of 0.3- to 5-m

depths."Station means’for November ranged from 0.010 (TRM 496.5) to
0.163 mg/L (TRM 518;0). Stations at TRMs 518.0 and 506.6 were
statistioally different (0.05 level) from those at TRMs 528.0, 529.5, and

496.5. All other combinations of stations were indistinguishable (at the

0.5 level). Again it should be noted that the minimum detection limit

Qas 0.01 mg/L with oata reported to the nearest 0.01-mg/L, 8o observed
3tatistica1'diffe;enoesImay‘be partially due to refinement of the
laboratory analysis.

| TOC observations in Noveﬁber usually ronged,from 1l to 4 mg/L.
Four volues,ball observed in 1982, were at or above 4 mg/L with one of
themrreachiog 15 mg/L, the maximum value observed in any mon;h during the’
WBN preoperational surveys. No statisticallj‘significant‘(0.65 1evelY'
differences.wore obéérﬁed among stations. | l

- Other Parameters--Statistics for minerals, metals, and other

water quality parameters measured during the preoperational oeriod are
provided in appendices 4-B and 4-C. The range and mean values of
minerals and metals determinations are summarized in table 4-5.

Table 4-1 shows standards and criteria for some minerals and

metals. Standards and criteria for iron and manganese were exceeded

several times in both upstream and downstream locations. Forty-two
percent of the downstream measurements for iron exceeded the Secondary

Drinking Water Standard (300 pg/L) while 67 percent.of the upstream. .



‘measurements exceeded the same standard. Similarly; 55 percent of the
‘downstream manganese observationslexceeded 50 ug/L as did 53.percent of
the,upstream observationg. Three observations at TRM 529.9 or 3 percent

" of the upstream iron observations exceeded the 1000 ug/L criferion'fOr"
the protection of aquatic life One ebservation at TRM 527.4, or 1 _
percent of  the downstream observations, exceeded this same cr1terion
These higher concentrat1ons of iron and manganese, which were probably
associated with oxidized forms (i.e., particulates), can be easily
removed by conventlonal water treatment processes. |

Heasured concentrations of copper (Cu) have generally exceeded

VEPA's 1985 average and maximum criteria for protection of aquat1c life at
both upstream and downstream iocaticns. Over half of ell.Cu observations

 had less than detectable amounts with these lower limits being eitherIS

or iO ug/L depending on the analysis. Assuming that all values

. reported ae’less then 5 or 10 pg/L are zero, average values for-Cu

sﬁili remain higher then the above mentioned criteria. No Cu

' measurements enceeded the 1000 ug/L 1977 National Drinking Water

Standard.
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WBN Preoperational Monitoring

- Table 4-{. ‘Water Ouallfy Criteria and Sfanderds for Paramnfars Monlfored Durlng

Aquatic Life

Human Health

: Criteria A
Parameterd Average Max i mum Criteria and Standards
" pH (standard units) 6.0-9.0°  6.5-8.5° 6.5-8.59
Nitrate (mg/L as N) - Z 10°
Ammonia nitrogen (mg/L as N) 0.07f’g 0.48f’g . -
Chloride (mg/L) - - 2509
Sulfate (mg/L) - - 2509
Dissolved solids (mg/L) - - 5009
Dissolved oxygen (mg/L) 5.0" | - -
Arsenic of ~ 360f 0.022*9 50°
Bariun NT* NT¢ t0oe®
Bery! | ium 5.3 130" el
Cadmium 0.86f 2.6' 10°
 Chromium 155fsmn  300fsm 50° !
Copper g.7t™  2.f ooo%*!
Iron - 1000° - 300%°
Lead 2.25m 53> 50°*!
Manganese - 1000P 50%°
Mercury 0.012f 2.4 0.118, 21°
Nickel 730™ 00’ ™ 13.4!
Selenium Y 260" 108"
-~ silver 0.12' 2.25" 50° !
Zinc 47! 240" '™ 50009 !

a.' Units are ug/L unless otherwise noted.
b. Average not applicable to pH.

Range given is State of Tennessee (1983)

criteria for domestic raw water supply, industrial water supply, recreaflon,

irrigation, livestock watering, and wildlife.

c. Tennessee (1983) criteria for pro+ec+|on of fish and aquatic life.
d. EPA National Secondary Drinking Water Standards (40 CFR Part 143).
e. EPA National Primary Drinking Water Standards (40 CFR Part 141).
f. EPA 1985 Water Quality Criteria (50 FR 30784; July 29, 1985).



Table 4-1 (Continued)

g. NH3 as N at pH 9.0, and +empera+ure of 30°C with sensifive coldwafer species -
present; greater concentrations are allowable at-lower pH and temperature and when
" coldwater fish are absent. See reference cited above in footnote "“f" for further
details. ) _ :

‘ h. DO criterion is the minimum standard established by State of Tennessee for the
protection of fish and aquatic Iife. .

i. EPA 1980 water quality criteria (45 FR 79318; November 28, 1980).

J. Value cited is l0'5 risk level, i.e., this level is projected to resylt in one
additional cancer case per 100,000 population. Actual criterion for "max i mum protection”
is zero.. See 45 FR 79318 for further details.

k. Not sufficiently toxic to aquatic life to warrant criteria.

I. criterion as corrected at 46 FR 40919; August 23, 1981.

m. Calculated for 70 mg/L hardness. '

n. For Cr+3 the species most commonly occurring in natural waters.

o. EPA (1976) Quality Criteria for Water ("Red Book™).

. p. HcKee and Wolf (1983), Ha+er Quallty,Cri+erla, California Hafer Quality COnfrol
-Board.
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Table 4-2. Suwmary of Watts Bar Nuclear Plant Nonradiological-vahr Quality Monitoring Program - .
i " Quarterly Sampling in Chickamauga and Watts Bar Reservoirs, 1973-86% :
Sample.
Tennessee ~ Horizontalt Col lection Physical-Chemical o
River Mile Location (%) Depths (m) Measuremsnts Period of Record:
532.1 37 various “In situ mon i tor¥ Aug 73-Nov 77, May 82-Feb 86
' 37 0.1, 1.0, 3.0, 5.0 Nutrients§ Feb 76-Nov 77, May 82-Feb 86
85 “various In situ monitor ‘Aug 73-Nov 77, May 82-Feb 86
529.9 90 various In situ monitor Aug 73-Nov 77, May 84-Feb 86
90 0.1 or 1.0 Nutrients Aug 73-Nov 77, May 84:Feb 86
90 0.1 or 1.0 MineralsY Aug 73-Nov 77, May 82
90 0.1 or |.0 . Metals# Aug 73-Nov 77, May 82
- 529.5 20 various In situ mon'H"or‘ . Feb 76-Nov 77, May 82-Feb 86
20 0.1, 1.0, 3.0, 5.0 Nutrients " Feb 76-Nov 77, May 82-Feb 86
20 0.1, 1.0, 3.0, 5.0 Minerals Feb 84-Feb 86 :
20 0.1, 1.0, 3.0, 5.0 Metals Feb 84-Feb 86
75 various In situ monitor Feb 84-Feb 86
- 75 " 0.1 near bottom Nutrients Feb 84-Feb 86
75 0.1 near bottom Minerals Feb 84-Feb 86
75 0.1 near bottom Metals Feb 84-Feb 86
5280 7% various - In situ monitor May 76-May 77, May 82-Feb 86 -
o 75 0.1, 1.0, 3.0, 5.0 Nutrients ‘May 76-May 77, May 82-Feb 86
75 0.1 near bottom Minerals Feb 84-Feb 86 :
.75 0.1 near bottom Metals . Feb 84-Feb 86
527.4 .33 various In situ monitor Aug 73-Nov 77, May 82-Feb 86
33 0.! near bottom Nutrients Aug 73-Nov 77, May 82-Feb 86.
33 - 0.1 near bottom Minerals Aug 73-Nov 77, May 82-Feb 86
33 . 0.1 near bottom Metals Aug 73-Nov 77, May 82-Feb:86
67 various In situ monitor Aug 73-Nov 77, May 82-—F§b 86
67 0.1 near bottom Nutrients ' Aug 73-Nov 75 - .
- 67 0.1, 1.0, 3.0, 5.0 Nutrients Feb 76-Nov 77, May 82-Feb 86
67 0.1 near bottom Minerals Aug 73-Nov 77, May B2-fFeb 86
- 67 0.! near bottom Metals Aug 73-Nov 77, May 82-Feb 86
518.0 33 various In situ monitor Aug 73-Nov 77, May B82-Feb 86
67 various In situ monitor  Aug 73-Nov 77, May B2-Feb 86
. 67 0.1, 1.0, 3.0, 5.0 Nutrients Feb 76-Nov 77, May 82-Feb 86
67 0.1 near bottom Minerals Feb 84-Feb 86
67 0.! near bottom Metals Feb 84-Feb 86
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Table 4-2 (Continued)

: Sample
Tennessee :Horizontalt Collection Physical-Chemical
River Mile Location (%) Depths (m) . Measurements Period of Record
506.6 : 25 various In situ monitor Aug 73-Nov 77, May 82-Feb 86
70 various In situ monitor  Aug 73-Nov 77, May 82-Feb 86
70 o.t, 1.0, 3.0, 5. 0 Nutrients Feb 76-Nov 77, May 82-Feb 86
496.5 30 various In situ monitor Aug 73-Nov 75
57 various In situ monitor Aug 73-Nov 77, May 82—?eb 86
57 0.t, 1.0, 3.0, 5.0 Nutrients Feb 76-Nov 77, May 82-Feb 86

- *February, May, August, November.
Percent distance from left bank looking downstream.
Profiles of temperature and dissolved oxygen (DO) prior to 1976 and in situ profiles of

temperature, DO, conductivity, and pH since.
§Nutrients (alkalinity, organic nitrogen, ammonia nH'rogen, nitrite plus nitrate nitrogen,

phosphorus, total organic.carbon.

fMinerals (sodium, chloride, sulfate, calcium, magnesium, potassium, silica)

#Metals (iron, manganese, arsenic, barium, beryl!ium, cadmium, chromlum, copper, lead,
nickel, silver, zmc, aluminum, selenium, mercury.
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>Tablev4-3. Analysis of Dissolved Oxygen (DO) at Watts Bar Dam (TRHi
. 529.9) During 1973-1985 (All Units are mg/L)

Numbét of DO Values Number | Pertent_
R - in the Range of: ‘ of DO Values of May-Sep -
~ Year 2.0-2.9% 3.0-3.9 4.0-4.9 <5.0 Total May-Sept DO Values <5.0

’-' -

57 23 S 217

] 73 0 0 5 5
' 74 0 0 0 0 58 24 0 .
o 75 0 1 3 4 56 24 16.7
- 76 0 1 "1 2 58 26 7.7
I ) 77 1 5 11 17 58 . 25 68.0
ST 78 0 4 - 12 16 54 25  64.0
o 79 0 0 0 0 52 22 0
I - 80 2 5 2 9 48 19 47.4
- 81 1 4 5 1000 47 21 C . 47.6
L 82 3 10 10 23 67 39 ‘59.0
N 83 1 0 S 7 49 18 38.9
' 84 0 0 2 2 35 16 12.5
~ 85 _3 _1 _1 17 . 31 - _21 . 81.0
l _ Total 11 37 64 112 670 303 . 37.0%

*No DO values <2.0 mg/L were observed during 1973-85.

+A11 DO values <5.0 mg/L were observed during May through
September.. ; S v

*Average’perCent of May through September DO values <5.0 mg/L)
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Table 4-4. Analysis of Low DO Concentrations in the Vicinity of Watts
Bar Nuclear Plant During 1973-85, '

Percent_'.
Number of DO values Total number of total that
Tennessee less than 5.0 mg/L of S5-ft depth values were <5.0 mg/L
River Mile at 5-ft depth during summer months* at 5-ft depth
529.5 4 6 67
-528.0 3 6 50
527.4 4 9 44
518.0 5 9 56
506.6 5 9 56
496.5 2 11 18
Total 23 50 ' 46
*"Summer months" = August for most of the quarterly surveys. No

DO values less than 5. 0 mg/L at 5- ft depth were observed in any months
other than August ’ .
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Table 4-5. Range and Heans of Minerals and Metals Measured on Watts Bar
: Preoperational Surveys (August 1973- November 1977, May 1982 -
. February 1986) - All Stations. A S

, _ n X SD Minimum Maximum
" Calcium (mg/L) . 270 20.8 4.1 8 40
Magnesium (mg/L) . . 270 4.94 0.90 2.3 8.7
Sodium (mg/L) _ 271 - .5.97 3.12 1.6 50
Potassium (mg/L) =~ 271 1.41 0.23 0.90 2.2
- Chloride (mg/L) 266 6.58 2.49 3 35
Sulfate (mg/L) 259 13.6 12.90 3 - 21
. Silica (mg/L) 53 5.34 0.92 4.1 7.5
I . Iron (total) 277 346 344 10 4200
- Iron (dissolved) 242 42.9 37.5 10 230
: Fluoride i(mg/L) - 93 - 0.085 0.018 0.04 0.10
r W Argenic 1250 2.77 2.15 1.0 11
ﬂ ‘ Barium ' 247 62.6 39.9 10 200
L Beryllium 246 5.36 4.50 1.0 10
Boron 233 87.0 141.8 6 1000
l Cadmium , 246 . 0.711 1.108 0.10 13
‘ Chromium 249 3.3 3,12 1.0 39
. Cobalt ' 4 5 0 5 5
I Copper . 249 24.2  63.3 5 680
Lead 242 7.67 11.4 1.0 130
' Hanganese (total) . 271 62.9 30.1 14 180
Manganese (dissolved) 110 19.6 17.4 10 90
Nickel' - - 249 34.0 100.6 1.0 1200
Silver - S 247 - 8.02 3.95 0.20 10
: . Zinc . 249 27.3 106.8 1.0 1600
: ' ‘ Aluminum . 247 347 351 50 2300
" Selenium . . 250 1.38 0.86 1.0 10 -
l ’ Mercury 250 0.224 0.154 0.2 1.6

*Units are pg/L unless otherwise noted.

I/
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5.0 PLANKTON

Discharges from WBN may affect plankton in Chickamauga
Reservoir. Preoperational sampling was conducted to.describelnatural
variability associated with phytoplankton and zooplankton communities in
the réservoir, and to document biologic trends occurring prior to opera-
‘tion of WBN. These preoperational data serve as the baseline to evaluate

effects from operation of WBN.

5.1 Mateérials and Methods

‘Field--Phytoplankton monitoring during the preoperational period

included estima;es of extractable chlorophyll concentration, primary pro-
ductivity (by Clh-uptake), and organism density. Zooplankton monitqr—
ing evaluated organism density. Phytoplankton and zooplankton sémplés
were collected qda;terly at seven WBN stations from February 1973 tﬁrough
November l§77 and' from Ma& 1982 through November 1985. From-upstfeam to
_ downstream these stations were: TRM 532;1 (Watté Bar Reservoir fqrebay);

TRM 529.5 (directly downstream of Watts Bar Dam); TRM 528.0 (at the

intake to WBN); TRM 527.4 (directly downstream 6f the WBN submerged
~diffuser); TRM 518.0; TRM 506.6; and TRM 496.5.

In addition to data from WBN sample sités, some analyses used
épundance data from stations associated with Sequoyah Nuciear Plant
'iddatéd at TRM 484.5 on Chibkéﬁauga Reservoir. Prior to 1985, three SQNi
sites (TRM h90,5; TRM 483.4, and TRM 478.2) were regﬁlérly éampled. In
-July 1985 éwo additional stations were incorporéted into the SQN sampling

scheme. These were at TRM 484.5 and TRM 472.8 (figure 5-1).
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Phytoplankton samples were collected from mid—channel with an

eight liter'Van.Dprd bbttle at 0.3, 1, 3, and 5 m depths. Zooplankton
samples were collected using a 0.5 m diameter plankton net fitted with
#20 mesh (86 um) nylon bolting cloth as described by Dycus and WaAe

(1977). During 1982—1985.phytoplankton and zooplankton samples wéré

collected in triplicate, with phytoplankton preserved in M3 (Meyer,

1971) and zooplankton in 10 percent Formalin. From 1973-1977 replicate

_~. - /-\ :

' phytoplankton samples were not collected and samples were preserved with
10 percent Formalin; however, zooplankton samples were collected in

duplicate as described above.

a =

From 1982-1985 triplicate chlorophyll samples were dosed with a

'magnesium carbonate suspension1 and then filtered through 0.45 pm

-\

. glass fiber fiiters. The filters were placed in darkened vials contain-

ing 5.0 ml of 90 percent buffered acetone and transported to the

'Léboratory Branch (LB) on dry ice. Chlorophyll analysis methods changed

7

during the earlier years of the study, however the above procedures have
been standardized and will be used during operational studies at WBN.
During the period 1982-1985, duplicate primary productivity

sampleé from. each depth (0.3, 1, 3, and 5 m) were inoculated with 1 ml

‘(approximately 2 uCi) of Clh—labeled NaHCO.,, and incubated at the

3

depth and station collected. Dark bottles to correct for non-pho-

'

tosynthetic carbon uptake were incubated with the light bottles at 0.3 m
“and 5 m depths. An éttempt was made to incubate the samples for .
1. One milliliter of MgCOj3 suspension was added to each quart

cubitainer at the time of collection. The MgCO3 suspension was
prepared by adding 1.0g of MgCO3 to 100 ml deionized water.
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three to four hours around solar noon but field conditions often neces-
sitated deviations from this routine. The actual length of incubation
‘and period within the solar day were noted on field sheets so that the
appropriate adjustments could be made in the productivity célculations.
After incubation the samples were filtered on 0.45 um pore size mem-—
~brane filters. The filters were rinsed with 0.1N HC1l, placed in -
scintillation vials, and transported to the Radiation Laboratory for
analysis. During the 1973-1977 monitoring period, primary p?oductivity
sampies from the various stations were all transported to TRM 532.1
(Watts Bar Reservoir forebay) for incubagion at the appropriate collec-
tion depth. After incubation, the 1973-1977 samples were injected with
ml of 10 percent formalin to halt metabolism until the samples could be

filtered. After filtration, the 0.45 um pore size membrane filters

were glued to planchets, placed in dessicators in a light-excluding box, .

and shipped to the Radiation Laboratory for analysis.

A portable pyroheliometer was used to record solar radiation
" from sunrise to sunset on days of primary productivity studies. On
occasions when the pyroheliometer did not function properly, solar
radiation data were retrievéd from the Watts Bar meteorologic station.
.From 1982 to 1985 light penetration was measured with a Secchi disc
and/or é submarine photometer.

Laboratofz——Algal enumeration samples were mixéd and a 15 ml
éliquot allowed to settle in a settling chamber for a minimum'of
12 hours. Thé algae were enumerated at the generic levél using an’

inverted microscope. From 1973 to 1977, filamentous forms such as
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Lyngbya, Oscillatoria, and Melosira were quantified tor enumeration by

dividing thé filament length in microns by a factor of 100 (e.g.,
2500 um reported as 25, 250 um reported as 3). Oscillatoria :
qomprised éver 90 percent éf the Specimens quantified by this method.
Individﬁal cells were counted for all genera for the period 1982-1985,
During 1982-85, chlorophyll sample filters were stored in acé—
tpne‘in}a freezer prior ﬁo analysis. In 1973-and 1974 Ehe filﬁers were
stored in a dessicator at 4° C; after May 1975';he unextracted filters
were stored in a freezer.
For the period 1982-1985, chlorophyll extracts Qere brought to

room temperature in the dark, and the filters ground with a glass rod and

: subjeéted'to ultrasound to disrupt cell walls  and ensure complete extrac-

tion. Sémples were then centrifuged and the optical density of the
supernatant was measured at 750, 664, 647, and 630 nm. The extract was
then acidified with two drops ofIO.lN HC1l and fhe oétical density at 750
and 665 nm was determinéd after one minute. Chloroﬁhylis a, Q;,and c
were calculated using the equatioﬁs of.Jeffrey and Humphrey (1975) -and
phaeophytin g‘and the phaeophytin index (PI) were calculéted using the
equations of Lorenzen (1967). Duriﬁg the 1973-1977 period, chlorophyll
filtgrs were extracted in the lab with 90 péfcent acetong fbr 24 hours in
‘the dark at b;'C. When‘giass fiber filters were used in'the-field; the
extract was filtered again through a glass fiber filtef before spectfo—
photometric analysis. When cellulose acetate filters were used, the
extract was centrifuged before analysis. From 1973 to 1977, chlorophylls

a, b, and ¢ were calculated using the equations of Parsons and Strickland
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(1963). For the\current analysis, 1973-1977 chlorophyll values were

recalculated to make them more comparable to the data collected in

1982 1985 Phaeopigments were not analyzed prior to 1982.

Rad10act1v1ty of primary productivity samples was determlned by

liquid scintillation during 1982-1985 and by a thin-window, low-
.backgfound, gas-flow proportional counter in 1973-1977. Tetal alkalin-

ity, pH, and temperature were used to calculate available inorganic

=' = = !

earbon using the tables of Bachman (1962) for 1973-1977 and Saunders,

~

et al. (1962) for 1982-1984. Net photosynthetic act1V1ty in mgC/m /hr

was determined by subtracting dark bottle Clh activity from light

bottle acfivity. Net photosynthetic activity was averaged for depth

intervals, multiplied by the respective depth interval, summed, and

’

~
e

proportioned to daily solar radiation to estimate the daily areal

productivity, expressed as mgC/mz/day (Steeman-Neilson, 1952).

Zooplankton samples were diluted or concentrated, depending on
the abundance of detritus and organisms. Four l-ml subsamples were taken
from each'mégnetieally>stirred sample using a 1-ml Hensen—Stempel  ,
‘pi?ette, and each subsample was pleeeg in a Sedgewick Rafter‘eell.

Orgahisms'were enumerated at the lowest practical taxonomic level,

D ‘g‘ ; ’e

usually species, on a compound microscope at 35 X or 50 X. After sub-

sample enumeration, the remainder of the sample was scanned under a dis-

secting mlcroscope at 14 X for additional taxa not encountered in sub—
sampling. Resultant counts were extrapolated to numbers per cubic meter.

Data Analysis--Varability among samples for enumerations (both

~ phytoplankton and zooplankton), chlorophyll a concentrations, and primary
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prodﬁctivity estimates was evaluated by the coefficient of'variation.

-Coefficients greater than 40 percent indicated less than desirable’

repllcablllty

Repllcate phytoplankton samples for a given depth, station and

date were not collected prior to 1982, although replicate zooplankton

samples existed for the entire study period. However, because of the

intensity of vertical mixing, a judgement was made to use phytoplankton
samples collected'atAthe various depths at a single station as replicates
for the purpose éf statistical analysis. This assumption is consistent
with what is known about the hydrauliés of the reservoir and allows sta-
tistical comparisons among stations by analysis of Qariance (ANOVA). All
numerical:éhytoplankton data1 were log transformed before statistical
analysis to ensure a‘normal distributionz, then subjeéted to a one-way
ANOVA gsing station as the class variable. A Sgudent—Newman—Keul's test
(SNK) was used to rank and find significant~differences.aﬁoﬁg station.
means. A 95 percent confidence level was used for all analyses. By
convention, the SNK test was conducted on log transformed means, but

arithmetic means have been used in the tables to give a quantitative

1. Total algae (106 cells/llter), chlorophyll a (mg/m3), primary
productivity (mgC/m? /day), Chrysophyta present (106 cells/liter),
Chlorophyta present (106 cells/liter), and Cyanophyta present

(106 cells/liter). :

2. Because the chlorophyll data set included values of '0.0', the

arbitrary value 'l1.0' was added to each concentrat1on before log
.transformatlon. -
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indication of the central tendency of the data. Similar procedures were
used on zooplankton data, except a log10 transformation was used.

Pielou's percentage similarity index (Pielou, 1975), Sorenson's

‘quotient of similarity (McCain, 1975) and a form of the Shannon diversity

‘index (Patten, 1962) were used to analyze phytoplanktoh and zooplankton
. community structures. Pielou's percent similarity (PS) was computed as

follows:

s
PS = 200 I min (Piy, Piy)
i=1 '
~where Pjyx and Pjy are the quantities of genus i

at stations x and y as proportions of the quantities

of all s genera at the two stations combined.

The index is baséd on both qualitative and quantitative communify char-
acteristics and values of 70 percent or greater were assumed to show
similarity.

Sorenson's quotient of similarity (SQS) was calculated as

follows:

SQS = 2s/(x + y) x 100

where x = number of genera at station X
y = number of genera at station Y
s = number of genera in common between stations

X and Y.
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This index is-Baéed soiely on qualitative commﬁnity cﬁaracteristics
(i.e., genus pre#ence/absence) and values of 70 percent or greater were
aésumed'to show similarity. If comparisons between- two stations provided
blow.SQS and PS valueé, ‘the communities should bé gonsidered_différen;._
If the SQS value is high but PS is lbw, the communities are composed of
similar,genera'bﬁt~différ either in total abundaﬁée or relative abundance
of genera preéent; When 5Qs is low and PS is high, commﬁnities may still
be considered_similar bécause the low SQS value probably reflects the
random occurrence of rare genera which affegt SQS values more than PS
'values. If both SQSvand PS values are‘high, the coﬁmunities are similar
in gengric”cdmbosition,‘relatiQe abundance of genera, and total algae

abundance.

‘Diversity index values (d bar) were calculated as follows:

e
d bar = - (n./n) log (n /n)
U E Y B

where s = number of genera collécted
' o A th ,
" n = number of individuals belonging to the i  genus
i )
o = total number of organisms
d bar = diversity per individual

‘Transformed (log10X+1) abundance values (total abundance and
abundance by season) for seven WBN and three SQN sites (five for July
1985 data) were subjected to first and second order regression analysis.

Because of several inconsistencies in the data set phytoplankton numbers




‘from the 1.0 meter sample only were used in the regressions. Zooplankton

samples were-colleéted as continuous tows from near bottom to the sur-

face, consequently the comppsition of the mixed sample at each station

was used for the regressions.

i Danmmal = .

- ==
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5.2;1 Phytoplankton Results and Discussions

' Phytoplankton cbmmunities respond rapidly to changing environmental

‘conditions and are capable of demonstrating variation in abundance and/or

thsiological state within a short period of time, i.e., a week or .even dayé
(Wade 1984). Herver consistent effort over a period of years enébleé
documentatibn of trends within the phytoplankton community to be used in
évaluafing effects of WBN on Chickamauga Reéervoif., While seasonal pétterns
(winte;, spring, sgmmer, autumn) over years (1973—1977 and 1982-1985) provide
inferep¢eé abéut annual periodicity, year to year changes document 1ong—te;m
Variafiﬁns wiﬁhin,the river reach. Phytoplankton'énalyses addréssed four
cbmmunity parameter§Ain_an.inclusiQe (i.e., Long;term) sense; These.
paraméters (community structure,,abundance, chlorobhyll biomass, and primary‘
productivity) were uséd to deséribe long-term temporal (year—to~yeaf)'énd
sﬁétial differences observed in the study area; Seésdnal descriptions.of tﬁe
phytoplanktéﬁ aséemblage provided.baseline ihformation-s§ that any operational

changes in numbers, composition, diversity and phytoplankton similarity

" indices can be quantified. Although phytoplankton results and discussions .

will generally address spatial, seasonal, and long-term aspects of the
asséhblage, specific data presented in appendices allow examination of

individual samples'which}dan be compared with physical and chemical parameters

~discussed in Chapters 2.0 and 4.0,>respectivelyi

Long-term Temporal Trends in WBN Study Reach Phytoplankton

During preoperational monitoring,’th phytoplankton genera were

identified from the Watts Bar forebay and one or more Chickamauga Reservoir

" channel habitats in the vicinity of WBN (table 5-1). Taxonomically these

géneré were distributed as follows:



‘ Group :

Chlorophyta
Chrysophyta
Cryptophyta
_ Cyanophyta
Euglenophyta
Pyrrophyta

Twenty-two of the 124 genera accounted for over 88 percent of the.

total phytoplankton abundance during one or more collection period(s). These

Number Genera

63
31
2
20
4

4

genera comprised the numerically important segment of the community and

been designated dominant forms. They are:

Ankistrodesmus
Chlamydomonas
Chlorella

Asterionella

E Cyclotella
Dinobryon

"Anacystis
Dactylococcopsis

Comparisons of stations using Sorensen's Quotient of Similarity (SQS)

Chlorophyta

‘Coelastrum

Dictyosphaerium
Kirchneriella

Chrysophyta

Melosira.
Stephanodiscus
Fragilaria

Cyanophyta

Lyngbya
Merismopedia

Pandorina

Pediastrum
Scenedesmus

Synedra ‘

Oscillatoria
Raphidiopsis

showed a generally increasing trend in similarity from 1973-1985 (see

‘appendix 5-A). Pielou's community similarity test showed percentage

“similarity (PSj to be lower than indicated by SQS comparisons with only

have

- 39 percent of possible combinations similar at the 70 percent level or greater

(appendix 5-B). These data are summarized by year as follows:
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SQS PSS -
Year -No. Comparisons No. Comparisons :
Similar/Possible Percent Similar/Possible Percent
1973 ..© . 56/84 67 ' 43/84 : 51
1974 L 39/84 W6 26/84 31
1975 - 46/84 55 17/86 20
1976 . 40/84 . 48 ‘43/84 51
1977 59/84 . . 70 39/84 46
1982 51/63 . 81 o 11/63 18
1983 . 59/84 - 70 o 28/84 : 33
1984 55/84 66 . 39/84 ' 46
1985 80/84 . 95 1 42/84 50
Total 485/735 - 66 . © 288/735 39

Siﬁilarity_indices (SQS) were determined for each sample station by
séasbn over the ‘time period 197341985'(appendix 5-A). These calculations
showed dissimilarity among stations to Be greatést during the transition
season$ (sprihg_énd autumn).

Diversity. index values for phytoplankton ranged from 0.35 in May,

1975 (TRM 506.6 at 3m depth) to 4.40 in August, 1985 (TRM 496.5

at 5m depth) (appéndix 5-C). In one instance (TRM 532.1 at 5 meters) in

November 1977, no diversity index was calculated because only one taxon was

‘present in the samples. The greatest number of -genera (59) occurred at

TRM 532.1 during 1985. Habitat at TRM 532.1,'located in'tﬁe-Watts Bar . .
Reservoir forebay area, isvlentic énd unlike the mixed, Iotié enﬁironment iﬁ
the vicinity of WBN. Phytoplankton data from TRM 532.1 were expected to.
aiffer from stations near WBN. 'Howéver, TRM 532.1 was included in the

monitoring program'as,the primary source of planktbn in the vicinity of WBN.
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Diversity Summary

Range of Range of Low/High

Year Genera Diversity Month
1973 5-30 - 0.53-4.10 Feb/Aug
1974 3-20 0.91-3.17  May/Aug
1975 4-39 0.35-4.23 - May/Aug
1976 L-44 : 0.75-3.87 - Feb/Aug
1977 1-51 0.00-4.21 Nov/Aug
1982 12-41 1.03-3.55 Aug/May _
1983 10-39 1.84-3.74 Nov/Aug ‘ _ o
1984 9-43 0.67-4.01 May/Feb '
1985 14-59 1.89-4.40 Nov/Aug

"HOVerall, diversity indices were good with only 29 of 976 values less

th@n 1.0, however only 22 indices were greater than 4.0. These data show the -

syétem to be'relatively'éonsistent with‘respect fo taﬁa present.

‘ Phytoplankton community structure showing seasonal sucéession of éhe
 three dominant groups (Chlorophyta; Chrysépﬁyfa and Cyanophyta).for 1973
 th£ough 1985 is in figure 5-2 througﬁ figure 5-5 and table 5-2. The other -
_Athgee groups (Cryptophyta, Euglenophyta, and Pyrrophyta) ha§e been combined .
.and designated as "other'" because thengenerally comprised a small percentagé
of bhytoplankton abundance. These percéntage composition data represent
average abundance of ail seven stations; however individual sample values ét
eébh 1oca§ioﬁ are in appendix 5-D.

" In 1973 and 1974, phytoplanktOn'was dominated by Chrysophyta

(table 5-2). The only excepfion was August 1973 when Chlofophypa (primariLy

Scenedesmus) dominated. In all cases where chrysophytes were the dominant

group, the most prevalent genus was Melosira and only once (August 1973) did
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'Cyaﬁophyta.(30.9 pércent)-éderise-SubStantialiy'morevthan 5 percent of_the

community (table 5-2).
Melosira was usually the dominant chrysophyte genus throughoht the

entire préqperational period (appendix 5-D) and Chrysophyta tended to dominate

"the assemblage exCeptvfor‘the'summer season (table 5-2). In summer,

Cyanophyta frequently was dominant. This dominance sometimes persisted into

autumn (1977 and 1985; table 5-2). Dominant cyanophytes varied from year to.

year but were compfised primarily of Dactylococcopsis (1973), Anacystis (1975,

| 1976, 1977), Raéhidiopsis‘(1982 and 1984) and Oscillatoria (1983 and 1985)

(appendix 5-D).
| Generally the other phytoplankton groups (Cryptophyta, Euglenophyta °

and Pyrrophyta) were present in the assemblage but were sparse (appenix 5-D). -

However during four of the thirty-six quarters of sampling these groups

comprised 10 percent or more of the assémblage. These were: winter of 1975

- with 10.56 percent, primarily Euglenophyta; spring of 1982 with 46.25 percent,

fprimarily Cryptophyta; autumn of 1982 with 15.75 percent, primarily

Cryptophyta and autumn of 1985 with 12.18 percent, primarily Cryptophyté
(figﬁre-5¥3); Also, during fourvqﬁarterly samples the group Chlqrophyta_was
domi‘nant'.A Th.esve‘qua.rters'were: summer of 1973 (38f76 percent); summer
(A1.6vpercént) aﬁd autumn (39.4 peféent) of 1975; aﬂd autumn of 1984
(5&.2.percent)-(table 5—2);

“When percentage composition was determiﬁed (seasons combined) by

- group at each station within each year some changes in the Tennessee River in

the vicinity of WBN becameAapparent (figures 5—6‘through 5-8).  Beginning in
1973, phytoplankton were:dominatéd by Chrysophyta (figure 5-6) or Chrysophyta

~and Chlorophyﬁa, however the system gradually shiftéd to an entireiy different
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comnunity in later years (figure 5-7).. No phytoplankton samples were
collected from 19781981, and when sampling wasvresumed in 1982 thekassemblagé
was moré eutrophiﬁ (figure'5=8). The system (particularly the upstream
stations) was totally dominiated by cyanophytes with the cryptophyte,
rChroomonas, as secbnd in'abundance, particularly at TRM h96?5.and TRM‘506.6
.(appeﬁdix 5~D).A Cyanophyte dominance moderated in 1983 (tabie 5-2) but becamé_
reestablished in subsequent years (figure 5-8). These figures document a
éudceééiénai'éhangebin this reéach of the TenneSsée River wherein the
phytoplankton community chlianges from a chrysophyte dominated system to a:
cyanophyte dominated one. There occurs also a gradual sﬁift amongbstat£0ns
frdm'over 60 percen§ cyanophyta (TRM 532.1) to less than 40 percent Cyanopﬁyfa
(TRM 496.5) (see 1983, table 5=2). This spatial péttern was repeated more
(1982) or less (1976) throughout ﬁhe entire preoperational mOnitéring:period.
Cyénophyte.dominancé in the vicinitonf WBN éuggests eutrophiqation; however,
becausé of water travel times this eutrophication is also undoubtedly a

reflection of conditions upstream of WBN in Watts Bar Reservoir.

Phytoplankton Abundance--The abundance of phytoplankton communities
Véries with intensity and duration of g?ailable light, quality and~quantify of
nutrieﬁts‘present in the water column, temperature, current, and the hydro-
graphiqbcohfiguratidn of the system. To evaluate differences in phytoplankton:
abﬁndance, log transformed data were subjeéted to four-way analysis of
‘variance for pbpuiation ¢changes at location (river mile), depth, season
{quarter), and‘year. In order to balance the data set only one abundance
replicéte value was used for each combination of the four tést parameters, and

1982 was excluded because winter quarter data were not collected. -
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Total phytoplanktén‘abundande'iﬁ the Tennessee River near WBN

exhibited significant differences for all main effects except depth-(i.é},

river miié; seaséd, and~year)‘(table'5—3); A significant interaction glsd
ocCuffed betWeeﬁ year and season. This intéraction showed, and the abupdadce
déta (appendix S—D)-verified,.a system with significantly greater numbérs
present each summer throughout all years than in other seasons. Abundance
féilerd the genépal trendtobserved in Sorenspn's.analyses where highest SQS
values were observed.invsummer followed by the winter season, then spring and
autumﬁ in descending érder'of similafity.» The pattern differed in that the
SNKIMultipié Range Testﬂshoﬁed spring and autumn not significantly differept>
from eaéh §ther.. | |

Year to yeér differenceé.in total . phytoplankton abuﬁdance shdwed:1985
had significantly more bhytoplankton (a0 = 0.05) than other years. ABundance
in 197& and 1973 was 51m11ar but slgnlflcantly lower than other years |

(table 5-3, append1x 5- D) The year to year changes in phytoplankton

- abundance by sample station,'including stations sampled as part of the SQN

- monitoring effort are in figures 5 9 through 5-17. These figures show the -

differences’ 1n year by year, seasonal, and river mile ANOQVA (table 5= 3)
Fewest overall numbers of phytoplankton (0.07 x 106 cells llter) were
collected at TRM 496 5 durlng the autumn of 1983 (flgure 5-15) and TRM 506.6
durlng autumn of 1984 (flgurg 5-16). Greatest numbers (24.93lx 10°
cells/litér) were taken iﬁ the summer of 1582 at TRM 532.1 (figure 5i14).
4GéngyallyA$umme;‘wés the most productive séason‘with the highest
.comﬁuﬁity similé;i;y (appéndices 5-A and 5-B) and ﬁiversity (appendix 5-C).

Howéver,apreseﬁ¢e/absencéQdata (appendix 5-D) and abundance figures
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(figures 5-9 through 5-17) show a pattern of'bétween'sfation variability in

"phytoplankton numbers. Abundance patterns among stations show TRM 532,l as
moét prbductive and TRM's 496.5 and 506.5 as least (table 5-3).

' Thié pattern pérsisted in other seasons (figure 5—10,'spring and
5-13, autumn) with g¢QEra1 declines in numbers from upstream to TRM 496.5.
However, those stations assgcia;ed with SQN (TRM's 478.2, 483.4 and 490.5)
often showed a pattern of inggeasiﬁg ﬁumbers in a downstreém direction. This

trend is evident at SQN stations "A" (TRM 472.8) through "E" (TRM 490.5) in

figures 5-9 through 5-17. These data indicate the effects of discharging
deeper straté waters from Watts Bar Reservoir and the importance of reduced
flows (increased retention time) to plankton production in Chickamauga

Reservoir.

'Spatial trends of phytoplankton abundance were further examined usiﬁg-
total numbers coilectédiét 1.0 meter deptﬁs over years ana by séasons‘withinf.
"years. These data were régressed égainst the seven stations in tﬁe WBN'A
‘preoperétional data set‘and stations 1‘(TRM h78.2), 2 (TRM 483.4), and‘
3 (TRM 490.5) of the SQN preoperational and operational aata set. Total
_yéarly abundance and abundance by season were‘examined. Several years, as
.well,as seasons within years, showed significah; non-linear regressions of the
genergl quadratic form. .Appgopriate éonstants of the equation: |

y=a+bx+ é x2

Qhere "y'" is the 1ogqri£hm of estimated abundance and "x'" is the sample
statioé (e{g., TRM h72,8 . e ; IRM 532.,1), are presented in appendix 5-E. Ihe
P>y F valués (significanqe) of regreséions are summarized below. Regressibns

significant at a = 0.05 are.mabked MM
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“Total Abundance by Season

Year - Abundance Winter Spring Summer Autumn
1973 0.0682 0.5341 0.0156%* 0.0032x* 0.0017x*
1974 0.0757 0.0357* 0.0311%* 0.0277% 0.0072%
1975 0.1069 0.2351 0.0118* 0.0301%* 0.2034
1976 0.7534 0.6978 0.4055 0.0773 0.0464%
1977 0.2139 0.0113* 0.6629 0.4933 - 0.0001%
1982 0.0115%* . 0.2879% 0.0007%* 0.0001% 0.0001*
1983 0.0014*  0.2912 0.0001* 0.0001* 0.0001*
1984 - 0.0081 0.0027* 0.0001x* 0.0001* 0.0065%*
0 0.0001* 0.0526

1985 . 0.4122 0.8599 .0020%*

*Significant at a = 0.05.
tThree SQN stations only.

Because many F-values were significant, especially in the seasonal- .

- regressions, they will be addressed .in the seasonal discussions. However,

those years where significanf'departures from the hypothesis of no difference

among stations for total numbers occurred, coincided with the operational

._yéars‘for SQN. Operation of SQN could not have influenced phytoplankton
abundance in the vicinity of WBN. In the well mixed, relatively fast flowing
.riverine portion of Chickémauga Reservoir near WBN, residence time in the

) eﬁphotic zone was inadequate for phytoplankton growth and reproduction.

Therefore, if operational impacts to the phytoplankton community occur, they’-

likely will not be apparent in this portion of the reservoir under flow

conditions. Downstream from where the reservoir becomes more lacustrine to
the forebay of Chickamauga Reservoir slower flows permit phytoplankton

abundance to increase.

Chlorophyll Biomass—-Because of several changes in field and -

'labofatory procedures, chlbrophyll data were not comparable over time. Within



years thésevdata were variable with respéct to both seasonal and spatialb
biomassiboth'among stations and among seasons (appendix 5-<F). Although not

_ evaluated quéntipatiVer; the chlordphyll data provgded several qualiﬁative
insigﬁté into overall prédUction of phytoplankton. Chloroﬁhyll a values were
generaliy greatest in the Watts Bar forebay area (TRM 532.1) and 1easf at the
- most downstream station in Chickamauga (TRM 496.5). During most years
chlorophyll biomass was di;ectly correlated with abundance (appendices 5-D aﬁd
S;F). Maximim chlorophyll a conCentrations recorded each year are summarizéd

as follows;l

Year ~No. Values > 10 mg/m3 . Highest Concentration’ Site -
1973 . None 6.56 mg/m3 529.5
1974 ' 1 10.76 mg/m3 - - 532.1
1975 None 7.63 mg/m3- ©532.1
1976 4 15.91 mg/m3 532.1
1977 - , 29 17.34 mg/m3 532.1
1982 27 ' 23,87 mg/m3 532.1
1983 .13 14.18 mg/m3 ‘ 532.1
1984 31 15.46 mg/m3 . 532.1

1985 ' 49 21.20 mg/m3 532.1

The number of chlorophyll a concentrations greater than 10 mg‘/m3
has been increasihg steadily over the years at TRM 532.1. Similar trends were

aiso_doéumented at other sample sites in the vicinity of WBN (appendix 5-F).

These concentfations, in the 10-30 mg‘/m3 range suggested by Vincent (1981) |

{
{

as indicative of potential eutrophication, occurred only rarely prior to 1977;

however their incidence has increased since that time:
; The relationship between chlorophyll & and phaeophytin a (a

degradation product of chlorophyll a) expressed as a phaeophytin index (PI)
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provides inferences about the physiblogical'status of the assemblage.

v - b .
- Phaeophytin indices were determined for samples collected from 1982 to preserit

" (appendix 5-F). PI values near 1.7 (fhe‘theoreticél maximum) imply -

populations consisting of mainly intact, non-decaying organisms, whereaé""
valﬁes'near 1.0 (theoretical minimum) indicate 1iftlé or no active
chlbrophyll a.

Except for an occasionai high PI value, moderate to large reléti?e
amountéﬂof phaéophytin g.(PI < 1.6) were present at all stations and depﬁhs
during auﬁumn duafters throughout the period 1983 -~ 1985 and for all.of 1982.
Lower PI values, indicative of aging or phyéiologically stressed algae, would
be'consistgnt with high residence timeAand potential mechanical breakagé 6f'k
éhytpplaﬁktod.. High PI values > 1.6 (in some cases PI values-éxceeded‘the,
thébretical maximum of 177) were observed during Qinter (except for TRM 532;1
inA1985); a period of reduced river elevation and reduced resideqce time -
tﬁroughout the study reach. These phaeophytin vaiues show the assemblage had
responded to physical iqfluences related to season. ‘::

" Primary Production--Primary production provides a measure of the"'

photosynfhetic activity in the water column. Primary production data were
summarized into hour1y and daily carbénlassimilatidn (appendix 5-G) ana
expressed as the amount of carbon incorporated by phytoplankton in‘a squé}e
meter area, to’a depth of five meters, for an entire day. This technique not
only qonsideré the amounts of light available during incubation and for tﬁe
day;‘but also.integrates depths within the eu?hbtic zone. This zoné, defined

as the depth to which one percent of surface light penetrates (Jasper, et..al,

- 1983), roughly correlates with Secchi depth measurements repofted in chapter ‘2

and appendix 2-A of this report.
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Unfortunately tbe entire data set was statistically unbalanced, but
cquld be balanced for ahélytical purposes over five of nine yeérs (not
consecutive) fo; seven WBN stations for each depth and geason. One replicate
was uéed for eacﬁ ofAthe 560 combinations of the four parameters,‘and ANOVA of
‘main effects and intéractiogs calculated. The error mean square for the
four—way.interaction was Qéed to determine f—statistics for secbndary

interactions. Toqﬂfew observations (¢ 7) did not permit any pattern to be

observed among secondary interactions, consequently, they were not included in

the discussion. Significance of the tests was determined by probabilities of
exceeding the F-statistic at the 0.001 level and are summarized in table 5-4.
fhe_least significant difference (LSD) test at the 99 peréenf significancev
level wasAused to locate differences among meahs fér each significant F-test.
~ A summary of the treatment means results and 99 percent LSD values is given in
table 5-5 with means having the same alpha- betic 1ettef not béing
significantly different.

The analysis of main effects means is valuable to give an.ovérali.
view of ;he system, Each main effect is pooled over the otﬂer parameters. .

RiverrMile——Photosynthetic acF%vity varied with respect to river
mile, with the mosF activity occur?ing in the Watts Bar forebay at TRM.532.1
(table 5-5, comparison I)., However, fiver miles could not be easily sorted
out on the basis of photosynthetic activityAfof the river miles (stations)

: below the dam because of similarities in activity among some stations.

TRM 527 .4 and TRM 528.0 werevsimilar but TRM 528.0 could not be distinguished

bfrom TRM 529.5 and TRM 518,0, while TRM's 529.5 and 518.0 were similar,

Primary production at TRM 496.5 and TRM 506.5 could not be separated '
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'statistically. These résﬁits confirm the 1acustrihe forebay is more
. éhotdsynthetically écfivé than.the érea ﬁélow the dam. The.fagﬁ fhat}:
'lp:o&ugtioﬁ is Somewﬂat varied among the riverine stations-indicates iocalized
'différenées betweeh the upper and 1§Wer river stations (e.g}; TRM 527.4 waé
similar.to TRM 528.6‘but not to 529.5, while TRM 529.5 was éimilar:tp 528.0
and to ali the lowepAstations). >Inspectioq of>th9 area shows.Dake Branch
entefs fh¢ Té;ﬁessee River slightly below TRM 528}0. River configuration ;-
jsﬁggésts this creek has potential photosynthetic_influehce on the TRM 527}&’
sample-sité, whicﬁ may relate to the slightly higher phytoplankton productiqn
-at TRM 527.4 when cémpared té TRM 529.5 (table 5-5, comparison I).
| .ngig——As demonstrated in tablg 5-5, comparison.II, photosYnthetiq

activity was not constant for the years examined. The high variability of

turbidity,fflow, nutrients, and available iight among years (appendix 2-A)

" coupled with large fluctuations of photos&nthesis_within years (2 mgC/ﬁZ/day

td‘;652 mgC/mz/day)Aténded-to'confuse felationships between years. Based on

L.S.D. tests annual pfiméry production showed 1974 ¢ 1983 < 1976 <« _1973 ¢ 1977

whéfe years not underlined by a continuous' line are significantly different.
Seéson——BeCausa data were collected at abo;t_the same time each
quafter, thé 140 observations‘per quarter presen£ credibility in showing
seasonal photosyﬁthetic activity. Quantitative results of primary production
.Will be discgssed in the feépective seasbnal secfions, however 1owest'overall
'éctivity.was'oﬁéerved iﬁ Nermber and Febrﬁary with virtually no diffe?ence‘in ‘

production between those months. Nearly twice as much photosynthetic abtivity

occurred in May (spring) while productivity nearly tripled in August

".(fableIS—S,‘comparison IIi).--
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Depth--Vertical stratification of photosynthetic activity varies with

the penetration of light through the water column (table 5-5, comparison'IV).

These data showed primary prodiction to be similar at the three and five ‘meter

‘depths (table 5-5, appendix G) and more than 7 times‘gréater at the upper

levels (0.3 and 1.0 méters).

Analysis of pfiﬁéry interactions allows for the combination of two

factors suéh tﬁat data are stratified in two plaﬁeé to reveal mdfe qomplex'
aésdciationé betweéh controlling variables. .The word '"by" in the interaction
'Eerm describes arrangemeng‘éf the Variables; qu ekample, river milé bj’year'
iﬁdicates’the déta'are stratified by year for eaqh riQer'mile, allowing opelto
.examine annual photosynthetic activities for an& station. Seésonal aﬁalyseS'-
.(e.g., river milé by month; year by moﬁth, and-depth by,ménth) of primary

“interactions are addressed within the respective seasonal discussions.
. - ]

River Milé By'Year——PhotOSynthetic-activity was relatively~con§tan;
for all yeérs'examined for TRM 496.5, the most downstream WBN station andvTRM”
.529.5 just below Watﬁs,ﬁar Dani. This:constancy, although atﬁéliéhtly
‘different productivity levels, was also GBServed for TRM's 506.5; and.518.Q{
TRM 527.4 and TRM 528.0 showed no cons;§tent pattern through time,

Examination of photosynthetic-activity for the forebay station (TRM 532.1)

.shows quite a different pattern: Annual changes become more prominent in the

quieter waters above Watts Bar Dam showing highest photosynthetic activity in

1977, lowestbiﬁ 1983 and gradations in activity among all years.

River Mile By Depth--Analysis of the primary productivity data by

depth for each river mile does not indicate how well mixed this portion of ‘the

'fiVer_is vertically. It has been conceded the river was well-mixed. At all -
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sample stations except TRM 506.5, appfoximately seven times as much primary

production was measured at the surface and one meter depth, which were not

. statistically different,_as occurred at the three and five meter depths, which

were also mutually indisfinguishable_(table 5-5, comparison VII).

Year By Depth——Somé:year to year variébility was presént, however

‘photdsynthesis was generally similar for all years at five meters and at three

meters (comparison IX, table 5-5). At the one meter depth productivity was

gfeatest_in 1977 and least in 1973, whereas productivity at the surface (0.3
méters'dépth) was nearly three times greater in 1973 and 1977 than for the

rest of the years at that depth.. The euphotic zone;, at least the layer ofi

: greatest‘photbsynthetic‘activity, apparently is limited to the surface and one

meter depths.for this reach of the Tennessee River.
During»analysis of phytoplankton abundance data, an ANOVA showed that

of the main effects (i.e., river mile (station), year, depth, and month .

-(quarter) only depth was not significant at the 0.001 level or greater

‘(table 5-3). Primary prOductivity analyses showed vertical differences in

phytosynthetic activity at all sites except TRM 506.5 (comparison VIII,

. table 5—5),apd throughout years.

The priméry productivity values reported here show that given reduced
flow, the phytoplankton'grow‘and reproduce in a manner directly related to

available light and nutrients. Dense phytoplankton communities do not persist

in the riverine reaches of WBN because high water velocities and associated

.tufbulence prevént algal cells staying in the euphotic zone long enough for

growth to occur. However as reservoir cross—sectional area increases, -

thtOpIankterS3remaih'in the photic zone longer and can effect growth and -
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reproduction. This point in the reservoir is usually downstream from

'TRM 496.5, However, in low flow conditions increased numbers of phytoplankton
may be observed further upstream nearer WBN (e.g., winter 1976, 1977, and'

spring 1985).
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Seasonal Descriptions of Phytoplankton within the WBN Study Reach
Biologically the" phytoplankton assemblage in the vicinity of

WBN showed cOnsisténcy among stations but conSiderable variability among

:séasons.(figure 5-2 through 5-5). AANOVA showed the seasonal progression
of phytoplankton abundance’to_be summer > winter > épring > autumn with

_ wintef»being‘sigﬁificantly more abundaht than spring (table 5-3).

Results'preSentéd include short-term temporal and spatial comparisohs'of
seven WBN 'sample ététiohs.ﬁeginning at TRM 496.5 (étatiop 4) and
prégressiﬂg ﬁpstream to'TRM 532.1 (station 10). Stations 1 tﬁfough 3
were part of the SQN mdnitéring plan in Chickamauga Reéervoir and were
uSed_éé data sourcés for examining chéngés in reservdir—wide
phyﬁoplanktoﬁ:abundance,‘

W1nter——Phy31cal conditions varled con31derably during w1nter

A@ with flows well below normal in 1977 and 1984, less than normal (1976 and

1985) to normal (1983) and‘significantly greater than normal in 1974 and
1975. Because-of reduced water elevations and'gengrally“gfea£er.ayerage
water velocities in wintér, travel timéé betﬁeen fRM 532.1'(stétion 10)-
-and TRM h96.5 (station 45 were shorter than at otﬁer times of the yeaf,

fanging between 20 hours (1975) and 2.8 days (1976). Other physical and.

chemical parameters are discussed in chapter 2 and documented in

appendix 2-A.

Phytdplankton'denéitiés in winter were eXceeded only by summer

' numbers and were usually domlnated by the chrysophyte Me1081ra at each

statlon with Chlorophyta (Chlorella) and Cyanophyta (pr1mar11y

i
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Oscillatoria) being second.and third in abundance;(appendix>5fD and

'figure 5-2). In 1983 Oscillatorié was. dominant et TRM's 532.1, 528.0 and

506.6 however overall phytoplankton abundence_was relatively low (range
0.36 x 106 and 0.66 X l06 cells/liter, and the enalyses showed no
:consistent patternvamong the three.stations. .Generally, winter
phytoplankton abundance was low during 1973 (figure 5-9), 1974 (f1gure
‘5 -10), 1975 (figure 5- 11), 1982 (figure 5- lh), 1983 (figure 5-15) and
A1985 (figure 5- 17) with few samples exceeding 1.0 x 10 cells/liter.
However, in 1976 (figure 5-12), 1977 (figure 5-13) and 1984 (f1gure 5-16)
) numbers were moderate to moderately abundant (range 0.92 x 10 to
9l58lx 10§ cells/liter) and were comprised prlmafily of chrysophytes
(see also table 5—2). Wﬁen winter river velocities wefe hlghest_

(> 68, 000 cfs in 197h and 85, 000 cfs in 1975), fewest organ1sms were.
collected (range 0.10 x lO to 0.36 x 10 cells/llter) suggesting .

*. washout related to the hlgh flows.

D1vers1ty index values were usually lower dur1ng the earlier

“sample years (1973 1977) ranging between 0.6 and 2.99 while the 1982 1985 ‘

period ranged between 2.02 and 3.83. Ipe seven WBN stations showed a
high wintervdiversity index of 3.83 (1984; TRM 532.1) and a low of 0.60
(1973, TRM 496. 5). SQS values showed-the winter phytoplankton assemblage
to be 31m11ar at all stations excepting TRM 496. 5 (1975) and TRM 532.1
,d(l975 and 1977, appendlx 5—A) Similarity indices (SQS) values were also
| determlned for each station by season over the time perlod of 1973- 1985
In nine instances w;nter SQS values were high enough to”con31der sample

gsites similar among years. These were:
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Years When

Station SQS > 70‘per¢en£ ~ '8QS
532.1 © 1983-1984- 72
L 1983-1985 - 81
' 528.0 ; 1984-1985 : .73
518.0 | 1983-1984 ) 79
506.6 - 1983-1984 - 76
S - 1983-1985 , 71
- 1984-1985 71
496.5 . 1976-1977 . - 72

1977-1985 . 76

High incidence of the years 1983, 1984, and 1985 among stations
spanning the study area (TRM 496.5 excepted) indicates relative
conéistency of taxa Colleéfed since sampling was reinitiated in spring

1982. Nofwinter.sample was collected in 1982.- Contiﬁued differences at

‘station 4 (TRM 496.5) may be due in part to recruitment.from the Hiwasseé

. River; or frdm local hydrddynamic changes in Chickamauga Reservoir.

Reasons for phyfoplankton anomalies at TRM 496.5 are not known; although;
ﬁhey havé generally persisted throughout the sampie years and have beenl'v'
documented. Winter percenEage similarity tPS) values betWeenbstations'
witﬁin years were generally consistent witﬁ SQS ihdices,_but shqwéd

TRM 496 .5 (1974, 1975, 1976, 1984) and/or TRM 532.1 (1975, 1977) to have -
less than 70 éercent similarity (appehdiva—B). | |

Regression analyées>perfofmed‘on phytoplankton densities.at

1.0 meter depth for combined WBN and SQN stations indicated significant

'~ polynomial régressions for; 1974, 1977, and 1984; however no pattern of
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abundance was establlshed (appendix 5-E). In 1974 the higheet predictéd
abundance was between TRM's 496.5 and 532 1; in 1977 the lowest predlcted
number was at the same 1ooation; whereas, in 1984, the prediction was
11near with an increase in numbers from statlon 1 (TRM 478.2) through
statlon 10 (TRM 532.1) (appendlx 5-E, f1gure 5- 16) These patterns
- suggest that some factor other than sample site is the primary.influehce
on ébgndande during the winter seasen. |
. Erimary production was'generally low (rgnge 8 (1976) to 433
T (1984) mg G/mzlday)'during winter samples and was mnot etatistically
dlstlngulshable from autumn based on main ANQVA effects (table 5-5,
comgarison 111). However when we examine interactions among seasons
within»stations (i.e., station effect is neutralized) winter was
different from aotumn (table 5-=5, oomparison VI), and that except for
station 5 (TRM 506.5) ANOVA showed consistent year to year differences in
w1nter phytoplankton productlon at the sample sites (table 5-5,

»compArison'VIll), Lowest productlon occurred in 1976 -(station 4) w1th

median winter quaq;ities of phytosynphetically bound carbon (derived from

‘~abpendix'5 G)'Iess than 90 mg C/mzlday
Spring--Water velocities were near normal (about 26, , 000 cfs)
durlng 1973, 1974, 1975, and 1977 and above average (= 42,000 cfs) in
1983 and 1984 during spring. Flows were generally lower tban average 1n
| 1976 and very low in the spr1ng of 1982 and 1985 (average flow 7 100 cfs,

range 3, 100 - 9 300 cfs).. Travel times were slower in sprlng than in

winter, ranging between 2.33 days (1983) and 15.2 days (1985) to traverse

the river from TRM 532.1 to TRM 496.5 (appendix_Z—A).. The relatively
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long travel times coupied with spring runoff from upstream and from

“ tributary rivers should promote phytoplankton growth in the system;

Phytoplankﬁoﬁ densities ip spring varied, rahging from 0.13 x
10% cells/liter at TRM 506.6 (1976) to 5.89 x 10° cells/liter at TRM |
532.1 (1983). Although spring phytoplankton densities were generally
hlgher 1n 1985 (figure 5-17) than when flow was well below normal this

trend was not repeated in the low flow condltlons of 1982 (flgure 5-14).

Conversely highest densities as reported above (TRM 532.1) occurred when

fivef.yelocities were greater than 47,000 cfs (figure'5—15 appendix 2-4).
Year- to~year dominance by Chrysophyta was ev1dent during the
first serles of preoperatlonal samples (1973 1977) and as was the case
during. the w1nter season the dominant taxon was Melosira (appendlx 5-D)
howeverbthe community pattern was changiqg. Figure 5-3 shows that the
middle stétiohs (TRM 518.0 to TRM 529.5) are relatively consistent with

respect to composition. TRM's 496.5 and 532.1 show some increase in-

Cyanophyta (Oscillatoria and Dactylococcopsis were second and third in
dominance) and while still relatively few in numeers the mipof groeps
(especiaily:Euglenophyta‘and Cryptophyta) comprised almost 1O percent of
the assemblage_pértiCularly in 1982 and 1983 (table 5-2, figures 5-14, |
and 5-15). ‘. |

A fDivefsity index values were generally low (range 1.02 to 2.76)
during the first years of sémplingA(1973—l975), impro;ing slightly
(1.39 - 3.51) iﬁ 1976 and 1977, and showing greefer fluctuation but Qith
hlgher d1vers1t1es in the '1982-1985 serles. Spring densities in the

1980's samples ranged between 0 67 (TRM 527.4, 1984) and 3.95 (TRM 506. 6



1985). -Diversity indices tended to correlate directly with the‘number of
taxa collected each year (appendix 5-C) but not with taxa collected at
each station. The 1oweet‘and highest number of taxa at a single station
respectively occurred in 1976 (4) and 1985 (50).

Similarityiindiees (SQS and PS) shewed several patterne of
taxonomic complexity. SQS values showed all stations similar (SQs >
70Vpercent5 during 1973 and 1985, and.the middle stations (TRM's 518.0,
527.4, and 528.0) resemBled'eech other taxonomically during spring
samples-of other years (appendix 5-A). During 1976, 1977, 1982, and

1984, TRM 496.5 SQS values were less than 70 percent suggesting

.recruitment of rare taxa from upstream in the Tennessee River and/or from .

the-HiWasseeiRiver. During the entire series of spring samples, SQS and
P.S. iedices showed the two downstream stations to be similar to each
other but quite differept from other areas (appendices 5-A andAS—B).
fhese analyses also showed TRM 532.1 (Watts Bar forebay) te be -unique
with respect to incidence and numbers of rérer‘phytoplankton forms. 5Qs
-indices are usually prepared to test seasonel similarities between
stationsAwithin a particular year, however the WBN phytoplankfon ta#a
were also anelyzed’where different years at the same station were

seasonally addressed. These analyses showed only four of 252 comparisons

with SQS similarities greater than 70 percent between years at a specific

station. - TRM. 529.5 showed 70 percent similarity between 1973 and 1974.
TRM 527.4 had SQS of > 70 percent between 1975 and 1976 and between 1976
- and 1977. Also at TRM 496.5 the 1977 spring sample was 51m11ar to the

1985 sample. The limited number of similarities indicates that while the
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system is generally similar within a ‘specific year, taxonomic variability

- during spring is quite apparent when compared among years.

Regression énalyses performed on combined WBN and SQN o
phytoplankton abundance data shoﬁed two spring periods (1976 and 1977) .

when polynomial regressions were not significant. The several

-significant regressions (appendix:S—G) and their respective graphic forms

can be interpreted as segments of polynomial form with nadirs near

TRM 496.5 or TRM 506.6 and highs at or near Chickamauga and Watts Bar

forebays. During periods'bf éverage'flow (1973, 1974, 1975, 1984) we .

document the 'normal'" form of the curve, however as flows increase the
nadir is pushed downstream and the spring curve approaches linear and’

directly related to river mile. During periods of continued low flow

(1985) phytoplankton pfoduction increased at the more downétream stations

(i.e., this inflection point of the curve moves upstream), consequently

the spring produétion curve become more linear and inversely related to

‘river mile.

_-Primary ﬁroduction was quite variable during spring ranging.

from 0.6 'tn'gc'/mz/dayvin 1975 to 786 mgC/mz/day in 1985. Overall, 1975

data were consistently very low (0.6 to 2.1 mgC/mz/daY)‘suggesting few
organisms were capable of reproducing during the test series. These.

values were well below others observed during preoperational monitoring -

"of phytoplankton production, and were not included in the multiple ANOVA

of phytoplankton primary production (table 5-5);' Interactidné among

stations within season showed TRM 496.5 and TRM 532.1 had significantly
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greater primary production than‘intermediate sites (table 5-5, comparison
‘VI) and the year 1977 was the mostvproductive.duringvspring (table 5-5,
comparison VIII). | |

Sunmer-fSummerrflows are usually greater than other seasons and
averaged more than 29,000 cfs in the vicinity'of WBN. This flow plus or-
minus 5,000 cfs was present during allvsample years. except 1977 (average

flow 20,800 cfs) and 1985 (average flow 21,700 cfs) Water travel times.
" were generally greater than spring values ranging between 2.9 days (1982)
and 4.1 days (1985) for a water mass to move from TRM 532.1 to TRM 496.5
(appendlx 2~ A) - The relatively consistent fiows, travel tines and water
temperatures (range 24, 5C to 28.5C) prov1ded condltlons conduc1ve to
phytoplankton~growth and reproductlon,
| Summer.thtoplankton densitiesAvaried with respect total
~Jnumbers ranging fsom 0.16 x 106 cells/liter at TRM 506.5 (1974) to
24,93 x 10° cells/liter at TRM 532.1 (1982) (figures 5-10 and 5-14).
Only once.during the entire study were summer phytoplankton densities
'surpassed by anothes season's abundance. This eccurred in i97h4when_tne
spring assemblage was more numerous than summer (figure 5—105.

While Chrysophyta generally dominated the winter and spring
V_assemblages,.sgmmer'phitoplankton were dominated by Cyanbphyfa'
(figuresS—h). Houever, in table 5-2 we see that Cyanophyta eid not begin
_ to domlnate the system until summer of 1976. Prior.to 1976 the’v
' Cyanophytes surpassed 40 percent of total abundance twice (TRM 518.0 (45
~ percent) and TRM '528.0 (49 percent) in 1975), however beglnnlng in 1976

the Cyanophyta comprised from 56 percent (TRM A96.5 1985) to 91 percent
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(TRM 532.1, 1982) of each‘éummer Sample. .During 1973, Chrysophyta

>__dom1nated at TRM's. 518 0 through TRM 532.1 (Sznedra) and TRM b96 5
'(Me1051ra) with Scenedesmus, a chlorophyte, dominant at TRM 506.5.

"Summer of 1974 was 51m11ar to other seasons with Melosira dom1nat1ngvthe

aSSemblage at most stations (appendix_5¥D){ Melosira was dominant only

_once more among summer samples (TRM 529.5, 1975),'as'the system shifted

toward more eutrophic forms (Cyanoph&ta) in later years. During the

period 1975—1985'Summer phytoplankton samples were comprised primarily of

: Anacystis during earlier years.(l97551977) supplemented by several other

Cyanophyta (Merismopedia, Oscillatoria; and Raphidiopsis) at one or more

etations,during 1982-1985 (appendix 5-D).
| D1ver51ty 1ndex values were h1gher dur1ng summer than any other_

seaeon, rang1ng_from-l.03 (TRM 532.1, 1982) to 4. hO (TRM 496.5, 1985)

(appendix 5<C). . Earl1er sampllng (1973-1977) showed more con51stency of

d bar values ranglng between 1.73 (1974) and 4.21 (1977), w1th both

‘values determlnedbat the same location (TRM 527.4).° Numbers of taxa’

reported at each station during summer were greater than any other .

' season, ranging from l7 at TRM 518.0 (1974) to 62 also at TRM 518.0

_ (1977) (appendlx 5 D).

Similarity indiees showed the summer aseemblage to be

relatively consistent taxonomically. SQS values showed all stations to

~ be 51mllar durlng all years except 1979 (appendlx S—A) The'reason for

low (< 70 percent) values for this year is unknown In 1979 only four of
21 comparisons wereVSQS_3,7O percent, a trend which was repeated by

percentage similarity (PS) analysés (appendix 5-B). Throughout the

93



summer season PS vaiges showed TRM's 496.5 and 506.5 resembled_each‘other
butvwere different>from other stations during 1973, 1975, 1982, 1983,'
1984, and 1985. TRM 532.1 was taxonomically unique duriﬁg several years
(1974, 1975, 1982, 1983, and 1985) (appendix 5-B). No distinct éatfern
of similarity yaé.evident among the other WBN stations. 8§QS analyses_A
_ tésting séasdnal‘siﬁilarities among yeafs at-a specifié statidn éhowed
30 percent of summer_;omparisons to be similar at > 70 percent ievelL
This relatively hiéﬁ incidence of year-to-year similarity, the next
highest season waé winter with 3.6 percent of comparisons being similar,
documents long~term conétanqy within phytoplankton taxa living in this
neaéh of ﬁhe Tennessee Ri;er. |

As was the case‘for spring, summer phytoplankton»abundahce
regressibﬁé WereAsignificant for all years except 1976 and 1977

(appendix 5-E). However, because summer travel- times were much shorter

than those of spring (appendix 2-A), the relationship between river flow

and inflection points of the second-order polynomial equations was less
. apparent (appendix 5-E). In most years (1974 and 1985, excepted)

predicted values showed higher abundances in the Watts Bar and

,,,,,

'Chickamauga forebay aréas and lows in tﬁe viciﬁity of TRM 496.5 -
TRM 506.6. In 1984 and 1985 with water mass travel times of 3.2 and 4.1
" days, respeqtively, the regressions.were almost linear and directly'
reiated'to river mile.

Summer primary production was more variable than spring;
ranging between 14 mgC/m?/day in 1975 (TRM 506.5) and 7867h‘

mgC/m®/day in 1985 (TRM 527.4). Overall, 1985 data were consistently

1¢o0
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greater (11,789 to 78,694 th/mz/day) than generally observed

" (appendix 5-G). Median daily carbon assimilation‘rateé»during summe r

(all yeafs) was 279 mgC/mZ/day. In all cases where analyses of

variance tests were performed, main effects analysis showed summer to be

significantly more productive than the other seasons. ' Interactions among

seasons within stations (table 5-5, comparison VI), among seasons over

'yearé (table 5-5, comparison VIII) and among seasons by depth (table 5-5,

comparison X) showed summer to be about three times as productive as the

‘other seasons when station and year effects were neutralized. Howevef_
- neutralization of years and stations showed depth to have no significant

'proportionalveffect5bn seasonal photosynthesis.

~ Autumn--Water flows in the Tennessee River during November

‘ranged between 20,000 and 25,000 cfs with an average travel time of 2.9 .
'dayS'to traverse the river from TRM 532.1 to.TRM 496.5 (chapter 2 éndA.x
_ appendix 2-A). “Other than surface elevation changes (decrease invt

elevation to winter pool levels commences around 1 October and continues

‘to the end of December) autumn hydrologic conditions were relatively

consistent. Low average flow conditions during or just prior to sampling

' occurred in 1985 (16,700 cfs), longest travel time was 4.0 days in 1983,

and autuﬁn temperéturés’ranged between 15C and 16C (appendix 2-A).
Phytqplankton densities in autumn were less than at any other
season and vafie&»with reséect to-dominanf forms (figures 5-5 and
appendix S—b). :Ovérall the éerceﬁtage compositioﬁ by group (years
cOmbiﬁed) éeemed to be balanéed With,Chrysophyta‘being the prevaleﬁt

group (figdre'S—S). However, table 5-2 shows that,.as was the case in
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"~ summer, the community has changed through time with othér groups

‘dominating the assemblage. During 1973, 197&, 1975 excepting TRM 506.5

and 1976 excepting TRM 496.5, Chrysoﬁhyté (Melosira) continued as the

most numerous form at most sites. Anacystis (Cyanophyta) dominated at

TRM 496.5 and TRM 506.6 in 1975 and 1976 (table 5-2, and appendix 5-D).

In 1977, Anacystis dominated the samples at TRM's 506.5, 518.0, and
527.4; When sampling was resumed in 1982 the nuimerical distribution of

pliytoplankton had changed. Along with Melcsira and Anacystis were

Cryptophyta (Chroomonas at TRM 496.5 in 1982), Oscéillatoria (Cyanophyta) "

at TRM 506.5 (1983) and TRM's 527.4 through 532.1 (1985), as well as

Scenedesmus ard Cyclotella representing Chlorophyta as dominants

throughout the river reach (appendix 5-D). While the assemblage was

taxonomically diverse it was numerically sparse with densities raﬁging
between fewer than 0.07 x 106 cells/liter (TRM 496.5, 1983 and

TRM 506.5, 19845 and a high of 1.80 x 106 cells/liter at TRM 528.0 in .

1977 (see figures 5=15, 5-16, and 5-13; ﬁespectiVely).

Diversity index values wére generally lower in autumn than in-

‘summer ranging between 1.02 (TRM 506.6, 1974 and 1976):and 3.37

(TRM 496.5, 1982), however, they improved slightly during 1982-1985
(appendix 5-C). Number of taxa at any single station ranged.from'9 in
1974 and 1984 to 42 in 1982 (appendix 5-D). Percent similarity (PS)‘

indices showed the downstrearni stations (TRM's 496.5 and 506.5) to

resemble each other during the autumh of 1973, 1974, 1975, 1984, and 1985

but were different from any other station during those years. In 1982,

PS showed similarity between adjacent stations but with an upstream
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kTRM'532.1) to donnstream trend toward differences:(appendiX'S—B);A_In
1976.and 1983 no distinct pattern of percent éimilarity values.wae
discernable. éQS values showed .all stations'tb be.similar (SQS 3‘70
_percent) during 1982 and 1985, and with only minor‘exceptions'in'1977.
No distinct SQS pattern was evident in 1983 and 1984 (appendix 5- A) |
During 1973 1974, '1975, and 1976, autumn SQS 1ndlces showed TRM's 496. 5
and 506.5 to be dlfferent from TRM's 518.0 -~ 532.1, which were generally
81mrlar to each other. Th;s same pattern occurred during summer and for
TRM h96.5eduring«winter'ann spring seasone.aiso (appendin 5-A). Antumnv
:‘SQS'indices df'taxennmie similarity over years snowed.only one_ef 252
conparieons (1975—1976 at TRM 528.05 had a similarity index > ?0 percent.
»This reiterates wnat Qas observed during spring and to sone.extent
winter;‘that while taxonohic hohogeneity within years is demonstrated,
taxonomic,heterogeneity between years also exiets‘and must be consideren'
: When_evaluating phytoplankton community éhanges in the vicinity of WBNt
November phytoplankton abundance regressions were signifieante
for,ell_years except 1975 and-1985 (appendik 5-E). However with the |
: pdssiﬁle expeption of 1983 (which hed'the longest:travel time (4 + da&e)
_ of aut@mhrsamples) no regressions indicate recovery,of autumn
phytoplankten-numbers to levels observed in wetts Bar forebay. Fitted -
'abnndancebcurvee for autnﬁn'phytoplankton were more linear (first—order
polynomial) than nérabolic (second-order polynpmial) and were directli.‘

related.tq river mile (appendix 5-E).
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Autumn primary production was generally low (median 104 A

-mgC/mz/day, range 2 to 1562 mgC/mZ/day) and was not statisticaliy

distinguishable from‘wintef based on main ANOVA effects (table 5-5,
comparison III). However, when interactions among seasons within
stations_were examined (i,e,~sta£ion effect is ﬁeutralized) autumn was
- observed té be more variéble‘fhan winter (table 5-5, comparisén V1) aﬁd.
for several stations (TRM 496.5, TRM 518.0, and TRM 529.5) to have the

lowest phytoplankton production. .
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T 5.2.2 PhYtqﬁlankton Summar& and Conclusions
Seasonal preoperational phytoplédkton parametérs'(commuﬁityl>
istrﬁctufe; abundance,“biomass, and producfivity) indicate a distribution which
varies cohsidefably ffom yeaf to.year; but is p;imarily controlled by ﬁhe
"éontinuousiy mixed flow péttern ofvtﬁe Tenﬁessee Rive; in the vicinify of
ﬁBN. Although ;he potentiél for primary prdductiéq waévdemonstratéd by
léarbon—ié assimilation studies at all stations during all seasons, iﬁ situ
gro%th and reproducfion was sparse beééuée'turbulent flow in the study reéch,
pfeventéd pﬁytoplankton obtaining‘enough energy (light) to photosynthesizé.
Turb@ieﬁt flow begins fo decrease just downstream from the lower most WBN
Qtation, Cdnséqﬁently prodﬁction increases as the_wafer'mass approaches the

forebay area near Chickamauga Dam.

Chlorophyll a concentrations during preoperational monitoring were

usually lowest in the autumn and highest in summer with considerable year to

year variations. Phytoplankton biomass values were generally greatest in

{
¢

-

'Wagts Bar forebéy (TRM 532.1) withva shalldw'downward trend to TRM 496.5 and
then iﬁcreased toward Chiékamauga Dam (TVA 1984); |
Thé‘abundaﬁce investigations indicated a tendency toward ipcréases in
'phytoplénk£on numbers.through time in the vicinity of WBN. Tﬁis increase in
.numbers a¥ong'wi£h the change in community dominance (shift from ch;ysophyte
.domiﬁatéd system:to:aAcyanophyte dominated one) needs to be tracked in'thé
futﬁre§ The shift»of the phytoplanktoﬁ assemblage toward a less preférred

community seems to be originating in the Watts Bar forebay area, however it

has potential to effect intefpretation of WBN operational activities.

105




- .Table 5-1. Phytoplankton Genera Collected During Preoperational |

Monitoring at Watts Bar Nuclear Plant, 1973-1985

Phytoplankton Genera

Acanthosphaera

Actinastrum

_ Ankistrodesmus

Arthrodesmus
Botryococcus’
Bracteacoccus
Carteria '
Characium
. Chlamydomonas
.Chlorella
Chlorococcum
Chlorogonium
Chodatella
Cladophora
Closteridium
Closteriopsis
Closterium
Coelastrum
Cosmarium
Crucigenia
Dactylococcus

Achnanthes
Asterionella
‘Attheya '
Caloneis
Chaetoceros
Cocconeis
Cyclotella
Cymatopleura -

. Cymbella .
Diatoma

" Chroomonas

" CHLOROPHYTA

Dictyosphaerium
Echinosphaerella

Elakatothrix
Euastrum
Eudorina
Franceia
Gloeoactini