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EXECUTIVE SUMMARY

TVA is required by its National Pollutant Discharge Elimination

System (NPDES) Permit for Sequoyah Nuclear Plant (SQN) to conduct and report

annually on operational nonradiological monitoring to evaluate potential

effects of SQN on Chickamauga Reservoir. Because few changes were identi-
'4

fled through 1984 and the minimum period required by the NPDES permit hhad

passed, the following changes were recommended in June 1985; (1) terminate

studies on benthic macroinvertebrates, mollusk bioaccumulation, fish

impingement, fish gill netting, fish creel surveys, and water quality at the

plant intake and discharge: (2) continue, studies on plankton and larval

fish with specific changes; and (3) continue cove rotenone studies without

change. These recommendations were instituted in July 1985 following

approval from the Environmental Protection Agency (EPA).

This report evaluates 1985 results for the continued portions and,

briefly, for the discontinued portions conducted prior to EPA's approval.

Results for discontinued components were similar to results for previous

years, supporting termination of these parts of the program.

Evalhuat~ion'.of wat-er*ý q-ilt daasowdtad',~ ~f~ SQN

A.h i:'tribiiýion 'If D& in tle 'wafErp6l.w t ahd 'do s a -, the-
id if~fisers._ DO •vlveils ili the upper rata $e~e *=educed, in s ca, r a¢as.es, 5'elow,

swater, quality criteria;. but the ,aerage DO concd , tri in, the

water ,columnn.was simiilar ýimm ediately.upstream• and. downs&tream.'o'g , SýN-.

Studies to define the extent and duration of the DO alteration will 'be con-

ducted during spring and summer when SQN resumes operation. These results

will be used to determine potential for effect on-aquatic biota.
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Plankton studies were continued because there had been few collec-

tion periods with the necessary combination of factors to adequately evalu-

ate effects of SQN. The altered plan used in July provided strong evidence

that decreases in phytoplankton and zooplankton densities from upstream to

downstream of SQN in May and July (both low-flow periods) were largely due

to SQN. Results from the altered plan also allowed these studies to be

further refined to select specific conditions of river flow and plant

operation necessary to complete evaluation of SQN effects on plankton.

The 1985 larval fish studies provided basically the same results as

previous years--low entrainment rates for all species except freshwater drum.

As a result, sampling for larvae other than freshwater drum was discontinued

in spring 1986 and this effort redirected to evaluate effects of these high

entrainment rates on the freshwater drum population in Chickamauga Reservoir.

Similar to previous years, cove rotenone sampling in 1985 indicated

operation of SQN has not significantly impacted fish standing stocks in

Chickamauga Reservoir, with the possible exception of freshwater drum.

Abundances of young and intermediate sizes of freshwater drum have decreased

during the study period, but adult stocks have not. Although decreases may

be related to the high entrainment rates of this species, it is thought

other factors, such as increases in aquatic macrophytes, are more likely

responsible for reduced abundance in coves sampled. Studies initiated in

spring 1986 on freshwater drum in Chickamauga Reservoir should clarify this

question. Cove rotenone studies will continue because they remain the best

overall fish sampling method for determining reservoir-wide quantitative and

qualitative changes in fish populations.
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1.0 INTRODUCTION

1.1 Purpose and History

The Tennessee Valley Authority (TVA) announced in August 1968,

plans to build a two-unit nuclear power plant in Hamilton County,

Tennessee. The Atomic Energy Commission (predecessor of the Nuclear

Regulatory Commission) issued a construction permit for the Sequoyah

Nuclear Plant (SQN) on May 22, 1970.

In accordance with the National Environmental Policy Act of 1969

(NEPA; 42 U.S.C. Section 4321 et seq), TVA prepared a draft Environ-

mental Impact Statement (EIS) which was sent to the Council of Environ-

mental Quality (CEQ) made available to the public, and circulated for

review and comment by other government agencies on October 19, 1971. The

final EIS was sent to the CEQ and made available to the public on

February 13, 1974.

The draft environment statement included a description of a non-

radiological water quality and aquatic biological preoperational moni-

toring program. The purpose of this monitoring program was to establish

baseline water quality and aquatic biological conditions in Chickamauga

Reservoir in the vicinity of SQN prior to operation of SQN. This pre-

operational monitoring program was initiated in 1970 and discontinued in

1978. The results of the program were documented in reports submitted to

the Environment Protection Agency (EPA) in June 1978 (TVA, 1978a and b).

The EPA issued a National Pollutant Discharge Elimination System

(NPDES) Permit (No. TN 0026450) for SQN, effective January 15, 1979.

This permit required that TVA design and implement an operational stage
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nonradiological monitoring program to evaluate potential intake and dis-

charge effects of SQN on the aquatic environment of Chickamauga Reser-

voir. Table 1-2 summarizes the monitoring program developed by TVA and

approved by the EPA. The program was initiated in July 1979. SQN began

commercial operation of Unit I on July 1, 1981 and Unit 2 on June 1,

1982. Subimys,•gLnt permit renewals have maintained this requirement. The

current NPDES permit requirement that this monitoring program continue

for at least two years after commercial operation of unit 2 necessitated

the monitoring program go through June 2, 1984. Rather than artificially

break the "biological year," the program was continued through calendar

year 1984. The premise for the minimum period is that a normal, long-

term operational regime should have become established by that time and

concomitant biological sampling should identify impacts, if they occur.

The monitoring program was initially designed to identify major

changes, if any, (both spatial and temporal) in water quality and bio-

logical communities of Chickamauga Reservoir resulting from operation of

SQN. Spatial alterations were determined by comparing data from stations

upstream of SQN to data from stations downstream. Temporal changes were

determined by comparing operational data collected from 1980 through

spring 1985 to the preoperational data collected between 1970 and 1980.

Results from this monitoring program were used to postulate potential

causative factors when changes were identified, although quantification

(i.e., relative contribution) of each potential causative factor was not

possible. Cause/effect investigations were not originally designed into

the operational monitoring program; however, TVA's intent is to conduct

-2-
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changes, if any, (both spatial and temporal) in water quality and bio

logical communities of Chickamauga Reservoir resulting from operation of 

SQN. Spatial alterations were determined by comparing data from stations 

upstream of SQN to data from stations downstream. Temporal changes were 

determined by comparing operational data collected from 1980 through 

spring 1985 to the preoperational data collected between 1970 and 1980. 

Results from this monitoring program were used to postulate potential 

causative factors when changes were identified, although quantification 

(i.e., relative contribution) of each potential causative factor was not 

possible. Cause/effect investigations were not originally designed into 

the operational monitoring program; however, TVA's intent is to conduct 

-2-



cause/effect investigations targeted at those changes that appear to be

the result of SQN and are of ecological significance.

Because the operational monitoring program had identified few

changes and the minimum period required by the NPDES permit for moni-

toring had passed, changes to the monitoring program were recommended in

last year's report (TVA, 1985). The report recommended termination of

benthic macroinvertebrate community studies, mollusk bioaccumulation stu-

dies, fish impingement studies, fish gill net studies, fish creel studies

and water quality sampling of the plant intake and diffuser. Plankton

studies were recommended for continuation (with specific changes) because

the monitoring program had not provided sufficient collection periods

with the necessary combination of factors to adequately identify poten-

tial changes and because SQN appeared to have a substantial influence on

plankton during the few occasions when potential for impact was high.

Cove rotenone studies identical to those conducted as part of SQN moni-

toring were recommended for continuation both as part of the operational

monitoring program for Watts Bar Nuclear Plant (also located on

Chickamauga Reservoir) and to identify any long-term effects of operating

SQN. Larval fish studies were recommended for continuation (with

specific changes) to further evaluate the relative high entrainment esti-

mates for freshwater drum and to permit comparative entrainment estimates

for all taxis throughout the sampling season calculated using both skim-

mer wall and intake samples.

The report on data through 1984 was transmitted to EPA on

June 25, 1985, and EPA concurred with TVA's recommendations on July 15,

1985. TVA implemented the recommendations immediately thereafter.
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The purposes of this report are to: (1) provide results from

the continued portions of the program for 1985, (2) provide results of

the redesigned larval fish studies conducted in 1985, (3) briefly provide

results of samples collected January 1 to July 15, 1985 for discontinued

portions of the program, and (4) provide recommendations about future

studies.

1.2 Plant Description

Sequoyah Nuclear Plant is about 29 km (18 mi) northeast of

Chattanooga, Tennessee, on the west shore of Chickanmauga Reservoir at

Tennessee River Mile (TRM) 484.5 (figure 1-1). It has two pressurized

water reactors with a total nameplate rating of 2,441 Mqe. The plant was

initially designed in the mid-1960's to use open-mode (once-through)

cooling to comply with then existing thermal criteria. More stringent

thermal criteria were proposed by the State of Tennessee and approved by

EPA in 1972. To meet the more stringent criteria, natural draft cooling

towers were constructed to enable the plant to operate in open, helper,

or closed modes.

Condenser cooling water (CCW) is withdrawn from lower strata of

Chickamauga Reservoir under a deep skimmer wall (figure 1-2). The skim-

mer wall has an opening length of 165 m, an opening height of approxi-

mately 3 m, and is situated near the river channel where water depth is

approximately 13 m. Because of the deep opening at the skimmer wall,

water temperature in the intake channel may be lower than reservoir sur-

face water temperature.

An intake channel leads from the intake embayment to the intake

pumping structure, which houses six, 3-m wide vertical traveling screens.
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Each screen bay opening is 4.67 m by 7.16 m and screen mesh openings are

2
0.95 cm . Under open-mode operation with both units operating at

maximum power, total water demand is 72.45 m 3/s (2,558 cfs). Estimated

temperature rise across the condensers is 16.4° C.

A separate, shoreline-mounted Essential Raw Cooling Water (ERCW)

pumping station is located adjacent to the upstream end of the skimmer

wall (figure 1-2). Total pumping capacity of this four-screen intake is

0.5 M3/s (18 cfs).

Water leaving the condensers can be routed in one of three

ways: (1) to the diffuser pond and out the diffuser pipes (open mode);

(2) through the cooling towers, then to the diffuser pond and out

diffuser pipes (helper mode); or (3) through the cooling towers and

recirculated to the intake (closed mode) with only blowdown discharged

through the diffuser pipes.

Surface area of the diffuser pond is about 13 ha. Two discharge

pipes lead from the diffuser pond to diffuser sections which are located

in the main navigation channel at TRM 483.6. Each of the actual diffuser

sections contains several thousand 5 cm diameter ports, through which

heated water is discharged at a velocity of about 3 m/s.

An underwater dam, which crosses the river channel approximately

75 m upstream from the diffusers, decreases the likelihood of any up-

stream warmwater wedge from the thermal discharge and "impounds" cooler

water in lower strata of the reservoir near the plant making this water

available for plant intake. The dam is about 25 m wide by 275 m long

with the crest at elevation 199.3 m msl.
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1.3 Reservoir Description

Chickamauga Reservoir is formed by Chickamauga Dam, situated at

TRM 471.0. Water elevation normally varies from 205.7 m m•l in winter to

208.0 m msl in summer. At elevation 208 m msl, the reservoir is 94.8 km

(58.9 mi) long on the Tennessee River and extends 51.5 km (32 mi) up the

Hiwassee River. Water depths downstream of the plant range from about

20 m at Chickamauga Dam to about 15 m at the Sequoyah site.

At the plant site, the reservoir makes a sharp bend to the right

(facing downstream) as shown in figure 1-3. The main river channel in

this vicinity is approximately 300 m wide and bordered on each side by

shallow overbank areas.

Average streamflows in the vicinity of SQN closely approximate

flow released from Chickamauga Dam. Flow release records for the period

31957 through 1976 show a mean annual discharge of 1,020 m 3 Is

(36,000 cfs). Monthly average discharges range between 800 m

(28,200 cfs) in April and 1,470 m3 Is (51,800 cfs) in February. The

duration of zero flow periods from Chickamauga Dam is typically short as

a result of operating patterns designed to assure minimum flows in the

Tennessee River near Chattanooga. According to current operating guide-

lines which have been in effect since July 22, 1975, TVA attempts to

maintain a minimum daily average discharge of 170 m3 Is (6,000 cfs) from

Chickamauga Dam.

The reservoir volume is 465 x 106 m3 (375 x 103 acre feet)

at elevation 205.7 m during winter and 735 x 106 m3 (600 x 103 acre

feet) at elevation 208 m during summer. Travel time for water movement

can be determined from flow through the reservoir and the volume between
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reservoir locations, excluding the embayment arms. Figure l-4a shows

Chickamauga Reservoir in profile with the approximate locations of the

intake opening, underwater dam, and diffuser. Figure l-4b shows the

cumulative volume for the reservoir from Watts Bar Dam. SQN intake, dif-

fuser, and selected sampling locations are identified. Mean annual

travel time through the reservoir is approximately 7 days. Monthly aver-

age travel times range between 4 days (February) and 11 days (May).

1.4 SQN Operations

Important milestone dates and yearly operation of SQN are

summarized by month in table 1-2. Table 1-3 provides a summary of

monthly output and percentage of unit capacity for SQN during 1985. On a

monthly basis, January, February, March, and July were the only months

when both units were near full power. Figure 1-5a shows the daily

electrical output from SQN. Two units were operational during February

and July plankton and water quality sampling. During May, only one unit

was operational. Both units were shut down in late August and remainded

down for the rest of 1985. Figure 1-Sb shows the daily intake pumping

flow for cooling water. Pumping often continued even though a unit was

not producing significant power, because of residual core heat and other

operational needs.
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Table 1-i. Summary of Sequoyah Nuclear Plant Aquatic Monitoring Program,
Chickamauga Reservoir

Parameter

Water Quality

Biological
Plankton

Benthos
(community
studies)

Benthos
(bioaccumu-
lation)

Fish
(larval)

Fish
(impinge-
ment)

Fish
(gill net)

Station Location
Tennessee River

Mile

478.2*, 483.4,
484.1, 490.5

478.2*, 483.4,
490.5

478.2*, 482.6*,
483.4, 490.5

485.0, 482.9

479.4, 482.9
484.7, 484.8

Intake

473.0, 483.2,
495.0

Date Operational
Monitoring Initiated

November 1980

November

November

1980

1980

February 1981

March 1980

April 1980

April 1980

Operational Sample
Dates Reported Herein

February, May,
July 1985t

February, May,
July 1985t

February, June,
1985§

March, June,
1985§

March to August
1985¶

January to July

1985§#

February, April,
1985§

I 
00 
I 

Table 1-1. Summary of Sequoyah Nuclear Plant Aquatic Mon~toring Program, 
Chickamauga Reservoir 

Station Location 
Tennessee River Date Operational Operational Sample 

Parameter Mile Monitoring Initiated Dates Reported Herein 

Water Qual ity 478.2*, 483.4. November 1980 February, May. 
484.1. 490.5 July 1985t 

Biological 
Plankton 478.2*, 483.4. November 1980 February. May, 

490.5 July 1985t 

Benthos 478.2*. 482.6*. November 1980 February. June, 
(community 483.4, 490.5 1985§ 
studies) 

Benthos 485.0. 482.9 February 1981 March, June, 
(bioaccumu- 1985§ 
lation) 

Fish 
(larval) 479.4, 482.9 March 1980 March to August 

484.7. 484.8 19851[ 

Fish . Intake April 1980 January to July 
(impinge-
ment) 1985§# 

Fish 
(gill net) 473.0. 483.2, April 1980 February, April, 

495.0 1985§ 



Table 1-1. (Continued)

Station Location
Tennessee River Date Operational Operational Sample

Parameter Mile Monitoring Initiated Dates Reported Herein

Fish
(rotenone) 476.2, 478.0, August 1980 August and September

495.0, 508.0, 1985
524.6

Fish (creel) Entire Reservoir July 1979 July 1984 to June
1985§• *

~*Study plan submitted to EPA on December 7, 1978 incorrectly stated location was
TRM 480.8.

tStudy plan altered in July following approval by EPA. Samples also would have
been collected in August but both units at SQN were shut down.

*Added May 1983 to improve comparability of near-field area to control.

§This portion of monitoring program was discontinued in July following approval
by EPA.

¶jBiweekly.

#Weekly.

**Monthly.

I 
\C 
I 
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Table 1-1. (Continued) 

Parameter 

Fish 
(rotenone) 

Fish (creel) 

Station Location 
Tennessee River 

Mile 

476.2, 478.0, 
495.0, 508.0, 
524.6 

Entire Reservoir 

Date Operational 
Monitoring Initiated 

August 1980 
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Operational Sample 
Dates Reported Herein 
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1985 

July 1984 to June 
1985§** 

*Study plan submitted to EPA on December 7, 1978 incorrectly stated location was 
TRM 480.8. 

tStudy plan altered in July following approval by EPA. Samples also would have 
been collected in August but both units at SQN were shut down. 

'Added May 1983 to improve comparability of near-field area to control. 

§This portion of monitoring program was discontinued in July following approval 
by EPA. 

1IBiweekly. 

tJWeekly. 

**Monthly. 
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Table 1-2. Important Dates and Monthly Operation of Sequoyah
Nuclear Plant, Chickamauga Reservoir

Important Dates
Stage Unit I Unit 2

Approval for 5 percent

testing February 29, 1980 June 25, 1981

Fuel Load March 1-5, 1980 July 3-7, 1981

Initial. criticality July 5, 1980 November 6, 1981

Full-power testing
license September 17, 1980 September 15, 1981

Attained 50 percent
power level November 17, 1980 February 22, 1982

Attained 100 percent
power level January 11, 1981 March 25, 1982

Commercial Operation July 1, 1981 June 1, 1982

Monthly Operation
Percent of Maximum SON Load

Month 1980 1981 1982 1983 1984 1985

January 0 28 20 55 76 88
February 0 5 11 98 74 95
March 0 17 48 90 50 99
April 0 37 72 99 50 66
May 0 24 67 99 54 27
June 0 26 83 94 78 54
July 0 32 97 73 87 91
August 0 29 96 43 73 66*
September 0 18 51 22 62 0
October .3 1 45 67 48 0
November 6 37 20 66 49 0
December 25 36 0 50 51 0

*Shut down units 8/21-22/85.
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Table 1-3. Monthly Unit Loads for Sequoyah Nuclear Plant During 1985

Total
Unit 1 Load Capacity Unit 2 Load Capacity Capacity

Month (1000 MWh) (MWe) Factor (1000 MWh) (MWe) Factor Factor

Jan. 862 1159 98.0% 679 967 77.2% 88%

Feb. 791 1178 99.5% 723 1130 91.0% 95%

Mar. 879 1181 99.9% 872 1172 99.1% 99%

Apr. 286 937 33.6% 845 1176 99.3% 66%

May 0 0 0 477 1047 54.2% 27%

June 82 747 9.7% 829 1152 97.4% 54%

July 742 1073 84.3% 852 1145 96.8% 91%

Aug. 597 1131 67.81* 568 1136 64.5%t 66%

Sept. 0 0 0 0 0 0 0

Oct. 0 0 0 0 0 0 0

Nov. 0 0 0 0 0 0 0

Dec. 0 0 0 0 0 0 0

*Shut

tShut

down 8/22.

Down 8/21.
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Figure 1-2. Major Features of Sequoyah Nuclear Plant.

-13-

.. : ,( . . , . 

Figure 1-2. Major Features of Sequoyah Nuclear Plant. 

-13-



Watts Bar
Orm

I-

River
Flow

Figure 1-3. Location of Sequoyah Nuclear Plant on Chickamauga Reservoir.

I 
I
.".. 
I 

.. 

Figure 1-3. Location of Sequoyah Nuclear Plant on Chickamauga Reservoir . 

. , 



A. CHICKAMAUGA RESERVOIR PROFILE

TENNESSEE RIVER MILE
470 480 490 SUMMER POOL 510 520 530

207-

0

I-.

204-

201-

198-

195-

192-

189-

680

670

660

0650

640
w
_j 630
w

.620

On WINTER PO

5 WATER

TEMPERATURE

DIFFUSER UNDERWATER
-PORTS DA

00 INTAKE DAYTON WATTS

OPENING WATER INTAKE BARr',JI NUCLEAR
•! HIWASSEE

RIVER WATTS BAR
- flhIAvh CONFLUENCE DAM

s-

610-
NUCLEAR PLANT

B. LONGITUDINAL VOLUME DISTRIBUTION FROM WATTS BAR DAM
CHICKAMAUGA

DAM

a

700-

to 600-
E

D0
. 500-

w

4 400-
0

U 300-~

_-
zoo

100-

484.5
I NTAKE

_j
0 150

I100

• 50

I

490.5
STATION

HIWASSEE RIVER EMBAYMENT
23 XlOG m3 @ 205.7m
50 XIOGm 3 @ 208m

.VOLUME @ 208m

WATTS BAR
DAM

0-- 0 -E
470 480 490 500 510' 520

TENNESSEE RIVER MILE
530

o @ EL 635

Figure 1-4. Chickamauga Reservoir Profile and Longitudinal Volume
Distribution.

-15-

- \ 

\ . 

.. 

I I 

207 

e 204 

- 201 % 
o 
~ 198 
<! 
Gj 195 

L&1 192 

189 

A. CHJCkAMAUGA RESERVOIR PROFILE 

TENNESSEE RIVER MILE 
480 490 

• 4 DAYTON 
I WATER INTAKE 

HIWASSEE 
RIVER 

SEQUOYAH CONFLUENCE 
NUCLEAR PLANT 

520 530 

WATTS 
BAR 

NUCLEAR 

WATTS BAR 
DAM 

B. LONGITUDINAL VOLUME DISTRIBUTION FROM WATTS BAR DAM 

CHICKAMAUGA 
DAM 

700 f 

If) 600 
e 

«DO 
-: 500 
w 
2 
3 400 
o 
> 
W'300 
2: 
ti 
..J 
:;) 

~ 
::> 
u 

-en 
"0 
o 
8 200 -

484.5 
INTAKE. 

I 490.5 t STATION 

478.2 
STATION 

483.4 
DIFFUSER 

, HIWASSEE RIVER EMBAYMENT 
23 XI06rn3 @20S.7m 
50X106ma® 208m 

J 
VOLUME @ 208m 

WATTS BAR 
DAM ! ' 

O~~---L--~~~~--~--~~--~--~~~~ 
470 460 490 500 510 ' 520 530 

TENNESSEE RIVER MILE 

00 @ EL 635 

Figure 1-4. Chickamauga Reservoir Profile and Longitudinal Volume 
Distribution. 

-15-



- 1568

5888.
1500'

8 JAN

B. SON
' ~36889

1588-

-J
LL. 1888-

588

ENG LAD 2/12/85
1985

Figure 1-5. Seasonal Operating Pattern for Sequoyah Nuclear Plant, 1985.

I 
~ 

0-
I 

A. saN ELECTRIC GENERATION 
3ee8~----r-----+-----+-----+-----+-----~----~----~----~----~-----r-----+T 

2500 

1\1 2990 
3: 
2: 

c:i 1508 
< o 
..J 1000 

see 

0 

3908 

2598 
III 

-:; 2988 

-
~ 1588 
..J 
L&. 

1800 

580 

B. 

°0 

ENG LAB 2/12/86 

Figure 1-5. Seasonal Operating Pattern for Sequoyah Nuclear Plant, 1985. 



2.0 PHYSICAL AND CHEMICAL CONDITIONS IN
CHICKAMAUGA RESERVOIR DURING 1985

Evaluation of possible effects from SQN operations (intake, and

discharge) on the aquatic environment must consider physical conditions of

reservoir flow, temperature, light, and water chemistry- during the study

period. Heating, cooling, and mixing processes govern the natural

temperature patterns in the reservoir. Water temperature, nutrients, and

available light largely control primary and secondary productivity in a

reservoir. The SQN operation pattern governs potential entrainment and

discharge effects on reservoir biota relative to natural environmental

conditions.

/- 2-.4i 'FTh -p• ~Ptte bn &19ig-l8 5-

High flows from Watts Bar Dam usually move toward Chickamauga Dam

in a fully mixed condition'. However, during periods of 'low flow, with

several consecutive days of sunshine and warm air temperatures, the reser-

voir can become thermally stratified, and flows separate into distinct

surface and bottom layers. During spring and summer the reservoir may

stratify during the day but become fully mixed 'at night. Stratification

is reinforced during low flow periods because reduced velocities provide

less mixing energy. Stratification patterns are often strongest in the

downstream portion of the reservoir because. velocities are. reduced some-

whatby larger cross sections and cumulative heating effects.
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Increased. residence times occurred during spring and summer 1§85 du~e to' a

severe dry period experienced during most of the year.

Flow from the Hiwassee River represents about 10 percent of the

total flow in Chickamauga Reservoir. Water from the Hiwassee River basin

enters near the mid-point. of the reservoir TRM 500.0. Direct effects from

these relatively cool inflows are moderated by the travel time through the

Hiwassee River embayment that extends about 51.5 km (32 miles) up the

Hiwassee River.

Water surface elevation at Chickamauga Dam varied throughout 1985

in accordance with the seasonal operating guide curve as shown in

figure 2-la,. Daily average flows during 1985 are shown in figure 2-lb.

Travel times- through the entire reservoir are provided specifically for

plankton sample periods because flows directly affec't' plankton dynamics.

Travel time between poin'ts can be estimated from-the volume between -these

points divided by the flow during the period, of interest.

Table 2-1 shows monthly average f-lows 'in Chickamauga Reservoir

during 1985 and are compared to long-term monthly average flows. Flows

were significantly lower than the long-term averages throughout the year

due to extremely low rainfall and low dam discharges in the spring and

early summer.

Velocities within the reservoir may be important for evaluating

potential effects from SQN on some organisms. Average velocity at a

particular location in the reservoir is determined by river flow and cross

sectional area. The distribution of velocities at a particular site is

further dependent on the geometry of the reservoir near the sample

location-.
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The reservoir cross sectional areas are nearly identical at

macrobenthic sample sites (TRM 478.2, TRM 483.4, and TRM 490.5) although

the geometries are different as shown in figure 2-2. These particular

cross sections do not indicate the general downstream increase in area.

The upstream site (TRM 490.5) has a cross section of approximately

6,000 m2 with a depth of 12 m and an overbank area. The SQN diffuser

site (TRM 483.4) is much deeper (17 m) with a similar overbank region and

2
a total cross section of approximately 5,100 m . The downstream site

(TRM 478.3) has very little overbank, with a depth of 17 m and a cross

section of 5,100 m2. Velocity distributions shown in figure 2-2 were

measured during steady flow of 1,135 m3 Is (40,000 cfs), which resulted

in an average velocity of about 20 cm/sec. The largest velocity gradients

(shear) occur along the sides of the main channel. These regions experi-

ence the greatest scouring. The velocity gradients are more gradual at

the bottom of the main channel.

-19-

The reservoir cross sectional areas are nearly identical at 

macrobenthic sample sites (TRM 478.2, TRM 483.4, and TRM 490.5) although 

the geometries are different as shown in figure 2-2. These particular 

cross sections do not indicate the general downstream increase in area. 

The upstream site (TRM 490.5) has a cross section of approximately 

6,000 m2 with a depth of 12 m and an overbank area. The SQN diffuser 

site (TRM 483.4) is much deeper (17 m) with a similar overbank region and 

2 a total cross section of approximately 5,100 m. The downstream site 

(TRM 478.3) has very little overbank, with a depth of 17 m and a cross 

section of 5,100 m2• Velocity distributions shown in figure 2-2 were 

measured during steady flow of 1,135 m3/s (40,000 cfs), which resulted 

in an average velocity of about 20 cm/sec. The largest velocity gradients 

(shear) occur along the sides of the main channel. These regions experi-

ence the greatest scouring. The velocity gradients are more gradual at 

the bottom of the main channel. 

-19-



Table 2-1. Long-Term Monthly Average Releases and Travel Times Through
Chickamauga Reservoir Compared to Flows and Travel Times
During 1985

Long-Term Average
Travel Time

Through 1985 Conditions
Chickamauga Chickamauga Chickamauga Travel
Dam Releases Reservoir Dam Releases Time

Month (m3 /s) (cfs) (days) (m3 /s) cfs Days

January 1,365 48,200 4 620 21,900 8.7

February 1,470 51,800 4 900 31,900 6.0

March 1,300 45,800 4 460 16,200 11.7

April 800 28,200 9 190 6,800 44.8

May 800 28,300 11 210 7,600 40.5

June 825 29,100 10 360 12,700 23.6

July 840 29,700 10 360 12,600 23.6

August 895 31,500 9 610 21,400 13.9

September 800 28,300 10 470 16,600 18.1

October 870 30,700 9 440 15,700 19.3

November 1,020 36,100 7 480 16,900 11.2

December 1,260 44,500 5 680 24,200 7.9

Annual
Average 1,020 36,000 7 480 17,400 19.1
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2.2 Water Temperature and Mixing

Figure 2-3a shows the seasonal temperature pattern at the SQN

diffuser station, TRM 483.4, based on daily average temperatures. The

seasonal warming was gradual and regular with a few episodes of rapid

temperature changes. Temperatures exceeded 250 C during most of June,

July, and August and decreased to below 25* C by the end of September.

The highest daily average temperature recorded at the surface was 30.20 C

on July 18, 1985. No stratification existed during this period. The

lack of stratification suggests the vertical mixing remained moderately

strong throughout spring and summer at this station due to the mixing

effect of the discharge diffusers and submerged dam which act to mix the

entire vertical distribution of temperatures. It should be noted that

the diffusers were designed for this purpose.

Figure 2-3b shows the seasonal temperature pattern at the SQN

intake, TRM 484.7. These temperatures were consistently 1-2° C cooler

than those at the diffuser. Weak stratification at the SQN intake

existed April through August, with vertical temperature differences rang-

ing from 1-2* C. Periodic mixing episodes caused by surface cooling and

wind prevented continued stratification. Stratification was infrequent

in March and October and did not occur during the remaining months.

Figure 2-3c and d provides a comparison of measured surface and bottom

seasonal temperatures at stations 8 and 13. The thermal effect of the

diffuser discharge can be observed until August at which time plant

operation was discontinued. Diffuser temperatures at the surface were
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higher than intake temperatures by as much as 3.20 C in March and 3.90 C

in July. The upstream and downstream measured values would seem to indi-

cate that the temperature rise permit limitation was exceeded, however,

compliance data are based on computed values. The computer compliance

program did indicate the temperature rise limitation was exceeded on

March 1, 2, 3, 6, and 7. The 3.9* C temperature rise between the two

.IIIIIII.I III .Iii y W..i nppnir'Oitly causeid by nn opIiodir ivuri whli .hnt-ply

reduced the upstream surface temperatures. The computed compliance pro-

gram did not indicate any temperature rise exceedences in July. A report

that explains the difference between computed values and measured data is

under preparation.
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Figure 2-3. Seasonal Water Temperature Pattern in Chickamauga Reservoir, 1985.
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2.3 Nutrient Availability and Light

Phytoplankton growth requires nutrients (N, P, and C) and

light. Daily alkalinity data from the Dayton, Tennessee, water treatment

plant provide a picture of seasonal water chemistry variation from

upstream sources (figure 2-4a). Alkalinity was between 50 and 80 mg/L

and was generally inversely proportional to flow. Daily nitrogen and

phosphorus concentrations are not available from the Dayton area. Six

years of monthly samples from Watts Bar tailwater (TRM 530) indicate that

alkalinity ranged from 40 to 80 mg/L, which suggests conditions similar

to 1985 measurements at Dayton. During this same six-year period

(1973-1978), dissolved phosphorus concentrations ranged from 0.01 to 0.03

mg/L, and nitrate + nitrite concentrations ranged from 0.2 to 0.6 mg/L.

Nutrient concentrations were lowest during the summer period although the

seasonal pattern was not pronounced.

In situ seasonal light conditions are governed by ambient solar

radiation, water transparency, and vertical mixing. Seasonal water

transparency can be derived from turbidity measurements obtained from the

Dayton water treatment plant and are shown in figure 2-4b. Turbidity was

low throughout 1985 except after rainstorms. High turbidities occurred

after storms in February. The one percent light penetration depth is

inversely proportional to turbidity (1 percent light depth (m)

30/turbidity). Turbidities above 20 Nephelometric turbidity units (NTU)

would limit the one percent light penetration to less than 1.5 m. The

one percent light penetration depth ranged from 3 m to 6 m throughout

most of 1985, based on the Dayton turbidity measurements of 5 to 10 NTU.
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Figure 2-4. Seasonal Alkalinity and Turbidity Patterns in Chickamauga Reservoir, 1985.
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Figure 2-4. Seasonal Alkalinity and Turbidity Patterns in Chickamauga Reservoir. 1985. 



The Tennessee River in the vicinity of SQN is presently

classified by the State of Tennessee as an "effluent limited" stream.

Such a stream is one where stream standards are met, after application of

secondary treatment for municipalities and best practicable treatment for

industries, and there are no significant sources of pollution (Tennessee,

1978). The Tennessee River from mile 460.6 (Chattanooga Creek) to mile

499.4 (Hiwassee River) has been classified as suitable for all water

uses--domestic, industrial, fish and aquatic life, recreation, irriga-

tion, livestock watering, wildlife, and navigation (Tennessee, 1978). A

list •of various water quality criteria and standards for various uses is

presented in table 2-2.

2.4.1 Materials and Methods

Field--Table 2-3 summarizes the SQN quarterly water quality

monitoring program in Chickamauga Reservoir since May 1971. The 1985 SQN

operational water quality sampling stations were TR.s 490.5, 484.5,

484.1, 483.4, 478.2 and 472.8 (figure 2-5). Prior to July 1985, water

quality data were collected in quarterly surveys usually during the

months of February, May, August, and November. The two 1985 surveys

prior to July were conducted on February 27, 1985 and May 21, 1985.

These surveys only involved TRMs 490.5, 484.1, 483.4, and 478.2. Surveys

conducted after July were to coincide with relatively low river flow and

two-unit operation of SQN. This was to. ensure that surveys would be made
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The Tennessee River in the vicinity. of SQN is presently 

classified by the State of Tennessee as. an "effluent limited" stream. 

Such a stream is one where stream standards are met, after application of 

secondary treatment for municipalities and best practicable treat~~nt for 

industries, and there are no significant sourc~s of po.1lution (Tennessee, 

1978). The Tennessee River from mile 460.6 (Chattanooga Creek) to mile 

499.4 (Hiwassee River) has been das'sHied as suitable for all water 

uses--domestic, industrial, fish and aquatic life, recreation, irriga-

tion, livestock watering, wildlife, and navigation (Tennessee, 1978). A 

list .of various water quality criteria and standards for various uses is 

presented in table 2-2. 

2.4.1 Materials and Methods 

Fie1d--Table 2-3 summarizes the SQN quarterly water quality 

monitoring program in Chickamauga Reservoir since to1ay 1971.The i 985 SQN 

operational water quality sampling stations were T~ls 490.5, 484.5, 

484.1, 483.4, 478.2 and 472.8 (figure 2-5). Prior to July 1985. water 

quality data were collected in quarterly surveys usually during the 

months of February, May, Augus t, and Novemb.er. The two 1985 surveys 

prior to July were conducted on February 27. 1985 and 1>lay 21, 1985. 

These surveys only invo 1 vedTRMs 490.5. 484.1. 483.4, and l, 78.2. Surveys 

conducted after July were to cointide with relatively low river flow and 

two-unit op~rati6ri of SQN. This was to. ensure that surveys would be made 
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when any potential impact by SQN might best be observed. The only survey

conducted with these restrictions was on July 24, 1985.

In situ full stratum measurements of dissolved oxygen (DO),. pHi,

temperature, and conductivity were made during sample collection at all

samp,!e stations. Water samples were collected for alkalinity titrations

at the same depths atý which in situ measurements were made.

Laboratory--Analytical and sample. preservation methods used for

chemical water quality characterizations are shown in appendix A. The

referenced laboratory methods are-TVA's preferred methods which are

approved by EPA. The TVA Laboratory Branch may occasionally use other

EPA-approved laboratory methods.

Eighteen water quality measurements were made. In addition to.

DO, p1 ,, temperature, conductivity, and alkalinity which were measured in

the field, water quality samples were. analyzed for nitrogen (organic:,

ammonia, and nitrate plus nitrite), dissolved phosphorus, and totale

organic carbon (TOC) to support biological analysis. Chemical water

quality samples were analyzed for chloride,, sodium, sulfate, total dis.-

solved solids (TDS), copper, iron, manganese, and zinc.

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

water quality data STOrage and RETrieval (STORET) system and are avail-

able from TVA,'s Data Seryices Branch. All data reduction and statistical

evaluation procedures used standard' statistical routines available

through the STORET system. Determinations of statistical differences

among stations and different sampling periods were made using Duncan's

Multiple Range Test in conjunction with an analysis of variance.
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chemical water quality ctiaracterizations are shown in appendixA. The 

iefer~nced laboratory methods are· TVA's preferrerlmethods which a:r;e 
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EPA-approved laboratory methods,. 

Eighteen water quality measu~em~nts wereI.Uade. In additiont,o, 
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thefield,water q~ality samples were, analyzed for nitrogen (o,rganic', 

alJ1ll19nia, and nitrate plus nitrite ) ,disso,l vedphosj:>horus, and ,to,tal 

organic car~on (TOC) to support biological analysis. Chemical water 

quality samples were analyzed for chloride" sodium, ;;ulfate, tqtal d,~s'

solveq solids (TOS), copper, iron, mangaqe,se, andz::l.nc. 

Da.ta Analysis--All water quality data were entered into, the EPA 

waXer quality data STOrage and RETrieval (STO~ET)system and are avai,1.-. 

able fromTVk' s' Data Services Branch. ,All data reduction andstatist;icai: 

evaluation 'procedures used standard statistical routines available 

through ~he 5TORET system. Determiriations .of statistical differences 

amOngstatiorls and different sampling periods were made using Duncan's 

Multiple Range Test in conjunction. with an analysis of variance. 

-30-



2.4.2 Results and Discussion

The 1985 operational data, collected in February, Mayý, and

July, are summarized in appendix B. The- appendix includes parallel gross

statistics for the preoperational 'period of sampling (1971-1979) and the

pre-1985 operational period (1980-1984). Statistics based on the season

or quarter, but similar otherwise to those in appendix B, are presented

in appendix C. The statistics in appendices B and C combine depth;

therefore, vertical differences in parameters that may stratify are not

apparent, and care must be, exercised in making comparisons within and

between tables. Raw data collected during the 1985 operational period

are tabulated in, appendices D and E.

The major factor influencing water quality of Chickamauga

Reservoir in the vicinity of SQN is flow rate. Low flows which existed

in 1985 allowed stratification during spring and early summer. During

winter and early spring, chemical constituents were reasonably well mixed

throughout the water column in the main channel.

Dissolved Oxygen--TVA obtains weekly temperature and DO

measurements at the tailraces of Watts Bar and Chickamauga Dams.

Extremely low rainfall and low dam discharges during the spring and early

summer of 1985 caused significantly longer residence times and stronger

temperature stratification in Chickamauga Reservoir compared to earlier

years. The-•DO qee's Iduing•_'985& at theWatt Ba- Dam tailIrade were

quitýe•Lw, .o. compa'ret thepjevious ten years•. rhe Chickamauga Dam

tailrace DO concentrations also were low when compared to previous years,

but they were substantially higher than DO levels at Watts Bar Dam. All

Chickamauga Dam tailrace DO measurements in 1985 were above 4.0 mg/L
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The 1,985 operational data, collected in February, ~1ay'. and 

July. are summarized in app'endix B. The- appendix includes parallel gross 

statistics for the preoperational 'period of sampling (19}l-l979) and the 

pre-1985 operational period (1980-l984)~Statistics based on the season 

or quarter, but similar otherwise to those in appendix B, are presented 

in appendix C. The statistics in appendices Band C comb,ine depth; 

therefore, vertical differ,ences in parameters that may stratify are not 

apparent, and care must be, exercised in making comparisons within and 

between tables. Raw data collected during the 1985 operatiomi'l 'pedoct 

~re tabulated in, appendic~s D and E. 

The major factor influencing water quality of Chickamauga 

Reservoir in the vicinity of~QN is flow rate. Low flows which existed 

in 1985 allowed 'stratification during spring and early ?ummer. During 

winter and early spring, chemical constituents were' reasonably well mixed 

throughout the water column in the, main channel. 

Dissolved Oxygen--TVA obtains weekly temperature and DO 

measurements at the tailraces of Watts Bar and Chickamauga Dams. 

Extremely low rainfall and low dam discharges during the spring and early 

summer of 1985 caused significantly longer residence times and stronger 

temperature stratification in Chickamauga Reservoir compared to earlier 
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tailrace DO concentrations also.w~re .low when compared to previous years. 

but they were substantially highertha~ DO levels at Watts Bar Dam. All 

Chickamauga Dam tailrace DO measurements in 1985 were above 4.0 mg/L 
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compared to eleven DO measurements in the, 2.0-4.0 mg/L range at Watts Bar

Dam tailrace. This shows that, average reserivoir Dj concentrations.

increased during passage through the Chickamauga Reservoir.

On February 27, 1985. (the winter sample date for the SQN

monitoring,.program), all DO measurements were between 10.8*and, 11.7 m1IL,

indicating well oxygenated.and well mixed conditions as Is usually. the

case during the winter months. During the spring sampling onMay 21,

1985, DO concentrations were vertically stratified at all locationhs.. DO'.

differences between top and bottom ranged, fro-m 9 mg/L at TRIM 483.4

(surfadeC8.'4 and bottom 545' mg/L, table2 -4) to 5'.9. mg/t at TRM 490.5-,

(surface 10.3 and bottom 4.4 mg/L). Less stratification existed at ,

TRM 483.4 than :TRM 490..5 because, surface. DO, concentrations were reduced

and bottom, oncentrations incieased at TRM 4831.4.. This was probablya, 4

result- of mixing induced by the combined leffect: of the diffuser Iand the,

underwater dam (UD), located about' 75 meters upstream of the diffuser.

This was. .also the case during summer . (Juiy 24), as. wil be dis cussed.

later.

To fur.ther evaluate SQN's potential effect on DO in ýthe reser-

voir, a more in-depth evaluation was conducted on summer data because.DO

concentrations are Itypically lowest during this period. Summer DO pro-

files for four monitoring locations are presented in table 2-5, and show

the changes .in the distribution of DO within the water columh at the, fopir

stations from preoperation (1971) through. 1985,. The depth-weighted

average DO concentration shown in the table for each profile was calcu-

lated by, assuming that the observed DO at a, given depth prevailed in the

depth range defined by the midpoints between that depth and the sample-
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1985,DO Corc~t:ltrations were vert.J~~l1y s.t"rat),~ied.at a,ll 1oca~i6.iis~ .. ,D.O', 
. ;:;:""'£''J. ~ ,,' ,-. 

differencesbetw~en t9P' and bottom rang~q, fro.m ,!t:.~'9 mglL a~ IR!-1 4~3.4 
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(surfac~ 10.3 and bottom ~.4 mg/L). Less. sir~tif~cation existed~~ 

TRM 483.4 thanTRM490.5 because. surface· DO. concentratfons were reduced 

res \.II!:: ot mixing induced by ~he co~bineA .effe~t O.f the diffuser .arid" th.E7', 
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To fut-,ther evaluate SQN' s poteQt~iCll effect on DO in the ,re~er.,. 

voir, a more in-depth evaluation was conducted on summer data becaulieDO 

concentrations are typically lowest d'uring this period,. Summer DO pro:'" 

file.s for fo~r monitoring 10cCitions are presented in table 2-5. and show 

stations frompreop~rat~on (1971) through 1985.The depth-weighted 

avera,ge DO :concentrat.ion shoWn in the table for each profile was calcu-
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depths above and bqelow that depth. (Lowermost' DO samples are' taken one

foot off the bottom).. The depth-weighted average DO concentrations°

obtained in thi's manneýr for, this particular set of' data were generally

within one percent of the value derived by the more involved method using

reservoir cross-sectIonal areas.

The data was further averaged over several diffeient time

periods for comparison based on the completion dates of two items of

interest: the underwater dam (UD) which was constructed at TRM 483.7

during, the last quarter of 1974, and the plant itself, which began

commercial operation (Unit i) on July 1, 1981. Thus the data can be

grouped in three almost equal time periods: 1971-1974 (before UD),

1975-1979 (after completion of UD but well before operation of the

plant), and 1982-1985 (operational monitoring). Also, to examine the

effect 'of the plant's diffuser discharge on the DO distribution in the

reservoir, the period 1971-1979 was compared to the operational period,

1982-1985. The plant was not operating, during the period measurements

were taken in 1981.

Tables 2-6 and 2-7 summarize average DO concentrations at-a

depth of three feet and over the entire water column, respectively. For

consistency in comparison, the three-foot depth was used in this analysis

because data was not available at the five-foot depth for years

1971-1975. d -or &tf 9t6PC .... •••'i f di•sbid iygi 1154 _ _ .. -.

f.eofi'fiiee~t- Comparison of DO data at 'three feet and five feet for

years where both are available indicates that DO at five feet was in most

cases approximately 0.1 to 0.2 mg/L lower than at three feet. The values

shown in table 2-6 for the' entire water column are averages of the
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grouped in three ?lmost equal time periods: 19.71-1974 (before UO), 

1975-1979 (after completio,n of UD but weH before ope~ation of the 

plant), and 1982-1985 (operiltiona1 monitoring). Also, to' examine the 

effect ~f the ~lant's diffu~er discharge on the 00 distribution in the 

reservoir, the period 1971-1979 was comBared. to the opera,tional :period, 

1982-19.85. :The plant was not operating, during the period measurements 

were taken in 1981. 

Tables 2-6 and '2.-7 summarize average 0.0 concentratioDs at, a 

d~pth 'of thr,ee feet and over t'he ,entire water column, respectively. For 

consistency in comparison, the three-foot depth was used in this analysis 

because data was. not available at the five-foot d~pth foi years 
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weighted DO averages presented in table 2-5. These data are presented

graphically in figure 2-6 (3-foot depth) and figure 2-7 (overall

profile).

Figure 2-6 reveals that DO concentrations •at the three-foot

depth at TRM 483.4 (about 1500 feet downstream from the diffuser loca-

tion) were lower during operational monitoring than during preoperational

monitoring. This difference is most apparent when the 1971-1974 and

1982-1985 curves are compared. While the DO appears to decline somewhat

(0.2 mg/L) from mile 484.1 to 483.4 under preoperational conditions, the

decline is much more dramatic (1.17 mg/L) during 1982-1985. Because the

average DO for these two time periods at miles 484.1 and 478.2 was

similar, the DO decrease at three feet at mile 483.4 can be seen clearly

(shown in cross-hatching in figure 2-6); however, this decrease was less

(down to 0.2 mg/L) by TRN 478.2. A comparison of the 1971-1979 data with

1982-1985 shows an even greater change in DO, because the DO change

between 1971-1979 values at TRMs 484.1 and 483.4 is only 0.11 mg/L, as

compared to the aforementioned 1.17 mg/L for 1982-1985. Thus the SQN

diffuser discharge causes lower DO concentrations in upper strata at TRM

483.4. It should be noted that in summer 1982 and 1985 the DO concentra-

tions at the five foot level were less than 5.0 mg/L at TRM 483.4

(table 2-5).

,The'seT'lowerý ýcohcentrations .were- the- results-of -the •SQN•,0dJidff~user

./d h- 16-6'ý, tdr *1

and underwate •dm hc ced togethei~o' •mx•o•Obl om~ae.'1t

high eri•DO'-•wa"'t-ei r in- ith&•~uppeileS ofeve,,% 0 te reservdir. This .caused[ I'dwe r

.O, concentrations in the uppper ,strata and higher--DO concentrations in.tlie.

lower 'stra,. This is evidenced, by sirnil araerageD0 a 1evels. .... the
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,weighted DO average,s presented in table 2-:-5. These data are presented 

graphicapy in figure 2-6 (3-foot depth) a,nd figure 2-7 (overall 

profile) • 

Figure 2-6 reveals that DO concentration~ ,at th~ three-foot 

depth at TRM 483.4 (about 1500 feet downstream from the diffus~r loca-

tion) were lower during operational monitoring than during preoperational 

monitoring. This difference is most app~rel1t when the 1971-1974 clnd 

1982-198? curves are compared. While the DO appears to decline somewhat 

(0.2 mg/L) from mile 484.1 to 483.4 under preope~ational con~ition~, the 

decline is much more dramatic (1.17 mg/L) during 1982-1985. Because the 

average DO for these two time periods at miles 484.1 and 478.2 was 

similar, the DO decrease at three feet at mile 483.4 can be seen clearly 

(shown in cross-hatching in figure 2-6); however, this decrease was less 

(down to 0.2 mg/L) by TRN 478.2. A comparison of the 1971-1979 data with 

1982-19~5 shows an even greater change in DO, because the DO cHange 

between 1971-1979 values at TRMs 484.1. and 483.4 is only 0.11 Irig/L, as 

compared to the aforementioned 1.17 mg/L for 1982-1985. Thus the SQN 

diffuser discharge causes lower DO conc~ntrations in upper strata at TRM 

483'.4. It should be noted that in summer 1982 and 1985 the DO concentra-

tions at the five foot level wer,e le~s than S.O .mg/L at TRM 483.4 

(table 2-5). 
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water- columnns at TRaMs 484, l and, 483.4 (table 2-7 and figure 2•-7). Data

at the next downstream station (TRM 478.2) indicates that reaeration and

photosynthetic activity increased the upper strata DO concentrations

(figure 2-6). For example DO concentrations at the five foot depth were

above 5.0 mg/L, even for those years when it was below 5.0 mg/L at, TRM

483.4. The lower strata DO, which had been elevated due to mixing,

remained comparable to the DO values at TRM 483.4, and hence, the:average

water column DO value increased correspondingly. The average water

column DO at TRN 478.2 was 0.33 mg/L greater than that observed upstream

of the diffuser.

Tfi-i~i ,ekam-ina'tion of. 'di'sso61mbd -oxýygen. ;oncen,tra,-ýi6.iis sh6ilsltbait --

operation of SQN alters the distribution of DO in the water column, at an'd

Owsw tifad)bf • t-he dif;flifs 'ee t$ei',-t'ent- and impact of thig alteration

Scanno't ibte -ad`.qua.tely y-eIuated" using the, 1-i- ted data,-*aValadbile. Data

are limited because the program was conducted quarterly and only four

years of operational monitoring data exist. This translates to only four

data points for the period of most interest. To adequately evaluate the

effect this redistribution of DO in. Chickamauga Reservoir may have on

aquatic biota, studies should be conducted to determine the extent and

duration of the observed DO reductions.

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, industrial water supply, recreation,

irrigation, livestock watering, and wildlife (Tennessee, 1982). the

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

(Tennessee, 1982). All pH measurements made during the 1985 operational
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Alkalinitv and pH--The State of Tennessee watet quality 

criteria specify that pH shall be within a range of 6.0 to 9.0 for waters 
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sampling period were within this more conservative range, with all values

falling between 7.0 and 8.1.

Total alkalinity ranged from 46 to 61 mg/L as CaCO3 and

averaged near 53 mg/L, indicating a moderate buffering capacity. Alka-

linity and pH values were very similar to those values observed in other

years.

Nutrients--In 1985, measurements of organic nitrogen, ammonia

nitrogen, nitrate+nitrite nitrogen, dissolved phosophorus, and total

organic carbon, with the exception of one value (0.58 mg/L organic nitro-

gen at TRM 490.47, 5 m. during May), fell within the range of these same

measurements during the previous sampling periods.

Other Parameters-Summary statistics for minerals, metals, and

other water quality parameters measured in 1985 are summarized in appen-

dices B and C along with parallel statistics for previous operational and

preoperational periods. In most cases, there was little difference from

previously collected data and little difference among stations or over

depth.

Table 2-2 shows standards and criteria for some minerals and

metals. Measured values for ammonia, nitrate plus nitrite, chloride,

sulfate, dissolved solids, and zinc did not exceed any of the listed

criteria in 1985. Standards and criteria for iron and manganese were

exceeded several times in both upstream and downstream locations. Fifty

percent of the downstream measurements for iron exceeded the Secondary

Drinking Water Standard (300 pg/L) while 75 percent of the upstream

measurements exceeded the same standard. Similarly, 75 percent of the

downstream manganese observations exceeded 50 pg/L as did 75 percent of
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averaged near 53 mg/L. indicating a moderate buffering capacity. Alka
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Nutrients--In 1985. measurements of organic nitrogen, ammonia 

nitrogen, nitrate+nitrite nitrogen, dissolved phosophorus, and total 

organic carbon, with the exception of one value (0.58 mg/L organic nitro

gen at TRM 490.47, 5 m. during ~~y), fell within the range of these same 

measurements during the previous sampling periods. 

Other Parameters--Summary statistics for minerals, metals, and 

other water quality parameters measured in 1985 are summarized in appen

dices Band C along with parallel statistics for previous operational and 

preoperational periods. In most cases, there was little difference from 

previously collected data and little difference among stations or over 

depth. 

Table 2-2 shows standards and criteria for some minerals and 

metals. Measured values for ammonia, nitrate plus nitrite, chloride, 

sulfate. dissolved solids. and zinc did not exceed any of the listed 

criteria in 1985. Standards and criteria for iron and manganese were 

exceeded several times in both upstream and downstream locations. Fifty 

percent of the downstream measurements for iron exceeded the Secondary 

Drinking Water Standard (300 }.Ig/L) while 75 percent of the upstream 

measurements exceeded the same standard. Similarly. 75 percent of the 

downstream manganese observations exceeded 50 }.Ig/L as did 75 percent of 
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the upsstream observations. None of the iron observations exceeded the

1,000 pg/L criterion for the protection of aquatic life. These higher

concentrations of iron and manganese which were probably as socia~ted with

oxidized forms (i.e., particulates), can be easily'removed by conven-

tional water treatment processes, and were observed during preoperational

monitoring.

Measured concentrations of copper (Cu) have. generally exceeded

EPA's 1985 average and maximum criteria for protection' of aquatic life

both during preoperational and operational monitoring at upstream and

downstream stations. Average concentrations of Cu have decreased over

the period when the preoperational (1971-1978), 1980-1984, and 1985 data

(see appendices B and C) are compared, but this decline is partially due

to improvement in the analytical technique used to measure Cu in the

laboratoryý. During the 1971-1978•preoperational monitoring, the standard

minimum detectable limit (MDL) for Cu was L0 pg/L whereas the standard

MDL during the 1980-1985 operational monitoring was in the range of

1-5 pg/L. A large portion of the Cu measurements during both preopera-

tional and operational monitoring were less than the standard MDL, and

since these values are averaged as equal to the MDL, 1980-1985 average Cu

concentrations are less than 1971-1978 average Cu concentrations.

The 1985 Cu data are the lowest of all three sets of data with

an overall average between 4.3 and 7.7 pg/L. The lower value assumes

all MDL Cu values to be 0.0, whereas the higher value assumes that all

MDL Cu values are to be equal to the MDL. Since nine of the 16 Cu

measurements were < 5 pg/L, the actual Cu average was probably less

than the EPA average criterion of 7.6 pg/L for the protection of
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the upsstream observations. None of the iron obse'rvations exceeded the 

1,000 ~g/L criterion for the protection of ~quat~c lif~. The~e hi~h~r 

concentrations of iron ang manganese which were probably as.s6cia'ted with 

oxidized forms (i.e., particulates), can be ea~ily' removed by conven~ 

tional water treatment processes, and were observed during ,preoperational 

monitoring. 

Measured concentrations of copper (eu) have generally exceeded 

EPA's 1985 average and maximwn criteria for protection of .aquatlc life 

both during preoperational and operational monitoring at upstream and 

downstream stations. Average conc~ntrations of eu have decreased over 

the period when the preoperational (1971-1978), 1980-1984, and lQ85 data 

(see appendices B and e) are compared, but this decline is partially due 

to improvement in the a~alytical technique used to measure eu in the 

laboratory. During the 1971~1978.pr~operational mtinitoring, the staridard 

minimum detectable limit (1'1DL) for eu was La \lg/L whereas the standard 

r-lDL during the 1980-1985 operational monitoring was in the range of 

1-5 \lg/L. A large portion of the eu measurements during both preopera

tional and operational ~onitortng were less than the standard MDL, and 

since these values are averaged as equal to the MOL, 1980-1985 average eu 

concentrations are less than 1971-1978 average eu concentrations. 

The 1985 eu data are the lowest of all three sets of d~ta with 

an overall average between 4.3 and 7.7 ~g/L. The low~r value assumes 

all HDL eu values to be 0.0. whereas the higher value assumes that all 

~lDL eu values are t.O be equal to the t-lDL. Since nine of the 16 Cil 

measurements were < 5 ~g/L, the actual eu average was probably less 

than the EPA average criterion of 7.6 \lg/L for the protection of 
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aquatic life. Two of 16 Cu measurements did exceed the 11 pg/L maximum

criterion. Both the 7.6 pg/L criterion and 11 pg/L maximum criterion

have been consistently exceeded during both the preoperational and

operational monitoring periods and no significant differences have been

observed between upstream and downstream stations.

-2.4.3 Summary and- Conclusions

Theonly observed effect of SQN onChicka...g. aes oirw er r

•qu~i~j~wasl redtiction of -DO concentrat'ins in-upper strat•ait 2and

downs treamfK h lant. However,,,: average DO "concentrations. ,in the water

column were not substantially different at the station immediateily

downst!rea fFom the SQN diffusers and the closest station upstream of the

-diffuser. The-.,aye age ,D0- 4 .urqherý d"dnstream c sed Sifghtly, above,

(tho, seobsewe& a~xandupstr~eam of, SQN. Therefore, this, effýect appLearsi to

e uppeP -s't-ratblete~en ,heplan t and the downstream

stbation. More inteislive, stu~ddes 'during.. spring and summuer--•eneeded to

,def-ihe the extent and duration of the DO reduction, so- thi&the,,potenti'al

Ifor,,effect on the aquatic biota can be determined.

2.4.4 Recommendations

Detailed studies to define the extent and duration of the DO

reduction will be conducted during spring and summer when SQN resumes

operation. These results will be used to determine the potential for

effect on aquatic biota. A workplan detailing these studies will be

submitted to EPA and Tennessee Division of Water Pollution Control

(TDWPC) by March 1, 1987.
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aquatic life. Two of 16 Cu measurements did exceed the 11 ~g/L maximum 

criterion. Both the 7.6 ~g/L criterion and 11 IJg/L maximum criterion 

have been consistently exceeded during both the preoperational and 

operational monitoring periods and no significarit differeI\ces havEl been 

observed between upstream and downstream stations. 

2.4.3 Summary and· Conclusions 
}'., -... ~ 

T~e~.Rnly. .observed effect of SQNbn':'ChfckamalJg~~~~~:~i£~Y21t~ '''''c~q:et 
~ .... ~·'·~_"4_ 
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'"""'"---'"".- --
column were not substant~ally different at the station inuned~ate_!:1 

'_ i... _ ~ ...... :> • .:. • ...r ~ 

d\~~;~.~.?~m tFom the SQN diffu$ers and the closest :st!ltig~ ... ~p.~tr~.a~_t:>f ~"he 
• ,I I.', , .... 

c.tl~p~t.,ohsefV~d~ka.~:_'artd·_>ups,tr:eari;,·.of~'~~QN. J'~,~~JQ.f~,_,j:,Di~i>~f:L~,c:&". ~pp.~ars~'to 

b\"e"ii;gri\Lteci";~'6:=,the'\ tipp~ r -§'t:r,~\~~,J).~:t~e·im ';i6e.( p~arl t a,nd thEl do:-@.sti~ 
,r---- • ... "'''~ • -,,,_ _'. .-

~~~.§on. ~9£e- in tens'ive •. s tu'd~tes.: :puring, ,spri.I:l.g. ~.~~s,~ii,:~o£~L,t;lee.d~d to 

0.def-ine the extent and duration of the DO redt,lcti,oQ .•. ~o· t_~~1tf §h~.,.,~s>,t~~ti:al 

t9.J>~~.ffect on the aquatic biota can be dEltermiq~d •. . -. 

2.4.11 Reconunendations 

Detailed studies to define the extent and duration of the DO 

reduction will be conducted during spring and summer when SQN resumes 

operation. These results will be used to determine the potential for 

effect on aquatic biota. A workplan detailing these studies will be 

submitted to EPA and Tennessee Division of Water Pollution Control 

(TDWPC) by March 1, 1987. 
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Figure 2-5. Nonrodiologicol Water Quality Sampling Locations - Operational Monitoring, Chickamaugo Reservoir,

1985.
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Figure 2-5. Nonradiologicol Water Quality Sampling Locations - Operational Monitoring, Chickamauga Reservoir, 
1985. 



Table 2-2. Standards and Criteria for Selected Para-
meters Sampled as Part of the SQN Opera-
tional Survey

Standards and Criteria
ConcentrationParameter

pH (Standard Units)

Nitrate + Nitrite Nitrogen
(mg/L)

Ammonia Nitrogen (mg/L)

Chloride (mg/L)

Sulfate (mg/L)

Dissolved Solids (mg/L)

6.5-8.5*,t

10.0*

0.02 unionizedt

250*,t

250* It

500*

Copper (ug/L)

Iron (ug/L)

Manganese (ug/L)

7.6§, 1¶, 1,000*

300*, l,O00t

50*

Zinc (ugIL) 47#, 210**, 5,000*

*National Secondary Drinking Water
1977).

Standards (EPA

tQuality Criteria for Water (EPA 1976).

*National Primary Drinking Water Standards (EPA 1975).

§Water Quality Criteria for Protection of Aquatic Life
(EPA 1985). Value cited is 4-day average criteria for
acid-soluble copper, calculated for hardness of 60 mg/L.

lWater Quality Criteria for Protection of Aquatic Life
(EPA 1985). Value cited is maximum criteria for acid-
soluble copper calculated for hardness of 60 mg/L.

I/Water Quality Criteria (EPA 1980). Values listed are
24-hour average criteria for protection of aquatic
life.

**Water Quality Criteria (EPA 1980). (Maximum criteria
calculated for 60 mg/L hardness for protection of
aquatic life.)
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Table 2-2. Standards and Criteria for Selected Para
meters Sampled as Part of the SQN Opera
tional Survey 

Parameter 

pH (Standard Units) 

Nitrate + Nitrite Nitrogen 
(mg/L) 

Ammonia Nitrogen (mg/L) 

Chloride (mg/L) 

Sulfate (mg/L) 

Dissolved Solids (mg/L) 

Copper (ug/L) 

Iron (ug/L) 

Manganese (ug/L) 

Zinc (ug/L) 

Standards and Criteria 
Concentration 

6.5-8.5*,t 

0.02 unionizedt 

250*,t 

250*,t 

500* 

7.6§, llV, 1,000* 

300*, I,OOOt 

50* 

47#, 210**, 5,000* 

*National Secondary Drinking Water Standards (EPA 
1977). 

tQuality Criteria for Water (EPA 1976). 

*National Primary Drinking Water Standards (EPA 1975). 

§Water Quality Criteria for Protection of Aquatic Life 
(EPA 1985). Value cited is 4-day average criteria for 
acid-soluble copper, calculated for hardness of 60 mg/L. 

ffWater Quality Criteria for Protection of Aquatic Life 
(EPA 1985). Value cited is max~ criteria for acid
soluble copper calculated for hardness of 60 mg/L. 

iIWater Quality Criteria (EPA 1980). Values listed are 
24-hour average criteria for protection of aquatic 
life. 

**Water Quality Criteria (EPA 1980). (Maximum criteria 
calculated for 60 mg/L hardness for protection of 
aquatic life.) 
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Table 2-3. Summary of the Sequoyah Nuclear Plant Nonradiological Water Quality Monitoring Program--Quarterly* Sampling in
Chickamauga Reservoir, 1971-1985

Tennessee Horizontal Sample Collection Physical-Chemical Period of Record*
River Mile Location Depths (meters) Measurements

496.5

490.5

30

57

21

59

85

- In situ monitor§
1. 3. 5 In siu monitor,

In sjtu monitor
- jn sjtu monitor

0.3. 1, 3. 5, 12 In 0itu monitor,

nutrients.¶1 metals#

nutrients, metals, minerals"

MayHay
May
May
May
May

71
71

71

71

71

to Nov

to Nov
to Nov

to Nov

to Nov

75

78
75

75

78 and Nov 80 to Jul 85

484.5

484.1

483.5
483.4

480.8

478.2
477.9

472.8

80
40
66

23
11
17

51
10

74

92

75ft
15
30

9

65

85

89

0.3, 1, 3,

0.3. 1, 3I,

1,

I,

5 In jjjU monitor, nutrients
- in stu 1 monitor

1, 12 In "j~u monitor, metals, m
- In Situ monitor
- in "tu monitor

5. 12 In "itu monitor, nutrients
- In silu monitor
- In situ monitor

3, 5 In j monitor, nutrients
- In 5 monitor

5, 12 In situ monitor, nutrients

- ". sjtu monitor
- "n iLu monitor

- In Siiu monitor

- In Lijmu monitor
5 in Sjtu monitor, nutrients

5 In 5jstu monitor, nutrients

inerals

metals, minerals

metals

metals, minerals

July 85
May 71 to Nov 78

May 71 to Nov 78

May 71 to Nov 78
May 71 to Nov 78
May 71 to Nov 78

May 71 to Nov 75
May 71 to Nov 75

May 71 to Nov 78

May 71 to Nov 75

May 71 to Nov 78

May 71 to Nov 78
May 71 to Nov 75
May 71 to Nov 78

May 71 to Nov 75

July 85
May 71 to Nov 78

and Nov 80 to May 85

and Nov 80 to Jul 85

(and Feb 82)

and Nov 80 to Jul 85#40.3. 1. 3

0.3, 1, 3,
1, 3, , metals

'February. May, August, November.

tPercent distance from left bank looking downstream.

*Quarterly preoperational sampling was discontinued in November 1978; quaterly operational sampling was begun in November 1980.
§Profiles of dissolved osygen, pH, and conductivity measurements made in "itu at various depths, depending on station location.

lVNutrients (alkalinity, organic nitrogen, ammonia nitrogen, nitrite plus nitrate nitrogen, phosphorus, total organic carbon).
#Metals (chromium, copper, iron. manganese, nickel, zinc).

"'Minerals (sodium, chloride, sulfate, total dissolved solids).

"tPreoperational sampling was at 83 percent.
#*February 82 quarterly operational samplinq was at IRM 480.8.

I 
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Table 2-3. Summary of the Sequoyah Nuclear Plant Nonradiological Water Quality Monitoring Program--Quarterly· Sampling in 
Chickamauga Reseryoir, 1971-1965 

Tennessee Horizontal Sample Collection Physical-Chemical Period of Record* 
Riyer Hile Location Depths (mE'ters) Measurements 

496.5 30 In 1i1u monitor§ Hay 71 to Noy 75 
57 I, 3, 5 In 1i1u monitor, nutrients,'! metalsN Hay 71 to Nov 78 

490.5 21 In 1i1u monitor Hay 71 to Nov 7S 
59 In ~ monitor Hay 71 to Noy 75 
85 0.3, I, 3, 5, 12 In li.UI mon i tor, nutrients, metals, minerals·· Hay 71 to Noy 78 and Nov 80 to Jul 85 

484.5 80 0.3, I, 3, 5 In lllJI mon i tor, nutrient5 July 85 
484.1 40 In ~ monitor Hay 71 to Nov 78 

66 I, 12 In ~ moni tor, metals, minerals Hay 71 to Nov 78 and Noy 80 to Hay 85 
483.5 23 In ~ monitor Hay 71 to t~OY 78 
463.4 11 In 1i.tJt monitor Hay 71 to Noy 78 

17 0.3, I, 3, 5, 12 In ~ monitor, nutrient5, metal5, minerals Hay 71 to Noy 78 and Noy 80 to Jul 65 
51 In ~ monitor Hay 71 to Nov 7S 

480.8 10 In ~ monitor Hay 71 to Nov 7S 
74 I, 3, 5 In .ti1.II moni tor, nutrients, metals Hay 71 to Nov 78 (and feb 82) 
92 In ~ monitor May 71 to Nov 75 

478.2 75tt 0.3, I, 3. 5. 12 In situ monitor, nutrients, metals, minerals May 71 to Nov 78 and Nov 80 to Jul 
477.9 15 In lllJI monitor Hay 71 to Nov 78 

30 In llL.! monitor Hay ·71 to Noy 75 
472.8 9 In llllI monitor Hay 71 to Nov 18 

65 1.0 ll1.u Inon i tor Hay 71 to Noy 7S 
85 0.3, I, 3, S In ili.u monitor, nutrients July 85 
89 I, 3, 5 In ll1u monitor, nutrients, metals Hay 71 to Nov 78 

·february, May, Augu5t, Noyember. 
tPercent distance from left bank looking down5tream. 
*Quarterly preoperational sampling was discontinued in Noyember 1978; quaterly operational sampling was be9un in tlovember 1980. 
~Profiles of dissolved osygen, pH, and conductivity measurements made in ll1.u at various depths, depending on station location. 
'!Nutrients (alkalinity, organic nitrogen, ammonia nitrogen. nitrite plus nitrate nitrogen, phosphorus, total organic carbon). 
#Hetals (chromium, copper, iron, manganese. nickel. zinc). 
··Minerals (sodium, chloride, sulfate, tOlal dissolved solids). 
1"tPreoperational sampling was at 81 percE'nt. 
**februarv 82 quarterly operational samplinq wa~ at l~M 480.8. 
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Table 2-4. Dissolved Oxygen Concentrations in the Vicinity

of Sequoyah Nuclear Plant on May 21, 1985

Weighted Average 10.30(23)* (No Data) 483.4 10.10(46)

Depth (ft.) 490.5 484.1 483.4 478.2

1 10.30 --- 8.40 10.10
3 10.30 - 7.40 10.00
5 10.20 -- 6.90 9.80

10 8.80 -- 6.80 9.20
16 7.40 -- 6.20 7.00
26 6.10(23)* -- 6.10 7.00
39 4.80(30) --- 6.10 6.50
49 4.40(36) -- 5.50 5.70(46)

Weighted Average 7.16 (No Data) 6.32 7.49

*Numbers in () are
taken.

actual depths at which DO measurements were
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Table 2-4. Dissolved Oxygen Concenttations in the Vicinity 

of Sequoyah Nuclear Plant on May 21, 1985 

Weighted Average 10.30(23)* (No -Data) 483.4 10.10(46) 

Depth (ft.) 490.5 484.1 483.4 478.2 

1 10.30 8.40 10.10 
3 10.30 --- 7.40 10.00 
5 10.20 6.90 9.80 

10 8.80 6.80 9.20 
16 7.40 6.20 7.00 
26 6.10(23)* 6.10 7.00 
39 4.80(30) 6.10 6.50 
49 4.40(36) 5.50 5.70(46) 

Weighted Average 7.16 (No Data) 6.32 7.49 

.; 

*Numbers in () are actual depths at which DO measurements were 
taken. 
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Table 2-5.. -Csbbe ' '-ytxtin
Se~iiyah-,Nugl ear *Pnt 'lflftrP-rwinif- Suýiiuiiek Months

Vritinity
1`9 7 1 95

9

TRM TRM TRM TRM
Depth (ft) 490.5 484.1 483;4 478 6 2

August 2,. 1971

3
13
26
33-49
49-62

Weighted average

3
13
23-26
30-49
46-59

Weighted average

3
13
21-30
31-40,
40-60

Weighted average

5.00
4.90
4.65
4.60(36)

4.80

5.70
5.60
5.10
5.30(39)
5.36(49)

5.36

5.35
5.40
5.50
5.60(39)
5.15(49)

5.43

5.00
5.00(16)*
5.00(33)
5.00(49)
5.20(62)

5.02

August 1., 1972

7.15
5.90
5.50(23)
5.35(30)

6.03

5.75
5.95
5.55(23)
5.55(30)

5.73

7.50
6.10
5.80(26)
5.50(39)
5.30(46)

6.05

7.15
6.90
6.30(26)
6.10(39)
5.25(49)

6.40

August 24, 1973

7.00
6.20(16)
6.00(33)
5.50(49)
5.50(59)

6.05

5.990
5.7(16)
5.7(33)
5.3 (49)
5.6(59)

5.64

6.50
6•.10
5.8(26)
5.6(39)
5.5(46)

5.92

6.35
6.35
6.35(26)
6.00(39)
6.20(49)

6.25

August 14, 1974

3
13
20-30
30-40
40-60

Weighted average

Average of weighted
averages (1971-74)

Average DO at 3 ft
(1971-74)

5.35
5.20
5.10(23)
5.10(30)

5.20

5.,44

5.81

6.20
5.80
5.8(26)
5.7(39)
5.6(46)

5.83

5.79

6.48

6.25
6.05
5.95(26)
5.90(39)
5.80(49)

5.99

6.02

6.28

6.40
6.0(16)
5.8(33)
5.8(4,9)
5.6(59)

5.93

5.66

6.08
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T~ b 1 e2 - 5. (Pis'~~~l~y?~"'p'~y'~~n_ -e:dn'c~nf@g~ions. Jmgl;,t;). 'l,ri' ~heY45}n~~ t~ " 

e~~4~l~~··,~~~~J~~~ 'P:l,tiQ'.t. '~~~.i.n~i _s:~e~r.' ~~h.t.~~ ~197:L~;~~8': .. I 

Depth (ft) 

:3 
13 
26 
33-49 
49-62 

Weighted average 

3 
13 
23-26 
30-49 
46-59 

Weighted average 

3 
13 
21-30 
31-40 
40-60 

Weighted average 

3 
13 
20-30 
30-40 
40-60 

Weighted average 

Average of weighted 
averag~s (1971-74) 

Average DO at 3 ft 
(1971-74) 

TRr-t 
490.5 

5.00 
4.90 
4.65 
4.60 (36) 

4.80 

7.15 
5.90 
5.50(23) 
5.35 (30) 

6.03 

5.75 
5.95 
5.55(23) 
5.55 (.30) 

5.73 

5.35 
5.20 
5.10(23) 
5.10(30) 

5.20 

5.81 
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TRI·1 
1~84. 1: 

TRrI 
483;4 

August 2" 1971 

5.70 
5.60 
5.10 
5.30(39) 
5.10(49) 

5.36 

5.35 
5.40 
5.50 
5.60(39) 
5.15(49) 

5.43 

August 1-, 1972 

7.50 
6.10 
5.80 (26 ) 
5.50(39) 
5.30(46) 

6.05 

7.15 
6.90 
6.30(26) 
6.10(39) 
5.25(49) 

6.40 

August 2 l l, 1973 

6.50 
f>.~0 
5.8(26) 
5.6(39) 
5.5(46) 

5.92 

6.35 
6.35 
6.35(26) 
6.00(39) 
6.20(49 ) 

6.25 

August 14, 1974 

6.20 
5.80 
5.8(26) 
5.7(39) 
5,.6 (46) 

5.83 

5.79 

6.25 
6.05 
5.95(26) 
5.90(39) 
5 .80(l19) 

5.99 

6.02 

6.28 

TRN 
478.2' 

5.00 
5.0006 )* 
5.00(:33 ) 
5.00(49) 
5.20(62) 

5.02 

7.00 
6. 2(f(l6) 
6.00(33) 
5.50(49) 
5.50(59) 

6.05 

5.9'0 
5.7(16) 
5.7(33) 
5.3(49) 
5.6(59) 

5.64 

6.40 
6.0(16) 
5.8(33) 
5.8 (4,9) 
5.6(59) 

5.93 

5.66 

6.08 



Table 2-5. (Continued)

TRM TRM TRM TRM

Depth (ft) 490.5 484.1 483.4 478.2

'i

August 6. 1975

3
13
21-30
31-40
41-60

Weighted average

1
3
5

10
16
26
30
36
43
49
56

Weighted average

1
3
5

10
16
26
30
36
43
49
56

Weighted average

6.95
4.75
4.50(23)
4.40(30)

5.20

7.20
5.40
5.10(26)
4.80(39)
4.80(46)

5.44

6.40
5.50
5.15(26)
5.10(39)
5.10(49)

5.41

7.50
5.30(16)*
5.30(33)
5.20(49)
5.20(59)

5.62

August 3, 1976

6.20
5.90
5.80
5.70
5.6Wk
5.60
5.60

5.70

6.75
6.30
6.20
6.10
6.00
5.90(23)
5.90(29)
5.90(36)
5.70(39)
5.90(43)
5.80(49)

5.98

6.05
5.90
5.85
5.85
5.80
5.80(23)
5.70(29)
5.70(36)

5.80(49)
5.80(56)

5.79

6.40
6.20
6.10
6.00
5.90
5.90

5.90
5.90(46)

5.80

5.94

August 9, 1977

7.80
7.50
7.50
7.40
7.10
7.00(23)
7.00

7.23

7.90
7.80
7.80
7.70
7.60
7.50(23)
7.50
7.40(39)

7.40
7.40

7.52

8.05
8.05
7.95
7.45
6.90
6.60(23)
6.50
6.40
6.40
6.35
6.35

6.80

7.60
7.50
7.50
7.50
7.40
7.40
7.40
7.30
7.30
7.30
7.30

7.38
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Table 2-5. (Continued) 

.; 

TRM TRM TRM TRM 
Depth (ft) 490.5 484.1 483.4 478.2 

August 6, 1975 

3 6.95 7.20 6.40 7.50 
13 4.75 5.40 5.50 5.30(16)* 
21-30 4.50(23) 5.10(26) 5.15(26) 5.30(33) 
31-40 4.40(30) 4.80(39) 5.10(39) 5.20(49) 
41-60 4.80(46) 5.10(49) 5.20(59) 

Weighted average 5.20 5.44 5.41 5.62 

August 3. 1976 

1 6.20 6.75 6.05 6.40 
3 5.90 6.30 5.90 6.20 
5 5.80 6.20 5.85 6.10 

10 5.70 6.10 5.85 6.00 
16 5 .60'~ 6.00 5.80 5.90 
26 5.60 5.90(23) 5.80(23) 5.90 
30 5.60 5.90(29) 5.70(29 ) 
36 5.90(36) 5.70(36) 5.90 
43 5.70(39) 5.90(46) 
49 5.90(43) 5.80(49) 
56 5.80(49) 5.80(56) 5.80 

Weighted average 5.70 5.98 5.79 5.94 

August 9. 1977 

1 7.80 7.90 8.05 7.60 
3 7.50 7.80 8.05 7.50 
5 7.50 7.80 7.95 7.50 

10 7.40 7.70 7.45 7.50 
16 7.10 7.60 6.90 7.40 
26 7.00(23) 7.50(23) 6.60(23) 7.40 
30 7.00 7.50 6.50 7.40 
36 7.40(39) 6.40 7.30 
43 6.40 7.30 
49 7.40 6.35 7.30 
56 7.40 6.35 7.30 

Weighted average 7.23 7.52 &.80 7.38 
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Table 2-5. (Continued)

TRM TR? TRM TRM
Depth (ft) 490.5 484.1 483.4 478.2

August 1., 1978

1
3
5

10
16
26

7.50
7.30
6.40
5.90
5.80
5.70

5.70

6.02

7.30
7.25
7.00
6.75
6.10
5.30(20)
4.80(26)
4.80(33)
4.70(39)

7.15
6.90
6.85
6.65
6.50
6.40

8.20
8.10
7.80
7.60
7.40
6.40

5.80
5.60(46)*
5.40(56)

6.51

34
36
47
59

Weighted average

6.10
5.75
5.33

5.72 6.19

1
3
5
7

10
13
16
20
23
26
30
33
43
52
59

Weighted average

Average of weighted
averages (1975-79)

Average DO at 3 ft
(1975-79)

6.60
6.80
6.80
7.00
6.70
6.60
6.20
5.90
5.70
5.60
5.60
5.60

6.19

6.07

6.89

August 21, 1979

6.70 8.70
6.80 7.90
6.70 7.50
6.40 6.80
5.60 6.40
5.30 6.00
5.10 5.80
5.10 5.70
5.00 5.60
5.00 5.60
5.00 5.60
5.00 5.60
4.90 5.50

- 5.50
- 5.50

9.20
8.20
7.40
7.20
6.70
6.50
6.50
6.20
6.00
5.80
5.60
5.40
5.30
5.30
5.30

6.02

6.29

7.50

5.38

6.01

7.07

5.93

6.02

7.03
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Table 2-5. (Continued) 

TRM TRM TRM TRM 
Depth,(ft) 490.5 484.1 483.4 478.2 

August 11 1978 

1 7.50 7.30 7.15 8.20 
3 7.30 7.25 6.90 B.lO 
5 6.40 7.00 6.85 7.80 

10 5.90 6.75 6.65 7.60 
16 5.80 6.10 6.50 7.40 
26 5.70 5.30(20) 6.40 6.40 

4.80(26) 
34 5.70 4.80(33) 
36 4.70(39) 6.10 5.80 
47 5.75 5.60(46)* 
59 5.33 5.40(56) 

Weighted average 6.02 5.72 6.19 6.51 

August 211 1979 

1 6.60 6.70 8.70 9.20 
3 6.80 6.80 7.90 8.20 
5 6.80 6.70 7.50 7.40 
7 7.00 6.40 6.80 7.20 

10 6.70 5.60 6.40 6.70 
13 6.60 5.30 6.00 6.50 
16 6.20 5.10 5.80 6.50 
20 5.90 5.10 5.70 6.20 
23 5.70 5.00 5.60 6.00 
26 5.60 5.00 5.60 5.80 
30 5.60 5.00 5.60 5.60 
33 5.60 5.00 5.60 5.40 
43 4.90 5.50 5.30 
52 5.50 5.30 
59 5.50 5.30 

Weighted average 6.19 5.38 5.93 6.02 

Average of weighted 
averages (1975-79) 6.07 6.01 6.02 6.29 

Average DO at 3 ft 6.89 7.07 7.03 7.50 
(1975-79) 

-45-



Table 2-5. (Continued)

TRM TRM TRM TRM
Depth (ft) 490.5 484.1 483.4 478.2

August 10, 1981

1
3
5
10
16
26
39
46-49

6.00
5.80
5.60
4.90
4.50
4.50(23)
4.30(30)
3.80(34)

6.80
6.20
5.90
5.90(13)
5.60(20)
4.30
3.70
3.60(46)

4.90

6.40
6.20
6.20
6.10
6.10
5.60
5.40
5.30(49)

5.75

6.90
6.70
6.70
6.60
6.40
4.80
4.70
4.60(46)*

5.55Weighted average 4.74

August 3, 1982

1
3
5

I0
16
26
39
46-49

5.20
4.60
4.50
4.50
4.40
4.30(23)
4.30(30)
4.20(39)

6.70
6.30
5.80
5.30(13)

4.40
4.20
4.10(46)

4.86

4.60
4.40
4.50
4.30
4.50
4.30
4.40
4.80(49)

4.44Weighted average 4.41

Augus 4 983

6.00
6.20
6.10
6.10
5.90
5.70
5.90
5.80(46)

5.90

6.90
6.70
6.60
6.50

5.70
5.40
5-.30
5.20(46)

5.75

1
3
5
10

6.50
6.30
6.20
5.20

5.00
4.90(23)
4.80(30)
4.80(36)

16
26
39
46-49

8.10
7.90
8.00
7.20(7)
6.20(10)
5.70(13)
4.90
4.70
4.70(46)

5.62

8.00
7.70
7.10
6.90

5.80
5.60
5.50
5.30(49)

6.00Weighted average 5.22
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Table 2-5. (Continued) 

TRM TaM TRM TRM 
Depth (ft) 490.5 484.1 483.4 478.2 

August 10 2 1981 

1 6.00 6.80 6.40 6.90 
3 5.80 6.20 6.20 6.70 
5 5.60 5.90 6.20 6.70 

10 4.90 5.90(13) 6.10 6.60 
16 4.50 5.60(20) 6.10 6.40 
2.6 4.50(23) 4.30 5.60 4.80 
39 4.30(30) 3.70 5.40 4.70 
46-49 3.80(34) 3.60(46) 5.30(49) 4.60(46)* 

Weighted average 4.74 4.90 5.75 5.55 

August 32 1982. 

1 5.20 6.70 4.60 6.00 
3 4.60 6.30 4.40 6.20 
5 4.50 5.80 4.50 6.10 

10 4.50 5.30(13) 4.30 6.10 
16 4.40 4.50 5.90 
26 4.30(23) 4.40 4.30 5.70 
39 4.30(30) 4.20 4.40 5.90 
46-49 4.20(39) 4.10(46) 4.80(49) 5.80(46) 

Weighted average 4.41 4.86 4.44 5.90 

August 42 1983 

1 6.50 8.10 8.00 6.90 
3 6.30 7.90 7.70 6.70 
5 6.20 8.00 7.10 6.60 

10 5.2.0 7.20(7) 6.90 6.50 
6.20(10) 

16 5.00 5.70(13 ) 5.80 5.70 
26 4.90(23) 4.90 5.60 5.40 
39 4.80(30) 4.70 5.50 5.30 
46-49 4.80(36 ) 4.70(46) 5.30(49) 5.20(46 ) 

Weighted average 5.22 5.62 6.00 5.75 
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Table 2-5. (Continued)

TRM TRM TRM TRM

Depth (ft) 490.5 484.1 483.4 478.2

August 21, 1984

1
3
5
10
16
26
39
46-49

5.50
5.10
4.90
4.80
4.60
4.60(23)
4.50(30)
4.60(36)

6.00
5.90
5.70
4.90(13)

4.80
4.70
4.70(46)

5.30

5.30
5.20
5.10
5.10
5.00
5.00
5.20
5.20(49)

5.11Weighted average 4.72

July 24, 1985

1
3
5
10
16
26
39
46-49

6.10
5.'90
5.70
5.20
4.60
4.10(23)
3.00(30)
2.80(36)

6.80t
6. 10t
6.40t
6.40t
6.50t
5.50t~

4.40
4.20
4.20
4.50
4.50
4.50
4.60
4.40(49)

5.40
5.20
5.20
5.10
5.10
5.10
5.10
5.10(46)*

5.12

5.60
5.40
5.30
5.30
5.20
5.00
4.40
4.60(46)

4.97

5.59

5.88

Weighted average

Average of weighted
averages (1982-84)t§

Average DO at 3 ft
(1982-85)*

4.37

4.78

5.48

4.47

5.18

5.38

5.26

6.55

*Numbers in parentheses ( )
were taken.

are actual depths at which DO measurements

tM 484.5 data, which was limited to upper strata. TRM 484.1 was not
sampled in July 1985.

*1981 was excluded because the plant was not producing electricity on
the day of sampling.

§1985 was excluded from the averaging of weighted averages because no
data was available at 484.1 for 1985 (the 484.5 data was not included
since it was limited to the upper strata).
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Table 2-5. (Continued) 

Depth (ft) 

1 
3 
5 

10 
16 
26 
39 
46-49 

Weighted average 

I 
3 
5 

10 
16 
26 
39 
46-49 

Weighted average 

Average of weighted 
averages (l982-84)*§ 

Average DO at 3 ft 
(1982-85)* 

TRM 
490.5 

5.50 
5.10 
4.90 
4.80 
4.60 
4.60(23) 
4.50(30) 
4.60(36) 

4.72 

6.10 
5.'90 
-5.70 
5.20 
4.60 
4.10(23) 
3.00(30 ) 
2.80(36) 

4.37 

4.78 

5.48 

TRM TRM TRM 
484.1 483.4 478.2 

August 211 1984 

6.00 5.30 5.40 
5.90 5.20 5.20 
5.70 5.10 5.20 
4.90(13) 5.10 5.10 

5.00 5.10 
4.80 5.00 5.10 
4.70 5.20 5.10 
4.70(46) 5.20(49) 5.10(46)* 

5.30 5.11 5.12 

Ju1l 241 1985 

6.80t 4.40 5.60 
6.l0t 4.20 5.40 
6.40t 4.20 5.30 
6.40t 4.50 5.30 
6.50t 4.50 5.20 
5.50t 4.50 5.00 

4.60 4.40 
4.40(49) 4.60(46) 

4.47 4.97 

5.26 5.18 5.59 

6.55 5.38 5.88 

*Numbers in parentheses ( ) are actual depths at which DO measurements 
were taken. 

traM 484.5 data. which was limited to upper strata. TRM 484.1 was not 
sampled in July 1985. 

*1981 was excluded because the plant was not producing electr~city on 
the day of sampling. 

§l985 was excluded from the averaging of weighted averages because no 
data was available at 484.1 for 1985 (the 484.5 data was not included 
since it was limited to the upper strata). 

-47-



Table 2-6

Average DO Concentrations at Three-foot Depth
in the Vicinity of Sequoyah Nuclear Plant

During the Summer Months, 1971-1985

TRH
490.5Years

1971-1974
1975-1979
1971-1979
1982-1985*

5.81
6.89
6.41
5.48

TRH
484.1

6.48
7.07
6.81
6.55"

TRW
483.4

6.28
7.03
6.70
5.38

TRM
478.2

6.08
7.50
6.87
5.88

1981 was omitted because the plant was not producing electricity on the sampling
date.

"Includes 1985 data from TRM 484.5 (no summer data obtained at 484.1)
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Table 2-6 

Average DO Concentration. at Three-foot Depth 
in tbe Vicinity of Seguoyab Nuclear Plant 

During tbe Summer Bontbs, 1971-1985 

TM Till Till 
~ ~ ~ 

6.48 6.28 6.08 
7.07 7.03 7.50 
6.81 6.70 6.87 
6.55'" 5.38 5.88 

.. 1981 was omitted because tbe plant was not producing electricity on the sampling 
date • 
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Table 2-7

Average Water Column DO Concentrations (mz/L)
in the Vicinity of Sequoyah Nuclear Plant

During the Summer Months, 1971-1984

Years

1971-1974
1975-1979
1971-1979
1982-1984*

TRX
490.5

5.44
6.07
5.79
4.78

TR4
484.1

5.79
6.01
5.91
5.26

TRHI
483.4

6.02
6.02
6.02
5.18

TRIX
478.2

5.66
6.29
6.01
5.59

*1981 data was omitted because the plant was not producing electricity on the
sampling date. 1985 was omitted because data at 484.1 was not obtained.
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TRlt 
Years 490.5 

1971-1974 S.44 
1975-1979 6.07 
1971-1979 S.79 
1982-1984'1t 4.78 

Table 2-7 

Average Water Column DO Concentrations (mg/L) 
in the Vicinity of Sequoyah Nuclear Plant 

During the Summer Konths, 1971-1984 

1Rlt IRlt 
484.1 483.4 

S.19 6.02 
6.01 6.02 
S.91 6.02 
5.26 5.18 

IRK 
478.2 

5.66 
6.29 
6.01 
5.59 

-1981 data was omitted because the plant was not producing electricity on the 
sampling date. 1985 was omitted because data at 484.1 was not obtained. 
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2.5 Comparison of Plant Intake and Discharge

The SQN NPDES discharge permit requires TVA to monitor selected

chemical parameters in the CCW intake and diffuser discharge. It was

recommended in last year's report that this activity be terminated.

Sampling continued through 1985 rather than being terminated in July as

approved by EPA. These data are reported in appendix F.

2.5.1 Materials and Methods

Sample Collection--Grab samples of the CCW intake and diffuser

pond effluent were collected once per month. The CCW intake samples were

collected by lowering a subsurface water sampler approximately one meter

below the surface at the upstream side of the intake screens. Diffuser

samples were collected by lowering the same sampler into the diffuser

pond near the head of the diffuser pipe. At both of these-sample loca-

tions it was assumed the water columns were well mixed because of the

water velocity observed during sampling.

Laboratory--Laboratory analyses of chemical parameters were per-

formed by the TVA Laboratory Branch (LAB). Analytical methods used by

the LAB are shown in appendix A. These are the preferred methods,

approved by EPA, but other EPA-approved methods may occasionally be used.

Thirteen water quality parameters were measured: chloride,

sodium, sulfate, total suspended solids, settleable solids, total dis-

solved solids (TDS), total solids, amnmonia nitrogen, total copper, total

iron, total manganese, total zinc, and oil and grease.
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recommended in last year's report that this activity be terminated. 

Sampling continued through 1985 rather than being terminated in July as 

approved by EPA. These data are reported in appendix F. 

2.5.1 Materials and Methods 

Sample Collection--Grab samples of the CCW intake and diffuser 
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below the surface at the upstream side of the intake screens. Diffuser 

samples were collected by lowering the same sampler into the diffuser 

pond near the head of the diffuser pipe. At both of these-sample loca

tions it was assumed the water columns were well mixed because of the 

water velocity observed during sampling. 

LaboratorY--Laboratory analyses of chemical parameters were per

formed by the TVA Laboratory Branch (LAB). Analytical methods used by 
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approved by EPA. but other EPA-approved methods may occasionally be used. 

Thirteen water quality parameters were measured: chloride. 

sodium, sulfate, total suspended solids, settleable solids, total dis

solved solids (TDS). total solids. ammonia nitrogen. total copper. total 

iron, total manganese, total zinc, and oil and grease. 
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Data Analysis--To determine the overall effect of SQN on water

passing through the plant, a paired Student's t-test was performed on CCW

intake data and diffuser discharge data. Twelve 1985 monthly observa-

tions (when available) were used in the analysis. All data reductions

and statistics used the Statistical Analysis System (SAS) available

through the SAS Institute.

2.5.2 Results and Discussion

All intake and discharge data collected in 1985 are listed in

appendix F and summarized in table 2-8.

The Student's t-test failed to show a statistical difference at

the 90 percent confidence level between intake and diffuser water quality

for all parameters except sodium, sulfate, and zinc. Sodium values aver-

aged 9.0 mg/L at the intake and 9.5 mg/L in the discharge with the aver-

age increase being 0.5 mg/L or about a 5.8 percent increase. Sulfate

values averaged 16.0 mg/L in the intake and averaged 19.2 mg/L in the

discharge with the average increase being 3.0 mg/L or about an 18.8 per-

cent increase. For both of these parameters, many of the large increases

were observed from August to December when SQN was not in operation.

Zinc concentrations averaged 13.2 pgIL in the intake and averaged

7.2 pg/L in the discharge with the average decrease being 6.0 )ig/L or

about a 45 percent decrease. While these differences may be statis-

tically significant at the 0.10 level, actual differences in water

quality are not significant in a practical sense since observed values

are within "normal" ranges of concentrations for these parameteks in the

Tennessee River. The statistically significant difference for TDS
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values averaged 16.0 mg/L in the intake and averaged 19.2 mg/L in the 

discharge with the average increase being 3.0 mg/L or about an 18.8 per
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observed in 1983 (TVA, 1984) was not observed in 1985. The difference in

copper which was observed in 1982 (TVA, 1983) was not observed either.

2.5.3 Summary and Conclusions

Discharge water quality is comparable to that of the CCW intake,

suggesting that operation of SQN has little effect on the chemical com-

position of water withdrawn from and discharged back into Chickamauga

Reservoir. Data for 1985 support the recommendation made last year to

discontinue this work. This activity has been terminated.
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Table 2-8. Comparison of Condenser Cooling Water (CCW) Intake and Diffuser Discharge

CCW Diffuser

N Mean S.D. Min. Max. N Mean S.D. Min. Max. t P)t" Reject?t

Chloride (mg/L) 12 9.8 1.3 7.0 12.0 12 9.5 2.2 4.0 12.0 0.90 0.90 No
Sodium (mg/L) 12 9.0 1.6 5.7 12.0 12 9.5 2.3 5.6 15.0 -1.88 0.09 Yes

Sulfate (mg/L) 12 16.0 2.8 12.0 22.0 12 19.2 5.4 13.0 29.0 -2.43 0.03 Yes

Total Suspended
Solids (mg/L) 11 4.9 2.5 1.0 10.0 12 4.5 2.7 1.0 9.0 0.96 0.36 No

Settleable Solids

(mg/L) 12 0.1 0.0 0.1 0.1 12 0.1 0.0 0.1 0.1 - - No

Total Dissolved

Solids (mg/L) 12 96.7 20.6 60 130 12 106.7 22.7 70 140 1.34 0.21 No
Total Solids 12 125.8 41.0 80 240 12 119.0 40 90 240 1.61 0.14 No

Ammonia (mg/L) 12 0.055 0.030 0.004 0.11 12 0.054 0.030 0.01 0.01 0.23 0.82 No

Copper (pg/L) 12 12.5 12.6 5.0 50.0 12 21.2 29.2 5.0 110.0 -0.88 0.40 No

Iron (pg/L) 12 233 118 10 390 12 208 112 100 470 1.16 0.27 No

manganese (pg/L) 12 62 27 32 115 12 108 178 23 670 -0.96 0.36 No

Zinc (pg/L) 12 13.2 8.2 5.0 31.0 12 7.2 2.9 5.0 13.0 2.77 0.02 Yes
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(mg/L) 12 (5.0 0.0 (5.0 5.0 11 5.1 0.3 c5.0 6.0 -1.00 0.34 No

*P > t is the probability of being wrong when rejecting the null hypothesis (intake concentration minus diffuser concentration is zero).

tA "No" in the Reject? column indicates that the null hypothesis is not rejected at the 90 percent confidence level.
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Table 2-8. Comparison of Condenser Cooling Water (CCW) Intake and Diffuser Discharge 

ccw Di HUlier 
N Hean S.D. Hin. Hax. N Hean S.D. Hin. Max. t PH" Reject7t 

Chloride (mg/l) 12 9.8 1.3 7.0 12.0 12 9.5 2.2 4.0 12.0 0.90 0.90 No 
Sodium (mg/l) 12 9.0 1.6 5.7 12.0 12 9.5 2.3 5.6 15.0 -1.88 0.09 Yes 
Sulfate (mg/l) 12 16.0 2.8 12.0 22.0 12 19.2 5.4 13.0 29.0 -2.43 0.03 Yes 
Total Suspended 

Sol ids (mg/l) 11 4.9 2.5 1.0 10.0 12 4.5 2.7 1.0 9.0 0.96 0.36 No 
Settleable Solids 

(mg/l) 12 O. I 0.0 O. I 0.1 12 0.1 0.0 O. I O. I No 
Total Dissolved 

Sol ids (mg/l) 12 96.7 20.6 60 130 12 106.7 22.7 70 140 1.34 0.21 No 
I Total Sol ids 12 125.8 41.0 80 240 12 119.0 40 90 240 1.61 0.14 No VI 
w Ammonia (mg/l) 12 0.055 0.030 0.004 0.11 12 0.054 0.030 0.01 0.01 0.23 0.82 No I 

Copper (l'9/l) 12 12.5 12.6 5.0 50.0 12 21.2 29.2 5.0 110.0 -0.88 0.40 No 
I ron (l'g/l) 12 233 118 10 390 12 208 112 100 470 1. 16 0.27 No 
Hanganese (~g/l) 12 62 27 32 115 12 108 178 23 670 -0.96 0.36 No 
Zi nc (l'9/l) 12 13.2 8.2 5.0 31.0 12 7.2 2.9 5.0 13.0 2.77 0.02 Yes 
Oi 1 and Grease 

(mg/l) 12 <5.0 0.0 <5.0 5.0 11 5.1 0.3 <5.0 6.0 -1.00 0.34 tlo 

"P > t is the probability of being wrong when rejecting the null hypothesis (intake concentration minus diffuser concentration is zero) . 

tA "No" in the Reject'? column indicates that the null hypothesis is not rejected at the 90 percent confidence level. 



2.6 Environmental Conditions Prior to 1985 Quarterly Plankton Samples

Knowledge of conditions in Chickamauga Reservoir prior to plank-

ton sampling is important for proper interpretation of sample data

because plankton are transient organisms. Analysis of environmental con-

ditions indicates how representative of seasonal factors the sample dates

were. Longitudinal gradients in growth factors such as nutrient, availa-

bility, light, temperature, and mixing must be assessed. This section

sumunarizes flows and travel times, water temperatures, SQN pumping and

load conditions, meteorological, and nutrient concentrations prior to and

on plankton sample dates.

Figures 2-8 through 2-10 provide a summary of physical para-

meters associated with the plankton sampling dates. Daily average values

for river flow, plant load and plant pumping flow are provided. Travel

times are presented for important reaches in Chickamauga Reservoir:

Watts Bar Dam to Chickamauga Dam ("WB to CHICK" on the figures), Watts

Bar Dam to the upstream plankton sampling station at TRM 490.5 (WB to

490.5), SQN diffuser to downstream plankton sampling station at TRM 478.2

(SQN to 478.2), and upstream to downstream plankton sampling stations

(490.5 to 478.2). Hourly river temperatures are provided for the plant

intake and downstream of the diffusers. Both near surface (0.15, 1.0 and

1.5 meter depth averaged) and bottom temperatures are provided for each

location. Windspeed, solar radiation, and rainfall are shown using

hourly data. The water quality parameters are a summary of information

provided in detail in section 2.4, Water Quality. Upstream values are

for samples taken at TRM 490.5 and downstream values are for samples
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taken at TRM 478.2. All parameters except light are depth weighted

average of all samples. The nitrogen values are the sum of NH 3+ and

NH 4- and NO2 plus NO3 measurements. The phosphorus values are for

the dissolved state.

2.6.1 February 1985 Conditions

Conditions prior to the February 27, 1985, sample date are shown

in figure 2-8. River flow was approximately 840 m3 Is (29,600 cfs) and

travel time between Watts Bar and Chickamauga Dams was 6.4 days. SQN was

operating at full load with maximum pumping flows prior to the day of

sampling. Total generation was 2,300 MWe on February 27 with a maximum

continuous pumping flow of approximately 2,600 cfs, about 11 percent of

the river flow. Discharge temperatures were about 9* C with an upstream-

to-downstream increase up to 4 C during the 2-unit operation. During

this period, TVA was given temporary approval to exceed the NPDES

compliance standard for SQN (maximum increase 30 C), due to cooling tower

icing problems and extreme drought conditions. Wind speeds were between

2 and 8 mph. Cloudy conditions with rain occurred two days prior to and

on the sampling day. No turbidity measurements were made during this

survey. Because of well-mixed conditions, little variation in chemical

parameters was observed between stations or with depth. Dissolved oxygen

concentrations were between 10.8 and 11.7 mg/L. Alkalinity concentra-

tions were 46-53 mg/L and pH values were about 7.2. No changes in nutri-

ent concentrations were observed from the upstream to downstream sta-

tions. The sample date was not representative of typical winter condi-

tions due to low river flow. Pumping flow was indicative of maximum

operation with two units operating.
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2.6.2 May 1985 Conditions

Conditions prior to the May 21, 1985, sample date are shown in

figure 2-9. River flow was approximately 230 m 3/s (8,100 cfs), which

is significantly lower than the average May flow of 800 m3 /s

(28,300 cfs). Travel time through Chickamauga Reservoir was 37 days.

Travel time was 18.5 days between Watts Bar Dam and the upstream sample

station, 7.5 days between the upstream and downstream stations, and

3.3 days between the SQN diffuser and the downstream station. SQN was

operating at one unit load (1,100 MWe), and pumping flow was approxi-

mately 60 m 3/s (2,100 cfs), representing about 26 percent of river

flow. Water temperatures were weakly stratified at the intake with a

vertical gradient of 1-2° C. The increase in temperature associated with

SQN was about 1.50 C. A cooling episode occurred 5 days prior to

sampling causing the reservoir to mix vertically and restratify prior to

sampling day. The sample date was sunny, although rainfall occurred the

previous day. Windspeeds ranged from 3 to 11 mph. No turbidity measure-

ments were taken during this survey. The nitrogen concentration was

0.15 mg/L upstream and 0.17 mg/L downstream while the dissolved phos-

phorus concentration was 0.01 mg/L at both stations. Unusually low river

flows meant that this period was not representative of average spring

flows because of continued drought conditions in the Tennessee Valley.

2.6.3 July 1985 Conditions

Conditions prior to the July 24, 1985, sample date are shown in

figure 2-10. River flow was approximately 660 m 3/s (23,200 cfs), which

was lower than the long-term average July flow of 840 m 3/s (29,700 cfs).
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Travel time through the reservoir was 12.9 days with 2.6 days between

TRM 490.5 and TRM 478.2. During the day previous to sampling two units

had been brought up to near full power. Due to the travel time from

upstream to downstream stations, downstream samples on July 24 were

probably indicative of one unit operation. Samples collected at the

diffuser station (TRN 483.4) were indicative of two unit operation on

July 24 with a pumping flow of 2,590 cfs, representing about 10 percent

of river flow. Water temperatures were 26 to 29* C with vertical tem-

perature differences up to 1.2" C upstream and 0.1 to 1.30 C downstream.

The increase in temperature due to plant operation was about 0.2" C; much

lower than during the rest of July (see figure 2-3c). The weather was

cloudy with light winds of 1 to 4 mph and insignificant rainfall. Nitro-

gen increased slightly downstream, dissolved phosphorus was 0.01 mg/L,

and the light penetration depth was 2.7 m and 3.0 m at the upstream and

downstream stations. Dissolved oxygen concentrations were between

2.8-6.1 mg/L. Data from Watts Bar Dam tailrace show that dissolved

oxygen concentrations were lower than normal as discussed in section

2.4. Conditions during much of July would be considered worst-case due

to low river flows and two-unit operation. However, conditions at the

time these samples were collected (July 24) would not be considered

worst-case because river flows were higher than on other days in July

1985 (although they were lower than the long-term average for July) and

plankton collected at some downstream stations would have passed SQN when

only one unit was operating.
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3.0 PLANKTON

This section presents results of plankton sampling during

winter, spring, and summer 1985. Winter and spring samples were

collected using methods and locations identified in the operational moni-

toring program used since initiation of operational monitoring at SQN in

fall 1980. Summer samples were collected based on a slightly altered

workplan which was approved by EPA in July 1985 following submittal of

recommendations by TVA regarding the entire monitoring program (TVA,

1985). That report recommended plankton sampling continue (with specific

changes) because the monitoring program had not provided sufficient

collection periods with the necessary combination of factors to ade-

quately evaluate effects of SQN and because SQN appeared to have a sub-

stantial influence on plankton during the few occasions when potential

for impact was high. Changes specific to plankton included adding two

collection locations, one upstream near the SQN intake and the other

downstream in the Chickamauga Reservoir forebay; deleting sample collec-

tion during winter and fall but continuing sample collection during

spring and summer, concentrating on periods of two unit operation, when

possible; and adding a collection period during the spring/summer period

when worst-case conditions exist (i.e., low flows and maximum plant

operation).

SQN has potential to influence aquatic biological communities

through entrainment of water into the condenser cooling water system

(CCWS), subsequent discharge of this water through the diffusers, and

entrainment of ambient water into this discharged water, and through
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spring and summer, concentrating on periods of two unit operation, when 

possible; and adding a collection period during the spring/summer period 

when worst-case conditions exist (i.e., low flows and maximum plant 

operation). 

SQN has potential to influence aquatic biological communities 

through entrainment of water into the condenser cooling water system 

(CCWS), subsequent discharge of this water through the diffusers, and 

entrainment of ambient water into this discharged water, and through 
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discharge of heat and other waste by-products including but not

restricted to chlorine residual, nutrients, and metals.

Throughout this monitoring program, these data have been

assessed realizing they were not representative of a controlled experi-

ment where all variables were kept constant in the control and experi-

mental measurements except the factor being tested, in this case the

plant. Rather, this monitoring program provides data from a dynamic

system with differences expected from "control" locations upstream of the

plant to "experimental" locations downstream of the plant. For this

reason, preoperational sampling was conducted to provide a measure of

natural variability. Preoperational monitoring results have been sum-

marized by TVA (1978a). Data from the current operational monitoring

program are compared to preoperational data in a later section of this

report. Preoperational data showed differences among various sample

locations with general increases in plankton from upper to lower reser-

voir reaches. This is not uncommon and has been identified in other

studies (Poppe et al., 1980). Dense plankton communities typically do

not exist in upper reservoir reaches because turbulence caused by high

water velocities prevents algal cells from staying in the photic zone

long enough for growth and reproduction to occur. As water flows down-

stream, velocity and turbulence decrease because cross-sectional area

increases. As a result, algal cells remain in the photic zone longer and

can sustain substantial growth and reproduction. The longitudinal point

or transition zone where velocities become sufficiently low for the above

to occur depends on flows. At higher flows the transition zone will be

pushed further downstream.
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Therefore, biological differences among stations were evaluated

closely with physical and chemical conditions during each sample period

(as described in chapter 2). If there were no biological differences

among stations, it was assumed there was no plant effect. If differences

did occur, they were evaluated as to the likelihood of being plant

induced or the result of other conditions.

Monitoring programs such as this are designed to detect major

changes in the plankton, not identify cause/effect mechanisms. They are

also limited in their ability to evaluate environmental consequences of

changes when they are observed. Specific, targeted studies are conducted

when monitoring programs identify changes which warrant concern. Altera-

tions made in the plankton monitoring scheme in 1985 were aimed at

increasing the ability of the monitoring program to identify changes, if

they occur. Detailed, targeted studies will be designed and conducted if

this altered monitoring program identifies the need.

3.1 Phytoplankton

3.1.1 Materials and Methods

Field--Phytoplankton community measurements included in this

monitoring program are: organism enumeration, phytopigment concentra-

tions, and primary production rates. An 8-L non-metallic Van Dorn water

sampler was used to collect sufficient water for all 3 sample types--

100 ml for each enumeration sample, 500 ml for each phytopigment sample,

and 125 ml for each primary productivity sample. Two replicate samples

for each measurement were collected from 0.3, 1.0, 3.0, and 5.0 m at
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mid-channel. Three stations were sampled in winter and spring-one

upstream at TRN 490.5, one imnmediately downstream of the diffusers at

TRM 483.4, and one further downstream at TRM 478.2 (figure 3-1). These

same three stations plus two additional stations were sampled during

sumuer-one upstream at TRM 484.5 and one downstream at TRM 472.8.

Table 1-2 shows collection dates reported here.

Enumeration samples were preserved with M 3 (Meyer, 1971) imme-

diately after collection. Phytopigment samples were placed in

cubitainers with 1 ml of magnesium carbonate suspension added to each

sample before they were placed in a cooled, light-excluding box. After

trans- port to shore, 500 ml of each sample was filtered through a glass

fiber filter with a retention rating of 1.25 pm, and each filter placed

in 5.0 ml of 90 percent buffered acetone. Samples were stored frozen

until analyzed in the laboratory.

Primary productivity samples were spiked with one milliliter

(approximately 2 pc) of C labeled sodium bicarbonate, suspended at

the depth and station where collected, allowed to incubate for approxi-

mately three hours, and 125 ml filtered through a 0.45 pm membrane

filter. After rinsing with 0.1 N HC1 and water, filters were folded and

placed in scintillation vials for return to the laboratory. A dark

bottle was suspended at 0.3 and 5.0 m depths to determine nonphoto-

synthetic assimilation rate of carbon-14.

Laboratory--Each enumeration sample was agitated, a 15-ml ali-

quot removed and placed in a counting chamber, and allowed to settle for

a minimum of 12 hours. Algal cells were enumerated at the generic

level.
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References and publications used in identification varied for

individual algal groups. Sometimes several references were utilized to

identify genera within a algal group, but usually a single reference com-

prised the major taxonomic authority. Major (*) and infrequently used

(f) references were as follows:

Algal Group
Reference Chlo Chry Cyano C Eugleno Pyrro

Cocke (1967)
Desikachary (1959) t
Drouet (1973)
Drouet and Daily (1973) *

Forest (1954) t t t t
Hustedt (1930)
Patrick and Reimer (1966)
Prescott (1964) * * *

Tiffany and Britton (1971) t t t t
Whitford and Schumacher (1969) t

Phytopigment samples were allowed to reach room temperature,

ground with a glass rod, and subjected to ultrasonic vibrations to

rupture algal cell walls. Samples were then clarified by centrifugation

and analyzed spectrophotometrically. Optical densities at 750, 664, 647,

and 630 nm were read. Each sample was then acidified with two drops of

0.1 N lCI, allowed to steep for one minute, then reread at 750 and

664 nm. Chlorophyll a, b, c concentrations were calculated using the

Jeffrey-Humphrey (1975) equations, and phaeophytin a concentrations were

calculated using the Lorenzen (1967) equations. Phaeophytin index values

(ratio of optical density reading at 664 nm before acidification to opti-

cal density reading at 664 nm 'after acidification were also determined

(Weber, 1973).
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Activity of primary productivity samples was determined using

liquid scintillation techniques. Using the conversion table of Saunders,

et al. (1962), total inorganic carbon available at each station was

determined by using pH, temperatures, and alkalinity values. Mean

carbon-14 activity incorporated into algal cells in the light bottles

minus that absorbed by materials in dark bottles resulted in an estimate

of net photosynthetic activity. Total carbon assimilated by algal cells

was expressed as milligrams carbon per cubic meter per hour

(mg C/m3 /hr). These values, averaged for depth intervals, multiplied

by the respective depth interval, summed, and proportioned to daily solar

radiation energy, were used to represent total daily productivity that

occurred in a column of water with a surface area of one square meter and

a depth of 5 m (mg C/m /day).

Data Analyses--Sampling and processing variability of total com-

munity and group densities (cells/L), chlorophyll a concentrations

(mg/m3 ), and carbon assimilation rates (mg C/m3 /hr) was estimated by

calculating the coefficient of variation for each set of duplicate

samples. Coefficients less than 20 percent were considered indicative of

good sample replicability. Coefficients of variation greater than

40 percent indicated larger than desirable variability between replicate

samples.

Data were transformed (log1 0 ) and tested using a two-way anal-

ysis of variance (ANOVA) with stations and depths as the main effects.

Significant station differences resulting from the two-way ANOVA were

examined in one of two ways depending on results of the interaction

term. If stations were significant but interaction not significant,
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station means, calculated over all depths, were further compared using

the Student, Newman, Keuls (SNK) multiple range test (Sokal and Rohlf,

1969) as applied by Zar (1974) to two-way ANOVA. If stations and inter-

action were both significant, station differences were examined for each

depth using a one-way ANOVA and SNK. For purposes of this report, signi-

ficant depth differences were not investigated because the main point of

concern was upstream/downstream differences.

Phytoplankton community structure was analyzed using a diversity

index applying the following formula (Patten, 1962):

s

diversity index = - 1 (ni/n) lg2 (ni/n), where
s = number of genera;
ni = number of individuals belonging to the i-h genus;
n = total number of organisms;
diversity index = diversity per individual.

Diversity index was used only as a reference to evaluate changes among

stations.

Similarity of algal communities between reservoir sections was

determined using a two-step approach. Sorenson's Quotient of Similarity,

SQS (McCain, 1975), was calculated to determine similarities based solely

on presence/absence of genera (qualitative characteristics of community

composition). A percentage similarity (PS) index (Pielou, 1975) also was

calculated to determine similarities based on both qualitative and

quantitative characteristics of community structure. In both cases,

values of 70 percent or greater were assumed to show similarity.

SQS was calculated as follows:
SQS = 2s/(x + y) 1 100
where, x = number of taxa at station x

y = number of taxa at station y
s = number of taxa in common between

stations x and y
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Percentage similarity index was calculated as follows:

s

PS = 2001i=1 min (PiX, Piy)
where, PiX and Piy 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.

If comparisons between locations provided low SQS and PS values,

the communities were considered different. If SQS was high but PS low,

communities were composed of similar genera but differed either in abso-

lute cell density or in relative abundance of genera present. When SQS

was low and PS high (a rare occurrence), communities were still con-

sidered similar because the low SQS probably was related to random occur-

rence of rare genera which affects SQS much more than PS. If both coef-

ficients were high, communities were considered similar in generic com-

position, relative abundance of genera present, and absolute cell number.

3.1.2 Results and Discussion

Spatial Comparisons of Operational Monitoring Data--As discussed

in section 2.2, at least one unit was generating power on all phyto-

plankton sample dates in 1985 creating potential for effects from both

operation of CCWS and thermal input. The following section presents

results for each of three sample dates--February 27, May 21, and July 24.

As previously discussed, the February and May (winter and spring) sample

sets were collected under the original monitoring plan which required

quarterly sample collection during winter, spring, sumnmer (August), and

fall (November). Upon EPA's approval of TVA's recommendations, the

altered program was instituted in July. The July 24 sample set reported
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here was collected to be representative of worst-case conditions as

specified in the altered program. Unfortunately, as discussed in section

2.6, the conditions on the day samples were collected would not be

considered worst-case because river flows had increased from what they

had been earlier in the month and plankton collected at all stations was

not exposed to maximum plant operation. However, it is important to note

that conditions were worse than those during any previous summer sample

period of operational monitoring. The routine summer sample set which

should have been collected in early August was first postponed because a

mid-summer drawdown of Chickamauga Reservoir for control of aquatic

macrophytes created environmental conditions different from any previous

sample period. Collection was scheduled for late August following return

to more normal conditions; however, both units of SQN were unexpectedly

shut down August 22. Rather than sampling with the plant down, those

samples were not collected.

February 1985--River flows were relatively low (approximately

840 m3 Is; 29,600 cfs) for a winter sample period and both SQN units

were generating power. Data in Chapter 2 indicate water temperatures in

the upper five feet were about 1.5*C warmer just downstream of the

diffuser than at the upstream station.

Most parameters used to evaluate the phytoplankton community

were similar among the three stations. For example:

1. Chrysophytes were numerically dominant and Chlorophyta subdominant at
all stations (table 3-I). The diatom Melosira was generally dominant
although the blue-green alga OscilLatoria was dominant in a few sam-
ples from both upstream and downstream stations (appendices G and H).

2. Number of taxa and diversity index values were relatively high and
similar among stations (table 3-2). All SQS values and all but one
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PS value indicated similar co-mmunities were present at the three sta-
tions (table 3-3). The PS value for the TIl 490.5-TRE 478.2 compari-
son was 63 percent. This slightly low PS value probably resulted
from a slight increase in cell densities at TPM 478.2.

3. Total phytoplankton cell densities were low but not unusually so for
a winter sample period (table 3-4 and appendix I). Statistical tests
identified a significantly higher total density and chlorophyte den-
sity at TRM 478.2 compared to TRM 490.5, while no significance was
detected for chrysophyte or cyanophyte densities (tables 3-5 and
3-6).

4. Chlorophyll a concentrations and carbon assimilation rates were gen-
erally similar among stations and no statistical differences were
detected (tables 3-7, 3-8, 3-9, and 3-10 and appendices J and K).

Data for this sample period were typical of a normal winter

phytoplankton community. There was a slight increase in total cell den-

sity from about 0.2 x 106 cells/L at TRN 490.5 to 0.4 x 106 cells/L

at TRN 478.2, but it was considered inconsequential.

May 1985--Chapter 2 describes river flows as low (approximately

230 m3 Is, 8,100 cfs) during this sample period. SQN was operating only

one unit, but intake demand coupled with the low river flows resulted in

a substantial proportion (about 26 percent) of the river flow being

entrained.

Qualitative characteristics (group/generic dominance, number of

taxa, diversity index values, PS, and SQS) of the phytoplankton community

were similar among the three stations. Quantitative characteristics

(cell densities and chlorophyll concentrations) were highest at the upper

station (TRi 490.5), lowest at the diffuser station (TRM 483.4), and

intermediate at the downstream station (TRl 478.2).

1. There was no distinctly dominant group at any of the stations
(table 3-1). Oscillatoria (a blue-green) was the dominant genus in
most samples (appendices G and H). Both number of taxa and diversity
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index values were high and similar among all stations (table 3-2).
SQS values indicated similar taxa were present at all three stations
(table 3-3).

2. PS values, which include density estimates in their calculation,
indicated the upper and lower stations were similar (PS = 80 per-
cent), the upper and middle stations were dissimilar (PS = 55 per-
cent) and the middle and lower stations were not distinctly similar
or dissimilar (PS = 69 percent). These patterns parallel those of
cell densities and chlorophyll a concentrations. Cell densities for
total phytoplankton, Chlorophyta, Chryosophyta, and Cyanophyta as
well as chlorophyll a concentrations were statistically higher at
TRM 490.5 than TRM 483.4 and in many cases higher at TRM 490.5 than
TRM 478.2 (tables 3-4 through 3-8).

3. Carbon assimilation rates differed from the other measurements in
that rates in the upper strata (where most assimilation occurs)
increased progressively from upstream to downstream stations
(table 3-9).

The pattern of lower cell densities and chlorophyll a concentra-

tions from upstream to downstream observed in 1985 was also observed in

spring 1981 and 1982. Carbon assimilation rates showed a distinct increase

at the downstream station in 1985; this was not observed in 1981 or 1982.

Since carbon assimilation is a rate measurement heavily influenced by

environmental conditions from hour to hour, it frequently does not follow

the same pattern as cell densities or chlorophyll a concentrations or the

same pattern from one survey to the next. The observed increase in carbon

assimilation at the downstream station in 1985 was probably due to more

favorable light conditions there (plus possibly some thermal stimulation)

that at the upstream station. Photoinhibition was likely responsible for

lower assimilation rates at the upstream station. Photometer readings

showed surface light intensity to be three times greater at the upstream

station TRM 490.5 than at the downstream station TRM 478.2. While solar

radiation is necessary for carbon assimilation, it can inhibit assimilation
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when radiation is too great. Photoinhibition of photosynthesis at high

irradiances is a common feature of in situ experiments. Harris (1980)

provides a list of over 20-references to indicate the universal nature of

the phenomenon. If thermal stimulation alone was responsible for

variations in carbon assimilation, the station immediately downstream of

the diffusrs would have the greatest assimilation rates. This was not the

observed case.

The observed pattern of decreased cell densities and chlorophyll

a concentrations from upstream to downstream under low flow conditions was

discussed in the report on 1982 data (TVA, 1983). That report postulated

three possible causative factors: (1) low flows allowed the reservoir

reach or transition zone where plankton production was greatest to be

upstream of SQN with subsequent decreases in downstream reaches as nutri-

ents were deleted, (2) the observed decreases were not decreases at all but

were actually representative of different watermass origins, and

(3) operation of SQN (probably from entrainment through the CCWS) could

have been responsible.

These three factors are viable explanations for patterns observed

in 1985 data. The important influence of flow, especially low flow, on

plankton dynamics is shown by DO and pH data taken throughout Chickamauga

Reservoir in May. Increases in these measurements can be used to identify

the reservoir reach where algal photosynthesis increased due to increased

retention time.
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The data for surface (0.3 m) and bottom measurements, are summarized below.

DO (mg/L) pH
Station Surface Bottom Surface Bottom

TRM 529.5 5.8 5.8 7.2 7.2
TRM 528.0 4.8 5.1 7.6 7.3
TRM 527.4 5.6 5.1 7.4 7.3
TRM 518.0 6.5 4.7 7.7 7.3
TRM 506.6 12.1 4.8 8.6 7.3
TRM 496.5 10.2 4.8 8.0 7.2
TRM 490.5 10.3 4.4 8.1 7.0
TRM 483.4 8.4 5.5 7.7 7.1
TRM 478.2 10.1 5.7 8.1 7.1

These data indicate increased algal activity far upstream of

SQN, probably a result of the low river flow. These data do not show a

decrease at downstream stations, indicating nutrient depletion had not

occurred. Ratheiý, .jth _iese d ita, Indicate si~miar -a lrga a'ctvty- f...... the

inid-reservaroir reaý exc'T1-a-.midreerooir •a~~a - 50M• 6• 6•) downs~tream, exce pt -at ThRM 48'3 ., wh'ere I

surface DO afpH-'wer b rdu'ce'd and b,-totaID0' ihcreasIed. These results

provide evidence of a fourth factor which may have interacted with the

other three to produce the observed plankton community. The reduced

surface DO and increased bottom DO indicate mixing of these strata pro-

bably as a combined result of the underwater dam and the mixing effect of

the diffusers. Complete mixing apparently did not occur since the water

column was not homogeneous.

Mixing of the water column as a result of presence/operation of

SQN was previously thought unlikely because modeling efforts had indi-

cated essentially all mixing would occur in lower and mid-strata due to

the great depth (> 50 feet). May 1985 results, coupled with those for

the summer sample period indicate mixing throughout the water column

occurred during these sample periods.
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Water column mixing would help explain lower phytoplankton cell

densities and chlorophyll a at TRM 483.4 where the observed phytoplankton

community resulted from mixing bottom water containing few phytoplankton

cells with surface water containing many cells. Increases at TRM 478.2

would indicate a return to more normal conditions.

These data for May indicate substantial differences in the

phytoplankton community among the three stations. These differences were

at least in part caused by presence/operation of SQN during this period

of near worst-case conditions. A definitive conclusion as to whether the

plant effect was principally the result of entrainment or mixing cannot

be made.

July 1985--This sample set was collected under the altered moni-

toring plan provided in TVA (1985). As such, it was conducted to be

indicative of worst-case conditions. There are no other preoperational

or operational July data with which to compare these data, but since

routine summer samples have been collected the first or second week in

August, general comparisons are possible.

Chapter 2 shows river flows were relatively low (660 m 3/s;

23,200 cfs) for a summer sample period resulting from the continued

drought in the Tennessee Valley during 1985. SQN was operating both

units on the day samples were collected. However, as shown by

figure 2-8, only one unit was operating when the water sampled at

TRMs 478.2 and 472.8 passed the plant. SQN entrained about 10 percent of

the river flow during this period.
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During previous summer (August) sample periods the phytoplankton

community typically increased from upstream to downstream stations.

Because river flows were generally high, the reservoir transition zone

where algal activity began to increase was thought to be in lower reser-

voir reaches, thus resulting in the observed increases.

Results from the July 1985 sample period differ from previous

summer sample periods in that several phytoplankton measurements were

reduced at the three downstream stations compared to the two upstream

stations. These results were quite similar to those from May 1985.

1. The dominant group was the same at all stations (Cyanophyta), as was
the dominant genus (Oscillatoria). Number of taxa and diversity
index values were high and similar at all stations. Similar genera
were present at all stations as shown by high SQS values.

2. PS values, total and group cell densities, and chlorophyll a con-
centrations generally followed the same trend--distinctly lower
values at the downstream stations compared to the upstream stations
with essentially no differences detected between upstream stations or
among downstream stations.

3. Carbon assimilation rates did not show any particular
upstream/downstream trend. As previously discussed, these rates are
substantially influenced by short term fluctuations in solar radia-
tion. Such was the case on this sample day. Rainy conditions early
in the day changed to generally cloudly conditions later. Hence,
these data must be used cautiously.

These samples were collected during unusual conditions for a

summer sample period due to relatively low river flows. The typical

pattern of increases from upstream to downstream was not apparent.

Rather, downstream decreases which had been observed during the May

sample period and previous low-flow May sample periods existed during

this summer period.
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Data from the new upstream station provided distinct evidence

that decreases occurred in the immediate vicinity of the plant. That is,

minimal differences existed between the two upstream stations (TR~s 490.5

and 484.5) separated by six miles, while substantial differences existed

between the new upstream station (TRM 484.5) and the downstream station

located at the plant diffusers (TMUs 483.4) separated by only one mile.

The four mechanisms suggested as possible causative factors in

the May discussion apply here also. However, the distinct difference

observed in the i mmdiate vicinity of the plant leaves little doubt that

SQN heavily influenced the observed decreases. Entrainment was probably

less of an influence than the mechanical mixing caused by the underwater

dam and diffusers because only about 10 percent of the river flow was

entrained through the plant. If this were the case, the phytoplankton

cells were not lost from the water column. Rather, the upper strata with

abundant algal cells were mixed with the depauperate lower strata causing

a decrease in the upper strata. Since enumeration samples were not

collected from lower strata, the increase in cells which should have

occurred there cannot be documented. However, a special study of

chlorophyll fluoresence was conducted in July and included measurements

throughout the water column. These results provide indirect evidence of

mixing of photoplankton throughout the water column downstream from the

diffusers. These data are summarized below.
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Raw Fluorescence Reading
Depth TRM TRM TRM

(m) 484.5 483.4 482.0

0.3 15.5 5.2 5.9
1.0 13.3 4.8 6.1
3.0 13.6 5.0 5.7
5.0 14.2 5.0 5.7
8.0 13.9 5.5 5.9

11.0 9.5 5.5 5.5
4.0 5.6 6.0 6.0

17.0 6.8 - 3.3
18.0 - 6.5 -

The raw fluorescence readings are relative, unitless values that

are not necessarily quantitatively comparable from station to station.

However, the patterns seen within each station indicate very strongly

that chlorophyll was concentrated in the upper eight meters above the

diffusers, and was more or less uniformly distributed from surface to

bottom at the two stations below the diffusers.

Distinct differences in the phytoplankton community between

stations upstream and downstream of SQN were caused by presence/operation

of the plant. The most likely mechanism is mixing of the water column;

however, entrainment effects cannot be completely ruled out. Results of

monitoring samples collected in July agree with results for May in show-

ing that SQN alters the phytoplankton community during low-flow condi-

tions.

Temporal Comparisons of Preoperational and Operational Moni-

toring Data-Section 1.4 indicates SQN initiated operation in 1980

although unit generation was nominal that year. Electrical generation

was about 25 percent of capacity in 1981, 50 percent in 1982, 70 percent

in 1983, 63 percent in 1984, and 70 percent in 1985 (prior to both units
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being shut down in August). Operation between 60 and 70 percent of capa-

city is considered normal for future SQN generation.

Data collected during preoperational monitoring (1973-1977)

indicated Chrysophyta dominated the Chickamauga Reservoir phytoplankton

community in winter. Chrysophyta usually dominated during the transition

periods of spring and fall but Chlorophyta was occasionally dominant

(TVA, 1978a). Dominance during the summer sample period changed from

either Chrysophyta or Chlorophyta in 1973 and 1974 to Cyanophyta in 1975,

1976, and 1977. Data collected during the operational period (1981-1985)

showed no apparent changes from these preoperational conditions.

Chrysophyta dominated during all winter sample periods and dominated dur-

ing spring and fall at about the same frequency (approximately two-

thirds) as during preoperational monitoring. Dominance by cyanophytes

during summer continued in operational monitoring years, except in 1984

when chlorophytes dominated. The phytoplankton community was depauperate

during summer 1984, thus preventing conclusive statements comparing the

community to previous years.

Several genera were collected both upstream and downstream of

SQN during essentially all (17 of 19) preoperational sample periods.

These included the chlorophyte genera Chlamydomonas and Scenedesmus; the

chrysophyte genera Melosira, Navicula, and Synedra; and the cyanophyte

genus Dactylococcopsis (TVA, 1978a). These genera were collected during

all operational monitoring years at approximately the same frequency as

during preoperational monitoring except for Dactylococcopsis which was

collected less frequently during the operational period and was not

collected in 1984 or 1985. This is a coccoid form whose taxonomy is in
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dispute among many experts. The apparent disappearance of this blue-

green from Chickamauga Reservoir (both upstream and downstream of SQN) is

not thought ecologically significant because other genera of coccoid

blue- greens are still present. In addition to the above genera, three

others were collected during 17 of 20 operational sample periods at both

upstream and downstream locations. These include the chlorophyte genus

Ankistrodesmus, the chrysophyte genus Stephanodiscus, and the eugleno-

phyte genus Euglena (appendix E of this report; appendix C of TVA, 1982;

appendix E of TVA, 1983; appendix E of TVA, 1984; and appendix E of TVA,

1985).

Preoperational and operational cell densities at the 1.0 m sam-

ple depth (the only depth consistently sampled during these two moni-

toring periods) for stations 1 and 3 are shown in figure 3-2. Total cell

densities during preoperational monitoring were usually greatest in

summer (maximum of 9.2 x 106 cells/L in summer 1977) and lowest in fall

(minimum of 0.07 x 106 cells/L in fall 1974). Cell densities during

operational monitoring were also usually greatest in summer (7.6 x 106

cells/L during winter 1981 and 11.1 x 106 cells/L during summer 1981)

and least in fall of all years (minimum of 0.03 x 106 cells/L in fall

1984). High cell densities during most seasons of 1981 reflect contin-

uance of a trend toward increased densities over time during preopera-

tional monitoring (TVA, 1978a). Densities during all seasons of 1982,

1983, and 1984 were lower than in 1981 and for most seasons were similar

to densities which occurred in early years of preoperational monitoring.

Results from those three years of operational monitoring indicate that

the trend toward increased phytoplankton densities in Chickamauga
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Reservoir peaked in 1981 and possibly returned to conditions which

existed in early years of preoperational monitoring. The substantial

increase in densities in 1985 (spring and summer) was probably related to

the low flows and increased retention times. Additional years of data

will be necessary to determine if a trend exists.

The general trend of increased densities from upstream to down-

stream identified during preoperational monitoring was generally present

in operational monitoring, except during periods of low river flows (May

of 1981, 1982, and 1985; and July 1985).

Chlorophyll a concentrations during preoperational monitoring

were usually lowest in fall and highest in summer with no particular

upstream/downstream trends (figure 3-3). Considerable variation existed

among years during operational monitoring. Concentrations were higher in

1981 than in any of the other four operational years or any preopera-

tional year. The discussion used above for cell densities is generally

applicable for chlorophyll a concentrations. Caution must be exercised

when comparing chlorophyll data among years because improved methods have

been incorporated over the years. The apparent general increase in

chlorophyll a concentrations during operational years compared to pre-

operational years indicated in figure 3-3 must be evaluated with this in

mind, thus making any conclusions tentative.

Daily carbon assimilation rates for stations at TRM 490.5 and

TRM 478.2 during preoperational and operational monitoring periods are

presented in figure 3-4. Comparison of absolute carbon assimilation

rates between preoperational and operational periods must be made con-

servatively because of a change in laboratory procedures to a more
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1981 than in any of the other four operational years or any preopera

tional year. The discussion used above for cell densities is.generally 

applicable for chlorophyll! concentrations. Caution must be exercised 

when comparing chlorophyll data among years because improved methods have 

been incorporated over the years. The apparent general increase in 

chlorophyll ! concentrations during operational years compared to pre

operational years indicated in figure 3-3 must be evaluated with this in 

mind, thus making any conclusions tentative. 

Daily carbon assimilation rates for stations at TRM 490.5 and 

TRM 478.2 during preoperational and operational monitoring periods are 

presented in figure 3-4. Comparison of absolute carbon assimilation 

rates between preoperational and operational periods must be made con

servatively because of a change in laboratory procedures to a more 
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efficient liquid scintillation counter for operational samples rather

than the thin-window, low-background gas flow proportional counter used

for preoperational samples. Preoperational carbon assimilation rates

were typically highest in spring and summer and usually higher at

TRM 478.2 than at TRM 490.5. Winter and spring rates showed no definite

trend of increases or decreases during the preoperational period, but

summer and fall tended toward higher assimilation rates from beginning to

end of the preoperational period. Carbon assimilation rates during

operational monitoring were highest in spring and summer and lowest in

fall and do not show any definite upstream/downstream trends.

It should be noted that carbon assimilation data for 1980 and

1981 reported in TVA (1982) were incorrect because an incorrect constant

was used in the computer program. Because the error was constant, it

would affect absolute values but not relative values. Hence, spatial

tests on 1981 data in TVA (1982) were correct. However, absolute com-

parisons among years in figure 3-4 should not be made for this reason and

because of the change in laboratory methods discussed above. This error

was corrected prior to analysis of 1982 data and all values for sub-

sequent years are correct.

Preoperational and 1981 operational monitoring data indicate a

tendency toward increases in the Chickamauga Reservoir phytoplankton com-

munity. Operational data collected in 1982, 1983, and 1984 do not

reflect continuation of the trends established in the mid to late 1970's

and continued in 1981. These data are more similar to data collected in

early 1970's and indicate the reservoir had returned to a less productive

state in the limnetic zone. Phytoplankton data collected in 1985 showed
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a substantial increase over 1982, 1983, and 1984, probably a result of

low river flows. Unfortunately, conditions which existed on the sample

date were not worst-case because river flows had increased some from

earlier in the month and because phytoplankton collected at some stations

had not been exposed to maximum plant operation. However, it is

important to note that conditions were worse than those during any pre-

vious summer sample period of operational monitoring.

3.1.3 Summary and Conclusions

SQN operated one or two units during periods of sample collec-

tion in 1985. River flows during 1985 sample periods were relatively low

compared to long-term average flows. The first two of these (February

and May) were conducted under the plan used throughout operational moni-

toring. In 1985 TVA recommended altering this plan to better evaluate

SQN's influence on the plankton. Following EPA's approval, the altered

plan was put into effect in July. The third sample set (July) was con-

ducted to represent worst-case conditions. Another sample set would have

been collected in August; however, both units at SQN were shut down and

these samples were not collected.

Phytoplankton measurements for February (winter quarter) were

seasonally low with very slight increases from upstream of SQN to down-

stream. These slight increases were considered inconsequential.

The phytoplankton existed in seasonally high densities during

May (spring quarter) and July (worst-case sample period). Similar trends

were noted for both sample periods-qualitative measurements were similar

at all stations but quantitative measurements decreased from upstream to
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downstream. The altered plan used in July showed the decrease occurred

abruptly at SQN. Upstream to downstream decreases had been observed

during a previous spring sample period when low flow conditions existed

(these low flows had not been observed in any previous summer sample

period). Several possible explanations had been provided in a previous

report for the decreases observed in spring, although no single causative

factor could be identified. Data collected during 1985 provided evidence

of an additional causative factor previously thought unlikely--that the

water column downstream of the SQN diffusers was thoroughly mixed thereby

mixing the plankton-poor bottom strata with the plankton-rich surface

strata creating lower quantitative measures (cell density and chloro-

phyll a concentration) in samples collected from upper strata. Previous

modeling efforts had indicated all mixing should occur in lower strata

without the upper strata being affected.

Data collected in 1985 provide strong evidence that upstream to

downstream decreases in the phytoplankton community during low flow in

the reservoir were due largely to presence/operation of SQN. A defini-

tive conclusion as to whether the plant effect was principally the result

of entrainment or mixing cannot be made. However, entrainment was pro-

bably less of an influence during July than the mechanical mixing because

only about 10 percent of the river flow was entrained through the plant.

Determination of the ecological significance of the observed

differences would require specific, targeted studies. Such studies are

not recommended yet because these changes have only been observed during

low flow conditions. The phytoplankton monitoring program still needs to

be conducted with SQN operating both units at normal river flows to allow
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evaluation of SQN effects under those conditions. This information is

necessary before the need for targeted studies can be fully evaluated.

Also, sampling is needed under summer-time worst-case conditions (maximum

plant operation and river flows < 12,000 cfs) to evaluate how drastic

effects would be under those conditions.

Preoperational and 1981 operational monitoring data indicate a

tendency toward increases in the Chickamauga reservoir phytoplankton com-

munity over time. Operational data collected in 1982, 1983, and 1984 do

not reflect continuation of the trends established in the mid to late

1970's and continued in 1981. Data collected in 1985 showed a substan-

tial increase over 1982, 1983, and 1984, probably a result of low river

flows. Since these fluctuations have occurred both upstream and down-

stream of SQN, factors other than presence/operation of SQN must be

responsible for these year-to-year differences.
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Table 3-1. Percentage Composition of Phytoplankton Groups During Operational
Monitoring Periods (1985), Sequoyah Nuclear Plant, Chickamauga
Reservoir

0OI

Phytoplankton Tennessee River Mile (TRM)

Date Group 472.8 478.2 483.4 484.5 490.5

February Chlorophyta NS* 30 19 NS 25
Chrysophyta NS 42 65 NS 57
Cryptophyta NS 3 4 NS 3
Cyanophyta NS 23 10 NS 11
Euglenophyta NS 2 1 NS 3
Pyrrophyta NS 0 0 NS 0

May Chlorophyta NS 26 30 NS 23
Chrysophyta NS 36 31 NS 39
Cryptophyta NS 1 1 NS 2
Cyanophyta NS 37 37 NS 34
Euglenophyta NS 0 0 NS 1
Pyrrophyta NS 0 0 NS 0

July Chlorophyta 25 33 27 30 28
Chrysophyta 21 12 13 8 10
Cryptophyta 2 1 2 1 1
Cyanophyta 51 53 58 60 60
Euglenophyta 0 0 0 0 0
Pyrrophyta 1 1 0 1 1

*NS = Not sampled. TRM's 484.5 and 472.8 were not sampled in February and May.
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Table 3-1. Percentage Composition of Phytoplankton Groups During Operational 
Monitoring Periods (1985), Sequoyah Nuclear Plant. Chickamauga 
Reservoir 

Phytoplankton Tennessee River Mile ~TRM) 
Date Group 472.8 478.2 483.4 484.5 490.5 

February Chlorophyta NS* 30 19 NS 25 
Chrysophyta NS 42 65 NS 57 
Cryptophyta NS 3 4 NS 3 
Cyanophyta NS 23 10 NS 11 
Euglenophyta NS 2 1 NS 3 
Pyrrophyta NS 0 0 NS 0 

May Chlorophyta NS 26 30 NS 23 
Chrysophyta NS 36 31 NS 39 
Cryptophyta NS 1 1 NS 2 
Cyanophyta NS 37 37 NS 34 
Eug1enophyta NS 0 0 NS 1 
Pyrrophyta NS 0 0 NS 0 

July Chlorophyta 25 33 27 30 28 
Chrysophyta 21 12 13 8 10 
Cryptophyta 2 1 2 1 1 
Cyanophyta 51 53 58 60 60 
Euglenophyta 0 0 0 0 0 
Pyrrophyta 1 1 0 1 1 

-------
*NS = Not sampled. TRM's 484.5 and 472.8 were not sampled in February and May. 



Table 3-2. Diversity Index Values (Dbar) and Number of Taxa for
Phytoplankton Communities During Operational Monitoring
(1985), Sequoyah Nuclear Plant, Chickamauga Reservoir

Tennessee River Mile
472.8 478.2 483.4 484.5 490.5

No. No. No. No. No.
Date Taxa Dbar* Taxa Dbar Taxa Dbar Taxa Dbar Taxa Dbar

February NSt NS 22 3.23 23 3.42 NS NS 21 3.43

May NS NS 49 3.86 44 3.90 NS NS 46 3.97

July 44 3.75 50 3.95 43 3.92 52 4.09 52 3.94

I

*Diversity index.

tTRMs 484.5 and 472.8 were not sampled in February and May.
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Tennessee River Mile 
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No. No. No. No. No. 
Date Taxa Dbar* :Iaxa Dbar Taxa Dbar Taxa Dbar Taxa 
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Table 3-3. Similarity of Phytoplankton Community Composition/Structure
During Operational Monitoring in 1985 Based on Sorensen's
Quotient of Similarity and Percentage Similarity, Sequoyah
Nuclear Plant, Chickamauga Reservoir

Station Sorensen's Quotient Percentage
Date Comparison of Similarity (M) Similarity (•)

February TRM* 490.5-483.4 73 76
TRM 490.5-478.2 79 63
TRM 483.8-478.2 76 70

May TRM 490.5-483.4 89 55
TRM 490.5-478.2 84 80
TRM 483.4-478.2 90 69

July TRM 490.5-484.5 92 85
TRM 490.5-483.4 84 51
TRM 490.5-478.2 90 64
TRM 490.5-478.2 88 51
TRM 484.5-483.4 86 54
TRM 484.5-478.2 88 66
TRM 484.5-472.8 88 52
TRM 483.4-478.2 82 77
TRM 483.4-472.8 87 77
TRM 478.2-472.8 85 78

*TRM = Tennessee River Mile.
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During Operational Monitoring in 1985 Based on Sorensen's 
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*TRM = Tennessee River Mile. 
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Table 3-4. Mean Phytoplankton Densities (Cells x 106 /L) at
Operational Monitoring (1985), Sequoyah Nuclear

Each Sample Station During
Plant, Chickamauga Reservoir

Total
Date Depth (m) Station* Chlorophyta Chrysophyta Cyanophyta Phytoplankton

0I

Feb. 0.3

1.0

3.0

5.0

May 0.3

1.0

3.0

478.2
483.4
490.5

478.2
483.4
490.5

478.2
483.4
490.5

478.2
483.4
490.5

478.2
483.4
490.5

478.2
483.4
490.5

478.2
483.4
490.5

0.22
0.05
0.07

0.13
0.06
0.03

0.06
0.04
0.07

0.06
0.05
0.06

1.26
0.89
1.70

1.24
1.05
1.76

1.33
0.67
1.53

0.28
0.21
0.17

0.11
0.16
0.08

0.16
0.16
0.13

0.01
0.15
0.13

1.65
0.85
3.00

1.75
1.13
3.35

1.95
0.66
2.11

0.02
0.00
0.05

0.17
0.05
0.05

0.15
0.05
0.00

0.00
0.00
0.00

1.74
1.10
2.41

1.47
1.17
1.97

2.38
0.82
2.89

0.54
0 .29
0.31

0.43
0.29
0.17

0.37
0.26
0.21

0.17
0.21
0.20

4.73
2.89
7.35

4.56
3.41
7.39

5.73
2.19
6.67
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Table 3-4. Mean Phytoplankton Densities (Cells x 106/L) at Each Sample Station During 
Operational Monitoring (1985). Sequoyah Nuclear Plant, Chickamauga Reservoir 

Total 
Date Depth {m} Station* Chlorophyta Chrysophyta Cyanophyta Phytoplankton 

Feb. 0.3 478.2 0.22 0.28 0.02 0.54 
483.4 0.05 0.21 0.00 0.29 
490.5 0.07 0.17 0.05 0.31 

1.0 478.2 0.13 0.11 0.17 0.43 
483.4 0.06 0.16 0.05 0.29 
490.5 0.03 0.08 0.05 0.17 

3.0 478.2 0.06 0.16 0.15 0.37 
483.4 0.04 0.16 0.05 0.26 
490.5 0.07 0.13 0.00 0.21 

5.0 478.2 0.06 0.01 0.00 0.17 
483.4 0.05 0.15 0.00 0.21 
490.5 0.06 0.13 0.00 0.20 

May 0.3 478.2 1.26 1.65 1. 74 4.73 
483.4 0.89 0.85 1.10 2.89 
490.5 1. 70 3.00 2.41 7.35 

1.0 478.2 1.24 1. 75 1.47 4.56 
483.4 1.05 1.13 1.17 3.41 
490.5 1. 76 3.35 1.97 7.39 

3.0 478.2 1.33 1.95 2.38 5.73 
483.4 0.67 0.66 0.82 2.19 
490.5 1.53 2.11 2.89 6.67 



Table 3-4. (Continued)

Io•

I

Total
Date Depth (m) Station* Chlorophyta Chrysophyta Cyanophyta Phytoplankton

5.0 478.2 1.09 1.43 1.43 4.02
483.4 0.47 0.53 0.66 1.69
490.5 1.31 2.11 2.01 5.58

July 0.3 472.8 0.55 0.36 0.87 1.83
478.2 0.83 0.22 0.96 2.08
483.4 0.36 0.17 1.17 1.73
484.5 1.60 0.42 3.72 5.86
490.5 1.46 0.42 3.37 5.37

1.0 472.8 0.43 0.39 0.73 1.59
478.2 0.70 0.20 0.97 1.93
483.4 0.57 0.18 0.94 1.74
484.5 1.44 .0.30 2.74 4.57
490.5 1.40 0.43 2.66 4.59

3.0 472.8 0.44 0.33 0.79 1.60
478.2 0.55 0.29 1.54 2.44
483.4 0.51 0.23 0.89 1.70
484.5 1.09 0.33 1.86 3.35
490.5 1.30 0.51 2.92 4.84

5.0 472.8 0.32 0.27 0.99 1.63
470.2 0.77 0.32 1.13 2.27
483.4 0.37 0.25 0.84 1.50
484.5 1.11 0.38 2.30 3.87
490.5 1.01 0.39 1.91 3.37

*Tennessee River Mile.
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478.2 0.70 0.20 0.97 1.93 
483.4 0.57 0.18 0.94 1.74 
484.5 1.44 0.30 2.74 4.57 
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3.0 472.8 0.44 0.33 0.79 1.60 
478.2 0.55 0.29 1.54 2.44 
483.4 0.51 0.23 0.89 1. 70 
484.5 1.09 0.33 1.86 3.35 
490.5 1.30 0.51 2.92 4.84 

5.0 472.8 0.32 0.27 0.99 1.63 
470.2 0.77 0.32 1.13 . 2.27 
483.4 0.37 0.25 0.84 1.50 
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490.5 1.01 0.39 1.91 3.37 

*Tennessee River Mile. 
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Table 3-5. Results of Two-Way Analysis of Variance on Total Phytoplankton and Group Cell
Densities, Operational Monitoring During 1985 at Sequoyah Nuclear Plant,
Chickamauga Reservoir

Total
Chlorophyta Chrysophyta Cyanophyta Phytoplankton

F-Ratio P>F F-Ratio P>F F-Ratio P>F F-Ratio P>F

February

Station 6.03 0.01540 2.28 0.1446 1.13 0.3543 6.27 0.0137*
Depth 1.62 0.2366 4.98 0.0180* 2.26 0.1334 5.41 0.0138*
Interaction 2.16 0.1203 1.01 0.4605 0.29 0.9292 1.87 0.1677

May

Station 115.55 0.0001* 445.35 0.0001* 69.02 0.0001* 475.42 0.0001*
Depth 18.65 0.0001* 36.87 0.0001* 6.13 0.0090* 37.80 0.0001*
Interaction 4.96 0.0090* 8.26 0.0011* 3.21 0.0406* 12.07 0.0002*

July

Station 62.08 0.0001* 20.19 0.0001* 54.66 0.0001* 99.28 0.0001*
Depth 4.19 0.0196* 1.09 0.3777 2.23 0.1174 3.78 0.0279*
Interaction 1.64 0.1613 1.69 0.1474 1.97 0.0898 2.00 0.0857

I

*Significant at = 0.05.
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Table 3-5. Results of Two-Way Analysis of Variance on Total Phytoplankton and Croup Cell 
Densities, Operational Monitoring During 1985 at Sequoyah Nuclear Plant, 
Chickamauga Reservoir 

Total 
Ch1oro2hlta Chrlso2hlta Clano2hlta Phlto21ankton 

F-Ratio P>F F-Ratio P>F F-Ratio P>F F-Ratio . P>F 

Feb rua rl 

Station 6.03 0.0154* 2.28 0.1446 1.l3 0.3543 6.27 0.0137* 
Depth 1.62 0.2366 4.98 0.0180* 2.26 0.1334 5.41 0.0138* 
Interaction 2.16 0.1203 1.01 0.4605 0.29 0.9292 1.87 0.1677 

Mal 

Station llS.SS 0.0001* 445.35 0.0001* 69.02 0.0001* 475.42 0.0001* 
Depth 18.65 0.0001* 36.87 0.0001* 6.13 0.0090* 37.80 0.0001* 
Interaction 4.96 0.0090* 8.26 0.0011* 3.21 0.0406* 12.07 0.0002* 

Juh 

Station 62.08 0.0001* 20.19 0.0001* 54.66 0.0001* 99.28 0.0001* 
Depth 4.19 0.0196* 1.09 0.3777 2.23 0.1174 3.78 0.0279* 
Interaction 1.64 0.1613 1.69 0.1474 1.97 0.0898 2.00 0.0857 

*Significant at = 0.05. 



Table 3-6. Disposition of Phytoplankton Density (Cells/L) Data Sets with Significant

F-Ratios Identified in Table 3-5, Operational Monitoring During 1985 at

Sequoyah Nuclear Plant, Chickamauga Reservoir

Test Sample F-Ratio F-Ratio SNK*

Date Group Depth (m) Two-Way ANOVA One-Way ANOVA Low Mean High Mean

Feb. Chlorophytat

Total
Phytoplanktont

Chlorophytat

6.03

6.27

3 1 4

1 3 4

3 4 1
3 4 1
3 4 1
3 4 1

May

I•D
pw
I

Chrystophyta*

0.3
1.0
3.0
5.0

0.3
1.0
3.0
5.0

0.3
1.0
3.0
5.0

0.3
1.0
3.0
5.0

18.86§
16.34§
35.59§
57.51§

327.75§
149.43§
107.46§
76.02§

24.89§
5.25

404.9§
10.87§

1516.70§
68.19§

421.98§
69.90§

3
3
3
3

4 1

4 14 1

Cyanophyta*

Total
Phytoplankton*

3 4 1
3 4 1
3 4 1
3 4 1

3
3
3
3

4 1
4 1
4 1
4 -1
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table 3-6. Disposition of Phytoplankton Density (Cells/L) Data Sets with Significant 
F-Ratios Identified in Table 3-5, Operational Monitoring During 1985 at 
Sequoyah Nuclear Plant. Chickamauga Reservoir 

Test Sample F-Ratio F-Ratio SNK* 
Date GrouE DeEth (m) Two-Wal ANOVA One-Wal ANOVA Low Mean High Mean 

Feb. Chlorophytat 6.03 3 1 4 

Total 
Phytoplanktont 6.27 I 3 4 

May Chlorophyta* 0.3 18.86§ J 4 1 
1.0 16.34§ 3 4 1 
3.0 35.59§ J 4 1 
5.0 57.51§ J 4 1 

Chrystophyta* 0.3 327.75§ 3 4 1 
1.0 l49.43§ J 4 1 
3.0 107.46§ 3 4 1 
5.0 76.02§ J 4 1 

Cyanophyta* 0.3 24.89§ 3 4 I 
1.0 5.25 3 4 1 
3.0 404.9§ 3 4 1 
5.0 lO.87§ 3 4 1 

Total 
Phytoplankton* 0.3 1516.70§ 3 4 !. 

1.0 68.19§ J 4 I 
3.0 421. 98§ 1 4 1 
5.0 69.90§ 3 4 1 



Table 3-6. (Continued)

Test Sample F-Ratio F-Ratio SNK*
Date Group Depth (m) Two-Way ANOVA One-Way ANOVA Low Mean High Mean

July Chlorophytat 62.08 5 3 4 2 1

Chrysophytat 20.19 3 4 5 2 1

Cyanophytat 54.66 5 3 4 2 1

Total
Phytoplanktont 99.28 5 3 4 2 1

I
*Student, Newman, Keuls Multiple Range Test; means ranked lowest to highest

numbers; means underscored by same line are not significantly different at
means not so underscored are significantly different.

using station
af= 0.05,

Tennessee River Mile 490.5 =
Tennessee River Mile 484.5 =
Tennessee River Mile 483.4 =
Tennessee River Mile 478.2 =
Tennessee River Mile 472.8 =

Station 1.
Station 2.
Station 3.
Station 4.
Station 5.

tDepths not tested separately.

*Depths tested separately with one-way ANOVA because interaction was significant in
two-way ANOVA.

§Significant at m = 0.05.

Table 3-6. (Continued) 

Test Sample 
Date Grou~ De(!th ~ml 

July Chlorophytat 

Chrysophytat 

Cyanophytat 

Total 
Phytoplanktont 

F-Ratio 
Two-Way ANOVA 

62.08 

20.19 

54.66 

99.28 

F-Ratio 
One-Way ANOVA 

SNK* 
Low Mean High Mean 

3 4 ~ ! 

5 3 4 2 I 

*Student, Newman, Keuls Multiple Range Test; means ranked lowest to highest using station 
numbers; means underscored'by same line are not significantly different at u = 0.05, 
means not so underscored are significantly different. 

Tennessee River Mile 490.5 = Station 1. 
Tennessee River Mile 484.5 ::: Station 2. 
Tennessee River Mile 483.4 ::: Station 3. 
Tennessee River Mile 478.2 = Station 4. 
Tennessee River Mile 472.8 ::: Station 5. 

tDepths not tested separately. 

*Depths tested separately with one-way ANOVA because interaction was significant in 
two-way ANOVA. 

§Significant at « = 0.05. 



Table 3-7. Mean Phytoplankton Chlorophyll a Concentrations (mg/M 3 ) and Phaeophytin Index Values at Each
Station During Operational Monitoring (1985), Sequoyah Nuclear Plant, Chickamauga Reservoir

Depth TRM* 472.8 TRM 478.2 TRM 483.4 TRM 484.5 TRM 490.5
Date (m) Chlorot Phaeot Chloro Phaeo Chloro Phaeo Chloro Phaeo Chloro Phaeo

Feb. 0.3 NS NS 6.73 1.67 5.98 1.62 NS NS 6.10 1.58
1.0 NS NS 5.11 1.58 5.76 1.7D§ NS NS 6.15 1.62
3.0 NS NS 5.40 1.59 5.98 1.67 NS NS 5.53 1.68
5.0 NS NS 5.18 1.66 5.81 1.71§ NS NS 6.21 1.63

May 0.3 NS NS 11.00 1.70§ 7.00 1.70 NS NS 15.20 1.70§
1.0 NS NS 12.95 1.705 7.35 1.70§ NS NS 15.25 1.69
3.0 NS NS 14.40 1.70§ 6.25 1.64 NS NS 17.45 1.70§
5.0 NS NS 10.70 1.70§ 4.20 1.60 NS NS 14.85 1.64

July 0.3 4.60 1.58 5.95 1.55 5.35 1.54 12.30 1.64 11.40 1.62
1.0 4.75 1.53 5.95 1.55 5.00 1.49 12.40 1.63 13.70 1.61
3.0 5.30 1.51 5.80 1.53 4.70 l.&6 12.90 1.57 10.90 1.67
5.0 5.15 1.52 5.35 1.51 5.90 1.56 11.60 1.59 7.85 1.60

*Tennessee River Mile. TRM's 484.5 and 472.8 were not sampled (NS) in February and May.

tChlorophyll a concentrations.

*Phaeophytin index values.

§Actual values were higher but reported here as the theoretical maximt~L= of 1.70.
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Table 3-7. Mean Phytoplankton Chlorophyll! Concentrations (mg/m3) and Phaeophytin Index Values at Each 
Station During Operational Monitoring (1985). Sequoyah Nuclear Plant. Chickamauga Reservoir 

Depth TRM* 472.8 TRM 478.2 TRM 483.4 TRM 484.5 TRM 490.5 
Date (m) Chlorot Phaeo* Ch1oro Phaeo ChIaro Phaeo ChIaro Phaeo Chloro Phaeo 

Feb. 0.3 NS NS 6.73 1.67 5.98 1.61 NS NS 6.10 1.58 
1.0 NS NS 5.11 1.58 5.76 1.7J§ NS NS 6.15 1.62 
3.0 NS NS 5.40 1.59 5.98 1.e7 NS NS 5.53 1.68 
5.0 NS NS 5.18 1.66 5.81 1.1~§ NS NS 6.21 1.63 

May 0.3 NS NS 11.00 1.70§ 7.00 1.7«> NS NS 15.20 1.70§ 
1.0 NS NS 12.95 1.70§ 7.35 1.10§ NS NS 15.25 1.69 
3.0 NS NS 14.40 1.70§ 6.25 1.64J NS NS 17.45 1.70§ 
5.0 NS NS 10.70 1.70§ 4.20 1.64) NS NS 14.85 1.64 

July 0.3 4.60 1.58 5.95 1.55 5.35 1.5-1.1 12.30 1.64 11.40 1. 62 
1.0 4.75 1.53 5.95 1.55 5.00 1.49 12.40 1.63 13.70 1.61 
3.0 5.30 1.51 5.80 1.53 4.70 1.~ 12.90 1.57 10.90 1.67 
5.0 5.15 1.52 5.35 1.51 5.90 1.56 11.60 1.59 7.85 1.60 

~Tennessee River Mile. TRM's 484.5 and 472.8 were not sampled (NS) in February and May. 

tChlorophy11 ~ concentrations. 

*Phaeophytin index values. 

§Actual values were higher but reported here as the theoretical maximum of 1.70. 



Table 3-8. Results of Statistical Analyses (One- and Two-Way Analyses of
Variance and Student, Newman, Keuls Multiple Range Test) on
Phytoplankton Chlorophyll a Data, Operational Monitoring
During 1985 at Sequoyah Nuclear Plant, Chickamauga Reservoir

Results of a Two-Way ANOVA

Station Depth Interaction
Date F-Ratio P > F F-Ratio P > F F-Ratio P > F

Feb. 2.24 0.1494 3.05 0.0700 2.44 0.0887

May 82.04 0.0001* 4.16 0.0309* 1.55 0.2448

July 306.89 0.0001* 3.74 0.0278* 6.67 0.0001*

Results of One-Way ANOVA and SNK on Data Sets with Significant F-Ratios

Sample F-Ratio SNKt

Date Depth (m) One-WayANOVA Low Mean High Mean

May* is 4 1

July 0.3 83.101 5 3 4 1 2

1.0 84.601 5 3 4 2 1
3.0 74.451 3 5 4 1 2
5.0 87.851 5 4 3 1 2

*Significant at a = 0.05.

tStudent, Newman, Kuels Multiple Range Test; means ranked lowest to highest
using station numbers; means underscored by same line are not significantly
different at a = 0.05; means not so underscored are significantly
different.

*Depths not tested separately because interaction was not significant.

§Station
Station
Station
Station
Station

1
2
3
4
5

Tennessee
Tennessee
Tennessee
Tennessee
Tennessee

River
River
River
River
River

Mile
Mile
Mile
Mile
Mile

490.5.
484.5.
483.4.
478.2.
472.8.
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Table 3-8. Results of Statistical Analyses (One- and Two-Way Analyses of 
Variance and Student, Newman, Keuls Multiple Range Test) on 
Phytoplankton Chlorophyll! Data, Operational Monitoring 
During 1985 at Sequoyab Nuclear Plant, Cbickamauga Reservoir 

Results of a Two-Way ANOVA 

Station De2th Interaction 
Date F-Ratio LL! F-Ratio LL! F-Ratio ~ 

Feb. 2.24 0.1494 3.05 0.0700 2.44 0.0887 

May 82.04 0.0001* 4.16 0.0309* 1.55 0.2448 

July 306.89 0.0001* 3.74 0.0278* 6.67 0.0001* 

Results of One-Way ANOVA and SNK on Data Sets with Significant F-Ratios 

Sample F-Ratio SNKt 
Date De2th (m) One-Way ANOVA Low Mean High Mean 

Marl: 1§ 4 I 

July 0.3 83.101 5 3 4 1 2 

1.0 84.601 5 3 4 2 1 
3.0 74.451 3 5 4 1 2 
5.0 87.851 5 4 3 1 2 

*Significant at a = 0.05. 

tStudent, Newman, Kuels Multiple Range Test; means ranked lowest to highest 
using station numbers; means underscored by same line are not significantly 
different at a = 0.05; means not so underscored are significantly 
different. 

*Depths not tested separately because interaction was not significant. 

§Station I = Tennessee River Mile 490.5. 
Station 2 = Tennessee River Mile 484.5. 
Station 3 = Tennessee River Mile 483.4. 
Station 4 = Tennessee River Mile 478.2. 
Station 5 = Tennessee River Mile 472.8. 
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Table 3-9. Hourly and Daily Carbon Assimilation Rates at Each Sample Location During Operational 14onitoring
(1985), Sequoyah Nuclear Plant, Chickamauga Reservoir

TRM* 472.8 TRM 478.2 TRM 483.4 TRM 484.5 TRIM 490.5
Date Depth ms/hr mi/day m3/hr mZlday m31hr mi7 day mJlhr mZ/day ms/hr mZ/day

February 0.3 NS 7.39 6.49 NS 6.47
1.0 NS 8.30 6.97 NS 7.33
3.0 NS 0.82 1.49 NS 1.09
5.0 NS 0.20 0.50 NS 0.42
Surface to 5.0.m 137 123 112

May 0.3 NS 42.02 33.52 NS 12.21
1.0 NS 42.32 25.05 NS 16.35
3.0 NS 10.33 4.31 NS 8.10
5.0 NS 2.55 0.85 NS 1.90
Surface to 5.0 m 908 532 397

July 0.3 3.88 10.34 10.10 15.34 35.55
1.0 1.72 5.71 8.61 7.60 20.05
3.0 0.11 0.78 3.78 0.55 2.43
5.0 0.04 0.06 3.08 0.00 1.03
Surface to 5.0 m 101 343 358 202 472

I

*Tennessee River Miles (TRMs) 484.5 and 472.8 were not sampled (NS) in February and May.
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Table 3-9. Hourly and Daily Carbon Assimilation Rates at Each Sample Location During Operational ~onitoring 
(1985). Sequoyah Nuclear Plant, Chickamauga Reservoir 

TRM* 472.8 TRM 478.2 TRM 483.4 TRM 484.5 TRM 490.5 
Date Depth m3/hr .m2/day m3/hr m'4day m3/hr m2/day m3/hr m2/day m3/hr m2/day 

February 0.3 NS 7.39 6.49 NS 6.47 
1.0 NS 8.30 6.97 NS 7.33 
3.0 NS 0.82 1.49 NS 1.09 
5.0 NS 0.20 0.50 NS 0.42 
Surface to 5.0.m 137 123 112 

May 0.3 NS 42.02 33.52 NS 12.21 
1.0 NS 42.32 25.05 NS 16.35 
3.0 NS 10.33 4.31 NS 8.10 
5.0 NS 2.55 0.85 NS 1.90 
Surface to 5.0 m 90S 532 397 

July 0.3 3.S8 10.34 10.10 15.34 35.55 
1.0 1. 72 5.71 8.61 7.60 20.05 
3.0 0.11 0.78 3.78 0.55 2.43 
5.0 0.04 0.06 3.08 0.00 1.03 
Surface to 5.0 m 101 343 358 202 472 

*Tennessee River Miles (TRMs) 484.5 and 472.8 were not sampled (NS) in February and May. 



Table 3-10. Results and Statistical Analyses (One- and Two-Way
Analyses of Variance and Student, Newman, Keuls Multiple
Range Test) on Phytoplankton Carbon Assimilation Rates,
Operational Monitoring During 1985 Near Sequoyah Nuclear
Plant, Chickamauga Reservoir

Results of Two-Way ANOVA

'Station Depth Interaction

Date F-Ratio P>F F-Ratio P>F F-Ratio P>F

Feb 1985 1.35 0.2952 662.34 0.0001* 3.84 0.0227*

May 1985 28.05 0.0001* 219.49 0.0001* 8.38 0.0010*

Aug 1985 102.05 0.0001* 396.03 0.0001* 12.34 0.0001*

Results of One-Way ANOVA and SNK on Data Sets with Significant F-Ratios

Sample F-Ratio SNKt
Date Depth (m) One-Way ANOVA Low X High X

Feb 0.3 2.84 1 3 4
1.0 7.19 3 1 4
3.0 8.02 4 1 3
5.0 1.38 4 1 3

May 0.3 25.36* i* 3 4
1.0 173.46* 1 3 4
3.0 13.88* 3 1
5.0 3.39 3 1 4

July 0.3 374.74* 5 3 4 2 1
1.0 18.24* 5 4 2 3 1
3.0 31.61* 5 2 4 1 3
5.0 39.35* 2 5 4 3

*Significant at = 0.05.

tStudent, Newman, Kuels Multiple Range Test; means ranked lowest to
highest using station numbers; means underscored by same line are not
significantly different at = 0.05; means not so underscored are
significantly different.

*Station
Station
Station
Station
Station

1
2
3
4
5

= Tennessee
= Tennessee
= Tennessee
= Tennessee
= Tennessee

River
River
River
River
River

Mile
Mile
Mile
Mile
Mile

490.5.
484.5.
483.4.
478.2.
472.8.
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Table 3-10. Results and Statistical Analyses (One- and TWo-Way 
Analyses of Variance and Student, Newman, Keuls Multiple 
Range Test) on Phytoplankton Carbon Assimilation Rates, 
Operational Monitoring During 1985 Near Sequoyah Nuclear 
Plant, Chickamauga Reservoir 

Results of Two-Way ANOVA 

. Station Deeth Interaction 
Date F-Ratio P>F F-Ratio P>F F-Ratio P>F 

Feb 1985 1.35 0.2952 662.34 0.0001* 3.84 0.0227* 

May 1985 28.05 0.0001* 219.49 0.0001* 8.38 0.0010* 

Aug 1985 102.05 0.0001* 396.03 0.0001* 12.34 0.0001* 

Results of One-Way ANOVA and SNK on Data Sets with Significant F-Ratios 

Sample F...,Ratio SNKt 
Date Del!th (m) One-Wal ANOVA Low X High X 

Feb 0.3 2.84 1 3 4 
1.0 7.19 3 1 4 
3.0 8.02 4 1 3 
5.0 1.38 4 1 3 

May 0.3 25.36* 1* 3 4 
1.0 173.46* 1 3 4 
3.0 13.88* 3" 1 4 
5.0 3.39 3" 1 4 

July 0.3 374.74* 5 3 4 ~ 1 
1.0 18.24* ~ 4 2 3 1 
3.0 31.61* 5 2 4 1 3 
5.0 39.35* 2 5 4 ! 1 

*Significant at = 0.05. 

tStudent, Newman, Kue1s Multiple Range Test; means ranked lowest to 
highest using station numbers; means underscored by same line are not 
significantly different at = 0.05; means not so underscored are 
significantly different. 

tstation 1 = Tennessee River Mile 490.5. 
Station 2 = Tennessee River Mile 484.5. 
Station 3 = Tennessee River Mile 483.4. 
Station 4 = Tennessee River Mile 478.2. 
Station 5 = Tennessee River Mile 472.8. 

-96-



Wait@ Bus
oim

F•'o 490.5.

Ch~ckFlaw"

Figure 3-1. Location of Phytoplankton and Zooplankton Sample Stations
for Operational Monitoring (1980 through 1984), Sequoyah
Nuclear Plant, Chickamauga Reservoir.
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Figure 3-1. Location of Phytoplankton and Zooplankton Sample Stations 
for Operational Monitoring (1980 through 1984), Sequoyah 
Nuclear Plant, Chickamauga Reservoir. 
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Figure 3-2. Comparisons of Phytoplankton Densities at One-Meter Sample Depth of Selected Stations
During Preoperational and Operational Monitoring, Sequoyah Nuclear Plant, Chickamauga

Reservoir.
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Figure 3-2. Comparisons of Phytoplankton Densities at One-Meter Sample Depth of Selected Stations 
During Preoperational and Operational Monitoring, Sequoyah Nuclear Plant, Chickamauga 
Reservoir. 
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Figure 3-3. Comparisons of Phytoplankton Chlorophyll a Concentrations at
the One-Meter Sample Depth of Selected Stations During
Preoperational and Operational Monitoring Periods, Sequoyah
Nuclear Plant, Chickamauga Reservoir.
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Figure 3-3. Comparisons of Phytoplankton Chlorophyll ~ Concentrations at 
the One-Meter Sample Depth of Selected Stations During 
Preoperational and Operational Monitoring Periods, Sequoyah 
Nuclear Plant, Chickamauga Reservoir. 
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Figure 3-4. Comparisons of Phytoplankton Carbon Assimilation Rates at
Selected Stations During Preoperational and Operational
Monitoring Periods, Sequoyah Nuclear Plant, Chickamauga
Reservoir.
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Figure 3-4. Comparisons of Phytoplankton Carbon Assimilation Rates at 
Selected Stations During Preoperational and Operational 
Monitoring Periods, Sequoyah Nuclear Plant, Chickamauga 
Reservoir. 



3.2 Zooplankton

3.2.1 Materials and Methods

Field--Duplicate zooplankton samples were collected (see table

1-2) from mid-channel at each of three stations in winter and spring--at

TRM 490.5, upstream of SQN; at TRM 483.4, immediately downstream of the

diffusers; and at TRM 478.2 downstream of SQN (figure 3-1). These same

three stations plus two additional stations were sampled during

summer--one upstream at TRM 484.5 and one downstream at TRM 472.8. A

half-meter plankton net (80 jum mesh) with a flowmeter suspended in the

throat as described by Dycus and Wade (1977) was used to collect these

bottom to surface samples. Samples were preserved with Formalin imme-

diately after collection.

Laboratory--Samples were diluted or concentrated, depending on

the abundance of detritus and organisms. Four 1-ml subsamples were taken

from the magnetically stirred sample using a 1-ml Hensen-Stempel pipette,

and each subsample was placed in a Sedgewick Rafter cell. Organisms were

enumerated at the lowest practical taxonomic level, usually species, on a

compound microscope at 35 X or 50 X. After subsample enumeration, the

remainder of the sample was scanned under a dissecting microscope for any

taxa not encountered in subsampling. Resultant counts were extrapolated

to numbers per cubic meter.

Several references and publications were used in making zoo-

plankton identifications. Major (*) and infrequently used (t) refer-

ences were as follows:
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3.2 Zooplankton 

3.2.1 Materials and Methods 

Field--Duplicate zooplankton samples were collected (see table 

1-2) from mid-channel at each of three stations in winter and spring--at 

TRM 490.5. upstream of SQN; at TRM 483.4. immediately downstream of the 

diffusers; and at TRM 478.2 downstream of SQN (figure 3-1). These same 

three stations plus two additional stations were sampled during 

summer--one upstream at TRM 484.5 and one downstream at TRM 472.8. A 

half-meter plankton net (80 ~ mesh) with a flowmeter suspended in the 

throat as described by Dycus and Wade (1977) was used to collect these 

bottom to surface samples. Samples were preserved with Formalin imme

diately after collection. 

Laboratory--Samples were diluted or concentrated, depending on 

the abundance of detritus and organisms. Four l-ml subsamples were taken 

from the magnetically stirred sample using a l-ml Hensen-Stempel pipette, 

and each subsample was placed in a Sedgewick Rafter cell. Organisms were 

enumerated at the lowest practical taxonomic level, usually species, on a 

compound microscope at 35 X or SO X. After subsample en~~eration. the 

remainder of the sample was scanned under a dissecting microscope for any 

taxa not encountered in subsampling. Resultant counts were extrapolated 

to numbers per cubic meter. 

Several references and publications were used in making zoo

plankton identifications. Major (*) and infrequently used (t) refer

ences were as follows: 
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Zooplankton Group
Reference Rotifera Cladocera Copepoda

Ahlstrom (1940) *
Ahlstrom (1943)
Brooks (1957) *
Brooks (1959) *
Deevey and Deevey (1971) t
Donner (1956) t
Edmonson (1959) * *
Goulden (1968) *
Harring and Myers (1926) *

Pennak (1978) t t t
Ruttner-Kolisko (1974)
Voight (1956) *
Wilson and Yeatman (1959) *

Data Analyses-Sampling and processing variability of total com-

munity and group densities was estimated by calculating the coefficient

of variation for each set of duplicate samples. Coefficients less than

20 percent were considered indicative of good sample replicability.

Coefficients of variation greater than 40 percent indicated larger than

desirable variability among replicate samples.

Total and group numbers were transformed (logl 0 ) and tested

for statistical differences among stations for each sample date using a

one-way analysis of variance (ANOVA). The Student, Newman, Keuls

multiple range test (SNK) was applied to data sets which were signifi-

cantly different as shown by the ANOVA. All tests were evaluated at the

0.05 level of probability.

Rotifera and adult members of the Copepoda and Cladocera were

used to determine the number of taxa in each sample. Zooplankton com-

munity structure was analyzed using diversity index (immature forms

excluded), SQS, and PS in the same manner as for the phytoplankton (see
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Zooplankton Group 
Reference Rotifera Cladocera Copepoda 

Ahlstrom (1940) 
Ahlstrom (1943) 
Brooks (1957) 
Brooks (1959) 
Deevey and Deevey (1971) 
Donner (1956) 
Edmonson (1959) 
Goulden (1968) 
Harring and Myers (1926) 
Pennak (1978) 
Ruttner-Kolisko (1974) 
Voight (1956) . 
Wilson and Yeatman (1959) 

t 
* 

t 
* 
* 

* 
* 
t 

t 

* 

t 

Data Analyses--Samp1ing and processing variability of total com-

munity and group densities was estimated by calculating the coefficient 

of variation for each set of duplicate samples. Coefficients less than 

20 percent were considered indicative of good sample replicability. 

Coefficients of variation greater than 40 percent indicated larger than 

desirable variability among replicate samples. 

Total and group numbers were transformed (10g10) and tested 

for statistical differences among stations for each sample date using a 

one-way analysis of variance (ANOVA). The Student, Newman, Keuls 

multiple range test (SNK) was applied to data sets which were signifi-

cantly different as shown by the ANOVA. All tests were evaluated at the 

0.05 level of probability. 

Rotifera and adult members of the Copepoda and Cladocera were 

used to determine the number of taxa in each sample. Zooplankton com-

munity structure was analyzed using diversity index (immature forms 

excluded), 5QS, and P5 in the same manner as for the phytoplankton (see 
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section 3.1.1), except zooplankton analyses were based primarily on spe-

cies rather than genera.

3.2.2 Results and Discussion

Spatial Comparisons of Operational Monitoring Data--Despite sub-

stantial differences in mean densities at each station, statistical tests

(ANOVA and SNK) failed to detect significances in any test set

(table 3-11). This was likely due to high variability among replicate

samples as indicated by high coefficients of variation for all test sets

(table 3-12). Few statistical differences are detected when replicate

samples are highly variable.

This problem was encountered in samples collected in 1984 but

was not encountered in samples collected in previous years of operational

monitoring (1981, 1982. and 1983). High variability in 1984 samples was

expected because of low densities and high trash content in samples due

to high river flows that year.

Variability between replicates was expected to be normal (low as

in previous years) in 1985 because of higher plankton densities and

relatively trash-free samples. An investigation to determine reasons for

poor sample replicability in 1985 was underway at the time this report

was prepared. If corrective measures are identified, they will be incor-

porated in 1986 collection/processing efforts.

Results of statistical analyses of 1985 data are provided in

table 3-11 but will not be discussed further because of the excessive

variability between replicates. The following presentation is based on

qualitative aspects of the data (group and species dominance, diversity
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section 3.1.1), except zooplankton analyses were based primarily on spe

cies rather than genera. 

3.2.2 Results and Discussion 

Spatial Comparisons of Operational Monitoring Data--Despite sub

stantial differences in mean densities at each station, statistical tests 

(ANOVA and SNK) failed to detect significances in any test set 

(table 3-11). This was likely due to high variability among replicate 

samples as indicated by high coefficients of variation for all test sets 

(table 3-12). Few statistical differences are detected when replicate 

samples are highly variable. 

This problem was encountered in samples collected in 1984 but 

was not encountered in. samples collected in previous years of operational 

monitoring (1981, 1982, and 1983). High variability in 1984 samples was 

expected because of low densities and high trash content in samples due 

to high river flows that year. 

Variability between replicates was expected to be normal (low as 

in previous years) in 1985 because of higher plankton densities and 

relatively trash-free samples. An investigation to determine reasons for 

poor sample replicability in 1985 was underway at ~he time this report 

was prepared. If corrective measures are identified, they will be incor

porated in 198& collection/processing efforts. 

Results of statistical analyses of 1985 data are provided in 

table 3-11 but will not be discussed further because of the excessive 

variability between replicates. The following presentation is based on 

qualitative aspects of the data (group and species dominance, diversity 
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index values, number of taxa, and SQS values) and a subjective evaluation

of quantitative aspects.

February 1985--Most qualitative aspects were similar among the

three stations, while there appeared to be quantitative increases from

upstream to downstream stations.

1. The community was dominated by Rotifera at all stations (table 3-13)
with the rotifer Synchaeta the most numerous taxon at each station
(appendices L and M). Diversity index values varied little among the
three stations (table 3-14).

2. Number of taxa was substantially higher at the two downstream sta-
tions (32 and 31) than at the upstream station (23; table 3-14). SQS
values for all comparisons were slightly below the 70 percent value
used to indicate similarity (table 3-15).

3. Tools used to evaluate quanitative aspects were PS coefficients
(table 3-15) and ranges of densities at each station (figure 3-5).
PS values were all below 70 percent and indicated the two downstream
stations had the greatest similarity and the upstream and most down-
stream stations had the least. The reason for this is shown in
figure 3-5 by the progressive increase in density from upstream to
downstream. Appendix M indicates most taxa followed this pattern but
Synchaeta and larval copepods (nauplii) were primarily responsible.

Absence of major shifts in community structure accompanied by

more taxa and greater densities indicate more favorable conditions

existed for the zooplankton at the two downstream stations than at the

upstream station. Thermal effluent from SQN probably played a role in

providing these improved conditions but this role would have been more

important at TRN 478.2 than TRM 483.4 (near the diffusers) because of the

proximity and resulting short travel time from the diffusers to the loca-

tion of sample collection. It appears that, if SQN had an influence on

the zooplankton during this sample period, it only slightly accentuated

increases which apparently initiated upstream of the plant due to

increased residence time in lower reservoir reaches.
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May 1985--Qualitative measures were similar among locations

during this sample period. However, zooplankton densities indicated a

reduction at the middle station compared to the other stations.

I. Copepoda (primarily nauplii) was the dominant group at all locations
(table 3-13). Number of taxa varied from 19 at TRM 478.2 to 30 at

TRM 483.4 but showed no upstream/downstream trend (table 3-14).
Diversity index values were all high and similar among stations
(table 3-14). SQS coefficients were above 70 percent except for the
TRMs 490.5-478.2 comparison which was 68 percent (table 3-15).

2. Zooplankton densities for total and all groups followed the same
general trend (figure 3-6). Densities were highest at the upstream
station, lowest at the station immediately downstream of diffusers,
and between these extremes at the other downstream station. High
vari- ability between replicates and resulting overlapping ranges
greatly weaken evaluation of these data allowing them only to be used
to indicate trends.

The zooplankton apparently followed the same general pattern

shown by the phytoplankton in May 1985 (section 3.1.2 of this report) and

by zooplankton during previous May sample periods with low river flows

(TVA 1983). Four possible causative factors were provided in the phyto-

plankton section--community peaks occurred in mid-reservoir reaches due

to low flows; samples actually represented different watermasses and not

reductions at all; SQN caused the reductions by entraining a large pro-

portion of river flow (and presumably plankton) and disintegrated organ-

isms in the CCWS; and SQN caused the reductions by mixing bottom water

containing few phytoplankton cells with upper strata water containing

most active phytoplankton cells due to entrainment of bottom water into

the CCWS and subsequent turbulent discharge through the diffusers. The

first three of these would also apply to explanation of reduced zoo-

plankton densities and were provided previously (TVA, 1983). The last

would not because the full-stratum tows with the plankton net integrate
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organisms throughout the water column and would not be affected by

mixing. The exact causative factor cannot be determined with available

data. Interactions of all three were probably responsible for apparent

reductions in the zooplankton. But since about 25 percent of the river

flows was entrained during this period, a substantial influence by SQN is

likely.

July 1985--The zooplankton generally followed the same trend in

July that was observed in May--similar qualitatively among stations yet

apparently different quantitatively.

1. Rotifera was numerically dominant at all stations. No single taxon
composed a large proportion of the zooplankton at any station. In
communities such as this the most numerous taxon frequently differs
at various collection points and diversity index values are usually
high at all locations. Both of these conditions were observed in
these data. Number of taxa was also high at all stations and SQS
values indicated similar taxa were present at all stations.

2. Total zooplankton densities (which mirrored rotifer densities)
appeared lower at the first two stations downstream of SQN
(TRMs 478.2 and 483.4) than at the two upstream stations (TRMs 490.5
and 484.5). Densities were extremely variable at the new station in
the Chickamauga forebay (TUM 472.8), but appeared similar to or pos-
sibly higher than densities at the two stations upstream of SQN
(figure 3-7). Cladoceran and copepod densities did not indicate any
upstream/downstream trends.

The typical trend in zooplankton densities observed during pre-

vious summers of operational monitoring is for increases to occur from

upstream to downstream stations. These increases did not occur in summer

1985, probably due to lower river flows than during previous summer

sample periods. (Data for this July sample period were considered repre-

sentative of summer conditions and compared to previous summer data,

typically collected in early August). Rather than increases, decreases

apparently occurred downstream of SQN (generally similar to those
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observed during May) with an apparent increase at the new downstream sta-

tion near the forebay. The same explanation provided for observed reduc-

tions at TRMs 483.4 and 478.2 in May would also be applicable to July

data. It is important to note that data from the new upstream station

(TRM 484.5) indicate the apparent reduction occurred in the vicinity of

SQN. This provides evidence that observed decreases were plant related,

although the exact mechanism cannot be specified with available data.

Relatively high densities at the new downstream station (TRM 472.8) are

interesting because that watermass had passed SQN when only one unit was

operating, possibly indicating a lack of effect under those conditions.

As observed during previous low flow sample periods, SQN apparently has a

substantial effect on the zooplankton community when such conditions

exist.

Temporal Comparisons of Preoperational and Operational Monitoring

Data-Data collected during preoperational monitoring show either Roti-

fera (usually) or Copepoda (occasionally) was the dominant group during

winter and summer and either Rotifera or Cladocera during spring and fall

(TVA, 1978a). These trends continued into operational monitoring with

either Rotifera or Copepoda dominant in winter, Rotifera or Cladocera in

spring and summer, and Cladocera in fall. One exception was noted in

spring 1985 when copepods, mainly nauplii (the larval stage), were

dominant at all stations. This one exception was unrelated to operation

of SQN because copepods were dominant at the station upstream of SQN. In

addition to group composition being similar during the two monitoring

periods, all taxa occurring consistently in Chickamauga Reservoir during

preoperational monitoring were also collected during operational

monitoring.
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A trend identified in the preoperational monitoring report was

that more taxa were usually collected downstream of SQN (TVA, 1978a).

This trend was not apparent in operational monitoring--the upstream sta-

tion had the largest number of taxa during about half of the operational

monitoring sample periods. Although this represents an apparent change

from preoperational conditions, the number of taxa during operational

monitoring varied little among stations with no consistent

upstream/downstream trends.

Enumeration data for preoperational monitoring indicate maximum

densities of organisms in Chickamauga Reservoir usually occurred during

spring. Preoperational data also showed that organisms were more numer-

ous downstream of SQN during spring, sulimer, and fall but higher upstream

during winter. Data collected during operational monitoring generally

show similar trends, although exceptions do exist. Exceptions were

particularly evident during spring sample periods when river flows were

low and highest densities occurred upstream of SQN.

A comparison of mean zooplankton densities at the upstream sta-

tion (TRM 490.5) and the downstream station (TRM 478.2) for each season

during preoperational years (1973-1978) showed fluctuations with a gen-

eral increase from year to year apparent for all seasons, but especially

in spring and summer (figure 3-8). This trend continued only during the

spring sample period for the first three years of operational moni-

toring. Community densities during winter, summer, and fall of opera-

tional monitoring were similar to densities which occurred in the first

few years of preoperational monitoring. Densities during spring 1984

were much lower than any spring sample period, probably the result of
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extremely high river flows shortly before sample collection. Densities

during spring 1985 were similar to densities which occurred during pre-

operational monitoring and did not follow the trend toward continued

increases from year to year. Conditions were favorable for zooplankton

during spring 1985, and these moderate densities may indicate the trend

of year to year increases peaked in 1983.

During most spring sample periods zooplankton densities have

been either similar between upstream and downstream stations or higher at

the downstream station (figure 3-8). However, as discussed previously,

densities during spring 1982 (TVA, 1983) and during spring 1985 (reported

herein) exhibited large reductions from upstream to downstream. Similar

reductions, although not as great, were also apparent during one spring

preoperational sample period (1974). Three explanations for decreases in

1982 and 1985 were provided: (1) populations peaked in upper or middle

reservoir segments rather than in lower segments as a result of low river

flows, (2) differences among stations reflected characteristics of dif-

ferent watermasses, and (3) reductions were associated with operation of

SQN. Of these, only the second can explain reductions for spring 1974

because flows during that sample period were relatively high (850 m 3/s;

30,000 cfs) and SQN was not in operation. Spatial differences owing to

different watermasses or patchiness make interpretation of plankton data,

especially quarterly data, difficult. For this reason, only potential

causative mechanisms for such differences could be postulated. Hence,

the relative contribution of SQN effects on these reductions could not be

determined, although it is a safe'assumption that plant operation
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probably was involved to some extent because SQN entrained about 30

percent of the river flow in spring 1982 and 25 percent in spring 1985.

During one spring sample period (spring 1983) large increases

were noted from upstream to downstream stations. These increases were

expected based on increased retention time in lower reservoir reaches,

but stimulation from thermal enrichment from SQN may have been a contri-

buting factor. The phytoplankton community was depauperate during this

sample period. The very large zooplankton community may have been partly

or completely responsible for very low phytoplankton densities. If the

thermal effluent from SQN had stimulated zooplankton reproduction, this

stimulation would only be considered a problem if it caused the zoo-

plankton to exceed available food sources and depress pelagic primary

production. Data from this type of monitoring program are not appro-

priate to delineate this type of community interaction.

3.2.3 Summary and Conclusions

SQN operated one or two units during periods of sample collec-

tion in 1985. When river flows during 1985 were compared to long-term

flows, they were relatively low during all three sample periods. The

first two sample periods (February and Hay) were conducted under the plan

used throughout operational monitoring. In 1985 TVA recommended altering

this plan to better evaluate SQN's influence on the plankton. Following

EPA's approval, the altered plan was put into effect in July. The third

sample set (July) was conducted to represent worst-case conditions.

Another sample set would have been collected in August; however, both

units at SQN were shut down and these samples were not collected.
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The zooplankton community during February (winter quarter)

exhibited similar qualitative characteristics among stations but appar-

ently increased in densities from upstream to downstream (high vari-

ability among replicates for all sample periods precluded use of sta-

tistical tests and allowed only subjective evaluations of all zooplankton

data collected in 1985). Based on available data, it appears that, if

SQN had an influence on the zooplankton during the winter sample period,

it only accentuated favorable conditions.

The zooplankton existed in normal seasonal densities during May

(spring quarter) and July (worst-case sample period). Similar trends

were noted for both sample periods--qualitative measurements were similar

at all stations but quantitative measurements (based on a subjective

evaluation) appeared to decrease from upstream to downstream. The

altered plan used in July showed the apparent decrease occurred abruptly

at SQN strongly implicating presence/operation of the plant as the

cause. The exact mechanism by which SQN may have caused the observed

decreases in the zooplankton cannot be made.

Determination of the ecological significance of the observed

differences would require specific, targeted studies. Such studies are

not recommended yet because these changes have only been observed during

low flow conditions. The zooplankton monitoring program still needs to

be conducted with SQN operating both units at normal river flows to allow

evaluation of SQN effects under these conditions. This information is

necessary before the need for targeted studies can be fully evaluated.

Also, sampling is needed under summertime worst-case conditions (maximum
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plant operation and river flows < 12,000 cfs) to evaluate how drastic

effects would be under those conditions.

When operational data were compared to preoperational data,

trends apparent in preoperational monitoring (i.e., increases in zoo-

plankton densities over time) were not apparent during three of the four

sample periods of each year of operational sampling. Only during May of

the first three operational monitoring years did trends observed during

preoperational monitoring continue. Data for spring 1984 was dissimilar

from other May periods because of unusually high river flows. Data for

spring 1985 were similar to most preoperational years. Since these fluc-

tuations have occurred both upstream and downstream of SQN, factors other

than SQN must be responsible for these year-to-year differences.
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Table 3-11. Results of One-Way-Analysis of Variance and Student, Newman, Keuls
Multiple Range Test on Zooplankton Data for Operational Monitoring in
1985, Sequoyah Nuclear Plant, Chickamauga Reservoir

!
t.d

"t•
I

Tennessee River Mile
SNK*

Date Test Group F-Ratio P>F High x Low x

Feb. Total zooplankton 5.92 0.0909 478.2 483.4 490.5
Cladocera 2.19 0.2589 478.2 490.5 483.4
Copepoda 1.76 0.3117 478.2 483.4 490.5
Rotifera 7.58 0.0671 478.2 483.4 490.5

May Total zooplankton 2.70 0.2135 490.5 478.2 483.4
Cladocera 5.10 0.1084 490.5 478.2 483.4
Copepoda 1.38 0.3752 490.5 478.2 483.4
Rotifera 0.52 0.6398 490.5 478.2 483.4

July Total zooplankton 1.80 0.2664 472.8 484.5 490.5 478.2 483.4
Cladocera 1.34 0.3711 490.5 472.8 478.2 484.5 483.4
Copepoda 1.43 0.3462 490.5 484.5 472.8 483.4 478.2
Rotifera 2.18 0.2074 472.8 484.5 490.5 478.2 483.4

*Student, Newman, Keuls Multiple Range Test; means ranked highest to lowest using
Tennessee River Mile (TRM) to identify stations; means underscored by same line
are not significantly different at m = 0.05, means not so underscored are
significantly different.
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Table 3-11. Results of One-Way-Analysis of Variance and Student, Newman, Keuls 
Multiple Range Test on Zooplankton Data for Operational Monitoring in 
1985. Sequoyah Nuclear Plant, Chickamauga Reservoir 

Tennessee River Mile 
SNK* 

Date Test Group F-Ratio P>F High ; Low x 

Feb. Total zooplankton 5.92 0.0909 478.2 483.4 490.5 
Cladocera 2.19 0.2589 478.2 490.5 483.4 
Copepoda 1.76 0.3117 478.2 483.4 490.5 
Rotifera 7.58 0.0671 478.2 483.4 490.5 

May Total zooplankton 2.70 0.2135 490.5 478.2 483.4 
Cladocera 5.10 0.1084 490.5 478.2 483.4 
Copepoda 1.38 0.3752 490.5 478.2 483.4 
Rotifera 0.52 0.6398 490.5 478.2 483.4 

July Total zooplankton 1.80 0.2664 472.8 484.5 490.5 478.2 483.4 
Cladocera 1.34 0.3711 490.5 472.8 478.2 484.5 483.4 
Copepoda 1.43 0.3462 490.5 484.5 472.8 483.4 478.2 
Rotifera 2.18 0.2074 472.8 484.5 490.5 478.2 483.4 

*Student. Newman. Keuls Multiple Range Test. means ranked highest to lowest using 
Tennessee River Mile (TRM) to identify stations; means underscored by same line 
are not significantly different at a. = 0.05. means not so underscored are 
significantly different. 



Table 3-12. Summary of Zooplankton Data Collected During Operational Monitoring
Periods (1985), Sequoyah Nuclear Plant

River* Sample I Sample 2 Mean Standard C.V.t
Quarter Mile Group No.1m3 No./m 3 No./m 3 Deviation

Feb.

I-

478.2 Cladocera
Copepoda
Rotifera
Total

483.4 Cladocera
Copepoda
Rotifera
Total

490.5 Cladocera
Copepoda
Rotifera
Total

478.2 Cladocera
Copepoda
Rotifera
Total

483.4 Cladocera
Copepoda
Rotifera
Total

490.5 Cladocera
Copepoda

3544
16703
33703
53950

579
5762

20763
27104

612
1106
6110
7828

11104
60529
48331

119964

9466
37104
34200
807,70

32756
82886

945
5348

21090
27383

614
3382
8788

12784

922
4500
4646

10068

26576
108816
33201

168593

11051
76229
22993

110273

32100
158500

2245
11026
27397
40667

597
4572

14776
19944

767
2803
5378
8948

18840
84673
40766

144279

10259
56667
28597
95522

32428
120693

1837.8
8029.2
8918.7

18785.7

24.7
1682.9
8467.6

10125.8

219.2
2399.9
1035.2
1583.9

10940.4
34144.1
10698.5
34385.9

1120.8
27665.6

7924.5
20861.8

463.9
53467.2

81.88
72.82
32.55
46.19

4.15
36.81
57.31
50.77

28.58
85.62
19.25
17.70

58.07
40.32
26.24
23.83

10.93
48.82
27.71
21.84

1.43
44.30
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Table 3-12. Summary of Zooplankton Data Collected During Operational Monitoring 
Periods (1985), Sequoyah Nuclear Plant 

River~ Sample 1 Sample 2 Mean Standard 
Quarter Mile Group No./m3 No. 1m3 No./m3 Deviation 

Feb. 478.2 C1adocera 3544 945 2245 1837.8 
Copepoda 16703 5348 11026 8029.2 
Rotifera 33703 21090 27397 8918.7 
Total 53950 27383 40667 18785.7 

483.4 C1adocera 579 614 597 24.7 
Copepoda 5762 3382 4572 1682.9 
Rotifera 20763 8788 14776 8467.6 
Total 27104 12784 19944 10125.8 

490.5 Cladocera 612 922 767 219.2 
Copepoda 1106 4500 2803 2399.9 
Rotifera 6110 4646 5378 1035.2 
Total 7828 10068 8948 1583.9 

May 478.2 Cladocera 11104 26576 18840 10940.4 
Copepoda 60529 108816 84673 34144.1 
Rotifera 48331 33201 40766 10698.5 
Total 119964 168593 144279 34385.9 

483.4 C1adocera 9466 11051 10259 1120.8 
Copepoda 37104 76229 56667 27665.6 
Rotifera 34200 22993 28597 7924.5 
Total 80]70 110273 95522 20861.8 

490.5 Cladocera 32756 32100 32428 463.9 
Copepoda 82886 158500 120693 53467.2 

C.V.t 

81.88 
72.82 
32.55 
46.19 

4.15 
36.81 
57.31 
50.77 

28.58 
85.62 
19.25 
17.70 

58.07 
40.32 
26.24 
23.83 

10.93 
48.82 
27.71 
21.84 

1.43 
44.30 



Table 3-12. (Continued)

I-

River* Sample 1 Sample 2 Mean Standard C.V.t
Quarter Mile Group No./M 3  No./m 3  No./m 3  Deviation

Rotifera 26637 64430 45534 26723.7 58.69
Total 142279 255030 198655 79727.0 40.13

July 472.8 Cladocera 18813 43656 31235 17566.7 56.24
Copepoda 10359 31441 20900 14907.2 71.33
Rotifera 83068 248678 165873 117104.0 70.60
Total 112240 323775 218008 149577.8 68.61

478.2 Cladocera 13346 14602 13974 888.1 6.36
Copepoda 8023 8162 8093 98.3 1.21
Rotifera 32337 95573 63955 44714.6 69.92
Total 53706 118337 86022 45701.0 53.13

483.4 Cladocera 5638 26647 16143 14855.6 92.03
Copepoda 6661 18241 12451 8188.3 65.76
Rotifera 20751 50994 35873 21385.0 59.61
Total 33050 95882 64466 44428.9 68.92

*484.5 Cladocera 18292 8467 13380 6947.3 51.93
Copepoda 37547 12924 25236 17411.1 68.99
Rotifera 169575 112542 141059 40328.4 28.59
Total 225414 133933 179674 64686.8 36.00

490.5 Cladocera 37995 32274 35135 4045.4 11.51
Copepoda 24841 28393 26617 2511.6 9.44
Rotifera 140113 74077 107095 46694.5 43.60
Total 202949 134744 168847 48228.2 28.56

*Tennessee River Mile.
tCoefficient of variation.

Table 3-12. (Continued) 

River* Sample 1 Sample 2 Mean Standard C.V.t 
Quarter Mile Group No. 1m3 No. 1m3 No. 1m3 Deviation 

Rotifera 266~7 64430 45534 26723.7 58.69 
Total 142279 255030 198655 79727.0 40.13 

July 472.8 C1adocera 18813 43656 31235 17566.7 56.24 
Copepoda 10359 31441 20900 14907.2 71.33 
Rotifera 83068 248678 165873 11n04.0 70.60 
Total 1122.40 32.3775 218008 149577 .8 68.61 

478.2 C1adocera 13346 14602 13974 888.1 6.36 
Copepoda 8023 8162 8093 98.3 1.21 
Rotifera 32337 95573 63955 44714.6 69.92 

I Total 53706 118337 86022 45701.0 53.13 .... .... 
\II 
I 483.4 C1adocera 5638 2.6647 16143 14855.6 92.03 

Copepoda 6661 18241 12451 8188.3 65.76 
Rotifera 20751 50994 35873 21385.0 59.61 
Total 33050 95882 64466 44428.9 68.92 

·484.5 C1adocera 18292 8467 13380 6947.3 51.93 
Copepoda 37547 1292.4 25236 17411.1 68.99 
Rotifera 169575 112542. 141059 40328.4 28.59 
Total 225414 133933 179674 64686.8 36.00 

490.5 C1adocera . 37995 32274 35135 4045.4 11.51 
Copepoda 24841 28393 26617 2511.6 9.44 
Rotifera 140U3 74077 107095 46694.5 43.60 
Total 202949 134744 168847 48228.2 28.56 

*Tennessee River Mile. 
tCoefficient of variation. 
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Table 3-13. Percentage Composition of Zooplankton Groups During Operational
Monitoring Periods (1985), Sequoyah Nuclear Plant, Chickamauga
Reservoir

Tennessee River Mile
Date Zooplankton Group 472.8 478.2 483.4 484.5 490.5

February Cladocera NS* 6 3 NS 9
Copepoda NS 27 23 NS 31
Rotifera NS 67 74 NS 60

May Cladocera NS 13 11 NS 16
Copepoda NS 59 59 NS 61
Rotifera NS 28 30 NS 23

July Cladocera 14 16 25 7 21
Copepoda 10 9 19 14 16
Rotifera 76 74 56 79 63

I-

0'

*NS = Not sampled. Tennessee River Miles
February and May.

484.5 and 472.8 were not sampled in

I .-.-
0-
I 

Table 3-13. Percentage Composition of Zooplankton Groups During Operational 
Monitoring Periods (1985). Sequoyah Nuclear Plant. Chickamauga 
Reservoir 

Tennessee River Mile 
Date Zooplankton Group 472.8 478.2 483.4 484.5 490.5 

February Cladocera NS* 6 3 NS 9 
Copepoda NS 27 23 NS 31 
Rotifera NS 67 74 NS 60 

May Cladocera NS 13 11 NS 16 
Copepoda NS 59 59 NS 61 
Rotifera NS 28 30 NS 23 

July Cladocera 14 16 25 7 21 
Copepoda 10 9 19 14 16 
Rotifera 76 74 56 79 63 

*NS = Not sampled. Tennessee River Miles 484.5 and 472.8 were not sampled in 
February and May. 



Table 3-14. Zooplankton Diversity Index Values (Dbar) During
Operational Monitoring Periods (1985), Sequoyah Nuclear
Plant, Chickamauga Reservoir

Tennessee River Mile
472.8 478.2 483.4 484.5 490.5

No. No. No. No. No.
Date Taxa Dbar Taxa Dbar Taxa Dbar Taxa Dbar Taxa Dbar

February NS* NS 31 2.25 32 2.39 NS NS 23 2.55

May NS NS 19 3.45 30 3.66 NS NS 25 3.64

July 36 3.91 38 4.02 43 3.89 35 3.82 37 3.74

*NS = Not sampled. Tennessee River Miles 484.5 and 472.8 were not
sampled in February and May.

.!

I-

*4 ~.>~

.1 
l
I-

" 1 

Table 3-14. Zooplankton Diversity Index Values (Dbar) During 
Operational Monitoring Periods (1985), Sequoyah Nuclear 
Plant, Chickamauga Reservoir 

Tennessee River Mile 
472.8 478.2 483.4 484.5 490.5 

No. No. No. No. No. 
Date Taxa Dbar Taxa Dbar Taxa Dbar Taxa Dbar Taxa 

FebrUary NS* NS 31 2.25 32 2.39 NS NS 23 

May NS NS 19 3.45 30 3.66 NS NS 25 

July 36 3.91 38 4.02 43 3.89 35 3.82 37 

*NS = Not sampled. Tennessee River Miles 484.5 and 472.8 were not 
sampled in February and May. 

Dbar 

2.55 

3.64 

3.74 



Table 3-15. Similarity of Zooplankton Community Composition/Structure
During Operational Monitoring in 1985 Based on Sorensen's
Quotient of Similarity and Percentage Similarity, Sequoyah
Nuclear Plant, Chickamauga Reservoir

Station Sorensen's Quotient Percentage
Date Comparison of Similarity (M) Similarity (Z)

February TRM 490.5-483.4
TRM 490.5-478.2
TRM 483.4-478.2

TRM 490.5-483.4
TRM 490.5-478.2
TRM 483.4-478.2

May

July TRM
TRM
TRM
TRM
TRM
TRM
TRM
TRM
TRN
TRM

490.5-484.5
490.5-483.4
490.5-478.2
490.5-472.8
484.5-483.4
484.5-478.2
484.5-472.8
483.4-478.2
483.4-472.8
478.2-472.8

69
62
68

75
68
73

82
77
80
79
80
83
79
91
81
82

44
26
64

56
61
65

63
45
48
57
40
56
66
57
37
53
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Table 3-15. Similarity of Zooplankton Community Composition/Structure 
During Operational Monitoring in 1985 Based on Sorensen's 
Quotient of Similarity and Percentage Similarity, Sequoyab 
Nuclear Plant, Chickamauga Reservoir 

Station Sorensen's Quotient Percentage 
Date Com2arison of Simi1aritI (%~ SimilaritI (1~ 

February TRM 490.5-483.4 69 44 
taM 490.5-478.2 62 26 
taM 483.4-478.2 68 64 

May taM 490.5-483.4 75 56 
taM 490.5-478.2 68 61 
TRM 483.4-478.2 73 65 

July taM 490.5-484.5 82 63 
TRM 490.5-483.4 77 45 
TRM 490.5-478.2 80 48 
TRM 490.5-472.8 79 57 
taM 484.5-483.4 80 40 
TRM 484.5-478.2 83 56 
TRM 484.5-472.8 79 66 
TRM 483.4-478.2 91 57 
TRM 483.4-472.8 81 37 
TRM 478.2-472.8 82 53 
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Station on Chickamauga Reservoir During Winter Sample Period, February 1985.
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3.3 Recommendations

The report on the 1984 data (TVA, 1985) recommended changes to

the plankton monitoring program. The recommended changes were based on

the premise that river flow, ambient temperature, and level of plant

operation at the time plankton samples are collected are critical in

determining plant effects. The quarterly monitoring program conducted

until that time (through 1984) had not provided sufficient collection

periods with the necessary combination of factors to adequately identify

effects of SQN on the plankton. Therefore, it was recommended that

plankton sampling continue with modifications for two more years.

One modification was the addition of a station immediately

upstream of SQN at TRM 484.5 and a station downstream of SQN at TRM

472.8. This change was implemented in July 1985 and the additional

upstream station proved very useful in identifying the SQN area as the

location where an abrupt decrease in the plankton community occurred

during that sample period.

A second modification was to shift the sampling effort to

periods of greater potential for adverse plant effects. It was recom-

mended that sampling be conducted only in the spring and summer and only

if two were units operating. This modification also proved beneficial in

July as sampling was conducted during a near worst-case condition [low

river flow (23,200 cfs) and two unit operation initiated]. SQN was shown

to effect the plankton community under these conditions. Based on this

finding it is now recommended that plankton sampling be conducted only

for the following conditions:
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3.3 Recommendations 

The report on the 1984 data (TVA. 1985) recommended changes to 

the plankton monitoring program. The recommended changes were based on 

the premise that river flow. ambient temperature. and level of plant 

operation at the time plankton samples are collected are critical in 

determining plant effects. The quarterly monitoring program conducted 

until that time (through 1984) had not provided sufficient collection 

periods with the necessary combination of factors to adequately identify 

effects of SQN on the plankton. Therefore. it was recommended that 

plankton sampling continue with modifications for two more years. 

One modification was the addition of a station immediately 

upstream of SQN at TRM 484.5 and a station downstream of SQN at TRM 

472.8. This change was implemented in July 1985 and the additional 

upstream station proved very useful in identifying the SQN area as the 

location where an abrupt decrease in the plankton community occurred 

during that sample period. 

A second modification was to shift the sampling effort to 

periods of greater potential for adverse plant effects. It was recom

mended that sampling be conducted only in the spring and surrmer and only 

if two were units operating. This modification also proved beneficial in 

July as sampling was conducted during a near worst-case condition [low 

river flow (23.200 cfs) and two unit operation initiatedl. SQN was shown 

to effect the plankton community under these conditions. Based on this 

finding it is now recommended that plankton sampling be conducted only 

for the following conditions: 
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Level
Season* of Operation Flow (efs)

Spring two-unit 19,000 + 2,000
Spring two-unit 28,300 + 2,000
Summer two-unit < 12,000
Summer two-unit 29,700 ± 2,000
Su•ner two-unit 37,500 + 2,000

*Spring = May; Summer = July 15-August 15

Period Required
Prior to Sample

Collection (Days)

4
3
8
3
3

The recommendation made last year that the program continue for two

full "growing seasons" (calendar years) is no longer valid. The actual

period over which the program will be conducted will depend on when the

desired conditions occur.
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Period Required 
Level Prior to Sample 

Season· of Operation Flow (cfs) Collection (Days) 

spring two-unit 19,000 ± 2,000 4 
Spring two-unit 28,300 ± 2,000 3 
Summer two-unit ! 12,000 8 
Summer two-unit 29,700 ± 2,000 3 
SUIIDIler two-unit 37,500 ± 2,000 3 

*Spring = May; Summer = July 15-August 15 

The recommendation made last year that the program continue for two 

full "growing seasons" (calendar years) is no longer valid. The actual 

period over which the program will be conducted will depend on when the 

desired conditions occur. 
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4.0 BENTHIC MACROINVERTEBRATES

Studies of benthic macroinvertebrate communities near SQN have

been conducted by the Tennessee Valley Authority from 1971-1978 (pre-

operational) and 1980-1984 (operational) to determine natural spatial and

temporal distributions and evaluate potential for operational impacts.

Also, concentrations of selected trace metals in mollusk species upstream

and downstream of SQN during the operational phase have been compared to

determine bioaccumulation potential of metals entering the aquatic

environment from plant operation.

Results from the 1971-84 community studies showed spatial and

temporal differences which were considered unimportant or thought to be

associated with factors other than SQN. Apart from one station where the

macroinvertebrate community appeared stressed due to habitat limitations

(operational and preoperational periods), no evidence of community

decline was observed. In fact, macroinvertebrate abundance and diversity

were greater in 1984 than in any other year studied. Because of these

observations, the 1984 assessment (TVA, 1985) recommended discontinuation

of community studies. Bioaccumulation data indicated highly significant

'differences in the mollusk's ability to concentrate specific metals.

Seasonal differences in uptake were apparent but not clearly defined for

each metal. No location differences (upstream versus downstream) in

tissue metal concentrations were indicated for any metal for any mollusk

species tested. Therefore, TVA also recommended discontinuing bioaccu-

mulation studies (TVA, 1985).
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4.0 BENTHIC MACRO INVERTEBRATES 

Studies of benthic macroinvertebrate communities near SQN have 

been conducted by the Tennessee Valley Authority from 1971-1978 (pre

operational) and 1980-1984 (operational) to determine natural spatial and 

temporal distributions and evaluate potential for operational impacts. 

Also, concentrations of selected trace metals in mollusk species upstream 
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macroinvertebrate community appeared stressed due to habitat limitations 
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decline was observed. In fact, macroinvertebrate abundance and diversity 

were greater in 1984 than in any other year studied. Because of these 

observations, the 1984 assessment (TVA, 1985) recommended discontinuation 

of community studies. Bioaccumulation data indicated highly significant 

'differences in the mollusk's ability to concentrate specific metals. 

Seasonal differences in uptake were apparent but not clearly defined for 

each metal. No location differences (upstream versus downstream) in 

tissue metal concentrations were indicated for any metal for any mollusk 

species tested. Therefore, TVA also recommended discontinuing bioaccu

mu1ation studies (TVA, 1985). 
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Because of the lag time between sample collection and reporting,

studies were not discontinued until sunmer (July) 1985. Resulting data

(winter and spring 1985) are reported here as they relate to data

collected during winter and spring of other years.

4.1 Community Studies

4.1.1 Materials and Methods

Field--Benthic faunal samples were collected only twice in

1985. Ten Ponar grab samples were collected in February and June in the

vicinity of SQN at TRM's 490.5 (station 1, upstream control), 483.4

(station 2, downstream), 482.6 (station 3, downstream), and 478.2

(station 4, downstream). The sampling location at TRM 482.6 was added in

May 1983 to improve spatial comparisons (TVA, 1984). Sampling was con-

ducted in mid-channel at TRP's 478.2 and 490.5, along the right descend-

ing channel margin at TRM 483.4 (mid-channel is bedrock and unsuitable

for sampling), and along the left descending channel at TRM 482.6.

Samples were washed over a standard number 30 mesh (589 pm opening)

brass screen to remove clay, silt, and fine sand particles. Residue was

placed in plastic bags, tagged, preserved with 70 percent alcohol and

returned to the laboratory for processing. Two sediment samples at each

station were collected with each quarterly set of macroinvertebrate

samples to characterize benthic substrates and better assess effects of

substrate differences upon macroinvertebrate distributions.

Laboratory--Macrainvertebrate samples were rewashed with water

over a standard number 30-mesh screen, placed in white enamel trays,
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separated from remaining detrital material, 'transferred into vials, and

preserved with a solution of 70 percent ethyl alcohol and 5 percent

glycerine. Macroinvertebrates were classified to the lowest taxon prac-

tical and enumerated. References used in identification include: Berner

(1950), Brinkhurst and Jamieson (1971), Burks (1953), Cook (1956), Curry

(1961), Davies (1971), Johannsen (1934-1937), Mason (1968), Needham and

Westfall (1955), Needham et al. (1935), Pennak (1953), Roback (1963),

Ross (1944), Usinger (1971), Walker (1953, 1958), and Ward and Whipple

(1959). Sediment samples were processed through a series of sieves to

determine percentage composition of silt and sand particles.

Data Analyses--Enumeration data were converted to number of

organisms per square meter. Spatial and temporal comparisons were made

for total macroinvertebrates and dominant taxa (Hexagenia and Corbicula

manilensis) and/or taxonomic units (Oligochaeta and Chironomidae).

Spatial comparisons utilized Sorensen's Quotient of Similarity

(SQS) as described by McCain (1975) and Percentage Similarity (PS) as

described by Pielou (1975) to evaluate differences among stations based

on community structure. A criterion of 70 was chosen as an estimate of

similarity. Values less than 70 were used to indicate different communi-

ties based upon taxonomic structure (SQS) and/or distribution of organ-

isms among taxa (PS). Diversity indices (Patten, 1962) and equitability

(e) (Weber, 1973) were calculated to determine community diversity at

each station. A one-way analysis of variance (ANOVA) and

Student-Newman-Keuls multiple range test (Sokal and Rohlf, 1969) were

used to aid in evaluating station differences within each season using

transformed (logl 0 ) total macroinvertebrate densities (number/m2).
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Temporal comparisons were made between 1985 data and corre-

sponding (winter and spring) data for preoperational and other

operational years. A paired sample t-test (Snedecor and Cochran, 1967)

was utilized for comparing means for total macroinvertebrates and

dominant taxa or groups (Hexagenia, Corbicula manilensis, Oligochaeta,

and Chironomidae) with corresponding means observed during the last year

surveyed (1984). Specific comparisons of 1985 with 1984 data were made

because 1984 data exhibited greater abundance and diversity than previous

years and also largely supported the decision to discontinue community

studies. These data were also presented as they related to

preoperational observations (mean and range of abundance). Graphical

comparisons of upstream (control) and downstream (experimental) stations

were made over time (all years) for total and dominant group densities.

4.1.2 Results and Discussion

Spatial Comparisons-Distribution of macroinvertebrate taxa in

1985 (table 4-1) was similar to that observed in other operational'and

preoperational years. Comparisons of station 2 with other stations based

upon SQS were less than 55 percent, indicating poor similarity. Taxo-

nomic inequity between station 2 and other sampling locations has been

shown in previous years to result from habitat/substrate differences,

station 2 being subject to current shear and a substrate composed of

greater amounts of sand and less silt than other stations. 1985 sub-

strate data (table 4-2) showed station 2 was composed of only 59.4 per-

cent and 54.2 percent silt in February and June, respectively. Amounts

-128-

Temporal comparisons were made between 1985 data and corre

sponding (winter and spring) data for preoperational and other 

operational years. A paired sample t-test (Snedecor and Cochran, 1967) 

was utilized for comparing means for total macro invertebrates and 

dominant taxa or groups (Hexagenia, Corbicula manilensis, Oligochaeta, 

and Chironomidae) with corresponding means observed during the last year 

surveyed (1984). Specific comparisons of 1985 with 1984 data were made 

because 1984 data exhibited greater abundance_and diversity than previous 

years and also largely supported the decision to discontinue community 

studies. These data were also presented as they related to 

preoperational observations (mean and range of abundance). Graphical 

comparisons of upstream (control) and downstream (experimental) stations 

were made over time (all years) for total and dominant group densities. 

4.1.2 Results and Discussion 

Spatial Comparisons--Distribution of macroinvertebrate taxa in 

1985 (table 4-1) was similar to that observed in other operational-and 

preoperational years. Comparisons of station 2 with other stations based 

upon SQS were less than 55 percent, indicating poor similarity. Taxo

nomic inequity between station 2 and other sampling locations has been 

shown in previous years to result from habitat/substrate differences, 

station 2 being subject to current -shear and a substrate composed of 

greater amounts of sand and less silt than other stations. 1985 sub

strate data (table 4-2) showed station 2 was composed of only 59.4 per

cent and 54.2 percent silt in February and June, respectively. Amounts 

-128-



of silt at other stations ranged from 83.3 percent TRM 490.5 to 98.5 per-

cent at TRM 478.2. Comparison of stations based upon percent similarity

(PS), which included both taxonomic and abundance dimensions, showed sta-

tion 2 was very dissimilar to other sampling locations. Low PS values

for station 2 ranging from 1-13 percent resulted from the relative scar-

city of animals at that location in both 1984 and 1985 (table 4-3) and

other years. PS values at stations 1, 3, and 4 were all near or greater

than 70 percent. Importance of low abundance at station 2 as related to

low PS comparisons with other stations was emphasized by one-way ANOVA

techniques (table 4-4) which showed abundance of macroinvertebrates at

station 2 was significantly (P < 0.0001) lower than at other stations in

both February and June. The same analysis showed no significant differ-

ence in abundance at other stations. Individual station means were

generally larger downstream of SQN than those upstream (figure 4-1).

Sample statistics for individual macorinvertebrate taxa are provided in

appendix N. Individual sample and average abundance data for dominant

taxonomic categories are provided in appendices 0 and P, respectively.

Diversity index measured in 1985 (table 4-5) was slightly lower

(range = 1.58-2.82) at most stations than observed in 1984 (range =

2.27-3.34) during winter and spring quarters. However, similarly low

values have been observed during preoperational monitoring and equit-

ability values for the 1985 comparisons, which were all near or greater

than 0.50, do not indicate community degradation (Weber, 1973). Equit-

ability in excess of 1.00 at station 2 (TRM 483.4) should not be evalu-

ated because of the scarcity of organisms found there.
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As in other operational and preoperational years, more taxa

occurred exclusively downstream (10) than occurred exclusively upstream

(2) (table 4-6). None of these were consistent members of the macro-

invertebrate community. Greater diversity of habitat and sampling effort

downstream of SQN likely resulted in this distribution of exclusive

taxa.

Temporal Comparisons-Abundance and distribution of benthic

macroinvertebrates during the first two quarters of 1984 and 1985 were

similar (table 4-3) with Coelotanypus, Corbicula manilensis, Hexagenia,

and Tubificidae each comprising dominant portions (each > 5 percent) of

the community. Chaoborus was also a dominant taxon both years at several

stations during February. A more detailed analysis of major taxa or tax-

onomic groups by station and season showed a number of significant dif-

ferences between 1985 and 1984 data (table 4-7). Since 1984 demonstrated

greater macroinvertebrate abundance than previous years, it was not sur-

prising to observe fewer organisms during 1985 for a number of compari-

sons. However, there was no consistent trend as other 1985 data were

greater than in 1984. Abundance at station 2 in June 1985 was signifi-

cantly lower than in June 1984 and also lower than the preoperational

mean for total macroinvertebrates, Chironomidae, and Corbicula

manilensis. However, at station 3, only 1.3 km (0.8 mi) downstream,

abundance of both total macroinvertebrates and Corbicula manilensis as

well as Hexagenia was greatest in 1985. Overall results of comparisons

shown in table 4-7 indicate that 1985 abundance was generally within the

range of values observed previously in the vicinity of SQN except at

station 2 where abundance in 1984 and 1985 was lower than observed most
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years during the preoperational period. Figures 4-2 and 4-3 show station

and yearly comparisons for each major taxonomic group for winter and

spring seasons, respectively. Low abundance at station 2 during spring

1985 also occurred during 1973 and 1974. Large variations in abundance

at this station from year to year likely indicates sampling phenomena

relating to variable substrates rather than impacts from SQN. Greatest

densities of total macroinvertebrates and Corbicula manilensis observed

during the period of monitoring (all years) occurred at TRM 478.2 in 1985

(figure 4-3).

4.1.3 Summary and Conclusions

Results from surveys conducted winter and spring 1985 in the

vicinity of SQN were similar to results from other years and supportive

of previous conclusions and recommendations (TVA, 1985) regarding effects

of SQN on benthic macroinvertebrates. Analyses based upon community

structure (SQS) and abundance (PS and one-way ANOVA) showed a high degree

of similarity among stations. located upstream (control) and downstream

(nearfield, farfield) of SQN. One station in the immediate vicinity of

SQN remained dissimilar (reduced numbers of taxa and individuals) due to

habitat/substrate differences rather than operation of SQN. Diversity

indices were somewhat lower than observed in 1984, but similar to indices

observed during preoperational monitoring.

Temporal comparisons showed Coelotanypus, Corbicula manilensis,

Hexagenia, and Tubificidae comprised dominant portions of the community

in 1984 and 1985. Abundance in 1985 was generally within the range of

values observed previously in the vicinity of SQN. Greatest densities of
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total macroinvertebrates and Corbicula manilensis observed during the

entire monitoring period (preoperational and operational) occurred down-

stream of SQN in 1985.
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Table 4-1. Similarity of Macroinvertebrate Community Structure During
Operational Monitoring (Winter and Spring 1985), Based on
Sorensen's Quotient of Similarity and Percent Similarity,
Sequoyah Nuclear Plant, Chickamauga Reservoir.

Station
Date Station NT* Comparison CSt NCt SQS (P)§ PSif

Feb. 1985 TRM 490.5(1) 11 1-2 16 4 40.00 12.58
483.4(2) 9 1-3 15 9 75.00 67.55
482.6(3) 13 1-4 16 9 72.00 73.26
478.2(4) 14 2-3 16 6 54.55 8.19

2-4 18 5 43.48 9.42
3-4 18. 9 66.67 86.32

Jun. 1985 TRM 490.5(1) 9 1-2 10 2 33.33 1.45
483.4(2) 3 1-3 13 7 70.00 78.02
482.6(3) 11 1-4 12 7 73.68 65.36
478.2(4) 10 2-3 11 3 42.86 1.44

2-4 11 2 30.77 0.74
3-4 13 8 76.19 81.45

*Number of taxa present at each station.

tNumber of taxa present at combined stations.

*Number of taxa in common between two stations.

§Sorensen's Quotient of Similarity expressed as a percentage.

l[Percent Similarity.
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Table 4-2. Particle Size Analysis of Substrates
February and June 1985

in the Vicinity of Sequoyah Nuclear Plant for

I-

Survey Tennessee River Mile
Date Substrate Characteristics* 478.2 482.6 483.4. 490.5

Feb. Depth (mn) 12.00 11.00 2.00 8.00
Percent Moisture 59.42 55.44 34.34 48.55
Percent Moisture 58.65 55.28 35.97 48.16
Percent Volatile Solids 7.48 7.05 3.51 5.74
Percent Volatile solids 7.87 7.24 3.37 5.20
Percent Solids (finer than 2.00 mm) 100.00 100.00 100.00 100.00
Percent Solids (finer than 2.00 mm) 100.00 100.00 100.00 100.00
Percent Solids (finer than 0.50 mm) 100.00 99.89 100.00 100.00
Percent Solids (finer than 0.50 mm) 100.00 99.89 100.00 100.00
Percent Solids (finer than 0.125 mm) 98.75 97.58 75.47 96.78
Percent Solids (finer than 0.125 mm) 99.64 98.17 76.37 95.35
Percent Solids (finer than 0.063 mm) 96.63 93.72 57.76 81.04
Percent Solids (finer than 0.063 mm) 98.46 93.81 59.42 83.25

June Depth (mn) 14.00 14.00 4.00 10.00
Percent Moisture 47.95 54.24 28.18 55.20
Percent Moisture 45.46 54.99 28.18 54.01
Percent Volatile Solids 7.01 7.35 3.72 6.90
Percent Volatile Solids 6.69 7.61 ý3.96 7.04
Percent.Solids (finer than 2.00 mm) 100.00 100.00 100.00 100.00
Percent Solids (finer than 2.00 mm) 100.00 100.00 100.00 100.00
Percent Solids (finer than 0.50 mm) 100.00 100.00 99.42 100.00
Percent Solids (finer than 0.50 mm) 100.00 100.00 99.57 100.00
Percent Solids (finer than 0.125 mm) 91.63 97.75 68.25 97.56
Percent Solids (finer than 0.125 mm) 92.82 97.96 63.68 97.55
Percent Solids (finer than 0.063 mm) 85.80 94.61 57.61 98.72
Percent Solids (finer than 0.063 mm) 89.28 93.76 54.20 91.20

*Particle sizes 0.063 mm = sand.
Particle sizes (0.063 mm = silt clay.
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Table 4-3. Mean Macroinvertebrate Densities (no./m 2 ) at Each Sample Station During Operational Monitoring. 1984 and 1985, Sequoyah Nuclear Plant,
Chickamauga Reservoir.

February June
1984 1985 1984 1985 Average

Tennessee River Mile

Taxa 478.2 482.6 483.4 490.5 478.2 482.6 483.4 490.5 478.2 482.6 483.4 490.5 478.2 482.6 483.4 490.5 1984 1985

AkitabmlyiaAr~ai
Branchtura sowerbyi

Caenis
Ceratopogonidae
Chaoborus
Chironomidae
Chironomus
Coelotanyous
Carbicul manilensis

Cranconyx
Criceotous

Cryotochironamus
Culicoides

Cyrnellus fraternus
-Dicrotendices

Diptera
IEooicocoladius

Gyraulus
Hexacenia
Hyol azteca
Hydrobaenus
Hydropsychidae
Ischnura
Nemataoecetis
Paracladonelma
Paratanytarsus
PeciLnatell magnific
Physa
PolyEedilum
Procladius
Proptera
SialiSphaeriu

Truncilla donaciformis
Tubificidae
iXenachi ronomus

49
0
7
2
0

72
0
4

311
187

0
0
4
0
0
2
0
4
0

421
2
0
0
0
2
0
0
0
0
0
2
4
0
0

23
0

36
0

65 0
0 0
5 0
0 0
0 2

29 2
2 7
0 0

378 5
180 16

0 0
0 0
9 0
0 0
0 4
0 0
0 0
4 0
0 0

288 5
0 4
0 0
2 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

18 4
0 0
0 0

13 2
0 2

27 0
0 2

9
0
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0
0
0
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0
2
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0
4
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0
0
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0
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0
0
0
5
0
0
0
0
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0
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0
5
0
0
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0
0
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2
2
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0
0
0
0
0
0
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0
0
0
0
0
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0
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0
0
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0
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0
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0
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0

18
0
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0
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0
0
0
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0
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0
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0
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0
0
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0
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0
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0
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0
2
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2
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0
0
0
0
0
0
0
0
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0
0

00
0
0
0
0

9
0
0
4
0
0
2
0

23
0

0
0
0
0
2
4
4
0

59
230
0
a
0
0
0
0
0
2
0

167
0
0
0
0
0
0
0
0
0
0
0
7
0
0
0
0

16
0

19.0 18.8
0.3 0.0
4.0 2.1
0.3 0.0
0.5 0.3

21.4 12.4
2.3 1.4
3.4 0.0

163.0 76.1
160.1 231.3

0.8 0.8
0.0 0.3
2.9 2.5
0.3 0.0
0.5 0.6
0.5 0.0
0.0 0.3
3.1 1.4
0.3 0.0

152.9 IS6.9
1.0 0.0
0.0 1.4
0.3 0.0
0.3 0.0
OS 0.0
0.3 0.3
0.6 0.0
0.0 0.5
1.6 1.1
0.0 0.0
0.5 0.0
8.1 4.5
0.3 0.0
0.0 0.3

22.0 1.0
0.3 0.0

48.8 33.0
0.5 0.5

Total 1.132 1,020 S5 586 749 870 54 490 778 596 80 714 974 745 6 491 620.1 547.4

Table 4-3. Hean Hacroinvertebrate Densities (no. 1m2) at Each Sample Station During Operational Monitoring, 1984 and 1985, Sequoyah Nuclear Plant, 
Chickamauga Reservoir. 

Taxa 

~ 
Ar:W 
Branchlyra sowerby1 
~ 
Ceralopogonldae 
Chaoborys 
Chi ronoml dae 
Ch1ronomys 
Coelolanyoys 
Corb!cyla manllens1s 
Crangonyx 
Cr!cotooys 
CryotochirongIDUs 
Culis;o1des 

I Cyrnel]ys [raternus 
-D!s;rotendloes 
~ D;ptera 
I Epolcocoladiys 

Gyrau]ys 
Henqenla 
Hyaella u.tG4 
Hydrobaenys 
Hydropsychidae 
tschnura 
Hemata 
Qwlli 
ParaS;]adope]ma 
paratanytarsys 
Pect!natella magn)f!ca 
Pb.va 
PolYDedl]um 
Procladius 
ProDten 
S1Al..U 
SDhaerlum 
Truncl1]a donaclfonm1s 
Tubt(lcidae 
Xenoch;ronomus 

Total 

febryary 
1984 )985 1984 

Tennessee River Hlle 
478.2 482,6 483,4 490,5 478,2 482,6 483,4 490,5 478,2 482.6 483,4 490.5 

49 65 
o 0 
7 5 
2 0 
o 0 

72 29 
o 2 
4 0 

3) 1 378 
187 180 

o 0 
o 0 
4 9 
o 0 
o 0 
2 0 
o 0 
4 4 
o 0 

421 288 
2 0 
o 0 
o 2 
o 0 
2 0 
o 0 
o 0 
o 0 
o 0 
o 0 
2 0 
4 18 
o 0 
o 0 

23 \3 
o 0 

36 27 
o 0 

1, \32 1,020 

o 
o 
o 
o 
2 
2 
7 
o 
5 

16 
o 
o 
o 
o 
4 
o 
o 
o 
o 
5 
4 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
4 
o 
o 
2 
2 
o 
2 

55 

9 
o 
7 
o 
o 

59 
o 
9 

133 
248 

o 
o 
4 
o 
o 
o 
o 
4 
o 

41 
2 
o 
o 
2 
o 
2 
o 
o 
2 
o 
o 

31 
2 
o 
o 
o 

31 
o 

586 

16 
o 
4 
o 
o 

58 
o 
o 

110 
259 

2 
o 
o 
o 
5 
o 
2 
2 
o 

212 
o 
4 
o 
o 
o 
2 
o 
o 
o 
o 
o 
5 
o 
o 
o 
o 

68 
o 

749 

36 
o 
5 
o 
o 

23 
o 
o 

198 
277 

2 
2 
2 
o 
o 
o 
o 
o 
o 

236 
o 
o 
o 
o 
o 
o 
o 
2 
o 
o 
o 
4 
o 
o 
2 
o 

8) 
o 

870 

o 
o 
o 
o 
o 
o 
5 
o 
4 
5 
o 
o 
o 
o 
o 
o 
o 
o 
o 

18 
o 
7 
o 
o 
o 
o 
o 
2 
o 
o 
o 
o 
o 
o 
2 
o 
7 
4 

54 

23 
o 
4 
o 
o 
7 
o 
o 

65 
254 

o 
o 

18 
o 
o 
o 
o 
2 
o 

63 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

14 
o 
2 
o 
o 

38 
o 

490 

9 
o 
4 
o 
o 
o 
2 
o 

162 
229 

2 
o 
o 
2 
o 
o 
o 
4 
2 

155 
o 
o 
o 
o 
o 
o 
o 
o 

·2 
o 
2 
2 
o 
o 

79 
o 

124 
o 

778 

11 
2 
4 
o 
o 
o 
o 
o 

142 
232 

o 
o 
o 
o 
o 
o 
o 
o 
o 

]]5 
o 
o 
o 
o 
o 
o 
o 
o 
9 
o 
o 
4 
o 
o 

16 
o 

61 
o 

596 

o 
o 
o 
o 
o 
9 
2 

14 
9 

13 
4 
o 
2 
o 
o 
2 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
5 
o 
o 
o 
o 
o 
o 
o 
9 
o 
7 
2 

80 

9 
o 
5 
o 
2 
o 
5 
o 

164 
176 

o 
o 
4 
o 
o 
o 
o 
9 
o 

198 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
2 
o 
o 

34 
o 

104 
o 

714 

Jyne 
1985 

478,2 482.6 483,4 490,5 

43 
o 
2 
o 
o 
2 
o 
o 

70 
517 

2 
o 
o 
o 
o 
o 
o 
5 
o 

302 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
o 
o 
o 

29 
o 

974 

32 
o 
2 
o 
o 
5 
2 
o 

101 
308 

o 
o 
o 
o 
o 
o 
o 
o 
o 

257 
o 
o 
o 
o 
o 
o 
o 
o 
9 
o 
o 
4 
o 
o 
2 
o 

23 
o 

745 

o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
o 
2 
o 

6 

o 
o 
o 
o 
2 
4 
4 
o 

59 
230 

o 
o 
o 
o 
o 
o 
o 
2 
o 

167 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
7 
o 
o 
o 
o 

16 
o 

491 

Average 
Abyndance 

1984 )985 

19.0 
0.3 
4.0 
0.3 
0.5 

21.4 
2.3 
3.4 

163.0 
160.1 

0.8 
0.0 
2.9 
0.3 
0.5 
0.5 
0.0 
3.1 
0.3 

152.9 
1.0 
0.0 
0.3 
0.3 
0.5 
0.3 
0.6 
0.0 
1.6 
0.0 
0.5 
8.1 
0.3 
0.0 

22.0 
0.3 

48.8 
0.5 

620.1 

18.8 
0.0 
2.1 
0.0 
0.3 

12.4 
1.4 
0.0 

76.1 
231.3 

0.8 
0.3 
2.5 
0.0 
0.6 
0.0 
0.3 
1.4 
0.0 

156.9 
0.0 
1.4 
0.0 
0.0 
0.0 
0.3 
0.0 
0.5 
1.1 
0.0 
0.0 
4.5 
0.0 
0.3 
1.0 
0.0 

33.0 
0.5 

547.4 



Table 4-4. Results of One-Way Analysis of Variance and Student-Newman-
Keuls Multiple Range Test on Total Macroinvertebrate Data
(Logl 0 Transformed) Collected Near Sequoyah Nuclear Plant,
Chickamauga Reservoir, February and June, 1985

Date F-ratio P > F Grouping* Meant N Station

Feb. 44.33 0.0001 A 2.9329 10 3
A 2.8510 10 4
A 2.6734 10 1
B 1.4331 10 2

Jun. 162.94 0.0001 A 2.9678 10 4
A 2.8689 10 3
A 2.6808 10 1
B 0.2847 10 2

*Means with the same letter are not significantly different (x = 0.05)

tMeans are logl 0 transformed

*Stations are:
I = TRM 490.6
2 = TRM 483.4
3 = TRM 482.6
4 = TR?2 478.2
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Table 4-4. Results of One-Way Analysis of Variance and Student-Newman-
Keuls Multiple Range Test on Total Macroinvertebrate Data 
(Log10 Transformed) Collected Near Sequoyah Nuclear Plant, 
Chickamauga Reservoir, February and June. 1985 

Date F-ratio P > F Grouping* Meant N Station * 
Feb. 44.33 0.0001 A 2.9329 10 3 

A 2.8510 10 4 
A 2.6734 10 1 
B 1.4331 10 2 

Jun. 162.94 0.0001 A 2.9678 10 4 
A 2.8689 10 3 
A 2.6808 10 1 
B 0.2847 10 2 

*Means with the same letter are not significantly different (~ = 0.05) 

tMeans are 10810 transformed 

*Stations are: 
1 = TRM 490.6 
2 = TRM 483.4 
3 = TRM 482.6 
4 = TRM 478.2 
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Table 4-5. Macroinvertebrate Diversity Index Values During Operational Monitoring Periods
(1985), Sequoyah Nuclear Plant, Chickamauga Reservoir.

Tennessee River Mile
478.2 482.6 483.4 490.5

No. No. No. No.

Taxa Dbar e Taxa Dbar e Taxa Dbar e Taxa Dbar e

Feb 1985 14 2.43 0.52 13 2.34 0.53 9 2.82 1.10 11 2.28 0.60

Jun 1985 10 1.74 0.43 11 2.03 0.49 3 1.58 1.26 9 1.82 0.51

t-4

Table 4-5. Macroinvertebrate Diversity Index Values During Operational Monitoring Periods 
(1985), Sequoyah Nuclear Plant, Chickamauga Reservoir. 

Tennessee River Mile 
478.2 482.6 483.4 490.5 

No. No. No. No. 
Taxa Dbar e Taxa Dbar e Taxa Dbar e Taxa Dbar e 

Feb 1985 14 2.43 0.52 13 2.34 0.53 9 2.82 1.10 11 2.28 0.60 

Jun 1985 10 1. 74 0.43 11 2.03 0.49 3 1.58 1.26 9 1.82 0.51 



Table 4-6. Macroinvertebrate Taxa Collected Exclusively Upstream or
Downstream of Sequoyah Nuclear Power Plant, During
Operational Monitoring, February 1985.Through June 1985.

Taxon Downstream Upstream*

Ceratopogonidae X
Crangonyx Sp. X
Cricotopus Sp. X
Cyrnellus Fraternus X
Diptera X
Hydrobaenus Sp. X
Oecetis Sp. X
Paratanytarsus Sp. X
Pectinatella Magnifica X
Sialis Sp. X
Sphaerium Sp. X
Xenochironomus Sp. X

*Upstream: River Mile 490.5
Downstream: River Miles 478.2, 482.6, and 483.4.
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Table 4-6. Macroinvertebrate Taxa Collected Exclusively Upstream or . 
Downstream of Sequoyah Nuclear Power Plant, During 
Operational Monitoring, February 1985· Through June 1985. 

Taxon 

Ceratopogonidae 
Crangoriyx Sp. 
Cricotopus Sp. 
Cyrnellus Fraternus 
Diptera 
Hydrobaenus Sp. 
Oecetis Sp. 
Paratanytarsus Sp. 
Pectinatella Magnifica 
Sialis Sp. 
Sphaerium Sp. 
Xenochironomus Sp. 

*Upstream: River Mile 490.5 

Downstream 

x 
X 
X 
X 
X 
X 
X 
X 

X 
X 

Downstream: River Miles 478.2, 482.6, and 483.4. 
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Upstream* 

x 

X 



Table 4-7. Comparison of 1985 Station Means of Dominant Macroinvertebrate Taxa with
Those Collected in 1984 and During Preoperational Monitoring, Sequoyah
Nuclear Plant, Chickamauga Reservoir.

Preoperational
Date TRM Taxon 1984 1985 t* Mean (Range)

Feb 490.5 Total macroinvertebrates 585.0 491.2 1.581 441.3 (77-987)
Hexagenia 41.4 63.0 1.633 210.6 (0-435)
Chironomidae 189.7 122.5 1.846 76.5 (0-272)
Oligochaeta 37.8 41.4 0.271 47.2 (0-399)
Corbicula manilensis 249.7 255.3 0.141 101.3 (0-290)

483.4 Total macroinvertebrates 54.0 54.0 0.000 213.6 (0-1269)
Hexagenia 5.4 18.0 1.353 20.1 (0-272)
Chironomidae 18.0 21.6 0.327 10.9 (0-54)
Oligochaeta 0.0 7.2 1.809 69.1 (0-707)
Corbiculamanilensis 16.2 5.4 2.151* 114.8 (0-1251)

482.6 Total macroinvertebrates 1,018.8 873.3 2.215t -- :
Hexagenia 289.6 237.0 1.604 -
Chironomidae 447.3 243.9 5.380* -

Oligochaeta 32.4 86.6 2.542t -

Corbicula manilensis 180.9 278.8 2.648t -

478.2 Total macroinvertebrates 1,130.4 751.8 3.941* 580.3 (0-1504)
Hexagenia 423.8 213.5 4.326* 77.7 (0-344)

Chironomidae 379.8 137.1 5.202* 184.5 (0-834)
Oligochaeta 43.2 72.1 1.501 33.4 (0-145)
Corbicula manilensis 188.2 260.6 1.220 91.6 (0-453)

Jun 490.5 Total macroinvertebrates 714.6 493.4 3.827* 446.3 (155-870)
Hexagenia 199.0 168.1 1.259 196.6 (0-490)
Chironomidae 193.3 72.0 7.093* 97.4 (0-218)
Oligochaeta 110.1 16.2 4.495* 70.4 (0-200)
Corbicula manilensis 177.1 231.7 1.595 74.7 (0-236)

Table 4-7. Comparison of 1985 Station Means of Dominant Macroinvertebrate Taxa with 
Tbose Collected in 1984 and During Preoperational Monitoring, Sequoyah 
Nuclear Plant, Chickamauga Reservoir. 

Preoperational 
Date TRM Taxon 1984 1985 t* Mean (Rangel 

Feb 490.5 Total macro invertebrates 585.0 491.2 1.581 441.3 (77-987) 
Hexagenia 41.4 63.0 1.633 210.6 (0-435) 
Chironomidae 189.7 122.5 1.846 76.5 (0-272) 
Oligochaeta 37.8 41.4 0.271 47.2 (0-399) 
Corbicu1a manilensis 249.7 255.3 0.141 101.3 (0-290) 

483.4 Total macro invertebrates Sft.O 54.0 0.000 213.6 (0-1269) 
Hexagenia 5.ft 18.0 1.353 20.1 (0-272) 
Chironomidae 18.0 21.6 0.327 10.9 (0-54) 

I Oligochaeta 0.0 7.2 1.809 69.1 (0-707) -w Corbicu1amanilensis 16.2 5.4 2.151* 114.8 (0-1251) 
\0 
I 

482.6 Total macro invertebrates 1,018.8 873.3 2. 21St -* Hexagenia 289.6 237.0 1.604 
Chironomidae -447.3 243.9 5.380* 
01igochaeta 32.4 86.6 2.SftZt 
Corbicula mani1ensis 180.9 278.8 2.6ftSt 

478.2 Total macroinvertebrates l,l30.4 751.8 3.941* 580.3 (0-1504) 
Hexagenia 423.8 213.5 4.326* 77 .7 (0-344) 
Chironomidae 379.8 137.1 5.202* . 184.5 (0-834) 
Oligochaeta 43.2 72.1 1.501 33.4 (0-145) 
Corbicu1a mani1ensis 188.2 260.6 1.220 91.6 (0-453) 

Jun 490.5 Total macro invertebrates 714.6 493.4 3.827* 446.3 (155-870 ) 
Hexagenia 199.0 168.1 1.259 196.6 (0-490) 
Chironomidae 193.3 72.0 7.093* 97.4 (0-218) 
01igochaeta 110.1 16.2 4.495* 70.4 (0-200) 
Corbicu1a manilensis 177 .1 231. 7 1.595 74.7 (0-236) 



Table 4-7. (Continued)

Preoperational
Date TRM Taxon 1984 1985 t* Mean (Range)

483.4 Total macroinvertebrates 79.2 5.4 6.112* 153.1 (0-478)
Hexagenia 0.0 0.0 - 15.1 (0-163)
Chironomidae 36.0 1.8 4.670* 14.1 (0-72)
Oligochaeta 7.2 1.8 1.567 39.3 (0-155)
Corbicula manilensis 12.6 0.0 2.689t 77.3 (0-326)

482.6 Total macroinvertebrates 595.8 748.6 3.093*
Hexagenia 115.6 258.8 5.607* -

Chironomidae 157.1 138.9 0.698 -

Oligochaeta 64.9 32.4 1.463 -

Corbicula manilensis 233.3 309.5 2.549t -

Jun 478.2 Total macroinvertebrates 777.6 978.8 2.100 476.8 (18-1105)
Hexagenia 155.4 304.0 5.825* 157.6 (0-471)
Chironomidae 180.6 120.7 2.138t 99.2 (0-309)
Oligochaeta 128.4 30.6 4.778* 115.6 (0-562)
Corbicula manilensis 229.9 519.9 4.163* 83.7 (0-490)

I-

0

*From comparison of means based on paired samples; df = 18.

tNull hypothesis rejected; Means are significantly different at the 0.05 level of

testing.

*Preoperational data were not collected at TRM 482.6.

§Null hypothesis rejected; Means are significantly different
testing.

at the 0.01 level of

I .... 
~ 
0 
I 

Table 4-7. (Continued) 

Preoperational 
Date TRM Taxon 1984 1985 tic Mean (Ran&e) 

483.4 Total macroinvertebrates 79.2 5.4 6.112* 153.1 (0-478) 
Hexagenia 0.0 0.0 15.1 (0-163) 
Chironomidae· 36.0 1.8 4.67<>* 14.1 (0-72) 
Oligochaeta 7.2 1.8 1.567 39.3 (0-155) 
Corbicu1a mani1ensis 12.6 0.0 2.689t 77 .3 (0-326) 

482.6 Total macroinvertebrates 595.8 748.6 3.09~ 
Hexagenia 115.6 25~.8 5.607* 
Chironomidae 157.1 138.9 0.698 
Oligochaeta 64.9 32.4 1.463 
Corbicula manilensis 233.3 309.5 2.549t 

Jun 478.2 Total macro invertebrates 777.6 978.8 2.100 476.8 (18-1105) 
Hexagenia 155.4 304.0 5.825, 157.6 (0-471) 
Chironomidae 180 •. 6 120.7 2. 138t 99.2 (0-309) 
Oligochaeta 128.4 30.6 4.77~ 115.6 (0-562) 
Corbicu1a manilensis 229.9 519.9 4.16~ 83.7 (0-490) 

*From comparison of means based on paired samples; df = 18. 

tNull hypothesis rejected; Means are significantly different at the 0.05 level of 
testing. 

*Preoperational data were not collected at TRM 482.6. 

§Nul1 hypothesis rejected; Means are significantly different at the 0.01 level of 
testing. 
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Figure 4-1. Spatial Distribution of Dominant Macroinvertebrate Taxa in the Vicinity
of Sequoyah Nuclear Plant, Chickamauga Reservoir, Tennessee, Winter
and Spring 1985.
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Figure 4-1. Spatial Distribution of Dominant Macroinvertebrate Taxa in the Vicinity 
of Sequoyah Nuclear Plant, Chickamauga Reservoir, Tennessee, Winter 
and Spring 1985. 
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4.2 Bioaccumulation

4.2.1 Materials and Methods

Field--In early November 1984 two species of freshwater mussels,

Cyclonaias tuberculata and Amblema plicata, were collected from Wilson

Dam tailwater (TRM 258.3), and Asiatic clams, Corbicula manilensis, were

collected from Spring Creek embayment on Wheeler Reservoir near TRM 283.8.

During the several days required to collect enough mollusks for the

study, organisms were held in a living stream. They were then packed

between layers of wet burlap and transported in ice chests to SQN incu-

bation sites. Samples of each species were retained to determine initial

metal concentrations.

Test animals in nylon mesh bags were suspended from racks made

of polyvinyl-chloride pipe anchored with concrete. Racks were located

upstream (TRM 485.0) and downstream (TRM 482.9) of SQN.

Sufficient test animals were placed at each site to allow for

quarterly sampling through spring of 1985, at which time the study was

discontinued. Each sample of mussel tissue consisted of three indivi-

duals (whole body) per species while a sample of C. manilensis consisted

of 10-12 individuals, depending on size. Following collection, mollusks

were held three to four days in charcoal-filtered tap water to purge gut

contents. Stainless steel knives were used to remove the entire body

mass from the shells. Tissues were rinsed with deionized, distilled

water, placed in plastic bags, and frozen until chemical analyses could

be performed.
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Laboratory--Metals analyses were performed on whole body homo-

genates of the source populations and test animals. Tissues were

analyzed for copper, nickel, iron, aluminum, zinc, and cadmium. Standard

atomic absorption spectroscopy techniques were used for all metals except

cadmium, which was measured by graphite furnace atomic absorption methods.

Data Analyses--Metals data collected in 1985 were graphically

illustrated for March and June. Initial (November 1984) metal concentra-

tions (from source populations) also were included as a reference but do

not necessarily represent background levels in Chickamauga Reservoir.

A two-way ANOVA and Least Significant Difference (LSD) ranking

technique were utilized to determine significant differences in 1985

tissue metal concentrations among mollusk species and between locations

(upstream and downstream of SQN). Tests were conducted separately for

each season and for combined seasons. Both main effects (species and

location) and interaction means were compared with corresponding means

for the preceding two years (1983-1984) to more fully evaluate the 1985

data.

4.2.2 Results and Discussion

Bioaccumulated metals have been shown to vary among mollusk

species and from season-to-season in the same species (TVA, 1985).

Differences are thought to occur because of physiological diversity in

the mollusks, varying abundances of microscopic organisms in the water

and sediments, differences in water hardness, and other interrelated

factors which affect both concentrations of metals in the water and rate

of bioaccumulation (Frazier, 1976; Phillips, 1977). In 1985, species
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differences occurred mainly for iron. copper, and zinc while seasonaL

differences were most obvious for aluminum (all species), copper

(Cyclonaias tuberculata and Amblema plicata), and cadmium (Amblema

plicata) (table 4-8, figures 4-4 and 4-5). Laboratory analysis of nickel

was inconclusive as all values were reported at concentrations

1.0 pg/g (appendix Q).

Statistical analysis of the bioaccumulation data identified

highly significant differences for species, which varied between March

and June samples for aluminum and cadmium (table 4-9). Analysis of the

March/June combined data set indicated no significant difference among

species for aluminum and cadmium but highly significant (cx ( 0.001)

differences for copper, iron, and zinc. These data showed the clam

Corbicula manilensis was a better bioaccumulator of copper than the two

mussel species, while the mussels bioaccumulated more Iron and zinc than

the clam. Similar results have occurred in the previous studies.

Location (upstream versus downstream) was not significant for

March, June, or the combined data set, indicating no impact from SQN.

Significant interaction occurred only once, in March, when copper was

significantly (a < 0.05) higher downstream (8.40 pg/g) in Corbicula

manilensis than upstream (7.30 pg/g). Interaction was not significant

for data sets including June, combined months, or any other year indica-

ting a one-time occurrence which does not represent a major encroachment

by SQN. Concentrations of copper up to 10.06 pg/g have occurred

upstream of SQN in other years (table 4-10).

Comparison of 1985 data with other years, 1983-84, (table 4-10)

showed winter concentrations of aluminum and iron were lowest during 1985
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both upstream and downstream of SQN. In spring, 1985 concentrations of

aluminum, cadmium, iron, and zinc were lower than those measured in

previous years.

4.2.3 Summary and Conclusions

Concentration of metals in mollusk tissues is a function of

metal availability and physiological processes involved in metal uptake.

Analysis of 1985 data yielded results similar to previous years, indi-

cating preferential uptake of specific metals by different mollusk

species, seasonal differences, and absence of significant location

effects. Metals contained in mollusk tissues upstream and downstream of

SQN were generally less than observed during earlier investigations.

These data indicate lack of significant impact of SQN regarding metals

bioaccumulation in Chickamauga Reservoir.

.9
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Table 4-8. Mean Metals Data from Mollusks (Whole Body. Soft Tissues) Utilized in Determining

Bioaccumulation in the Vicinity of Sequoyah Nuclear Plant, Chickamauga Reservoir. 1985

Date Number of Mean Metal Concentration (EZ._91L
Collected Species Samples Location* Iron Copper Zinc Nickel Aluminum Cadmium

11/8/84 Cyclonaias tuberculata 4 Background 165.0 6.5 51.5 (1.0 8.0 0.25

Amblema licata 4 Background 278.0 0.7 58.0 (1.0 2.3 0.27

Corbicula manilensis 4 Background 19.3 9.1 19.8 (1.0 1.8 0.17

3/6/85 Cyclonaias tubercu1ata 3 Upstream 210.0 1.0 40.7 (1.0 4.8 0.30
3 Downstream 213.3 1.0 38.3 (1.0 7.5 0.24

Amblema plicata 3 Upstream 243.3 2.7 43.0 (1.0 6.5 0.40

3 Downstream 233.3 2.6 35.7 I.0 6.2 0.37

Corbicula manilensis 3 Upstream 17.7 7.3 12.7 (1.0 6.9 0.18
3 Downstream 16.7 8.4 12.0 (1.0 5.0 0.18

6/5/85 Cyclonaias tuberculata 3 Upstream 183.3 1.8 41.0 (1.0 1.3 0.24
3 Downstream 190.0 4.5 47.0 (1.0 3.0 0.26

Amb1ema plicata 3 Upstream 216.7 1.1 47.0 (1.0 3.7 0.12
3 Downstream 230.0 0.8 46.0 (1.0 4.3 0.11

Corbicula manilensis 3 Upstream 18.3 7.6 13.0 (1.0 2.5 0.17

3 Downstream 18.0 9.1 13.0 (1.0 1.0 0.15

I

*Upstream = TRM 485.0
Downstream = TRM 482.9
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Table 4-9. Summary of Two-Way ANOVA (Species and Location) for 1985 Metals Concentra-
tions in Mollusks Upstream and Downstream of Sequoyah Nuclear Plant,
Chickamauga Reservoir

Compari son

March 1985

aiDn Effects

Species (s) (n = 6)
Sl (Cyclonaias)
S2 (Amiblema)
S3 (Corbicula)
Significance of S
99% LSDJ

Location (L) (n
I Li (upstream)

4-- L2 (downstream)
Significance of L

Interaction (S x LI (n 33

SI x Ll
SI x L2

S2 x LI
S2 x L2

S3 x LI
S3 x L2

Significance of S x L
99% LSD

June 1985

Main Ef er

Species Ms) (n = 6)
Sl (Lulanaias)

S! (Ajddema)
S-1 (r&I'lis"l)

Si mificance of S
9f . LSD

Averane Metal Concentration (Ig/a)
Aluminum Cadmium Conner Iron Zinc

6.15
6.33
5.93

NS*
NS

6.08
6.20
NS

4.83
7.47

6.50
6.17

6.90
4.97

NS
NS

2.17a
4.00b
1.73a

1.49

0.27b
0.38c
o.18a

0.07

0.29
0.26
NS

0.30
0.24

0.40
0.37

0.18
0.18

NS
NS

0.25c
0. 12a
0.16b
f

0.04

1.03a
2.65b
7.85c

0.39

3.69
4.00
NS

1.03
1.03

2.73
2.S7

7.30a
8.40b

0.55

3.13b
0.97a
8.37c

1.46

211.67b
238.33b

17.17a

40.51

157.00
154.44

HS

210.00
213.30

243.30
233.30

17.67
16.67

MS
NS

186.67b
223.33b

18. 17a

43.59

39.50b
39.33b
12. 33a

7.91

32.11
28.67

NS

40.67
38.33

43.00
35.67

12.67
12.00

MS
KS

44.00b
46.SOb
13.00a

8.11

Table 4-9. Summary of Two-Way ANOVA (Species and Location) for 1985 Metals Concentra-
tIons in Mollusks Upstream and Downstream of Sequoyah Nuclear Plant. 
Chickamauga Reservoir 

6~II[j1,!II: t:lUill 'IlO'tOtCilt~11D ( IIslsl 
CO/DDar1sPO AlumloLllll Cildmh.!m CQRRI[ X[QO l:iol: 

March 1985 

Haln Effects 

Species (5) (n = 6) 
51 (eXC] PDUil5) 6.15 O.27b 1.03a 211.67b 39.50b 
S2 (Amb]tma) 6.33 0.38c 2.65b 238.33b 39.33b 
S3 (Corbl,ulil) 5.93 0.18a 7.85c 17.17a 12 .33a 
Significance of S NS· t t t i 
99% LSot NS 0.07 0.39 40.51 7.91 

Location (L) (n = }) 
I L1 (upstream) 6.08 0.29 3.69 157.00 3Z.11 .... 

L2 (downstream) 6.20 0.26 4.00 154.44 28.67 .r:-
\0 SIgnificance of L NS N5 NS NS NS 
1 

Intll[ilI:t~gO (5 ~ Ll (0 = 3) 

51 x L1 4.83 0.30 1.03 210.00 40.67, 
51 x L2 7.47 0.24 1.03 213.30 38.33 

SZ x Ll 6.50 0.40 2.73 243.30 43.00 
S2 x LZ 6.17 0.37 2.57 233.30 35.67 

S3 x Ll 6.90 0.18 7.30a 17.67 12.67 
S3 x LZ 4.97 0.18 8.4Gb 16.67' lZ.00 

Significance of S x L NS NS ~ NS N5 
99% LSD NS NS 0.55 NS NS 

June 1985 

M31n Eff~lli 

Species (<;) (n = 6) 
SI (~ J.Q.Ql1.u) 2.17a O.25c 3.13b 186.67b 44.00b 
S;' ( Am!!l.1mA) 4.00b O.12a 0.97a Z23.33b 46.50b 
S~. (CSlf~..wua) 1.73a 0.16b 8.37c 18.17a n.OOa 
SI lnlficance of S t t t t i 
9~ . LSD ).49 0.04 1.46 43.59 B.ll 



Table 4-9. (Continued)

Ln0-'
0

Comparison

Location (L) (n = 9)
LI (upstream)
L2 (downstream)
Significance of L

Interaction IS x L) (n = 31'

SI x Li
51 x L2

S2 x LI
S2 x LZ

S3 x Li
S3 x L2

Significance of S x L

Harch and June 1985 (combined)

Main Effects

Species (s) (n = 12)
Si (Cyclonaias)
S2 (hmblema)
S3 (Corbiciula)
Significance of S
99% LSD

Location (L) (n = 18)
LI (upstream)
L2 (downstream)
Significance of L

Interaction (S x L) (n 6)

2.49
2.78
NS

1.33
3.00

3.67
4.33

2.47
1.0.0

NS

4.16
5.17
3.83
NS
NS

4.28
4.49
"S

3.08
5.23

5.08
5.25

0.18
0.17
NS

0.24
0.26

0.12
0.11

0.17
0.15

NS

0.26
0.25
0.17
NS
NS

0.24
0.22
NS

0.27
0.25

0.26
0.24

3.Si
4.80
HS

1.80
4.47

1.13
0.80

7.60
9.13

HS

2.08a
1 .81a
8.1lb

0.76

3.60
4.40

NS

1.42
2.75

1.93
1.68

139.44
146.00

NS

183.33
190.00

216.67
230.00

18.33
18.00

NS

199.17b
230.83c

17.67a

26.26

148.22
150.22

HS

196.67
201.67

230.00
231.67

33.67
35.33

PS

41.00
47.00

47.00
46.00

13.00
13.00

MS

41.75b
42.92b
12.67a

5.30

32.89
32.00

NS

40.83
42.67

45.00
40.83

Averaae Metal Concentration (1.,/a)
Aluminum Cadmium Cooner Iron Zinc

SI x LI
$1 x L2

S2 x LI
S2 x L2

Table 4-9. (Continued) 

Al!&lraae Meta] CODl:eotcathlo {uaLa} 
CllIDoar \san 1'111.1111101.1111 Cadm1UD1 Caillier Iroa ZiDl: 

locaUon (l) Cn = 9) 
L1 (upstream) 2.49 0.18 3.51 139.44 33.67 
l2 (downstream) 2.78 0.17 4.80 146.00 35.33 
Significance of l NS NS itS NS NS 

Iateraction IS IS Ll 'a = 31' 

S1 x L1 1. 33 0.24 1.80 183.33 41.00 
S1 x L2 3.00 0.26 4.47 190.00 47.00 

S2 x L1 3.67 0.12 1. 13 216.67 47.00 
S2 x L2 4.33 0.11 0.80 230.00 46.00 

S3 x Ll 2.47 0.17 7.60 18.33 13.00 
S3 x L2 1.00 0.15 9.13 18.00 13.00 

I .... 
Significance of S x L NS NS itS NS NS VI 

0 
I Harch and June 1985 (combined) 

Halo Effects 

Species (s) (n = 12) 
SI (Cl:']lmal i!.5 I 4.16 0.26 2.08a 199.17b 41. 75b 
S2 (Ambl ema) 5.17 0.25 1.81a 230.83c 42.92b 
S3 (Corbj,ula) 3.83 0.17 8.11b 17.67a 12.67a 
Significance of S NS NS t i t 
99% LSD NS NS 0.76 26.26 5.30 

Location (l) Cn = 18) 
Ll (upstream) 4.28 0.24 3.60 148.22 32.89 
L2 (downstream) 4.49 0.22 4.40 150.22 32.00 
Significance of L itS NS NS itS NS 

InteractlDn {S IS bl 'a = til 
SI x L1 3.08 0.27 1.42 196.67 40.83 
Sl x l2 5.23 0.25 2.75 201.67 42.67 

S2 x l1 5.08 0.26 1.93 230.00 45.00 
S2 x l2 5.25 0.24 1.68 231.67 40.83 



Table 4-9. (Continued)

Avertaae Hetal Concentration (,j/la)
Comparisonl Aluminum Cadmium- Copper Iron Zine

S3 x Li 4.68 0.18 7.45 18.00 12.83
S3 x L2 2.98 0.17 8.77 17.33 12.50

Significance of S x L NS NS NS NS NS

*NS = Not significant at a = 0.05.

JPR > F j 0.01.

:99 percent LSD = Least Significant Difference. Similar letters in a column indicate

similar means in a given group.

§PR > F 1 0.05.
I-.,
I .... 
"" .... 
I 

'. 

Table 4-9. (Continued) 

Comparison 

S3 x Ll 
S3 X L2 

Significance of S x L 
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-NS = Not significant at 0 = 0.05. 
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Ayerage tfl:Ul 
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0.18 
0.17 
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7.45 
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NS 

("g/g) 
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11.33 

NS 

Zinc 
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NS 

~9 percent LSD = Least Significant Difference. Similar letters in a column indicate 

similar means in a given group. 
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Table 4-10. Comparison of 1985 Mean Metal Concentrations in Mollusks Upstream and Downstream of Sequoyah Nuclear Plant,
Chickamauga Reservoir. With Corresponding Mean Concentrations Measured in 1983-1984.

Averaae Metal Concentration (,.a/a1
Comparison Aluminum Cadmium Cooper Iron Zinc

(1983-84) (1985) (1983-84) (1985) (1983-84) (1985) (1983-84) (1985) (1983-84) (1985)

WINTER

Main Effects

I
•n
to
I

Species (S)
S1 (Cylonaias)
S2 (Ahhl )
S3 (Corbi.ulg manglensis)

Location ML)
Li (upstream)
L2 (downstream)

Interaction (S x L)

S x tl
Si x L2

S2 x L1
S2 x L2

S3 x L1
S3 x L2

SPRING

Main Effects

Species (S)
S (CJlonaias)
S2 (Amlelma)
S3 (Corbicula mani- sti s)

Location (L)
L1 (upstream)
L2 (downstream)

Interaction (S x L)

S1 x tl
S1 x L2

52 x LI
S2 x L2

S3 x Li
S3 x L2

14.48
17.40
32.78

6.15 0.17 0.27 1.73 1.03 240.00
6.33 0.25 0.38 2.35 2.65 258.00
5.93 0.11 0.18 8.35 7.85 60.20

211.67
238.33

17.17

42.40
44.60
18.10

22.45 6.08 0.16 0.29 4.19 3.69 181.60 157.00 33.80 32.11
20.65 6.20 0.19 0.26 4.09 4.00 190.53 154.44 36.27 28.67

8.56 4.83 0.16 0.30 1.72 1.03 226.00 210.00 42.60 40.67
20.40 7.47 0.19 0.24 1.74 1.03 254.00 213.30 42.20 38.33

19.40 6.50 0.21 0.40 2.24 2.73 246.00 243.30 40.20 43.00
15.40 6.17 0.29 0.37 2.46 2.57 270.00 233.30 49.00 35.67

39.40 4.90 0.12 0.18 8.62 7.30 72.80 17.67 18.60 12.67
26.16 4.97 0.10 0.18 8.08 8.40 47.60 16.67 17.60 12.00

39.50
39.33
12.33

10.64
10.02
6.90

2.17 0.47 0.25 2.20 3.13 248.00
4.00 0.31 0.12 0.43 0.97 327.00
1.73 0.27 0.16 9.98 8.37 25.60

186.67
223.33

18.17

73.10
62.10
21.50

44.00
46.50
13.00

7.99 2.49 0.33 0.18 4.17 3.51 210.47 139.44 51.13 33.67
10.39 2.78 0.37 0.17 4.23 4.80 213.93 146.00 53.33 35.33

9.32 1.33 0.42 0.24 2.04 1.80 286.00 163.33 76.00 41.00
11.96 3.00 0.52 0.26 2.36 4.47 282.00 190.00 70.20 47.00

8.08 3.67 0.31 0.12 0.42 1.13 322.00 216.67 53.40 47.00
11.96 4.33 0.31 0.11 0.44 0.80 332.00 230.00 70.80 46.00

6.56 2.47 0.26 0.17 10.06 7.60 23.40 18.33 24.00 13.00
7.24 1.00 0.28 0.15 9.90 9.13 27.80 16.00 19.00 13.00

Table 4-10. Compar\son of 1985 Hean Metal Concentrattons tn Hollusks UPstream and Downstream of Sequoyah Nuclear Plant. 
Chtckamauga Reservotr. With Correspondtng Hean Concentrations Heasured in 1983-1984. 

6X~(~g~ ~tAl 'gD'~Dt(~tiIlD (usls) 
'Ilmllil[lsaD 6] LlD)I Ol.llll 'iulmhllD tallllB( IraD ZiD' 
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t:1aio UfBct5 
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Locat;on (LI 
II (upstream) 22.45 6.08 0.16 0.29 4.19 3.69 181.60 157.00 33.80 32.11 
L2 (downstream) 20.65 6.20 0.19 0.26 4.09 4.00 190.53 154.44 36.27 28.67 

IDtl:(iIoCtillo (S x b) 

51 x Ll 8.56 4.83 0.16 0.30 1.72 1.03 226.00 210.00 42.60 40.67 
I 51 x l2 20.40 7.47 0.19 0.24 1. 74 1.03 254.00 213.30 42.20 38.33 .... 

V1 
N 52 x II 19.40 6.50 0.21 0.40 2.24 2.73 246.00 243.30 40.20 43.00 I 

S2 x L2 15.40 6.17 0.29 0.37 2.46 2.57 270.00 233.30 49.00 35.67 
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SPRING 

ttalo Effel:ts 
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53 (Corbjculilo man;]eosJs) 6.90 I. 73 0.27 0.16 9.98 8.37 25.60 lB.17 21.50 13.00 

LocatIon (L) 
L1 (upstream) 7.99 2.49 0.33 0.18 4.17 3.51 210.47 139.44 51. \3 33.67 
l2 (downstream) 10.39 2.78 0.37 0.17 4.23 4.80 213.93 146.00 53.33 35.33 

loUcal:tllZll IS x...b.l 

SI x 11 9.32 1.33 0.42 0.24 2.04 1.80 286.00 183.33 76.00 41.00 
51 x L2 11.96 3.00 0.52 0.26 2.36 4.47 282.00 190.00 70.20 47.00 

S2 x II 8.08 3.67 0.31 0.12 0.42 1.13 322.00 216.67 53.40 47.00 
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5.0 FISH

Potential impacts to the fish community of Chickamauga Reservoir

from operation of SQN include: (1) loss of planktonic fish eggs and

larvae entrained by the CCWS; (2) loss of juvenile and adult fish

impinged on plant intake screens; and (3) effects of thermal or chemical

discharges on relative abundance and distribution of fish in the reser-

voir. To identify effects of entrainment losses of fish eggs and larvae,

densities were estimated immediately adjacent to the intake skimmer wall,

in the intake basin, and passing the plant. While total numbers removed

from the reservoir can be estimated, total numbers produced in the reser-

voir cannot be estimated from these data. Therefore, entrainment

estimates are expressed as the proportion of eggs and larvae moving past

SQN that are removed by the plant. Because many more larvae are produced

each year in Chickamauga Reservoir (e.g., in embayments, downstream of

SQN, and well upstream of the plant) than actually pass SQN, entrainment

percentages in this report are much higher than if percent entrainment

were based on total reservoir production.

Weekly sampling of juvenile and adult fish on intake screens

provided estimates of annual impingement. Unlike entrainment, impinge-

ment losses are not expressed relative to numbers of fish adjacent to the

plant. Rather, these are related to annual standing stock estimates from

cove rotenone samples. In this manner, impingement mortality is viewed

as the estimated quantity of reservoir fish standing stock removed by SQN

each year.
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Gill nets are passive sampling devices that effectively sample

some fish species. Gill nets do not sample all fish present but are

selective as to size and species of fish captured. Some species (e.g.,

sunfish) may be abundant in an area while few are caught in gill nets;

other species (e.g., sauger) are quite susceptible to capture in gill

nets. Therefore, gill net data are not used to estimate actual number of

fish present in an area but are used to evaluate relative abundance,

movement, and spatial distribution. Although gill nets are selective, we

assume that the greater the number of fish in or moving through an area,

the larger the catch will be.

Cove rotenone sampling is a quantitative, active sampling

method. Fish in a cove are isolated from the rest of the reservoir by a

block net. Toxicant (rotenone) is then applied and all fish are

collected, yielding quantitative estimates of fish populations in coves.

These estimates are not necessarily equivalent to standing stocks in the

entire reservoir, nor are they true population estimates because fish

species are not distributed evenly throughout the reservoir. However,

cove rotenone sampling represents the best overall quantitative method

for estimates of relative abundance in southeastern reservoirs. As such,

these data provide estimates of reproductive success, year-class

strengths, and fish stock sizes. Cove rotenone data are useful i-" deter-

mining long-term trends of these parameters for various species in a

reservoir.

Angling success is determined through creel surveys. These

surveys are designed to yield information on fishing pressure and fish

harvest. By dividing a reservoir into several compartments and sampling
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each compartment, comparisons can be made among reservoir areas. Infor-

mation gained from creel estimates includes number of fishing trips to a

reservoir, numbers and biomass of each species of fish harvested, harvest

rates, and seasonality of fishing pressure and harvest.

Data from all types of operational fisheries monitoring at SQN

through 1984 were analyzed and reported in the fourth annual operational

monitoring report (TVA, 1985). Included in that report were recommen-

dations on each component of the monitoring effort. These recommen-

dations were to (1) discontinue impingement, gill net, and creel studies,

(2) continue cove rotenone studies in conjunction with both SQN and Watts

Bar Nuclear Plant (also on Chickamauga Reservoir), and (3) modify larval

fish sampling to enable further evaluation of the relatively high

entrainment estimates for freshwater drum. On July 15, 1985 EPA con-

curred with these recommendations. Upon receiving EPA's concurrence,

changes to the monitoring program were implemented. This report includes

1985 results for both continued and discontinued aspects of the program.
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5.1 FISH EGGS AND LARVAE

Seasonal abundance and composition of fish eggs and larvae in

the vicinity of SQN were determined from preoperational monitoring con-

ducted from 1973 through 1977. Sample gear and procedures employed

during that period were previously described by TVA (1978b). Modified

gear and methods used in 1979 and during operational (1980 through 1984)

monitoring were summarized in TVA's most recent aquatic monitoring report

(TVA 1985). Further sampling modifications were proposed for 1985 based

on results of a pilot study (TVA 1985) conducted in 1984. These modifi-

cations were intended to refine the sampling program to most effectively

estimate transport and entrainment of eggs and larvae of freshwater drum.

5.1.1 Materials and Methods

Field Procedures for Collecting Larval Fish Samples in 1985

Sampling for fish eggs and larvae at SQN in 1985 began on

March 11, and continued biweekly through August 27. Samples were

collected from four areas or transects (figure 5-1):

1. Diffuser Transect (TRM 482.7)--A total of five, ten-minute samples
were collected during both day and night including one full-stratum

(i.e., bottom to surface) sample on the right overbank (station 7),
and two stratified (i.e., bottom to mid-deptn anu wlu -Gepth to
surface) samples at each of two main channel locations (stations 3
and 5). Procedures at this transect were the same as in 1984.

2. Plant Transect (TRM 484.8)--A total of nine, ten-minute samples at
this transect included one full stratum sample on the right overbank
(station R'- and four samples from each of the channel stations
(5 and 7). Three of these four samples were collected by dividing
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the water column into three equal strata anid towing the net obliquely
for ten minutes through each stratum. rhe fourth sample at each
channel station was an epibenthic sample collected, by towing, the net
parallel to, and as near the bottom a possible. These nine samples
were collected both day and night.

3. Skimmer Wall--Six, four-minute sapioles werle collected both day* and
night parallel to the skimmer wall. Th'ree of the• six samples were
collected by towing obliquely thiough the 9-13 meter (full pool)
stratum (as in previous years). The other three samples were
collected from a single stratwuh as near as possible to the center of
the skimmer wall openings (12.0-13.0 m at full pool). In addition,
beginning on the sample period following first occurrence of fresh-
water drum eggs (April 22), four, four-minute samples were collected
with two beginning at approximately one-four'th of the. distance and
two approximately three-fourths of the 'distance from the downstream
end of the ski'mmer wall and towing away from the wall and toward the
direction of flow into the intake. These four samples were collected
from the 9-13 m (full pool) stratum during both day and night.

4. Intake Basin (Channel)--Four, four-minute, full-stratum samples were
collected in the intake channel with each sample beginning near the
intake pumping structure and towing for four-minutes while raising
the net at 30-second intervals through the entire water column.

Laboratory Procedures

Preserving and processing of samples followed methods described

Iot. pmtmrol•r•oLtotna L imln.tI.LorImg (VA, 1.098b). IdemitLlcanL1on o! f'Lsh

larvae was: to the lowest level possible, which for most taxa was a

function of specimen size and developmental stage.

Data Analyses

Methods used to calculate densities, relative abundance, reser-

voir transport, and plant entrainment of fish eggs and larvae as well a:

hydraulic entrainment and reservoir flow weighting factors were described

in TVA (1985). 'EnitrAinment estima te-s were' calculated bacsed on ,samip.les

cD-lected at the slici e' wail as .in previou ye'aif', and usifii"sTpl•s

collected in the iftake channel for comparison. Student's t, and
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stratum (as in previous years). The other three s;unples were 
collec'ted from a single stratUln as near as possible to the center of 
the skilluner wall openings (12.0-13.0 m at full pool). In addit'ion, 
beginning on the sample period following fir~t occurrence of fre~h~ 
water drum eggs (April 22), four, four-minute samples were coiiected 
with two beginning at app,roximately one-four'th of the distanq~ and 
two approximately three-fourths of the 'distance from the downstresl!l 
end of the sk'i'mmer wall and towing away from the wall and toward - the 
direc.tion of flow into the intake. These four samples were collected 
from the 9-13 m (full pool) stratum during both day and night. 

4. Intake Basin (Channel)--Four, four-minute, full':'stratum samples were 
collected in the intake channel with each sample beginning near the 
intake pumping structure and towing for four-minutes while raising 
the net at 30-second intervals through the entire water column. 

Laboratorv Procedures 

Preserving Ilnd processing of samples rollowed methuds descrihed 

lUI.' PI.'f.'llpr!t';,IL 10lla L lII11nI.Lorlllg (TVA, l!Jl~b). IdentlL l,t:aL I.un ur Ilsh 

la,rvae was to the lowest level possible, which for most taxa was a 

function, of specimen 'si~e and developmenta~ stage. 

Data Analyses 

Methods us~d to calculate densities, relative abundance, reRer-

voir transport, and plant entrainment of fish eggs and larvae as "'ell ;;.':. 

hydraulic entrainment and reservoir flow weighting factors were described 

in TVA (1985). ~En'tr~inment e~ tiriiates were' calcula tedba:sei:l~.drisainpl'e~-

t't)f1~~.ted in the- int~ke channel for: comparison. Student • s t, and 
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Duncan's Multiple Range Tests were performed,'to dete6rmine significance

(a = 0.01) in differendes among stations and. strata sampled at the

plant.

5,1.2 Results and Discussion

Physical data, including plant -hydraulic entrainmehnt,. number' of

samples collected and mean water temperature for each sample date' from

1,980 through 1985 are listed in tables 5-1 and 5-2. Scientific and

dommdrn names, for fish egg and larval taxa, collected near SQN from 1979

through 1985 are in table 5-3.

Abundance Estimates of Eggs

5- Freshwater drum eggs comprised, 99.5 percent of the'

total, therefore all fish eggs will be referred to as freshwater drum

eggs- in this report. Freshwate~r drum eggs were. first.collected on April

22 in 1985, approximately three weeks earlier than in 1984, and they we're

present in samp'les throughout the remainder-of the season. The greatest

density recorded was .4,430/1,000 m3 (average of day and night samples):

on June 17 at the diffuser transect .(figure 5-2). Peak density at the,

plant transect was 71:9/1,000 m3 also on June 17. At the skimmer, wall

and intake basin, densities of freshwater drum eggs peaked on June 3 at

31,003 and 588/1,000 m , respectively.

Seasonal densities (average of all samples) of freshwatr drum

eggs were, as in previous years, highest (i,372/;OOO mi3) ',the
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diffuser transect, and considd•erabiy lower at the, pgant (1m891), kimeer

Swait (193), and intake basin '(136). At "the plant trafisect', densities .,of

freshwater drum eggs were significantly (a = 0.01) higher in night

samples, continuing, the trend observed since 1980.

Statistical analysis of vertical distribution Of freshwater drum

eggs at the plant transect where samples. were collected, from °four strata

(sUi Iidd-Ldapthj- O rvel d6'nighiiicn

dfferences, In densi"sesamong. strad-f•. However, densitiesi plotted by

stratum (figure 5-3,) appeared 'generally higher in the epibenthic and deep,

stratum samples than in. the, middle and shallow, str'ata. Horizontal 'dis-

tribution of freshwater drum eggs was also analyzed at, the, plant' transect-

with no 'significant difference, observed between the tw6 channel stations.

Samples collected at the skimmer wall consisted of single

stratum (or constant depth), oblique tows (or variable depth)., and

samples collected by towing away from the skimmer wall toward the direc-

tion of' flow into the 'intake (cross-current)'. No significant difference

in densities of. freshwater drum eggs was found among these, 'three types'. of

samples at the skimmer wall.

Abundance Estimates. of Larvae

sfi vae- iC'l ecte dii"'l985 fhr 6-- 6 85 _s-ami1es- near' S Q

L,12,37'0. Total numbers, percentage composition, and period of occurrence

by. taxa of fish. eggs and larvae is, in table 5-4. C l ':-eid (shad) domina-

tibn of total larvae; in 1985'-(61 percent) was les's than, the previous two

yea-s (79 percent in ,1984, 74 percent. in 1983). Lepomis (sunfish,) larvae
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were second in abundance (17 percent), followed by freshwater drum

(15 percent), and larval Morone (4 percent).

Average seasonal density for total fish larvae (table 5-5) was

similar at the plant (2,169/1,000 m 3) and diffuser (2,108/1,000 m )

transects. Seasonal densities were also similar from skimmer wall

(553/1,000 m 3) and intake (499/1,000 m 3) samples. Peak seasonal

density of total larvae was highest in 1985 at the plant transect

3 3
(9,671/1,000 m ) and slightly less (8,672/1,000 m ) at the diffuser

transect. Both these peaks occurred on May 6 when mean water temperature

was 20.6° C. At the skimmer wall and intake basin, peak seasonal densi-

ties were 1,683 and 2,004 larvae per 1,000 m , respectively, on June 17

at a mean water temperature of 24.50 C. Clupeid larvae dominated the

peak densities at the plant (86 percent)' and diffuser (72 percent)

transects, while freshwater drum larvae dominated peak densities at the

skimmer wall (82 percent) and intake basin (85 percent).

Entrainment of Fish Eggs and Larvae

Estimated Hydraulic Entrainment--Proportion of reservoir flow

estimated entrained by SQN during thirteen sample periods in 1985 ranged

from 3.1 to .33.9 percent. Se-a•0nal mean hydraulic entrainm-ent was---

12.2 percent, over, twice that estimated- in 1984 (5.7).- Hydraulic

entrainment by sample period and seasonal means for 1980 through 1985 are

listed in table 5-i.

Estimated Entrainment of Freshwater Drum Eggs--Slightly over one

billion (1.03 x 10 9) freshwater drum eggs were transported past SQN in

1985 estimated from biweekly densities at the plant transect and known
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reservoir flow volumes. Entraiirnent estinfteb6 n in 1985 weere dalculated

using s~amp~le densities at the, skimmer i•aIl ý(ýas in previOus years), and',

,sample densities collecte'd in the intake 'basin' channel for comparison.

Using skimmer wall densities, estimated entrainment of freshwater drum,

8
eggs was 1.7 x IO, .or 16.6 percent of the t6tal transported. Using

intake channel Sample densities, entrainment of freshwater drum eggs wa's

estimated at 1.3 x i0 , or 12.5 percent o~f these .transported. Both

estimates are higher than the .9.7 percent estimated entrainied in 1984.

Entrainment percentages of freshwater drum eggs by sample period in 1985

are listed in. table 5--7. Seasonal percentage entrdinmdnt by fami~ly of

fish eggs and larvae estimated for each year of o0perational m6nitoring at,

SQN is listed in table 5-8.

Estimated Entrainment of Fish Larvae--,Estiiaiied io.taI•transp

of f.ish larvae past S 4N in 185 'as '2.03 wx 10 2 b l-'o.n)

UCOhip•e~d:arvae comprised over 60 'percent of this total, followed by

,cent'rar'chld larvae at ,29percent, and freshwater, rum., a'rvae, 51p' ent.

Percentage of total transported larvae ent-rained -was estimated to be 2.6

percent using skimmer wall sample densities, and 2.3 perceht u'sing dens'i-

ties from the intake' 'basin. T.ý's percent of entrainment for total fish

larvae is very simila'r to estimates from previous years', (i.e., 2.3 in

1984, 7.5 in 1983,, 2.3 in 1982, and 2.6 in 1981, table 5-8).

Freshwater drum larvae had the highest estimated percent-age

entrainment of any taxon in, 1985; 3,0..2 percent usin- ri-imer"r wall densi-

ties., and 36.8 percent, based on intake sample. densitie-. Both estimates

we:z h'igher than 22.6 percent recorded. in 1984 (usinrg skimmer wall sample

densitie's).
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(Catf-sh .(Icta,'a7r.dae) larvae typically show relatively high

entrainment estimates (46 percent in 1984) although collected in small

numbers (49 in 1984). In 1985, forty catfish larvae were collected in

SQN samples, and entrainment was estimated at 28 percent using skimmer

wall samples, but zero percent based on intake samples. This was due to

catfish larvae being collected both at the plant transect (14) and at the

skimmer wall (9), but none collected in intake basin samples. It was

previously hypothesized that catfish might seek out the intake basin for

spawning habitat, but this was not indicated from 1985 intake basin

samples. This phenomenon and 'com'parison. of e'ntrainment est'imates fromn

'intake basin versus skimmer wall sa1mpieS, seems to justify using samples

collected in the intake as the preferred and most valid method of esti:-

mating entrainment.

Perc€idlairae:(.ydlow~perch and-,dar-,ters) ranked third (counting

catfish as second) in percentage entrainment of larval taxa. As with

catfish larvae, relatively low numbers (64) of larval percids were

collected at SQN. Contrary to the phenomenon observed for catfish, how-

ever, estimated entrainment for percids was higher using intake samples

(12.3 percent) than with skimmer wall samples (3.5 percent). Numbers of

larvae used in these calculations were seven from intake samples and

three from skimmer wall samples. Table 5-9 compares seasonal entrainment

estimates by family calculated from both skimmer wall and intake basin

samples. Percentage entrainment of other taxa (clupeids, cyprinids,

percichthyids) did not vary appreciably from 1984 estimates.
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5.1.3 Summary-and Conclusions

Because of, extremely dry conditions and low reservoir flows in

1985, hydraulic entrafinmenit At SQN was 12.2 percent,, ov&e twice that

observed in 1984. Estimated entrairnent of' freshwater drum eggs was also

higher in 1985- at 16.6 and 12.5 percent (9.6 in 1984) based on sAmples

from the skimmer wall and intake basin, respectively. For total fish

larvae, however, 1985 estimates of 2.6 and 2'.3 percent (using skimmer

wali and' intake basin samples, respectively) were the same as, and only

slightly higher than the 1984 estimate of 2.3 percent.

Entrainment of freshwater drum larvae in 1985 was estimated at

30.2 percent from skimmer wall samples and 36.8 percent using intake:

basin samples,. These estimates represent approximate increases Of- 75 and

61 percent, respectively, over the 1984 estimate of 22.6 percent.

Modified sample locations and procedures in 1985 permitted addi-

tional entrainment estimates based on samples collected inside the SQN

intake channel for comparison with estimates' calculated from skimmer: wall

samples utilized in previous monitoring reports. Results of these com-

parisons did not agree with results of the pilot study conducted in 1984

(TVA, 1985), which indicated higher entrainment of freshwater drum eggs

estimated from intake samples than from skimmer wall samples. The pilot

study, however, was conducted for only three sample periods. Seasonal

entrainment -estimates for freshwater drum larvae in 1985 agreed with the

pilot study results, as 'higher entrainment estimates were calculated from

intake basin samples.
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Intensified sampling in 1985 at the plant transect was designed

to more effectively estimate reservoir transport of freshwater drum eggs

and larvae. Greater densities of freshwater drum larvae were observed in

the epibenthic and deep strata than in the middle and shallow strata,

especially during daytime. These data support the hypothesis stated in

last year's report, that previous sample methods at the plant transect

were possibly underestimating reservoir transport of freshwater drum eggs

and larvae past SQN. Continued high densities of freshwater drum eggs

observed at the diffuser transect in 1985 reaffirm that significant

spawning occurs in the vicinity of, or slightly downstream of SQN, pro-

ducing eggs and larvae that are not subject to plant entrainment.

Sampling for all taxa of fish eggs and larvae, except for fresh-

water drum, has been discontinued (effective March 1986) because esti-

mated entrainment rates for those other taxa have been consistently low

and no impact is expected. Sampling for freshwater drum larvae will be

conducted once SQN resumes operation, if sampling being conducted in 1986

to assess the age structure and length frequency of adult freshwater drum

is inconclusive concerning the potential for entrainment impacting adult

freshwater drum stocks (see section 5.2.3).
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Table 5-1. Percent Hydraulic Entrainment at Sequoyah Nuclear Plant for
Each Larval Fish Sample Period in 1980 through 1985

Percent
Hydraulic Entrainment

Sample
Period 1980 1981 1982 1983 1984 1985

1 1.6 32.4 2.4 6.0 2.9 16.7
2 0.4 34.1 7.6 4.1 3.4 20.6
3 0.2 14.5 20.6 3.9 4.7 33.6
4 0.2 8.6 32.9 7.8 12.8 24.7
5 3.1 19.5 25.3 9.6 4.9 18.9
6 2.7 6.6 9.2 6.6 2.0 33.9
7 0.1 3.9 11.1 5.4 4.1 8.8
8 3.1 5.3 10.9 6.4 8.0 12.3
9 2.6 3.9 9.1 7.7 7.1 18.3

10 2.5 10.6 8.3 7.2 7.2 12.4
11 2.9 8.3 5.7 3.0 6.0 8.6
12 5.5 8.3 3.0 5.8 7.1
13 3.7 3.1 4.8 3.1

Seasonal
Mean 2.2 13.4 12.6 5.7 5.7 12.2
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Table 5-1. Percent Hydraulic Entrainment at Sequoyah Nuclear Plant for 
Each Larval Fish Sample Period in 1980 through 1985 

Percent 
Hldraulic Entrainment 

Sample 
Period 1980 1981 1982 1983 1984 1985 

1 1.6 32.4 2.4 6.0 2.9 16.7 
2 0.4 34.1 7.6 4.1 3.4 20.6 
3 0.2 14.5 20.6 3.9 4.7 33.6 
4 0.2 8.6 32.9 7.8 12.8 24.7 
5 3.1 19.5 25.3 9.6 4.9 18.9 
6 2.7 6.6 9.2 6.6 2.0 33.9 
7 0.1 3.9 11.1 5.4 4.1 8.8 
8 3.1 5.3 10.9 6.4 8.0 12.3 
9 2.6 3.9 9.1 7.7 7.1 18.3 

10 2.5 10.6 8.3 7.2 7.2 12.4 
11 2.9 8.3 5.7 3.0 6~0 8.6 
12 5.5 8.3 3.0 5.8 7.1 
13 3.7 3.1 4.8 3.1 

Seasonal 
Mean 2.2 13.4 12.6 5.7 5.7 12.2 



Table 5-2. Sample Periods, Dates, Number of Samples, and Mean Temperatures
for Larval Fish Samples Collected Near Sequoyah Nuclear Plant
1980-1985

Sample Number Mean Water
Period Date Samples Temperature (C)

1980
1
2
3
4
5
6
7
8
9

10
11
12
13

1981
1
2
3
4
5
6
7
8
9

10
11

1982

3/12/80
3/25/80
4/07/80
4/21/80
5/07/80
5/20/80
6/03/80
6/18/80
6/30/80
7/14/80
7/29/80
8/11/80
8/27/80

44
44
44
44
44
44
44
44
44
44
44
44
44

572

7.9
9.9

13.5
15.1
17.8
22.4
23.4
27.4
28.5
30.4
28.8
28.6
29.1

4/06/81
4/13/81
5/04/81
5/12/81
5/26/81
6/01/81
6/16/81
7/01/81
7115/81
7/29/81
8/27/81

Total

Total

44
44
44
44
44
36
41
44
44
44
43

472

16.0
17.7
19.4
19.4
20.7
22.1
26.7
26.3
27.5
28.4
27.8

1
2
3
4
5

3/18/82
3/31/82
4/14/82
4/28/82
5/12/82

22
44
44
44
44

12.5
13.5
15.1
16.9
21.3
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Table 5-2. Sample Periods. Dates. Number of Samples. and Mean Temperatures 
for Larval Fish Samples Collected Near Secluoyah Nuclear Plant 
1980-1985 

Sample Number Mean Water 
Period Date Samples Temperature (DC) 

1980 
1 3/12/80 44 7.9 
2 3/25/80 44 9.9 
3 4/07/80 44 13.5 
4 4/21/80 44 15.1 
5 5/07/80 44 17 .8 
6 5/20/80 44 22.4 
7 6/03/80 44 23.4 
8 6/18/80 44 27.4 
9 6/30/80 44 28.5 

10 7/14/80 44 30.4 
11 7/29/80 44 28.8 
12 8111/80 44 28.6 
13 8/27/80 44 29.1 

Total 572 

1981 
1 4/06/81 44 16.0 
2 4/13/81 44 17.7 
3 5/04/81 44 19.4 
4 5/12/81 44 19.4 
5 5/26/81 44 20.7 
6 6/01/81 36 22.1 
7 6/16/81 41 26.7 
8 7/01/81 44 26.3 
9 7/15/81 44 27.5 

10 7/29/81 44 28.4 
11 8/27/81 43 27.8 

Total 472 

1982 

1 3/18/82 22 12.5 
2 3/31/82 44 13.5 
3 4/14/82 44 15.1 
4 4/28/82 44 16.9 
5 5/12/82 44 21.3 
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Table 5-2. (Continued)

Sample Number Mean Water
Period Date Samples Temperature (*C)

1982
6
7
8
9
10
11
12

1983
1
2
3
4
5
6
7
8
9

10
11
12
13

1984
1
2
3
4
5
6
7
8
9

10
11
12
13

5/26/82
6/09/82
6/23/82
7/06/82
7/20/82
8/03/82
8/17/82

3/09/83
3/22/83
4/06/83
4/20/83
5/05/83
5/18/83
6/01/83
6/15/83
6/28/83
7/13/83
7/27/83
8/10/83
8/22/83

3/07/84
3/21/84
4104/84
4/17/84
5/01/84
5/15/84
5/30/84
6/12/84
6/26/84
7/10/84
7/24/84
8/07/84
8/21/84

Total

Total

Total

29
44
44
44
44
44
44

491

44
44
44
22
44
44
44
44
44
44
44
44
44

550

42
40
54*
54*
42
42
42
42
74j
52t
52t
42
42

620

21.6
24.2
26.9
29.7
29.3
28.5
27.4

14.4
11.9
12.5
14.0
16.7
19.1
21.8
23.9
28.1
28.2
26.7
27.9
29.1

8.5
8.8

10.9
17.0
18.6
22.2
19.5
25.9
24.8
26.8
28.2
26.7
26.4
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Table 5-2. (Continued) 

Sample Number Mean Water 
Period Date Samples Temperature (OC) 

1982 
6 5/26/S2 29 21.6 
7 6/09/S2 44 24.2 
8 6/23/S2 44 26.9 
9 7/06/S2 44 29.7 

10 7/20/S2 44 29.3 
11 S/03/S2 44 28.5 
12 S/17/S2 44 27.4 

Total Z.91 

1983 
1 3/09/83 44 14.4 
2 3/22/83 44 11.9 
3 4/06/83 44 12.5 
4 4/20/83 22 14.0 
5 5/05/83 44 16.7 
6 5/18/83 44 19.1 
7 6/01/83 44 21.8 
8 6/15/83 44 23.9 
9 6/28/83 44 28.1 

10 7/13/83 44 28.2 
11 7/27/83 44 26.7 
12 8/10/83 44 27.9 
13 S/22/83 44 29.1 

Total 550 

1984 
1 3/07/84 42 8.5 
2 3/21/84 40 8.8 
3 4/04/84 54* 10.9 
4 4/17/84 54* 17.0 
5 5/01/84 42 18.6 
6 5/15/84 42 22.2 
7 5/30/84 42 19.5 
8 6/12/84 42 25.9 
9 6/26/84 74t 24.S 

10 7/10/S4 52t 26.S 
11 7/24/84 52t 28.2 
12 8/07/84 42 26.7 
13 8/21/84 42 26.4 

Total 620 
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Table 5-2. (Continued)

Sample Number Mean Water
Period Date Samples Temperature (°C)

1985
1 3/Lt/85 45 10.5
2 3/26/85 48 11.6
3 4/08/85 48 14.8
4 4/22/85 48 17.1
5 5/06/85 48 19.8
6 5/20/85 56 21.0
7 6/03/85 56 23.4
8 6/17/85 56 24.6
9 7/01/85 56 26.1

10 7/15/85 56 27.2
11 7/31/85 56 26,.8
12 8/12/85 56 27.0
13 8/27/85 56 25.0

Total 685

*Includes six extra samples (day and night) at skimmer wall.

tIncludes samples collected for intake pilot study.
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Table 5-2. (Continued) 

Sample NuiTlber l'1ean \</ater 
Period Date Samples :remperat,ure (O~ 

1985 
1 31ll/85 45 10.5 
2 3/26/85 118 11.6 
3 4/08/85 48 1l1.8 
4 4/21/85 48 17.1 
5 5/06/85 48 19.8 
6 5/20/85 56 21.0 
7 6/03/85 56 23.4 
8 6/17/85 56 2 l l.6 
9 7/01/85 56 26.1 

10 7/15/85 56 27.2 
11 7/31/85 56 26,.8 
12 8/12/85 56 27.0 
13 8/27/85 56 25.0 I 

Total 685 
, ., 

>'<Inc1udes six extra samples (day and night) at skimmer wall. 

tlnc1udes samples colle'cted for: intake pilot study. 

I 

:1 
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Tab~le •5-3•. List of Scientific and Common, Names for Fish Egg and Larval
Taxa Collected in Chickamauga, Reservoir Near Sequoyah Nuclear
Plant in 1979 through 1985

Taxon Common Name

Eggs
Unidentlfiable fish eggs
Cyprinus carpio eggs
Aplodinotus grunniens eggs

Larvae
Unidentifiable fish larvae*
Polyodontidae

Polyodon spathula
Clupeidae

Unidentifiable clupeids

Alosa chrysochloris
Dorosoma sp.
Dorosoma cepedianum
Dorosoma petenense

Hiodontidae
Hiodon tergisus

Cyprinidae
Unidentifiable cyprinids

Cyprinus carpio
Hybopsis storeriana
Notemigonus crysoleucas
Notropis sp.. ..
Notropis atherinoides
Notropis buchanani
Notroois volucellus
Pimephales sp.
Pimephales notatus
Pimephales vigilax

Catostomidae
Unidentifiable catostomids
Ictiobinae

Ictiobus sp.
Ictaluridae

Ictalurus furcatus
Ictalurus punctatus
Pylodictis olivaris

Atherinidae
Labidesthes sicculus

Pe~rcicthyidae
Morone sp.

Fish eggs
Carp eggs
Freshwater drum eggs

Paddlefish

Unidentifiable herrings and
shad

Skipjack herring
Mixed shad
Gizzard, shad
Threadfin shad

Mooneye

Unidentifiable minnows and
carps:

Carp
Silver chub
Golden shiner
Unidentifiable shiners
Emerald* shiner
Ghost shiner
Mimic shiner
Unidentifiable minnow
Bluntnose minnow
Bullhead minnow

Unidentifiable suckers
Unidentifiable buffalo

and carpsuckers
Unidentifiable buffalo

Blue catfish
Channel catfish
Flathead catfish

Brook silverside

Unidentifiable temperate
bass
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TaMe:5~3), List of Scientific andConnnon'Names' for Fish Egg and Larval 
'~'-~~- .,---) Taxa Collected in Chi~kamcmga. Reservoi~f'!ear Seq\foy~h~4clear 

Plaht in 197~ thro~gh1985 . . 

Taxon 

Eggs 
llnidentifiable fish eggs 
Cyprinus carpio eggs 
Aplodindt(fs grunniens ~ggs 

Larvae. 
UnidenHfiable fish iarvae* 
Polyodontidae 

Polyoclon spathula 
Clupeidae 

Unidentifiable clupeids 

Alosa chrysochloris 
Dorosoma sp. 
Dorosoma. cepedianum 
Dorosoma petenense 

Hl.odontidae 
Hiodon tergisus 

Cyprinidae . 
Unidi:mtifiable cyprinids 

Cyprihuscarpio 
Hybopsis. storerlana 
.Notemigonus crysoleucas 
Notropis sp. 
Notropis athirinoides 
Notropis'buchanahi 
Notropis volucellus 
Pimephales s,p. 
llimephales notatus 
Pimephales. yigilax 

Catostomidae 
Unidentifiable catostomids 
I'ctiobinae 

Ie tiobus sp. 
Ictahiridae 

Ictalurus fu:rcatus 
Ictalurus punctatus 
Pjlodictis olivaris 

Atherinidae 
Labidesthes sicculus 

Percicthyida~ 
Morone sp. 
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'Common Narne 

Fish eggs 
Carp.e.ggs 
Freshwater .drum eggs 

Padcllefish 

Unidentifiable herrings and 
shad 

Skipjack herring 
M:lxed shad 
Giz;zard. shad 
Threadfin shad 

r:tooneye 

Uilidentifiaole minnows a(ld 
carps 

Carp, 
Silver chub 
Goldet:l s~iner 
Unidentif iable shiner.s 
Emer~ld' shiner 
Ghost shiner 
Mimic shiner 
Unidentifiable minnow 
Bluntnose minnow 
Bullhead minnow 

Unidentifiable suckers 
Unidentifiable buffalo 

and carpsuckers 
Unidentifiable buffalo 

Blue catfish 
Channel catfi~h 
F1athea~ c'atfish 

B~ook sHverside 

Unidentifi<!-ble temperat~ 
bass 



!i

Ple, 5-:3. (Continued)

Taxon Common Name

Morone (not saxatilis)

Morone chrysops
Morone mississippiensis

Centrarchidae
Unidentifiable centrarchids

Lepomis or Pomoxis

Lepomis sp.
Lepomis macrochirus
Lepomis microlophus
Micropterus (not dolomieui)

Pomoxis sp.
Pomoxis annularis

Percidae
Unidentifiable percid (not

Stizostedion sp.)
Unidentifiable darter
Perca flavescens
Stizostedion sp.

Stizostedion canadense
Sciaenidae

Aplodinotus grunniens

Unidentifiable temperate
bass (not striped bass)

White bass
Yellow bass

Unidentifiable sunfish,
crappie or black bass

Unidentifiable sunfish or
crappie

Unidentifiable sunfish
Bluegill
Redear sunfish
Black bass (not smallmouth

bass)
Unidentifiable crappieý
White crappie

Unidentifiable perch (not
Stizostedion)

Unidentifiable darter
Yellow perch
Unidentifiable sauger or

walleye
Sauger

Freshwater drum

*Usually mutilated.
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(~,!?le, 5'..:3. (Continued) 

Taxon 

~lorone (not sa..xatilis) 

Norone chrysops 
Morone mississippiensis 

Centrarchidae 
Unidentifiable centrarchids 

Lepomis or Pomoxis 

Lepomis sp. 
Lepomis macrochirus 
Lepomis microlophus 
Micropteru~ (not dolomieui) 

Pomoxis sp. 
Pomoxis annularis 

Percidae 
Unidentifiable percid (not 

Stizostedion sp.) 
Unidentifiable darter 
Perca flavescens 
Stizostedion sp. 

Stizostedion canadense 
Sciaenidae 

Aplodinotus grunniens 

*Usually mutil~ted. 
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Common Name 

Uniden'tifiable t:emperate 
bass (not striped bass) 

l.,rhite bass 
Yellow bass 

Uniden~iflable sunfish, 
crappie or black bass 

Unidentifiable sunfish or 
crappie 

Unidentifiable sunfish 
Bluegill 
Redear sunfish 
Black bass (not smallmouth 

bass) 
Uniden~ifiable crappie 
White crai>pie 

Unidentifiable perch (not 
Stizostedion) 

Unidentiflable darter 
Yellow perch 
Unidentifiable ~auger or 

walleye 
Sauger: 

Freshwater drum 

Ii 

'I 

" 

i 

,i 

\ 

II 
", 
" 

I 

II 



•TPie>_5• -i List of Taxa, Total
Larvae Collected at

Number Collected, and Period of Occurrence of Fish Eggs and
Sequoyah Nuclear Plant, 1985

I.

I~

Total Percent. Occurrence-by Sample Period

Taxon Collected Compositi'on 1 2 3 4 -5 6 7 8 9 10 11 12 13

FisK Eggs

Unidentifiable -fish eggs 162 0.46. + +. + + + +
I T

Aplodinotus grunniens eggs 35,094 ..A + + + + + -+ + + +. +
Total 35,257 100

Fish La'rvae
Unidentifi-able fish la'rvae 12 0.01 + + + + + +
Clupeidie 72,837 60.01 + + 4 . . . . . . . .

Alosa chrysochloris 2 T
Dorosoma sp. 2 T +
Dorosoma cepedianum 230 0.19 + + + + +
Dorosoma petenense 580 0.48 + t. + + + + +:
Cyprinidae 822 .0.68 + + ,+ .+ + +_ + + + +
Cyprinus carpio 194 o.16 + + + + . +

Noitemigonusý crysoleucas 2 T +
Notropis sp. 164 0.14 + + . . +. +

Notropis atherinoides 2-1 0.02 + 4÷ + t

Ict iobinae 24 0.02 + + * +

Ictalurus furcatus 12 0.01' + +
Ictalurus punctatus 28 0.02 .+ + . + + +

Morone sp..) 4,870 4.01 + + + + +

Morone chrysops 2 T
.Morone mississippiensis 2 T + +
iorone (not saxatil is) 2,252 1.86 + + + . + +

Lepomi~s'sp. 20.653 17.02 + + - + + + .4 + +

Lepomis macrochirus 23 0.02 + +

Micropterus. (not dolomieui) 4 +

Pomoxis sp. .- 558 0.46 '' + +4 + .+ + +
Percidae 2 T

Unidentifiable darter 7 0.0.1 + + +
Perca fl'avescens 55 0.05 + + + +
Aplodinotus grunniens 18,009 14.84 + .+ +1 +4- + + + + +• +

Labid esthes sicculus . 3 T +
Total 12-,370 100

.
"'-J 
loW 
I 

~T'%Dj~e,_;5~\;;, li st of ,Taxa, Total Number Collected. <lnll Period ·of Occurrence of- Fish Eggs .and 
larvae Collected at Sequoyah lluclear Plant, 1985 

Taxon 

UnidenU fiablefi!iheggs. 

Aplodinotus gcunn{ens eggs 
TOlal 

Unident1fi~ble fi~h la~vae 

Clupeida'e 
Alosa chry~och1or.is 
Doros.oma sp. 
Dorosoma cepedianum 
Dorosoma petenense 
Cyprinidae 
Cyprinus carpio 
/lo.tj!mi gonus crys.o 1 eucas 
I~otropi's .sp .. 
Not~opis atherinoides 
I c t.i ob inae 
lctalurus fuq:~.lus 
'i:c~a'l ur.us pu!,c.tat\,ls. 

t10.f..2I~.e!~.) 
~lorone chr.ysops 
~orone mississippiensis 
Morone (not saxat'iJi 5) 

lepomi,~' sp. 
L"p.omis macrochi rus 
Micropterus (not dol o,!,i euil 
Pomox i~s sp. 
Percidae 
Unidentifiable dart~r 
Perea fl'avescens 
Aplodinotus gr~nniens 

labjdeslhes siccul,u.s 
Tolal 

TotalPerceill 
Coll eeted Composi ti'on 

fi 5h Eggs 
162 0.46 

1 T 

J.5...U2.1 ~ 
35,257 100 

Fish la'rvae 
12 0.01 

72,837 60.01 
2 T 
2 T' 

230 0.19 
5,80 0;48 
822 0.68 
194 0.16 

2 T 

164 0.14 
2:1 0.02 
24 0.02 
12 o.or 
.28 0.02 

4,870 4.01 
2 T 
2 T 

2,252 1.86 
20,653 17.02 

23 0,02 
4 T 

j,tp".}- 558 0.46 
2 T 
7 0.0,1 

55 0.05 
18,009 1.4.84 

3 -L 
J2·1,370 100 
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Table 5-5. Seasonal (Average) Densities (No./1,000 m3) for Dominant Taxa of
Fish Larvae and Eggs Collected at Transects Near Sequoyah Nuclear
Plant, 1985

Transect
Skimmer Intake

Taxon Plant Diffuser Wall Basin

Shad (Clupeidae) 1,419.2 1,324.8 125.4 45.6

Sunfish (Lepomis) 382.0 397.1 34.4 26.7

White, Yellow Bass
(Morone) 130.7 132.5 15.1 21.0

Minnows (Cyprinidae) 20.1 20.9 9.8 3.7

Crappie (Pomoxis) 9.7 10.7 2.3 1.4

Buffalo (Ictiobinae) 0.1 1.2 0.0 0.0

Yellow Perch
(P. flavescens) 1.0 0.8 0.2 0.8

Catfish (Ictalurus) 0.4 0.9 0.7 0.0

Freshwater drum larvae
(A. grunniens) 206.3 219.0 364.8 399.8

Total larvae 2,189.5 2,108.1 552.7 499.3

Freshwater drum eggs 188.6 1,372.0 193.4 135.6
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Table 5-5. Seasonal (Average) Densities (No./1,OOO m3) for Dominant Taxa of 
Fish Larvae and Eggs Collected at Transects Near Sequoyah Nuclear 
Plant, 1985 

Transect 
Skimmer Intake 

Taxon Plant Diffuser Wall Basin 

Shad (C1upeidae) 1,419.2 1,324.8 125.4 45.6 

Sunfish (Lepomis) 382.0 397.1 34.4 26.7 

White, Yellow Bass 
(Morone) 130.7 132.5 15.1 21.0 

Minnows (Cyprinidae) 20.1 20.9 9.8 3.7 

Crappie (Pomoxis) 9.7 10.7 2.3 1.4 

Buffalo (Ictiobinae) 0.1 1.2 0.0 0.0 

Yellow Perch 
(~. flavescens) 1.0 0.8 0.2 0.8 

Catfish (Ictalurus) 0.4 0.9 0.7 0.0 

Freshwater drum larvae 
(~. grunniens) 206.3 219.0 364.8 399.8 

Total larvae 2,189.5 2,108.1 552.7 499.3 

Freshwater drum eggs 188.6 1,372.0 193.4 135.6 
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Table 5-6. Peak Larval Density, Sample Date and Period, and
Mean Water Temperature Recorded for each Transect

Sampled Near Sequoyah Nuclear Plant, Chickamauga
Reservoir, in 1980 through 1985

Peak* Meant
Larval Sample Water

Transect Density Date Period Temp.(°C)

1980
Dallas Bay 5,546 June 18 8 27.4

Diffuser 4,406 June 18 8 27.4
Plant 8,846 June 18 8 27.4

Skinmer Wall 2,110 June 30 9 28.5

1981
Dallas Bay 3,961 June 16 7 26.7
Diffuser 6,026 June 1 6 22.1
Plant 5,955 May 4 3 19.4
Skimmer Wall 2,371 July 1 8 26.3

1982
Dallas Bay 8,710 May 12 5 21.3
Diffuser 4,145 May 26 6 21.6
Plant 16,002 May 12 5 21.3

Skimmer Wall 1,347 June 9 7 24.2

1983
Dallas Bay 10,425 May 18 6 19.1

Diffuser 5,752 May 18 6 19.1
Plant 8,361 June 15 8 23.9

Skimmer Wall 6,074 June 28 9 28.1

1984
Dallas Bay 11,958 June 12 8 25.9
Diffuser 20,246 June 12 8 25.9
Plant 15,540 June 12 8 25.9
Skimmer Wall 3,493 May 30 7 19.5

1985
Plant 9,671 May 6 5 20.2

Diffuser 8,672 May 6 5 20.6
Skimmer Wall 1,683 June 17 8 24.3
Intake Basin 2,003 June 17 8 24.8

*Number per 1000 m3 .

tAverage of all stations and depths during day and night samples.
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Table 5-6. Peak Larval Density, Sample Date and Period, and 
Mean Water Temperature Recorded for each Transect 
Sampled Near Sequoyah Nuclear Plant. Chickamauga 
Reservoir. in 1980 through 1985 

Peak* Meant 
Larval Saillp1e Water 

Transect Densitl Date Period TemE. (OC ~ 

1980 
Dallas Bay 5,546 June 18 8 27.4 
Diffuser 4,406 June 18 8 27.4 
Plant 8,846 June 18 8 27.4 
Skinuner Wall 2,110 June 30 9 28.5 

1981 
Dallas Bay 3,961 June 16 7 26.7 
Diffuser 6,026 June'l 6 22.1 
Plant 5,955 May 4 3 19.4 
Skimmer Wall 2,371 July 1 8 26.3 

1982 
Dallas Bay 8,710 May 12 5 21.3 
Diffuser 4.145 May 26 6 21.6 
Plant 16,002 May 12 5 21.3 
Skinuner Wall 1,347 June 9 7 24.2 

1983 
Dallas Bay 10,425 May 18 6 19.1 
Diffuser 5,752 May 18 6 19.1 
Plant 8,361 June 15 8 23.9 
SkilIDDer Wall 6,074 June 28 9 28.1 

1984 
Dallas Bay 11.958 June 12 8 25.9 
Diffuser 20,246 June 12 8 25.9 
Plant 15,540 June 12 8 25.9 
Skimmer Wall 3,493 May 30 7 19.5 

1985 
Plant 9,671 May 6 5 20.2 
Diffuser 8,672 May 6 5 20.6 
Skimmer ·Wall 1,683 June 17 8 24.3 
Intake Basin 2,003 June 17 8 24.8 

*Number per 1000 m3• 

tAverage of all stations and depths during day and night samples. 
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Table 5-7. Estimated PercentageEntrainment by Family -and Sample Period of Fish Eggs and Larvae at Sequoyah Nuclear Plant
From Mlarch, 11, 1985, TIhrough August 2,7. 1985, Using Sample.s Collected at the Skimmer Wall

Sampoe Period
Season

Fami I y, 1 2 3 4 .5 6. 7 8 9 10 11 12 13 Average

Unidentifiable Fish Eggs 0.00 0.00 0.00 380.20 26.39 0.00 510.74 0.00. 0.00 0.00. 0.00 0.00' 00.VOD 326.88&

Cypr-injid Eggs 0.00 0.00 0.00 0.00 0.0.0 0;00 0.00 0.00 0.00 0.00 0.00 0.00 0.0Q

,Sc'iaenid Eggs 0.00. 0.00 0.00 9.68 49e.04' 27.24 21.55 6.5-0. 22 .16 3.46 21.79 2.82 32.54 16.64-

,Unidentifiable Fish Larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0-00 .00 O0. 0.00 o.0o 0,.00

C-I upeidae 0.00 0;00 -0:.00 0.74 !.06, '1.01 .0.20 2.70 2.37 3.-66 9.71 0.00 1.70 1.13

Cyprini'da e 0.00 0.00 0.00 0.00, 9.79 1.68 0.84 7.75' 8.14 15.79 39.55 3.42 10.00 3.09

Catostomi'dae 0.00 0.00 0.00' 000 0.00 0'.00 0.00 0.00, 000 .0.00 0.00 0.00 0,00 0.00

• Iictaluridae' 0.00 0.00 O.00M 0.00 0.00 0.00 10.91 0.00: '243.63 0.00 0,.00 0.00. 0.00-1 27.:88

>P'ercichthyidae 0. 00 .0.00 4.22 '0.84 2.48 5.01 ,0. 67 7.g0 0.00 0.00 0.00 0.00 0,00 ?A2,46

'Centrarc.hida 9.00' 0.00 0.00 0.00 1.12 1.28 0.08 1.20. 2.00 2,.52 73.89 1.46 544<.81 0.7:1,

Percidae 0.00' 0.00. 6.13, 0.00 0.00 0.00, :0.00' 0.00 .0.00 0.00 0.00 0.00 J0.00 3.147

Sci-aenidae 0.00 0'.00 0.09 0.00, '6).09 28.18 32.33 29.02 24,.86 10.02 96.54 11A3.7 122.58 30..2.4

Atherinidac- 0.00 0.00 0.00 i0.00 10.00 0.00 0.00 0.00 0.00 0ý.00 0.,00 0,.00 ;0.00 '0.00

Total. Fish Eggs- 0.ý00 0.00 0.00. 24.44' 4.9.07ý 27.24 21.:199 650. 22.09 '3.46 217,;Z9 2.82 U32.54 17;.50

Total Fish Larvae 0.00 0.00Q' 4:87 0,74 1.80 3.19 144, 6.89 4.03 3.85- 32.92 .2.33 1,5. 71, ,2.-55
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Sciaenidae 0.00 0' .. 00 0.00 D"OI}' '6) .09 28.18 32.33 29.02 24 .. 86 10.02 96.S4 1.1;:3} 122/50 30,,2.11 
Alherinidac. 0.00 0.00 0.'00 iO.OO 0.00 0.0,0 0.00 0.00 0,00 0:.,00 0'.00 O.iOO '0.00 0.00 
Total fi sh ;Eggs 0.'00 0.00 0.00. 24.44 4,9 .. 0t 27.211 2';'99 6:50' 22.09 3.46 21. ?.9 ;2' .. 82' 32,,54 lh~O 
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Table 5-8. Estimated Percentage Entrainment by Familyý.and&Sample Period of Fish Eggs and Larvae at Sequoyah Nuclear Plant
From tarch 11'.. 1985 Through August -27, 1985, Using Samples Collected in the Intake Basin

Sample Period

Season

FamilTy 1 2 3 4 5. 6 '7 8 9 10 11 12 13 Average:

Unidenti'fiable Fish Eggs 0.00 00.09 0:00 29.87 '0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 20.94

Sciaenid Eggs 0.00 -0.00 0.00 6.82 23.15 41.05 12.21 4.30 26.08 6.95 25.53 4.38 6.44 12.51

Unidentifiable Fish Larvae 0.00 0.00 .0.00 0.00 0;00 0.00 0.00 0.00 01.00 0.00 06.00 40.0 0.00 0.00

-Clupeidae 0.00 .0.00 0.00 -0.32 0.47 0.33 0.04 0.53 0.46 0.57 0.00 0.00 '0.00 0.33'
Cyprinidae 0.00 0.00 0'.00 0.00 0.00 5.06 0.69 5.93. 1.88 0.0,0 - 0.00 0.00 01.00 1.17

Catostomidae 0;00 0.00 0.00 0.00 0.00 0.00 ý0.00 0.00 ,0.00 0.00 0.00 0.00 0.00 0.00

JIctaur~idaeý 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 '0.00 0.00 0o00

Percichthyidael 0.00 0.00 9.86 0":00 .330 9.16 0,00 0.00 -0.00 0:00 0.00 0.00 '0..00 3.34

Centrarchidae 0.00 0.00 -0.00 0.00 0'.22 0:.97 0.09 2.06 0.37 0.69 0.00 ,0:45 o.00 0.46
Percidae 0.00 -0.00 19.10 19.12 0.00 .0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.28

Sciaeni'dae 0M00 0.00 0.00 0.00 45.46 79.83 39.43 33.61 22.06 144.68 99.42 22.08 40.,42 36.76

Atherinidae 0ý.00 0.00 0:00 000 0.00 0;00 0•'00 0.00 0.00 0.00 0.00 0200 0.00 0.00

Total Fish Eggs 0.00 0.00 0.00 7.74 23.01) 41.05 12.20 4.30 26.00 '6.95 25.53 4.38 16.44 12.54

Total Fish Larvae 0.00 0.00 i3.01 0.30 1.1 6.49 1.65 7.22 2.04 1,.45 1.99 1.67 .2.22 2.31
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from I'ia reli 11'. 1985 TlII'oug" Augus t .27. 1985.. Us i n9 Samp ies Con ec ted i /l' the I n lake Bas in' . 
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Seas.on 

Family 2 3 '5. 6 7 8 9 19 .11 I~ . 1) ~vera'ge 

Unidenti'fiable Fish Eggs 0.00 .0.00 0;00 29.87 0.00 ,0.00 0;00 0.00 0.00 '0.00 0.00 0·.00 0.00 20.94 
SC,i aen i d Eg9s 0.00 0.00 0.00 6.82 23.15 41.05 12.21 4.30 26.08 6.95 25.53 4.38 .6 .. 44 12 .. 51 
~nidentifiab]e 'Fish Larvae 0.00 0.00 .0.00 0,00 0.00 0.00 0.00 0'.00 0'.00 0.00 0,.00 .0.00 0.,00 0 .• 00 
Ci.upeidae 0.00 ,0.00 0.00 ·0.32 0.47 0.33 0.04. 0.53 0.49 0.57 0.00 0.00 '0.00 0.33 . 
Cypr.i.nidae 0.00 0.00 0'.00 0.00 0.00 5.06 0.69 5.93. 1.88 0.0,0 O.O.Q 0.00 0,.00 1.17 
Ca los tomi.dae ·0;00 0.00 0,00 0,00 0.00 0.00 '0.00 0.00 ·0;00 O.OQ 0.00 0,00 0 .. 00 0.00 

)ctalur.:idae 0.00 O.Op '0.00 0.00 .0.00 0.00 0.00 0.00 0.00 0,.00 9·00 '0;00 .0;00 ;0'.00· ,. .... Perdchlhy;i da.e 0.00 0.00 9.86 0;00 3,;30 9.16 0,00 0 .. 00 '0 .. 00 0:00 0.00 0.00 '0 .. 00 3.34 '-.4 
--.J Centrarchidae 0.00 .0.09 0.00 0';00 0' •. 22 0.97, 0.09 2 .. 06 o.n 0.6.9 .0.00 .0;45 O~OO 0 .. 46 t: 

P.ercldae 0.00 0.00 19;·10 19.)2 0.00 p',OO ·0.00 0:.00 0.0.0 .0.00 0 .. 00 0.00 -0.00 12.28 
SCi aen fdae· 0;00 0.00 0.00 '0.00 4~.4~ 79 .. 83 39.43 33.6.1 22;Q6 14,.68 99;42 22 .. 08 40.'42 36.76 
Athednidae 0'.00 0.00 0:00 0:00 O.OQ 0;00 0','00 0.00 0.00 0 . .00 0.00 0:00 0.00 O~<iO 
Tola 1. fi sh Eggs 0.06 .0.00 0.00 7.74 23 .. 01 41.05 1~.20 4.3.0 26 .. 00 '~.95 25.53 tl.38 '6.44 1'2.54 
TohlFish Larvae 0.00 0.00 13.01. 0.30 1.11 6 .. 49 1.65 7 .2.~ 2.04 1 .. 45 1.99 1 .. 67 2.22 2.31 



Table 5-9. Comparison of Seasonal Percentage
Entrainment by Family of Fish Eggs
and Larvae Estimated Using Samples
Collected at the Skimmer Wall and
Intake Basin, Sequoyah Nuclear
Plant, 1985

Skimmer Intake
Taxon Wall Basin

Sciaenid Eggs 16.64 12.52
Clupeidae 1.13 0.33
Cyprinidae 3.09 1.17
Ictaluridae 27.88 0.00
Percichthyidae 2.46 3.34
Centrarchidae 0.71 0.46
Percidae 3.47 12.28
Sciaenidae 30.24 36.76

Total Fish Eggs 12.54 17.50
Total Fish Larvae 2.31 2.55

-178-

Table 5-9". Comparison of Seasonal Percentage 
Entrainment by Family of Fish Eggs 
and Larvae Estimated Using Samples 
Collected at the Skimmer Wall and 
Intake Basin, Sequoyah Nuclear 
Plant, 1985 

Skimmer Intake 
Taxon Wall Basin 

Sciaenid Eggs 16.64 12.52 
Clupeidae 1.13 0.33 
Cyprinidae 3.09 1.17 
Ictaluridae 27.88 0.00 
Percichthyidae 2.46 3.34 
Centrarchidae 0.71 0.46 
Percidae 3.47 12.28 
Sciaenidae 30.24 36.76 

Total Fish Eggs 12.54 17.50 
Total Fish Larvae 2.31 2.55 

-178-

",. 



Wells 8sr

I~
'.0

nasin I Plant TransactStation Skimmer Wall Station

Oiffuser Transect

Figure 5-1. Chickamauga Reservoir Showing Location of Larval Fish Transects
and Individual Sample Stations Within a Transect in Relation to
Sequoyah Nuclear Plant (Including Dallas Bay Transect Not
Sampled in 1985).

I 
I-' ..... 
\0 
I 

\.."-"('~ . .-;'~ ,-~-.--? 

Plant Transect 
Skimmer Wall Station 

Diffuser Transect 

Figure 5-1. Chickamauga Reservoir Showing Location of Larval Fish Transects 
and Individual Sample Stations Within a Transect in Relation to 
Sequoyah Nuclear Plant (Including Dallas Bay Transect Not 
Sampled in 1985). 
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Figure 5-2. Densities of Freshwater Drum Eggs by Sample Date Collected at Four Locations Near 
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Figure 5-3. Densities of Freshwater Drum Eggs by Sample Date Collected in Day Samples from
Four Strata at the Plant Transect at Sequoyah Nuclear Plant in 1985.
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Figure 5-3. Densities of Freshwater Drum Eggs by Sample Date Collected in Day Samples from 
Four Strata at the Plant Transect at Sequoyah Nuclear Plant in 1985. 
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Figure 5-4. Densities of-Freshwater Drum Eggs by Sample Date Collected in Night Samples from
Four Strata at the Plant Transect at Sequoyab Nuclear Plant in 1985.
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Figure 5-4. Densities of·Freshwater Drum Eggs by Sample Date Collected in Night Samples from 
Four Strata at the Plant Transect at Sequoyah Nuclear Plant in 1985. 
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Figure 5-5. Densities of Freshwater Drum Larvae by Sample Date Collected at Four Locations Near
Sequoyah Nuclear Plant in 1985.
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Figure 5-5. Oensities of Freshwater Drum Larvae by Sample Date Collected at Four Locations Near 
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Figure 5-6. Densities of Freshwater Drum Larvae by Sample Date Collected in Day Samples from
Four Strata at the Plant Transect at Sequoyah Nuclear Plant in 1985.
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Figure 5-6. Densities of Freshwater Drum Larvae by Sample Date Collected in Day Samples from 
Four Strata at the Plant Transect at·Sequoyah Nuclear Plant in 1985. 
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5.2 JUVENILE AND ADULT FISH

5.2.1 Impingement

A decision to terminate impingement monitoring was based on four

consecutive years of consistently Low numbers of fish impinged. This

report presents those data obtained between the ending date of the last

annual report and the termination date of impingement monitoring

(July 31, 1985).

Materials and Methods

Descriptions of the intake pumping stations and sample proce-

dures are in previous annual reports. Because monitoring was terminated

in July, total estimated numbers impinged are for 212 days rather than

the full year as in previous reports.

Results and Discussion

Species composition, total numbers impinged, and differences in

numbers impinged between the ERCW and CCW pumping stations in 1985 were

similar to previous years (tables 5-10 and 5-11). Threadfin shad were

again the most abundant species, comprising 65 percent of total number

impinged. Gizzard shad, bluegill, freshwater drum, yellow bass, and

skipjack herring each comprised about 5 to 7 percent of total numbers

impinged.

Percentage of reservoir standing stock removed by impingement

was negligible for all species, with the possible exception of skipjack
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herring (table 5-12). In previous years this species was absent or found

in low numbers in cove samples and its standing stock is believed to be

poorly estimated by cove rotenone.

Three species were impinged in 1985 for the first time, includ-

ing two common shiners, one brown bullhead, and one rock bass. None of

the fish impinged in 1985 is listed as threatened or endangered or of

special concern by the State of Tennessee or the U.S. Fish and Wildlife

Service.

Conclusion

Impingement during the first seven months of 1985 was similar to

the previous four years; i.e. low numbers which do not constitute an

adverse environmental impact to the populations of fishes in Chickamauga

Reservoir. The 1985 data thus confirmed the conclusion at the end of

1984, that sufficient impingement monitoring has been done to evaluate

the impacts of plant operation.
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Table 5-10.
I

Numbers of Fish Impinged at Sequoyah Nuclear
Plant Between January 7, 1985 and July 31, 1985
in 29 Weekly Samples of 24-hour Duration

Percentage
Common Name Total Composition

Chestnut lamprey 1 0.03
Skipjack herring 149 4.78
Gizzard shad 205 6.58
Threadfin shad 2033 65.24
Mooneye 2 0.06
Emerald shiner 1 0.03
Common shiner 2 0.06
Bullhead minnow 87 2.79
Blue catfish 14 0.45
Brown bullhead 1 0.03
Channel catfish 29 0.93
Flathead catfish 3 0.10
Unidentified temperate bass 1 0.03
White bass 6 0.19
Yellow bass 166 5.33
Rock bass 1 0.03
Unidentified sunfish 1 0.03
Warmouth 5 0.16
Redbreast sunfish 3 0.10
Green sunfish 5 0.16
Bluegill 195 6.26
Longear sunfish 1 0.03
Redear sunfish 9 0.29
Spotted bass 2 0.06
Largemouth bass 6 0.19
White Crappie 3 0.10
Yellow perch 9 0.29
Freshwater drum 176 5.65

'TuLt t I 16 ItlJ
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Table 5-11. Estimated Total Impingement of Fishes at Sequoyah Iluclear Plant

Common Name 1981 1982 1983 1984 1985"

Fish 0 7 0 0 0
Lamprey 0 0 37 0 0
Chestnut lamprey 29 0 0 0 7

Shad, herring 0 0 183 0 0
Skipjack herring - 73 149 270 1,221 1,089
Unidentified shad 0 0 0 70 0
Gizzard shad - 453 9,967 2,365 1,502 1,499
Threadfin shad---<- 56.582 15,829 4,687 29,221 14,862
Rai'nbow trout 0 0 0 7 0

Mooneye 37 60 15 14 15
--. .Minnow,carp 0 7 0 0 0

Carp 0 0 7 0 0
Silver chub 102 30 0 0 0
River chub 7 0 0 0 0

Golden shiner 153 15 15 7 0
Emerald shiner 22 7 22 7 7
Common shinerý 0 0 0 0 15
Spotfin shiner 0 0 0 14 0
Mimic shiner 0 0 15 35 0

Bluntnose minnow 22 238 37 126 0
Bullhead minnow 110 350 241 288 636
Spotted sucker 7 0 0 0 0
Golden redhorse 0 0 7 0 0

Blue catfish 102 127 146 175 102
Black bullhead 0 7 0 0 0
Yellowbullhead 7 7 7 0 a
Brown bullhead 0 0 0 0 .7

Channel catfish '387 179 387 358, 2.12

r 
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Table 5-17. (Continued)

•0

Common uame 1981 1982 1983 1984 1985

Flathead catfish 58 97 22 84 22
Mosquitof'sh 7 0 0 0 0
Unidentiiied temperate ba 0 0 0 0 7

White bass 51 782 95 267 44
Yellow oass 212 1,862 350 821 1,214
Striped bass 0 0 0 7 0
Rock bass 0 0 0 0 7

Unidentified sunfish 0 37 0 0 7
Warmouth 153 45 37 56 37

Redbreast sunfish 51 97 7 84 22
Green sunfish - 2,759 74 22 35 37
Bluegill .--- 4,672 3,553 2,613 2.365 1,426

Longear s.-fish 110 0 7 21 7
Redear s,-- ish 256 216 73 161 66

Spotted oass 117 670 22 49 15
Largemout- bass 44 67 29 21 44
White craccie 190 97 139 35 22

Yellow pe!-h 445 387 190 140 66
Logperch 22 268 15 84 0

Sauger 22 7 7 0 0

Freshwate- drum --- '- 2,759 5,706 2,891 3,482 1,287

Banded sc-'vin 0 0 0 7 0

Mixed & .r-e minnows 0 0 0 21 0

Total 70,022 40,947 14,958 40,789 22,779

*Based or '2 days of impingement as compared to 365 days for previous years.
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Table 5-12. Estimated Percentage of Standing Stock and Numbers of Hectares of

Standing Stock Removed from Chickamauga Reservoir by Seven Months
Impingement at Sequoyah Nuclear Plant, 1984•

Pefcentage of*

1984 Mean Standing Stock No. of ha of Standing

Common Name Standing Stock Impinged Stock Removed by

of Impinged fish (No./ha) During 1985 Impingement

Chestnut lamprey 0.00 -t
Skipjack herring 12.90 0.59 84.42
Gizzard shad 6,798.33 <0.01 0.22
Threadfin shad 866.60 0.12 17.15
Mooneye 0.00 - -
Emerald shiner 1,039.00 <0.01 0.01

Common shiner 0.00 - -

Bullhead minnow 527.09. 0;01 1.21
Blue catfish 0.00 - -

Brown bullhead 0.00 -

Channel catfish 10.25 0.14 20.68
Flathead catfish 0.00 - -

White bass 1.82 0.17 24.18

Yellow bass 111.65 0.08 10.87
Rock bass. 0.00 - -

Warmouth 751.19 <0.01 1.62
Redbreast sunfish 97.24 <0.01 0.23
Green sunfish 63.91 <0.01 0.58

Bluegill 5,556.07 <0.01 0.26
Longear 434.88 <0.01 0.02
Spotted bass 102.49 <0.01 0.15
Largemouth bass 430.92 <0.01 0.10

White crappie 87.61 <0.01 0.25

Yellow perch 62.90 <0.01 1.05

Freshwater drum 230.17 0.03 5.59

*Based on numbers (not biomass) of fish impinged.

tDenotes impinged species was not collected in cove rotenone samples.
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5.2.2 Gill •Net ..

Gill net data were used to examine changes ift distribution aind

,relative abundance of adult fish among stations and among years. The

importance of examining felative abundance and distribution was to eval-

uate avoidance of or attraction to plant effluents, rather than to deter-

mine fish population levels.

Materials and Methods

Preoperational gill net data were obtained from three stations

sampled quarterly from. 1971 through early 1978 (TVA, 1978b). Operational

monitoring began in April 1980, and data collected through October 1984•

were included in the fourth annual operational monitoring report (TVA,

1985).. The fourth annual report contained recommendations to delete gill

net sampling as part of the operational moni'toring program. The present

report incorporates data from gill net sampling in winter and spring

quarters of 1985 and makes comparisons with previous operational data.

Table 5-13 'lists. s~mpling dates. for the period 1980-1985.

Field Procedures--Ten gill nets (30'.48 m x 21.44 m, 38 mm mesh)

were set perpendicular to the shoreline at each of three stations. Nets

were set four consecutive nights in each quarter of the year (a total of

126 net nights p er quarter) from April 1980 through April 1985. Each net

was fished approximately 24 hours before being retrieved and reset. All

nets were cleared of debris and aquatic macrophytes before being reset.

Nets clogged with significant amounts of debris were'useful only for

qualitative information (e,.g., species presence).
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Sampling Area Descriptions--Station 1 (TRM 473.0) was along the

right shoreline of the reservoir in an overbank area approximately 18 km

(11 mi) downstream of the SQN discharge diffuser (figure 5-8). Water

velocity was usually low in this area. Gently sloping clay-silt sub-

strate was predominant near the upstream end of the station with clay and

rock in the downstream portion. Shoreline vegetation was composed

primarily of trees and shrubs along a steep slope. Relatively few

aquatic plants were present during preoperational studies; however,

aquatic macrophyte abundance became heavy near the shoreline since pre-

operational monitoring was conducted. Nets were set in depths of 2 to

5 m at this site.

At station 2 (TRM 482.8-483.3) immediately downstream of the SQN

diffuser, five gill nets were fished along the right bank on the channel

side of a partially submerged island. This area was characterized by

gently sloping clay-silt substrate, slow currents, and a few scattered

stumps. Riparian vegetation along the upstream portion of the island was

composed of shrubs, small trees, and grass. Emergent aquatic vegetation

was the dominant cover near the downstream end. Depths in this area

ranged from 1.5 to 2.5 m. The remaining five gill net sites at station 2

were on the left bank of the river. Shoreline in this area ranged from

small rocky bluffs upstream to a gently sloping overbank area downstream;

substrate was predominantly smooth clay, although numerous rocks and sub-

merged trees were present near the upstream end. Shoreline vegetation

was primarily shrubs and small trees rooted in shallow water. Aquatic

macrophytes were present near shore and appeared to have increased in

density since preoperational monitoring was conducted. Water velocity
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was relatively low near the lower end of the station but greater in the

upstream portion. Nets were set at depths of 3 to 10 m.

At station 3 (TRM 495.0), approximately 18 km (11 mi) upstream

of SQN, sample sites were between the right bank and a submerged island.

The area was characterized by clay-silt substrate, low velocity, and sub-

merged stumps near the ups'tream end of the station. Small trees and

shrubs were the primary riparian vegetation, and shoreline areas ranged

from rock bluffs at the downstream end to a gently sloping bank at the

upstream end of this station. Nets were set at depths of I to 4.5 m. As

at other stations, aquatic macrophyte abundance had increased in recent

years.

Data Analysis--Numbers of. each fishb species caught per gill net

night (c/f), species percentage composition, and,percentage occurrence

were determined. In previous operational monitoring reports important

species in gill net catches were determined, and.statistical models were

used to determine spatial and seasonal changes in distribution and rela-

tive abundance. Because 1985 data were collected only in winter and

spring quarters, no statistical tests were performed for the present

report. Instead, catches of each species were compared with catches in

the same quarters of previous years of operational monitoring to identify

any substantive changes in distribution or relative abundance.

Results and Discussion

Species Occurrence--Operational monitoringgillne.t, sampling

( 198O1t-hr' ioukh' 1985ý),i 'cotftain'e'd a7 "t6A• of L4,2_i-f ish• speclis ,(U1 familii~s)v

plus one hybrid (t-able,5.4).. jSampl.ing in 1985 added green sunfish and
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an unidentified lmnprey to-the List of fish collected during operational.

monitoring. Green sunfish were not collected in gill nets in Chickamauga

Reservoir during preoperational monitoring from 1971 through 1.978. How-

ever, chestnut lamprey were collected during preoperational gill net

sampling, and the unidentified lamprey caught in spring 1985 may have

been a chestnut lamprey.

Species Composition and Relative Abundance--Gizzard shad and

skipjack herring were the only species which comprised 10 percent or more

of the total number of fish at stations i and 2 from spring 1980 through

spring 1985 (table 5-15). At station 3, only gizzard shad comprised

10 percent of the total catch. Results from preoperational monitoring

were similar, with only I other species (mooneye) comprising ý 10 per-

cent of the preoperational catch at any station.

As noted during preoperational monitoring and in previous

reports (TVA, 1982, 1983, 1984, and 1985), total catch over the entire

period of operational monitoring was similar between stations 2 and 3,

with catch at station I approximately one-third less than that of other

stations (table 5-15). Species which were usually more abundant at ,sta-

tions 2 and 3 than at station I were: spotted gar, longnose gar, gizzard

shad, mooneye, carp, golden shiner, smallmouth buffalo, spotted sucker,

channel catfish, yellow bass, warmouth, bluegill, redear sunfish, large-

mouth bass, yellow perch, and freshwater drum. Skipjack herring, white

bass, hybrid bass (white bass x striped bass), and white crappie were

usually more abundant in samples from station 1 than from stations 2 or 3.

At station I, mean c/f (total of all species) was highest in

fall quarters in each of the first 3 years of operational monitoring
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(table 5-16). However, summer quarter catches were. highest in 1983 and

1984 with fall quarter catches second highest. In 1985, winter quarter

c/f (4.80) was the highest of any winter quarter in operational moni-

toring, while spring quarter c/f (3.18) was the second lowest of all

spring quarters of operational monitoring.

Similar to station 1, station 2 c/f was usually lowest in winter

quarters throughout the operational monitoring period (table 5-17). At

station 2, fall quarter c/f was highest only in 1980, while in 1981,

1982, and 1983, sumnmer quarter c/f was highest, and in 1984, spring

quarter c/f was highest. Like at station 1, 1985 winter quarter c/f

(3.68) was the highest of any winter of operational monitoring.

At station 3, highest c/f in 1981 occurred during winter

quarter, with lowest c/f in the fall (table 5-18). In 1982, spring

quarter values were highest, and in 1983 and 1984, fall quarter catches

were highest. Most of the large catch during winter quarter 1981 was

attributable to relatively large numbers of gizzard shad at station 3

(16.23 fish/net night) compared to stations I and 2 (0.33 and 0.07 fish/

net night, respectively). A similar pattern was evident in winter

quarters in 1982 and 1984, whereas gizzard shad catches were similar

among stations in 1983. In 1985, spring quarter c/f (16.66) was the

highest of any spring during operational monitoring at station 3.

During winter quarter 1985, total c/f was lowest at station 2

and highest at station 3. Spring 1985 catches were lowest at station 1

and were highest at station 3. These differences in total catch do not

demonstrate attraction to or avoidance of SQN's heated effluent, as fish

often congregrate in heated water discharges in winter. In the following
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and were highest at station 3. These differences in total catch do not 

demonstrate attraction to or avoidance of SQN's heated effluent. as fish 

often congregrate in heated water discharges in winter. In the following 
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paragraphs differences among catches of several species in 1985 and those

of previous years of operational monitoring are discussed.

Winter quarter 1985 c/f of gizzard shad (4.22) at station 1 was

much higher than corresponding catches at this station during previous

years of operational monitoring, although winter c/f of gizzard shad in

1984 (3.15) was intermediate between 1985 and earlier years (mean

c/f 0.41). The increased catch of gizzard shad in winter is the primary

reason that total c/f in winter 1985 was higher than any other year of

operational monitoring. Other differences between winter 1985 at station

1 and previous operational years were: (1) 1985 was the first winter

spotted sucker (1 fish) was collected at this station and (2) 1985 was

the first winter that spotted bass were not collected at this station.

Winter quarter spotted bass c/f at station 1 ranged from 0.03 (1 fish) to

0.15 (6 fish) during previous years of operational monitoring.

Spring quarter c/f in 1985 at station 1 was different from

previous years in that (1) no freshwater drum were collected (usually

spring c/f was approximately 0.05), (2) c/f of channel catfish (0.13) was

substantially lower than other years of operational monitoring (previous

range 0.30 to 0.68), and (3) redear sunfish c/f was considerably higher

(0.31) than all otheryears of operational monitoring (previous range

0.02 to 0.05). Linear regression analyses had previously indicated a

decreasing trend in spring catches of redear sunfish at station 1 (TVA,

1985). The unusually high catch in spring 1985 is not consistent with

the declining trend previously described.

Similar to station 1, 1985 winter quarter c/f of gizzard shad at

station 2 (1.71) was the highest of any winter catch during operational
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monitoring (previous range 0.07 to 1.57), and 1985 was the first winter

of operational monitoring in which no spotted bass were collected

(previous c/f range 0.03 to 0.21). Other winter quarter differences from

previous years were: (1) 1985 was the first time spotted gar (I fish)

and threadfin shad (1 fish) were caught in winter at station 2, (2) 1985

was the first year no white crappie were caught in winter at station 2

(previous c/f range 0.03 to 0.05), and (3) 1985 resulted in the highest

winter quarter c/f at station 2 during operational monitoring for sauger

(0.45, previous range 0.00 to 0.30) and yellow bass (0.47, previous range

0.07 to 0.32). Increased catch of yellow bass in winter at station 2 is

consistent with an increasing trend documented through 1984 (TVA, 1985).

Analyses of data through 1983 (TVA, 1984) had indicated attraction-of

sauger to the diffuser area during winter. However, results of two way

analysis of variance using all data through 1984 (TVA, 1985) failed to

detect any significant differences in winter c/f of sauger either among

stations or years.

Spring quarter c/f at station 2 was different from previous

years of operational monitoring in that (1) catches of golden redhorse

(c/f = 0.08), rock bass (c/f = 0.08), warmouth (c/f = 0.32), and redear

sunfish (c/f = 1.41) were higher in 1985 than corresponding catches in

other years of operational monitoring, (2) spring c/f of white crappie in

1985 (0.03) was lower than in any other spring at station 2 since opera-

tional monitoring began, and (3) spring c/f of freshwater drum (0.16) was

equal to that of 1984 as the lowest since operational monitoring began

(previous c/f range 0.21 to 0.54).
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At station 3, 1985 winter quarter catch included black bullhead

for the first time. In winter 1985, c/f values were the highest of oper-

ational monitoring winter quarters at station 3 for yellow bass (3.05),

warmouth (0.10), and redear sunfish (0.97). Increased catch of yellow

bass at station 3 in winter continued an increasing trend documented

through 1984 (TVA, 1985).

In spring 1985, the highest total c/f at station 3 was recorded

for any spring since operational monitoring began. Such occurrences are

often the direct result of large fluctuations in catches of gizzard

shad. However, in this instance species showing the highest spring c/f

at station 3 since operational monitoring began were: golden shiner

(0.29), yellow bass (4.29), warmouth (0.47), redbreast sunfish (0.03),

redear sunfish (2.34), and black crappie (0.08). Again at this station,

record catch of yellow bass follows the increasing trend documented

through 1984 (TVA, 1985). Catch of only one species (white crappie,

c/f 0.08) was lower in spring 1985 at station 3 than in other years of

operational monitoring.

Summary and Conclusions

Operational monitoring data for SQN through 1984 identified

fourteen fish species which qualified as important in gill net sampling

in Chickamauga Reservoir. Catches of eight important species in 1985

were different from previous operational monitoring winters and/or

springs at one or more stations. These differences were:

- Catches of spotted bass were lower in winter at stations I and 2 than
in previous years.
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redear sunfish (2.34), and black crappie (0.08). Again at this station, 
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- Catches of channel catfish were lower in spring at station I than in
previous years.

- Catches of white crappie were lower in winter and spring at station 2
and in spring at station 3 than in previous years.

Catches of gizzard shad were higher in winter at stations 1 and 2 than
in previous years.

- Catches of redear sunfish were higher in spring at stations 1 and 2
and in winter and spring at station 3 than in previous- years.

- Catches of sauger were higher in winter at station 2 than in previous
years.

- Catches of yellow bass were higher in winter at stations 2 and 3 and
in spring at station 3 than in previous years.

nresed 'abuýndance ',ýqr 4quatý_iq mac phRy,- 2iChdkift~auaaga

Reservoir has..previxous' .,y_,been..-k-ndIcated as, 4P.-pr Ab be.caus6f "manyo
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ional monitoring pqeiod (TVA, 1985). ,Attract.iVA] fn. 6f,,rthe

thermal .plumdne should. ,be. seen -consisytetf montitoing, perio.d 'J ' V
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previous years. 

Catches of white crappie were lower in winter and sp~in~ at station i 
and in spring at station 3 than in previous years. 
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in previous years. 
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in ~pring at station 3 than in previous years. 
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rather than appear in some operational years and not in others.

Station 2 (TRM 482.8-483.3) was established to monitor fish relative

abundance and seasonal distribution immediately (0.1-0.6 miles) down-

stream of the edge of SQN's accepted mixing zone. Sampling at station 2

is thus assumed to best assess the influence of the SQN thermal dis-

charge, although temperatures at this station (even at the surface) have

been elevated only slightly above those outside the thermal plume.

Temperature at the downstream edge of the mixing zone (see figure 2-3 in

TVA, 1985) is seldom more than 1* C higher than in the intake embayment.

With the relatively small temperature increase at station 2 and no con-

sistent evidence of attraction to or avoidance of the thermal plume, it

is concluded that SQN has not had a significant influence on adult fish

distribution in Chickamauga Reservoir. This finding is similar to that

made after analysis of all data collected from 1970 through 1984 and

supports the recommendation (TVA, 1985) to discontinue gill netting from

the SQN operational monitoring program.
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Table 5-13. Dates of Operational Gill Net Sampling near Sequoyah
Nuclear Plant, Spring 1980 through Spring 1985

Quarter Station 1* Station 2t Station 3*

Spring 1980
Summer 1980
Fall 1980

Winter 1981
Spring 1981
Summer 1981
Fall 1981

Winter 1982
Spring 1982
Summer 1982
Fall 1982

Winter 1983
Spring 1983
Summer 1983
Fall 1983

Winter 1984
Spring 1984
Summer 1984
Fall 1984

Winter 1985
Spring 1985

04/7-11/80
06/23-27/80
09/22-26180

01/12-16/81
04/6-10/81
07/6-10/81
10/5-9/81

02/1-5/82
04/19-23/82
07/19-23/82
10/18-22/82

01/17-21/83
04/11-15/83
07/18-22/83
10/17-21/83

01/23-27/84
04/30-5/4/84
07/23-27/84
10/22-26/84

04/14-18/80
06/23-27/80
09/29/80 to

01/26-30/81
04/13-17/81
07/6-10/81
10/5-9/81

02/1-5/82
04/19-23/82
07/19-23/82
10/18-22/82

01/17-21/83
04/11-15/83
07/18-22/83
10/17-21/83

01/23-27/84
04/30-5/4/84
07/23-27/84
10/22-26/84

04/21-25/80
07/7-11/80
10/6-10/80

01/26-30181
04/20-24/81
07/20-24/81
10/5-9/81

02/1-5/82
04/19-23/82
07/19-23/82
10/18-22/82

01/17-21/83
04/11-15/83
07/18-22/83
10/17-21/83

01/23-27/84
04/30-5/4184
07/23-27/84
10/22-26/84

02/2-8/85
04/1-5/85

02/2-8/85
04/1-5/85

02/2-8/85
04/1-5/85

*Tennessee River Mile (TRM) 473.0.

tTRM 483.2.

$TRM 495.0.
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Quarter Station 1* Station 2t Station 3* 

Spring 1980 04/7-11/80 04/14-18/80 04/21-25/80 
Summer 1980 06/23-27/80 06/23-27/80 07/7-11/80 
Fall 1980 09/22-26/80 09/29/80 to 10/6-10180 

Winter 1981 01112-16/81 01/26-30/81 01/26-30/81 
Spring 1981 04/6-10/81 04/13-17/81 04/20-24/81 
Summer 1981 07/6-10/81 07/6-10/81 07/20-24/81 
Fall 1981 10/5-9/81 10/5-9/81 10/5-9/S1 

Winter 1982 0211-5/82 02/1-5/82 02/1-5/Sl 
Spring 1982 04/19-23/82 04/19-23/82 04/19-23/82 
Summer 1982 07/19-23/82 07/19-23/82 01119-23182 
Fall 1982 10/18-22/82 10/18-22/82 10/18-22/82 

Winter 1983 01117-21/83 01117-21/83 01/17-21/83 
Spring 1983 04/11-15/83 04/11-15/83 04/11-15/83 
Summer 1983 07/18-22/83 07/18-22/83 07/18-22/83 
Fall 1983 10/17-21/83 10/17-21/83 10/17-21/83 

Winter 1984 01/23-27/84 01123-27/84 01/23-27/84 
Spring 1984 04/30-5/4/84 04/30-5/4/84 04/30-5/4/84 
Summer 1984 07/23-27/84 07/23-27/84 07/23-27/84 
Fall 1984 10/22-26/84 10/22-26/84 10/22-26/84 

Winter 1985 02/2-8/85 02/2-8/85 02/2-8/85 
Spring 1985 04/1-5/85 04/1-5/85 04/1-5/S5 

~Tennessee River Mile (TRM) 473.0. 

tTRM 483.2. 

traM 495.0. 
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Table S•l4. A List of Species Collected with GilI Nets During Operational Sampling in
Chickamauga Reservoir Near Sequoyah Nuclear Plant, Spring 1980 Through Spring
1985

Family Species: Common\Name

Petromyzontjdae. Petromyzontidae. Lamprey
Lepisostelldae Leoisosteus-oc1ut.M Spotted gar

Leksissteussseus " Longnose gar
Leoisosteus olatostogn Shortnose..gar
Unidentified LepLsosteus sp. Unidentified gar

Clupeidae Alosa chrysochloris Skipjack herring
Doo.nmaioedianum Gizzard shad
I oetenense Threadfin shad

.Hiodontidae L6odon trjisus Mooneye
Cyprinidae Carass.usjj aur•.ak Goldfish

Cynrinus car.io Carp
Notemiaonus crysoleucas Golden shiner

Catostomidae Catostomus coirnrsoni White sucker
Hyoentel'i m n aiaricians Northern hog sucker
j sbubalus Smallmouth,,buffalo
.Minytrema{ e]a Spotted sucker
Moxostoma carinatu River redhorse
:Moxostomaerthrurt Golden redhorse

Ictaluridae Ictalurus fircatus blue catfish
Ictalurus m1a Black bullheadIctalurus natlls, Yellow bullhead
Ictalurus nebulosus Brown bullhead
IctalurUs punctatus Channel catfish
Pjo jci, Flathead'catfish

Percichthyidae Morong c White bass
Moro nemississiooiensis Yellow bass
Morone- saxatilis Striped bass
Hybrid. Mogne, Hybrid white'x striped bass

Centrarchidae Anbloolites. restris Rock bass
Lei. 0IL].algsJ Warmouth
Le.mJis awrij.us Redbreast sunfish
Lepomis cyanellus Green sunfish

imis humi1is Orangespotted sunfish
ku macrochirus Bluegill
Luna mi AIA Longear sunfish
leoomis microloohus Redear sunfish.
Micropterus , untualaWu Spotted bass
Microoteeus salroides Largemouth bass

m s andularjs Whitexcrappie
Eni]gs• nitrogiaculatus. Black crappie,

Percidae Perca flavescens Yellow perchý
Stz o nadense. Sauger
Stizostedio ite i Wa 1 Ieye

Sc~iaenidae 'Aolodinotusg runniens Freshwater drum
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L,episoste,ldae 

Clupeidae 

Hiodontldae 
Cyprinidae 

Catostomldae 

Ictal uri dae 

Perd chthy; dae 

Cent,rarchl dae 

Percldae 

Sc,; aen I dae 

Petromyzont I'dae, 
leplsosteus ~cylatys 
Leo!sosteus ,'~ 
lepispsteus olatosto~ 
Unidehtified lepisosteys sp. 
A.l.a.s.a. Chrysochlorjs 
DOCOsorna,Cepedlanym 
Oocosoma peteni:nSe 
tt:J.wI.gn t imli s y s 
Carassius aU(atus 
Cyorinys~ 
Hoterolgonys crysoleycas 
Catostornys coumersonl ' 
Hyoentel1Um njgncans 
Ictfobus~bybalus 

Hinytrema melanops 
'HoxoStoma carjnatym 
Hoxostoma,eryth[yruID 
Ictaly[ys fU[catus 
IctalU[us mtlas. 
'Ictalurys oat.ljs 
·IcUlu'eus nebylosys 
Icta)urws pUOct.tys 
pylodjct1~ pllva[ls 
t1D.r.ane,chr'ySoPs ' 
~'mlsslsslpojeosis 
~, saxatjlis 
Hybrld~, ' 
ArnbloQ1\tes, ryoestrjs 
Leppmls gulosys 
Lepomls' ay[itys 
Lepornls cyaoellys 
lepornl s hymnl s 
lepom!s macroctil[ys 
Lepornis'megalQtjs 
'Leporni s ml cCQloDhyS 
HicrQpterus 'punctul atus 
Hi ctoDtecus :salriJol des 
pomQxis anDular1s' 
POmpxls o!grQIDacylatys, 
~ fl avesceos 
St I ioS ted IQO canadense, 
StlzostedlQo' "Breum yltreum 
AolodlnOtus ,grunnfglis 

Corimon '\Name 

Lamprey 
Spotted gar 
Longnose gar 
Sl:1ortnose gar 
Unidentified gar 
Skipjack her.ring 
Gizzard' shad 
Threadfin shad 
Hooni:ye' , 
Goldfish 
Carp 
Golden shiner 
White sucker 
Northern 'hOg sucker 
Sma l1mou~h, buffa 10 
Spotled sucker 
River redhorse 
Golden redhorse 
Slue catfish 
Black bullhead 
Yel1:ow bullhead 
Brown bullhead' 
Chaonel catfi sh 
F1 athead 'catf; sh 
White bass ' 
Yellow bass 
Str111ed bass 
Hybrid white x striped bass 
ROCk bass 
Warmouth 
Redbreast sunfish 
Greeo'sunfish 
Orangespotte~ sunfish 
Bluegi]] 
longear sunfish 
Redear sunfish 
Spotted bass -
largemouth bass 
White ,crappie 
B1 ack ,crapp,'e 
Yellow perch' 
Sauger ' 
\.Ialleye 
Freshwater drum' 



Table 5-15. Total Number, Percent Composition, and Percent Occurrence for Species of Fish Collected with Gill
Nets at Three Stations in Chickamauga Reservoir Near Sequoyah Nuclear Plant Spring. 1980 Through
Spring 1985

Station 1" Station 2j4 Station 34
Species No. % Camp. % Occur. No. % Comp. % Occur. No. % Comp. % Occur.

I

Lamprey
Gar
Spotted gar
Longnose gar
Shortnose gar
Skipjack herring
Gizzard shad
Threadfin shad
Mooneye
Goldfish
Carp
Golden shiner
White sucker
Northern hogsucker
Smallmouth buffalo
Spotted sucker
River redhorse
Golden redhorse
Blue catfish
Black bullhead
Yellow bullhead
Brown bullhead
Channel catfish
Flathead catfish
White bass
Yellow bass
Striped bass
Hybrid white x striped bass
Rock bass
Warmouth
Redbreast sunfish
Green sunfish
Orangespotted sunfish
Bluegill

3
1
2

0.05 9.52 1
0.02 4.76 20
0.04 9.52 17

0.01 4.76
0.24 47.62
0.21 38.10

2
1,148 20.43 100.00 840 10.14 100.00 619
2,616 46.56 100.00 3.919 47.29 100.00 4.637

12 0.21 23.81 1 0.01 4.76 11
31 0.55 42.86 205 2.47 85.71 503

9 0.11 4.76
3 0.05 14.29 23 0.28 42.86 17
1 0.02 4.76 30 0.36 52.38 65
2 0.04 9.52 1 0.01 4.75 2

2
1 0.01 4.76 5

16 0.28 23.81 55 0.66 66.67 358

12

10

0.01

0.13
0.11
0.02
6.51

48.80
0.12
5.29

0.18
0.68
0.02
0.02
0.05
3.77
0.02
0.27
0.59
0.06
0.33
0.06
3.B8
0.13
0.89
8.34
0.05
0.01
0.13
0.75
0.02

4.76

28.57
28.57
9.52

90.48
100.00

14.29
95.24

38.10
61.90
4.76
9.52

14.29
85.71
4.76

66.67
52.38
23.81
38.10
14.29
80.95
38.10
66.67
9S.24
14.29
4.76

14.29
61.90
9.52

4 0.07 9.52
199 3.54 66.67

2
9 0.11 28.57 26

553 6.67 90.48 56
6

31

256 4.56
24 0.43

192 3.42
287 5.11

4 0.07
20 0.36

4 0.07
6 0.11
6 0.11
1 0.02

234 4.17

76.19
47.62
52.38
95.24
14.29
9.52
9.52

28.57
9.52
4.76

90.48

444
24

154
547

2

6
28

351

5.36
0.29
1.86
6.60
0.02

0.07
0.34
0.01

0.01
4.24

85.71
47.62
80.95
95.24
9.52

14.29
42.86
4.76

4.76
90.48

6
369

12
85

793
5
1

12

71
2

764 8.04 100.00

Table 5-15. Total Number, Percent Composlt~on, and Percent Occurrence for Species of Fish Collected with Gill 
Nets at Three Stations in Chickamauga Reseryoir Near Sequoyah Nuclear Plant Spring. 1980 Through 
Spring 1985 

SU,t j 110 ]. StltigO 2i __ Sta.tigo 3% 
Species No. % Compo % Occur. No. % Compo % Occur. No. % Compo % Occur. 

Lamprey 0.01 4.76 
Gar 3 0.05 9.52 1 0.01 4.76 
Spotted gar 1 0.02 4.76 20 0.24 47.62 12 0.13 28.57 
Longnose gar 2 0.04 9.52 17 0.21 38.10 10 0.11 28.57 
Shortnose gar 2 0.02 9.52 
Skipjack herring 1,148 20.43 100.00 840 10.14 100.00 619 6.51 90.48 
G1zzard shad 2,616 46.56 100.00 3.919 47.29 100.00 4.637 48.80 100.00 
Threadfin shad 12 0.21 23.81 1 0.01 4.76 11 0.12 14.29 
Hooneye 31 0.55 42.86 205 2.47 85.71 503 5.29 95.24 
Goldfish 9 0.11 4.76 
Carp 3 0.05 14.29 23 0.28 42.86 17 0.18 38.10 

I Golden shiner 1 0.02 4.76 30 0.36 52.38 65 0.68 61.90 
N White sucker 2 0.04 9.52 1 0.01 4.76 2 0.02 4.76 0 
z:.. Northern hogsucker 2 0.02 9.52 
I Smallmouth buffalo 1 0.01 4.76 5 0.05 14.29 

Spotted sucker 16 0.Z8 23.81 55 0.66 66.67 358 3.77 85.71 
River redhorse 2 0.02 4.76 
Golden redhorse 4 0.07 9.52 9 0.11 28.57 26 0.27 66.67 
Blue catfish 199 3.54 66.67 553 6.67 90.48 56 0.59 52.38 
Black bullhead 6 0.06 23.81 
Yel10w bullhead 31 0.33 38.10 
Brown bu 11 head 6 0.06 14.29 
Channel catfish 256 4.56 76.19 444 5.36 85.71 369 3.88 80.95 
Flathead catfish 24 0.43 47.62 24 0.29 47.62 12 0.13 38.10 
White bass 192 3.42 52.38 154 1.86 80.95 85 0.89 66.67 
Yel10w bass 287 5.11 95.24 547 6.60 95.24 793 8.34 95.24 
Striped bass 4 0.07 14.29 2 0.02 9.52 5 0.05 14.29 
Hybrid white x striped bass 20 0.36 9.52 1 0.01 4.76 
Rock bass 4 0.07 9.52 6 0.07 14.29 12 0.13 14.29 
wannouth 6 0.11 28.57 28 0.34 42.86 71 0.75 61.90 
Redbreast sunfish 6 0.11 9.52 1 0.01 4.76 2 0.02 9.52 
Green sunfi sh 1 0.02 4.76 
Oranges potted sunfish 1 0.01 4.76 
Bluegill 234 4.17 90.48 351 4.24 90.48 764 8.04 100.00 



Table 5-15. (Continued).

Station 1* Station 2-t Station 3: .
Species No. % Comp. % Occur. No. % Comp. % Occur. No. % Comp. % Occur.

Longear sunfish 1 0.02 4.76 1 0.01 4.76 1 0.01 4.76
Redear sunfish 36 0.64 61.90 365 4.40 80.95 467 4.91 100.00
Spotted bass 156 2.78 90.48 116 1.40 76.19 33 0.35 57.14
Largemauth bass 25 0.44 57.14 46 0.56 61.90 46 0.48 76.19
White crappie 139 2.47 85.71 115 1.39 90.48 89 0.94 80.95
Black crapple 3 0.05 4.76 3 0.04 14.29 6 0.06 19.05
Yellow perch 4 0.07 14.29 12 0.14 33.33 70 0.74 47.62
Sauger 74 1.32 85.71 111 1.34 90.48 69 0.73 71.43
Walleye 3 0.04 9.52 3 0.03 4.76
Freshwater drum 108 1.92 85.71 273 3.29 95.24 234 2.46 85.71

*Tennessee River Nile (TRM) 473.0.

tTRH 483.2.

JTRM 495.0.

0
I,,,
J 

N 
o 
VI 
J 

Table 5-15. (Continued). 

Species 

Longear sunfish 
Redear sunfish 
Spotted bass 
Largemouth bass 
WMte crappie 
Black crappie 
Yell ow perch 
Sauger 
Walleye 
Freshwater drum 

-Tennessee River Htle (TRt1) 473.0. 

tTRH 483.2. 

iTRH 495.0. 

"0. 

1 
36 

156 
25 

139 
3 
4 

74 

108 

StatiSID 1-
% Compo % Occur. No. 

0.02 4.76 1 
0.64 61.90 365 
2.78 90.48 116 
0.44 57.14 46 
2.47 85.71 115 
0.05 4.76 3 
0.07 14.29 12 
1.32 85.71 111 

3 
1.92 85.71 273 

SUtiQO ~ ... __ Statigo ~i 
% ComP. % Occur. NO. % Comp. % Occur. 

0.01 4.76 1 0.01 4.76 
4.40 80.95 467 4.91 100.00 
1.40 76.19 33 0.35 57.14 
0.56 61.90 46 0.48 76.19 
1.39 90.48 89 0.94 80.95 
0.04 14.29 6 0.06 19.05 
0.14 33.33 70 0.74 47.62 
1.34 90.48 69 0.73 71.43 
0.04 9.52 3 0.03 4.76 
3.29 95.24 234 2.46 85.71 



Table 5-16. Mean Quarterly Catch per Gill Net Night for Fish Species Collected at Station 1 (Tennessee River Mile 473.0) Located
Downstream of Sequoyah Nuclear Plant Discharge on Chickamauga Reservoir, Spring 1980 through Spring 198S

Sartlnina Ouarter
Spring Summer Fall Winter Spring Summer Fall Winter Spring Sumner Fall Winter Spring Sunmmer Fall

Species 1980 1980 1980 1981 1981 1981 1981 1982 1982 1982 1982 1983 1983 1983 1983

Longnose gar 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
Unidentified gar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Skipjack herring 0.08 0.83 6.27 0.13 1.45 1.94 8.00 0.08 0.43 1.62 2.64 0.03 0.02 0.62 2.73
Gizzard shad 1.85 6.23 4.15 0.33 5.25 5.91 3.30 0.30 2.18 3.12 5.35 0.61 1.30 5.78 3.48
Threadfin shad 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.02
Mooneye 0.00 0.09 0.54 0.00 0.05 0.09 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.05 0.02
Carp 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
Golden shiner 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
White sucker 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Spotted sucker 0.03 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00
Golden redhorse 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00
Blue catfish 0.88 0.20 0.35 0.00 0.23 0.26 0.00 0.00 0.00 0.27 0.08 0.00 0.02 0.55 0.22
Channel catfish 0.63 0.54 0.88 0.00 0.68 1.11 0.15 0.00 0.62 0.27 0.13 0.00 0.30 0.35 0.02

o Flathead catfish 0.05 0.11 0.00 0.00 0.00 0.03 0.08 0.00 0.05 0.04 0.02 0.00 0.00 0.00 0.00
a' White bass 0.00 0.00 0.62 0.00 0.03 0.09 2.93 0.00 0.05 0.23 0.15 0.00 0.00 0.20 0.00

Yellow bass 0.13 0.06 0.12 0.00 0.83 0.43 0.05 0.05 1.98 0.65 0.03 0.17 0.10 0.45 0.08
Striped bass 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.05 0.00
Hybrid white x

Striped bass 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
Rock bass 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.03 0.00 0.00 0.00 0.00
Warmouth 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.02 0.00 0.03 0.03 0.02 0.00 0.00
Bluegill 0.03 0.37 0.15 0.00 0.45 0.69 0.18 0.00 0.82 0.35 0.10 0.19 0.20 1.40 0.05
Redear sunfish 0.05 0.06 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.02 0.15 0.00
Spotted bass 0.08 0.09 0.65 0.03 0.45 0.00 0.08 0.15 0.28 0.96 0.64 0.08 0.05 0.02 0.02
Largemouth bass 0.00 0.03 0.00 0.03 0.08 0.00 0.03 0.08 0.02 0.00 0.00 0.00 0.18 0.08 0.00
white crappie 0.06 0.03 1.65 0.00 0.43 0.94 0.20 0.11 0.08 0.15 0.05 0.00 0.05 0.15 0.05
Black crappie 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yellow perch 0.00 0.00 0.04 0.00 0.00 0.03 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sauger 0.20 0.06 0.15 0.03 0.10 0.14 0.18 0.20 0.12 0.15 0.10 0.00 0.08 0.08 0.00
Freshwater drum 2- 0. 0.23 2.R J" 0.43 0.25 0.0 9-n 2.-M L.2 L.6 0 0.13

Totals 4.20 8.84 16.00 0.58 10.61 12.09 15.81 1.10 6.96 8.12 9.82 1.25 2.48 10.25 6.81

Table 5-16. Hean Quarterly Catch per Gill Net Night for Fish Species Collected at Station 1 (Tennessee River Hile 473.0) located 
Downstream of Sequoyah Nuclear Plant Discharge on Chickamauga Reservoir. Spring 1980 through Spring 1985 

SAmRltD9 OUA[t~[ 
Spring Sumner Fall Winter Spring SUlIIIII!r Fall Winter Spring Sumner Fall Winter Spring Sunmer Fall 

Species 1980 1980 1980 1981 1981 1981 1981 1982 1982 1982 1982 1983 1983 1983 1983 

Longnose gar 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 
UnidentIfied gar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Skipjack herring 0.08 0.83 6.27 0.13 1.45 1.94 8.00 0.08 0.43 1.62 2.64 0.03 0.02 0.62 2.73 
Gi nard shad 1.85 6.23 4.15 0.33 5.25 5.91 3.30 0.30 2.18 3.12 5.35 0.61 1.30 5.78 3.48 
Threadfin shad 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.02 
Hooneye 0.00 0.09 0.54 0.00 0.05 0.09 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.05 0.02 
Carp 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Golden shiner 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
White sucker 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Spotted sucker 0.03 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Golden red horse 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Blue catfish 0.88 0.20 0.35 0.00 0.23 0.26 0.00 0.00 0.00 0.27 0.08 0.00 0.02 0.55 0.22 

I Channel catfish 0.63 0.54 0.88 0.00 0.68 1.11 0.15 0.00 0.62 0.21 0.13 0.00 0.10 0.35 0.02 
N Flathead catfish 0.05 0.11 0.00 0.00 0.00 0.03 0.08 0.00 0.05 0.04 0.02 0.00 0.00 0.00 0.00 0 
0\ WhHe bass 0.00 0.00 0.62 0.00 0.03 0.09 2.83 0.00 0.05 0.23 0.15 0.00 0.00 0.20 0.00 
I Yellow bass 0.13 0.06 0.12 0.00 0.83 0.43 0.05 0.05 1.98 0.65 0.03 0.11 0.10 0.45 0.08 

Striped bass 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.05 0.00 
Hybrid white x 

Striped bass 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Rock bass 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.03 0.00 0.00 0.00 0.00 
Warmouth 0.00 0.00 0.00 0.00 0.0] 0.00 0.00 0.00 0.02 0.00 0.03 0.01 0.02 0.00 0.00 
Bluegill 0.03 0.37 0.15 0.00 0.45 0.69 0.18 0.00 0.82 0.35 0.10 0.19 0.20 1.40 0.05 
Redear sun" sh 0.05 0.06 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.02 0.15 0.00 
Spotted bass 0.08 0.09 0.65 0.03 0.45 0.00 0.08 0.15 0.28 0.96 0.64 0.08 0.05 0.02 0.02 
Largemouth bass 0.00 0.03 0.00 0.03 0.08 0.00 0.03 0.08 0.02 0.00 0.00 0.00 0.18 0.08 0.00 
White crappie 0.05 0.03 1.65 0.00 0.43 0.94 0.20 0.11 0.08 0.15 0.05 0.00 0.05 0.15 0.05 
Black crappie 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Yellow perch 0.00 0.00 0.04 0.00 0.00 0.03 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sauger 0.20 0.06 0.15 0.03 0.10 0.14 0.18 0.20 0.12 0.15 0.10 0.00 0.08 0.08 0.00 
Freshwater drum ~ Ll.l ...L..ll 2&.Q J..l.II .JI....ll ...J!.....U Q.JU L..ll Ul J!...ll ~ LQJl L.ll Lll 

Totals 4.20 8.B4 16.00 0.58 10.61 12.09 15.81 1.10 6.96 8.12 9.82 1.25 2.48 10.25 6.81 



Table 5-16. (Continued)

0-J

--Samnlina Ouarter
Winter Spring Summer Fall Winter Spring

Species 1984 1984 1984 1984 1985 1985

Gar 0.00 0.00 0.00 0.00 0.00 0.00
Spotted gar 0.00 0.00 0.00 0.00 0.00 0.03
Longnose gar 0.00 0.00 0.00 0.00 0.00 0.00
Skipjack herring 0.60 0.40 2.20 0.47 0.32 0.67
Gizzard shad 3.15 2.55 4.35 4.47 4.22 0.67
Threadfin shad 0.13 0.00 0.00 0.00 0.00 0.00
Mooneye 0.00 0.02 0.07 0.00 0.00 0.00
Carp 0.00 0.00 0.00 0.00 0.00 0.00
Golden shiner 0.00 0.00 0.00 0.00 0.00 0.00
White sucker 0.00 0.00 0.00 0.00 0.00 0.00
Spotted sucker 0.00 0.00 0.00 0.00 0.02 0.10
Golden redhorse 0.00 0.00 0.00 0.00 0.00 0.00
Blue catfish 0.00 0.20 0.92 0.92 0.00 0.08
Channel catfish 0.00 0.47 0.40 0.27 0.00 0.13
Flathead catfish 0.00 0.05 0.10 0.05 0.00 0.00
White bass 0.02 0.00 0.S7 0.20 0.00 0.00
Yellow bass 0.02 0.45 0.97 0.05 0.07 0.56
Striped bass 0.00 0.00 0.00 0.00 0.00 0.00
Hybrid white x striped bass 0.00 0.00 0.00 0.00 0.00 0.00
Rock bass 0.00 0.00 0.00 0.00 0.00 0.00
Warmouth 0.00 0.02 0.00 0.00 0.00 0.00
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00
Green sunfish 0.00 0.00 0.00 0.00 0.00 0.03
Bluegill 0.02 0.20 0.65 0.02 0.02 0.28
Longear sunfish 0.00 0.00 0.00 0.02 0.00 0.00
Redear sunfish 0.02 0.02 0.07 0.05 0.02 0.31
Spotted bass 0.07 0.10 0.07 0.17 0.00 0.13
Largemouth bass 0.00 0.00 0.05 0.02 0.00 0.03
White crappie 0.00 O.Os 0.13 0.02 0.02 0.03
Black crappie 0.00 0.00 0.00 0.00 0.00 0.00
Yellow perch 0.00 0.00 0.00 0.00 0.00 0.00
Sauger 0.00 0.07 0.05 0.05 0.07 0.15
Freshwater drum .2 . 0.38 0.0 L.0 0.0

Totals 4.05 4.65 10.98 6.83 4.80 3.18

Table 5-16. (Continued) 

SiJIIlllios g"'iI[t~[ 
Winter Spring Sunmer Fall Winter Spring 

Species 1984 1984 1984 1984 1985 1985 

Gar 0.00 0.00 0.00 0.00 0.00 0.00 
Spotted gar 0.00 0.00 0.00 0.00 0.00 0.03 
Longnose gar 0.00 0.00 0.00 0.00 0.00 0.00 
Skipjack herring 0.60 0.40 2.20 0.47 0.32 0.67 
Gtzzard shad 3.15 2.55 4.3& 4.47 4.22 0.67 
Thread"n shad 0.13 0.00 0.00 0.00 0.00 0.00 
Hooneye 0.00 0.02 0.07 0.00 0.00 0.00 
Carp 0.00 0.00 0.00 0.00 0.00 0.00 
Golden shiner 0.00 0.00 0.00 0.00 0.00 0.00 
White sucker 0.00 0.00 0.00 0.00 0.00 0.00 
Spotted sucker 0.00 0.00 0.00 0.00 0.02 0.10 I Golden redhorse 0.00 0.00 0.00 0.00 0.00 0.00 N 

0 Blue catfish 0.00 0.20 0.92 0.92 0.00 0.08 ..., 
Channel catftsh 0.00 0.47 0.40 0.27 0.00 0.13 I 
Flathead catfish 0.00 0.05 0.10 0.05 0.00 0.00 
White bass 0.02 0.00 0.57 0.20 0.00 0.00 
Yellow bass 0.02 0.45 0.97 0.05 0.07 0.56 
Striped bass 0.00 0.00 0.00 0.00 0.00 0.00 
Hybrid white x striped bass 0.00 0.00 0.00 0.00 0.00 0.00 
Rock bass 0.00 0.00 0.00 0.00 0.00 0.00 
Wannouth 0.00 0.02 0.00 0.00 0.00 0.00 
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00 
Green sunfish 0.00 0.00 0.00 0.00 0.00 0.03 
Bluegill 0.02 0.20 0.65 0.02 0.02 0.28 
Longear sunfish 0.00 0.00 0.00 0.02 0.00 0.00 
Redear sun" sh 0.02 0.02 0.07 0.05 0.02 0.31 
Spotted bass 0.07 0.10 0.07 0.17 0.00 0.13 
Largemouth bass 0.00 0.00 0.05 0.02 0.00 0.03 
White crappie 0.00 0.05 0.13 0.02 0.02 0.03 
Black crappie 0.00 0.00 0.00 0.00 0.00 0.00 
Yellow perch 0.00 0.00 0.00 0.00 0.00 0.00 
Sauger 0.00 0.07 0.05 0.05 0.07 0.15 
Freshwater drum .o....u Ln ....L..3Jl Ln L.D..Q ~ 

Totals 4.05 4.65 10.98 6~83 4.80 3.18 



Table 5-17. Mean Quarterly Catch per Gill Net Night for Fish Species Collected at Station 2 (Tennessee River Mile 413.2) Located
Immediately Downstream of the Sequoyah Nuclear Plant Discharge on Chickamauga Reservoir. Spring 1980 through Spring 1985

Samoling Quarter
Spring Sumner Fall Winter Spring Sumner Fall Winter Spring Summer Fall Winter Spring Summer Fall

Species 1980 1980 1980 1981 1981 1981 1981 1982 1982 1982 1982 1983 1983 1983 1983

Spotted gar 0.00 0.00 0.03 0.00 0.00 0.00 0.08 0.00 0.10 0.03 0.11 0.00 0.02 0.00 0.03
Longnose gar 0.00 0.08 0.00 0.00 0.00 0.03 0.00 0.00 0.13 0.03 0.00 0.00 0.02 0.00 0.00
Unidentified gar 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
Skipjack herring 0.11 1.34 2.94 0.03 1.00 4.95 1.20 0.03 0.36 2.64 0.56 0.46 0.10 0.83 0.67
Gizzard shad 1.76 6.39 7.89 0.07 7.27 11.33 5.13 0.46 7.23 10.42 6.59 1.57 1.70 11.07 6.03
Mooneye 0.05 0.08 1.64 0.23 0.11 1.10 0.03 0.22 0.41 0.44 0.26 0.00 0.00 0.20 0.30
Goldfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 0.00
Carp 0.05 0.03 0.06 0.00 0.00 0.00 0.05 0.00 0.10 0.00 0.18 0.00 0.08 0.03 0.00
Golden shiner 0.03 0.03 0.00 0.00 0.05 0.00 0.00 0.00 0.03 0.00 0.00 0.11 0.20 0.03 0.07
White sucker 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Smallmouth buffalo 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Spotted sucker 0.34 0.08 0.08 0.13 0.27 0.03 0.10 0.00 0.03 0.03 0.04 0.08 0.02 0.00 0.00
Golden redhorse 0.03 0.00 0.00 0.00 0.03 00.03 .03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Blue catfish 2.32 0.24 1.33 0.00 3.11 0.87 0.25 0.03 0.44 1.42 0.63 0.03 0.80 0.40 1.53

o Channel catfish 0.58 0.61 3.44 0.03 0.49 0.82 0.13 0.00 1.51 0.58 0.30 0.03 0.48 0.33 0.37
Flathead catfish 0.00 0.05 0.03 0.00 0.11 0.08 0.0S 0.00 0.00 0.08 0.00 0.00 0.00 0.07 0.00
White bass 0.00 0.00 0.31 0.03 0.00 0.56 0.15 0.05 0.05 1.75 0.18 0.08 0.02 0.33 0.07
Yellow bass 0.34 0.00 0.06 0.07 0.59 0.23 0.08 0.24 1.64 0.47 0.07 0.32 2.65 0.30 0.03
Striped bass 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rock bass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.05 0.00 0.00
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
Warmouth 0.00 0.00 0.00 0.00 0.05 0.00 0.05 0.00 0.00 0.00 0.04 0.00 0.10 0.07 0.00
Orangespotted

sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
Bluegill 0.16 0.16 0.22 0.03 0.43 0.59 0.23 0.00 0.77 0.86 0.18 0.30 0.90 1.40 0.37
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00
Redear sunfish 0.47 0.45 0.44 0.00 0.51 0.46 0.18 0.00 0.15 0.39 0.48 0.27 0.85 1.37 0.30
Spotted bass 0.03 0.08 0.47 0.20 0.22 0.13 0.00 0.03 0.59 0.00 0.15 0.21 0.18 0.00 0.23
Largemouth bass 0.00 0.00 0.03 0.03 0.43 0.08 0.03 0.00 0.05 0.08 0.07 0.03 0.28 0.10 0.00
White crappie 0.32 0.00 0.47 0.03 0.49 0.41 0.10 0.05 0.13 0.14 0.18 0.03 0.18 0.20 0.03
Black crappie 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Yellow perch 0.00 0.00 0.00 0.03 0.03 0.00 0.10 0.00 0.08 0.00 0.00 0.03 0.02 0.00 0.00
Sauger 0.13 0.26 0.14 0.30 0.30 0.21 0.13 0.05 0.31 0.17 0.07 0.03 0.00 0.07 0.10
Walleye 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.07 0.00 0.00 0.00 0.00
Freshwater drum Q.24 Ot.11 0.54 1.44 09_U 0." 0.41 0.44 0..i02 0.50 0.63

Totals 6.96 10.12 19.78 1.31 16.06 23.32 8.63 1.54 14.87 20.03 10.68 3.63 8.92 17.30 10.76

Table 5-17. Hean Quarterly Catch per Gill Net Night for Fish Species Collected at Station 2 (Tennessee River Mile 483.2) Located 
Immediately Downstream of the Sequoyah Nuclear Plant Discharge on Chickamauga Reservoir. Spring 1980 through Spring 1985 

Samg] j D9 DLIiU:tC( 
Spring Sumner Fall Winter Spring Sunmer Fall Winter Spring Swnner Fall Winter Spring Sunmer Fall 

Species 1980 1980 1980 1981 1981 1981 1981 1982 1982 1982 1982 1983 1983 1983 1983 

Spotted gar 0.00 0.00 0.03 0.00 0.00 0.00 0.08 0.00 0.10 0.03 0.11 0.00 0.02 0.00 0.03 
Longnose gar 0.00 0.08 0.00 0.00 0.00 0.03 0.00 0.00 0.13 0.03 0.00 0.00 0.02 0.00 0.00 
Unidentified gar 0.00 0.00 0.00 0.00 0.00 0.00 ,I. 00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Skipjack herring 0.11 1.34 2.94 0.03 1.00 4.95 1. 20 0.03 0.36 2.64 0.56 0.46 0.10 0.83 0.67 
Gizzard shad 1. 76 6.39 7.89 0.07 7.27 11.33 5.11 0.46 7.23 10.42 6.59 1.57 1. 70 11.07 6.03 
Hooneye 0.05 0.08 1.64 0.23 0.11 1.10 0.03 0.22 0.41 0.44 0.26 0.00 0.00 0.20 0.3D 
Goldfish 0.00 D.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 O.OD 
Carp 0.05 0.03 0.06 0.00 0.00 0.00 0.05 0.00 0.10 0.00 0.18 0.00 0.08 0.03 0.00 
Golden shiner 0.03 0.03 0.00 0.00 0.05 0.00 0.00 0.00 0.03 0.00 0.00 0.11 0.20 0.03 0.07 
White sucker 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Smallmouth buffalo 0.00 0.00 0.03 0.00 0.00 D.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spotted sucker 0.34 0.08 0.08 0.13 0.27 0.03 0.10 0.00 0.03 0.03 0.04 0.08 0.02 0.00 0.00 

I Golden redhorse 0.03 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N 
0 B1 ue catf; sh 2.32 0.24 1.33 0.00 3.11 0.87 0.25 0.03 0.44 1.42 0.63 0.03 0.80 0.40 1.53 
00 Channel catfish 0.58 0.61 3.44 0.03 0.49 0.82 0.11 0.00 1.51 0.58 0.30 0.03 0.48 0.33 0.37 I 

Flathead catfish 0.00 0.05 0.03 0.00 D.ll 0.08 0.05 0.00 0.00 0.08 0.00 0.00 0.00 0.07 0.00 
White bass 0.00 0.00 0.31 0.03 0.00 0.56 0.15 0.05 0.05 1. 75 0.18 0.08 0.02 0.33 0.07 
Yellow bass 0.34 0.00 0.06 0.07 0.59 0.23 0.08 0.24 1.64 0.47 0.07 0.32 2.65 0.30 0.03 
Striped bass 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rock bass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.05 0.00 0.00 
Redbreast sunfish 0.00 0.00 O.OD 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Warmouth 0.00 0.00 0.00 0.00 0.05 0.00 0.05 0.00 0.00 0.00 0.04 0.00 0.10 0.07 0.00 
Orangespotted 

sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
Bluegill 0.16 0.16 0.22 0.03 0.43 0.59 0.23 0.00 0.77 0.86 0.18 0.30 0.90 1.40 0.37 
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
Redeal' sunfish 0.47 0.45 0.44 0.00 0.51 0.46 0.18 0.00 0.15 0.39 0.48 0.27 0.85 1. 37 0.30 
Spotted bass 0.03 0.08 0.47 0.20 0.22 0.13 0.00 0.03 0.59 0.00 O.lS 0.21 0.18 0.00 0.23 
Largemouth bass 0.00 0.00 0.03 0.03 0.43 0.08 0.03 0.00 0.05 0.08 0.07 0.03 0.28 0.10 0.00 
WhHe crappie 0.32 0.00 0.47 0.03 0.49 0.41 0.10 0.05 0.13 0.14 0.18 0.03 0.18 0.20 0.03 
Black crappie 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Yellow perch 0.00 0.00 0.00 0.03 0.03 0.00 0.10 0.00 0.08 0.00 0.00 0.03 0.02 0.00 0.00 
Sauger 0.13 0.26 0.14 0.30 0.30 0.21 0.13 0.05 0.31 0.17 0.07 0.03 0.00 0.07 0.10 
Walleye 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.07 0.00 0.00 0.00 0.00 
Freshwater drum Lll --L.Z! ....L..l.l 1!...lQ ~ -L.ll JL.ll ~ ....2....!l .Jt...ll .JL.ll .L..O..5 Lll ~ -LU 

Totals 6.96 10.12 19.78 1. 31 16.06 23.32 8.63 1.54 14.87 20.03 10.68 3.63 8.92 17.30 10.76 



Table S-17. (Continued)

0
%0I

Samolina Ouarter
Winter Spring Summer Fall Winter Spring

Species 1984 1984 1984 1984 1985 1985

Gar 0.00 0.00 0.00 0.00 0.00 0.00
Spotted gar 0.00 0.00 0.06 0.00 0.03 0.08
Longnose gar 0.00 0.03 0.11 0.03 0.00 0.00
Skipjack herring 0.29 0.31 1.69 2.08 0.39 0.81
Gizzard shad 0.55 7.47 6.37 6.68 1.74 2.32
Threadfin shad 0.00 0.00 0.00 0.00 0.03 0.00
Mooneye 0.11 0.16 0.11 0.08 0.11 0.00
Goldfish 0.00 0.00 0.00 0.00 0.00 0.00
Carp 0.00 0.00 0.00 0.00 0.00 0.08
Golden shiner 0.00 0.03 0.00 0.00 O.0S 0.19
White sucker 0.00 0.00 0.00 0.00 0.00 0.00
Smallmouth buffalo 0.00 0.00 0.00 0.00 0.00 0.00
Spotted sucker 0.00 0.00 0.00 0.00 0.03 0.24
Golden redhorse 0.00 0.00 0.00 0.05 0.00 0.08
Blue catfish 0.00 0.28 0.29 0.42 0.03 0.92
Channel catfish 0.00 1.03 0.40 0.05 0.00 0.97
Flathead catfish 0.00 0.03 0.11 0.03 0.00 0.00
White bass 0.11 0.09 0.40 0.03 0.05 0.00
Yellow bass 0.29 4.28 0.66 0.08 0.47 2.14
Striped bass 0.00 0.00 0.00 0.00 0.00 0.00
Rock bass 0.00 0.00 0.00 0.00 0.00 0.08
Warmouth 0.03 0.09 0.03 0.00 0.00 0.32
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00
Orangespotted sunfish 0.00 0.00 0.00 0.00 0.00 0.00
Bluegill 0.03 1.03 1.11 0.00 0.08 0.97
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00
Redear sunfish 0.00 0.16 1.83 0.26 0.00 1.41
Spotted bass 0.03 0.25 0.00 0.00 0.00 0.38
Largemouth bass 0.00 0.00 0.00 0.03 0.00 0.00
White crappie 0.05 0.09 0.09 0.03 0.00 0.03
Black crappie 0.00 0.00 0.03 0.00 0.00 0.00
Yellow perch 0.00 0.00 0.00 0.00 0.03 0.00
Sauger 0.00 0.06 0.09 0.11 0.45 0.08
Walleye 0.00 0.00 0.00 0.00 0.00 0.00
Freshwater drum ___0 0.16 0.26 0.32 q.21 0.16

Totals 1.49 1S.55 13.64 10.28 3.68 11.27

Table 5-17. (Continued) 

SAmDliD9 aUlttCt 
Winter Spring Sunmer Fall Winter Spring 

Species 19B4 19B4 1984 19B4 1985 1985 

Gar 0.00 0.00 0.00 0.00 0.00 0.00 
Spotted gar 0.00 0.00 0.06 0.00 0.03 O.OB 
Longnose gar 0.00 0.03 0.11 0.03 0.00 0.00 
Skipjack herring 0.29 0.31 1.69 2.0B 0.39 0.81 
Gizzard shad 0.55 1.41 fi.31 6.fiB 1.14 2.32 
Threadfin shad 0.00 0.00 0.00 0.00 0.03 0.00 
Hooneye 0.11 O.lfi 0.11 0.08 0.11 0.00 
Goldftsh 0.00 0.00 0.00 0.00 0.00 0.00 
Carp 0.00 0.00 0.00 0.00 0.00 0.08 
Go 1 den shi ner 0.00 0.03 0.00 0.00 0.05 0.19 
White sucker 0.00 0.00 0.00 0.00 0.00 0.00 

I Smallmouth buffalo 0.00 0.00 0.00 0.00 0.00 0.00 
N Spotted sucker 0.00 0.00 0.00 0.00 0.03 0.24 0 
\D Golden redhorse 0.00 0.00 0.00 0.05 0.00 0.08 
I Blue catfish 0.00 0.28 0.29 0.42 0.03 0.92 

Channel catfish 0.00 1.03 0.40 0.05 0.00 0.97 
Fl athead catfi sh 0.00 0.03 0.11 0.03 0.00 0.00 
White bass 0.11 0.09 0.40 0.03 0.05 0.00 
Yellow bass 0.29 4.28 0.66 0.08 0.41 2.14 
Striped bass 0.00 0.00 0.00 0.00 0.00 0.00 
Rock bass 0.00 0.00 0.00 0.00 0.00 0.08 
Wannouth 0.03 0.09 0.03 0.00 0.00 0.32 
Redbreast sunfish 0.00 0.00 0.00 0.00 0.00 0.00 
Orangespotted sunfish 0.00 0.00 0.00 0.00 0.00 0.00 
Bluegill 0.03 1.03 1.11 0.00 0.08 0.97 
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00 
Redear sunfi sh 0.00 0.16 1.83 0.26 0.00 1.41 
Spotted bass 0.03 0.25 0.00 0.00 0.00 0.38 
Largemouth bass 0.00 0.00 0.00 0.03 0.00 0.00 
White crappie 0.05 0.09 0.09 0.03 0.00 0.03 
Slack crappie 0.00 0.00 0.03 0.00 0.00 0.00 
Yellow perch 0.00 0.00 0.00 0.00 0.03 0.00 
Sauger 0.00 0.06 0.09 0.11 0.45 0.08 
Walleye 0.00 0.00 0.00 0.00 0.00 0.00 
Freshwater drum ~ ~ .JL...Z.6 ....1..ll Jl.Jl ....L.J.j 

Totals 1.49 15.55 13.64 10.28 3.68 11.27 



Table S-18. Mean Quarterly Catch per Gill Net Night for Species Collected at Station 3 (Tennessee River Mile 495.0)
of the Sequoyah Nuclear Plant Discharge on Chickamauga Reservoir, Spring 1980 through Spring 1985

Locit.ed Upstream

Sampling Quarter

Spring Sumner Fall Winter Spring Summer Fall Winter Spring Summer Fall Winter Spr,-,% Summer Fall
Species 1980 1980 1980 1981 1981 1981 1981 1982 1982 1982 1982 1983 19d8 1983 1983

01

Spotted gar
Longnose gar
Shortnose Gar
Skipjack herring
Gizzard shad
Threadfin shad
Mooneye
Carp
Golden shiner
White sucker
Northern hog sucker
Smallmouth buffalo
Spotted sucker
Golden redhorse
Blue catfish
Black bullhead
Yellow bullhead
Brown bullhead
Channel catfish
Flathead'catfish
White bass
Yellow bass
Striped bass
Hybrid white x

striped bass
Rock bass
Warmouth
Bluegill
Longear sunfish
Redear sunfish
Spotted bass
Largemouth bass
White crappie
Black crappie
Yellow perch
Sauger
Walleye
Freshwater drum

0.00
0.00
0.00
0.05
0.68
0.00
0.10
0.00
0.00
0.05
0.00
0.00
1.30
0.00
0.15
0.00
0.00
0.00
0.40
0.00
0.03
0.35
0.00

0.00
0.00
0.00
0.55
0.00
0.20
0.00
0.00
0.13
0.03
0.00
0.15
0.00

0.00
0.00
0.00
0.38
4.25
0.00
1.13
0.00
0.00
0.00
0.00
0.00
0.45
0.10
0.33
0.00
0.00
0.00
1.18
0.03
0.03
0.28
0.00

0.00
0.00
0.00
0.30
0.00
0.48
0.05
0.00
0.20
0.03
0.00
0.10
0.00
0.38

0.00
0.03
0.00
1.38
3.90
0.00
1.20
0.00
0.03
0.00
0.00
0.05
0.38
0.08
0.00
0.00
0.00
0.00
0.88
0.03
0.08
0.03
0.00

0.00
0.00
0.08
0.13
0.00
0.55
0.23
0.03
0.33
0.00
0.00
0.28
0.00
0.43

0.00
0.00
0.00
0.33

16.23
0.00
3.03
0.00
0.03
0.00
0.00
0.00
2.13
0.08
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.90
0.00

0.00
0.00
0.03
0.53
0.00
0.25
0.00
0.13
0.23
0.00
0.35
0.05
0.00

0.00
0.13
0.00
0.18
6.20
0.00
0.65
0.05
0.03
0.00
0.03
0.00
0.85
0.05
0.05
0.00
0.03
0.00
0.78
0.05
0.00
0.38
0.00

0.00
0.00
0.15
0.88
0.00
0.40
0.08
O.OS
0.15
0.00
0.00
0.38
0.08

0.00
0.03
0.00
2.18
6.03
0.09
0.82
0.00
0.00
0.00
0.03
0.06
0.38
0.00
0.06
0.00
0.00
0.00
1.56
0.12
0.15
0.09
0.00

0.00
0.00
0.00
1.59
0.00
0.47
0.03
0.00
0.21
0.00
0.00
0.24
0.000.24

0.10
0.00
0.00
0.63
2.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.00
0.00
0.00
0.03
0.00
0.08
0.00
0.15
0.00
0.03

0.00
0.00
0.03
0.OS
0.00
0.08
0.03
0.05
0.00
0.00
0.20
0.10
0.00
OlOQ

0.03
0.00
0.00
0.13
8.53
0.00

1.26
0.00
0.21
0.00
0.00
0.03
0.53
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.03
1.60
0.00

0.00
0.08
0.00
0.18
0.00
0.10
0.00
0.21
0.05
0.00
0.34
0.00
0.000.0s

0.00
0.00
0.00
0.30

10.90
0.00
0.95
0.05
0.02
0.00
0.00
0.00
0.30
0.05
0.00
0.02
0.08
0.00
0.95
0.00
0.02
0.80
0.00

0.00
0.20
0.00
1.00
0.00
0.10
0.00
0.02
0.10
0.00
0.08
0.05
0.00
0.4O

0.05
0.00
0.02
2.90
3.59
0.00
0.15
0.05
0.00
0.00
0.00
0.00
0.00
0.05
0.02
0.00
0.00
0.00
0.64
0.00
0.18
0.31
0.00

0.00
0.00
0.00
1.15
0.00
0.36
0.00.
0.02
0.15
0.00
0.00
0.00
0.00
1.31

0.00
0.00
0.00
0.24
7.69
0.00
0.07
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.14
0.03
1.34
0.79
0.00

0.03
0.00
0.07
0.10
0.03
0.24
0.03
0.10
0.03
0.00
0.00
0.17
0.00
0.21

0.00
0.00
0.00
0.02
0.92
0.00
0.26
0.00
0.31
0.00
0.00
0.00
0.05
0.00
0.00
0.00
0.10
0.10
0.00
0.00
0.02
0.44
0.00

0.00
0.00
0.02
1.49
0.00
0.51
0.13
0.08
0.05
0.00
0.18
0.00
0.00
9-1-

C. A'
0. 11
0. 11
0. -1
2. 4i
0.1
0.'I

0. 3:1

0. ISI

0..'1

0.
0.3d
0. %a
0A:10.14

2. as

0. !10.11:
0.341
0.4-
024
0.1"
01:1
0. :-

0. ;1

0.'

0. :1
0. :;i

0. ""

0.00
0.00
0.00
0.92
4.73
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.18
0.00
0.00
0.03
0.00
0.00
0.53
0.03
0.03
0.34
0.00

0.00
0.00
0.10
1.71
0.00
1.29
0,00
0.00
o.os
0.00
0.00
0.03
0.00

0.02
0.00
0.00
2.35

10.88
0.02
0.38
0.00
0.20
0.00
0.00
0.00
0.00
0.02
0.02
0.02
0.00
0.00
0.05
0.00
0.10
0.40
0.00

0.00
0.00
0.02
0.22
0.OD
0.25
0.05
0.00
.0.00
0.02
0.00
0.08
0.00

Totals 4.20 9.70 10.13 24.33 11.86 14.38 3.99 13.41 16.39 10.93 11.41 4.86 12. .a 10.71 15.45

Totals 4.20 9.70 10.13 24.33 11.86 14.38 3.99 13.41 16.39 10.93 11.41 4.86 12.13 10.71 15.45

Table 5-18. Hean Quarterly Catch per Gill Net Night for Species Collected at Station 3 (Tennessee River Hile 495.01 LOCl~ed Upstream 
of the Sequoyah Nuclear Plant Discharge on Chickamauga Reservoir, Spring 1980 through Spring 1985 

Sam~ljD9 Quarter 
Spring Sunmer Fall Winter Spring Sunmer Fall Winter Spring Sunmer Fall Winter Spr' ~I" Sunmer Fall 

Species 1980 1980 1980 1981 1981 1981 1981 1982 1982 1982 1982 1983 19l!: 1983 1983 

Spotted gar 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.03 0.00 0.05 0.00 0.00 C. lil 0.00 0.02 
Longnose gar 0.00 0.00 0.03 0.00 0.1 ] 0.03 0.00 0.00 0.00 0.00 0.00 0.00 O. ].1 0.00 0.00 
Shortnose Gar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 O. ]11 0.00 0.00 
Skipjack herring 0.05 0.38 1.38 0.33 0.18 2.18 0.63 0.13 0.10 2.90 0.24 0.02 O.N 0.92 2.35 
Gi nard shad 0.68 4.25 3.90 16.2l 6.20 6.03 2.23 8.53 10.90 3.59 7.69 0.92 2.-': 4.73 10.88 
Threadfin shad 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 a.~tl 0.00 0.02 
Hooneye 0.10 1.13 1.20 3.0l 0.65 0.82 0.00 1.26 0.95 0.15 0.07 0.26 O •• J 0.08 0.38 
Carp 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.05 0.05 0.07 0.00 O. J') 0.00 0.00 
Golden shiner 0.00 0.00 0.03 0.03 O.Ol 0.00 0.00 0.21 0.02 0.00 0.00 0.31 a. · i 0.00 0.20 
White sucker 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a .HI 0.00 0.00 
Northern hog sucker 0.00 0.00 0.00 0.00 O.Ol 0.03 0.00 0.00 0.00 0.00 0.00 0.00 O.N 0.00 0.00 

I Smal1mouth buffalo 0.00 0.00 0.05 0.00 0.00 0.06 0.00 0.03 0.00 0.00 0.00 0.00 O. ]1) 0.00 0.00 
N Spotted sucker 1.30 0.45 0.38 2.13 0.85 0.38 0.10 0.53 0.30 0.00 0.00 0.05 O •• ! 0.18 0.00 -0 Golden redhorse 0.00 0.10 0.08 0.08 0.05 0.00 0.00 0.05 0.05 0.05 0.00 0.00 0.11) 0.00 0.02 
I Blue catfish 0.15 0.33 0.00 0.00 0.05 0.06 0.00 0.00 0.00 0.02 0.00 0.00 0.1'" 0.00 0.02 

Black bullhead 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 O.JS 0.03 0.02 
Yellow bullhead 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.08 0.00 0.00 0.10 o ., 0.00 0.00 
Brown bullhead 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.10 0.111 0.00 0.00 
Channel catfish 0.40 1.18 0.88 0.03 0.78 1.56 0.08 0.00 0.95 0.64 0.14 0.00 O.Se! 0.53 0.05 
Flathead 'catfish 0.00 0.03 0.03 0.00 0.05 0.12 0.00 0.00 0.00 0.00 0.03 0.00 0.1: 0.03 0.00 
\oIhite bass 0.03 0.03 0.08 0.00 0.00 0.15 0.15 O.Ol 0.02 0.18 1.34 0.02 0.111 O.Ol 0.10 
Yellow bass 0.35 0.28 0.03 0.90 0.38 0.09 0.00 1.60 0.80 0.31 0.79 0.44 2.4«: 0.34 0.40 
Striped basS 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 O. ":1 0.00 0.00 
Hybrid whHe x 

striped bass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 O. ~11 0.00 0.00 
Rock bass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.20 0.00 0.00 0.00 O. )11 0.00 0.00 
Wal"mouth 0.00 0.00 0.08 0.03 0.15 0.00 0.03 0.00 0.00 0.00 0.07 0.02 o. ~- 0.10 0.02 
B1uegi 11 0.55 O.lO 0.13 0.53 0.88 1.59 0.05 0.18 1.00 1. 15 0.10 1.49 2. : ~ 1. 71 0.22 
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 O.N 0.00 0.00 
Redear sunfish 0.20 0.48 0.55 0.25 0.40 0.47 0.08 0.10 0.10 0.36 0.24 0.51 1 . :'-: 1.29 0.25 
Spotted bass 0.00 0.05 0.23 0.00 0.08 0.03 0.03 0.00 0.00 0.00. 0.03 0.13 Q. · . 0.00 0.05 
largemouth bass 0.00 0.00 0.03 0.13 0.05 0.00 o.os 0.21 0.02 0.02 0.10 0.08 O. :~ 0.00 0.00 
White crappie 0.13 0.20 0.l3 0.2l 0.15 0.21 0.00 0.05 0.10 0.15 0.03 0.05 0, · . 0.05 0.00 . 
Black crappie 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O. :·1 0.00 0.02 
Yellow perch 0.00 0.00 0.00 0.35 0.00 0.00 0.20 0.34 0.08 0.00 0.00 0.18 O. ;;1 0.00 0.00 
Sauger 0.15 0.10 0.28 0.05 0.38 0.24 0.10 0.00 0.05 0.00 0.17 0.00 0.;': 0.03 0.08 
Walleye 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O. j·l 0.00 0.00 
Freshwater drum !L . .!!j 0.38 0.43 ...LM ....o..n ~ Ll2 ...!!......!!1i ...2...iO ...L.ll i...ll ~ O. ;.l. ~ ~ 

Totals 4.20 9.70 10.n 24.31 11.86 14.38 3.99 13.41 16.39 10.93 11. 41 4.86 lZ.lJ 10.71 15.45 



Table 5-18. (Continued)

Sampltna Ouarter
Winter Spring Summer Fall Winter Spring

Species 1984 1984 1984 1984 1985 1985

Lamprey 0.00 0.00 0.00 0.00 0.00 0.03
Spotted gar 0.00 0.05 O.OS 0.00 0.00 0.00
Longnose gar 0.00 0.00 0.02 0.02 0.00 0.03
Shortnose gar 0.00 0.03 0.00 0.00 0.00 0.00
Skipjack herring 0.00 0.32 0.27 3.05 0.30 0.11
Gizzard shad 9.72 2.71 2.65 6.75 4.95 4.21
Threadfin shad 0.00 0.00 0.00 0.17 0.00 0.00
Mooneye 0.13 0.50 0.42 0.38 0.63 0.63
Carp 0.00 0.16 0.02 0.02 0.00 0.03
Golden shiner 0.02 0.00 0.02 0.13 0.22 0.29
White sucker 0.00 0.00 0.00 0.00 0.00 0.00
Northern hog sucker 0.00 0.00 0.00 0.00 0.00 0.00
Smallmouth buffalo 0.00 0.00 0.00 0.00 0.00 0.00
Spotted sucker 0.05 0.13 0.05 0.02 1.02 1.00
River redhorse 0.00 0.00 0.00 O.OS 0.00 0.00
Golden redhorse 0.02 0.03 0.02 0.02 0.02 0.05
Blue catfish 0.00 0.05 0.27 0.10 0.00 0.03
Black bullhead 0.00 0.00 0.00 0.00 0.02 0.00
Yellow bullhead 0.02 0.29 0.00 0.00 0.00 0.13
Brown bullhead 0.00 0.00 0.02 0.00 0.00 0.00
Channel catfish 0.00 0.95 0.35 0.17 0.00 0.42
Flathead catfish 0.00 0.00 0.02 0.00 0.00 0.00
white bass 0.00 0.00 0.07 0.30 0.00 0.00
Yellow bass 0.63 1.00 1.22 0.80 3.05 4.29
Striped bass 0.00 0.00 0.02 0.07 0.00 0.00
Hybrid white x striped bass 0.00 0.00 0.00 0.00 0.00 0.00
Rock bass 0.00 0.00 0.00 0.02 0.00 0.00
Warmouth 0.02 0.29 0.00 0.00 0.10 0.47
Redbreast sunfish 0.00 0.00 0.00 0.02 0.00 0.03
Bluegill 0.27 2.26 2.42 0.40 0.25 2.13
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00
Redear sunfish 0.05 0.58 0.50 0.65 0.97 2.34
Spotted bass 0.02 0.00 0.02 0.00 0.00 0.05
Largemouth bass 0.02 0.05 0.02 0.02 0.02 0.08
White crappie 0.00 0.18 0.13 0.10 0.00 0.08
Black crappie 0.00 0.00 0.00 0.00 0.00 0.08
Yellow perch 0.13 0.00 0.00 0.02 0.35 0.05
Sauger 0.00 0.03 0.02 0.13 0.00 0.00
Walleye 0.00 0.00 0.00 0.00 0.00 0.00
Freshwater drum 0 L 0.3 0.38 0.00

Total s 11.10 9.93 8.98 13.79 11.92 16.66

I 

Table 5-l8. (ContInued) 

SamRliDR gUI[t~[ 
WInter SprIng Sumner Fall WInter SprIng 

Spectes 1984 1984 1984 1984 1985 1985 

lamprey 0.00 0.00 0.00 0.00 0.00 0.03 
Spotted gar 0.00 0.05 0.05 0.00 0.00 0.00 
long nose gar 0.00 0.00 0.02 0.02 0.00 0.03 
Shortnose gar 0.00 0.03 0.00 0.00 0.00 0.00 
SkIpjack herrIng 0.00 0.32 0.27 3.05 0.30 0.11 
GI nard shad 9.72 2.71 2.65 6.75 4.95 4.21 
Threadfin shad 0.00 0.00 0.00 0.17 0.00 0.00 
HoOneye 0.13 0.50 0.42 0.38 0.63 0.63 
Carp 0.00 0.16 0.02· 0.02 0.00 0.03 
Golden shIner 0.02 0.00 0.02 0.13 0.22 0.29 
WhIte sucker 0.00 0.00 0.00 0.00 0.00 0.00 
Northern hog sucker 0.00 0.00 0.00 0.00 0.00 0.00 

I Smallmouth buffalo 0.00 0.00 0.00 0.00 0.00 0.00 N Spotted sucker 0.05 0.13 0.05 0.02 1.02 1.00 .... .... RIver redhorse 0.00 0.00 0.00 0.05 0.00 0.00 I Golden redhorse 0.02 0.03 0.02 0.02 0.02 0.05 
Blue catfIsh 0.00 0.05 0.27 0.10 0.00 0.03 
Black bullhead 0.00 0.00 0.00 0.00 0.02 0.00 
Yellow bullhead 0.02 0.29 0.00 0.00 0.00 0.13 
Brown bullhead 0.00 0.00 0.02 0.00 0.00 0.00 
Channel catftsh 0.00 0.95 0.35 0.17 0.00 0.42 
Flathead catfIsh 0.00 0.00 0.02 0.00 0.00 0.00 
WhIte bass 0.00 0.00 0.07 0.30 0.00 0.00 
Yellow bass 0.63 1.00 1.22 0.80 3.05 4.29 
StrIped bass 0.00 0.00 0.02 0.07 0.00 0.00 
Hybrid white x striped bass 0.00 0.00 0.00 0.00 0.00 0.00 
Rock bass 0.00 0.00 0.00 0.02 0.00 0.00 
WarlllDuth 0.02 0.29 0.00 0.00 0.10 0.47 
Redbreast sunfish 0.00 0.00 0.00 0.02 0.00 0.01 
Bluegill 0.27 2.26 2.42 0.40 0.25 2.13 
longear sunfi sh 0.00 0.00 0.00 0.00 0.00 0.00 
Redear sunfl sh 0.05 0.58 0.50 0.65 0.97 2.34 
Spotted bass 0.02 0.00 0.02 0.00 0.00 0.05 
largemouth bass 0.02 0.05 0.02 0.02 0.02 0.08 
White crappIe 0.00 0.18 0.13 0.10 0.00 0.08 
Black crappie 0.00 0.00 0.00 0.00 0.00 0.08 
Yellow perch 0.13 0.00 0.00 0.02 0.35 0.05 
Sauger 0.00 0.03 0.02 0.13 0.00 0.00 
Walleye 0.00 0.00 0.00 0.00 0.00 0.00 
Freshwater drum -L Q...lZ L.l8 ...LlI ..i.JlQ ...L.ll 

Totals 11. 10 9.93 8.98 13.79 11.92 16.66 
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5.2.3 Cove Rotenone

Materials and Methods

Fish sampling with rotenone was initiated in Chickamauga Reser-

voir in 1947 to determine standing stock (numbers/ha and kg/ha) of game,

prey, and commercial fish species. Samples were taken at various loca-

tions, primarily in coves, annually through 1959 (with the exception of

1948 and 1953). In addition to standing stock information, these data

provided species occurrence and composition information and characterized

the overall fish community of the reservoir. Sampling was discontinued

after 1959 but was resumed in 1970 to collect preoperational data for

monitoring possible impacts from operation of SQN.

Rotenone sampling procedures in TVA were standardized after 1960

to include use of block nets and standard survey techniques. Prior to

this, techniques varied from year to year and from one reservoir to

another. Sampling in Chickamauga Reservoir from 1947 through 1959

included: (1) use of varying techniques for determining area and volume

of the sample site, (2) some samples conducted without the use of block

nets, and (3) undescribed subsampling techniques. In addition to 21 cove

samples, two samples were conducted in open water areas.

Field--Cove rotenone sampling since 1970 was designed to elimi-

nate certain biases through establishment of criteria for sample sites

and standardization of field techniques. Criteria for an acceptable

rotenone site were: (I) surface area at least 0.4 ha; (2) depth not more

than 7.5 m where block net is set; (3) location not adjacent to or within
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the same cove as housing developments, boat docks, or other recreation

areas; (4) absence of streams or other sensitive habitats; and (5) easy

access by boat. During operational monitoring five coves were sampled

each year in Chickamauga Reservoir. These coves were located at TRM

476.2, 478.0, 495.0, 508.0, and 524.6 (figure 5-9). Descriptions of

sample sites (1947-1985) are in table 5-19.

Standardized field techniques for rotenone sampling include:

(1) sampling when water temperature is _ 20' C; (2) accurate surveying of

surface area within one day prior to conducting sample; (3) block net set

on the afternoon prior to sampling; (4) scuba-diver check of block net to

ensure isolation of sample area; (5) determination of physical and chemi-

cal properties of the sample area; (6) application of rotenone to attain

a 1.0 mg/L concentration of toxicant; (7) pick up of all visible fish on

two consecutive days; and (8) specified sorting, counting, weighing, sub-

sampling, and data recording procedures.

Physical properties measured were surface area, maximum depth,

and mean depth (obtained through a systematic series of depth soundings).

Mean depth and surface area were used to determine the volume of the cove

and, thereby, the amount of toxicant necessary to achieve a concentration

of 1.0 mg/L.

Rotenone was applied with a pump using a weighted, perforated

hose to distribute the toxicant evenly at all depths. Initially a

curtain of rotenone was applied adjacent to the block net to prevent

small fish from escaping. Following this, rotenone was distributed by

operating the boat in a zigzag pattern throughout the cove. Finally,

shallow shoreline areas were surface sprayed with rotenone to-ensure

the same cove as housing developments, boat docks. or other recreation 

areas; (4) absence of streams or other sensitive habitats; and (5) easy 

access by boat. During operational monitoring five coves were sampled 

each year in Chickamauga Reservoir. These coves were located at TRM 

476.2, 478.0, 495.0, 508.0. and 524.6 (figure 5-9). Descriptions of 

sample sites (1947-1985) are in table 5-19. 

Standardized field techniques for rotenone sampling include: 

(1) sampling when water temperature is l 20 0 C; (2) accurate surveying of 

surface area within one day prior to conducting sample; (3) block net set 

on the afternoon prior to sampling; (4) scuba-diver check of block net to 

ensure isolation of sample area; (5) determination of physical and chemi

cal properties of the sample area; (6) application of rotenone to attain 

a 1.0 mg/L concentration of toxicant; (7) pick up of all visible fish on 

two consecutive days; and (8) specified sorting, counting, weighing, sub

sampling, and data recording procedures. 

Physical properties measured were surface area, maximum depth, 

and mean depth (obtained through a systematic series of depth soundings). 

Mean depth and surface area were used to determine the volume of the cove 

and, thereby, the amount of toxicant necessary to achieve a concentration 

of 1.0 mg/L. 

Rotenone was applied with a pump using a weighted, perforated 

hose to distribute the toxicant evenly at all depths. Initially a 

curtain of rotenone was applied adjacent to the block net to prevent 

small fish from escaping. Following this, rotenone was distributed by 

operating the boat in a zigzag pattern throughout the cove. Finally, 

shallow shoreline areas were surface sprayed with rotenone to· ensure 
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complete coverage of the area. All visible fish were picked up the day of

application and sorted by species. Each species was then sorted into

groups by 25 mm length increments. Small fish (e.g., Notropis sp.) were

preserved in a 10 percent formalin solution and returned to the labora-

tory for identification. Each size group was counted and the aggregate

weight recorded. Occasionally, some length groups were so numerous that

it was not practical to count each fish. In these cases a subsample of

that length group was counted and weighed. Remainder of the size class

was then weighed collectively and numbers estimated by the relationship:

Numbers in : Weight of = Numbers in : Weight of
subsample subsample remainder remainder

Since 1982 a modified subsampling procedure has been used to

process large numbers of young centrarchids (Lepomis sp.). Small centra-

rchids (< 76 mmn total length) were separated from the remaining cove

sample, and a I kg subsample was processed. Fish in the subsample were

sorted to species, separated into 25-mm length groups, then counted and

weighed. The remainder of the sample was weighed collectively. Numbers

of each species and size groups were then determined by using a relation-

ship similar to that described above. Fish collected the second day were

processed in the same way, except that numbers only were recorded for

each size class of each species. Weights of second-day fish were

calculated from length-weight relationships derived from first-day fish.

Data Analyses--Standing stocks of each species were calculated

by size class. Fish were grouped into game, commercial, and prey species

and classified as young, intermediate, and adults, based on total length
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(table 5-20). Standing stocks of young, intermedia te, and adult size

classes of important species were analyzed using a linear regression

model to determine statistically significant trends over the period 1970

through 1985. Important species were 4determined by the following

criteria:

1. Must occur in at least 50 percent of samples since 1970, and

2. Must comprise one percent of either the, toltal number or total biomass
collected.

In addition to species meeting the above criteria, certain

species of special interest were included for analysis because of their

importance .as sport or commercial species. For each important species,

Kruskal-Wallis rank sums analyses as modified by Dunn (Hollander and

Wolfe, 1973) were Used to determine significant standing stock differ-

ences among three areas of Chickamauga Reservoir for the preoperational

period- (1970-1979Y and operational period (1980-1985). Areas of the

reservoir were defined as: (1) downstream area, two coves (TRM 471.0 to.

TRM 484.5), (2) middle area, one cove (TRM 484.5 "to TRM 500.0), and

(3) upstream area, two coves (Th,! 500.0 to 529.9).

Results and Discussion

In 1985,, •7-:spec•ies eesenng 1 families were collected in

cove rotenone samples in Chickamauga Reservoir,(ta4l1'-5+2D,). All species

collected in 1985 previously had occurred in cove rotenone samples for:

preoperational and operational monitoring in this reservoir (table 5-22).

Numerically, threadfin shad was the most abundant species (49 percent),

followed by bluegill (23 percent) and gizzard shad (12' percent'). Gizzard
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shad comprised 51 -p06rdent of the total biomass'. sampled, wIereasý biomass,

of threadfin shad and bluegill was 17 percent and 5 percent, re'spec-

tively. Freshwater drum made up -about 6 perceht, 'of tdtai biomass, but

this, species only comprised 0.8 percent of the:'total number.

Standing stock'ofLaýl~lUung,; ntermediate, and harvestable size

classes of• fish in Chickamauga Reservoir in 1.985, determined by five cove,

rotenone samples-,. was 46,41i 'fish/ha, with a biomass of. 528 kg/ha

(table 5-23). Young-of-year fis'h represented 93 percent of the standing

stock by number and 27 percent of the biomass. Whereas harvestable ,size

fish comprised 68 percent of the biomass, numerically this' size class was;

only 5 percent of the standing stock.

Fobrage. species dominaed"'bi~miAs again in, 1985 (365 kg/ha;

69 percent;, table 5-24). Game and commercial fish comprised about

12 percent (63 kg/ha) and 19 percent (100 kg/ha).of the biomass, .respec-

tively. About 30 percent of the fish population by number were young- I

of-year game fi-sh, primarily bluegill and other sunfish. YoUng-ofvyear

gam. ,fish comprised 3 percent of the total biomass.

Temporal and Spatial Trends--Seventy-one species encompassing 15

families were collected in cove rotenone samples in'ChickamaUga Reservoir

from 1970 through 1985 (table 5-22). Mean numbers per hect~are by species

and location are shown in appendix R, and mean, biomass estimates are

shown in appendix S. Bluegill was the predominant species comprising

41 percent of the total number' of fish collected '(appendix T). Only

three species (gizzard shad, bluegiIll and freshwater drum) were present

in all cove samples from 1970 through 1985 (appendix U). Appendices V
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and W show annual mean number and biomass, respectively, of each species

collected in rotenone samples.

Numbers of young fish were highest in 1981, and biomass of

harvestable fish was highest in 1984 and 1985 (table 5-23). Table 5-24

shows a general increase in numbers and biomass of game fish from 1970

through 1983 with no distinct trend for either commercial or prey fish

groups. Since 1983, forage fish biomass has increased substantially,

while game fish have been stable.

Important Species--Nineteen species were classified as important

in cove rotenone samples (table 5-25). Results of linear regression

analyses (table 5-26) and numerical abundance and biomass of young,

intermediate, and adult size classes of each species through time are

discussed below. Spatial differences among the three areas of the reser-

voir also are discussed (tables 5-27 through 5-30).

Gizzard shad--Adult gizzard shad biomass has increased since

1983 (table 5-31). However, from 1970 through 1985, no statistically

significant trends were found for either numbers or biomass of adult

gizzard shad in Chickamauga Reservoir. Biomass of young-of-year gizzard

shad continued to show a significant increasing trend; it approached

30 kg/ha in 1985. In the Watts Bar Nuclear Plant (WBN) preoperational

fisheries monitoring (1970-1979) (TVA, 1980) a statistically significant

increasing trend was observed for numbers of adult gizzard shad. Results

of linear regression analysis can be considerably influenced by the most

recent values for a given species, particularly if the species exhibits

large year class variability as with gizzard shad.
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Gizzard shad spatial distribution analyses during preoperational

monitoring (1970-1979) indicated greater numerical abundance in the

upstream area of Chickamauga Reservoir than in either middle or down-

stream areas. No statistically significant differences in biomass were

found among the three areas during preoperational monitoring of SQN.

Operational monitoring analyses (1980-1985) indicate that a significant

spatial difference in biomass of gizzard shad existed between upper and

lower areas.

Threadfin shad--Over the period 1970 through 1984, numbers and

biomass of young-of-year threadfin shad showed a significant decline.

Extremely cold winters in 1977-1978, 1978-1979, and 1983-1984 apparently

contributed to this decline. However, following an abrupt increase in

1985 (92 kg/ha), the significant decreasing trend was eliminated. No

significant differences in numbers or biomass were found among the three

areas of Chickamauga Reservoir during either the preoperational or opera-

tional phase. Estimated numbers of threadfin shad in 1984 were about

900/ha compared to about 23,000/ha in 1985 (table 5-32).

Although other environmental/compensatory mechanisms may have

influenced the dramatic increase in threadf in shad, more open water along

shorelines and coves in 1985 than in other recent years likely contri-

buted to the record high stock estimate of this species. Increased open

waler hab i tIaL wnm Llime dIt ecLL retN, IL of ian exip' r I itmct Lit I 4titiui' 41 IIt Iw itwt It

Chickamauga approximately one month before cove areas were sampled.

Houser and Bryant (1968) indicated that, in the absence of aquatic weeds,

cove standing stocks of threadfin shad were equal to open water stocks in

two Arkansas reservoirs.
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Carp--YoungýLof-year carp increased significinxtly (both numbers

and biomass) in Chickamauga Reservoir over the period of study (1970

through 1985), but no statistically significant trend was observed for

numbers or biomass of intermediate or adult carp.i In previous analyses

(TVA, 1978b and 1980) no significant trends were observed. However, in,

these reports it was noted that cove rotenone probably does not provide a

representive sample of smaller size classes of this species (table 5-33),

and statistically significant increasing or decreasing trends should be

qualified.

Biomass and numbers of carp were significantly higher in the

upstream portion of Chickamauga Reservoir (TRM 500 to TRM 529.9) than in

other areas during preoperational monitoring (tables 5-27 and 5-28).

Results of cove rotenone samples for operational monitoring indicate

significantly higher carp biomass in the upstream and middle areas of the

reservoir than in the lower areas.

Bullhead minnow--Bullhead minnow occurrence prior to 1971 was

sporadic but this observation may have been due to misidentification of

this species. Since 1971, stocks have been relatively high (table 5-34)

and have shown an increasing trend through time. No significant differ-

ences in standing stocks were found among the three areas of the reser-

voir during preoperation. Following operation, numbers were signifi-

cantly higher upstream relative to the* middle area until 1985, but this

is no longer the case.

Smallmouth buffalo--Over the period 1970 through 1985, both

numbers and biomass of intermediate and adult size classes of this

species have declined significantly. However, total numbers (40/ha) of
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and biomass) in Chick?mauga Reservoir over the period of study (1970 
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and statistically significant increasing or decreasing tr~nds should be 
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decline. In 1985, a significant decline in the intermediate class was

noted. Although few were collected, numbers of this species were highest

in the reservoir mid-section during preoperational monitoring. During

operational monitoring, numbers and biomass in the middle area were also

significantly greater than in the upper and downstream areas. Total

biomass estimates for flathead catfish since 1970 have seldom exceeded

1.0 kg/ha (table 5-38).

White bass--Numbers of young white bass, relatively low through-

out the sampling period, showed a significant decreasing trend. No signi-

rireugt .ioct ,iti r wete touuld tuflolUi the three t'eq et volt. ut.!, I Millet

operation began. However, during preoperational monitoring both numbers

and biomass were significantly higher upstream than downstream. Total

biomass estimates for this species have been consistently below 1.0 kg/ha

until 1985 (table 5-39).

Yellow bass--All size classes of this species increased signi-

ficantly (both numbers and biomass) since 1971. Because yellow bass did

not meet criteria for important species in SQN preoperational analyses,

this trend was first documented in the WBN preoperational monitoring

report (TVA, 1980). During preoperational monitoring and since operation

began, no significant differences in the standing stock among the three

reservoir areas were detected. Total biomass for this species was

highest (10 kg/ha) in 1981, and total numbers were highest in 1982

(table 5-40).

Warmouth--All three size classes of this species have increased

significantly (both numbers and biomass) through time, but-numbers and

biomass were down in 1985. Warmouth did not meet criteria for "important
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decline. In 1985, a significant decline in the intermediate class was 

noted. Although few were collected. numbers of this species were highest 

in the reservoir mid-section during preoperational monitoring. During 
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ficantly (both numbers and biomass) since 1971. Because yellow bass did 
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(table 5-40). 

Warmouth--All three size classes of this species have increased 

significantly (both numbers and biomass) through time. but,numbers and 

biomass were down in 1985. Warmouth did not meet criteria for "important 
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smallmouth buffalo increased in 1983and were similar, to levels observed

in 1971 and 1972 (table 5-35). No significant. differences in standing

stocks (numbers or biomass) of this species among the three areas of

Chickamauga Reservoir have occurred under preoperational (1970-1979) or

operational conditions (1980-1984).

Spotted sucker--Biomass and numbers. of young-of-year spotted

sucker show a significant decreasing trend. Spotted sucker was not

identified in rotenone samples in Chickamauga Reservoir prior to 1959.

As noted in a previous report (TVA, 1982) this species may be nearing the

end of an expansion phase. However, total biomass increased slightly in

1985 (table 5-36). Since SQN operation began, significant differences in

standing stocks of spotted sucker among the three areas of the reservoir

have not been noted, whereas in preoperational analyses, biomass of this

species was significantly greater in the upper area than in the middle

area.

Channel catfish--Intermediate size channel catfish (both numbers

and biomass) continued to show a decreasing trend, whereas biomass of

adults continued to increase through time. A declining trend was also

noted for intermediate size channel catfish in previous reports (TVA,

1978b; 1980; and 1983). Except for 1981, estimated total biomass of this

species has been less than 1.5 kg/ha (table 5-37). No significant differ-

ences were noted among the 3 reservoir areas during either preopera-

tional or operational monitoring for SQN'.

Flathead catfish--Through 1983 no significant trend for biomass

or numbers of any size class of this species was determined, but in 1984,

numbers of young and numbers and biomass of adults showed a significant
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smallmouth buffalo increased in 1983 and were simi'l,a;:, to levels observed 

in 1971 and 1972 (tab1e 5-35). No significant. differences in standing 

stocks (numbers or biomass) of this speci~s among the three areas of 

Chickamauga Reservoir have occurred under preoperational (1970-1979) or 

operational conditions (1980-1984). 

Spotted sucker--Biomass and numbers. of young-of-year spotted 

sucker show a significant decreasing trelJd. Spotted sucker was not 

identified in rotenone samples in Chickamauga Reservoir prior to 1959. 

As noted in a previous L'eport (TVA, 1982) this species may be nearing the 

end of an expansion phase. However, total biomass increased s1ight.ly in' 

1985 (table 5-36). Since SQN operation began, significant differences in 

standing stocks of spotted sucker among the three a'reas of the reservoir 

have not been noted, whereas in preo~erational ana~yses, biomass of this 

species was significantly greater in the upper area than in the middle 

area. 

Cliannel catfish--Interm~diate size channel catfish (both numbers 

and biomass) continued to show a decreasing trend, whereas biomass of 

adults continued to increase through time. A declining trend was also 

noted for intermediate size channel catfish in previous reports (TVA, 

1978b; 1980; and 1983), Except .for 1981, estimated total biomass of this 

species has been less than 15 kg/ha (table 5-37). No significant diffec-

ences were noted among the 3 reservoir areas during either preopera-

tional or operational monitpring for SQN~ 

Flathead catfish-;...Through i983 no significant trend for biomass 

or numbers of any size class of this species was determined, but in 1984, 

numbers of young and numbers and biomass of adults showed a significant 
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ýspecies" status when SQN preoperational studies were analyzed (TVA,

t978b). When data were analyzed for the WBN preoperational report

(1970-1979), warmouth abundance had increased to meet these criteria.

Linear regression analyses for WBN preoperational monitoring revealed

that, with the exception of numbers of young warmouth, all size groups

were increasing significantly. Numbers per hectare of young warmouth Phad

increased but the trend was not statistically significant. No signifi-

cant differences in numbers or biomass were found among the three afeas

of the reservoir during preoperation. Since operation, numbers have been

highest in the middle area. For five of the past six years, total

numbers have exceeded 1,000/ha (table 5-41).

Bluegill--Numbers and biomass of young of year of this species

increased significantly through time. A significant increasing or

decreasing trend for other size groups was not determined. Estimated

total biomass for this species frequently has been above 30 kg/ha

(table 5-42). During the preoperational period for SQN (TVA, 1978b) only

numbers of young bluegill exhibited a significant increasing trend. Pre-

operational data analyses for WBN (TVA, 1980) indicated numbers of all

three size classes increased while biomass of only the young size class

showed a similar trend. Based on recent results, it appears that numbers

of young-of-year bluegill in Chickamauga have stabilized. As indicated

in previous analyses (TVA, 1983), an increase in aquatic vegetation in

Chickamauga Reservoir has contributed to higher standing stocks of

centrarchids, particularly young-of-year. In contrast to the

preoperational period, significant differences were found among the three

areas of the reservoir since operation began. Numbers and biomass were
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significantly less in the upper area relative to the downstream and

middle areas.

Longear sunfish--Neither numbers nor biomass of any size group

was found to be increasing or decreasing. Previous analyses (TVA, 1978b

and 1980) showed increases for young and intermediate sizes, although

adult numbers and biomass exhibited no trend. Both numbers and biomass

of this species were significantly lower upstream than in either of the

other two reservoir areas in both the operational and preoperational

periods. Total biomass was less than 5 kg/ha for the 1970-1985 period

(table 5-43).

Redear sunfish--Total biomass for this species in 1985 was

10 kg/ha (table 5-44). As in previous analyses, biomass and numbers of

young redear sunfish showed a significant increasing trend (table 5-26).

Biomass and numbers of the intermediate size class also showed a signifi-

cant increasing trend. This general increasing trend is probably related

to increased aquatic macrophytes in Chickamauga Reservoir. No signifi-

cant difference in standing stocks was found among the three areas of the

reservoir during preoperation. Since operation, numbers were higher in

the downstream and middle areas.

Largemouth bass--Through 1983, numbers of all three size classes

of largemouth bass showed an increasing trend (TVA, 1984). In 1984,

biomass of young-of-year and numbers of intermediates continued to show a

l I fl,' Iini l.,'riii.• lFoll owliig 1985, n 1gig llflenotL lscc slie t.rvil [of-

numbers and biomass of adults was established. No significant difference

in abundance among the three areas of the reservoir was determined during

preoperational monitoring, but under operational monitoring (1980-1985),
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biomass and numbers in the middle and downstream areas are significantly

higher relative to the upstream area. Total biomass was L8 kg/ha in

1985, and since 1978 it usually has exceeded 10 kg/ha (table 5-45).

Abundance of all size classes of Largemouth bass may be directly related

to increases in young bluegill and other centrarchids.

White crappie--Neither increasing nor decreasing trends were

found for number or biomass of young white crappie. Biomass of the

intermediate size class continued to show a decreasing trend. Also,

following 1984, numbers and biomass of adults had a decreasing trend.

Previous data analyses for the SQN preoperational report revealed

declining numbers and biomass of adults (TVA, 1978b), but more recent

analyses performed for the WBN preoperational report (TVA, 1980) and

those for 1983 (TVA, 1984) showed neither increasing nor decreasing

trends. White crappie were significantly more abundant (both numbers and

biomass) in the upstream area of Chickamauga Reservoir than in the middle

and downstream areas during preoperation. Since operational monitoring

began, numbers in the middle and upstream areas were significantly

greater than the downstream area (table 5-29). Since 1970 total biomass

of white crappie estimated by cove rotenone samples has not exceeded

5 kg/ha (table 5-46).

Sauger--Although numbers and biomass of the harvestable size

class of sauger had a decreasing trend in 1984, this trend was not appar-

ent in 1985. No significant differences were found among the three areas

of the reservoir during preoperational or operational monitoring. This

species is seldom collected in coves (table 5-47).
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trends. White crappie were significantly more abundant (both numbers and 

biomass) in the upstream area of Chickamauga Reservoir than in the middle 

and downstream areas during preoperation. Since operational monitoring 

began, numbers in the middle and upstream areas were significantly 

greater than the downstream area (table 5-29). Since 1970 total biomass 

of white crappie estimated by cove rotenone samples has not exceeded 

5 kg/ha (table 5-46). 

Sauger--Although numbers and biomass of the harvestable size 

class of sauger had a decreasing trend in 1984. this trend was not appar

ent in 1985. No significant differences were found among the three areas 

of the reservoir during preoperational or operational monitoring. This 

species is seldom collected in coves (table 5-47). 
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Yellow perch--Both numbers and biomass of adults had a signifi-

cant increasing trend. This species apparently became established in

Chickamauga Reservoir sometime after 1959 and first appeared in cove

rotenone samples in 1970. Adults were first collected in cove rotenone

samples in 1978. At the time data analyses were performed for the SQN

preoperational report (TVA, 1978b), only young had been collected, and no

trend could be determined. At the time data analyses were performed for

WBN preoperational report (TVA, 1980), intermediate and adult size

classes had only been collected for two years, but linear regression

analyses showed increasing trends. Most recent results confirm that this

species has become established in Chickamauga Reservoir, and the popula-

tion is expanding, although total biomass has not exceeded 4 kg/ha

(table 5-48). During the operational and preoperational periods signifi-

cant spatial differences in abundance of this species were determined.

During preoperational monitoring, biomass and numbers were higher in both

the middle and downstream areas than in the upstream area. Currently in

operational monitoring, numbers and biomass in the middle area are

significantly higher than those upstream and downstream.

Freshwater drum--Considering the entire preoperational and

operational monitoring period (i.e., 1970 through 1985), linear regres-

sion analyses revealed both numbers and biomass of young and intermediate

size freshwater drum have declined in Chickamauga Reservoir. These

apparent trends were first documented prior to unit 1 fuel load at SQN

(TVA, 1980). Mean annual numbers and biomass (table 5-49) show a

possibly cyclic pattern for these two size groups; stocks were high in

the early to mid 1970's, then decreasing through the late 1970's and
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early 1980's, and subsequently increasing through 1985. Young-of-year

numbers in 1985 were the highest since 1973, while intermediate numbers

in 1985 were the highest since 1977. No similar cyclic pattern is

evident for adult freshwater drum; also, linear regression analyses

revr4led nn significant i,-rensing or" derreisiln8 rrendii ini mdurt airtors

The apparent redu(:tLiuis or cycling In young nud Intermed Ltc sttocks sire

not considered ecologicalLy significant unless they are ultimately

reflected in reduced stocks of adults. However, because high entrainment

rates of freshwater drum were noted at SQN (see section 5.1.2) TVA has

initiated investigations to determine if entrainment losses provide an

explanation of reduced numbers of young and intermediate size freshwater

drum. EPA was informed of TVA's plans to conduct these studies in a

letter dated February 14, 1986. Investigations are planned in two

phases: (1) length frequency and age structure of the adult population

to determine if recruitment to adult size may be restricted and (2) fish

egg and larvae collections at SQN and downstream to determine if

significant reproduction occurs beyond the influence of the plant's

intake such that eggs and larvae would not be subjected to entrainment.

The first phase of the study is being conducted in 1986, while the second

phase is not planned until SQN resumes operation.

Another plausible explanation for reduced stock estimates of

young and intermediate sizes of freshwater drum may be the significant

increases of aquatic macrophytes in the reservoir since the mid-1970's.

From 1976 through 1983 there was a seven-fold increase in the acreage

affected by rooted aquatic vegetation in Chickamauga Reservoir. Unlike

many of the centrarchids, young and intermediate sizes of freshwater drum
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seem to prefer open water areas and appear to avoid coves with dense

aquatic vegetation. In support of this premise, young and intermediate

freshwater drum have been more abundant in the uppermost sample cove in

Sewee Creek at TRM 524.6 where aquatic macrophytes have always been

absent.

In the preoperational period for SQN (1970-1979) and most of the

operational period (1980-1984), numbers and biomass of freshwater drum

were found to be most abundant in the upstream portion of Chickamauga

Reservoir. Following 1985, however, no significant differences were

detected among the three areas of the reservoir. In late July and early

August 1985, approximately one month before cove rotenone sampling was

performed, TVA conducted an experimental drawdown of Chickamauga

Reservoir for aquatic plant control on a broad scale. The drawdown was

very effective in reducing aquatic macrophytes in shoreline areas

throughout the reservoir, including the coves sampled with rotenone.

When the reservoir was refilled following the drawdown, additional open

water habitat was available. This change, favorable to those species

preferring open water and/or "edge" habitats, appears to have been at

least partially responsible for both higher stock estimates of young and

intermediate freshwater drum in 1985 and the more even distribution of

numbers and biomass of this species among the coves sampled.

Summary and Conclusions

Cove rotenone sampling does not provide representative samples

of all species; however, it remains the best overall fish sampling method

for determining quantitative and qualitative (species composition)
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changes in the reservoir fish population. Based on cove rotenone

sampling since 1970, which included 10-year preoperational and 6-year

operational periods, operation of SQN has not had a significant adverse

impact an fish standing stocks in Chickamauga Reservoir, except possibly

for freshwater drum. Both increasing and decreasing trends were noted

among species ranked dominant and/or important, but total fish biomass

has remained relatively stable. Some species (e.g., flathead catfish,

sauger, and white crappie) that showed decreases in biomass for one or

more size classes were those which cove rotenone generally does not pro-

vide a representative sample. On the other hand, species that showed

increasing trends (e.g., bluegill, gizzard shad, and largemouth bass)

were those which cove rotenone usually provides better estimates of rela-

tive abundance.

The overriding influence on standing stock estimates for many of

the important fish species appears to be associated with habitat altera-

tion resulting from an increase in aquatic vegetation in shallow overbank

and cove areas of Chickamauga Reservoir. From 1976 through 1983 there

was a seven-fold increase in the acreage affected by rooted aquatic

vegetation. This has been reflected in higher standing stock estimates

for various Centrarchidae, particularly warmouth, redear sunfish,

bluegill, and largemouth bass. Whether or not aquatic vegetation has

resulted in a decrease in biomass or numbers of some fish species (e.g.,

smallmouth buffalo and freshwater drum) is not clear. However, the

experimental summer drawdown of Chickamauga Reservoir in 1985 for aquatic

weed control produced conditions that supported previous assumptions that

freshwater drum and threadfin shad appear to avoid coves with dense
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vegetation. Although young-of-year largemouth bass showed a slight

decline in 1985, adult stock estimates were the highest recorded (52/ha;

14 kg/ha) since monitoring began in 1970.

A definitive conclusion concerning the effect of SQN on fresh-

water drum cannot be made. Freshwater drum entrainment estimates indi-

cate a possible plant associated impact and cove rotenone studies have

indicated a decline in numbers and biomass of young and intermediate size

freshwater drum. On the other hand, the decline of young and inter-

mediate size freshwater drum were first documented prior to unit I fuel

load. Furthermore, no significant increasing or decreasing trends in

adult freshwater drum stocks have been identified. Reductions in young

and intermediate stocks are not considered ecologically significant

unless they are ultimately reflected in reduced stocks of adult.

TVA has initiated investigations to determine if entrainment

losses provide an explanation of reduced numbers of young and inter-

mediate size freshwater drum. Investigations are planned in two phases:

(I) length frequency and age structure of the adult population to deter-

mine if recruitment to adult size may be reduced and (2) fish egg and

larvae collections at SQN and downstream to determine if significant

reproduction occurs beyond the influence of the plant's intake such that

eggs and larvae would not be subjected to entrainment. The first phase

of the study is being conducted in 1986. The second phase will be con-

ducted when SQN resumes operation, if the results of phase I are incon-

clusive. EPA was informed of these plans in a letter dated February 14,

1986.
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Cove rotenone studies should continue as part of the SQN aquatic

monitoring program because they remain the best overall fish sampling

method for determining reservoir-wide quantitative and qualitative

changes in fish populations.
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Table 5-19. Characteristics of Rotenone Sites in- Chickamauga Reservoir,
1947 through 1985 (Chickamauga Dam Located at TRM 471.0, and
Sequoyah Nuclear Plant Located at TRM 484.5)

Surface
Tennessee Area Mean Maximum Tempera-
River Mile Date (Hectares) Depth (m) Depth (m) ture (C)

471.7
472.8
472.8
472.8
472.8
475.0
475.0
475.0
475.0
475.2
475.7
475.7
475.7
475.7
475.7
475.7
475.7
476.2
476.2
476.2
476.2
476.2
476.2
476.2
476.2
476.2
478.0
478.0
478.0
478.0
478.0
478.0
478.0
478.0
478.0
478.0

9/ 9/54
10/12/49
4/26/50

10/17/50
10/16/51

5/ 8/47
5/24/50
6/21/50
7/26/50
8/ 3/70
8/ 4/70
9/14/71
9/19/72
9/18/73
9/16/74
9/16/75
9/14/76
9/ 1/77
8/22/78
8/21/79
8/19/80
9/ 1/8i
8/31/82
8/30/83
8/27/84
8/27/85
9/11/56
9/10/57
8/ 5/70
9/16/71
9/21/72
9/20/73
9/18/74
9/18/75
9/16/76
8/30/77

0.81
0.61
0.40
0.61
0.61
0.81
0.81
0.81
0.81
0.90
0.89
1.26
1.26
1.26
1.26
1.33
0.93
0.49
0.29
0.74
0.65
0.75
0.42
0.42
0.42
0.42
1.81
1.21
0.45
0.97
0.97
0.97
0.97
0.97
0.56
0.35

2.7

2.4
2.4
1.8
2.4
1.5
1.8
2.0
2.0

2.0
2.0
1.9
1.1
0.7
1.2
0.7
1.1
0.8
0.8
0.7
0.8
2.3
1.9
1.7
0.5
0.5

0.5
1.4
1.2
1.0

6.1
9.2
6.1
6.1
4.0

3.2

6.4
4.6
6.1
4.9
1.9
1.5
2.8
2.2
2.8
1.4
1.8
1.5
1.5
4.0
4.3

4.0
1.8
4.3
2.4
2.2

26.7
22.2
16.1
18.9
18.9
15.6
22.2
27.3
27.8
29.5
29.4
25.5

24.8
25.0
23.5
23.5
28. 1
28.5
28.5
30.0
27.5
27.5
29.5
26.8
26.5
23.3
25.5
28.6
26.7
28.5
23.7
25.0
23.6
23.0
27.0
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Table 5-19. Characteristics of Rotenone Sites in· Chickamauga Reservoir 9 

1947 through 1985 (Chickamauga Dam Located at TRM 471.0 9 and 
Sequoyah Nuclear Plant Located at TRM 484.5) 

Surface 
Tennessee Area Mean Maximum Tempera-
River Mile Date (Hectares) Depth (m) Depth (m) ture (C) 

471.7 9/ 9/54 0.81 2.7 26.7 
472.S 10/12/49 0.61 6.1 22.2 
472.8 4/2.6/50 0.40 9.2 16.1 
472.S 10/17/50 0.61 6.1 18.9 
472.8 10/16/51 0.61 6.1 18.9 
475.0 51 8/47 O.Sl 2.4 4.0 15.6 
475.0 5/24150 0.81 2.4 22.2 
475.0 6/21/50 0.81 1.8 27.3 
475.0 7/2.6/50 0.81 2.4 27.8 
475.2 8/ 3/70 0.90 1.5 3.2 29.5 
475.7 8/ 4/70 0.89 1.8 29.4 
475.7 9/14/71 1.26 2.0 25.5 
475.7 9/19/72 1. 2.6 2.0 
475.7 9/18173 1.26 6.4 24.8 
475.7 9/16/74 1.26 2.0 4.6 25.0 
475.7 9/16175 1.33 2.0 6.1 23.5 
475.7 9/14176 0.93 1.9 4.9 23.5 
476.2 9/ 1/77 0.49 1.1 1.9 28.1 
476.2 8/22178 0.29 0.7 1.5 28.5 
476.2 8/21/79 0.74 1.2 2.8 28.5 
476.2 8/19/80 0.65 0.7 2.2 30.0 
476.2 9/ 1/81 0.75 1.1 2.8 27.5 
476.2 8/31/82 0.42 0.8 1.4 27.5 
476.2 8/30/83 0.42 0.8 1.8 29.5 
476.2 8/27/84 0.42 0.7 1.5 26.8 
476.2 8/27/85 0.42 0.8 1.5 26.5 
478.0 9/11/56 1.81 2.3 4.0 23.3 
478.0 9/10/57 1.21 1.9 4.3 25.5 
47S.0 8/ 5/70 0.45 1.7 28.6 
478.0 9/16/71 0.97 0.5 26.7 
478.0 9/21/72 0.97 0.5 28.5 
478.0 9/20/73 0.97 4.0 23.7 
478.0 9/1S174 0.97 0.5 1.8 25.0 
478.0 9/18/75 0.97 1.4 4.3 23.6 
478.0 9/16176 0.56 1.2 2.4 23.0 
478.0 8/30/77 0.35 1.0 2.2 27.0 
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Table 5-19. (Continued)

Tennessee
River Mile

478.0
478.0
478.0
478.0
478.0
478.0
478.0
478.0
484.7
48Y.5
487.5
487.5
487.5
487.5*
487.5
489.6*
489.6
489.6*
489.6
492.6
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
495.0
1. 2t
2.51t

8/24/78
8/23/79
8/21/80
9/ 3/81
9/ 2/82
9/ 1/83
8/29/84
8/29/85
7/ 6/70
9/20/50
9/ 7/54
9/12/5 7
9/ 9/58
9/11/58
8/27/ 59

10/28/52
10/29/5 2
10/ 28/5 2
10/29/52
7/ 7/70

10/21/52
7/10/70
9/23/71
9 /28/72
9/27/73
9/23/74
9/23/75
9/21/76
9/13/7 7
8/31/78
9/ 5/79
8/26/80
8 /20/81
8/19/82
8/18/83
8/16/84
8/22/85
7/27/70
9/13/56

Area
(Hectares)

0.58
0.43
0.65
0.61
0.43
0.44
0.44
0.45
0.49
0.40
0.81
0.93
1.05
0.40
1.05
0.40
0.41
0.40
0.41
0.28
0.61
0.61
0.93
0.93
0.93
0.93
0.93
0.47
0.39
0.46
0.52
0.58
0.46
0.46
0.41
0.41
0.44
0.55
0.81

Mean Maximium
Depth (Wn Depth Win

0.9
1.2
1.3
1.3
1.0
1.0
1.1
1.0
1.6

2.5
2.6
5.5
2.6

1.4

1.3
1.4
1.4

1.4
1.4
1.2
1.8
1.3
1.4
1.6
1.2
1.4
1.2
1.4
1.1
1.2
1.7

2.2
2.5
2.9
2.8
2.3
2.6
2.5
2.4

7.0
5.5
6.4
6.7

11.6
6.5
4.6
3.7
4.6
3.7

4.0
3.7
3.7
3.7
5.2
3.4
3.7
3.7
3.1
3.4
3.1
3.2
3.1
3.4
3.1

Surface
Tempera-
tnire (r.)

30.0
28.5
31.0
27.5
28.0
28.5
28.0
28.5
26.0
22.2
27.8
25.6
25.6
25.6
27.8
15.6
12.2
15.6
12.2

14.4.

24.4

24.6
22.0
22.8
22.2
23.4
29.7
27.5
30.0
24.0
29.0
28.5
27.0
29.0
25. 3
21.7
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Table 5-19. (Continued) 

Surface 
Tennessee Area Mean Maximwn Tempera-
River HUe Date (Her-tares) Pepl:h em) Pepth (m) tlare (r.) 

- - _______ .¥_o_ .. --- - ------ ----- -.. -

47S.0 S/24/7S 0.58 0.9 2.2 30.0 
478.0 8/23/79 0.43 1.2 2.5 28.5 
478.0 S/21/S0 0.65 1.3 2.9 31.0 
478.0 9/ 3/81 0.61 1.3 2.8 27.5 
478.0 9/ 2/82 0.43 1.0 2.3 2S.0 
478.0 9/ 1/83 0.44 1.0 2.6 2S.5 
478.0 S/29/84 0.44 1.1 2.5 2S.0 
478.0 S/29/85 0.45 1.0 2.4 28.5 
484.7 7/ 6/70 0.49 1.6 26.0 
4S7.5 9/20/50 0.40 7.0 22.2 
487.5 9/ 7/54 0.81 5.5 27.8 
487.5 9/12157 0.93 2.5 6.4 25.6 
4S7.5 9/ 9/58 1.05 2.6 6.7 25.6 
487.5* 9/11/58 0.40 5.S 11.6 25.6 
487.5 S/27/59 LOS 2.6 6.5 27.S 
489.6* 10/2S/52 0.40 4.6 15.6 
489.6 10/29/52 0.41 3.7 12.2 
489.6* 10/28/52 0.40 4.6 15.6 
489.6 10/29/52 0.41 3.7 12.2 
492.6 7/ 7/70 0.28 1.4 
495.0 10/21/52 0.61 14.4 
495.0 7/10/70 0.61 1.3 
495.0 9/23/71 0.93 1.4 24.4 
495.0 9/28/72 0.93 1.4 
495.0 9/27/73 0.93 4.0 24.6 
495.0 9/23/74 0.93 1.4 3.7 22.0 
495.0 9/23/75 0.93 1.4 3.7 22.S 
495.0 9/21/76 0.47 1.2 3.7 22.2 
495.0 9/13/77 0.39 1.8 5.2 23.4 
495.0 8/31/78 0.46 1.3 3.4 29.7 
495.0 9/ 5/79 0.52 1.4 3.7 27.5 
495.0 8/26/S0 0.58 1.6 3.7 30.0 
495.0 8/20/S1 0.46 1.2 3.1 24.0 
495.0 8/19/S2 0.46 1.4 3.4 29.0 
495.0 8/18/S3 0.41 1.2 3.1 28.5 
495.0 S/16/84 0.41 1.4 3.2 27.0 
495.0 S/22/S5 0.44 . 1.1 3.1 29.0 
1.2t 7/27/70 0.55 1.2 3.4 25.3 
2.5t 9/13/56 0.81 1.7 3.1 21.7 
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Table 5-19. (Continued)

Surface
Tennessee Area Mean Maximum Tempera-
River Mile Date (Hectares) Depth (W) Depth (m) ture (C)

2. 5t
3.5t
505.4
506.0
507.3
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
508.0
524.6
524.6
524.6
524.6
524.6
524.6
524.6
524.6
524.6
524.6

7/28/70
7/29/70
7/14/70
7/13/70
7/14/70
9/20/71
9/27/72
9125/73
9/25/74
9/25/75
9/23/76
9/15/77
8/29/78
8/23/79
8/28/80
8/18/81
8/17/82
8/16/83
8/13/84
8/20/85
9/ 8/76
9/ 7/77
8/29/78
8/21/79
9/ 3/80
9/ 9/81
9/ 8/82
9/ 8/83
9/ 4184
9/ 5/85

0.96
0.69
0.18
0.28
0.27
0.43
0.43
0.43
0.43
0.42
0.43
0.43
0.57
0.43
0.51
0.48
0.46
0.40
0.42
0.44
0.33
0.33
0.29
0.38
0.48
0.32
0.44
0.43
0.45
0.47

1.3
1.2
1.3
1.1
1.0
0.9

0.9
0.9
0.9
0.9
1.0
0.9
0.9
1.0
0.9
0.8
1.0
0.8
0.3
0.5
0.4
0.6
0.4
0.2
0.4
0.4
0.5
0.4

2.5

2.1

2.0
3.1
3.1
2.0
2.2
1.8
1.9
1.7
1.9
1.8
1.2
1.8
1.7
1.0
1.2
0.6
1.2
0.8
0.5
0.9
0.8
1.0
0.8

29.8
30.7
27.5
28.0
27.3
23.9

24.9
21.0
22.3
22.2
23.3
30.5
27.3
30.0
27.0
27.0
29.0
28.5
30.0
25.2
26.6
31.0
30.0
27.0

26.5
26.5
23.0
30.0

*Open water sample.

tHiwassee River Mile (confluence at TRM 500.0).
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Table 5-19. (Continued) 

Surface 
Tennessee Area Mean Maximum Tempera-
River Mile Date (Hectares) Depth (m) Depth (m) ture (C) 

2.St 7/28/70 0.96 1.3 29.8 
3.St 7/29/70 0.69 1.2 2.5 30.7 
505.4 7/14/70 0.18 1.3 27.S 
506.0 7/13/70 0.28 1.1 28.0 
507.3 7/14/70 0.27 1.0 2.1 27.3 
508.0 9/20/71 0.43 0.9 23.9 
508.0 9/27/72 0.43 
508.0 9/25/73 0.43 2.0 24.9 
508.0 9/25/74 0.43 0.9 3.1 21.0 
508.0 9/25/75 0.42 0.9 3.1 22.3 
508.0 9/23/76 0.43 0.9 2.0 22.2 
508.0 9/15/77 0.43 0.9 2.2 23.3 
508.0 8/29/78 0.57 1.0 1.8 30.5 
508.0 8/23/79 0.43 0.9 1.9 27.3 
508.0 8/28/80 0.51 0.9 1.7 30.0 
508.0 8/18/81 0.48 1.0 1.9 27.0 
508.0 8/17/82 0.46 0.9 1.8 27.0 
508.0 8/16/83 0.40 0.8 1.2 29.0 
508.0 8/13/84 0.42 1.0 1.8 28.5 
508.0 8/20/85 0.44 0.8 1.7 30.0 
524.6 9/ 8/76 0.33 0.3 1.0 25.2 
524.6 9/ 7/77 0.33 0.5 1.2 26.6 
524.6 8/29/78 0.29 0.4 0.6 31.0 
524.6 8/21/79 0.38 0.6 1.2 30.0 
524.6 9/ 3/80 0.48 0.4 0.8 27.0 
524.6 9/ 9/81 0.32 0.2 0.5 
524.6 9/ 8/82 0.44 0.4 0.9 26.S 
524.6 9/ 8/83 0.43 0.4 0.8 26.5 
524.6 9/ 4/84 0.45 0.5 1.0 23.0 
524.6 9/ 5/85 0.47 0.4 0.8 30.0 

*Open water sample. 

tHlwassee River Mile (confluence at TRM 500.0). 
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Table 5-20. Size Classes* of Fish Species in Rotenone Surveys on Chickamauga Reservoir, 1947-1984

Young Intermediate Adult
Species Millimeters (inches) Millimeters (inches) Millimeters (inches)

Game

White bass
Yellow bass
Striped bass
Rock bass
Bluegill
Other sunfish
Smallmouth bass
Spotted bass
Largemouth bass
Crappie
Sauger
Walleye

Less
'I

II

I,

SI

'S

9,

9,

'S

'I

'I

9,

than
of

55

Is

ot

of

of

IS

55

55

'S

IA
VI

150
150
175

75
75
75

100
100
100

75
200
200

50
300
300
200
150
150
200
150
200

(
(
(
(
(
(
(
(
(
(
(
(

5.9)
5.9)
6.9)
3.0)
3.0)
3.0)
3.9)
3.9)
3.9)
3.0)
7.9)
7.9)

151-200
151-200
176-375

76-125
76-125
76-125

101-200
101-200
101-225

76-175
201-275
201-275

(
(
(
(
(
(
(
(
(
(
C
C

5.9- 7.9)
5.9- 7.9)
6.9-14.8)
3.0- 4.9)
3.0- 4.9)
3.0- 4.9)
4.0- 7.9)
4.0- 7.9)
4.0- 8.9)
3.0- 6.9)
7.9-10.8)
7.9-10.8)

201
201
376
126
126
126
201
201
226
176
276
276

(7.9)
(7.9)
(14.8)
(5.0)
(5.0)
(5.0)
(7.9)
(7.9)
(8.9)
(6.9)
(10.9)
(10.9)

and
It

Is

if

IS

55

55

SI

ve

55
II

It

to

to

of

Commercial

Lamprey
Paddlefish
Gar
Bowfin
Skipjack herring
Mooneye
Carp
Goldfish
Buffalo

Less
1I

of

of55

5,

e!

5'

55

than

@I

o'

05

(2.0)
(11.8)
(11.8)
(7.9)
( 5.9)
(5.9)
(7.9)
C5.9)
(7.9)

51-125
301-450
301-475
201-300
151-275
151-300
201-300
151-250
201-300

( 2.0- 4.9)
(11.9-17.7)
(11.9-18.7)
(7.9-11.8)
(5.9-10.8)
(5.9-11.8)
C7.9-11.8)
C 5.9- 9.8)
(7.9-11.8)

126
451
476
301
276
301
301
251
301

( 5.0)
(17.8)
(18.7)
(11.9)
(10.9)
(11.9)
(11.9)
( 9.9)
(11.9)

and
It

to

to

to

to

t,

to

I'

over
of

It

It

to

of

of

Table 5-20. Size Classes. of Fish Species in Rotenone Surveys on Chickamauga Reservoir. 1947-1984 

Young Intermediate Adult 
Species Millimeters (inches) Millimeters (inches) Millimeters (inches) 

Game 

White bass Less than 150 ( 5.9) 151-200 ( 5.9- 7.9) 201 ( 7.9) and over 
Yellow bass to 150 ( 5.9) 151-200 ( 5.9- 7.9) 201 ( 7.9) to to 

Striped bass " 175 ( 6.9) 176-375 ( 6.9-14.8) 376 (14.8) " to 

Rock bass " 75 ( 3.0) 76-125 ( 3.0- 4.9) 126 ( 5.0) " .. 
Bluegill It 75 ( 3.0) 76-125 ( 3.0- 4.9) 126 ( 5.0) II .. 
Other sunfish " 75 ( 3.0) 76-125 ( 3.0- 4.9) 126 ( 5.0) " .. 
SmaUmouth bass " 100 ( 3.9) 101-200 ( 4.0- 7.9) 201 ( 7.9) " " 
Spotted bass It 100 ( 3.9) 101-200 ( 4.0- 7.9) 201 ( 7.9) " to 

I 
N Largemouth bass .. II 100 ( 3.9) 101-225 ( 4.0- 8.9) 226 ( 8.9) II II 

c..J 
VI Crappie " II 75 ( 3.0) 76-175 ( 3.0- 6.9) 176 ( 6.9) " II 

I 
SaUBer II " 200 ( 7.9) 201-275 ( 7.9-10.S) 276 (10.9) II to 

Walleye .. II 200 ( 7.9) 201-275 ( 7.9-10.8) 276 (10.9) " " 

Conunercia1 

Lamprey Less than 50 ( 2.0) 51-125 ( 2.0- 4.9) 126 ( 5.0) and over 
Paddlefish " 300 (11.8) 301-450 01. 9-17 .7) 451 (17.8) to 

Gar It 300 (11.8) 301-475 01. 9-1S. 7) 476 08.7) to 

Bowfin II 200 ( 7.9) 201-300 ( 7.9-11.8) 301 (11.9) to 

Skipjack herring " 150 ( 5.9) 151-275 ( 5.9-10.8) 276 .(10.9) .. 
Mooneye " ISO ( 5.9) 151-300 ( 5.9-11.8) 301 (11.9) It 

Carp II 200 ( 7.9) 201-300 ( 7.9-11.8) 301 (11.9) .. 
Goldfish II ISO ( 5.9) 151-250 ( 5.9- 9.8) 251 ( 9.9) .. 
Buffalo It 200 ( 7.9)· 201-300 ( 7.9-11.8) 301 (11.9) " 



Table 5-20. (Continued)

I

Young Intermedia:e Adult
Species Millimeters (inches) Millimeters (L•zhes) Millimeters (inches)

Commercial (Continued)

Carpsucker Less than 175 ( 6.9) 176-250 ( 6.9- ;.8) 251 ( 9.9) and over
Redhorses .. .. 175 ( 6.9) 176-250 ( 6.9- ý.8) 251 ( 9.9) " "

Other suckers " " 175 ( 6.9) 176-250 ( 6.9- -. 8) 251 ( 9.9) "

Blue catfish .. .. 125 ( 4.9) 126-225 ( 5.0- 6.9) 226 ( 8.9) "

Channel catfish " " 125 ( 4.9) 126-225 ( 5.0- 5.9) 226 ( 8.9) "
Bullheads " 100 ( 3.9) 101-175 ( 4.0- 6.9) 176 ( 6.9) "
Flathead catfish " " 125 ( 4.9) 126-275 ( 5.0-73.8) 276 (10.9) "
Freshwater drum " 125 ( 4.9) 126-200 ( 5.0- 7.9) 201 ( 7.9) " "
Grass pickerel " " 175 ( 6.9) 176-300 (6.9-Zl.8) 301 (11.9) ' "

Foraget

Gizzard shad Less than 125 (4.9) 126 (5.0) and over
Threadfin shad I " 125 (4.9) 126 (5.0) " "

Orangespotted sunfish . of 50 (2.0) 51- 75 ( 2.0- 3.0) 76 (3.0) " "

Miscellaneous
prey species All sizes

*The size class divisions are arbitrary but are based on knowledge of growth rates and

information from creel census and commercial harvest records.

tShad are recorded as young or harvestable; sizes of other forage 'ish, except orangespotted
sunfish, were not differentiated.

I 
N. 
IN 
C7' 
I 

Table 5-20. (Continued) 

Young Intermedia ~: Adult 
S2ecies Millimeters ~inches) Millimeters ~i~~hes~ Millimeters (inches) 

Commercial (Continued) 

Carpsucker Less than 175 ( 6.9) 176-250 ( 6.9- ;'.8) 251 ( 9.9) 
Redhorses 175 ( 6.9) 176-250 ( 6.9- '1.8) 251 ( 9.9) 
Other suckers 175 ( 6.9) 176-250 ( 6.9- ;..8) 251 ( 9.9) 
Blue catfish 125 ( 4.9) 126-225 ( 5.0- 5.9) 226 ( 8.9) 
Channel catfish 125 ( 4.9) 126-225 ( 5.0- S.9) 226 ( 8.9) 
Bullheads 100 ( 3.9) 101-175 ( 4.0- b .9) 176 ( 6.9) 
Flathead catfish 125 ( 4.9) 126-275 ( 5.0-:3.8) 276 (10.9) 
Freshwater drum 125 ( 4.9) 126-200 ( 5.0- 7.9) 201 ( 7.9) 
Grass pickerel 175 ( 6.9) 176-300 ( 6.9-~1.8) 301 (11.9) 

Foraget 

Gizzard shad Less than 125 ( 4.9) 126 ( 5.0) 
Threadfin shad " II 125 ( 4.9) 126 ( 5.0) 
Orangespotted sunfish .. .. SO ( 2.0) 51- 75 ( 2.0- 3.0) 76 ( 3.0) 
Miscellaneous 

prey species All sizes 

*The size class divisions are arbitrary but are based on knowledge of growth rates and 
information from creel census and commercial harvest records. 

and 
" 
" 
" 
" 
" 
II .. .. 

and .. .. 

tShad are recorded as young or harvestab1e; sizes of other forage :ish, except orangespotted 
sunfish, were not differentiated. 
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Table 5-21. Species Composition of Cove Populations,
Chickamauga Reservoir 1985, Determined by
Rotenone Samples

Percent of Percent of
Species Total Numbers Total Biomass

Threadfin shad 49.37 17.47
Bluegill 22.91 4.62
Gizzard shad 12.44 50.99
Redear sunfish 6.26 1.94
Bullhead minnow 2.44 0.14
Emerald shiner 0.95 0.12
Freshwater drum 0.78 5.70
Warmouth 0.72 0.15
Largemouth bass 0.65 3.44
Spotfin shiner 0.62 0.06
Golden shiner 0.60 0.29
Longear sunfish 0.53 0.24
Yellow bass 0.27 0.80
Brook silverside 0.20 0.02
Logperch 0.20 0.08
Yellow perch 0.19 0.11
White crappie 0.17 0.16
Unidentified shiner 0.11 T
White bass 0.09 0.23
Unidentified sunfish 0.08 T
Spotted sucker 0.05 1.39
Carp 0.04 7.22
Spotted bass 0.04 0.05
Channel catfish 0.03 1.78
Green sunfish 0.03 0.01
Spotted gar 0.03 1.59
Black crappie 0.03 0.06
Mixed & unid minnows 0.03 T*
Skipjack herring 0.03 0.24
Smallmouth buffalo 0.02 0.94
Mosquitofish 0.02 T
Brown bullhead 0.01 T
Yellow bullhead 0.01 0.03
Pugnose minnow T T
Longnose gar T 0.03
Stripetail darter T T
Hybrid sunfish T T
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Table 5-21. Species Composition of Cove Populations, 
Chickamauga Reservoir 1985. Determined by 
Rotenone Samples 

Percent of Percent of 
Species Total Numbers Total Biomass 

Threadfin shad 49.37 17.47 
Bluegill 22.91 4.62 
Gizzard shad 12.44 50.99 
Redear sunfish 6.26 1.94 
Bullhead minnow 2.44 0.14 
Emerald shiner 0.95 0.12 
Freshwater drum 0.78 5.70 
Warmouth 0.72 0.15 
Largemouth bass 0.65 3.44 
Spotfin shiner 0.62 0.06 
Golden shiner 0.60 0.29 
Longear sunfish 0.53 0.24 
Yellow bass 0.27 0.80 
Brook silverside 0.20 0.02 
Logperch 0.20 0.08 
Yellow perch 0.19 0.11 
White crappie 0.17 0.16 
Unidentified shiner 0.11 T 
White bass 0.09 0.23 
Unidentified sunfish 0.08 T 

Spotted sucker 0.05 1.39 
Carp 0.04 7.22 
Spotted bass 0.04 0.05 
Channel catfish 0.03 1.78 
Green sunfish 0.03 0.01 
Spotted gar 0.03 1.59 
Black crappie 0.03 0.06 
Mixed & unid minnows 0.03 1'* 
Skipjack herring 0.03 0.24 
Smallmouth buffalo 0.02 0.94 
Mosquitofish 0.02 T 
Brown bullhead 0.01 T 
Yellow bullhead 0.01 0.03 
Pugnose minnow T T 

Longnose gar T 0.03 
Stripetai1 darter T T 
Hybrid sunfish T T 
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Table 5-21. (Continued)

Percent of Percent of
Species Total Numbers Total Biomass

Unidentified redhorse T T
Golden redhorse T T
Blackspotted topminnow T T
Sauger T 0.02
Flathead catfish T 0.04

Total 100.00 100.00

*T = Less than 0.01 percent.
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Table 5-21. (Continued) 

Species 

Unidentified redhorse 
Golden redhorse 
Blackspotted topminnow 
Sauger 
Flathead catfish 

Total 

Percent of 
Total Numbers 

T 
T 
T 
T 
T 

100.00 

*T = Less than 0.01 percent. 
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Percent of 
Total Biomass 

T 
T 
T 

0.02 
0.04 

100.00 



Table 5-22. List of Fish Species Collected in Cove Rotenone Samples
During Preoperational and Operational Fisheries Monitoring
for Sequoyah Nuclear Plant, Chickamauga Reservoir, 1970
through 1985

Species Common Name Fish Group

Icthyomyzon castaneus
Polyodon spathula
Lepisosteus oculatus
Lepisosteus osseus
Lepisosteus platostomus
Alosa chrysochloris
Dorosoma eepedianum
Dorosoma petenense
Dorosoma sp.
Mixed Dorosoma spp.
Hiodon tergisus
Campostoma anomalum
Carassius auratus
Cyprinus carpio
fHybopsis storeriana
Notemigonus crysoleucas
Notropis atherinoides
Notropis buchanani
Notropis chrysocephalus
Notropis cornutus
Notropis emiliae
Notropis galacturus
Notropis spilopterus
Notropis volucellus
Notropis whipplei
Notropis sp.
Pimephales notatus
Pimephales vigilax
Pimephales promelas
Pimephales sp.
Cyprinidae

Cyprinidae
Carpiodes ncarpo
Carpiodes cyprinus
Carpiodes sp.
Catostomus commersoni
Hypentelium nigricans
Ictiobus bubalus
Ictiobus cyprinellus
Ictiobus niger
Ictiobus sp.
Minytrema melanops

Chestnut lamprey
Paddlefish
Spotted gar
Longnose gar
Shortnose gar
Skipjack herring
Gizzard shad
Threadfin shad
Unidentified shad
Mixe4, shad
Mooneye
Stoneroller
Goldfish
Carp
Silver chub
Golden shiner
Emerald shiner
Ghost shiner
Striped shiner
Common shiner
Pugnose minnow
Whitetail shiner
Spotfin shiner
Mimic shiner
Steelcolor shiner
Unidentified shiner
Bluntnose minnow
Bullhead minnow
Fathead minnow
Unidentified minnow
Mixed & unidentified

minnows
Minnow, carp
River carpsucker
Quillback carpsucker
Unidentified carpsucker
White sucker
Northern hogsucker
Smallmouth buffalo
Bigmouth buffalo
Black buffalo
Unidentified buffalo
Spotted sucker

Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Forage
Forage
Forage
Forage
Commercial
Forage
Forage
Commercial
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage
Forage

Forage
Forage
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
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Table 5-22. List of Fish Species Collected in Cove Rotenone Samples 
During Preoperational and Operational Fisheries Monitoring 
for Sequoyah Nuclear Plant, Chickamauga Reservoir, 1970· 
through 1985 

Species 

IcthY0!OCzon castaneus 
Po1yodon spathula 
Lepisosteus oculatus 
Lepisosteus osseus 
Lepisosteus ~latostomus 
Alosa chrysochloris 
Dorosoma cepedianum 
Dorosoma ~etenense 
Dorosoma sp. 
Mixed Dorosoma ~ 
Biodon tergisus 
Campostoma anomalwn 
Carassius auratus 
Curinus carpio 
Rybopsis storeriana 
Notemigonus crysoleucas 
Notropis atherinoides 
Notropis buchanani 
Notropis chrysocephalus 
Notropis cornutus 
Notropis emiliae 
Notropis galacturus 
Notropis spilopterus 
Notropis volucellus 
Notropis whipplei 
Notropis sp. 
Pimephales notatus 
Pimephales vigilax 
Pimephales promelas 
Pimephales sp. 
Cyprinidae 

Cyprinidae 
Carpiodes carpio 
Carpiodes cyprinus 
Carpiodes sp. 
Catostomus commersoni 
Hypentelium nigricans 
Ictiobus bubalus 
Ictiobus cyprinellus 
Ictiobus niger 
Ictiobus sp. 
Minytrema melanops 

Common Name 

Chestnut lamprey 
Paddlefish 
Spotted gar 
Longnose gar 
Shortnose gar 
Skipjack herring 
Gizzard shad 
Threadfin shad 
Unidentified shad 
Mixect shad 
Mooneye 
Stoneroller 
Goldfish 
Carp 
Silver chub 
Golden shiner 
Emerald shiner 
Ghost shiner 
Striped shiner 
Conunon shiner 
Pugnose minnow 
Whitetail shiner 
Spotfin shiner 
Mimic shiner 
Steelcolor shiner 
Unidentified shiner 
Bluntnose minnow 
Bullhead minnow 
Fathead minnow 
Unidentified minnow 
Mixed & unidentified 

minnows 
Minnow, carp 
River carpsucker 
Quillback carpsucker 
Unidentified carpsucker 
White sucker 
Northern hogsucker 
Smallmouth buffalo 
Bigmouth buffalo 
Black buffalo 
Unidentified buffalo 
Spotted sucker 
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Fish Group 

Commercial 
Commercial 
Conanercial 
Commercial 
Commercial 
Commercial 
Forage 
Forage 
Forage 
Forage 
Commercial 
Forage 
Forage 
Commercial 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 

Forage 
Forage 
Conunercial 
Conunercial 
Commercial 
Commercial 
Cormnercial 
Commercial 
Conunercial 
Conunercial 
Commercial 
Commercial 



Table 5-22. (Continued)

Species Common Name Fish Group

Moxostoma carinatum
Moxostoma duquesnei
Moxostoma erythrurum
Moxostoma macrolepidotum
Moxostoma sp.
Ictalurus furcatus
Ictalurus melas
Ictalurus natalis
Ictalurus nebulosus
Ictalurus punctatus
Pylodictis olivaris
Fundulus notatus
Fundulus olivaceus
Cyprinodontidae
Gambusia affinis
Labidesthes sicculus
Morone chrysops
Morone mississippiensis
Morone sp.
Ambloplites rupestris
Lepomis auritus
Lepomis cyanellus
Lepomis gulosus
Lepomis humilis
Lepomis macrochirus
Lepomis megalotis
Lepomis microlophus
Lepomis sp.
Lepomis sp.
Micropterus dolomieui
Micropterus punctulatus
Micropterus salmoides
Pomoxis annularis
Pomoxis nigromaculatus
Etheostoma asprigene
Etheostoma caeruleum
Etheostoma kennicotti
Etheostoma spectabile
Etheostoma sp.
Percidae
Perca flavescens
Percina caprodes
Stizostedion canadense
Aplodinotus grunniens

River redhorse
Black redhorse
Golden redhorse
Shorthead redhorse
Unidentified redhorse
Blue catfish
Black bullhead
Yellow bullhead
Brown bullhead
Channel catfish
Flathead catfish
Blackstripe topminnow
Blackspotted topminnow
Killifish
Mosquitofish
Brook silverside
White bass
Yellow bass
Unidentified temperate bass
Rock bass
Redbreast sunfish
Green sunfish
Warmouth
Orangespotted sunfish
Bluegill
Longear sunfish
Redear sunfish
Hybrid sunfish
Unidentified sunfish
Smallmouth bass
Spotted bass
Largemouth bass
White crappie
Black crappie
Mud darter
Rainbow darter
Stripetail darter
Orangethroat darter
Unidentified darter
Unidentified darter
Yellow perch
Logperch
Sauger
Freshwater drum

Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commerc ial
Commercial
Commercial
Commercial
Commercial
Forage
Forage
Forage
Forage
Forage
Game
Game
Game
Game
Game
Game
Game
Forage
Game
Game
Game
Game
Game
Ganme
Game
Game
Game
Game
Forage
Forage
Forage
Forage
Forage
Forage
Game
Forage
Game
Commercial
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Table 5-22. (Continued) 

Species 

, Moxostoma carinatum 
Moxostoma duquesnei 
Moxostoma erythrurum 
Moxostoma macrolepidotum 
Moxostoma sp. 
Ictalurus furcatus 
Ictalurus melas 
Ictalurus natalis 
Ictalurus nebulosus 
Ictalurus punctatus 
Pylodictis olivaris 
Fundulus notatus 
Fundulus olivaceus 
Cyprinodontidae 
Gambusia affinis 
Labidesthes sicculus 
Marone chrysops 
Morone mississippiensis 
Morone sp. 
Ambloplites rupestris 
Lepomis aud tus 
Lepomis cyanellus 
Lepomis gulosus 
Lepomis humilis 
Lepomis macrochirus 
Lepomis megalotis 
Lepomis microlophus 
Lepomis sp. 
Lepomis sp. 
Micropterus dolomieui 
Micropterus punctulatus 
Micropterus salmoides 
Pomoxis annularis 
Pomoxis nigromaculatus 
Etheostoma asprigene 
Etheostoma caeruleum 
Etheostoma kennicotti 
Etheostoma speetabile 
Etheostoma sp. 
Percidae 
Perea flavescens 
Percina caprodes 
Stizostedion canadense 
Aplodinotus grunniens 

II 

Coumon Name 

River redhorse 
Black redhorse 
Golden redhorse 
Shorthead redhorse 
Unidentified redhorse 
Blue catfish 
Black bullhead 
Yellow bullhead 
Brown bullhead 
Channel catfish 
Flathead catfish 
Blackstripe topminnow 
Blackspotted topminnow 
Killifish 
Mosquitofish 
Brook silvers ide 
White bass 
Yellow bass 
Unidentified temperate 
Rock bass 
Redbreast sunfish 
Green sunfish 
Warmouth 
Orangespotted sunfish 
Bluegill 
Longear sunf ish 
Redear sunfish 
Hybrid ~unf ish 
Unidentified sunfish 
Smallmouth bass 
Spotted bass 
Largemouth bass 
White crappie 
Black crappie 
Mud darter 
Rainbow darter 
Stripetail darter 
Orange throat darter 
Unidentified darter 
Unidentified darter 
Yellow perch 
Logperch 
Sauger 
Freshwater drum 
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Fish Group 

Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Conunercial 
Commercial 
Commercial 
Commercial 
Forage 
Forage 
Forage 
Forage 
Forage 
Game 
Game 

bass Game 
Game 
Game 
Game 
Game 
Forage 
Game 
Game 
Game 
Game 
Game 
Game 
Game 
Game 
Game 
Game 
Forage 
Forage 
Forage 
Forage 
Forage 
Forage 
Game 
Forage 
Game 
Commercial 



Table 5-23. Number of Samples and Mean Annual Standing Stock (no./ha and kg/ha) of of all Young, Intermediate,
and Harvestable Size Fish Collected in Cove Rotenone Samples from Chickamauga Reservoir, 1970
through 1985

I

No. Young Intermediate Harvestable Total
Year Samples Number kg Number kg Number kg Number kg

1970 12 7,353 12.61 534 24.80 - 931 182.49 8,819 219.91
1971 4 7,018 17.27 724 97.95 863 168.04 8,604 283.26
1972 4 12,872 63.06 932 30.96 1,394 271.21 15,199 365.23
1973 4 13,092 72.52 955 36.44 1,572 290.20 15,619 399.16
1974 4 9,737 34.23 673 21.98 1,263 194.91 11,673 251.13
1975 4 12,684 37.18 443 14.94 1,364 187.09 14,491 239.21
1976 5 14,662 37.20 1,179 26.39 1,400 272.84 17,241 336.43
1977 5 33,121 96.18 1,164 26.41 1,441 223.97 35,981 346.56
1978 5 19,883 31.70 960 19.98 2,584 184.51 23,427 236.19
1979 5 17,973 22.91 1,375 27.41 2,872 209.04 22,220 259.36
1980 5 34,424 44.71 537 10.08 1,020 132.58 35,981 187.37
1981 5 53,515 66.21 1,590 34.14 2,278 327.68 57,383 428.03
1982 5 33,655 56.23 977 24.37 1,919 209.92 36,551 209.52
1983 5 46,500 70.74 1,209 26.60 2,513 344.07 50,223 441.41
1984 5 24,814 43.58 937 22.47 3,545 383.25 29,296 449.30
1985 5 43,064 143.49 986 26.88 2,361 357.54 46,411 527.91

TOTAL 82

I 
N 
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Table 5-23. Number of Samples and Mean Annual Standing Stock (no./ha and kg/hal of of all Young. Intermediate. 
and Harvestable Size Fish Collected in Cove Rotenone Samples from Chickamauga Reservoir. 1970 
through 1985 

No. YounS Intermediate Harvestable Total 
Year Samples Number kg Number kg Number kg Number kg 

1970 12 7.353 12.61 534 24.80 - 931 182.49 8.819 219.91 
1971 4 7,018 17.27 724 97.95 863 168.04 8,604 283.26 
1972 4 12.872 63.06 932 30.96 1,394 271.21 15,199 365.23 
1913 4 13,092 72.52 955 36.44 1,572 290.20 15,619 399.16 
1914 4 9.737 34.23 673 21.98 1,263 194.91 11.673 251.13 
1975 4 12,684 37.18 443 14.94 1,364 187.09 14,491 2.39.21 
1916 5 14.662 37.20 1,179 26.39 1,400 272.84 17,241 336.43 
1917 5 33,121 96.18 1,164 26.41 1,441 223.97 35,981 346.56 
1978 5 19.883 31. 70 960 19.98 2,584 184.51 23,427 236.19 
1979 5 17,973 22.91 1.375 27.41 2,872 209.04 22,220 259.36 
1980 5 34,424 44.71 537 10.08 1,020 132.58 35,981 187.37 
1981 5 53,515 66.21 1.590 34.14 2,278 327.68 57.383 428.03 
1982 5 33,655 56.23 977 24.37 1,919 209.92 36,551 209.52 
1983 5 46,500 70.74 1.209 26.60 2,513 344.07 50,223 441.41 
1984 5 24,814 43.58 937 22.47 3,545 383.25 29.296 449.30 
1985 5 43.064 143.49 986 26.88 2,361 357.54 46,411 521.91 

TOTAL 82 



Table 5-24. Mean Annual Standing Stock (no.Iha. and kg/ha) of Game,
Commercial, and Forage Fish Collected in Cove Rotenone Samples
from Chickamau~ga Reservoir, 1970 through 1985

Game Fish Coimmercial Fish Forage Fish
Year Number kg Number kg Number kg

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

2,288.22

2,778.21

3,764.61

4,427.42

2,637.81

5,489.16

8,624.39

22,477.22

18,340.44

18,590.09

33,026.90

51,074.50

24, 734.58

33,984.29

18,575.99

14,844.74

27.42

41.27

58.53

59.13

33.32

37.06

57.53

72.79

57.57

69.87

80.19

116.51

67.64

75.73

60.79

62.58

548.18

421.52

769.14

979.55

396.25

269.92

474.81

443.34

228.*17

281.76

225.13

504.41

451.39

486.75

359.68

473.53

109.55

165.43

140.99

158.12

79.74

78.42

147.02

94.65

52.31

92.03

66.67

131.19

57.10

93.60

42.90

100.18

5,982.24

5,404.62

10,665.19

1.0,212.52

8,638.84

8,731.57

8,141.71

12,805.99

4,859.*39

3,347.66

2,728.00

5,804.83

11,365.07

15,751.63

10,360.50

31,092.40

82.93

76.57

165.72

181.92

138.07

123.73

131.88

179.13

126.30

97.46

40.51

180.33

165.79

272.05

345.60

365.15
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Table 5-24. Mean Annual Standing Stock (no./ba and kg/ba) of Game, 
Commercial, and Forage Fish Collected in Cove Rotenone Samples 
from Chickamauga Reservoir, 1970 through 1985 

Game Fish Commercial Fish Forage Fish 
Year Number kg Number kg Number kg 

1970 2,288.22 27.42 548.18 109.55 5,982.24 82.93 

1971 2,778.21 41.27 421.52 165.43 5,404.62 76.57 

1972 3,764.61 58.53 769.14 140.99 10,665.19 165.72 

1973 4,427.42 59.13 979.55 158.12 10,212.52 181.92 

1974 2,637.81 33.32 396.25 79.74 8,638.84 138.07 

1975 5,489.16 37.06 269.92 78.42 8,731.57 123.73 

1976 8,624.39 57.53 474.81 147.02 8,141. 71 131.88 

1977 22,477 .22 72.79 443.34 94.65 12,805.99 179.13 

1978 18,340.44 57.57 228.17 52.31 4,859.39 126.30 

1979 18,590.09 69.87 281. 76 92.03 3,347.66 97.46 

1980 33,026.90 80.19 225.13 66.67 2,728.00 40.51 

1981 51,074.50 116.51 504.41 131.19 5,804.83 180.33 

1982 24,734.58 67.64 451.39 57.10 11,365.07 165.79 

1983 33,984.29 75.73 486.75 93.60 15,751.63 272.05 

1984 18,575.99 60.79 359.68 42.90 10,360.50 345.60 

1985 14,844.74 62.58 473.53 100.18 31,092.40 365.15 
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Table 5-25. Listing of Important Species Collected in Rotenone Samples from
Chickamauga Reservoir, 1970-1985*

Percent
Occurrence

Percent Percent
Number BiomassCommon Name Scientific Name

Game

White basst
Yellow bassi

Warmouth
Bluegill
Longear sunfish
Redear sunfish
Largemouth bass
White crappiet
Yellow percht
Saugert

Commercial

Morone chrysops
Morone mississippienis
Lepomis gulosus
Lepomis macrochirus
Lepomis megalotis
Lepomis microlophus
Micropterus salmoides
Pomoxis annularis
Perca flavescens
Stizostedion canadense

Cyprinus carpio
Ictiobus bubalus
Minytrema melanops
Ictalurus punctatus
Pylodictis olivaris
Aplodinotus grunniens

Dorosoma cepedianum
Dorosoma petenense
Pimephales vigilax

41.463
76.829
95.122
100.000
74.390
97.561
98.780
95.122
76.829
29.268

0.0595
0.3579
3.1115

41.3854
1.4890

11.6904
1.4683
0.3083
0.3119
0.0058

0.0752
0.6091
0.6342
8.9215
0.6167
3.0114
3.1042
0.6748
0.3391
0.0648

Carp
Smallmouth buffalo
Spotted sucker
Channel catfish
Flathead catfisht
Freshwater drum

81.707
67.073
86.585
93.902
64.634

100.000

100.000
92.683
70.732

0.0581
0.0583
0.1469
0.0886
0.0159
1.1865

12.9565
16.9210

2.1047

7.8641
5.9456
2.3119
3.4626
0.1886
7.9654

43.7561
5.5218
0.1601

Forage

Gizzard shad
Threadfin shad
Bullhead minnow

*Based on 82 samples.

tSpecies of special interest that did not meet important criteria.
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Table 5-25. Listing of Important Species Collected.in Rotenone Samples from 
Chickamauga Reservoir, 1970-1985* 

Common Name Scientific Name 
Percent 

Occurrence 
Percent 
Number 

Percent 
Biomass 

-.-.------.. ------------------------------------

White basst 
Yellow basst 
Warmouth 
Bluegill 
Longear sunfish 
Redear sunfish 
Largemouth bass 
White crappiet 
Yellow percht 
Saugert 

Conunercia1 

Carp 
Sma11mouth buffalo 
Spotted sucker 
Channel catfish 
Flathead catfisht 
Freshwater drum 

Forage 

Gizzard shad 
Threadfin shad 
Bullhead minnow 

*8ased on 82 samples. 

Morone chrysops 
Morone mississippienis 
Lepomis gulosus 
Lepomis maeroehirus 
Lepomis mega10tis 
Lepomis microlophus 
Micropteru6 salmoides 
Pomoxis annularis 
Perea flaveseens 
Stizostedion eanadense 

Cyprinus carpio 
Ictiobus bubalus 
Minytrema me1anops 
Ictalurus punctatus 
Py10dictis olivaris 
Aplodinotus grunniens 

Dorosoma eepedianum 
Dorosoma petenense 
Pimephales vigilax 

41.463 
76.829 
95.122 

100.000 
74.390 
97.561 
98.780 
95.122. 
76.829 
29.268 

81. 707 
67.073 
86.585 
93.902 
64.634 

100.000 

100.000 
92.683 
70.732 

tSpecies of special interest that did not meet important criteria. 

0.0595 
0.3579 
3.1115 

41. 3854 
1.4890 

11.6904 
1.4683 
0.3083 
0.3119 
0.0058 

0.0581 
0.0583 
0.1469 
0.0886 
0.0159 
1.1865 

12.9565 
16.9210 

2.1047 

0.0752 
0.6091 
0.6342 
8.9215 
0.6167 
3.0114 
3.1042 
0.6748 
0.3391 
0.0648 

7.8641 
5.9456 
2.3119 
3.4626 
0.1886 
7.9654 

43.7561 
5.5218 
0.1601 



Table 5-26. Linear Regression Analyses of numbers/ha and kg/ha of Each Size
Group of Each Important Fish Species Collected in Cove Rotenone
Samples from Chickamauga Reservoir, 1970-1985

Species Group* Slope F-Value PR>Ft

N
S..

I.

Gizzard shad
Carp
Carp
Bullhead minnow
Smallmouth buffalo
Smallmouth buffalo
Smallmouth buffalo
Smallmouth buffalo
Spotted sucker
Spotted sucker
Channel catfish
Channel catfish
Channel catfish
Flathead catfish
Flathead catfish
Flathead catfish
Flathead catfish
Flathead catfish
White bass
Yellow bass
Yellow bass
Yellow bass
Yellow bass
Yellow bass
Yellow bass
Wermouth
Warmouth
Warmouth

YNG-WT.
YNG-NO.
YNG-WT.
YNG-NO.
INT-NO.
INT-WT.
lAR-NO.
HAR-WT.
YNG-NO.
YNG-WT.
INT-NO.
INT-WT.
HAR-WT.
YNG-NO.
INT-NO.
INT-WT.
HAR-NO.
HAR-WT.
YNG-NO.
YNG-NO.
YNG-WT.
INT-NO.
INT-WT.
HAR-NO.
HAR-WT.
YNG-NO.
YNG-WT.
INT-NO.

0.04
0.01
0.01
0.12

-0.03
-0.03
-0.05
-0.05
-0.04
-0.01
-0.05
-0.01
0.03

-0.02
-0.01
-0.01
-0.02
-0.01
-0.06
0.09
0.02
0.06
0.03
0.04
0.02
0.17
0.03
0.04

10.38
13.69
5.13

21.67
13.34
10.88
12.51
10.96

7.56
6.56

27.52
20.34
6.23
6.89
4.53
5.10

11.73
9.47

16.57
22.52
12.90
23.68
22.78
32.33
26.89
70.97
31.01
10.11

0.0018
0.0004
0.0262
0.0001
0.0005
0.0015
0.0007
0.0014
0.0074
0.0123
0.0001
0.0001
0.0146
0.0104
0.0363
0.0266
0.0010
0.0029
0.0001
0.0001
0.0006
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0021
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Table 5-26. Linear Regression An~lyses of numbers/ha and kg/ha of Each Size 
Group of Each Important Fish Species Collected in Cove Rotenone 
Samples from Chickamauga Reservoir, 1970-1985 

Species Group· . Slope F-Value PR>Fi 

Gizzard shad YNG-WT. 0.04 10.38 0.0018 
Carp YNG-NO. 0.01 13.69 0.0004 
Carp YNG-WT. 0.01 5.13 0.0262 
Bullhead minnow YNG-NO. 0.12 21.67 0.0001 
Smallmouth buffalo INT-NO. -0.03 13.34 0.0005 
Sma1lmouth buffalo INT-WT. -0.03 10.88 0.0015 
Sma1lmouth buffalo HAR-NO. -0.05 12.51 0.0007 
Smal1mouth buffalo HAR-WT. -0.05 10.96 0.0014 
Spotted sucker YNG-NO. -0.04 7.56 0.0074 
Spotted sucker YNG-WT. -0.01 6.56 0.0123 
Channel catfish INT-NO. -0.05 27.52 0.0001 
Channel catf ish INT-WT. -0.01 20.34 0.0001 
Channel catfish BAR-WT. 0.03 6.23 0.0146 
Flathead catfish YNG-NO. -0.02 6.89 0.0104 
Flathead catfish INT-NO. -0.01 4.53 0.0363 
Flathead catfish INT-WT. -0.01 5.10 0.0266 
Flathead catfish BAR-NO. -0.02 11. 73 0.0010 
Flathead catfish HAR-WT. -0.01 9.47 0.0029 
White bass YNG-NO. -0.06 16.57 0.0001 
Yellow bass YNG-NO. 0.09 22.52 0.0001 
Yellow bass YNG-WT. 0.02 12.90 0.0006 
Yellow bass INT-NO. 0.06 23.68 0.0001 
Yellow bass INT-WT. 0.03 22.78 0.0001 
Yellow bass HAR-NO. 0.04 32.33 0.0001 
Yellow bass HAR-WT. 0.02 26.89 0.0001 
Wermouth YNG-NO. 0.17 70.97 0.0001 
Warmouth YNG-WT. 0.03 31.01 0.0001 
Warmouth INT-NO. 0.04 10.11 0.0021 



Table 5-26. (Continued)

I

Species Group* Slope F-Value PR>Ft

Warmouth INT-WT. 0.01 17.15 0.0001
Warmouth HAR-NO. 0.03 9.40 0.0030
Warmouth HAR-WT. 0.01 8.52 0.0046
Bluegill YNG-NO. 0.07 22.62 0.0001
Bluegill YNG-WT. 0.04 17.25 0.0001
Redear sunfish YNG-NO. 0.18 71.89 0.0001
Redear sunfish YNG-WT. 0.04 31.67 0.0001
Redear sunfish INT-NO. 0.04 7.04 0.0096
Redear sunfish INT-WT. 0.02 10.73 0.0016
Largemouth bass YNT-WT. 0.02 13.16 0.0005
Largemouth bass INT-NO. 0.03 4.94 0.0291
Largemouth bass ADT-NO. 0.02 5.21 0.0251
Largemouth bass ADT-WT. 0.02 4.80 0.0314
White crappie INT-WT. -0.01 8.42 0.0048
White crappie HAR-NO. -0.03 7.40 0.0080
White crappie HAR-WT. -0.02 8.59 0.0044
Yellow perch YNG-NO. 0.04 4.75 0.0323
Yellow perch HAR-NO. 0.04 7.15 0.0091
Yellow perch HAR-WT. 0.01 7.56 0.0074
Freshwater drum YNG-NO. -0.10 36.71 0.0001
Freshwater drum YNG-WT. -0.02 17.24 0.0001
Freshwater drum INT-NO. -0.04 12.26 0.0008
Freshwater drum INT-WT. -0.03 14.36 0.0003

*YNG-NO. =
INT-NO. =
HAR-NO. =

Young (numbers/ha)
Intermediate (numbers/ha)
Harvestable (numbers/ha)

YNG-WT.
INT-WT.
HAR-WT.

= Young (kg/ha)
= Intermediate (kg/ha)
= Harvestable (kg/ha)

tProbability of obtaining a value >F.
level of 0.05 or less are listed.

Only those values with a probability

I 

Table 5-26. (Continued) 

Species Group· Slope F-Value PR>Ft 

Warmoulh INT-WT. 0.01 17.15 0.0001 
Warmouth HAR-NO. 0.03 9.40 0.0030 
Warmoulh HAR-WT. 0.01 8.52 0.0046 
Bluegill YNG-NO. 0.07 22.62 0.0001 
Bluegill YNG-WT. 0.04 . 17.25 0.0001 
Redear sunfish YNG-NO. 0.18 71.89 0.0001 
Redear sunfish YNG-WT. 0.04 31.67 0.0001 
Redear sunfish INT-NO. 0.04 7.04 0.0096 
Redear sunfish INT-WT. 0.02 10.73 0.0016 

I Largemouth bass YNT-WT. 0.02 13.16 0.0005 
N Largemouth bass INT-NO. 0.03 4.94 0.0291 .I:"-
VI Largemouth bass ADT-NO. 0.02 5.21 0.0251 I 

Largemouth bass ADT-WT. 0.02 4.80 0.0314 
White crappie INT-WT. -0.01 8.42 0.0048 
White crappie HAR-NO. -0.03 7.40 0.0080 
White crappie HAR-WT. -0.02 8.59 0.0044 
Yellow perch YNG-NO. 0.04 4.75 0.0323 
Yellow perch HAR-NO. 0.04 7.15 0.0091 
Yellow perch HAR-WT. 0.01 7.56 0.0074 
Freshwater drum YNG-NO. -0.10 36.71 0.0001 
Freshwater drum YNG-WT. -0.02 17.24 0.0001 
Freshwater drum INT-NO. -0.04 12.26 0.0008 
Freshwater drum INT-WT. -0.03 14.36 0.0003 

*YNG-NO. = Young (numbers/ha) YNG-WT. = Young (kg/ha) 
INT-NO. = Intermediate (numbers/ha) INT-WT. = Intermediate (kg/ha) 
HAR-NO. = Harvestab1e (numbers/ha) HAR-WT. = Harvestab1e (kg/ha) 

tProbability of obtaining a value 1F. Only those values with a probability 
level of 0.05 or less are listed. 



Table 5-27. Kruskal-Wallis Rank Sum Analyses (as Modified by Dunn for Numbers (no./ha) of Important Species
Collected in Cove Rotenone Samples from Three Areas c- Chickamauga Reservoir* Prior to Operation
of SQN (1970 through 1979)

Chi-Square Prob. > Reservoir Areas 5rhowing Mean of Ranks*

Species Value Chi-Squaret Significant Differences U M D

Gizzard shad 12.17 0.0023 U-M U-D - 37.44 22.73 20.86
Carp 18.82 0.0001 U-M U-D - 38.44 14.87 25.71
Flathead catfish 7.60 0.0224 U-M - K--: 23.78 35.53 22.12
White bass 6.30 0.0429 - U-D - 32.94 28.00 20.52
Longear sunfish 31.87 0.0001 U-M U-D R--D 10.47 26.30 38.86
Yellow perch 17.00 0.0002 U-M U-D - 13.62 30.53 33.43
Freshwater drum 11.88 0.0026 U-M U-D - 37.19 23.60 20.43
White crappie 15.82 0.0004 U-M U-D - 38.81 23.26 19.42

*Reservoir areas are defined as follows: Downstream (D) - TRM 471.0 to TRM 484.5; Middle (M) - TRM 484.5 to
TRM 500; Upstream (U) - TRM 500 to TRM 529.9.

tProbability of obtaining value equal to or greater than chi-squar-e. Only those species with a probability
level of 0.05 or less are listed.

0'

*Indicates relative abundance between areas.
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Table 5-27. Kruskal-Wa11is Rank Sum Analyses (as Modified by Dunn for Numbers (no./ha) of Important Species 
Collected in Cove Rotenone Samples from Three Areas c: Chickamauga Reservoir~ Prior to Operation 
of SQN (1970 through 1979) 

Chi-Square Probe ) Reservoir Areas 5:'owing Mean of Ranks* 

Species Value Chi-Sguaret Significant Diff~~ences U M 

Gizzard shad 12.17 0.0023 U-M U-D 37.44 22.73 
Carp 18.82 0.0001 U-M U-D 38.44 14.87 
Flathead catfish 7.60 0.0224 U-M M'-: 23.78 35.53 
White bass 6.30 0.0429 U-D 32.94 28.00 
Longear sunfish 31.87 0.0001 U-M U-D [It-~ 10.47 26.30 
Yellow perch 17.00 0.0002 U-M U-D 13.62 30.53 
Freshwater drum 11.88 0.0026 U-M U-D 37.19 23.60 
White crappie 15.82 0.0004 U-M U-D 38.81 23.26 

~Reservoir areas are defined as follows: Downstream (D) - TRM 471.J to TRM 484.5; Middle (M) - TRM 484.5 to 
TRM 500; Upstream (U) - TRM 500 to TRM 529.9. 

fProbability of obtaining value equal to or greater than chi-squa~. Only those species with a probability 
level of 0.05 or less are listed. 

*Indicates relative abundance between areas. 

D 

20.86 
25.71 
22.12 
20.52 
38.86 
33.43 
20.43 
19.42 



Table 5-28. Kruskal-Wallis Rank Sum Analyses (as Modified by Dunn) for Biomass (kg/ha) of Important Species
Collected in Cove Rotenone Samples from Three Areas of Chickamauga Reservoir* Prior to Operation
of SQN (1970 through 1979)

Chi-Square Prob. > Reservoir Areas Showing Mean of Ranks*

Species Value Chi-Sqguaret Significant Differences U M D

Gizzard shad 7.67 0.0215 U-M - - 34.81 20.27 24.6.

Carp 16.10 0.0003 U-M U-D - 38.16 16.67 24.6-'

Spotted sucker 7.72 0.0210 U-M - - 33.09 18.10 27.4T

White bass 9.67 0.0079 - U-D - 34.81 27.73 19.2;

Longear sunfish 32.26 0.0001 U-M U-D M-D 10.66 25.63 39.1;

Yellow perch 21.07 0.0001 U-M U-D - 12.75 28.33 35.67

Freshwater drum 13.55 0.0011 - U-D - 36.94 26.67 18.42.

White crappie 13.61 0.0011 U-M U-D - 37.68 24.53 19.36

*Reservoir areas are defined as follows: Downstream (D) - TRM 471.0 to TRN 484.5; Middle (M) - TRM 484.5 to

TRM 500; Upstream (U) - TRM 500 to TRM 529.9.

tProbability of obtaining value equal to or greater than chi-square. Only those species with a probability
level of 0.05 or less are listed.

,,.3
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*Indicates relative abundance between areas.
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Table 5-28. Kruskal-Wa1lis Rank Sum Analyses (as Modified by Dunn) for Biomass (kg/ha) of Important Species 
Collected in Cove Rotenone Samples from Three Areas of Chickamauga Reservoir* Prior to Operation 
of SQN (1970 through 1979) 

Chi-Square Probe ) Reservoir Areas Showing Mean of Ranks* 

Species Value Chi-Squaret Significant Differences U M 

Gizzard shad 7.67 0.0215 U-M 34.81 20.27 
Carp 16.10 0.0003 U-M U-D 38.16 16.67 
Spotted sucker 7.72 0.0210 U-M 33.09 18.10 
White bass 9.67 0.0079 U-D 34.81 27.73 
Longear sunfish 32.26 0.0001 U-M U-D M-D 10.66 25.63 
Yellow perch 21.07 0.0001 U-M U-D 12.75 28.33 
Freshwater drum 13.55 0.0011 U-D 36.94 26.67 
White crappie 13.61 0.001l U-M U-D 37.68 24.53 

*Reservoir areas are defined as follows: Downstream (D) - TRM 471.0 to TaM 484.5; Middle (M) - TRM 484.5 to 
TRM 500; Upstream (U) - TRM 500 to TRM 529.9. 

tProbability of obtaining value equal to or greater than·chi-square. Only those species with a probability 
level of 0.05 or less are listed. 

*Indicates relative abundance between areas. 

D 

24.6'::' 
24.6.!o. 
27.4-5 
19.25 
39.1; 
35.6 i 
18.4;. 
19.3& 



Table 5-29. Kruskal-Wallis Rank Sum Analyses (as Modified by Dunn) for Numbers (no./ha) of Important Species
Collected in Cove Rotenone Samples from Three Areas of Chickamauga Reservoir* During Operation of
SQN (1980 through 1985)

Chi-Square Prob. > Reservoir Areas Showing Mean of Ranks*

Species Value Chi-Squaret Significant Differences U M D

Flathead catfish 8.50 0.0142 U-M - M-D 14.50 22.33 13.08
Warmouth 6.68 0.0355 U-M - M-D 14.75 23.50 12.25
Bluegill 11.53 0.0031 U-M U-D - 8.83 20.67 19.58
Longear sunfish 15.75 0.0004 U-M U-D - 7.75 20.00 21.00
Redear sunfish 9.30 0.0095 U-M U-D - 9.50 19.17 19.67
Largemouth bass 8.35 0.0154 U-M - U-D 10.00 21.33 18.08
White crappie 17.52 0.0002 - U-D M-D 19.00 24.17 7.58
Yellow perch 11.11 0.004 U-M - M-D 11.25 25.67 14.67

*Reservoir areas are defined as follows: Downstream (D) - TRM 471.0 to TRM 484.5; Middle (M) - TRM 484.5 to

TRM 500; Upstream (U) - TRM 500 to TRM 529.9.

tProbability of obtaining value equal to or greater than chi-square. Only those species with a probability
level of 0.05 or less are listed.

4I
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*Indicates relative abundance between areas.
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Table 5-29. Kruskal-Wallls Rank Sum Analyses (as Modified by Dunn) for Numbers (no./ha) of Important Species 
Collected in Cove Rotenone Samples from Three Areas of Chickamauga Reservoir* During Operation of 
SQN (1980 through 1985) 

Chi-Square Prob. > Reservoir Areas Showing Mean of Ranks* 

Species Value Chi-Sguaret Significant Differences U M 

Flathead catfish 8.50 0.0142 U-M M-D 14.50 22.33 
Warmouth 6.68 0.0355 U-M M-D 14.75 23.50 
Bluegill 11.53 0.0031 U-M U-D 8.83 20.67 
Longear sunfish 15.75 0.0004 U-M U-D 7.75 20.00 
Redear sunfish 9.30 0.0095 U-M U-D 9.50 19.17 
Largemouth bass 8.35 0.0154 U-M U-D 10.00 21.33 
White crappie 17.52 0.0002 U-D M-D 19.00 24.17 
Yellow perch 11.11 0.004 U-M M-D 11.25 25.67 

*Reservoir areas are defined as follows: Downstream (D) - TRM 471.0 to TRM 484.5; Middle (M) - TRM 484.5 to 
TRM 500; Upstream (U) - TRM 500 to TRK 529.9. 

tProbability of obtaining value equal to or greater than chi-square. Only those species with a probability 
level of 0.05 or less are listed. 

*Indicates relative abundance between areas. 

D 

13.08 
12.25 
19.58 
21.00 
19.67 
18.08 

7.58 
14.67 



Table 5-30. Kruskal-Wallis Rank Sum Analyses (as Modified by Dunn) for Biomass (kg/ha) of Important Species
Collected in Cove Rotenone Samples from Three Areas of Chickamauga Reservoir* During Operation of
SQN (1980 through 1985)

Chi-Square Prob. ý Reservoir Areas Showing Mean of Ranks*

Species Value Chi-Squaret Significant Differences U M D

Gizzard shad 9.84 0.0073 - U-D - 10.42 13.67 21.50
Flathead catfish 8.22 0.0164 U-M - M-D 13.00 22.17 14.67
Carp 6.08 0.0479 U-D - M-D 18.50 19.17 10.67
Longear sunfish 16.23 0.0003 U-M U-D - 7.67 22.00 20.08
Bluegill 6.20 0.0450 U-M - U-D 10.67 17.50 19.33
Largemouth bass 7.68 0.0215 U-M - U-D 10.08 18.17 19.58
Yellow perch 14.58 0.0007 U-M - M-D 10.42 27.00 14.83

*Reservoir areas are defined as follows: Downstream (D) - TRM 471.0 to TRM 484.5; Middle (M) - TRM 484.5 to
TRM 500; Upstream (U) - TRM 500 to TRM 529.9.

tProbability of obtaining value equal to or greater than chi-square. Only those species with a probability
level of 0.05 or less are listed.
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*Indicates relative abundance between areas.
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Table 5-30. KruBkal-Wallis Rank Sum Analyses (as Modified by Dunn) fo~ Biomass (kg/ha) of Important Species 
Collected in Cove Rotenone Samples from Three Areas of Chickamauga Reservoir. During Operation of 
SQN (1980 through 1985) 

Chi-Square Prob. ) Reservoir Areas Showing Mean of Ranks* 

S2ecies Value Chi-Sguaret Significant Differences U M 

Gizzard shad 9.8L. 0.0073 t,J-D 10.42 13.67 
Flathead catfish 8.22 0.0164 U-M M-D 13.00 22.17 
Carp 6.08 0.0479 U-D I1-D 18.50 19.17 
Longear sunfish 16.23 0.0003 U-M U-D 7.67 22.00 
Bluegill 6.20 0.0450 U-M U-D 10.67 17.50 
Largemouth bass 7.68 0.0215 U-M U-D 10.08 18.17 
Yellow perch 14.58 0.0007 U-M M-D 10.42 27.00 

*Reservoir areas are defined as follows: Downstream (D) - TaM 471.0 to taM L.84.5; Middle (M) - TRM 48L..5 to 
TRM 500; Upstream (U) - TRM 500 to TRM 529.9. 

tProbability of obtaining value equal to or greater than chi-square. Only those species with a probability 
level of 0.05 or less are listed. 

*Indicates relative abundance between areas. 

D 

21.50 
14.67 
10.67 
20.08 
19.33 
19.58 
14.83 



Table 5-31. Numbers and Biomass (kg) Per Hectare of Each Size Group of Gizzard Shad in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermuediate* Adult Total
Numbers Biomnass Numbers Biomass Numbers Biomass Numbers Biomass

1970 1,129.74 2.24 0.00 0.00 645.34 75.49 1,775.08 77.73
1971 329.03 2.27 0.00 0.00 561.91 65.51 890.94 67.78
1972 0.52 0.01 0.00 0.00 836.35 119.52 836.87 119.53
1973 0.65 0.01 0.00 0.00 1,034.97 127.41 1,035.63 127.42
1974 5.23 0.07 0.00 0.00 912.33 107.61 917.56 107.69
1975 109.44 1.44 0.00 0.00 946.20 90.71 1,055.64 92.15
1976 1.140.28 9.83 0.00 0.00 844.93 105.62 1,985.21 115.45
1977 8,624.47 44.57 0.00 0.00 928.02 112.60 9,552.49 157.17
1978 1,894.39 7.74 0.00 0.00 2,177.57 115.17 4,071.96 122.92
1979 54.15 0.68 0.00 0.00 2,315.58 92.12 2,369.73 92.80
1980 953.30 2.63 0.00 0.00 503.02 34.73 1,456.32 37.36
1981 507.50 1.73 0.00 0.00 1,484.11 164.41 1,991.61 166.14
1982 7,913.77 20.23 0.00 0.00 1,530.03 140.19 9,443.80 161.89
1983 1,994.09 9.93 0.00 0.00 1,981.22 232.46 3,975.31 242.39
1984 3,606.31 8.79 0.00 0.00 3,192.03 329.83 6,798.33 338.63
1985 3,873.29 29.29 0.00 0.00 1,898.52 239.89 5,771.81 269.18

41I

*No intermediate size class considered.
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Table 5-31. Numbers and Biomass (kg) Per Hectare of Each Size Group of Gizzard Shad in Cove 
Rotenone Samples, Chickamauga Reservoir, 1970-1985 

founs; of Year Intermediate1r Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers 

1970 1,129.74 2.24 0.00 0.00 645.34 75.49 1,775.08 
1971 329.03 2.27 0.00 0.00 561.91 65.51 890.94 
1972 0.52 0.01 0.00 0.00 836.35 119.52 836.87 
1973 0.65 0.01 0.00 0.00 1,034.97 127.41 1,035.63 
1974 5.23 0.07 0.00 0.00 912.33 107.61 917 .56 
1975 109.44 1.44 0.00 0.00 946.20 90.71 1,055.64 
1976 1,140.28 9.83 0.00 0.00 844.93 105.62 1,985.21 
1977 8,624.47 44.57 0.00 0.00 928.02 112.60 9,552.49 
1978 1,894.39 7.74 0.00 0.00 2,177.57 115.17 4,071.96 
1979 54.15 0.68 0.00 0.00 2,315.58 92.12 2,369.73 
1980 953.30 2.63 0.00 0.00 503.02 34.73 1,456.32 
1981 507.50 1.73 0.00 0.00 1.484.11 164.41 1.991.61 
1982 7,913.77 20.23 0.00 0.00 1,530.03 140.19 9,443.80 
1983 1,994.09 9.93 0.00 0.00 1.981.22 232.46 3,975.31 
1984 3.606.31 8.79 0.00 0.00 3.192.03 329.83 6.798.33 
1985 3.873.29 29.29 0.00 0.00 1.898.52 239.89 5.771.81 

1rNo intermediate size class considered. 

Biomass 

77.73 
67.78 

119.53 
127.42 
107.69 

92.15 
115.45 
157.17 
122.92 

92.80 
37.36 

166.14 
161.89 
242.39 
338.63 
269.18 



Table 5-32. Numbers and Biomass (kg) Per Hectare of Each Size Group of Threadf in Shad in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate* Adult Total
Numbers Biomass Numbers Biomass Numbers Biosuass Numbers Biomass

1970 2,732.68 2.94 0.00 0.00 0.31 0.01 2.732.99 -2.95
1971 3,351.72 7.19 0.00 0.00 0.00 0.00 3,351.72 7.19
1972 8,094.18 41.12 0.00 0.00 52.33 1.46 8,146.51 43.18
1973 7,248.00 50.51 0.00 0.00 6.21 0.20 7,254.21 50.72
1974 6,916.67 28.02 0.00 0.00 3.10 0.13 6,919.78 28.16
1975 3,906.97 23.05 0.00 0.00 122.96 4.07 4,029.94 27.12
1976 3,401.95 11.75 0.00 0.00 0.00 0.00 3,401.95 11.75
1977 1,566.42 17.31 0.00 0.00 0.00 0.00 1,566.42 17.31
1978 53.10 0.34 0.00 0.00 0.00 0.00 53.10 0.34
1979 363.60 0.80 0.00 0.00 0.47 0.01 364.06 0.81
1980 448.09 0.79 0.00 0.00 0.00 0.00 448.09 0.79
1981 3,294.25 8.29 0.00 0.00 0.00 0.00 3,294.25 8.29
1982 368.97 1.00 0.00 0.00 1.43 0.03 370.40 1.03
1983 8,838.26 23.67 0.00 0.00 0.00 0.00 8,838.26 23.67
1984 866.60 2.13 0.00 0.00 0.00 0.00 866.60 2.13
1985 22,913.04 92.19 0.00 0.00 0.48 0.02 22,913.52 92.21

Ni
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*No intermediate size class considered.
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Table 5-32. Numbers and Biomass (kg) Per Hectare of Each Size Group of Threadfin Shad in Cove 
Rotenone Samples, Chickamauga Reservoir, 1970-1985 

Young of Year Intermediate* Adult Total 
Numbers Biomass Nwnbers Biomass Numbers Biomass Nwnbers Biomass 

1970 2,732.68 2.94 0.00 0.00 0.31 0.01 2,732.99 2.95 
1971 3,351.72 7.19 0.00 0.00 0.00 0.00 3,351. 72 7.19 
1972 8,094.18 41.72 0.00 0.00 52.33 1.46 8,146.51 43.18 
1973 7,248.00 50.51 0.00 0.00 6.21 0.20 7,254.21 50.72 
1974 6,916.67 28.02 0.00 0.00 3.10 0.13 6,919.78 28.16 
1975 3,906.97 23.05 0.00 0.00 122.96 4.07 4,029.94 27.12 
1976 3,401.95 11.75 0.00 0.00 0.00 0.00 3,401.95 11. 7S 
1977 1,566.42 17.31 0.00 0.00 0.00 0.00 1,566.42 17.31 
1978 53.10 0.34 0.00 0.00 0.00 0.00 53.10 0.34 
1979 363.60 0.80 0.00 0.00 0.47 0.01 364.06 0.81 
1980 448.09 0.79 0.00 0.00 0.00 0.00 448.09 0.79 
1981 3,294.25 8.29 0.00 0.00 0.00 0.00 3,294.25 8.29 
1982 368.97 1.00 0.00 0.00 1.43 0.03 370.40 1.03 
1983 8,838.26 23.67 0.00 0.00 0.00 0.00 8,838.26 23.67 
1984 866.60 2.13 0.00 0.00 0.00 0.00 866.60 2.13 
1985 22,913.04 92.19 0.00 0.00 0.48 0.02 22,913.52 92.21 

*No intermediate size class considered. 



Table 5-33. Numbers and Biomiass (kg) Per Hectare of Each Size Group of :arp in Cave Rotenone
Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers =.iomass Numbers Biomass

1970 0.84 0.00 0.15 0.06 4.77 7.04 5.77 7.09
1971 0.00 0.00 0.20 0.05 27.46 53.85 27.66 53.89
1972 0.00 0.00 0.00 0.00 14.66 31.59 14.66. 31.59
1973 0.00 0.00 0.00 0.00 21.49 48.42 21.49 48.42
1974 0.00 0.00 0.52 0.09 8.28 20.18 8.79 20.27
1975 0.00 0.00 0.00 0.00 12.65 28.93 12.65 28.93
1976 0.00 0.00 0.22 0.05 22.16 46.72 22.37 46.77
1977 0.00 0.00 0.00 0.00 14.26 31.39 14.26 31.39
1978 2.09 0.11 2.16 0.31 5.21 14.43 9.46 14.86
1979 0.54 0.01 0.00 0.00 16.93 38.02 17.47 38.04
1980 4.21 0.13 0.31 0.04 7.98 24.01 12.49 24.18
1981 34.52 2.02 3.79 0.61 4.04 11.94 42.35 14.57
1982 7.02 0.14 0.48 0.12 4.92 8.91 12.41 9.16
1983 0.98 0.01 0.00 0.00 12.81 29.61 13.78 29.62
1984 1.45 0.11 0.00 0.00 1.46 3.45 2.92 3.56
1985 1.39 0.11 2.72 0.56 15.04 37.42 19.14 38.09
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Table 5-33. Numbers and Biomass (kg) Per Hectare of Each Size Group of :arp in Cove Rotenone 
Samples. Chickamauga Reservoir. 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Nwnbers Biomass Numbers :'iomass Numbers Biomass 

1970 0.84 0.00 0.15 0.06 4.77 7.04 5.77 7.09 
1971 0.00 0.00 0.20 0.05 27.46 53.85 27.66 53.89 
1972 0.00 0.00 0.00 0.00 14.66 31.59 14.66 31.59 
1973 0.00 0.00 0.00 0.00 21.49 48.42 21.49 48.42 
1974 0.00 0.00 0.52 0.09 8.28 20.18 8.79 20.27 
1975 0.00 0.00 0.00 0.00 a.65 28.93 12.65 28.93 
1976 0.00 0.00 0.22 0.05 22.16 46.72 22.37 46.77 
1977 0.00 0.00 0.00 0.00 14.26 31.39 14.26 31.39 
19~8 2.09 0.11 2.16 0.31 5.21 14.43 9.46 14.86 
1979 0.54 0.01 0.00 0.00 16.93 38.02 17.47 38.04 
1980 4.21 0.13 0.31 0.04 1.98 24.01 12..49 2.4.18 
1981 34.52 2.02 3.19 0.61 4.04 11.94 42.35 14.51 
1982 7.02 0.14 0.48 0.12 4.92 8.91 12.41 9.16 
1983 0.98 0.01 0.00 0.00 12.81 29.61 13.18 29.62 
1984 1.45 0.11 0.00 0.00 1.46 3.45 2.92 3.56 
1985 1.39 0.11 2.72 0.56 15.04 37.42 19.14 38.09 



Table 5-34. Numbers and Biomass (kg) Per Hlectare of Each Size Group of Bullhead Minnow in Cove
Rotenone Samples, Chickamauga Reservoir, 1971-1985

Young of Year Intermediate* Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1971 1.05 0.00 0.00 0.00 0.00 0.00 1.05 0.00
1972 72.67 0.1s 0.00 0.00 0.00 0.00 72.67 0.15
1973 0.65 0.00 0.00 0.00 0.00 0.00 0.65 0.00
1974 734.76 0.81 0.00 0.00 0.00 0.00 734.76 0.81
1975 3,397.45 3.72 0.00 0.00 0.00 0.00 3,397.45 3.72
1976 1,974.17 1.75 0.00 0.00 0.00 0.00 1,974.17 1.75
1977 418.03 0.67 0.00 0.00 0.00 0.00 418.03 0.67
1978 148.19 0.14 0.00 0.00 0.00 0.00 148.19 0.14
1979 118.98 0.09 0.00 0.00 0.00 0.00 118.98 0.09
1980 65.01 0.09 0.00 0.00 0.00 0.00 65.01 0.09
1981 20.46 0.01 0.00 0.00 0.00 0.00 20.46 0.01
1982 554.76 0.41 0.00 0.00 0.00 0.00 554.76 0.41
1983 684.88 0.34 0.00 0.00 0.00 0.00 648.88 0.34
1984 527.09 0.44 0.00 0.00 0.00 0.00 527.09 0.44
1985 1,133.06 0.72 0.00 0.00 0.00 0.00 1,133.06 0.72

41
VV1

*All minnows grouped in young-of-year size class.
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Table 5-34. Numbers and Biomass (kg) Per Hectare of Each Size Group of Bullhead Minnow in Cove 
Rotenone Samples, Chickamauga Reservoir, 1971-1985 

Young of Year Intermediate* Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1971 1.05 0.00 0.00 0.00 0.00 0.00 1.05 0.00 
1972 72.67 0.15 0.00 0.00 0.00 0.00 72.67 0.15 
1973 0.65 0.00 0.00 0.00 0.00 0.00 0.65 0.00 
1974 734.76 0.81 0.00 0.00 0.00 0.00 734.76 0.81 
1975 3,397.45 3.72 0.00 0.00 0.00 0.00 3,397.45 3.72 
1976 1,974.17 1. 75 0.00 0.00 0.00 0.00 1,974.17 1.75 
1977 418.03 0.67 0.00 0.00 0.00 0.00 418.03 0.67 
1978 148.19 0.14 0.00 0.00 0.00 0.00 148.19 0.14 
1979 118.98 0.09 0.00 0.00 0.00 0.00 118.98 0.09 
1980 65.01 0.09 0.00 0.00 0.00 0.00 65.01 0.09 
1981 20.46 0.01 0.00 0.00 0.00 0.00 20.46 0.01 
1982 554.76 0.41 0.00 0.00 0.00 0.00 554.76 0.41 
1983 684.88 0.34 0.00 0.00 0.00 0.00 648.88 0.34 
1984 527.09 0.44 0.00 0.00 0.00 0.00 527.09 0.44 
1985 1,133.06 0.72 0.00 0.00 0.00 0.00 1,133.06 0.72 

*All minnows grouped in young-of-year size class. 



Table 5-35. Numbers and Biomass (kg) Per Hectare of Each Size Group of Smallmouth. Suffalo in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Wrjmbers Biomass

1970 1.96 0.01 3.04 0.75 23.28 34.87 'S.28 35.64
1971 0.58 0.02 36.05 71.13 0.00 0.00 36.63 71.15
1972 8.68 0.64 2.53 0.98 26.48 41.51 37.69 43.14
1973 1.74 0.15 1.39 0.40 21.21 40.84 Z'1.34 41.39
1974 0.00 0.00 0.00 0.00 6.40 12.52 6.40 12.52
1975 1.79 0.15 0.78 0.16 6.39 18.86 8.96 19.17
1976 0.61 0.01 0.00 0.00 12.41 28.93 :3.02 28.94
1977 2.33 0.16 1.82 0.72 7.49 9.93 11.64 10.82
1978 0.00 0.00 0.00 0.00 0.35 1.84 0.35 1.84
1979 0.00 0.00 0.00 0.00. 3.31 4.57 3.31 4.57
1980 0.31 0.01 0.00 0.00 1.67 3.35 1.97 3.35
1981 0.00 0.00 0.43 0.15 1.58 2.75 2.01 2.90
1982 0.00 0.00 0.45 0.17 6.85 10.83 7.31 11.00
1983 36.77 0.81 0.00 0.00 3.30 5.59 41-0.07 6.41
1984 0.00 0.00 0.00 0.00 0.48 2.57 0.48 2.57
1985 3.64 0.16 1.73 0.53 4.86 4.30 K-0.23 4.98
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Table 5-35. Numbers and Biomass (kg) Per Hectare of Each Size Group of Smal1moutn zuffa10 in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Youns of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Nr.JDlbers Biomass 

1970 1.96 0.01 3.04 0.75 23.28 34.87 ~S.28 35.64 
1971 0.58 0.02 36.05 71.13 0.00 0.00 56.63 71.15 
1972 8.68 0.64 2.53 0.98 26.48 41.51 37.69 43.14 
1973 1.74 0.15 1.39 0.40 21.21 40.84 ':'10.34 41.39 
1974 0.00 0.00 0.00 0.00 6.40 12.52 6.40 12.52 
197_5 1.79 0.15 0.78 0.16 6.39 18.86 8.96 19.17 
1976 0.61 0.01 0.00 0.00 12.41 28.93 :3.02 28.94 
1977 2.33 0.16 1.82 0.72 7.49 9.93 :'1.64 10.82 
1978 0.00 0.00 0.00 0.00 0.35 1.84 0.35 1.84 
1979 0.00 0.00 0.00 0.00. 3.31 4.57 3.31 4.57 
1980 0.31 0.01 0.00 0.00 1.67 3.35 1.97 3.35 
1981 0.00 0.00 0.43 0.15 1.58 2.75 !!.01 2.90 
1982 0.00 0.00 0.45 0.17 6.85 10.83 7.31 11.00 
1983 36.77 0.81 0.00 0.00 3.30 5.59 4.0.07 6.41 
1984 0.00 0.00 0.00 0.00 0.48 2.57 0.48 2.57 
1985 3.64 0.16 1.73 0.53 4.86 4.30 !li).23 4.98 



Table 5-36. Numbers and Bicimass (kg) Per Hectare of Each Size Group of Spotted Sucker in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Yct.•g of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 18.01 0.10 0.68 0.07 0.47 0.23 19.17 0.40
1971 21.1c 0.30 0.00 0.00 8.76 2.76 29.92 3.06
1972 38.Cc 0.81 2.00 0.32 19.79 6.68 59.85 7.82
1973 162. 4 c 3.28 7.13 1.08 17.56 5.95 187.14 10.32
1974 23.7: 0.36 26.16 3.54 39.10 13.07 88.97 16.96
1975 10.71 0.17 10.98 1.41 19.72 8.84 41.42 10.42
1976 15.29 0.28 3.15 0.51 35.12 17.17 53.55 17.96
1977 18.1- 0.30 2.84 0.37 23.23 11.41 44.26 12.08
1978 6.22- 0.09 5.25 0.64 14.85 7.48 26.33 8.21
1979 8.99 0.07 6.05 0.80 11.20 5.73 26.23 6.60
1980 3.CI 0.02 0.31 0.05 10.61 7.24 14.01 7.31
1981 0.CC 0.00 0.00 0.00 12.47 9.34 12.47 9.34
1982 0.!3 0.02 0.43 0.03 5.83 3.45 6.70 3.50
1983 5.37 0.01 3.90 0.46 2.82 2.58 12.09 3.05
1984 12.ZC 0.06 19.02 2.48 8.63 3.87 39.85 6.41
1985 0.9: 0.02 11.82 1.43 8.64 5.91 21.36 7.36
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Table 5-36. Numbers and B:'lmass (kg) Per Hectare of Each Size Group of Spotted Sucker in Cove 
Rotenone Samp:~s, Chickamauga Reservoir, 1970-1985 

YC'-"!l& of Year Intermediate Adult Total 
Numbe::-i> Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1970 18.0:' 0.10 0.68 0.07 0.47 0.23 19.17 0.40 
1971 21.:e 0.30 0.00 0.00 8.76 2.76 29.92 3.06 
1972 38.01: 0.81 2.00 0.32 19.79 6.68 59.85 7.82 
1973 162.~r: 3.28 7.13 1.08 17.56 5.95 187.14 10.32 
1974 23.i: 0.36 26.16 3.54 39.10 13.07 88.97 16.96 
1975 10.7:. 0.17 10.98 1.41 19.72 8.84 41.42 10.42 
1976 15.25 0.28 3.15 0.51 35.12 17.17 53.55 17.96 
1977 18.1; 0.30 2.84 0.37 23.23 11.41 44.26 12.08 
1978 6.2'; 0.09 5.25 0.64 14.85 7.48 26.33 8.21 
1979 8.9';' 0.07 6.05 0.80 11.20 5.73 26.23 6.60 
1980 3.C';' 0.02 0.31 0.05 10.61 7.24 14.01 7.31 
1981 O.OC 0.00 0.00 0.00 12.47 9.34 12.47 9.34 
1982 0.4': 0.02 0.43 0.03 5.83 3.45 6.70 3.50 
1983 5.37 0.01 3.90 0.46 2.82 2.58 12.09 3.05 
1984 12.2C 0.06 19.02 2.48 8.63 3.87 39.85 6.41 
1985 O.~: 0.02 11.82 1.43 8.64 5.91 21.36 7.36 



Table 5-37. Numbers and Biomass (kg) Per Hectare of Each Size Group of Channel Catfish in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult -Total
Numbers Biomass Numbers Biomnass Numbers Biomass Numbers Biomnass

1970 3.27 0.02 10.10 0.62 5.71 2.35 19.07 2.98
1971 0.99 0.01 12.73 0.86 20.19 9.89 33.91 10.76
1972 1.05 0.01 12.32 0.79 23.20 7.33 36.57 8.12
1973 1.23 0.01 12.07 0.71 29.68 9.64 42.98 10.36
1974 0.52 0.01 3.21 0.19 8.41 3.92 12.14 4.12
1975 1.03 0.01 2.39 0.11 10.27 4.13 13.69 4.25
1976 1.63 0.00 6.26 0.32 17.67 12.11 25.56 12.43
1977 2.75 0.02 4.55 0.27 12.14 7.12 19.44 7.40
1978 1.38 0.00 0.35 0.01 13.45 4.17 15.18 4.18
1979 1.05 0.01 1.40 0.04 22.35 14.19 24.80 14.24
1980 2.90 0.01. 0.42 0.02 11.34 7.70 14.65 7.73
1981 6.41 0.06 4.17 0.12 67.02 59.00 77.60 59.17
1982 0.00 0.00 0.91 0.03 6.21 5.98 7.12 6.01
1983 0.00 0.00 0.00 0.00 11.22 12.69 11.22 12.69
1984 0.00 0.00 0.45 0.02 9.80 11.62 10.25 11.64
1985 0.44 0.00 8.40 0.45 7.32 8.97 16.16 9.42
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Table 5-37. Numbers and Biomass (kg) Per Hectare of Each Size Group of Channel Catfish in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1970 3.27 0.02 10.10 0.62 5.71 2.35 19.07 2.98 
1971 0.99 0.01 12.73 0.86 20.19 9.89 33.91 10.76 
1972 1.05 0.01 12.32 0.79 23.20 7.33 36.57 8.12 
1973 1.23 0.01 12.07 0.71 29.68 9.64 42.98 10.36 
1974 0.52 0.01 3.21 0.19 8.41 3.92 12.14 4.12 
1975 1.03 0.01 2.39 0.11 10.27 4.13 13.69 4.25 
1976 1.63 0.00 6.26 0.32 17.67 12.11 25.56 12.43 
1977 2.75 0.02 4.55 0.27 12.14 7.12 19.44 7.40 
1978 1.38 0.00 0.35 0.01 13.45 4.17 15.18 4.18 
1979 1.05 0.01 1.40 0.04 22.35 14.19 24.80 14.24 
1980 2.90 0.01 0.42 0.02 11.34 7.70 14.65 7.73 
1981 6.41 0.06 4.17 0.12 67.02 59.00 77.60 59.17 
1982 0.00 0.00 0.91 0.03 6.21 5.98 7.12 6.01 
1983 0.00 0.00 0.00 0.00 11.22 12.69 11.22 12.69 
1984 0.00 0.00 0.45 0.02 9.80 11.62 10.25 11.64 
1985 0.44 0.00 8.40 0.45 7.32 8.97 16.16 9.42 

\' 



Table 5-38. Numbers and Biomass (kg) Per Hectare of Each Size Group of Flathead Catfish in Cove
Rotenone Samples. Chickamauga Reservoir, 1970-1985

YugoYerIntermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 3.51 0.01 0.43 0.07 1.36 0.51 5.30 0.60
1971 2.89 0.01 1.92 0.32 0.47 0.20 5.27 0.53
1972 0.78 0.00 1.06 0.08 1.65 0.98 3.49 1.06
1973 1.03 0.01 0.77 0.13 4.10 2.12 5.91 2.26
1974 0.00 0.00 0.74 0.08 2.40 1.23 3.14 1.31
1975 0.77 0.00 1.57 0.24 0.86 0.36 3.20 0.60
1976 1.21 0.00 0.00 0.00 1.50 0.81 2.70 0.81
1977 3.51 0.01 0.98 0.12 1.21 0.7.0 5.70 0.83
1978 1.12 0.00 1.74 0.18 1.22 0.40 4.08 0.58
1979 0.00 0.00 0.77 0.12 1.12 0.43 1.89 0.55
1980 0.34 0.00 0.00 0.00 0.00 0.00 0.34 0.00
1981 20.00 0.14 1.23 0.12 0.00. 0.00 21.23 0.26
1982 0.87 0.00 0.00 0.00 0.87 0.63 1.74 0.63
1983 0.00 0.00 0.49 0.01 0.00 0.00 0.49 0.01
1984 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1985 0.00 0.00 0.00 0.00 0.44 0.20 0.44 0.20
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Table 5-38. Numbers and Biomass (kg) Per Hectare of Each Size Group of Flathead Catfish in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

¥ouns of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1970 3.51 0.01 0.43 0.07 1.36 0.51 S.30 0.60 
1971 2.89 0.01 1.92 0.32 0.47 0.20 5.27 0.53 
1972 0.78 0.00 1.06 0.08 1.65 0.98 3.49 1.06 
1973 1.03 0.01 0.77 0.13 4.10 2.12 5.91 2.26 
1974 0.00 0.00 0.74 0.08 2.40 1.23 3.14 1.31 
1975 0.77 0.00 1.57 0.24 0.86 0.36 3.20 0.60 
1976 1.21 0.00 0.00 0.00 1.50 0.81 2.70 0.81 
1977 3.51 0.01 0.98 0.12 1.21 0.70 5.70 0.83 
1978 1.12 0.00 1.74 0.18 1.22 0.40 4.08 0.58 
1979 0.00 0.00 0.77 0.12 1.12 0.43 1.89 0.55 
1980 0.34 0.00 0.00 0.00 0.00 0.00 0.34 0.00 
1981 20.00 0.14 1.23 0.12 0.00 0.00 21.23 0.26 
1982 0.87 0.00 0.00 0.00 0.87 0.63 1. 74 0.63 
1983 0.00 0.00 0.49 0.01 0.00 0.00 0.49 0.01 
1984 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1985 0.00 0.00 0.00 0.00 0.44 0.20 0.44 0.20 



Table 5-39. Numbers and Biomass (kg) Per Hectare of Each Size Group of White Bass in Cove
Rotenone Samples, Chickcamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomnass Numbers Biomass

1970 47.30 0.20 0.12 0.01 0.00 0.00 47.42 0.21
1971 4.07 0.08 0.00 0.00 0.00 0.00 4.07 0.08
1972 3.30 0.06 0.27 0.02 0.00 0.00 3.57 0.08
1973 13.96 0.15 1.33 0.07 1.12 0.22 16.42 0.44
1974 2.61 0.04. 0.00 0.00 0.85 0.16 3.46 0.20
1975 0.00 0.00 0.00 0.00 0.27 0.06 0.27 0.06
1976 3.86 0.08 1.40 0.10 0.47 0.06 5.72 0.24
197.7 35.48 0.38 2.79 0.16 0.00 0.00 38.27 0.54
1978 11.03 0.03 0.00 0.00 0.00 0.00 11.03 0.03
1979 3.16 0.05 0.00 0.00 0.00 0.00 3.16 0.05
1980 11.25 0.05 0.00 0.00 0.00 0.00 11.25 0.05
1982 1.43 0.03 0.48 0.03 0.48 0.08 2.38 0.14
1983 0.00 0.00 0.00 0.00 1.46 0.18 1.46 0.18
1984 0.00 0.00 0.00 0.00 1.82 0.32 1.82 0.32
1985 37.27 0.79 5.91 0.33 0.44 0.09 43.63 1.20
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Table 5-39. Numbers and Biomass (kg) Per Hectare of Each Size Group of White Bass in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Youns of Year Intermediate Adult Total 
Nwnbers Biomass NUmbers Biomass Nwnbers Biomass Numbers 

1970 47.30 0.20 0.12 0.01 0.00 0.00 41.42 
1971 4.01 0.08 0.00 0.00 0.00 0.00 4.07 
1972 3.30 0.06 0.21 0.02 0.00 0.00 3.57 
1973 13.96 0.15 1.33 0.01 1.12 0.22 16.42 
1974 2.61 0.04. 0.00 0.00 0.85 0.16 3.46 
1975 0.00 0.00 0.00 0.00 0.27 0.06 0.27 
1916 3.86 0.08 1.40 0.10 0.47 0.06 5.72 
191.7 35.48 0.38 2.19 ·0.16 0.00 0.00 38.27 
1918 11.03 0.03 0.00 0.00 0.00 0.00 11.03 
1919 3.16 0.05 0.00 0.00 0.00 0.00 3.16 
1980 11.25 0.05 0.00 0.00 0.00 0.00 11.25 
1982 1.43 0.03 0.48 0.03 0.48 0.08 2.38 
1983 0.00 0.00 0.00 0.00 1.46 O.lS 1.46 
1984 0.00 0.00 0.00 0.00 1.S2 0.32 1.S2 
1985 37.27 0.79 5.91 0.33 0.44 0.09 43.63 

Biomass 

0.21 
0.08 
0.08 
0.44 
0.20 
0.0(; 
0.24 
0.54 
0.03 
0.05 
0.05 
0.14 
0.18 
0.32 
1.20 



Table 5-40. Numbers and Biomass (kg) Per Hectare of Each Size Group of Yellow Bass in Cove
Rotenone Samples, Chickamnauga Reservoir. 1971-1985

.- Young of Year Intermediate Adult -Total
Numbers Biomass Ntumbers Biomass Numbers Biomass Numbers Biomass

1971 0.91 0.00 0.27 0.02 0.00 0.00 1.18 0.02
1972 21.90 0.15 0.26 0.02 0.54 0.06 22.70 0.23
1973 16.65 0.19 4.65 0.28 0.00 0.00 21.30 0.47
1974 6.63 0.11 1.92 0.14 0.00 0.00 8.55 0.25
1975 19.37 0.33 12.01 0.95 2.01 0.26 33.39 1.54
1976 48.09 0.19 8.76 0.59 3.82 0.47 60.67 1.26
1977 238.76 0.94 6.52 0.56 2.62 0.30 247.91 1.80
1978 106.99 0.29 5.90 0.45 2.70 0.33 115.59 1.06
1979 3.84 0.05 0.38 0.03 0.38 0.04 4.61 0.13
1980 121.22 0.48 5.46 0.50 1.18 0.15 127.85 1.13
1981 187.95 4.29 69.19 4.56 10.23 1.26 267.37 10.11
1982 232.81 1.15 37.20 2.94 6.04 0.77 276.05 4.86
1983 95.83 0.80 16.34 1.46 12.62 1.68 124.79 3.94
1984 100.14 0.56 9.70 0.70 1.82 0.25 111.65 1.50
1985 84.19 0.46 32.09 2.58 9.64 1.20 125.92 4.24
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Table 5-40. Numbers and Biomass (kg) Per Hectare of Each Size Group of Yellow Bass in Cove 
Rotenone Samples. Chickamauga Reservoir. 1911-1985 

- Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers 

1971 0.91 0.00 0.27 0.02 0.00 0.00 1.18 
1972 21.90 0.15 0.26 0.02 0.54 0.06 22.70 
1973 16.65 0.19 4.65 0.28 0.00 0.00 21.30 
1974 6.63 0.11 1.92 0.14 0.00 0.00 8.55 
1975 19.31 0.33 12.01 0.95 2.01 0.26 33.39 
1976 48.09 0.19 8.76 0.59 3.82 0.41 60.61 
1917 238.76 0.94 6.52 0.56 2.62 0.30 247.91 
1978 106.99 0.29 5.90 0.45 2.10 0.33 US .59 
1979 3.84 0.05 0.38 0.03 0.38 0.04 4.61 
1980 121.22 0.48 5.46 0.50 1.18 0.15 127.85 
1981 187.95 4.29 69.19 4.56 10.23 1.26 267.37 
1982 232.81 1.15 37.20 2.94 6.04 0.17 276.05 
1983 95.83 0.80 16.34 1.46 12.62 1.68 124.79 
1984 100.14 0.56 9.70 0.70 1.82 0.25 111.65 
1985 84.19 0.46 32.09 2.58 9.64 1.20 125.92 

Biomass 

0.02 
0.23 
0.41 
0.25 
1.54 
1.26 
1.80 
1.06 
0.13 
1.13 

10.11 
4.86 
3.94 
1.50 
4.24 



Table 5-41.. Numbers and Biomass (kg) Per Hectare of Each Size Group of Warmouth in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 7.18 0.03 4.44 0.11 2.30 0.17 13.92 0.30
1971 37.62 0.09 10.65 0.23 0.00 0.00 48.27 0.32
1972 39.04 0.13 14.26 0.38 1.88 0.15 55.18 0.66
1973 195.94 1.09 9.40 0.25 8.17 0.65 213.51 2.00
1974 8.92 0.02 3.79 0.07 0.98 0.07 13.68 0.16
1975 38.28 0.06 4.67 0.08 2.82 0.27 45.77 0.41
1976 54.55 0.07 12.34 0.26 5.68 0.41 72.57 0.74
1977 233.55 0.41 9.93 0.15 6.12 0.46 249.60 1.02
1978 313.63 0.31 26.19 0.54 9.05 0.79 348.87 1.64
1979 844.05 0.95 34.19 0.65 18.29 1.55 896.53 3.15
1980 1,282.81 1.67 13.77 0.32 7.42 0.64 1,304.00 2.64
1981 2,733.15 5.32 56.63 1.12 32.43 2.21 2,822.21 8.65
1982 1,712.30 1.92 45.06 0.77 10.92 0.76 1,768.28 3.45
1983 3,463.73 2.50 53.73 0.84 9.38 0.79 3,526.84 4.13
1984 1,579.34 2.20 74.19 0.92 6.69 0.45 1,660.22 3.58
1985 311.27 0.40 24.55 0.39 0.45 0.03 336.27 0.81
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Table 5-41. Sumbers and Biomass (kg) Per Hectare of Each Size Group of Warmouth in Cove 
Rotenone Samples, Chickamauga Reservoir, 1910-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers 

1910 7.18 0.03 4.44 0.11 2.30 0.17 13.92 
1971 31.62 0.09 10.65 0.23 0.00 0.00 48.21 
1972 39.04 0.13 14.26 0.38 1.88 0.15 55.18 
1973 195.94 1.09 9.40 0.25 8.17 0.65 213.51 
1974 8.92 0.02 3.79 0.07 0.98 0.07 13.68 
1915 38.28 0.06 4.67 0.08 2.82 0.27 45.77 
1976 54.55 0.01 12.34 0.26 5.68 0.41 72.57 
1977 233.55 0.41 9.93 0.15 6.12 0.46 249.60 
1978 313.63 0.31 26.19 0.54 9.05 0.79 348.87 
1979 844.05 0.95 34.19 0.65 18.29 1.55 896.53 
1980 1,282.81 1.67 13.77 0.32 7.42 0.64 1,304.00 
1981 2,733.15 5.32 56.63 1.12 32.43 2.21 2,822.21 
1982 1,712.30 1.92 45.06 0.77 10.92 0.76 1,768.28 
1983 3,463.73 2.50 53.73 0.84 9.38 0.79 3,526.84 
1984 1,579.34 2.20 74.19 0.92 6.69 0.45 1,660.22 
1985 311.27 0.40 24.55 0.39 0.45 0.03 336.27 

Biomass 

0.30 
0.32 
0.66 
2.00 
0.16 
0.41 
0.74 
1.02 
1.64 
3.15 
2.64 
8.65 
3.45 
4.13 
3.58 
0.81 



Table 5-42. Numbers and Biomass (kg) Per Hectare of Each Size Group of Bluegill in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
3Wumbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 2,243.26 2.46 193.31 5.27 70.03 5.28 1,506.60 13.01
1971 ý,669.92 3.18 345.20 8.84 94.88 6.68 2,110.00 18.70
1972 :,296.39 10.96 495.25 9.53 171.22 11.80 2,962.87 32.30
1973 2,214.82 5.97 374.95 7.81 186.17 12.13 2,775.94 25.91
1974 2,447.34 1.77 296.85 4.90 105.55 5.68 1,849.74 12.36
1975 -4,073.41 4.83 237.89 4.18 108.32 5.96 4,419.62 14.97
1976 5,812.86 6.67 674.71 10.08 186.81 11.33 6,674.38 28.09
1977 IS,963.39 20.64 519.75 7.96 185.11 11.21 19,668.26 39.81
1978 150302.81 15.89 552.57 7.87 119.50 7.06 15,974.88 30.82
1979 13,121.79 11.47 953.28 13.59 213.18 12.11 14,288.25 37.16
1980 !b,776.07 27.42 257.12 4.01 231.35 16.66 27,264.54 48.08
1981 2_3,622.21 16.68 979.89 15.16 277.70 19.30 24,879.80 51.13
1982 zt,088.58 14.52 497.85 6.96 94.39 5.91 13,680.82 27.39
1983 .7),134.86 16.37 663.92 9.47 118.91 7.97 16,917.69 33.81
1984 ! -,698.16 18.59 412.78 6.20 136.40 9.24 12,247.35 34.03
1985 -D,131.34 10.35 420.46 5.81 109.76 8.28 10,661.56 24.44
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Table 5-42. Numbers~nd Biomass (kg) Per Hectare of Each Size Group of Bluegill in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Young of Year Intermediate Adult Total 
)\lumbers Biomass Numbers Biomass Numbers Biomass Numbers 

1970 ~ .243.26 2.46 193.31 5.27 70.03 5.28 1.506.60 
1971 j ,669.92 3.18 345.20 8.84 94.88 6.68 2,110.00 
1972 .1,296.39 10.96 495.25 9.53 171.22 11.80 2.962.87 
1973 :,214.82 5.97 374.95 7.81 186.17 12.13 2.775.94 
1974 ::. ,447.34 1.77 296.85 4.90 105.55 5.68 1,849.74 
1975 -",073.41 4.83 237.89 4.18 108.32 5.96 4.419.62 
1976 5,812.86 6.67 674.71 10.08 186.81 11.33 6,674.38 
1977 UI,963.39 20.64 519.75 7.96 185.11 11.21 19,668.26 
1978 15,302.81 15.89 552.57 7.87 119.50 7.06 15,974.88 
1979 1.3,121.79 11.47 953.28 13.59 213.18 12.11 14,288.25 
1980 lii, 776.07 27.42 257.12 4.01 231. 35 16.66 27,264.54 
1981 23,622.21 16.68 979.89 15.16 277.70 19.30 24,879.80 
1982 13,088.58 14.52 497.85 6.96 94.39 5.91 13.680.82 
1983 :'%1,134.86 16.37 663.92 9.47 118.91 7.97 16.917.69 
1984 ::,698.16 18.59 412.78 6.20 136.40 9.24 12,241.35 
1985 ::',131.34 10.35 420.46 5.81 109.76 8.28 10.661.56 

Biomass 

13.01 
18.70 
32.30 
25.91 
12.36 
14.97 
28.09 
39.81 
30.82 
37.16 
48.08 
51.13 
27.39 
33.81 
34.03 
24.44 



Table 5-43. Numbers and Biomass (kg) Per Hectare of Each Size Group of Longear Sunfish in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermiediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 47.16 0.32 24.34 0.58 2.71 0.17 74.21 1.07
1971. 126.30 0.51 57.59 1.45 2.48 0.08 186.37 2.03
1972 171.57 0.63 76.93 1.46 5.84 0.51 254.34 2.60
1973 312.19 0.79 59.20 1.20 3.29 0.20 374.69 2.19
1974 321.73 0.47 73.49 1.19 3.70 0.17 398.92 1.84
1975 488.19 0.75 48.23 0.86 0.64 0.04 537.07 1.65
1976 867.52 1.46 188.92 2.84 4.73 0.23 1,061.16 4.53
1977 393.78 0.94 194.22 2.92 1.96 0.09 589.96 3.95
1978 191.00 0.28 75.90 1.18 7.42 0.33 274.31 1.79
1979 1,013.24 1.06 112.07 1.72 5.14 0.25 1,130.45 3.03
1980 324.67 0.53 35.93 0.67 8.80 0.42 369.40 1.62
1981 43.10 0.30 64.02 1.06 9.15 0.51 116.27 1.88
1982 51.26 0.20 44.42 0.75 3.59 0.20 99.27 1.15
1983 115.44 0.13 8.29 0.12 2.30 0.11 126.03 0.36
1984 737.09 1.26 42.20 0.60 2.42 0.19 781.71 2.05
1985 193.17 0.40 50.83 0.75 2.72 0.14 246.72 1.29

N

N

I 
N 
a-
N 
I 

Table 5-43. Numbers and Biomass (kg) Per Hectare of Each Size Group of Longear Sunfish in Cove 
Rotenone Samples, Chickamauga Reservoir, 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1970 47.16 0.32 24.34 0.58 2.71 0.17 74.21 1.07 
1971 126.30 0.51 57.59 1.45 2.48 0.08 186.37 2.03 
1972 171.57 0.63 76.93 1.46 5.84 0.51 254.34 2.60 
1973 312.19 0.79 59.20 1.20 3.29 0.20 374.69 2.19 
1974 321.73 0.47 73.49 1.19 3.70 0.17 398.92 1.84 
1975 488.19 0.75 48.23 0.86 0.64 0.04 537.07 1.65 
1976 867.52 1.46 188.92 2.84 4.73 0.23 1,061.16 4.53 
1977 393.78 0.94 194.22 2.92 1.96 0.09 589.96 3.95 
1978 191.00 0.28 75.90 1.18 7.42 0.33 274.31 1.79 
1979 1.013.24 1.06 112.07 1.72 5.14 0.25 1,130.45 3.03 
1980 324.67 0.53 35.93 0.67 8.80 0.42 369.40 1.62 
1981 43.10 0.30 64.02 1.06 9.15 0.51 116.27 1.88 
1982 51.26 0.20 44.42 0.75 3.59 0.20 99.27 1.15 
1983 115.44 0.13 8.29 0.12 2.30 0.11 126.03 0.36 
1984 737.09 1.26 42.20 0.60 2.42 0.19 781.71 2~05 
1985 193.17 0.40 50.83 0.75 2.72 0.14 246.72 1.29 



Table 5-44. Numbers and Biomass (kg) Per Hectare of Each Size Group of Redear Sunfish in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Ntunbe rs Biomnass Numbers Biomiass Numbers Biomass Numbers Biomass

1970 9.09 0.02 15.23 0.40 16.65 1.69 40.97 2.11
1971 80.79 0.25 25.28 0.65 33.08 4.52 139.14 5.42
1972 46.02 0.26 40.65 1.14 62.42 6.90 149.09 8.30
1973 614.75 3.64 36.64 0.89 43.59 5.35 694.98 9.88
1974 66.12 0.19 62.88 1.39 61.86 6.80 190.86 8.37
1975 160.80 0.53 17.09 0.40 62.77 6.86 240.66' 7.79
1976 187.48 0.53 62.79 1.46 93.81 9.28 344.09 11.28
1977 851.95 3.03 49.23 1.10 77.90 8.60 979.08 12.73
1978 361.20 0.53 31.23 0.60 72.46 6.41 464.89 7.54
1979 1,017.73 1.26 92.27 2.13 50.44 4.57 1,160.45 7.95
1980 2,650.56 4.17 9.33 0.21 52.48 5.90 2,712.38 10.29
1981 21,860.89 17.*35 40.38 0.87 62.62 5.51 21,963.89 23.73
1982 4,866.27 6.29 118.54 1.59 35.41 2.63 5,020.22 10.50
1983 10,137.85 5.94 210.69 3.95 109.94 8.16 10.458.48 18.05
1984 2,582.35 1.93 162.19 2.82 57.19 4.52 2,801.73 9.26
1985 2,712.33 3.55 116.17 1.89 81.81 4.80 2,910.31 10.24

I 
N 
a-
w 
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Table 5-44. Numbers and Biomass (kg) Per Hectare of Each Size Group of Redear Sunfish in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Nwnbers Biomass Nwnbers Biomass Nwnbers Biomass 

1970 9.09 0.02 15.23 0.40 16.65 1.69 40.97 2.11 
1971 80.79 0.25 25.28 0.65 33.08 4.52 139.14 5.42 
1972 46.02 0.26 40.65 1.14 62.42 6.90 149.09 8.30 
1973 614.75 3.64 36.64 0.89 43.59 5.35 694.98 9.88 
1974 66.12 0.19 62.88 1.39 61.86 6.80 190.86 8.37 
1975 160.80 0.53 17.09 0.40 62.77 6.86 240.66 7.79 
1976 187.48 0.53 62.79 1.46 93.81 9.28 344.09 11. 28 
1977 851.95 3.03 49.23 1.10 77 .90 8.60 979.08 12.73 
1978 361. 20 0.53 31.23 0.60 72.46 6.41 464.89 7.54 
1979 1.017.73 1.26 92.27 2.13 50.44 4.57 1,160.45 7.95 
1980 2,650.56 4.17 9.33 0.21 52.48 5.90 2.712.38 10.29 
1981 21,860.89 17.35 40.38 0.87 62.62 5.51 21,963.89 23.73 
1982 4.866.27 6.29 118.54 1.59 35.41 2.63 5,020.22 10.50 
1983 10,137.85 5.94 210.69 3.95 109.94 8.16 10,458.48 18.05 
1984 2,582.35 1.93 162.19 2.82 57.19 4.52 2,801. 73 9.26 
1985 2,712.33 3.55 116.17 1.89 81.81 4.80 2,910.31 10.24 



Table 5-45. Numbers and Biomass (kg) Per Hectare of Each Size Group of Largemouth Bass in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-:1985

Young ofYear Intermediate Adult Total
Numbers Biomnass Numbers Biomass Numbers -Biomass Numbers Biomass

1970 263.10 0.69 22.41 2.05 9.58 2.89 295.09 5.63
1971. 64.88 0.35 35.72 1.89 20.59 6.67 121.20 8.90
1972 21.16 0.17 60.90 4.08 14.62 4.94 96.68 9.18
1973 66.45 0.43 69.09 4.86 26.93 6.71 162.46 12.01
1974 27.57 0.11. 20.43 1.73 19.07 4.91 67.08 6.76
1975 65.56 0.23 23.82 1.68 17.35 6.32 106.74 8.23
1976 38.80 0.19 34.59 1.36 13.53 5.86 86.92 7.41
1977 251.89 1.07 130.99 3.77 16.76 3.92 399.64 8.76
1978 506.83 1.91 54.77 1.82 19.98 4.96 581.58 8.69
1979 784.76 2.25 27.21 2.00 22.44 7.40 834.42 11.65
1980 863.78 3.82 101.05 1.78 12.01 5.47 976.84 11.08
1981 468.11 2.98 219.40 5.76 28.02 8.13 715.53 16.87
1982 321.76 1.08 91.40 5.62 29.53 6.18 442.69 12.88
1983 259.60 1.37 71.27 2.67 30.79 6.91 361.67 10.95
1984 379.15 1.36 40.84 2.48 10.93 3.39 430.92 7.23
1985 136.96 0.77 115.07 3.65 51.78 13.73 303.81 18.15

a%
I 

N 
(1\ 
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Table 5-45. Numbers and Biomass (kg) Per Hectare of Each Size Group of Largemouth Bass in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Nwnbers Biomass Numbers . Biomass Numbers Biomass 

1970 263.10 0.69 22.41 2.05 9.58 2.89 295.09 5.63 
1971 64.88 0.35 35.72 1.89 20.59 6.67 121. 20 8.90 
1972 21.16 0.17 60.90 4.08 14.62 4.94 96.68 9.1S 
1973 66.45 0.43 69.09 4.86 26.93 6.71 162.46 12.01 
1974 27.57 0.11 20.43 1.73 19.07 4.91 67.0S 6.76 
1975 65.56 0.23 23.82 1.68 17 .35 6.32 106.74 8.23 
1976 38.80 0.19 34.59 1.36 13.53 5.86 86.92 7.41 
1977 251.89 1.07 130.99 3.77 16.76 3.92 399.64 8.76 
1978 506.83 1.91 54.77 1.82 19.98 4.96 581.58 8.69 
1979 784.76 2.25 27.21 2.00 22.44 7.40 834.42 11.65 
1980 863.78 3.82 101.05 1.78 12.01 5.47 976.84 11.08 
1981 468.11 2.98 219.40 5.76 28.02 8.13 715.53 16.87 
1982 321.76 1.08 91.40 5.62 29.53 6.18 442.69 12.88 
1983 259.60 1. 37 71.27 2.67 30.79 6.91 361.67 10.95 
19S4 379.15 1.36 40.84 2.48 10.93 3.39 430.92 7.23 
1985 136.96 0.77 115.07 3.65 51.78 13.73 303.81 18.15 



Table 5-46. Numbers and Biomass (kg) Per Hectare of Each Size Group of White Crappie in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Weight Numbers Weight Numbers Weight Numbers Biomass

1970 89.00 0.11 28.51 1.19 20.68 3.09 138.18 4.39
1971 7.90 0.05 13.69 1.04 17.95 3.14 39.54 4.23
1972 29.80 0.10 13.33 0.48 12.55 2.52 55.68 3.11
1973 24.31 0.07 15.29 0.69 16.30 2.94 55.90 3.70
1974 0.60 0.00 2.14 0.07 7.15 1.15 9.88 1.22
1975 1.13 0.00 4.31 0.27 7.80 1.07 13.25 1.35
1976 26.53 0.06 14.70 0.24 7.65 1.25 48.88 1.55
1977 66.00 0.18 16.16 0.18 8.59 1.20 90.75 1.56
1978 116.93 0.27 26.24 0.98 12.34 1.46 155.50 2.71
1979 57.10 0.12 26.41 0.59 28.16 2.87 111.67 3.58
1980 9.31 0.02 8.42 0.09 12.86 1.74 30.59 1.85
1981 10.43 0.02 14.13 0.15 5.59 0.99 30.16 1.17
1982 118.97 0.21 4.57 0.05 3.25 0.60 126.79 0.86
1983 99.81 0.22 15.32 0.14 0.49 0.04 115.62 0.40
1984 80.87 0.17 5.77 0.14 0.98 0.10 87.61 0.41
1985 43.88 0.10 32.34 0.36 2.64 0.40 78.86 0.86
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Table 5-46. Numbers and Biomass (kg) Per Hectare of Each Size Group of White Crappie in Cove 
Rotenone Samples, Chickamauga Reservoir, 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Weight Numbers Weight Numbers Weight Numbers Biomass 

1970 89.00 0.11 28.51 1.19 20.68 3.09 138.18 4.39 
1971 7.90 0.05 13.69 1.04 17 .95 3.14 39.54 4.23 
1972 29.80 0.10 13.33 0.48 12.55 2.52 55.68 3.ll 
1973 24.31 0.07 15.29 0.69 16.30 2.94 55.90 3.70 
1974 0.60 0.00 2.14 0.07 7.15 1.15 9.88 1.22 
1975 1.13 0.00 4.31 0.27 7.80 1.07 13.25 1.35 
1976 26.53 0.06 14.70 0.24 7.65 1.25 48.88 i.55 
1977 66.00 0.18 16.16 0.18 8.59 1.20 90.75 1.56 
1978 116.93 0.27 26.24 0.98 12.34 1.46 155.50 2.71 
1979 57.10 0.12 26.41 0.59 28.16 2.87 111.67 3.58 
1980 9.31 0.02 8.42 0.09 12.86 1. 74 30.59 1.85 
1981 10.43 0.02 14.13 0.15 5.59 0.99 30.16 1.17 
1982 118.97 0.21 4.57 0.05 3.25 0.60 126.79 0.86 
1983 99.81 0.22 15.32 0.14 0.49 0.04 115.62 0.40 
1984 80.87 0.17 5.77 0.14 0.98 0.10 87.61 0.41 
1985· 43.88 0.10 32.34 0.36 2.64 0.40 78.86 0.86 

• 



Table 5-47. Numbers and Biomass (kg) Per Hectare of Each Size Group of Sauger in Cove Rotenone
Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 0.00 0.00 0.00 0.00 0.75 0.23 0.75 0.23
1972 0.54 0.03 0.81 0.07 0.27 0.09 1.61 0.19
1973 2.23 0.13 0.58 0.09 2.59 0.60 5.40 0.82
1974 1.39 0.07 0.26 0.02 0.85 0.19 2.50 0.28
1975 0.27 0.02 1.46 0.21 0.19 0.03 1.92 0.26
1976 0.00 0.00 0.00 0.00 3.39 0.78 3.39 0.78
1977 6.52 0.25 0.41 0.03 0.00 0.00 6.93 0.28
1978 0.00 0.00 0.79 0.10 0.69 0.14 1.48 0.24
1979 0.00 0.00 1.40 0.14 0.47 0.08 1.86 0.23
1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1981 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1982 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1983 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1984 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1985 0.00 0.00 0.00 0.00 0.44 0.10 0.44 0.10

---

Table 5-47. Numbers and Biomass (kg) Per Hectare of Each Size Group of Sauger in Cove Rotenone 
Samples, Chickamauga Reservoir, 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1970 0.00 0.00 0.00 0.00 0.75 0.23 0.75 0.23 
1972 0.54 0.03 0.81 0.07 0.27 0.09 1.61 0.19 
1973 2.23 0.13 0.58 0.09 2.59 0.60 5.40 0.82 
1974 1.39 0.07 0.26 0.02 0.85 0.19 2.50 0.28 
1975 0.27 0.02 1.46 0.21 0.19 0.03 1.92 0.26 
1976 0.00 0.00 0.00 0.00 3.39 0.78 3.39 0.78 
1977 6.52 0.25 0.41 0.03 0.00 0.00 6.93 0.28 
1978 0.00 0.00 0.79 0.10 0.69 0.14 1.48 0.24 
1979 0.00 0.00 1.40 0.14 0.47 0.08 1.86 0.23 
1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1981 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1982 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1983 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1984 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1985 0.00 0.00 0.00 0.00 0.44 0.10 0.44 0.10 



Table 5-48. Numbers and Biomass (kg) Per Hectare of Each Size Group of Yellow Perch in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

-Young of Year Intermediate Adult -Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

1970 11.81 0.04 4.92 0.04 0.21 0.01 16.94 0.10
1971 0.00 0.00 28./7 0.29 4.26 0.28 33.03 0.57
1972 0.00 0.00 26.89 0.30 5.37 0.27 32.25 0.57
1973 0.00 0.00 7.68 0.09 15.73 0.76 23.41 0.85
19714 0.00 0.00 2.08 0.03 6.22 0.41 8.30 0.44
1975 0.27 0.00 3.18 0.03 0.91 0.06 4.36 0.09
1976 0.00 0.00 28.35 0.28 3.84 0.21 32.19 0.49
1977 42.99 0.11 89.64 0.54 15.01 0.61 147.65 1.25
1978 195.38 0.50 96.60 0.56 36.33 1.67 328.31 2.72
1979 0.38 0.00 26.80 0.19 43.06 2.11. 70.25 2.31
1980 95.76 0.26 65.24 0.38 31.77 2.39 192.76 3.03
1981 39.05 0.12 56.1.1 0.36 25.35 1.17 120.50 1.64
1982 26.96 0.06 18.87 0.11 19.30 1.11 65.12 1.28
1983 49.27 0.13 33.27 0.20 22.59 0.97 105.14 1.30
1984 28.29 0.07 19.02 0.11 15.59 0.79 62.90 0.98
1985 59.09 0.17 26.41 0.14 3.20 0.28 88.70 0.58
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Table 5-48. Numbers and Biomass (kg) Per Hectare of Each Size Group of Yellow Perch in Cove 
Rotenone Samples, Chickamauga Reservoir, 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Nwnbers 

1970 11.81 0.04 4.92 0.04 0.21 0.01 16.94 
1971 0.00 0.00 28.17 0.29 4.26 0.28 33.03 
1972 0.00 0.00 26.89 0.30 5.37 0.27 32.25 
1973 0.00 0.00 7.68 0.09 15.73 0.76 23.41 
1974 0.00 0.00 2.08 0.03 6.22 0.41 8.30 
1975 0.27 0.00 3.18 0.03 0.91 0.06 4.36 
1976 0.00 0.00 28.35 0.28 3.84 0.21 32.19 
1977 42.99 0.11 89.64 0.54 15.01 0.61 147.65 
1978 195.38 0.50 96.60 0.56 36.33 1.67 328.31 
1979 0.38 0.00 26.80 0.19 43.06 2.11 70.25 
1980 95.76 0.26 65.24 0.38 31.77 2.39 192.76 
1981 39.05 0.12 56.11 0.36 25.35 1.17 120.50 
1982 26.96 0.06 18.87 0.11 19.30 1.11 65.12 
1983 49.27 0.13 33.27 0.20 22.59 0.97 105.14 
1984 28.29 0.07 19.02 0.11 15.59 0.79 62.90 
1985 59.09 0.17 26.41 0.14 3.20 0.28 88.70 

Biomass 

0.10 
0.57 
0.57 
0.85 
0.44 
0.09 
0.49 
1.25 
2.72 
2.31 
3.03 
1.64 
1.28 
1.30 
0.98 
0.58 



Table 5-49. Numbers and Biomass (kg) Per Hectare of Each Size Group of Freshwater Drum in Cove
Rotenone Samples, Chickamauga Reservoir, 1970-1985

Young of Year Intermediate Adult Total
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass

I

I

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

109.45
72.45

305.07
228.57
27.10
33.86
77.81
62.65
0.34
5.87
2.76
6.31
1.39

50.62
36.37

102.65

0.76
0.93
3.72
1.87
0.21
0.29
0.52
0.60
0.00
0.06
0.02
0.04
0.02
0.36
0.22
0.69

211.63
139.24
153.91
307.13
165.60
68.26

125.65
116.64

73.93
68.65
27.73
57.13
68.89
95.04

102.86
116.16

12.38
8.21
9.71

15.63
7.68
3.96
7.08
6.73
4.46
4.15
1.74
3.52
3.96
5.61
4.86
6.81

96.91
58.07

127.07
125.75
62.02
37.15

119.88
127.61
82.26

100.96
116.01
247.53
152.82
166.78
90.94

142.92

16.34
8.40

25.45
21.71
10.33
8.09

19.32
17.95
11.23
13.30
15.76
38.22
20.98
24.21
12.36
22.59

417.99
269.77
586.05
661.45
254.72
139.26
323.34
306.90
156.54
175.47
146.50
310.97
223.10
312.44
230.17
361.73

29.48
17.54
38.88
39.21
18.22
12.35
26.92
25.28
15.70
17.51
17.51
41.78
24.96
30.18
17.44
30.10
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Table 5-49. Numbers and Biomass (kg) Per Hectare of Each Size Group of Freshwater Drum in Cove 
Rotenone Samples. Chickamauga Reservoir. 1970-1985 

Young of Year Intermediate Adult Total 
Numbers Biomass Numbers Biomass Numbers Biomass Numbers Biomass 

1970 109.45 0.76 211.63 12.38 96.91 16.34 417.99 29.48 
1971 72.45 0.93 139.24 8.21 58.07 8.40 269.77 17.54 
1972 305.07 3.72 153.91 9.71 127.07 25.45 586.05 38.88 
1973 228.57 1.87 307.13 15.63 125.75 21.71 661.45 39.21 
1974 27.10 0.21 165.60 7.68 62.02 10.33 254.72 18.22 
1975 33.86 0.29 68.26 3.96 37.15 8.09 139.26 12.35 ,. 

....... _--... -
1976 77 .81 0.52 125.65 7.08 119.88 19.32 323.34 26.92 ......... - .. 
1977 62.65 0.60 116.64 6.73 127.61 17 .95 306.90 25.28 
1978 0.34 0.00 73.93 4.46 82.26 11.23 156.54 15.70 
1979 5.87 0.06 68.65 4.15 100.96 13.30 175.47 17.51 
1980 2.76 0.02 27.73 1.74 116.01 15.76 146.50 17.51 
1981 6.31 0.04 57.13 3.52 247.53 38.22 310.97 41.78 
1982 1.39 0.02 68.89 3.96 152.82 20.98 223.10 24.96 
1983 50.62 0.36 95.04 5.61 166.78 24.21 312.44 30.18 
1984 36.37 0.22 102.86 4.86 90.94 12.36 230.17 17.44 
1985 102.65 0.69 116.16 6.81 142.92 22.59 361. 73 30.10 
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Figure 5-9. Location of Cove Rotenone Sample Sites in Chickamauga Reservoir,

1970 through 1985.
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Figure 5-9. 

OCOVE ROTENONE SAMPLE sITes 

Location of Cove Rotenone Sample Sites in Chickamauga Reservoir, 
1970 through 1985. 
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5.2.4 Creel

Materials and Methods

This reservoir-wide survey procedure was formulated by Tennessee

Wildlife Resources Agency (TWRA) and TVA following closely a designpre-

pared for Tennessee by Dr. D. W. Hayne of the Institute of Statistics at

Raleigh, North Carolina. Collection of field data and data processing

were performed by TVA and TWRA.

This survey was of the roving clerk, uneven-probability type,

with day, work area, and time of day randomly selected. Workdays were

drawn, with replacement, until enough days had been selected to fill out

the prescribed five-day, weekly workload for the clerk; a record was kept

of the number of times each weekday was drawn. After workdays, work area

and time for each day were chosen. The reservoir was divided into areas

just large enough to be covered by boat in one work period. Each day was

divided into two periods, from sunrise until noon and from noon until

sunset. After time of day had been selected, time for instantaneous

counts was chosen. At this preselected time, the clerk counted the

number of persons fishing in the work area. During the rest of the work-

day, the clerk collected creel information: number of each species

caught, weights of individual fish, hours fished, and related data from

each fishing party interviewed. Fishing success was established from the

interviews, and estimates of fishing pressure were made from the counts

of fishermen; total catch was estimated as the product of success and

pressure.
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A separate estimate of the weekly fishing pressure in fisherman

hours (P) was made for each work period using of the following formula:

b! x d x

bxdxe

where:
a = work area count;

b = probability of drawing this work area;

c = number of hours in work period;

d = probability of drawing this work day;

e = probability of drawing this work time (a.m. or p.m.).

Probabilities for workdays, areas, and times were assigned using

information on fishing pressure provided by TVA personnel with previous

knowledge of fisherman activity. Each day's estimate of weekly pressure

was weighted by the number of times that particular day was drawn in set-

ting up the original sampling schedule and used to calculate a mean (P)

for the week.

Estimated weekly harvest (number) of each species was the aver-

age catch per hour of that species from the clerk's total interviews for

the week multiplied by mean pressure (P). The weekly harvest of a

particular species multiplied by its average weight in the creel provided

the weekly weight of each species caught. Total number and weight of all

fish caught each week were summations of estimates for individual species.

Total number of fishing trips was derived from the average length of

completed fishing trips in hours divided into the total estimated fisher-

man hours. Annual data summaries represent data collections in a creel
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year, beginnin'g July I1 eadch year anhd ending& June 30 Of the following

year.

During the period April, 1982 .through June -,l198h, TVA p ersonnel

collected angler harvest data one, day per week in the, river reach be.tween

TRIN's 482.0 and 48'5.6. Selection.of the survey day was non-random in

order to avoid double sampling on the days the reservoir-wide c'reel

"covered, the same area. Data collected provided estima 'tes of Icatch rate

(numbers and biomass), average weight-of each species,: and percent comn-

total fishing pressure in the area, was not estimated.

Results and Discussion'

Reseryoir-wide creel information contained iii this section

represents four years of operational data collection. Summary data, from,

these surveys are compared to. athose derived fr6m the 'SQN preoperational

creel surveys conducted from'1972 through L976 (TVA, 1978b) and three

years of interim sampling prior to iniItiation of opera tional sampling in

1980 (TVA, 1983 and 1984).

Creel information collected during the period July 1977 to

June 1985 shows 24 species of game fish ,have. been harvested consistently

by anglers. Of these, nine have been shown to be impoPrtant (i.e., com-

prising at least one percent of the total biomass or numbers harvested

each year).

Numbers-4-týotaI 6f i'838 ,5,P ,fi•shK sh rtedby ChI• k•'amruga

anglers in the 8 This,,was a•

ý,A7 -percent decrease from 1983, ,5ab0e-S50). ComparatiVely,, there was a
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17 percent increase between 1981 and 1982 creel years and a 13 percent

decrease between L982 and L983. The, average annual catch in the interim

period (1977-1979) was 255,173 fish with an expected variation (cv) of

24 percent among tile years. The six-year preoperational average was

175,645 fish (cv = 54). The five-year operational average (1980-1983)

was 257,816 fish (cv = 29).

The-foup domipnant:.:s qecgesp,_n. ,ther 1984 reel' et ya•-rw~e~ e te

crappie•,channel catfish,, lagemouth bassp, andblue catfishý. White

crapp~ie catch was, depressed compared to 1980,, 19al, a J9812 le.yels, but

was. 22 percent. higher thianh,.183. Species showing noteworthy increases in

numbers caught in 1984 were rock bass and black crappie. Most of the

other species showed declines from the previous yea'r. It must be noted

that sunfish and white bass overall were severely depressed compared to

previous years. Species showing increasing trends over the four-year

operational period were yellow bass and largemouth bass.

Biomass--Es~timated total biomiass of .game-f-Ish harvested from

Chickamauga Reservoir was 60,797 kg in 1984. The average during the

five-year operational period was 93,791 kg (cv = 28), while the six-year

preoperational average was 68,575 kg (cv = 26).

White. crappie was ,the highestcontributor i_1984; largemouth

bass was the highest in 1983 (table 5-51). Channel catfish was the

second highest contributor in 1983, and crappie was second in 1984.

Species showing increasing trends between 1979 and 1983 were, largemouth

bass, yellow bass, redear sunfish, and other sunfish-. There was approxi-

mately a 50 percent decline, in biomass harvested. in 1984 compared to 1983.
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Harvest Rates--During the operational period anglers averaged

0.60 fish/hr (cv = 31) (table 5-52) compared to the interim period

average of 0.86 fish/hr (cv = 35) and the preoperational period average

of 0.75 fish/hr (cv = 22). Biomass of fish harvested showed a similar

pat- tern with a low of 0.16 kg/hr in 1984 and a high of 0.31 kg/hr in

1978. The 1980-1984 average was 0.21 kg/hr (cv = 20) compared to the

interim average of 0.25 kg/hr (cv = 20) and the six-year preoperational

average of 0.22 (cv = 43). Harvest rates per unit of water surface in

Chickamauga Reservoir (summer pool) showed a five-year operational aver-

age of 16.54 fish/ha (cv = 26) and 6.0 kg/ha (cv = 25) compared to the

three-year interim study averages of 16.18 fish/ha (cv = 24) and 4.94

kg/ha (cv = 12). Averages for the preoperational period were 16.30

fish/ha (cv = 18) and 4.74 kg/ha (cv = 30).

Number of Eish harvested per unit surface area in 1980 exceeded

the estimates from interim surveys but dropped in 1984 to 9.7 fish/ha and

4.3 kg/ha (table 5-52). In 1983, however, the harvest rates were

16.7 fish/ha and 6.5 kg/ha. These estimates were within one standard

deviation of the seven-year averages calculated from preoperational study

data.

Fishing Pressure--Fishing pressure during five years of opera-

tional monitoring followed the expected seasonal pattern in which angler

activity is lowest in the colder months and highest in spring

(table 5-53). Historically, fishing pressure in the spring months and

summer months were nearly equal. Since 1977, the lowest annual pressure

observed was 273,882 hours in 1977 and the highest, 523,780 hours in

1983. The six-year preoperational average was 336,897 hours (cv = 30)
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with a 12-month low, of 216,868 in' 1974 and a' high- of 463,855 in 1975'

Fishing pressure over five operational: years. averaged 479,4.34 hours

(cv = 6) per year. Increased yield per7 unit surface, area during, the?

operational period was attributed to increased fiishing pressure since the

plant began operation.. There was an, ii percent. decrease in fishing plres'-

so-re in 1984; however, spring fishing. pressure was double that observed

in summer.

Yield--Average fish sizes (kg/fish) and harvest rates (number

caught per hour fished) for a three-year period are shown in table 5-54.

These are comparisons of data from plant area and reservoir-wide sur-

veys. Analysis of this information did not reveal consistent monthly or

seasonal patterns in any individual data set (TVA, 1983). Over the three-

year period the average size fish in the reservoir-wide survey exceeded'

the size of fish taken in the plant area 76 percent of the time. Per-

centages for individual years are, 90' percent in 1980, 58 percent in 1981,

and 83 percent in 1982. Harvest rates from the, plant area survey

exceeded those of the reservoir survey 56' percent of the time. Availa-

bility of harvestable sized fish in the vicinity of the plant was above

average. The limited sampling frequency in the plant area may account

for differences in average size of fish observed in the two surveys.

Analysis of the fish species composition harvested in the

immediate vicinity of SQN showed 10 species consistently contribute

one percent or more to the creel each year (table 5:-55).: By comparison

ninne species were consistently important reservoir-wide. Comparatively,

spotted bass harvest was relatively higher in, the plant area than it was

in the reservoir as a whole. Blue catfish, bluegill, channel catfish,
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white bass, and largemouth bass were. the major species harvested in the

plant area; this was consistent with findings in the reservoir-wide

creel. Generally, blue catfish, largemouth bass, and white crappie

account for 60 percent of fish harvested in the vicini ty of SQN. The mix

of important species harvested in the vicinity of SQN was not different

from the species mix harvested reservoir-wide.

.- Trends,--Regression analyses (fish biomass, numbers, and harvest

rates versus time) for important species harvested over the 12-year

reservoir-wide study show several trends. Both hours of annual pressure

and total biomass harvested increased significantly (P > 0.01)

(figures 5-10 and 5-Il). Numbers of bluegill caught decreased and

largemouth bass numbers increased, P > 0.05 and P > 0.01, respectively

(figures 5-12 and 5-13). Two species showed increases in total biomass

(kg) harvested; these were yellow perch (P > 0.05) and largemouth bass

(P) 0.01) (figures 5-14 and 5-15). Bluegill biomass decreased over time

(P > 0.01) (figures 5-16). When weighted by fishing pressure, decreases

in bluegill number/hour (P > 0.05) and increases in largemouth bass

number/hour (P > 0.05) remained significant (figures 5-17 and 5-18).

Therefore, observed changes in largemouth bass and bluegill catch were

independent of increases in fishing pressure. However, the increases in

total biomass harvested were strongly dependent on increased fishing

pressure.

The increases in largemouth bass catch were probably influenced

by increases in rooted aquatic vegetation in Chickamauga Reservoir.

Positive relationships between increased acreages of aquatic vegetation

and increased largemouth bass production have been reported by Durocher,

et al. (1984) and Wiley, et al. (1984). Regression of largemouth bass
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catch rates (number/hour) against submerged vegetation estimatds showed aý

2
high correlation, R =0.76 (figure 5-19).

Summary and Conclusions

Sineii '7,&'_-i -e.:tFppie ,ýhas .domi~na ted-, theý;*cr~el on C 1ikja

Reservoir; bluegill,, white bassi channel -cat'fish, ,blue catf'itshi:

laregemkth, bass, .and ga.uger proeide mDst -of, t maneo both in.utib ......

and&b mass of. fish harvested'.;.--The tqp three or four species combined jhi'

,any g ygar con tibutedm toie• than0,percen t hegr ee

Although harvest estimates of individu.al species and total fish-

ing pressure varied from year to year, the overall fishery appeared'

reasonably Stable. The average size fish caught in the reservoir-wide

ýsurvey exceeded the average size of fish caught in the plant area

76 percent of the time. Harvest rate (number/hour) in the plant area

exceeded the reservoir-wide rates 56 percent of the time. Availability

of harvestable sized fish in the plant area was above average for the

reservoir.

Trendf:anal~yses •over• the; l2-yea~r:st~ud' pip•od~showed•;increas'es in'

'totai pressure, . largemouth bass numbers 'and'i. 6`omass, ard' 'yell ijerch

bi~oas.` There':ere significant decreases inhblueg'ill nmbe'rgs Ind
bibmas's, Increases i U rae gly correr•ited&ae sth

i-inc-tea'sesi'-•n sbmerged' .'et'tation n;' ChitkiafauaR r . The long-

term decline in bluegill harvest was contrasted with the increase in

bluegill standing stock estimated by, 'rotenbone sampling. The long-term

decline in bluegill 'harvest''was probably caused by increased acreages of
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submerged vegetation, which created a barrier between boat fishermen and

bluegill, thus providing refuge areas.

Composition of sport fish harvested from Chickamauga Reservoir

in the preoperational and interim periods showed that variation can be

expected from year to year. Comparison of the 1980, 1981, 1982, and 1983

reservoir-wide and plant area creel estimates relative to creel summaries

of previous years did not indicate any detrimental effect of SQN on sport

fish harvest. Since there had been no indication that operation of SQN

had adversely affected the sport fish coimmunity in Chickamauga, termina-

tion of creel surveys was recommended in 1985 (TVA, 1985). Results of

data collected through June 1985 support the recommended action.
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in the preoperational and interim periods showed that variation can be 

expected from year to year. Comparison of the 1980, 1981, 1982, and 1983 

reservoir-wide and plant area creel estimates relative to creel summaries 

of previous years did not indicate any detrimental effect of SQN on sport 

fish harvest. Since there had been no indication that operation of SQN 

had adversely affected the sport fish communlty in Chickamauga, termina-

tion of creel surveys was recommended in 1985 (TVA, 1985). Results of 

data collected through June 1985 support the recommended action. 
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Table S-50. Estimated Numbers of Fish Harvested for Chickamauga Reservoir, Tennessee (January 1972 Through June 1984)

Species 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

White crappie 99,838 143.392 55,873 66,444 64,985 85,425 108.716 87.831 21S.764 136.069 50.729 35.713 43,515
Bluegill 73.845 38,102 75,749 46.348 52.797 34,886 46,694 25,137 29.520 25.547 40.920 41.082 25,448
White bass 29.108 12,005 13.779 10.850 10.730 17,700 67,692 20,819 16,562 26.556 61.571 17.257 1,575
Channel catfish 20,901 13.517 14.213 15,370 30,889 20.461 22,392 18.227 25,051 8,391 22,811 25.068 10.400
Freshwater drum 17.414 4.557 4.229 544 25,606 17.719 4.891 2.894 1.529 1,221 4.806 4.137 1.554
Largemouth bass 15,972 10,066 12,295 16,916 19,311 6,441 23,936 20.536 18,850 29.094 46.562 55.294 32.178
Blue catfish 5,746 5.106 3,108 2,360 6,743 5,132 4,164 4,875 8,924 3.928 33.796 25.416 7,992
Redear sunfish 6,494 3,449 10,446 6,916 12.459 2,330 1,862 893 3,788 291 656 2,434 - 271
Spotted bass 5,508 3,434 4.025 4.537 1.828 1,212 1,211 848 265 597 1,787 394 -

Smallmouth bass 4,283 97 163 362 280 1,180 444 330 265 1.494 1.659 1.447 -
Black crappie 1.874 2,068 4,215 4,234 6,610 1.705 3.313 4.105 3.204 4.502 3,731 2,721 4,504
Sauger 1,410 3.679 4,737 3,502 8,869 20.772 34.704 20.200 9.115 3.054 3,406 7,443 3.412

N Other sunfish* 398 841 259 273 2,978 289 - 5,286 341 9,364 9,240 36,315 273
-4 Yellow perch 564 909 566 - - 1.737 756 1,946 1.771 1,208 10.645 2.507 3,886
• Yellow bass 390 225 475 747 2.876 997 3.009 1.201 57 1,141 3.448 4,108 245

Flathead catfish 633 286 30 497 611 1,397 218 1.464 861 303 503 - 476
Rock bass 323 564 - - 155 192 62 - - 77 179 178 1,115
Carp 270 c96 28 - 589 481 - 148 - 98 - - -
walleye 68 - 137 - 252 - 215 78 591 - 109 - -

Striped bass 12 842 33 - - 844 756 1.381 508 303 726 1,573 1,223

Totals 285,051 243,235 204.360 179,900 248,568 220.910 325,035 218,249 336,968 253,238 297,284 263,087 138,506

*Sunfish other than bluegill and redear.
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White crappie 99.838 143,392 55.873 66,444 64.985 85,425 108,716 87,831 215.764 136,069 50,729 35,713 43,515 
BluegIll 73,845 38,102 75,749 46.348 52.797 34,886 46,694 25.137 29.520 25,547 40,920 41.082 25,448 
White bass 29,108 12,005 13,779 10.850 10,730 17,700 67,692 20,819 1&.562 26.556 61,571 17,257 1,575 
Channel catfish 20,901 13.517 14.213 15.370 30,889 20.461 22.392 18.227 25,051 8.391 22.811 25.068 10.400 
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Blue catfish 5.746 5.106 3.108 2,360 6,743 5.132 4,164 4,875 8.924 3,928 33,796 25.416 7.992 
Redeal" sunf~sh 6.494 3.449 10.446 &,916 12,459 2,330 1,8&2 893 3.788 291 656 2.434 , 271 
Spotted bass 5.508 3.434 4.025 4.537 1.828 1.212 1.211 848 265 597 1.787 394 
Smallmouth bass 4.283 97 1&3 362 280 1.180 444 330 265 1.494 1.659 1.447 
Black crappie 1.874 2.068 4.215 4.234 6,610 1.705 3.313 4.105 3.204 4.502 3.731 2.721 4,504 
Sauger 1.410 3.679 4.737 3,502 8.869 20.772 34.704 20.200 9,115 3.054 3.406 7,443 3.412 

I Other sunfish- 398 841 259 273 2,978 289 5.286 341 9,364 9,240 36,315 273 N ...., Yellow perch 564 909 566 1.737 756 1,946 1,771 1.208 10.645 2,507 3,886 
\0 Yellow bass 390 225 475 747 2.876 997 3.009 1,201 57 1.141 3.448 4.108 245 
I Flathead catfish 633 286 30 497 611 1.397 218 1,464 861 303 503 47& 

Rock bass 323 564 155 192 62 77 179 178 1,115 
Carp 270 e96 28 589 481 148 98 
Walleye 68 137 252 215 78 591 109 
Striped bass 12 842 33 844 756 1.381 508 303 726 1,573 1.223 

Totals 285,051 243.235 204.360 179.900 248.568 220,910 325.035 218.249 336.968 253.238 297.284 263,087 138,506 

-SunfiSh other than bluegill and redeal". 



Table 5-51. Estimated Biomass (Kg) Harvested by Anglers on Chickamauga Reservoir, Tennessee (January 1972 Through June 1984)

Species 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

White crappie
Bluegill
White bass
Channel catfish
Freshwater drum
Largemouth bass
Blue catfish
,Redear sunfish
Spotted bass
Smallmouth bass
Black crappie
Sauger
Other sunfish*
Yellow perch
Yellow bass
Flathead catfish
Rock bass
Carp
Walleye
Striped bass

Totals

23,764
8,913

10,470
9,501
6,311
8.425
2,432
1,007
3,845
1.827

440
981

53
73
70

364
138
704
124

16

33.145
5,980
3,857

10.541
1,479
5,286

24,947
610

1,427
42

474
1,374

123
179

79
216
103
185

1 ,243

11,'44.1

9,994
4,340
64805
1,292
5.684
1,147
1,630
1.554

91
948

1,651
21

ill
98
14

57
188

62

13,265
6,942
2,571
7-.46

127
9,076

753
1,348
1, 526

101
1,072
887

33

84
955

16,933
7,010
4.483

19,023
4,358
4.289
5.037
1,763

780
448

1.908
5,858

403

362
780

26
971
565

23,886
4,591
6.537

11,773
5,495
3,609
1.707

350
469
693
51.7

4,766
53

153
178
740

23
1,470

1,193

19,080
4,839

22.151
11,481

1,300
10,207
2,090

245
488
196
892

10,972

118
433

58
10

193
1 787

16,423
2,450
8,569
9,404
1,316

10,902
3,064

117
721
415
974

8,501
929
275
130

6.491

558
57

7,651

36,765
2,817
7,299

1.6,891
862

10,780
6,656

480
175
1,07
669

3,320
108
402

10
2,073

310
2',815

28,874
3,129
9,452
6,255

471
17,326
6,352

56
310

1,123
1,271
1 635
1.751

352
130
543
25

405

2.,694

14,533
4,627

,26,659
20,680
3,019

22,711
24,666

121
708
755

1,729
2.109
1,124
1,.753

509
666

53

94
4,582

10.304
5,447
5,719

19,609
4,056

28,288
10.895

71
262
929
997

2,11.7
6,166

651
796

46

6,000

11,543
3,166

638
8.118
1.161

17,035
7,495

41

1,217
786

38
906

12
216
245

4,203

I0
O0

77.458 91,290 47,128 46,286 75,487 68.203 86,540 78,947 92.539 82,170 131,098 102,353 60,797

*Sunfish other than bluegill and redear.

Table 5-51. Estimated Biomass (Kg) Harvested by Anglers on Chickamauga Reservoir, Tennessee (January 1972 Through June 1984) 

Species 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

White crappie 23,764 33,145 11 ;44.1 13 ,265 16,933 23,886 19,080 16,423 36,765 28,874 14,533 10,304 11,543 
Blueg! 11 8,913 5,980 9,994 6,942 7,010 4,591 4,839 2.450 2.817 3.129 4.627 5,447 3,166 
Whi te bass 10,470 3,857 4,340 2,S71 4,483 6,537 22,151 8,569 7,299 9,452 .26,659 5,719 638 
Channel cat~ish 9,501 10,541 6.805 7,546 19,~23 11,773 11 ,481 9.,404 16,891 6,255 20,680 19,609 8,118 
Freshwater drum 6,311 1,479 1,292 1.27 4,358 5.495 1,300 1,316 . 862 471 3,019 4,056 1.161 
Largemouth bass 8,425 5,286 5,684 9,076 4,289 3,609 10,207 10,902 10,780 17,326 22,711 28,288 17,035 
Blue catfish 2,432 24,9.47 1,147 753 5,031 .1,707 2,090 3,064 6,656 6,352 24,666 10,895 7,495 
'Redear sunfl sh 1,007 610 1,630 1,348 1,763 350 245 117 480 56 121 71 41 
Spotted bass 1,8'\5 1,427 1,554 1,526 780 469 488 721 175 310 708 262 
Smal1mouth bass 1,827 42 91 1'01 448 693 1'96 415 l07 1,123 755 929 
Black crappie 440 474 948 1,072 1,908 51.7 892 974 669 1,271 1,729 997 1,2.17 
Sauger 981 1,374 1,651 887 5,858 4,766 10,972 8,501 3,320 1,'635 2,109 2,ll7 786 

I Other sunfish" 53 123 21 33 403 53 929 108 1.751 1,124 6,166 38 
·N Yellow perch 73 179 111 153 118 275 402 352 1.,753 651 ()) 906 
0 Yellow bass 70 79 98 84 362 178 433 130 10 130 509 i96 i2 
I Flathead catfish 364 216 14 955 780 740 58 -6,491 2,073 543 666 216 

Rock bass 138 103 26 23 10 25 53 46 245 
Carp 704 185 57 971 1,470 558 405 
WaUeye 124 188 565 193 57 310 94 
Strfped bass 16 1,243 62 1,193 1,787 7,651 2',IJ15 2.,694 4,582 6,000 4,203 

Totals 77 ,458 91,290 47,128 46,286 75,487 68.203 86.540 78.947 92.539 82.170 131. 098 102.353 60.797 

·Sunfish other than bluegill and redear. 



Table 5-52. Harvest Rates of Sport Fish for Chickamauga
Reservoir, Tennessee 1972 Through 1984)

Number Kilograms Number Kilograms
Date Per Hour Per Hour Per Hectare Per Hectare

1972 0.85 0.23 20.1 5.5
1973 0.97 0.36 17.1. 6.4
1974 0.94 0.22 14.3 3.3
1975 0.39 0.10 12.6 3.2
1976 0.60 0.18 17.4 5.3
1977 0.78 0.23 14.1 4.3
1978 1.18 0.31 20.6 5.5
1979 .0.58 0.21 13.9 5.0
1980 0.87 0.21 21.4 5.9
1981 0.58 0.20 16.1 5.2
1982 0.63 0.28 18.8 8.4
1983 0.58 0.21 16.7 6.5
1984 0.34 0.16 9.7 4.3
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1973 0.97 0.36 17 .1 6.4 
1974 0.94 0.22 14.3 3.3 
1975 0.39 0.10 12.6 3.2 
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1978 1.18 0.31 20.6 5.5 
1979 .0.58 0.21 13.9 5.0 
1980 0.87 0.21 21.4 5.9 
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1983 0.58 0.21 16.7 6.5 
1984 0.34 0.16 9.7 4.3 
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Table 5-53. Fishing Pressure (Hours) by Season for Chickamauga
Reservoir, Tennessee (1972 Through 1983)

Year Spring Suimmer Fall Winter Total

1972 154,861 141,494 33,882 8,698 338,935
1973 90,724 87,735 51,499 22,098 252,056
1974 68,692 79,893 46,220 22,063 216,868
1975 179,544 162,679 54,927 66,705 463,855
1976 175,752 134,055 66,384 36,580 412,771
1977 133,380 108,615 23,760 8,127 273,882
1978 98,562 147,412 59,844 26,169 331,987
1979 141,809 186,461 55,866 32,465 416,601
1980 173,243 136,482 104,454 49,504 463,683
1981 206,352 181,705 78,675 24,439 491,171
1982 124,302 181,994 100,916 47,529 454,741
1983 233,038 137,987 46,473 75,580 523,780
1984 225,826 100,601 75,076 62,292 463,795
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1972 154,861 141,494 33,882 8,698 338,935 
1973 90,724 87,735 51,499 22,098 252,056 
1974 68,692 79,893 46,220 22,063 216,868 
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Table 5-54. Average Fish Size and Harvest Rates from Monthly Creel
Summaries for the Nuclear Plant Survey Area and Chickamauga
Reservoir, Jaunary 1, 1980 Through December 31, 1982

Average Mass (kg/fish) Number Per Hour
Year Month Plant Area Reservoir Plant Area Reservoir

1980 January - 0.313 - 0.817
February - 0.380 - 0.694
March 0.231 0.250 0.220 0.414
April 0.168 0.508 0.973 0.386
May 0.349 0.475 0.441 0.447
June 0.087 0.351 1.221 0.283
July 0.155 0.115 0.868 0.335
August 0.251 0.331 0.839 0.254
September 0.271 0.282 0.722 0.373
October 0.156 0.538 0.656 1.098
November 0.110 0.201 1.398 1.613
December 0.164 0.226 1.368 1.159

1981 January 0.128 0.386 0.664 0.294
February 0.150 0.146 3.367 1.393
March 0.119 0.278 1.667 1.239
April 0.291 0.259 0.893 1.045
May 0.411 0.458 1.034 0.717
June 0.428 0.274 0.984 0.212
July 1.077 0.385 0.384 0.457
August 0.381 0.447 0.877 0.358
September 0.316 0.246 0.748 0.497
October 0.954 0.379 0.432 0.878
November 0 0.383 0 0.646
December 0 0.445 0 0.865

1982 January 0 0.381 0 0.543
February 0 0.252 0 0.698
March 0 0.332 0 0.712
April 0.206 0.318 0.615 0.777
May 0.370 0.385 0.428 0.569
June 0.740 0.309 0.370 0.345
July 0.261 0.272 0.250 0.719
August 0.334 0.609 0.433 0.322
September 0.306 0.639 0.488 0.315
October 0.429 0.463 0.767 0.311
November 0.359 0.461 0.659 0.462
December 0.755 0.295 0.600 0.744
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June 0.087 0.351 1.221 0.283 
July 0.155 0.115 0.868 0.335 
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December 0.164 0.226 1.368 1.159 

1981 January 0.128 0.386 0.664 0.294 
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July 1.077 0.385 0.384 0.457 
August 0.381 0.447 0.877 0.358 
September 0.316 0.246 0.748 0.497 
October 0.954 0.379 0.432 0.878 
November 0 0.383 0 0.646 
December 0 0.445 0 0.865 

1982 January 0 0.381 0 0.543 
February 0 0.252 0 0.698 
March 0 0.332 0 0.712 
April 0.206 0.318 0.615 0.777 
May 0.370 0.385 0.428 0.569 
June 0.740 0.309 0.370 0.345 
July 0.261 0.272 0.250 0.719 
August 0.334 0.609 0.433 0.322 
September 0.306 0.639 0.488 0.315 
October 0.429 0.463 0.767 0.311 
November 0.359 0.461 0.659 0.462 
December 0.755 0.295 0.600 0.744 
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Table 5-55. Fish Harvest by
1982-84

Surveyed Anglers in the Vicinity of Sequoyah Nuclear Plant,

Number Weight Average Number Pounds Percent Percent
Species Caught Caught Weight Per Hour Per Hour By Number By Weight

1982

Blue catfish
Channel catfish
Flathead catfish
White bass
Yellow bass
Striped bass
Bluegill
Redear sunfish
Smallmouth bass
Spotted bass
Largemouth bass
White crappie
Black crappie
Yellow perch
Sauger
Freshwater drum

45
37

1
23
37

3
38

6
2
1

30
52

6
21

5
5

43
11
5
6
3
3

43

44.8
22.0

1.0
26.2
15.4

6.1
16.4

3.7
1.6
0.2

35.3
34.6

0.5
12.2

4.8
9.9

41.7
14.4

6.6
3.1
1.1
1.3

16.3

1.00
0.59
1.00
1.14
0.42
2.03
0.43
0.62
0.80
0.20
1.18
0.67
0.08
0.58
0.96
1.98

0.97
1.31
1.32
0.52
0.37
0.43
0.38

.171

.152

.004

.085

.137

.011

.197

.030

.007

.015

.252

.193

.022

.078

.019

.019

.211

.034

.015

.018

.009

.009

.132

.166

.082

.004

.097

.057

.023

.061

.014

.006

.001

.131

.128

.002

.045

.018

.037

.128

.044

.020

.009

.003

.004

.050

14.42
11.86
0.32
7.37

11.86
0.96

12.18
1.92
0.64
0.32
9.62

16.67
1.92
6.73
1.60
1.60

8.62
2.20
1.00
1.20
0.60
0.60
8.62

19.09
9.37
0.43

11.16
6.56
2.60
6.99
1.58
0.68
0.09

15.04
14.74
0.21
5.20
2.05
4.22

1983

Blue catfish
Channel catfish
White bass
Yellow bass
Rock bass
Warmouth
Bluegill

9.35
3.23
1.48
0.70
0.25
0.29
3.66
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Table 5-55. Fish Harvest by Surveyed Anglers in the Vicinity of Sequoyah Nuclear Plant. 
1982-84 

Number Weight Average Nwnber Pounds Percent Percent 
Species Caught Caught Weight Per Hour Per Hour By Number By Weight 

1982 

. Blue catfish 45 44.8 1.00 .171 .166 14.42 19.09 
Channel catfish 37 22.0 0.59 .152 .082 11.86 9.37 
Flathead catfish 1 1.0 1.00 .004 .004 0.32 0.43 
White bass 23 26.2 1.14 .085 .097 7.37 11.16 
Yellow bass 37 15.4 0.42 .137 .057 1l.S6 6.56 
Striped bass 3 6.1 2.03 .011 .023 0.96 2.60 
Bluegill 38 16.4 0.43 .197 .061 12.18 6.99 
Redear sunfish 6 3.7 0.62 .030 .014 1.92 1.58 
Smallmouth bass 2 1.6 0.80 .007 .006 0.64 0.68 
Spotted bass 1 0.2 0.20 .015 .001 0.32 0.09 
Largemouth bass 30 35.3 1.18 .252 .131 9.62 15.04 
White crappie 52 34.6 0.67 .193 .128 16.67 14.74 
Black crappie 6 0.5 0.08 .022 .002 1.92 0.2.1 
Yellow perch 21 12.2 0.58 .078 .045 6.73 5.20 
Sauger 5 4.8 0.96 .019 .01S 1.60 2.05 
Freshwater drwn 5 9.9 1.98 .019 .037 1.60 4.22 

1983 

Blue catfish 43 41.7 0.97 .211 .128 8.62 9.35 
Channel catfish 11 14.4 1.31 .034 .044 2.20 3.23 
White bass 5 6.6 1.32 .015 .020 1.00 1.48 
Yellow bass 6 3.1 0.52 .018 .009 1.20 0.70 
Rock bass 3 1.1 0.37 .009 .003 0.60 0.25 
Warmouth 3 1.3 0.43 .009 .004 0.60 0.29 
Bluegill 43 16.3 0.38 .132 .050 8.62 3.66 



Table 5-55. (Continued)

Number Weight Average Number Pounds Percent Percent
Species Caught Caught Weight Per Hour Per Hour By Number By Weight

Longear sunfish 1 0.5 0.50 .003 .002 0.20 0.11
Redear sunfish 13 5.5 0.42 .040 .017 2.61 1.23
Smallmouth bass 4 6.0 1.50 .012 .018 0.80 1.35
Spotted bass 19 17.5 0.92 .058 .054 3.81 3.93
Largemouth bass 157 181.3 1.15 .496 .555 31.46 40.67
White crappie 167 132.7 0.79 .511 .406 33.47 29.77
Black crappie 15 13.9 0.93 .046 .043 3.01 3.12
Yellow perch 8 3.1 0.39 .025 .009 1.60 0.70
Freshwater drum 1 0.8 0.80 .003 .002 0.20 0.18

U1984

Blue catfish 57 68.5 1.20 .524 .630 32.20 49.71
Channel catfish 15 12.6 0.84 .138 .116 8.47 9.14
White bass 1 0.5 0.50 .009 .005 0.56 0.36
Bluegill 32 7.7 0.24 .313 .071 18.08 5.59
Redear sunfish 2 1.0 0.50 .018 .009 1.13 0.73
Smallmouth bass 1 1.5 1.50 .009 .014 0.56 1.09
Spotted bass 2 1.5 0.75 .018 .014 1.13 1.09
Largemouth bass 38 27.6 0.73 .350 .254 21.47 20.03
White crappie 20 10.5 0.52 .184 .097 11.30 7.62
Black crappie 9 6.4 0.71 .083 .059 5.08 4.64

Table 5-55. (Continued) 

Number Weight Average Number Pounds Percent Percent 
Species Caught Caught Weight Per Hour Per Hour By Number By Weight 

Longear sunfish 1 0.5 0.50 .003 .002 0.20 0.11 
Redear sunfish 13 5.5 0.42 .040 .017 2.61 1.23 
Smallmouth bass 4 6.0 1.50 .012 .018 0.80 1.35 
Spotted bass 19 17.5 0.92 .058 .054 3.81 3.93 
Largemouth bass 157 181.3 1.15 .496 .555 31.46 40.67 
White crappie 167 132.7 0.79 .511 .406 33.47 29.77 
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Yellow perch 8 3.1 0.39 .025 .009 1.60 0.70 
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N 
co 
I.n 1984 I 
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6.0 CONCLUSIONS

This report presents results for 1985. The report covering 1984

data (TVA, 1985) recommended some components of the program be

discontinued, some continued with specific changes, and some continued

unchanged. Following EPA's approval, these recommendations were

instituted in July 1985. This report provides results for the con-

tinued portions plus briefly describes results for the discontinued por-

tions conducted in 1985 prior to EPA's approval.

SQN operation from January through August 1985 was approximately

70 percent of capacity which is considered representative of "normal'

plant operation. However, near the end of August both units were shut-

down for the remainder of 1985. Tennessee River flows were lower than

normal in 1985, especially during spring and summer due to drought con-

ditions in the Tennessee Valley. Therefore, the potential for impact

from SQN operation on Chickamauga Reservoir during the first seven months

of 1985 was high. The potential for impact is considered to be higher

when flow is low, temperatures are unseasonably high, and both units are

operating.

Discontinued Components

1. Water quality monitoring of the SQN intake and discharge indicated

operation of SQN had little effect on the chemical composition of

water withdrawn from and discharged back to Chickamauga Reservoir and
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supported recommendations made last year to discontinue this moni-

toring.

2. Two types of benthic macroinvertebrate studies were conducted

quarterly--reservoir community studies and bioaccumulation of metals

in mollusks. Results from surveys conducted winter and spring 1985

were similar to results from previous years (i.e., no substantial

effects of SQN on benthic macroinvertebrates) and supported recom-

mendations to discontinue community and bioaccumulation studies.

3. Fish impingement, gill net, and creel studies conducted through July

1985 were similar to previous years in showing SQN's influence rela-

tive to other environmental influences (especially increases in

aquatic macrophytes) was insignificant. Results for 1985 support

recommendations to discontinue these studies.

Continued Components

1. Water quality monitoring in the reservoir was recommended for

continuation only in support of biological evaluations. However, an

indepth evaluation of DO data collected in summers from 1971 through

1985 indicated a change in distribution of DO in the water column at

and downstream of SQN. DO levels in upper strata were reduced

immediately downstream of SQN, but the average DO concentration in

the water column was not substantially different from that at the

station just upstream of SQN. Further evaluation of the effects of
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SQN on DO distribution in the water column are needed. ChapLer 7.0

provides recommendations for these studies.

2. Plankton studies were continued (with specific changes) because the

monitoring program had few collection periods with the necessary com-

bination of factors to adequately evaluate effects of SQN. Substan-

tial differences in phytoplankton and zooplankton densities between

upstream and downstream stations were observed during the spring and

summer sample periods of 1985. The altered plan used in July pro-

vided strong evidence that observed decreases during these low flow

periods were due largely to presence/operation of SQN. A definitive

conclusion as to whether the plant effect was principally the result

of entrainment through SQN or mixing of the water column at the SQN

diffusers could not be made. However, entrainment was probably less

of an influence during July than mixing because only about 10 percent

of the river flow was entrained through the plant. Recommendations

for future plankton sampling are provided in Chapter 7.0.

3. Larval fish studies conducted in 1985 provided basically the same

results as previous years--low entrainment rates for all species

except freshwater drum. Continued high densities of freshwater drum

eggs observed at the diffuser transect in 1985 reaffirm that signifi-

cant spawning occurs in the vicinity of, or slightly downstream of

SQN, producing eggs and larvae that are not subject to plant entrain-

ment. Data collected in 1985 from intensified sampling supported the

hypotheses stated in last year's report, that previous sample methods

-298-
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at the plant transect were possibly underestimating reservoir trans-

port of freshwater drum eggs and larvae past SQN. Recommendations

for larval fish studies were provided to EPA in a February 14, 1986,

letter. Results of the 1986 studies will be used to determine future

directions for this component of the program.

4. Cove rotenone sampling conducted in 1985 provided similar findings as

previous years in that operation of SQN has not resulted in signifi-

cant adverse impacts to fish standing stocks in Chickamauga Reservoir

with the possible exception of freshwater drum. Since 1970 both

increasing and decreasing trends have been noted among species ranked

dominant and/or important, but total fish biomass has remained rela-

tively stable. The overriding influence on standing stock estimates

for many of the important fish species appears to be associated with

habitat alteration resulting from increases in aquatic vegetation in

shallow overbank and cove areas of Chickamauga Reservoir. From 1976

through 1983 there was a seven-fold increase in the acreage affected

by rooted aquatic vegetation. Whether or not aquatic vegetation has

resulted in a decrease in biomass or numbers of some fish species

(e.g., smallmouth buffalo and freshwater drum) is not clear. How-

ever, the experimental sunmmer drawdown of Chickamauga Reservoir in

1985 for aquatic weed control produced conditions that supported

previous assumptions that threadfin shad and freshwater drum appear

to avoid coves with dense vegetation.
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A definitive conclusion concerning the effect of SQN on freshwater

drum cannot be made. Freshwater drum entrainment estimates indicate

a potential plant associated impact although adult freshwater drum

stocks have shown no decreasing trend to date. TVA has initiated

investigations to determine if entrainment losses are of an ecolog-

ical significance.
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7.0 RECOMMENDATIONS

Changes to the aquatic monitoring program were recommended in

last year's report (TVA, 1985). EPA concurred with these recommendations

on July 15, 1985 and TVA implemented the recommendations immediately

thereafter. Implementation of these recommendations plus others provided

previously on larval fish studies proved useful in evaluating the impact

of SQN. As a result, studies can be further refined. Therefore the fol-

lowing changes are recommended.

1. Detailed studies to define the extent and duration of the DO

reduction will be conducted during spring and summer when SQN resumes

operation. These results will be used to determine the potential for

effect on aquatic biota. A workplan detailing these studies will be

submitted to EPA and Tennessee Division of Water Pollution Control

(TDWPC) by March 1, 1987.

2. Plankton sampling should be conducted for the following conditions:

Level
Season* of Operation

Spring two-unit
Spring two-unit
Summer two-unit
Suimmer two-unit
Summer two-unit

*Spring = May; Summer = July

Flow (cfs)

19,000 + 2,000
28,300 ± 2,000

< 12,000
29,700 + 2,000
37,500 ± 2,000

15-August 15

Period Required
Prior to Sample

Collection (Days)

4
3
8
3
3
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Period Required 
Level Prior to Sample 

Season* of Operation Flow (cfs) Collection (Days) 
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The recommendation made last year that the program continue for two

full "growing seasons" (calendar years) is no longer valid. The

actual period over which the program will be conducted will depend on

when the desired conditions occur.

3. Collection of freshwater drum eggs and larvae to determine if signi-

ficant spawning occurs downstream of SQN should not be conducted

until the results of sampling for adult freshwater drum stocks in

1986 are known and operation of SQN resumes. At that time, a deci-

sion about additional freshwater drum larvae studies should be made.

Note that TVA had originally planned (letter to EPA dated February 14,

1986) to conduct fish larvae studies in 1986, but because SQN

remained shutdown in the spring and summer 1986 these studies were

not conducted.

4. Cove rotenone studies should continue as part of the SQN aquatic

monitoring program because they remain the best overall fish sampling

method for determining reservoir-wide quantitative and qualitative

changes in fish populations. However, cove rotenone studies iden-

tical to those conducted as part of SQN monitoring will be conducted

as part of operational monitoring for Watts Bar Nuclear Plant, also

on Chickamauga Reservoir. These studies will be useful in evaluating

the combined effects of operating two nuclear facilities on one

reservoir.

-302-

The recommendation made last year that the program continue for two 

full "growing seasons" (calendar years) is no longer valid. The 

actual period over which the program will be conducted will depend on 

when the desired conditions occur. 

3. Collection of freshwater drum eggs and larvae to determine if signi

ficant spawning occurs downstream of SQN should not be conducted 

until the results of sampling for adult freshwater drum stocks in 

1986 are known and operation of SQN resumes. At that time, a deci

sion about additional freshwater drum larvae studies should be made. 

Note that TVA had originally planned (letter to EPA dated February 14, 

1986) to conduct fish larvae studies in 1986, but because SQN 

remained shutdown in the spring and summer 1986 these studies were 

not conducted. 

4. Cove rotenone studies should continue as part of the SQN aquatic 

monitoring program because they remain the best overall fish sampling 

method for determining reservoir-wide quantitative and qualitative 

changes in fish populations. However, cove rotenone studies iden

tical to those conducted as part of SQN monitoring will be conducted 

as part of operational monitoring for Watts Bar Nuclear Plant, also 

on Chickamauga Reservoir. These studies will be useful in evaluating 

the combined effects of operating two nuclear facilities on one 

reservoir. 

-302-



REFERENCES

Ahlstrom, E. H. 1940. "A Revision of the Rotatorian Genus Brachionus

and Platyias with Descriptions of One New Species and Two New
Varieties." Bull. Amer. Museum of Natural Historyv. 77:143-184.

Ahlstrom, E. H. 1943. "A Revision of the Rotatorian Genus Keratella
with Descriptions oE Three New Species and Five New Varieties."
Bull. Amer. Museum of Natural History. 88:411-454.

Allen, W. R. 1914. "The Food and Feeding Habitats of Freshwater
Mussels." Biological Bulletin, 27:3, 21 pp.

Berner, L. 1950. Mayflies of Florida, volume IV, No. 4, Biological

Series, University of Florida Press, 267 pp.

Brinkhurst, R. 0. and B. G. M. Jamieson. 1971. Aquatic Oligochaeta of
the World. University of Toronto Press, Toronto, 860 pp.

Brooks, J. L. 1957. "The Systematics of the North American Daphnia."
Memoirs of the Connecticut Academy of Arts & Sciences, Vol. XIII,
Nov. 1957. Yale University Press.

Brooks, J. L. 1959. "Cladocera" In Freshwater Biology. 2nd Ed. Wiley
and Sons, New York. pp. 420-494.

Burks, B. D. 1953. Ephemeroptera of Illinois, vol. 26, Article 1,

Bulletin of Illinois Natural History Survey, Authority of State of
Illinois, 216 pp.

Clark, L. R., P. W. Geier, R. D. Hughes, and R. F. Morris. 1967. The
Ecology of Insect Populations in Theory and Practice, Metheum and
Cultd, London, pp. 57-146.

Cocke, E. C. 1967. The Myxophyceae of North Carolina. Edwards
Brothers, Inc., Ann Arbor, Michigan, p. 206.

Cook, E. F. 1956. The Nearctic Chaoborinae (Diptera: Culicidae),
Technical Bulletin 218, University of Minnesota Agricultural
Experiment Station, 102 pp.

Cummings, K. W. 1975. "Macroinvertebrates." In: River Ecology, Edited
by B. A. Whitten, University of California Press, pp. 170-181.

Curry, L. L. 1961. A Key for the Larval Forms of Aquatic Midges
(Tendipedidae: Diptera) Found in Michigan. Report No. 1, Atomic
Energy Commission Contract (11-1)-350 and National Institutes of
Health Contract, RG-6429, 160 pp.

-303-

.. 

.. 

REFERENCES 

Ahlstrom, E. H. 1940. "A Revision of the Rotatorian Genus Brachionus 
and Platyias with Descriptions of One New Species and Two New-----
Varieties." Bull. Amer. Museum of Natural Histor}:. 77:143-184. 

Ahlstrom, E. H. 1943. "A Revision of the Rotatorian Genus Keratella 
with Descriptions of Three New Species and Five New Varieties." 
Bull. Amer. Museum of Natural History. 88:411-454. 

Allen, ttl. R. 1914. "The Food and Feeding Habitats of Freshwater 
Mussels." Biological Bulletin, 27:3, 21 pp. 

Berner, L. 1950. Mayflies of Florida, volume IV, No.4, Biological 
Series, University of Florida Press, 267 pp. 

Brinkhurst, R. O. and B. G. M. Jamieson. 1971. Aquatic Oligochaeta of 
the World. University of Toronto Press, Toronto, 860 pp. 

Brooks, J. L. 1957. "The Systematics of the North American Daphnia." 
Memoirs of the Connecticut Academy of Arts & Sciences, Vol. XIII, 
Nov. 1957. Yale University Press. 

B['ooks, J. L. 1959. "Cladocera" In Freshwater Biology. 2nd Ed. Wiley 
and Sons, New York. pp. 420-494. 

Burks, B. D. 1953. Ephemeroptera of Illinois, vol. 26, Article 1, 
Bulletin of Illinois Natural History Survey, Authority of State of 
Illinois, 216 pp • 

Clark, L. R., P. W. Geier, R. D. Hughes, and R. F. Morris. 1967. The 
Ecology of Insect Populations in Theory and Practice, Metheum and 
Cultd, London, pp. 57-146. 

Cocke, E. C. 1967. The Myxophyceae of North Carolina. Edwards 
Brothers, [nc., Ann Arbor, Michigan, p. 206. 

Cook, E. F. 1956. The Nearctic Chaoborinae (Diptera: Culicidae>, 
Technical Bulletin 2l8, University of Minnesota Agricultural 
Experiment Station, 102 pp. 

Curmnings, K. W. 1975. "Macroinvertebrates." In: River Ecology, Edited 
by B. A. Whitten, University of California Press, pp. 170-181. 

Curry, L. L. 1961. A Key for the Larval Forms of Aquatic Midges 
(Tendipedidae: Diptera) Found in Michigan. Report No. I, Atomic 
Energy Commission Contract (11-1)-350 and National Institutes of 
Health Contract, RG-6429. 160 pp. 

-303-



REFERENCES (Continued)

Davies, R. W. 1971. "A Key to the Freshwater Hirudinoidae of Canada."
J. Fish. Res. Bd. Canada, 28(4):543-552.

Deevey, E. S. and G. B. Deevey. 1971. "The American Species of
Eubosmina Seligo (Crustacea, Cladocera)." Limnol. and Ocean.
16(2):201-218.

Desikachary, T. V. 1959. Cyanophyta. Indian Council of Agricultural
Research, New Delhi, India.

Donner, J. 1956. Rotifers. Translated 1966 by H.G.S. Wright.
Frederick Waine and Co. LTD. London, England. pp. 80.

Drouet, F. 1973. Revision of the Nostocaceae With Cylindrical
Trichomes. Hafner Press, New York, p. 292.

Drouet, F. and W. A. Daily. 1973. Revision of the Myxophyceae.
(Facsimile of 1956 Edition) Hafner Press, New York, p. 222.

Durocher, P. P., W. C. Provine, and J. E. Kraai. 1984. Population
Structure Indices of Largemouth Bass, and Submerged Vegetation in
Texas Reservoirs. In: North American Journal of Fisheries
Management 4:84-88, 1984.

Dycus, D. L. and D. C. Wade. 1977. "A Quantitative-Qualitative
Zooplankton Sampling Method." J. Tenn. Acad. Sci. 52(I):2-5.

Edmondson, W. T. 1959. "Rotifera" In Freshwater Biology. 2nd. Ed.
Wiley and Sons, New York. pp. 420-494.

Environmental Protection Agency. 1975. "National Interim Primary
Drinking Water Regulations." CFR, Title 40, Part 141, Vol. 40,
No. 248.

Environmental Protection Agency. 1976. "Quality Criteria for Water."
EPA-440/9-76-023.

Environmental Protection Agency. 1977. "Proposed National Secondary
Drinking Water Regulations." CFR, Title 40, Part 143, Vol. 42,
No. 62.

Environmental Protection Agency. 1980. "Water Quality Criterion
Documents." 45 FR, 79318. November 28, 1980.

Environmental Protection Agency. 1985. "Notice of Final Ambient
Water Quality Criteria Documents," 50 Federal Register, 30784,
July 19, 1985.

-304-

REFERENCES (Continued) 

Davies, R. W. 1971. "A Key to the Freshwater Hirudinoidae of Canada." 
J. Fish. Res. Bd. Canada, 28(4):543-552. 

Deevey, E. S. and G. B. Deevey. 1971. "The American Species of 
Eubosmina Seligo (Crustacea, Cladocera)." Limnol. and Ocean. 
16(2):201-218. 

Desikachary. T. V. 1959. Cyanophyta. Indian Council of Agricultural 
Research, New Delhi, India. 

Donner, J. 1956. ~otifers. Translated 1966 by B.G.S. Wright. 
Frederick Waine and Co. LTD. London, England. pp. 80. 

Drouet. F. 1973. Revision of the Nostocaceae With Cylindrical 
Trichomes. Hafner Press, New York, p. 292. 

Drouet, F. and W. A. Daily. 1973. Revision of the Mrxophyceae. 
(Facsimile of 1956 Edition) Hafner Press, New York, p. 222. 

Durocher, P. P., W. C. Provine, and J. E. Kraai. 1984. Population 
Structure Indices of Largemouth Bass, and Submerged Vegetation in 
Texas Reservoirs. In: North American Journal of Fisheries 
Management 4:84-88, 1984. 

Dycus, D. L. and D. C. Wade. 1977. "A Quantitative-Qualitative 
J. Tenn. Acad. Sci. 52(1):2-5. Zooplankton Sampling Method." 

Edmondson, W. T. 1959. "Rotifera" In Freshwater Biol08Y. 2nd. Ed. 
Wiley and Sons, New York. pp. 420-494. 

Environmental Protection Agency. 
Drinking Water Regulations." 
No. 248. 

1975. "National Interim Primary 
CFR, Title 40, Part 141, Vol. 40, 

Environmental ProteGtion Agency. 1976. "Quality 'Criteria for Water." 
EPA-440/9-76-023. 

Environmental Protection Agency. 
Drinking Water Regulations." 
No. 62. 

1977. "Proposed National Secondary 
CFR, Title 40, Part 143, Vol. 42, 

Environmental Protection Agency. 1980. "Water Quality Criterion 
Documents." 45 FR, 79318. November 28, 1980. 

Environmental Protection Agency. 1985. "Notice of Final Ambient 
Water Quality Criteria Documents," 50 Federal Register, 30784, 
July 19, 1985. 

-304-



REFERENCES (Continued)

Forest, H. S. 1954. Handbook of Algae: With Special Reference to
Tennessee and the Southeastern United States. University of
Tennessee Press, Knoxville, Tennessee, p. 467.

Frazier, J. M. 1976. "The Dynamics of Metals in the American Oyster,
Crassostrea virginica. II. Environmental Effects. Chesapeake Sci.,
17:188-187.

Goulden, C. E. 1968. "The Systematics and Evolution of the Moinidae."
Trans. Amer. Philosophical Soc. 58(6):1-101.

Harring, H. K. and F. J. Myers. 1926. "The Rotifera Fauna of Wisconsin
III. A Revision of the Genera Lecane and qonostl1a." Trans.
Wisconsin Acad. of Sci. 22:315-423.

Harris, G. P. 1980. The Measurement of Photosynthesis in Natural
Populations of Phytoplankton. In Morris, I. (Ed.] The
Physiological Ecology of Phytoplankton. University of
California Press, Los Angeles.

Hollander, M. and D. A. Wolfe. 1973. Nonparametric Statistical Methods.
John Wiley and Sons, New York. 503 pp.

Houser, A., and H. Bryant. 1968. Sampling Reservoir Fish Population
Using Midwater Trawls. pp. 391-404. In Reservoir Fishery Resource
Symposium, Athens, Georgia, April 5-7, 1967.

Hustedt, F. 1930. Die Susswasser-Flora Mitteleuropas, Heft 10:
Bacillariophyta (Diatomeae). Verlag Von Gustav Fischer, Jena,
p. 466.

Jeffrey, S. W. and G. F. Humphrey. 1975. "New Spectrophotometric
Equations for Determining Chlorophylls a, b, c, and c2 = in Higher
Plants, Algae and Natural Phytoplankton." Biochem. Physiol.
Pflanzen, Bd. 167, S. 191-194.

Johansen, 0. A. 1934-37. Aquatic Diptera, Parts I-IV. Thomsen, L. C.
1937. Aquatic Diptera, Part V, University of Ithaca, NY combined as
Five Parts by Entomological Reprint Specialists, Calif., 1969.

Lord, D. A., W. G. Breck, and R. C. Wheeler. 1975. "Trace Elements
in Molluscs in the Kingston Basin." Water Quality Parameters. ASTM
Special Tech. Pub. 573, pp. 95-111.

Lorensen, C. J. 1967. Determination of Chlorophyll and Pheopigments:
Spectrophotometric Equations. Limnol. Oceanogr. 12(2):343-346.

-305-

REFERENCES (Continue,p 

Forest. H. S. 1954. !frlndbook of Algae: With ~cial Refe~!!ce t(~ 
Tennessee and the Southeastern United States. University of 
Tennessee Press, Knoxville, Tennessee, p. 467. 

Frazier, J. M. 1976. "The Dynamics of Metals in the American Oyster, 
Crassostrea yirginica. II. Environmental Effects. Chesapeake Sci., 
17: l88-L87. 

Goulden, C. E. 1968. "The Systematics and Evolution of the Moinidae." 
Trans. Amer. Philosophical Soc. 58(6):1-101. 

Harring, H. K. and F. J. Myers. 1926. "The Rotifera Fauna of Wisconsin 
lIt. A Revision of the Genera Lecane and Monosty1l!." !!.!!!!.!. 
Wisconsin Acad. of Sci. 22:315-423. 

Harris. G. P. 1980. The Measurement of Photosynthesis 
Populations of Phytoplankton. In Morris, r. (Ed.] 
Physiological Ecology of Phytoplankton. University 
California Press, Los Angeles. 

in Natural 
The 
of 

Hollander, ~1. and D. A. Wolfe. 1973. Nonparametric Statistical Methods. 
John WiLey and Sons, New York. 503 pp. 

Houser, A., and H. Bryant. 1968. Sampling Reservoir Fish Population 
Using Midwater Tra\"ls. pp. 391-404. In Reservoir Fishery Resource 
Symposium. Athens, Georgia. April 5-7, 1967. 

Hustedt, F. 1930. Die Susswasser-Flora Mitteleuropas, Heft 10: 
Bacillariophyta (Diatomeae). Verlag Von Gustav Fischer, Jena, 
p. 466. 

Jeffrey. S. W. and G. F. Humphrey. 1975. "New Spectrophotometric 
Equations for Determining Chlorophylls a, b, c, and cZ = in Higher 
Plants. Algae and Natural Phytoplankton." Biochem. Physiol. 
Pflanzen. Bd. 167, S. 191-194. 

Johansen, O. A. 1934-37. Aquatic Diptera, Parts I-IV. Thomsen. L. C. 
1937. Aquatic Diptera, Part V, University of Ithaca. NY combined as 
Five Parts by Entomological Reprint Specialists. Calif., 1969. 

Lord. D. A., W. G. Breck, and R. C. Wheeler. 1975. "Trace Elements 
in Molluscs in the Kingston Basin." Water Quality Parameters. ASTM 
Special Tech. Pub. 573. pp. 95-111. 

Lorensen, C. J. 1967. Determination of Chlorophyll and Pheopigments: 
Spectrophotometric Equations. Limnol. Oceanogr. 12(2):343-346. 

-305-



REFERENCES (Continued)

MacArthur, R. H. 1957. "On the Relative Abundance of Bird Species"
Proc. Nat. Acad. Sci., Washington, 43:293-295.

Manly, R. and W. D. George. 1977. *'The Occurrence of Some Heavy
Metals in Populations of the Freshwater Mussel Anodonta anatina
(L.) from the River Thanes." Environ. Pollut. Vol. 14, pp.
139-154.

Mason, W. T. 1968. An Introduction to the Identification of Chironomid
Larvae. Division of Pollution Surveillance, Federal Water Pollution
Control Administration, U.S. Department of the Interior, Cincinnati,
Ohio, 89 pp.

McCain, J. C. 1975. "Fouling Community Changes Induced by the Thermal
Discharge of a Hawaiian Power Plant." Environ. Pollut. 9:63-83.

Meyer, R. L. 1971. "A Study of Phytoplankton Dynamics in Lake
Fayetteville as a Means of Assessing Water Quality." Arkansas
Water Res. Center, Publ. 10.

Morrison, P. F. 1967. Multivariate Statistical Methods. McGraw-Hill
Book Company, New York.

Needham, J. G., J. R. Traver, and Yin-Chi Hsu. 1935. The Biology of
Mayflies, with a Systematic Account of North American Species.

Needham, G. N. and M. J. Westfall. 1955. Dragonflies of North America.
University of California Press, Berkeley, 615 pp.

Ostrowski, Pete. 1985. "Temperature and Dissolved Oxygen Measurements
Near TVA's Sequoyah Nuclear Plant", Report No. WR28-4-45-121.

Patrick, R. and C. W. Reimer. 1966. The Diatoms of the United States
Exclusive of Alaska and Hawaii; Volume I: Fragilariaceae,
Eunotiaceae, Achnanthaceae, Naviculaceae. Monographs of the Academy
of Natural Science of Philadelphia, No. 13, p. 688.

Patten, B. C. 1962. "Species Diversity in Net Phytoplankton of Raritan
Bay." J. Mar. Research. 20:57-75.

Pennak, W. Robert. 1953. Freshwater Invertebrates of the United States.
Ronald Press Co., New York, 769 pp.

Pennak, R. W. 1978. Freshwater Invertebrates of the United States.
2nd Ed. Ronald Press, New York. 759 pp.

-306-

REFERENCES (Continued) 

MacArthur, R. H. 1957. ftOn the Relative Abundance of Bird Species" 
Proc. Nat. Acad. Sci., Washington, 43:293-295. 

Manly, R. and W. D. George. 1977. "The Occurrence of Some Heavy 
Metals in Populations of the Freshwater Mussel Anodonta anatina 
(L.) from the River Thanes." Environ. Pollute Vol. 14, pp. 
139-154. 

Mason, W. T. L968. An Introduction to the Identification of Chironomid 
~rvae. Division of Pollution Surveillance, Federal Water Pollution 
Control Administration, U.S. Department of the Interior, Cincinnati, 
Ohio, 89 pp. 

McCain. J. C. 1975. "Fouling Community Changes Induced by the Thermal 
Discharge of a Hawaiian Power Plant. 1t Environ. Pollut. 9:63-83. 

Meyer. R. L. 1971. itA Study of Phytoplankton Dynamics in Lake 
Fayetteville as a Means of Assessing Water Quality." Arkansas 
Water Res. Center. Publ. 10. 

Morrison, P. F. 1967. Multivariate Statistical Methods. McGraw-Hill 
Book Company, New York. 

Needham. J. G., J. R. Traver. and Yin-Chi Hsu. 1935. The Biology of 
Mayflies, with a Systematic Account of North American Species. 

Needham. G. N. and M. J. Westfall. 1955. Dragonflies of North America. 
University of California Press, Berkeley, 615 pp. 

Ostrowski. Pete. 1985. "Temperature and Dissolved Oxygen Measurements 
Near TVA's Sequoyah Nuclear Plant". Report No. WR28-4-45-121. 

Patrick, R. and C. W. Reimer. 1966. The Diatoms of the United States 
Exclusive of Alaska and Hawaii; Volume I: Fragilariaceae, 
Eunotiaceae. Achnanthaceae, Naviculaceae. Monographs of the Academy 
of Natural Science of Philadelphia, No. 13, p. 688. 

Patten, B. C. 1962. "Species Diversity in Net Phytoplankton of Raritan 
Bay." J. Mar. Research. 20:57-75. 

Pennak, W. Robert. 1953. Freshwater Invertebrates of the United States. 
Ronald Press Co., New York, 769 pp. 

Pennak. R. W. 1978. Freshwater Invertebrates of the United States. 
2nd Ed. Ronald Press. New York. 759 pp. 

-306-



REFERENCES (Continued)

Phillips, D. J. H. 1977. "The Use of Biological Indicator organisms
to Monitor Trace Metal Pollution in Marine and Estuarine
Environments--A review." Environ. Pollut., 13:281-318.

Pielou, E. C. 1975. Ecological Diversity. Wiley, New York. 165 pp.
Poppe, W. L., D. J. Bruggink, and J. F. Placke. 1980.
"Eutrophication Analysis of Cherokee Reservoir." Knoxville,
Tennessee. Tennessee Valley Authority, Office of Natural Resources,
Division of Air and Water Resources. WR-50-25-80.01.

Prescott, G. W. 1962. Algae of the Western Great Lakes Area. Wm. C.
Brown Co., Dubuque, Iowa, p. 977.

Prescott, G. W. 1964. The Freshwater Algae. Wm. C. Brown Co., Dubuque,
Iowa, p. 272.

Roback, S. S. 1963. "The Genus Xenochironomus (Diptera; Tendipedidae)
Kieffer, Taxonomy and Immature Stages." Trans. Am. Ent. Soc.,
88:235-250.

Ross, H. H. 1944. Trichoptera of Illinois, vol. 23. Authority of
State of Illinois Natural History Survey Division, 326 pp.

Ruttner-Kolisko, A. 1974. Plankton Rotifers, Biology and Taxonomy.
Die Binnengewasser, Supplement: Rotatoria, Band XXVI/l, E.
Schweizerbarts' Verlagsbuchhandlung (Nagele u. Obermiller),
Stuttgart, p. 146.

SAS Institute Inc., 1982. SAS Users Guide: Statistics, 1982 Edition.
SAS Institute Inc., Gary, North Carolina. pp. 217-221.

Saunders, G. W., F. B. Trama, and R. W. Bauchmann. 1962. "Evaluation
of a Modified C=1 4 Technique for Estimation of Photosynthesis in
Large Lakes." Great Lakes Research Division, Publ. No. 8.

Smith, G. M. 1933. The Freshwater Algae of the United States.
McGraw-Hill Book Company, Inc., New York, p. 716.

Snedecor, G. W. and W. G. Cochran. 1967. Statistical Methods. Sixth
Ed., Iowa StAte Ilniveraty Pro, Amp, Iowa, 591 pp,

Snedecor, G. W. and W. G. Cochran. 1968. Statistical Methods. The
Iowa State University Press. Ames, Iowa.

Sokal, R. R. and F. J. Rohlf. 1969. Biometry. W. H. Freeman and
Company, San Francisco, p. 776.

-307-

• 

REFERENCES (Continued) 

Phillips. D. J. B. 1977. "The Use of Biological Indicator Ol"ganisms 
to Monitor Truce Metal Pollution in Marine and Estuarine 
Environments--A review." Environ. Pollut •• 13:281-318. 

Pie1ou. E. C. 1975. Ecological Diversity. Wiley. New York. 165 pp. 
Poppe. W. L •• D. J. Bruggink. and J. F. Placke. 1980. 
"Eutrophication Analysis of Cherokee Reservoir." Knoxville. 
Tennessee. Tennessee Valley Authority. Office of Natural Resources. 
Division of Air and Water Resources. WR-50-2S-80.0l. 

Prescott. G. W. 1962. Algae of the Western Great Lakes Are~. Wm. C. 
Brown Co., Dubuque, Iowa. p. 977. 

Prescott, G. W. 1964. The Freshwater Algae. Wm. C. Brown Co., Dubuque, 
Iowa •. p. 272. 

Roback, S. S. L963. "The Genus Xenochironomus (Diptera; Tendipedidae) 
Kieffer. TaKonomyand [nunature Stages." Trans. Am. Ent. Soc .• 
88:235-250. . 

Ross. H. H. 1944. Trichoptera of Illinois, vol. 23. Authority of 
State of Illinois Natural History Survey Division. 326 pp. 

Ruttner-Ko1isko. A. 1974. Plankton Rotiters, Biology and Taxonomy. 
Die Binnengewasser. Supplement: Rotatoria, Band XXVI/I. E. 
Schweizerbarts' Ver1agsbuchhandlung (Nagele u. Obermiller). 
Stuttgart, p. 146 • 

SAS Institute Inc., 1982. SAS Users Guide: Statistics. 1982 Edition. 
SAS Institute Inc •• Gary, North Carolina. pp. 217-221. 

Saunders, G. W., F. B. Trama, and R. W. Baucbmann. 1962. "Evaluation 
of a Modified C=14 Technique for Estimation of Photosynthesis in 
Large Lakes." Great Lakes Research Division, Pub!. No.8. 

Smith, G. M. 1933. The Freshwater Algae of the United States. 
McGraw-Hill Book Company, Inc., New York, p. 716. 

Snedecor, G. W. and W. G. Cochran. 1967. Statistical Methods. Sixth 
I!:n., Iowa fitat~ IInivar~lty Pr~lil'l, I\m~li. low", "l'n pp. 

Sncdecor. G. W. and W. G. Cochran. 1968. Statistical Methods. The 
Iowa State University Press. Ames, Iowa. 

Sakal, R. R. and F. J. Rohlf. 1969. Biometry. W. H. Freeman and 
Company, San Francisco, p. 776. 

-307-c 



REFERENCES (Continued)

Steele, R. G. D. and J. H. Torrie. 1960. Principles and Procedures of
Statistics. McGraw-Hill, pp. 112-115.

Tennessee Department of Public Health. 1978. "Water Quality Management
Plan for the Lower Tennessee River Basin." Nashville, Tennessee:
Division of Water Quality Control.

Tennessee Department of Public Health. 1982. "General Water Quality
Criteria for the Definition and Control of Pollution in the Waters
of Tennessee." Nashville, Tennessee: Division of Water Quality
Control.

Tennessee Valley Authority. 1978a. "Status of the Nonfisheries
Biological Communities and Water Quality in Chickamauga and
Nickajack Reservoirs Before Operation of the Sequoyah Nuclear Plant,
1971-1977." Chattanooga, Tennessee: Division of Environmental
Planning, Water Quality and Ecology Branch.

Tennessee Valley Authority. 1978b. "Preoperational Fisheries Report
for the Sequoyah Nuclear Plant." Norris, Tennessee: Division of
Forestry, Fisheries, and Wildlife Development, Fisheries and
Waterfowl Resources Branch.

Tennessee Valley Authority. 1980. "Watts Bar Nuclear Plant
Preoperational Fisheries Monitoring Report, 1977-1979." Norris,
Tennessee: Division of Water Resources, Fisheries and Aquatic
Ecology Branch.

Tennessee Valley Authority. 1982. "Aquatic Environmental Conditions in
Chickamauga Reservoir During Operation of Sequoyah Nuclear Plant,
First Annual Report (1980 and 1981)." Knoxville, Tennessee:
Division of Water Resources. TVA/ONR/WRF-82/4(a).

Tennessee Valley Authority. 1983. "Aquatic Environmental Conditions
in Chickamauga Reservoir During Operation of Sequoyah Nuclear Plant,
Second Annual Report (1982)." Knoxville, Tennessee: Division of
Air and Water Resources. TVA/ONR/WRF-83/12(a).

Tennessee Valley Authority. 1984. "Aquatic Environmental Conditions
in Chickamauga Reservoir During Operation of Sequoyah Nuclear Plant,
Third Annual Report (1983)." Knoxville, Tennessee: Division of Air
and Water Resources. TVA/ONR/WRF-84/5(a).

Tennessee Valley Authority. 1985. "Aquatic Environmental Conditions
in Chickamauga Reservoir During Operation of Sequoyah Nuclear
Plant, Fourth Annual Report (1984)." Knoxville, Tennessee:
Division of Air and Water Resources. TVA/ONRED/WRF-85/I(b).

-308-

REFERENCES (Continued) 

Steele. R. G. D. and J. U. Torrie. 1960. Principles and Procedures of 
Statistics. McGraw-Uill. pp. 112-115. 

Tennessee Department of Public Health. 1978. "Water Quality Management 
Plan for the Lower Tennessee River Basin." Nashville, Tennessee: 
Division of Water Quality Control. 

Tennessee Department of Public Health. 1982. "General Water Quality 
Criteria for the Definition and Control of Pollution in the Waters 
of Tennessee." Nashville. Tennessee: Division of Water Quality 
Control. 

Tennessee Valley Authority. 1978a. "Status of the Nonfiaheries 
Biological Communities and Water Quality in Chickamauga and 
Nickajack Reservoirs Before Operation of the Sequoyah Nuclear Plant. 
1971-1977." Chattanooga, Tennessee: Division of Environmental 
Planning, Water Quality and Ecology Branch. 

Tennessee Valley Authority. 1978b. "Preoperational Fisheries Report 
for the Sequoyah Nuclear Plant." Norris, Tennessee: Division of 
Forestry, Fisheries. and Wildlife Development, Fisheries and 
Waterfowl Resources Branch. 

Tennessee Valley Authority. 1980. "Watts Bar Nuclear Plant 
Preoperational Fisheries Monitoring Report, 1977-1979." Norris, 
Tennessee: Division of Water Resources, Fisheries and Aquatic 
Ecology Branch. 

Tennessee Valley Authority. 1982. "Aquatic Environmental Conditions in 
Chickamauga Reservoir During Operation of Sequoyah Nuclear Plant, 
Firs t Annual Report (1980 and 1981)." Knoxville, Tennessee: 
Division of Water Resources. TVA/ONR/WRF-82/4(a). 

Tennessee Valley Authority. 1983. "Aquatic Environmental Conditions 
in Chickamauga Reservoir During Operation of Sequoyah Nuclear Plant, 
Second Annual Report (1982)." Knoxville, Tennessee: Division of 
Air and Water Resources. TVA/ONR/WRF-83/12(a). 

Tennessee Valley Authority. 1984. "Aquatic Environmental Conditions 
in Chickamauga Reservoir During Operation of Sequoyah Nuclear Plant, 
Third Annual Report (1983)." Knoxville. Tennessee: Division of Air 
and Water Resources. TVA/ONR/WRF-84/5(a). 

Tennessee Valley Authority. 1985. "Aquatic Environmental Conditions 
in Chickamauga Reservoir During Operation of Sequoyah Nuclear 
Plant. Fourth Annual Report (1984)." Knoxville, Tennessee: 
Division of Air and Water Resources. TVA/ONRED/WRF-85/1(b). 

-308-

.. 

, 



REFERENCES (Continued)

Tiffany, L. H. and M. E. Britton. 1971. The Algae of Illinois.
(Facsimile of 1952 Edition). Hafner Publishing Company, New York,
p. 407.

Usinger, R. L. 1971. Aquatic Insects of California with Keys to North
American Genera and California Species. University of California
Press, Berkeley, 508 pp.

Voight, M. 1956. Rotatoria. Borntraeger, Berlin, p. 508.

Walker, E. M. 1953. The Odonata of Canada and Alaska, vol. I.
University of Toronto Press, 292 pp.

Walker, E. M. 1958. The Odonata of Canada and Alaska, vol. II.
University of Toronto Press, 318 pp.

Ward, H. B. and G. C. Whipple. 1959. Freshwater Biology. 2nd Edition,
W. T. Edmondson (ed.), John Wiley and Sons, New York, p. 1248.

Weber, C. I., ed. 1973. Biological Field and Laboratory Methods for
Measuring the Quality of Surface Waters and Effluents. U.S.
Environmental Protection Agency. EPA-670/4-73-001.

Whitford, L. A. and G. J. Schumacher. 1969. A Manual of the Freshwater
Algae in North Carolina. North Carolina Agricultural Experiment
Station Tech. Bull. No. 188, p. 313.

Wiley, M. J., R. W. Gorden, S. W. Waite, and T. Powless. 1984. The
relationship between macrophytes and sport fish production in
Illinois ponds: a simple model. N.A.J. Fish. Mgt. 4: 11-119.

Wilson, M. S. and H. C. Yeatman. 1959. "Copepoda" In Freshwater
Biology. 2nd Ed. Wiley and Sons, New York, pp. 735-867.

Zar, J. H. 1974. Biostatistical Analysis. Prentice-Hall, Inc., New
Jersey, p. 620.

-309-

REFERENCES (Continued) 

Tiffany, L. H. and M. E. Britton. 
(Facsimile of 1952 Edition). 
p. 407. 

1971. The Algae of Illinois. 
Hafner Publishing Company, New York, 

Usinger. R. L. 1971. Aquatic Insects of California with Keys to North 
American Genera and California Species. University of California 
Press, Berkeley, 508 pp. 

Voight. M. 1956. Rotatoria. Borntraeger, Berlin. p. 508. 

Walker. E. M. 1953. The Odonata of Canada and Alaska, vol. I. 
University of Toronto Press, 292 pp. 

Walker. E. M. 1958. The Odonata of Canada and Alaska, vol. II. 
University of Toronto Press, 318 pp. 

Ward, U. B. and G. C. Whipple. 1959. Freshwater Biology. 2nd Edition. 
W. T. Edmondson (ed.). John Wiley and Sons, New York, p. 1248. 

Weber, C. I., ed. 1973. Biological Field and Laboratory Methods for 
Measuring the Quality of Surface Waters and Effluents. U.S. 
Environmental Protection Agency. EPA-670/4-73-001. 

Whitford, L. A. and G. J. Schumacher. 1969. A Manual of the Freshwater 
Algae in North Carolina. North Carolina Agricultural Experiment 
Station Tech. Bull. No. 188, p. 313. 

Wiley, M. J., R. W. Gorden, S. W. Waite, and T. Powless. 1984. The 
relationship between macrophytes and sport fish production in 
Illinois ponds: a simple model. N.A.J. Fish. Mgt. 4: 11-119. 

Wilson. M. S. and H. C. Yeatman. 1959. "Copepoda" In Freshwater 
Biology. 2nd Ed. Wiley and Sons, New York, pp. 735-867. 

Zar, J. H. 1974. Biostatistical Analysis. Prentice-Hall, Inc., New 
Jersey, p. 620. 

-309-



46 TENNESSEE VALLEY AUTHORITY

Office of Natural Resources

AN ASSESSMENT OF THE EFFECTS

OF KINGSTON STEAM-ELECTRIC PLANT

ON FISH POPULATIONS IN WATTS BAR RESERVOIR

a

110

Prepared by:

Robert W. Schneider and Jack D. Tuberville

Principally edited by:

David A. Tomljanovich and John H. Heuer

t

Is-I

Knoxville, Tennessee

September 1981

TENNESSEE VALLEY AUTHORITY 

Office of Natural Resou,rce's 

AN ASSESSMENT OF THE EFFECTS 

OF KINGSTON STEAM-ELECTRIC PLANT 

ON FISH POPULATIONS IN WATTS BAR RESERVOIR 

Prepared by: 

Robert W. Schneider and Jack D. Tuberville 

Principally edited by: 

David A. Tomljanovich and John H. Heuer 

Knoxville, Tennessee 

September 1981 



TABLE OF CONTENTS

Introduction . . . . . . . . . . . . . . . . . . . . . . . .

Page
/

I

1.1
1.2
1.3
1.4

Background ................ .........................
Scope/Objectives ............ ......................
Physical Description of Watts Bar Reservoir .......
Physical and Operational Characteristics of Kingston Steam
Plant . . . . . . . . . . . .. . . . . . . . . . . . . .

* 2

* 5

Chapter 2

Procedures .. ......... . .................. 7

2.1
2.1.1
2.1.2
2.1.3
2.1.4
2.1.5
2.2
2.3

Thermal Effects Evaluation . . .
Gill Netting .... ...........
Electrofishing .... ..........
Seining . . . . . . . . . . . .
Cove Rotenone .........
Data Presentation and Analysis .
Impingement Evaluation .......
Entrainment Evaluation .......

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

. . . . . . . . . . . .

7
7
7
9
ii

13
14

Chapter 3

Thermal Effects Evaluation - Results and Discussion . .

3.1 Species Occurrences Near Kingston Steam Electric Plant
3.2 Gill Netting Results .......... ..................
3.3 Electrofishing Results ......... ..................
3.4 Seining Results . . . . . . . . . . . . . . . . . . . .
3.5 Seasonal Distributions ... ......... .............
3.6 Cove Rotenone Results .................
3.7 Spatial-Temporal Distribution of Dominant and Important

Fish Species .............. .......................
3.7.1 Summary . . . . . . . . . . . . . . . . . . . . . . . .

15

15
15
22
22
27
27

33
60

Chapter 4

Impingement Effects - Results and Discussion ......... 64

Chapter 5

Entrainment of Fish Eggs and Larvae .......... 68

5.1 Flow characteristics and Hydraulic Entrainment ....
5.2 Estimates of Larvae Entrained (Biological Entrainment)
5.3 Comparison of Hydraulic EntrainmentWith Observed and

Expected Larval Fish Entrainment ..... ............
5.4 Assessment of Entrainment Impact ..... ............

. . . 68
70

. . . 79

. . . 84

Literature Cited . . . . ... . . . . . . . . . . . . . . . . . .

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

86

A-1

" .. 

Chapter 1 

1.1 
1.2 
1.3 
1.4 

Introduction 

Background . 
Scope/Objectives 

TABLE OF CONTENTS 

Physical Description of Watts Bar Reservoir 
Physical and Operational Characteristics of Kingston Steam 
Plant ................... .... . 

Chal!ter 2 

Procedures . . . . . . . . 
I 

2.1 Thermal Effects Evaluation 
2.1.1 Gill Netting . 
2.1. 2 Electrofishing 
2.1.3 Seining 
2.1.4 Cove Rotenone 
2.1.5 Data Presentation and Analysis 
2.2 Impingement Evaluation 
2.3 Entrainment Evaluation . . . 

Chapter 3 

Thermal Effects Evaluation - Results and Discussion 

1 

1 
1 
2 

5 

7 

7 
7 
7 
9 
11 
11 
13 
14 

15 

3.1 Species Occurrences Near Kingston Steam Electric Plant 15 
3.2 Gill Netting Results . 15 
3.3 Electrofishing Results 22 
3.4 Seining Results 22 
3.5 Seasonal Distributions 27 
3.6 Cove Rotenone Results 27 
3.7 Spatial-Temporal Distribution of Dominant and Important 

Fish Species 33 
3.7.1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . 60 

Chapter 4 

Chapter 5 

5.1 
5.2 
5.3 

5.4 

Impingement Effects - Results and Discussion . . . . . . ., 64 

Entrainment of Fish Eggs and Larvae 

Flow characteristics and Hydraulic Entrainment 
Estimates of Larvae Entrained (Biological Entrainment) 
Comparison of Hydraulic Entrainment.With Observed and 
Expected Larval Fish Entrainment 
Assessment of Entrainment Impact 

68 

68 
70 

79 
84 

Literature 'Cited 86 

Appendix A-I 



ABSTRACT

This report is a compilation of studies addressing thermal, impinge-

ment, and entrainment effects of Kingston Steam-Electric Plant on fish popula-

tions in Watts Bar Reservoir. Spatial distribution patterns of 13 dominant

species showed little evidence of avoidance of heated water. Lower catch per

unit effort in the discharge of mooneye, carp, Pimephales sp., bluegill, and

freshwater drum was not attributed to elevated temperatures. Relatively low

maximum discharge temperatures (<30 C) were not expected to elicit avoidance

by most warmwater species. Gizzard shad, largemouth bass, and skipjack

herring appeared seasonally attracted to the discharge. Temperature related

changes between 1960 through 1980 in standing stock of the reservoir fish

fauna were not evident. Biomass of several species showed changes com-

mensurate with normal population fluctations; only white bass showed a

possible trend of declining stocks in recent years.

Threadfin shad constituted 95 percent of numbers of fish impinged.

Extreme population fluctuations which result from their low tolerance of cold

water and high reproductive potential often masks the effect of impingement,

which is normally a relatively small proportion of the population. It is

highly unlikely that impingement significantly affects the Watts Bar Reservoir

population of threadfin shad. Other species were impinged in sufficiently low

numbers to preclude a significant impact on their populations.

Several approaches were used to estimate percentage of the larval

fish community entrained in 1975. Discharge samples estimated entrainment

more reliably than intake channel samples. Hydraulic entrainment averaged 22

percent compared to only 0.84 percent estimated entrainment of larval fish

transported past the plant. This large difference was attributed to a combina-

tion of factors, including selective withdrawal of cooler bottom water by the

skimmer wall, concentration of larvae near the surface, complex flow patterns

near the plant, and partially invalid sampling methods. Estimates of per-

centage of the entire reservoir population of larvae entrained never exceeded

0.01 percent. Despite some problems associated with the study, it was clear

that entrainment was relatively low and likely would not significantly impact

reservoir fish populations.
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CHAPTER 1

INTRODUCTION

1.1 Background

Intensive fisheries investigations were conducted in the vicinity of

Kingston Steam-Electric Plant from April 1974 through September 1975. These

studies were aimed at assessing effects of entrainment, impingement, and

discharge of heated water by the plant on Watts Bar Reservoir fish popula-

tions. Additional fisheries data were obtained from cove rotenone surveys in

Watts Bar Reservoir during 16 years between 1949 and 1980.

Assessment of thermal impacts based on results of netting and

electrofishing data collected between April and October 1974 and cove rotenone

data collected between 1949 and 1973 were reported in an unpublished Tennessee

Valley Authority (TVA) report dated December 6, 1974. Results of the first

nine months of impingement monitoring (August 1974 through April 1975) were

assembled in a draft TVA report in May 1975. Larval fish data collected

during March through July 1975 to assess the effects of entrainment by the

Kingston Plant, were presented in a TVA report (TVA 1976). The conclusion of

each separate study was that the plant had not adversely affected fish popula-

tions in Watts Bar Reservoir.

1.2 Scope/Objectives

The purpose of this report is to provide an up-to-date document

regarding the impact of Kingston Steam-Electric Plant on Watts Bar fish popula-

tions. Specific objectives of the report are to:
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(1) synthesize in a single formal report results of netting, electro-

fishing, and cove rotenone obtained after October 1974 with earlier

results reported in the 1976 informal report on thermal effects,

(2) to present in a formal report results of one full year of impinge-

ment monitoring and discuss specific studies on threadfin shad

impingement which were conducted at the Kingston Plant in the

winters of 1976-1977 and 1977-1978 by Oak Ridge National Laboratory

researchers.

(3) to present an indepth examination and discussion of factors affect-

ing entrainment estimates at the Kingston Plant including;

(a) flow patterns near the plant and effect of different annual

flow regimes on hydraulic and biological entrainment,

(b) possible reasons for the large difference between larval fish

and hydraulic entrainment estimates (0.84 and 22 percent,

respectively) in 1975, and

(c) use of both transported and reservoir populations to estimate

effect of entrainment.

1.3 Physical Description of Watts Bar Reservoir

Watts Bar is a Tennessee River mainstream reservoir impounded in

1942 by Watts Bar Dam at Tennessee River Mile (TRM) 529.9. At normal pool

elevation (225.8 m) the reservoir is 15,621 ha and extends to Melton Hill Dam

on the Clinch River (CRM 23.1) and Fort Loudoun Dam on the Tennessee River at

TRM 602.3 (Figure 1.1).

The Clinch River arm of Watts Bar Reservoir has one major tributary,

the Emory River, which enters 7.2 km upstream of the confluence of the Clinch

and Tennessee Rivers (Figure 1.2). This area of the reservoir along with the

2 

(1) synthesize in a single formal report results of netting, electro-

fishing, and cove rotenone obtained after October 1974 with earlier 

results reported in the 1976 informal report on thermal effects, 

(2) to present in a formal report results of one full year of impinge-

ment monitoring and discuss specific studies on threadfin shad 

impingement which were conducted at the Kingston Plant in the 

winters of 1976-1977 and 1977-1978 by Oak Ridge National Laboratory 

researchers. 

(3) to present an indepth examination and discussion of factors affect-

ing entrainment estimates at the Kingston Plant including; 

(a) flow patterns near the plant and effect of different annual 

flow regimes on hydraulic and biological entrainment, 

(b) possible reasons for the large difference between larval fish 

and hydraulic entrainment estimates (0.84 and 22 percent, 

respectively) in 1975, and 

(c) use of both transported and reservoir populations to estimate 

effect of entrainment. 

1.3 Physical Description of Watts Bar Reservoir 

Watts Bar is a Tennessee River mainstream reservoir impounded in 

1942 by Watts Bar Dam at Tennessee River Mile (TRM) 529.9. At normal pool 

elevation (225.8 m) the reservoir is 15,621 ha and extends to Melton Hill Dam 
I 

on the Clinch River (CRM 23.1) and Fort Loudoun Dam on the Tennessee River at 

TRM 602.3 (Figure 1.1). 

The Clinch River arm of Watts Bar Reservoir has one major tributary, 

the Emory River, which enters 7.2 km upstream of the confluence of the Clinch 

and Tennessee Rivers (Figure 1.2). Thi~ area of the reservoir along with the 

" 



*1el

~\EFt mW. / N 0 RT N E S S et., E,.... .• . .. _.. .

AR O LIN A

, -.. /"
woo C CAROLINA

'\ -. _m iss G E 0 R G I A"

- - ---- , _ _ - _ _.,.._.___ . _i A L A B A M A ••

Figure 1.1 The location of the Kingston Plant (Clinch River Mile 2.7)
within the Tennessee River basin.

'I. 

I 
i 
; 
I 

A L A B A 

, 

/( 
.,/ \W. VA. 

E N T U C K Y ,/ " '" 
~ ( 

.//.,.,. V A. 

c'./ 
/_ .. .i 

-"-,.-.-.. -.. -.. ---,.--.. -.. /::.=-:~~~~- .. -.. ---.,---.. ---

.~-_I:- ._"-"-.- 7' 

/" 
(. 

R 0 L N A 

HI 
I 

! 
I 

1"-.. _-- - .. - - _ ... 
. r"'·"" , ! 

... ---..... SOu T H 

CAROLINA 
i 
\ -.... T~ TI~1 AIID 

M A 

\ 

i 

\ 

\ 

G E o R G A 

--_. ------'-._----- ------,--------

" 

-'\ ~ RMII 8ASlNI 
\. " "". 

\ .~-
'\ ~ --

'\ ----
\. 

'. 
"

\ 

~ , , 'i 

Figure 1.1 The location of the Kingston Plant (Clinch River Mile 2.7) 
within the Tennessee River basin. 



7r
a'.~ 1J*

CL C, 4"1 .

........
S., rgi

S.b-.1 S-4 0.ý

1A
W.

z

LEGE NO 2
TRANSECT S

+ RIVER MILE
D-- IRECTION OF FLOW

I-f

Figure 1.2. Kingston Steam-Electric Plant on Watts Bar Reservoir, and location of transect sampling stations.

4

___ DIREC lION OF FLO"'-

=====-==:::1180""",,-====1.'.1 

Figure 1.2. Kingston Steam-Electric Plant on Watts Bar Reservoir, and location of transect sampling stations. 

,." 



5

Tennessee River upstream of this confluence is more riverine than the main

body of Watts Bar Reservoir.

1.4 Physical and Operational Characteristics of Kingston Steam Electric Plant

The nine-unit fossil fuel steam-electric plant is located on a

peninsula formed by the Emory and Clinch Rivers at Clinch River Mile 2.7, 3.2

km northeast of Kingston (Roane County), Tennessee (Figure 1.2). Total

installed generating capacity of 1,700 megawatts (MW) was attained in 1955

with completion of units 5 through 9.

A 6 m-high submerged rock dam (Figure 1.2) located 0.8 km downstream

from the Clinch and Emory Rivers confluence deflects cooler Clinch River water

into the Emory beyond the plant intake (ERM 1.9). The intake channel (Figure

1.2) extends 1,372 m from the intake pumping station to the Emory River where

a 12.4 m deep skimmer wall is located (Figure 1.2). Cooler water from bottom

strata enters the intake channel through five openings 4.6 m high by 14.5 m

wide.

The intake pumping station houses 18 condenser circulating water

pumps, each installed in a separate suction pit with a submerged opening

covered by a trashrack. Trashracks consist of vertical steel bars 1.6 cm

thick with 9.2 cm spacing between bars. Each pit also contains a vertical

traveling screen consisting of an endless belt arrangement of screen panels,

each panel measuring 3.0 m x 0.6 m. Screening material is 12-gauge woven

steel wire, and square openings are 0.9 cm.

Measured velocities in front of the trashrack for units 5 through 9

averaged 16.7 cm/s (0.5 fps). Mean velocity through the six openings of units

1-3, which have smaller pumps, was 8.9 cm/s (0.3 fps). Velocities under the

skimmer wall ranged from 12.2 cm/s (0.4 fps) to 21.3 cm/s (0.7 fps), with
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highest velocities throughout the bottom half of the openings. A cross

sectional velocity profile of the channel (120 m from the intake structure)

showed a range from 10.6 cm/s (0.3 fps) to 27.4 cm/s (0.9 fps).

Average daily intake temperatures for the years 1968 through 1971

are plotted in a water temperature survey report for the Kingston Plant (TVA

1974). Highest summertime intake temperatures rarely exceeded 24 C and

exceeded 27 C only for a few days in June 1968. At maximum operation, 61 m3 /s

of cooling water is heated approximately 8 C above ambient before being dis-

charged into a 182.9 m long channel. An 8 C rise above abmient would have

resulted in discharge temperatures rarely exceeding 32 C (89.6 F). The

channel widens to a 3.2 ha discharge basin before joining the Clinch River arm

of Watts Bar Reservoir at CRM 2.5 (Figure 1.2).

f
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CHAPTER 2

PROCEDURES

2.1 Thermal Effects Evaluation

Data used to assess thermal effects of Kingston Steam-Electric Plant

on fish populations in Watts Bar Reservoir were obtained by gill netting,

electrofishing, shoreline seining, and cove rotenone. Three sampling areas

(referred to as stations throughout the report) included an upstream thermally

uninfluenced area, a maximum thermal effect area in the discharge channel and

basin, and a downstream area for mixed thermal effect.

2.1.1 Gill Netting

Standard sinking nylon gill nets measuring 30.5 m x 2.4 m with 38

millimeter (mm) bar mesh were set perpendicular to the shoreline. Three

stations were sampled four sconsecutive nights biweekly between April through

October 1974 (excluding July) and monthly between December 1974 through

September 1975 (Figure 2.1). At both upstream and downstream stations one net

was set at each of six specific locations for the first night, moved the next

day to sample six different locations, then alternated between these two sites

for the remainder of the week. Five gill nets were fished in a similar manner

in the discharge station, resulting in 10 locations sampled twice during a

four-night period (Figure 2.1).

2.1.2 Electrofishing

Electrofishing samples were collected biweekly from April 1974

through September 1975 (excluding the period June, July, and August 1974) on
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two days each period using a boat mounted 230 volt AC generator and a

rectifier which converted the current to pulsed (180 to 360HZ) DC.

Samples were collected from areas upstream of the plant, within the

discharge, and downstream from the discharge (Figure 2.2). The sequence in

which stations were sampled was changed with each visit. Ten substations,

five on each bank, were sampled at upstream and downstream stations by shock-

ing a designated section of shoreline for a three-minute period. Four sub-

stations were sampled in the discharge channel (two on each bank) and six in

the discharge embayment.

The starting point for each substation was identified by landmarks

or shoreline markers. During each three-minute sample period, the boat was

operated at a constant speed, parallel to the shoreline while continuous

electrical current was applied. Since river flow did not significantly affect

boat speed except in the discharge, all substations on the left bank were

sampled while moving upstream; those on the right bank while moving down-

stream. Since water velocity in the discharge basin was usually greater than

in the reservoir, boat operation was continued until the distance traversed

approximated other stations.

Stunned fish were captured with long-handled dip nets, identified to

species, and enumerated. Water temperatures from a depth of I m were

recorded.

2.1.3 Seining

Collections at upstream, discharge, and downstream stations were

taken using a seine measuring 6.1 m x 1.8 m with 6.4 mm bar mesh. Three

shoreline seine hauls of approximately equal length were taken at each station

once during September and October 1974 and September 1975. Minnows, darters,
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and small centrarchids were returned to the laboratory for identification.
J

All other specimens were identified in the field and released. Seining data

were used only to record species occurrence and to supplement results from

other gear types with respect to possible differences between stations.

2.1.4 Cove Rotenone

Since 1949, 69 cove rotenone samples have been taken at 27 sites in

Watts Bar Reservoir (Appendix, Table 1). Samples were irregularly taken from

1949 through 1964 and then annually from 1973 through 1980 (except no samples

were collected in 1974).

Prior to 1960, rotenone sampling techniques in Watts Bar Reservoir

varied from year to year. Samples taken during and after 1960 (n = 61)

followed methods accepted for cove rotenone surveys in the Southeast (Hall

1975). Coves were surveyed, blocked with nets, and poisoned with five percent

emulsifiable rotenone applied at a concentration of 1 mg/£. Fish were

collected for two days, grouped by species into 25 mm length groups, counted,

and weighed (first day only). Weights of fish collected on the second day

were estimated using number and weight extrapolations based on data collected

the first day.

This report utilizes only cove rotenone data collected since

sampling procedures were standardized in 1960. Two coves sampled in 1978 in

the extreme lower end of the reservoir were not included in the analyses.

2.1.5 Data Presentation and Analysis

Total number, percentage composition, and mean monthly catch per

unit effort (c/f) for each species collected by gill netting and electrofish-

ing were examined to describe temporal and spatial distributions. A unit of

J 
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effort for gill netting was defined as fishing one net for a 24-hour period.

A unit of effort for electrofishing was defined as a three-minute shocking run

(or equivalent distance in the case of discharge samples).

Influence of heated discharge on fish distributions was determined

by comparing patterns of monthly mean c/f for selected taxa at upstream,

discharge, and downstream stations. For example, increased mean monthly c/f

in the discharge basin unmatched by a similar increase at the upstream station

was considered attraction to the thermal effluent, especially if it occurred

during winter. Conversely, decreased monthly c/f for a species in the dis-

charge basin not matched by a similar decrease at the upstream station was

considered avoidance of the thermal effluent. Avoidance was considered likely

if it occurred during the warmest months and significant if: (1) c/f in the

upstream station showed a sharp increase, and/or (2) the species was absent

from the discharge basin during the same period, and/or (3) avoidance also

occurred at the downstream station.

A species which occurred at all three stations and constituted at

least one percent of the total number collected (all stations and sample

periods combined) in either electrofishing or gill net samples was classified

as "dominant." Spatial and temporal distributions of each dominant species

were contrasted in relation to the thermal discharge of the Kingston Plant.

Species collected in cove rotenone samples were grouped into harvest

categories and size classes for analysis (Appendix Table 2). Rotenone samples

were usually compared on the basis of standing stocks (both no./ha and kg/ha)

of dominant species for reservoir wide differences through time (temporal).

To be considered dominant in rotenone samples a species had to comprise one

percent or more of total number or total biomass in addition to being present

in at least 50 percent of all samples.
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Temporal changes in numbers and weight per hectare of fishes in

Watts Bar Reservoir were examined using analysis of variance. Since variances

were found to increase as standing stock increased, a logarithmic transforma-

tion (base 10) was used to stabilize variances. Due to the presence of

observations with values of zero, loglo (x + 1) was used to permit transforma-

tion of all data; however, tables show arithmetic means.

The assumption of independence for analysis of variance (Guenther

1964) is probably not strictly met in this analysis among years. However, for

most species, there was little evidence that cove rotenone was sufficiently

precise to describe dominant year classes through several years of sampling.

Therefore, for practical purposes, yearly standing stock estimates were

essentially independent. This analysis was designed to identify large differ-

ences in yearly cove rotenone estimates of standing stocks and does not neces-

sarily reflect actual trends in the fish populations of Watts Bar Reservoir.

2.2 Impingement Evaluation

Samples were collected weekly between August 7, 1974, and August 6,

1975, as follows: At the beginning of the sample period (11:30 a.m., each

Tuesday), all traveling screens were rotated and washed clean of fish and

debris. Twenty-four hours later, screens were washed again, and the impinged

fish were filtered in a catch basket installed in the screen wash water sluice-

way. For units 1-8, screens were sampled in pairs. For unit 9, the two

screens were usually washed separately since this set of screens yielded

approximately half the total number of impinged fish. Impinged fish were

separated by species into 25 mm length categories and enumerated. Total

weights (grams) for each length class were recorded.
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2.3 Entrainment Evaluation

Sampling methods used to evaluate entrainment at the Kingston Plant

in 1975 are described in TVA (1976). The entrainment portion of the present

report includes primarily a comparison of gear types, hydrodynamic factors

involved in entrainment, and discussion of potential factors affecting entrain-

ment estimates made in 1975.

j
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CHAPTER 3

THERMAL EFFECTS EVALUATION - RESULTS AND DISCUSSION

3.1 Species Occurrence Near Kingston Steam Electric Plant

Seventy-four taxa were collected by electrofishing, gill netting,

seining, and impingement during 1974 and 1975 and by cove rotenone during the

period 1960 through 1980 (Table 3.1).

3.2 Gill Netting Results

From April 1974 through September 1975, 26,351 fish (46 species)

were collected in gill nets set in the three sample areas (Table 3.2). Forty-

two species were collected upstream, 38 species in the discharge, and 41

species downstream.

Seven dominant species included skipjack herring, gizzard shad,

mooneye, channel catfish, white bass, sauger, and freshwater drum. Gizzard

shad were collected in greatest numbers (49 percent of total catch) followed

by skipjack herring (22 percent). Sauger and white bass each comprised 5

percent of total catch (Table 3.2).

Seasonal patterns of c/f for all species combined were usually

similar at upstream and downstream areas (Figure 3.1). Catch rate in

thermally affected areas was usually higher than the upstream area with great-

est difference in spring. In the discharge, c/f values were highest during

January through May and lowest during late summer.
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Table 3.1 Fish species collected in Watts Bar Reservoir by electrofishing,
gill netting, seining, and impingement sampling during 1974, 1975,
and by cove rotenone during the period 1960 through 1980. An "X"
denotes presence of the species in one or more samples.

Sampling Method

Common Name Scientific Name I R E S G

Ohio lamprey

Chestnut lamprey

Unidentified lamprey

Paddlefish

Spotted gar

Longnose gar

American eel

Skipjack herring

Gizzard shad

Threadfin shad

Hybrid shad

Goldeye

:Mooneye

Stoneroller

Carp

Silver chub

Golden shiner

Emerald shiner

Common shiner

Whitetail shiner

Silver shiner

Spotfin shiner

Mimic shiner
Steelcolor shiner

Unidentified minnow

Bluntnose minnow

Fathead minnow

Bullhead minnow

Ichthyomyzon bdellium

I. castaneus

I. sp.

Polyodon spathula

Lepisosteus oculatus

L. osseus

Anguilla rostrata

Alosa chrysochloris

Dorosoma cepedianum

D. petenense

D. so.

Hiodon alosoides

H. tergisus

Campostoma anomalum

Cyprinus carpio

Hybopsis storeriana

Notemigonus crysoleucas

Notropis atherinoides

N. cornutus

N. galacturus

N. photogenis

N. spilopterus

N. volucellus

N. whipplei

Pimephales §p.

P. notatus

P. promelas

P. vigilax

x

x

x
x

x

x

x
x

x

x

x
x
x
x

x x

x
x

x x
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x x
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Note: I = Impinge; R = Rotenone; E = Electrofish; S = Seine; G = Gill Net
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Table 3.1 (Continued)

Sampling Method

Common Name Scientific Name I R E S G

River carpsucker

Quillback
Highfin carpsucker

White sucker

Blue sucker

Northern hog sucker

Smallmouth buffalo

Bigmouth buffalo

Black buffalo

Spotted sucker

Silver redhorse

River redhorse

Black redhorse

Golden redhorse

Shorthead redhorse

Blue catfish

Black bullhead

Yellow bullhead

Brown bullhead

Channel catfish

Unidentified madtom

Flathead catfish

Mosquitofish

Brook silverside

White bass

Yellow bass

Striped bass

White X striped bass

Carpiodes carpio

C. cyprinus
C. velifer

Catostomus commersoni

Cycleptus elongatus

Hypentelium nigricans

Ictiobus bubalus

1. cyprinellus

I. .niger
Minytrema melanops

Moxostoma anisurum

M. carinatum

M. duquesnei

M. erythrurum

M. macrolepidotum

Ictalurus furcatus

I. melas

I. natalis

I. nebulosus

I. punctatus

Noturus sp_.

Pylodictis olivaris

Gambusia affinis
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Table 3.1 (Continued) 

Sampling Method 

Common Name Scientific Name I R E S G 

River carpsucker Carpiodes carpio X X X 

Qui 11 back £. cyprinus X X X 

Highfin carpsucker C. vel ifer X 
White sucker Catostomus commersoni X X X 
Blue sucker Cycleptus elongatus X 
Northern hog sucker Hypentelium nigricans X X X X X 

Smallmouth buffalo Ictiobus bubalus X X X 

Bigmouth buffalo .!.. cyprine11us X X 

Black buffalo .!.. niger X X X 
Spotted sucker Minytrema melanops X X X 

S i 1 ver redhorse Moxostoma anisurum X X 
River redhorse M. carinatum X X 
Black redhorse M. duquesnei X X X 
Golden redhorse M. erythrurum X X X X 

Shorthead redhorse M. macroleQidotum X X 

Blue catfish Ictalurus furcatus X X 
Black bullhead 1. melas X X 

Ye 11 ow bullhead 1. natalis X X X X 
Brown bullhead 1. nebulosus X 

Channel catfish 1. punctatus X X X X 

Unidentified madtom Noturus ~. X 
Flathead catfish Pylodictis olivaris X X X X 

Mosquitofish Gambusia affinis X X 
Brook silvers ide Labidesthes sicculus X X X 
White bass Morone chrysops X X X X 
Yellow bass M. mississippiensis X X X X 
Striped bass M. saxatil ;5 X X X X 

!" White X striped bass -'1. ~. X X 

~ 

Note: I = Impinge; R = Rotenone; E = Electrofish; S = Seine; G = Gill Net 
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Table 3.1 (Continued)

Sampling Method

Common Name Scientific Name I R E S G

Rock bass Ambloplites rupestris X X X X

Redbreast sunfish Lepomis auritus X X X

Green sunfish L. cyanellus x x
Warmouth L. gulosus X X X X

Bluegill L. macrochirus X X X X X

Longear sunfish L. megalotis X X X X

Redear sunfish L. microlophus X X X

Smallmouth bass Micropterus dolomieui X X X X X

Spotted bass M. punctulatus X X X X X

Largemouth bass M. salmoides X X X X X
White crappie Pomoxis annularis X X X X

Black crappie P. nigromaculatus X X X X

Greenside darter Etheostoma blennioides X X

Tenn. Snubnose darter E. simoterum x

Yellow perch Perca flavescens X

Logperch Percina caprodes X X X X

Sauger Stizostedion canadense X X X X

Walleye S. vitreum X X

Freshwater drum Aplodinotus grunniens X X X X X

Banded sculpin Cottus carolinae X X X

Note: I = Impinge; R = Rotenone; E = Electrofish; S = Seine; G = Gill Net
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Table 3.2. Total catch and percentage composition for species of fish
collected with gill nets at three sampling stations in Watts
Bar Reservoir near Kingston Steam-Electric Plant (April 1974
through September 1975).

Upstream Discharge Downstream Total
Percent Percent Percent Percent

Species No. Comp. No. Comp. No. Comp. No. Comp.

Unidentified lamprey 0 0.0 0 0.0 1 <0.1 1 <0.1

Paddlefish 14 0.2 22 0.2 13 0.1 49 0.2

Spotted gar 69 1.1 32 0.3 21 0.2 122 0.5

Longnose gar 18 0.3 57 0.9 28 0.3 103 0.4

Skipjack herring 1,138 18.1 3,230 29.1 1,480 16.5 5,848 22.2

Gizzard shad 2,675 42.6 5,448 49.1 4,750 52.9 12,873 48.9

Threadfin shad 38 0.6 70 0.6 10 0.1 118 0.5

Goldeye 1 <0.1 0 0.0 0 0.0 1 <0.1

Mooneye 664 10.6 53 0.5 332 3.7 1,049 4.0

Carp 67 1.1 11 0.1 62 0.7 140 0.5

River carpsucker 3 0.1 2 <0.1 6 0.1 11 <0.1

Quillback 19 0.3 30 0.3 19 0.2 68 0.3

Highfin carpsucker I <0.1 0 0.0 1 <0.0 2 <0.1

Northern hog sucker 13 0.2 6 O.1 5 0.1 24 0.1

Smallmouth buffalo 12 0.2 25 0.2 13 0.1 50 0.2

Bigmouth buffalo I <0.1 0 0.0 1 <0.1 2 <0.1

Black buffalo 0 0.0 1 <0.1 0 0.0 1 <0.1

White sucker 9 0.1 1 <0.1 0 0.0 10 <0.1

Blue sucker 0 0.0 0 0.0 1 <0.1 I <0.1

Spotted sucker 5 0.1 1 <0.1 2 <0.1 8 <0.1

Silver redhorse 39 0.6 5 0.1 4 <0.1 48 0.2

River redhorse 9 0.1 3 <0.1 5 <0.1 17 0.1

Black redhorse 33 0.5 3 <0.1 9 0.1 45 0.2

Golden redhorse 160 2.6 28 0.3 34 0.4 222 0.8

Shorthead redhorse 6 0.1 0 0.0 2 <0.1 8 <0.1

Unidentified redhorse 1 <0.1 2 <0.1 0 0.0 3 <0.1

Blue catfish 6 0.1 48 0.4 50 0.6 104 0.4

Yellow bullhead 0 0.0 2 <0.1 4 <0.1 6 <0.i

Channel catfish 199 3.2 426 3.8 461 5.1 1,086 4.1

~ 
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Table 3.2. Total catch and percentage composition for species of fish 
collected with gill nets at three sampling stations in Watts 
Bar Reservoir near Kingston Steam-Electric Plant (April 1974 
through September 1975). 

Uestream Discharge Downstream Total 
Percent Percent Percent Percent 

Species No. Compo No. Compo No. Compo No. Compo 

Unidentified lamprey 0 0.0 0 0.0 1 <0.1 1 <0.1 

Paddlefish 14 0.2 22 0.2 13 0.1 49 0.2 
Spotted gar 69 1.1 32 0.3 21 0.2 122 0.5 
Longnose gar 18 0.3 57 0.9 28 0.3 103 0.4 
Skipjack herring 1,138 18.1 3,230 29.1 1,480 16.5 5,848 22.2 
Gizzard shad 2,675 42.6 5,448 49.1 4,750 52.9 12,873 48.9 
Threadfin shad 38 0.6 70 0.6 10 0.1 118 0.5 
Gold-eye 1 <0.1 0 0.0 0 0.0 1 <0.1 
~fooneye 664 10.6 53 0.5 332 3.7 1,049 4.0 
Carp 67 1.1 11 0.1 62 0.7 140 0.5 
River carpsucker 3 0.1 2 <0.1 6 0.1 11 <0.1 
QUillback 19 0.3 30 0.3 19 0.2 68 0.3 
Highfin carpsucker 1 <0.1 0 0.0 1 <0.0 2 <0.1 
Northern hog sucker 13 0.2 6 0.1 5 0.1 24 0.1 
Smallmouth buffalo 12 0.2 25 0.2 13 0.1 50 0.2 
Bigmouth buffalo 1 <0.1 0 0.0 1 <0.1 2 <0.1 
Black buffalo 0 0.0 1 <0.1 0 0.0 1 <0.1 
White sucker 9 0.1 1 <0.1 0 0.0 10 <0.1 
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Table 3.2. Continued.

Upstream Discharge Downstream Total
Percent Percent Percent Percent

Species No. Comp. No. Comp. No. Comp. No. Comp.

Flathead catfish 9 0.1 20 0.2 36 0.4 65 <0.3

White bass 216 3.4 790 7.1 344 3.8 1,350 5.1

Yellow bass 3 0.1 1 <0.1 2 <0.1 6 <0.1

Striped bass 9 0.1 48 0.4 11 0.1 68 0.3

White x striped bass 1 <0.1 0 0.0 1 <0.1 2 <0.1

Rock bass 2 <0.1 0 0.0 4 <0.1 6 <0.1

Redbreast sunfish 1 <0.1 7 0.1 4 <0.1 12 0.1

Warmouth 0 0.0 1 <0.1 0 0.0 1 <0.1

Bluegill 97 1.5 76 0.7 75 0.8 248 0.9

Longear sunfish 1 <0.1 1 <0.1 0 0.0 2 <0.1

Redear sunfish 1 <0.1 0 0.0 2 <0.1 3 <0.1

Smallmouth bass 0 0.0 1 <0.1 0 0.0 1 <0.1

Spotted bass 3 0.1 4 <0.1 2 <0.1 9 <0.1

Largemouth bass 10 0.2 15 0.1 12 0.1 37 0.1

Unidentified bass 0 0.0 0 0.0 1 <0.1 1 <0.1

White crappie 33 0.5 85 0.8 71 0.8 189 0.7

Black crappie 8 0.1 9 0.1 13 0.1 30 0.1

Unidentified crappie 0 0.0 2 <0.1 0 0.0 2 <0.1

Sauger 429 6.8 411 3.7 603 6.7 1,443 5.5

Walleye 1 <0.1 3 <0.1 4 <0.1 8 <0.1

Freshwater drum 262 4.2 107 1.0 479 5.3 848 3.2

Total 6,286 11,087 8,978 26,351
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Figure 3.1 Mean monthly catch per gill net night for all species of fish collected
at three stations in Watts Bar Reservoir near Kingston Steam-Electric Plant.
(April 1974 through September 1975).
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3.3 Electrofishing Results

From April 1974 through September 1975, 18,811 fish (46 species)

were collected by electrofishing (Table 3.3). Thirty-eight species were

collected in each of the upstream and discharge stations, and 35 species were

collected in the downstream station.

Monthly average c/f for all species combined showed similar seasonal

patterns upstream and downstream with greatest fluctuations in the discharge

(Figure 3.2).

Seven dominant species included gizzard shad, threadfin shad, carp,

emerald shiner, bullhead minnow, bluegill, and largemouth bass. Shad (gizzard

and threadfin) were most abundant (67 percent of total number of fish

collected) followed by emerald shiner (11 percent), bluegill (4 percent), and

largemouth bass (4 percent).

3.4 Seining Results

Seining yielded 1,864 fish (19 species) at the three stations (Table

3.4). Thirteen species were collected in the upstream station, 14 species in

the discharge basin, and 15 species in the downstream station.

Two closely related species, bullhead minnow and bluntnose minnow,

were each collected by different gear (seining and electrofishing, respective-

ly) in similar abundance. Since it is unlikely that those species were

sampled exclusively by different gear a taxonomic error is probable. Habitat

in the study area is most like that described for the bullhead minnow

(Pflieger 1975). These two species were treated as a single taxon (Pimephales

sp.).

I
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Table 3.3. Total catch and percentage composition for species of fish
collected by electrofishing in Watts Bar Reservoir near
Kingston Steam Electric Plant (April 1974 through
September 1975).

Upstream Discharge Downstream Total
Percent Percent Percent Percent

Species No. Comp. No. Comp. No. Comp. No. Comp.

Ohio lamprey

Spotted gar

Longnose gar

American eel

Skipjack herring

Gizzard shad

Threadfin shad

Mooneye

Carp

Silver chub

Golden shiner

Emerald shiner

Spotfin shiner

Mimic shiner

Steelcolor shiner

Pimephales sp.

River carpsucker

Quillback

Northern hog sucker

Smallmouth buffalo

Black buffalo

Black redhorse

Golden redhorse

Yellow bullhead

Channel catfish

Flathead catfish

Brook silverside

White bass

Yellow bass

0
1

1

0

6

1,390

2,307

3

128

2

3

555

74

0

8

519

1

2

3

10

0

1

101

0

1

1

21

11

0

0.0

<0.1

<0.1

0.0

0.1

23.6

39.2

0.1

2.2

<0. I

0.1

9.4

1.3

0.0

0.1

8.8

<0. 1

<0. 1

0.1

0.2

0.0

<0. 1

1.7

0.0

<0.1

<0.I

0.4

0.2

0.0

1

0

4

1

34

2,237

3,713

9

106

0

0

887

33

1

3

60

1

1

4

10

1

0

10

1

5

9

22

84

0

<0.1

0.0

0.1

<0. ]

0.4

27.7

46.0

0.1

1.3

0.0

0.0

11.0

0.4

<0. I

<0. 1

0.7

<0.1

<0.1

0.1

0.1

<0. 1

0.0
.0.1

<0. 1

0.1

0.1

0.3

1.0

0.0

0

1

2

0

25

1,471

1,570

9

236

0

0

600

32

0

4

105

2

1

3

13

1

0

9

0

3

6

23

7

3

0.0

<0. I

<0. 1

0.0

0.5

30.3

32.9

0.2

4.9

0.0

0.0

12.3

0.7

0.0

0.1

2.2

<0.1

<0.1

0.1

0.3

<0. 1

0.0

0.2

0.0

0.1

0.1

0.5

0.1

0.1

1

2

7

1

65

5,098

7,590

21

470

2

3

2,042

139

1

15

684

4

4

10

33

2

1

120

I

9

16

66

102

3

<0.1
<0.1

<0. I
<0.1

0.4

27.1

40.3

0.1

2.5

<0. I

<0. 1

10.9

0.7

<0.1

0.1

3.6

<0.1

<0. I

0.1

0.2

<0. I

<0.1

0.6

<0.1

0.1

0.1

0.4

0.5

<0. 1

23 

Table 3.3. Total catch and percentage composition for species of fish 
collected by electrofishing in Watts Bar Reservoir near 
Kingston Steam Electric Plant (April 1974 through 
September 1975). 

U~stream Discharge Downstream Total 
Percent Percent Percent Percent 

Species No. Compo No. Compo No. Compo No. Compo 

Ohio lamprey 0 0.0 1 <0.1 0 0.0 1 <0.1 

Spotted gar 1 <0.1 0 0.0 1 <0.1 2 <0.1 

Longnose gar 1 <0.1 4 0.1 2 <0.1 7 <0.1 
American eel 0 0.0 1 <0.1 0 0.0 1 <0.1 

Skipjack herring 6 0.1 34 0.4 25 0.5 65 0.4 
Gizzard shad 1,390 23.6 2,237 27.7 1,471 30.3 5,098 27.1 
Threadfin shad 2,307 39.2 3,713 46.0 1,570 32.9 7,590 40.3 
Mooneye ~ 0.1 9 0.1 9 0.2 21 0.1 
Carp 128 2.2 106 1.3 236 4.9 470 2.5 
Silver chub 2 <0.1 0 0.0 0 0.0 2 <0.1 
Golden shiner 3 0.1 0 0.0 0 0.0 3 <0.1 
Emerald shiner 555 9.4 887 11.0 600 12.3 2,042 10.9 
Spotfin shiner 74 1.3 33 0.4 32 0.7 139 0.7 
Mimic shiner 0 0.0 1 <0.1 0 0.0 1 <0.1 
Steelcolor shiner 8 0.1 3 <0.1 4 0.1 15 0.1 
Pime~hales sp. 519 8.8 60 0.7 lOS 2.2 684 3.6 
River carpsucker 1 <0.1 1 <0.1 2 <0.1 4 <0.1 
Quillback 2 <0.1 1 <0.1 1 <0.1 4 <0.1 
Northern hog sucker 3 0.1 4 0.1 3 0.1 10 0.1 
Smallmouth buffalo 10 0.2 10 0.1 13 0.3 33 0.2 
Black buffalo 0 0.0 1 <0.1 1 <0.1 2 <0.1 
Black redhorse 1 <0.1 0 0.0 0 0.0 1 <0.1 
Golden redhorse 101 1.7 10 .0.1 9 0.2 120 0.6 
Yellow bullhead 0 0.0 1 <0.1 0 0.0 1 <0.1 
Channel catfish 1 <0.1 5 0.1 3 0.1 9 0.1 
Flathead catfish 1 <0.1 9 0.1 6 0.1 16 0.1 
Brook silvers ide 21 0.4 22 0.3 23 0.5 66 0.4 
White bass 11 0.2 84 1.0 7 0.1 102 0.5 
Yellow bass 0 0.0 0 0.0 3 0.1 3 <0.1 

...... 
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Upstream Discharge Downstream Total
Percent Percent Percent Percent

Species No. Comp. No. Comp. No. Comp. No. Comp.

Striped bass 0 0.0 1 <0.1 1 <0.1 2 <0.1

Rock bass 1 (0.1 0 0.0 0 0.0 1 <0.1

Redbreast sunfish 28 0.5 65 0.8 71 1.5 164 0.9

Green sunfish 0 0.0 1 <0.1 0 0.0 1 <0.1

Warmouth 1 <0.1 1 <0.1 1 <0.1 3 <0.1

Bluegill 372 6.3 169 2.1 267 5.5 808 4.3

Longear sunfish j 21 0.4 140 1.7 35 0.7 196 1.0

Redear sunfish 7 0.1 1 <0.1 3 0.1 11 0.1

Smallmouth bass 19 0.3 29 0.4 20 0.4 68 0.4

Spotted bass 13 0.2 52 0.6 56 1.2 121 0.6

Largemouth bass 175 3.0 317 3.9 220 4.5 712 3.8

White crappie 13 0.2 14 0.2 35 0.7 62 0.3

Black crappie 1 <0.1 0 0.0 0 0.0 1 <0.1

Logperch 42 0.7 13 0.2 6 0.2 61 0.3

Sauger 15 0.3 9 0.1 5 0.1 29 0.2

Freshwater drum 24 0.4 15 0.2 15 0.3 54 0.3

Banded sculpin 4 0.1 0 0.0 0 0.0 4 <0.1

Total 5,885 8,064 4,861 18,811
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U2stream 
Percent 

No. Compo 

0 0.0 

1 <0.1 

28 0.5 

0 0.0 

1 <0.1 

372 6.3 

21 0.4 

7 0.1 

19 0.3 

13 0.2 

175 3.0 

13 . 0.2 

1 <0.1 

42 0.7 

15 0.3 

24 0.4 

4 0.1 

5,885 

Discharge Downstream Total 
Percent Percent Percent .. 

No. Compo No. Compo No. Compo 
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Figure 3.2 Mean monthly catch per three-minute electrofishing sample for all species

of fish collected at three stations in Watts Bar Reservoir near Kingston

Steam-Electric Plant (April 1974 through September 1975).
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Figure 3.2 Mean monthly catch per three-minute electrofishing sample for all species 
of fish collected at three stations 1n Watts Bar Reservoir near Kingston 
Steam-Electric Plant (April 1974 through S~ptember 1975). 
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Table 3.4. Numbers and percentage composition of fish species
collected by seining at three stations in Watts Bar
Reservoir near Kingston Steam Electric Plant (April 1974
through September 1975).

Upstream Discharge Downstream Total
Percent Percent Percent Percent

Species No. Comp. No. Comp. No. Comp. No. Comp.

Threadfin shad 5 1.2 2 0.4 0 0.0 7 0.4

Stoneroller 0 0.0 0 0.0 1 0.1 1 0.1

Emerald shiner 36 8.4 237 47.6 177 18.9 450 24.1

Spotfin shiner 38 8.9 81 16.3 190 20.2 309 16.6

Steelcolor shiner 0 0.0 2 0.4 16 1.7 18 1.0

Pimephales sp. 139 32.6 62 12.5 437 46.5 638 34.2

Northern hog sucker 0 0.0 0 0.0 5 0.5 5 0.3

Mosquitofish 1 0.2 3 0.6 0 0.0 4 0.2

Brook silverside 41 9.6 18 3.6 74 7.9 133 7.1

Redbreast sunfish 0 0.0 25 5.0 3 0.3 28 1.5

Bluegill 136 31.9 51 10.2 11 1.2 198 10.6

Longear sunfish 0 0.0 10 2.0 1 0.1 11 0.6

Hybrid sunfish 0 0.0 1 0.2 0 0.0 1 0.1

Smallmouth bass 1 0.2 1 0.2 2 0.2 4 0.2

Spotted bass 2 0.5 0 0.0 1 0.1 3 0.2

Largemouth bass 8 1.9 4 0.8 1 0.1 13 0.7

Greenside darter 1 0.2 0 0.0 0 0.0 1 0.1

Tenn. Snubnose darter 4 0.9 1 0.2 0 0.0 5 0.3

Logperch 15 3.5 0 0.0 19 2.0 34 1.8

Freshwater drum 0 0.0 0 0.0 1 0.1 1 0.1

Total 427 498 939 1,864
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3.5 Seasonal Distributions

Seasonal patterns of number of species collected by gill netting and

electrofishing showed fewer species usually collected during winter by both

gill netting and electrofishing, with increases in spring and summer 1975

(Figures 3.3 and 3.4). Increases in spring could be attributed to migratory

spawners (e.g., sauger and white bass) passing the plant. Increases during

summer were probably due to seasonal distribution and behavioral patterns with

certain species preferring the deeper water and/ or showing less activity in

winter. Samples collected during this investigation were restricted to shore-

line areas throughout the year.

Comparison of water temperature data (Figure 3.3) and number of

species collected by gill netting at the discharge station did not indicate a

significant thermal effect; i.e., number of species decreased but was still

relatively high during periods of maximum discharge temperature (August 1975).

Number of species collected in the discharge by electrofishing was greatest

during months of highest temperature, May through September (Figure 3.4).

3.6 Cove Rotenone Results

Sixty-six taxa were collected in 59 cove samples in Watts Bar Reser-

voir, 1960 through 1980 (Table 3.1). Gizzard and threadfin shad comprised the

dominant group in terms of both numbers (54.8 percent) and weight (35.5 per-

cent for all years combined (Table 3.5). Carp, smallmouth buffalo, and fresh-

water drum comprised 44 percent by weight. Dominant game species were blue-

gill (18 percent by number and 6 percent weight) and largemouth bass (2 per-

cent by number and weight).
~ 
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Table 3.5. List of fish species, frequency of occurrence and percent compo-
sition by number and weight from 59 rotenone samples in Watts Bar
Reservoir, 1960 through 1980.

Sample Percent by Percent by
Common Name Occurrence Number Weight

Game Fish Species

White bass 51

Yellow bass 18

Striped bass 2

Hybrid white x striped bass 1

Rock bass 2

Unidentified sunfish* 10

Warmouth 55

Redbreast sunfish 42

Green sunfish 1

Bluegill 59

Longear sunfish 23

Redear sunfish 21

Hybrid sunfish 1

Unidentified bass 1

Smallmouth bass 44

Spotted bass 28

Largemouth bass 59

Unidentified crappie* 2

White crappie 48

Black crappie 22

Yellow perch 9

Sauger 49

Walleye 1

0.3

0.2

<0.1

<0.1

<0.1

0.2

0.7

0.7

<0. 1

19.0

0.2

<0.1

<0. 1

<0.1

0.3

0.2

1.6

<0. 1

0.5

<0. 1

<0. 1

0.1

<0. 1

0.4
0.1

<0. I

<0. 1

<0.I

<0. I

0.3

0.6

<0.1

6.3

0.1

<0. 1

<0. 1

<0.1

0.4

0. 1

2.4

<0. 1

0.4

0.1

<0. 1

0.5

<0. 1

Commercial Fish Species

Chestnut lamprey

Spotted gar

Longnose gar

Unidentified gar*

2

9

22

3

<0. 1

<0. 1

<0. 1

<0. I

<0.1

0.1

<0.1
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Table 3.5. List of fish species, frequency of occurrence and percent compo
sition by number and weight from 59 rotenone samples in Watts Bar 
Reservoir, 1960 through 1980. 
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10 

55 

42 

1 

59 

23 
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1 

1 

44 

28 

59 

2 

48 

22 

9 

49 

1 

Percent by 
Number 

0.3 

0.2 

<0.1 

<0.1 

<0.1 

0.2 

0.7 

0.7 

<0.1 

19.0 

0.2 

<0.1 

<0.1 

<0.1 

0.3 

0.2 

1.6 

<0.1 

0.5 

<0.1 

<0.1 

0.1 

<0.1 

Commercial Fish Species 

Chestnut lamprey 

Spotted gar 

Longnose gar 

Unidentified gar* 

2 

9 

22 

3 

<0.1 

<0.1 

<0.1 

<0.1 

Percent by 
Weight 

0.4 

0.1 

<0.1 

<0.1 

<0.1 

<0.1 

0.3 

0.6 

<0.1 

6.3 

0.1 

<0.1 

<0.1 

<0.1 

0.4 

0.1 

2.4 

<0.1 

0.4 

0.1 

<0.1 

0.5 

<0.1 

<0.1 

0.1 

0.1 

<0.1 
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Table 3.5. Continued.

Sample Percent by Percent by
Common Name Occurrence Number Weight

Commercial Fish Species (Continued)

Skipjack herring 44 0.1 0.3

Mooneye 10 <0.1 <0.1

Carp 57 04 19.1

Unidentified carpsuckers* 1 <0.1 <0.1

River carpsucker 12 <0.1 0.5

Quillback 2 <0.1 <0.1

White sucker 3 <0.1 <0.4

Northern hog sucker 17 <0.1 0.1

Smallmouth buffalo 44 0.3 15.2

Bigmouth buffalo 4 <0.1 1.0

Black buffalo 5 <0.1 0.3

Spotted sucker 19 0.1 0.8

Unidentified redhorse* 3 <0.1 <0.1

Silver redhorse 1 <0.1 <0.1

Shorthead redhorse 8 <0.1 <0.1

River redhorse 2 <0.1 <0.1

Black redhorse 16 <0.1 0.4

Golden redhorse 44 0.1 1.6

Unidentified catfish* 1 <0.1 <0.1

Blue catfish 1 <0.1 <0.1

Black bullhead 1 <0.1 <0.1

Yellow bullhead 8 <0.1 <0.1

Brown bullhead 1 <0.1 <0.I

Channel catfish 53 0.4 2.0

Flathead catfish 35 <0.1 0.4

Freshwater drum 59 3.6 10.0

Prey Fish Species

Gizzard shad 59 15.8 32.2

Threadfin shad 54 39.0 3.2

Unidentified shad * 4 1.2 0.1
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Table 3.5. Continued.

Sample Percent by Percent by

Common Name Occurrence Number Weight

Prey Fish Species (Continued)

Hybrid shad

Stoneroller

Silver chub

Golden shiner

Unidentified shiner*

Emerald shiner

Common shiner

Whitetail shiner

Silver shiner

Spotfin shiner

Steelcolor shiner

Unidentified minnow

Bluntnose minnow

Fathead minnow

Bullhead minnow

Unidentified madtom*

Mosquitofish

Greenside darter

Logperch

Banded sculpin

Brook silverside

tMixed & Unidentified

4

6

4

5

4

32

1

9

5

21

21

5

32

28

22

1

2

1

52

1

41

<0.1
<0.1

<0. 1

<0.1

<0.1

0.3

<0.1

<0. 1

<0.1

0.3

0.2

0.1

1.8

0.1

2.5

<0.I

<0.I

<0.1

0.4

<0.1

0.1

8.7

<0.1

<0.I
<0.1

<0. I

<0. I

<0. 1

<0.1

<0. 1

<0. I

<0. I

<0.1

<0.1

<0.1

<0.1

0.1

<0.1

<0. 1

<0. 1

0.1

<0.1

<0.1

0.3small fish

* Denotes cases in which fish were not identified to lowest taxonomic level.

t In the early 1960's most prey species were not separated by species but

were grouped in a single category called mixed and unidentified small fish.
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Occurrence 

Percent by 
Number 

Prey Fish Species (Continued) 
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5 

4 

32 

1 

9 

5 

21 

21 

5 

32 

28 

22 

1 

2 

1 

52 

1 

41 

<0.1 . 

<0.1 

<0.1 

<0.1 

<0.1 

0.3 

<0.1 

<0.1 

<0.1 

0.3 

0.2 

0.1 

1.8 

0.1 

2.5 

<0.1 

<0.1 

<0.1 

0.4 

<0.1 

0.1 

8.7 

Percent by 
Weight 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

0.1 

<0.1 

<0.1 

<0.1 

0.1 

<0.1 

<0.1 

0.3 

* Denotes cases in which fish were not identified to lowest taxonomic level. 

t In the early 1960's most prey species were not separated by species but 
were grouped in a single category called mixed and unidentified small fish. 

• 



33

These data document the appearance of a new fish species in Watts

Bar Reservoir. Yellow perch, a percid native to more northern waters, was

first collected in the reservoir in 1976 and probably entered the Tennessee

River system via stockings in north Georgia storage impoundments.

Total fish numbers fluctuated considerably but biomass remained

relatively stable throughout the sample period (Table 3.6). There was no

significant difference (P < 0.05) in total numbers of fish/ha from 1960 to

1980 probably due to high within-year variation. Largest number of fish per

ha (24,346) was observed in 1960. Lowest numbers occurred in 1975 and 1979.

Analysis of variance showed a highly significant difference (P ! 0.01) in

total biomass estimates from 1960 to 1980 with highest values observed in

1973, 1975, and 1980.

3.7 Spatial-Temporal Distribution of Dominant Fish Species

Skipjack Herring

Skipjack herring was dominant only in gill net samples. Monthly

average c/f values were usually highest at the discharge and lowest in the

upstream control station (Figure 3.5). During winter, c/f in the discharge

was considerably higher than the other two stations, indicating attraction to

this area. Avoidance of the discharge was not evident during summer.

Gizzard Shad

Gizzard shad was dominant in electrofishing, gill net, and rotenone

samples. Although gill netting results indicated that gizzard shad were

attracted to the discharge during February and April 1975 (Figure 3.6),

attraction was not reflected in electrofishing results (Figure 3.7), suggest-

ing that during the cooler months gizzard shad were more susceptible to

! 
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Bar Reservoir. Yellow perch, a percid native to more northern waters, was 

first collected in the reservoir in 1916 and probably entered the Tennessee 

River system via stockings in north Georgia storage impoundments. 

Total fish numbers fluctuated considerably but biomass remained 

relatively stable throughout the sample period (Table 3.6). There was no 

significant difference (P < 0.05) in total numbers of fish/ha from 1960 to 

1980 probably due to high within-year variation. Largest number of fish per 

ha (24,346) was observed in 1960. Lowest numbers occurred in 1915 and 1979. 

Analysis of variance showed a highly significant difference (P ~ 0.01) in 

total biomass estimates from 1960 to 1980 with highest values observed in 

1913, 1915, and 1980. 

3.1 Spatial-Temporal Distribution of Dominant Fish Species 

Skipjack Herring 

Skipjack herring was dominant only in gill net samples. Monthly 

average clf values were usually highest at the discharge and lowest in the 

upstream control station (Figure 3.5). During winter, clf in the discharge 

was considerably higher than the other two stations, indicating attraction to 

this area. Avoidance of the discharge was not evident during summer. 

Gizzard Shad 

Gizzard shad was dominant in electrofishing, gill net, and rotenone 

samples. Although gill netting results indicated that gizzard shad were 

attracted to the discharge during February and April 1915 (Figure 3.6), 

attraction was not reflected in electro fishing results (Figure 3.1), suggest

ing that during the cooler months gizzard shad were more susceptible to 



Table 3.6. Number of samples and mean annual standing stock (no/ha and kg/ha) for young, intermediate, and
adult fish collected from cove rotenone samples in Watts Bar Reservoir 1960 through 1,980.

Number Young-of-year Intermediate Adult Total
Year of Samples Number Biomass Number Biomass Number Biomass Number Biomass

1960 3 23,626.78 32.01 304.12 16.27 414.73 161.23 24,345.62 209.51

1964 20 5,199.76 11.75 398.64 19.53 508.68 174.23 6,107.08 205.51

1973 10 13,236.87 29.72 854.46 30.18 1,237.82 286.64 15,329.16 346.54

1975 6 1,873.22 5.05 574.21 23.64 1,112.00 317.50 3,559.43 346.19

1976 8 3,222.65 10.15 809.62 23.29 843.27 224.89 4,875.54 258.33

1977 8 8,849.50 22.01 445.67 14.93 877.27 189.75 10,172.44 226.69

1979 2 1,999.34 14.22 469.18 16.38 910.28 176.89 3,378.80 207.49

1980 2 11,629.65 12.52 523.81 23.63 3,947.03 411.92 16,100.49 448.07

All Years 59 7,496.93 16.43 557.68 21.51 914.36 224.31 8,968.97 262.25

Percentage 83.60 6.30 6.20 8.20 10.20 85.50

P

Table 3.6. Number of samples and mean annual standing stock (no/ha and kg/ha) for young, intermediate, and 
adult fish collected from cove rotenone samples in Watts Bar Reservoir 1960 through ~980. 

Number Young-of-lear Intermediate Adult Total 
Year of Samples Number Biomass Number Biomass Number Biomass Number Biomass 

1960 3 23,626.78 32.01 304.12 16.27 414 ;73 161.23 24,345.62 209.51 

1964 20 5,199.76 11. 75 398.64 19.53 508.68 174.23 6,107.08 205.51 

1973 10 13,236.87 29.72 854.46 30.18 1,237.82 286.64 15,329.16 346.54 

1975 6 1,873.22 5.05 574.21 23.64 1,112.00 317.50 3,559.43 346.19 

1976 8 3,222.65 10.15 809.62 23.29 843.27 224.89 4,875.54 258.33 

1977 8 8,849.50 22.01 445.67 14.93 877 .27 189.75 10,172.44 226.69 

1979 2 1,999.34 14.22 469.18 16.38 910.28 176.89 3,378.80 207.49 w 
~ 

1980 2 11,629.65 12.52 523.81 23.63 3,941.03 411.92 16,100.49 448.07 

All Years 59 7,496.93 16.43 557.68 21.51 914.36 224.31 8,968.97 262.25 

Percentage 83.60 6.30 6.20 8.20 10.20 85.50 
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Figure 3.5 Mean monthly catch per gill net night for skipjack herring
(Alosa chrysochloris) at three stations in Watts Bar Reservoir
near Kingston Steam-Electric Plant (April 1974 through
September 1975).
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Figure 3.6 Mean monthly catch per gill net night for gizzard shad (Dorosoma
cepedianum) at three stations in Watts Bar Reservoir near Kingston
Steam-Electric Plant (April 1974 through September 1975).
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Figure 3.6 Mean monthly catch per gill net night for gizzard shad (Dorosoma 
cepedianum) at three stations in Watts Bar Reservoir near Kingston 
Steam-Electric Plant (April 1974 through September 1975). 
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Figure 3.7 Mean monthly catch per three minute electrofishing sample for
gizzard shad (Dorosoma cepedianum) at three stations in Watts
Bar Reservoir near Kingston Steam-Electric Plant (April 1974
through September 1975).
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Figure 3.7 Mean monthly catch per three minute electrofishing sample for 
gizzard shad (Dorosoma cepedianum) at three stations in Watts 
Bar Reservoir near Kingston Steam-Electric Plant (April 1974 
through September 1975). 



38

capture by gill nets in the discharge basin than in other stations. Gill net

and electrofishing results indicated high abundance of gizzard shad in the

discharge basin during May 1975, the first month of warmest monthly tempera-

ture (Figures 3.6, 3.7). During the next two months c/f decreased at all

stations.

Long-term trends in abundance and biomass were evaluated using cove

rotenone standing stock estimates. Gizzard shad standing stock estimates

fluctuated from year to year with indication of high values every 2 to 3 years

(Table 3.7). While estimates for adult gizzard shad were especially high in

1980, estimates for young-of-year were quite low. This suggests little rela-

tionship between spawning stock size and recruitment for the gizzard shad

population in Watts Bar Reservoir.

Threadfin Shad

Threadfin shad was dominant in electrofishing and rotenone samples.

Electrofishing c/f patterns were erratic with little similarity among stations

(Figure 3.8). There was no distinct period of high abundance, but common

periods of low c/f were October 1974 and May through June 1975. Peaks for

each station occurred from February to April.

Cove rotenone samples showed large annual fluctuations in mean

numbers and biomass of threadfin shad (Table 3.8). Standing stock estimates

have been low since 1973. There is no evidence to suggest thermal effluent

has adversely affected this species. Rather, it has been shown that during

one of the coldest years (winter of 1976-1977) the discharge was the only part

of the reservoir near the plant that contained threadfin shad (McLean et al.

1979). A discussion of the effect of cold winters on threadfin shad popula-

tion dynamics is presented in Chapter 4.
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Table 3.7. Mean annual standing stock estimates (no./ha and kg/ha) of
young and adult gizzard shad collected with rotenone in
Watts Bar Reservoir from 1960 to 1980.

Young-of-Year Adult Total
Year Number kg Number kg Number kg

1960 31.55 0.21 88.42 24.46 119.96 24.66

1964 67.56 0.21 250.10 50.27 317.66 50.48

1973 323.69 0.75 761.46 130.57 1,085.15 131.32

1975 13.93 0.03 504.96 85.40 518.89 85.42

1976 3.07 0.01 324.43 57.62 327.50 57.64

1977 5,676.01 14.27 609.92 102.18 6,285.93 116.45

1979 749.91 5.93 538.55 53.11 1,288.46 59.04

1980 18.67 0.06 3,646.76 283.38 3,665.42 283.44
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Figure 3.8 Mean monthly catch per three minute electrofishing sample for
threadfin shad (Dorosoma petenense) at three stations in Watts
Bar Reservoir near Kingston Steam-Electric Plant (April 1974
through September 1975).
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Bar Reservoir near Kingston Steam-Electric Plant (April 1974 
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Table 3.8. Mean annual standing stock estimates (no./ha and kg/ba) of
young and adult threadfin shad collected with rotenone in
Watts Bar Reservoir from 1960 to 1980.

Young-of-Year Adult Total
Year Number kg Number kg Number kg

1960 23,045.94 30.04 0.00 0.00 23,045.94 30.04

1964 2,539.85 6.82 2.71 0.10 2,542.56 6.92

1973 5,997.43 16.02 8.92 0.27 6,006.34 16.29

1975 205.52 0.48 101.97 2.82 307.49 3.29

1976 1,231.76 4.51 103.49 2.97 1,335.25 7.48

1977 241.52 1.42 0.52 0.02 242.04 1.43

1979 153.85 2.24 5.13 0.14 158.97 2.38

1980 5,830.20 5.19 0.00 0.00 5,830.20 5.19

41 

i 
Table 3.B. Mean annual standing stock estimates (no./ha and kg/ha) of I 

!. 

young and adult threadfin shad collected with rotenone in 
Watts Bar Reservoir from 1960 to 1980 • . 

• 

Young-of-Year Adult Total 
Year Number kg Number kJt Number kg 

1960 . 23,045.94 30.04 0.00 0.00 23,045.94 30.04 

1964 2,539.85 6.82 2.71 0.10 2,542.56 6.92 

1973 5~997.43 16.02 8.92 0.27 6,006.34 16.29 

1975 205.52 0.48 101. 97 2.82 307.49 3.29 

1976 1,231. 76 4.51 103.49 2.97 1,335.25 7.48 

1977 241.52 1.42 0.52 0.02 242.04 1.43 

1979 153 .. 85 2.24 5.13 0.14 158.97 2.38 

1980 ~,830.20 5.19 0.00 0.00 5.830.20 5.19 

, 



42

Mooneye

This species was dominant only in gill net samples. Except during

April 1974, mooneye were most common in samples from upstream and downstream

stations (Figure 3.9). Avoidance of the discharge, except in April 1974, was

indicated by a consistently lower c/f than other stations. This avoidance did

not seem related to temperature since mooneye were most frequently collected

in the discharge during summer months when the upper avoidance temperature of

27 C given by Coutant (1977) would most likely have been reached or exceeded

(Figures 3.3 and 3.4).

Carp

Carp was dominant in electrofishing and rotenone samples. Highest

c/f was usually obtained in the downstream station followed by the upstream

station. However, these differences were quite small (Figure 3.10). Rela-

tively high c/f values in the downstream station for April 1975 suggests

preferred spawning habitat for carp may have been more extensive in this

station than in either the discharge or upstream stations. At no time during

spring were upper avoidance temperatures for carp (31-35 C; Coutant 1977)

reached in the discharge basin (Figures 3.3 and 3.4).

Analysis of variance of rotenone samples revealed estimated biomass

(Table 3.9) was significantly different among years and highest in 1975 (P 9

0.05). Except for this unusual value in 1975, biomass estimates were quite

similar from year to year.

Emerald Shiner

Electrofishing was the only sample method in which emerald shiner

was dominant. Monthly average c/f values were similar at all stations and no
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Figure 3.9 Mean monthly catch per gill net night for mooneye (Hiodon tergisus)
at three stations in Watts Bar Reservoir near Kingston Steam-Electric
Plant (April 1974 through September 1975).
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Table 3.9. Mean annual standing stock estimates (no./ha and kg/ha) of young,
intermediate, and adult carp collected wilh rotenone In wnatts
Bar Reservoir from 1960 to 1980.

Young-of-Year Intermediate Adult Total
Year Number kg Number kg Number kg Number kg

1960 0.00 0.00 0.00 0.00 38.42 35.30 38.42 35.30

1964 7.00 0.60 0.86 0.24 19.04 20.01 26.90 20.85

1973 0.00 0.00 1.65 0.53 31.53 51.62 33.18 52.16

1975 0.00 0.00 0.00 0.00 88.20 134.17 88.20 134.17

1976 0.25 Trace 0.00 0.00 42.80 82.12 43.04 82.12

1977 0.00 0.00 0.00 0.00 16.99 33.12 16.99 33.12

1979 0.00 0.00 0.00 0.00 18.06 34.02 18.06 34.02

1980 0.00 0.00 0.00 0.00 23.71 55.67 23.71 55.67
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seasonal trends were evident (Figure 3.11). Avoidance of the discharge was

not evident for emerald shiners. This species was especially abundant at this

station in September 1975 in spite of discharge temperatures (Figure 3.4) in

excess of the reported summer final preferendum of 22-24 C for adults of this

species (Barans and Tubb 1973). Seining data supports this conclusion with

highest numbers collected from the discharge station (Table 3.4).

Pimephales sp.

Electrofishing and seining data revealed very little definitive

information concerning seasonal distribution of this species (Figure 3.12,

Tables 3.3, 3.4). Very low c/f with electrofishing gear probably reflected

low vulnerability of this species to this collection method (Figure 3.12).

Higher c/f in the discharge may be due to increased sampling efficiency in the

warmer discharge waters and may not reflect actual differences in abundance.

The seining data suggested that this species may have been slightly more

numerous in the downstream station (Tables 3.3, 3.4).

Channel Catfish

Channel catfish was dominant in gill net and rotenone samples.

Generally, gill net c/f values were (Figure 3.13) low throughout the sampling

period (approximately 1 to 2 fish/net night). Channel catfish seemed

particularly low in abundance in the control station. This may be because of

generally low temperatures (often < 20 C) in this area influenced by cold

tailwaters from Melton Hill Dam. Thermal preference data from literature

sources indicated that final preferendum of adult channel catfish ranged from

25.2-30.5 C (Coutant 1977). These temperatures are more nearly approximated

by those in the heated stations than in the control (Figures 3.3 and 3.4).
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Figure 3.11 Mean monthly catch per three minute electrofishing sample for
emerald shiner (Notropis atherinoides) at three stations in
Watts Bar Reservoir near Kingston Steam-Electric Plant (April 1974
through August 1975).
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emerald shiner (Notropis atherinoides) at three stations in 
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Figure 3.13 Mean monthly catch per gill net night for channel catfish
(Ictalurus punctatus) at three stations in Watts Bar Reservoir
near Kingston Steam-Electric Plant (April 1974 through September
1975).
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Figure 3.13 Mean monthly catch per gill net night for channel catfish 
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Mean biomass standing stock estimates of' channel catfish (Table

3.10), showed a general increasing trend. Largest biomass (11.2 kg/ha)

occurred in 1979; however, biomass did not show a significance among years (P

> 0.05).

White Bass

White bass was dominant only in gill net samples. Monthly average

c/f was usually higher in the discharge and downstream station than at the

upstream station (Figure 3.14). However, numbers of individuals collected per

unit effort were relatively low in all stations, and no pattern of attraction

to or avoidance of the discharge was evident.

Mean biomass standing stock estimates for white bass have generally

declined since 1973. Standing stocks were lowest in 1979 and 1980 with no
C.

white bass collected in 1980 (Table 3.11).

Bluegill

Bluegill was dominant in electrofishing and rotenone samples.

Upstream and downstream stations nearly always had higher c/f values than the

discharge station (Figure 3.15). It is unlikely that bluegill actively

avoided thermal conditions in the discharge since temperatures never

approached the upper avoidance temperature (35 C) given by Cherry et al

(1975). C/f values were very low (approximately 1 fish for every 10 samples)

in the discharge from September 1974 through April 1975. During the next four

warm months, c/f increased to nearly 1 fish per sample, suggesting greater

susceptibility to collection because of spawning behavior.

Significant differences existed among annual mean biomass estimates

for bluegill (P < 0.01). Highest estimates were for 1973, with generally

similar values from 1975-1980 (Table 3.12).
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Table 3.10. Mean annual standing stock (no/ha and kg/ha) of young, intermediate,
and adult channel catfish collected with rotenone in Watts Bar
Reservoir from 1960 to 1980.

Young-of-year Intermediate Adult Total
Year Number kg Number kg Number kg Number kg

1960 3.69 0.03 2.12 0.14 3.94 1.39 9.75 1.56

1964 3.84 0.05 14.52 0.64 8.34 2.86 26.70 3.56

1973 29.92 0.31 44.32 2.34 10.14 3.18 84.38 5.83

1975 0.00 0.00 4.58 0.25 6.86 2.66 11.44 2.90

1976 0.37 0.00 7.68 0.44 10.73 5.62 18.77 6.07

1977 8.14 0.06 17.18 1.08 16.78 7.27 42.09 8.41

1979 0.00 0.00 2.17 0.12 14.33 11.11 16.51 11.22

1980 5.81 0.06 32.56 1.63 22.40 6.33 60.77 8.01

I
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Figure 3.14 Mean monthly catch per gill net night for white bass (Morone 
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Table 3.11. Mean annual standing stock estimates (no./ha and kg/ha) of
young, intermediate, and adult white bass collected with
rotenone in Watts Bar Reservoir from 1960 to 1980.

I

Young-of-Year Intermediate Adult Total
Year Number kg Number kg Number kg Number kg

1960 8.11 0.07 1.45 0.15 0.00 0.00 9.56 0.22

1964 25.79 0.14 3.54 0.31 3.98 0.87 33.32 1.33

1973 33.36 0.29 6.53 0.63 7.05 1.13 46.94 2.05

1975 8.15 0.02 3.69 0.23 0.63 0.08 12.46 0.33

1976 7.47 0.14 9.02 0.54 1.80 0.22 18.29 0.90

1977 34.52 0.14 6.97 0.53 6.16 0.86 47.66 1.53

1979 0.00 0.00 0.89 0.08 0.00 0.00 0.89 0.08

1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Figure 3.15 Mean monthly catch per three minute electrofishing sample for 
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Table 3. 12. Mean annual standing stock estimates (no/ha and kg/ha) of young,
intermediate, and adult bluegill collected with rotenone in
Watts Bar Reservoir from 1960 to 1980.

Young-of-year Intermediate Adult Total
Year Number kg Number kg Number kg Number kg

1960 285.37 0.53 54.46 1.46 45.94 3.64 385.78 5.63

1964 1,607.84 1.22 119.88 2.90 49.34 4.29 1,777.06 8.41

1973 1,542.38 4.01 506.71 12.57 223.29 16.12 2,272.38 32.70

1975 730.43 1.23 222.30 4.32 184.28 12.66 1,137.01 18.22

1976 802.57 1.69 450.48 7.28 170.33 12.70 1,423.38 21.67

1977 1,329.43 2.63 194.79 3.13 92.76 5.98 1,616.98 11.74

1979 548.15 2.70 292.72 6.89 178.94 15.17 1,019.80 24.76

1980 3,605.39 3.40 217.20 6.28 126.74 9.81 3,949.33 19.49
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Largemouth Bass

Largemouth bass was dominant in electrofishing and cove rotenone

samples. While electrofishing c/f values for this species were never very

high, patterns of monthly c/f were similar at discharge and downstream sta-

tions and were usually slightly higher than values from the upstream station

(Figure 3.16). Relatively high c/f values occurred April to July 1975,

especially at the discharge, suggesting attraction to this area during spring

and summer and/or increased sampling efficiency during the spawning period of

this species. Monthly average c/f at the upstream station was lowest in

October 1974 and steadily increased during the next 11 months.

Statistical examination of rotenone data showed significant differ-

ences among years in biomass/ha (P ý 0.01). Mean annual standing stocks for

intermediate and adult size groups were largest in 1977 while young-of-year

were most abundant in 1980 (Table 3.13). The lowest estimate of mean standing

stock biomass (all sizes combined) occurred in 1980, due to very low estimates

for intermediate and adult size classes.

Sauger

Sauger was dominant only in gill net samples. C/f patterns among

stations were similar in 1975 (Figure 3.17). Highest c/f values occurred

during December through February in all areas and peaked at the discharge and

downstream stations in January. Peak abundance at the upstream station

occurred in March, possibly reflecting progressive upstream spawning migra-

tion. Following these peaks, c/f at all stations fell sharply to low levels

in August.
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Figure 3.16 Mean monthly catch per three minute electrofishing sample for
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Watts Bar Reservoir near Kingston Steam-Electric Plant (April 1974
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Table 3.13. Mean annual standing stock estimates (no./ha and kg/ha) of
young, intermediate, and adult largemouth bass collected
with rotenone in Watts Bar Reservoir from 1960 to 1980.

Young-of-year Intermediate Adult Total
Year Number kg Number kg Number kg Number kg

1960 30.30 0.19 7.09 0.71 6.91 2.54 44.30 3.45

1964 66.39 0.41 13.53 1.39 5.70 1.67 85.62 3.47

1973 68.74 0.42 11.43 0.99 7.78 4.24 87.94 5.65

1975 99.35 0.27 33.23 2.17 13.61 4.92 146.19 7.36

1976 195.53 0.38 29.38 1.78 14.75 7.58 239.65 9.73

1977 201.33 0.60 42.95 2.66 23.73 8.65 268.02 11.90

1979 43.54 0.12 9.48 0.63 14.33 4.98 67.35 5.73

1980 310.16 0.91 3.79 0.21 2.48 0.87 316.43 1.99
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Figure 3.17 Mean monthly catch per gill net night for sauger (Stizostedion
canadense) at three stations in Watts Bar Reservoir near

Kingston Steam-Electric Plant (April 1974 through September 1975).
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Freshwater Drum

This species was dominant in gill net and rotenone samples. Gill

net c/f data showed freshwater drum were most numerous at downstream and

upstream stations (Figure 3.18). Lowest values generally occurred in the

discharge area. This is consistent with its preference for deeper waters of

reservoirs and avoidance of strong currents (Pfleiger 1975). All stations

yielded highest values during the warmest months of the year.

Biomass standing stock estimates were generally similar among years

(Table 3.14). Young-of-year drum were particularly abundant in 1973. This

strong year class may have been reflected in the high biomass observed for the

intermediate group in 1975 and adults in 1976.

3.7.1 Summary

Spatial-temporal distributions of 13 taxa collected with four gear

types were examined in this study. Five taxa exhibited higher c/f in down-

stream and upstream stations than in the discharge station, including mooneye,

carp, Pimephales sp., bluegill, and freshwater drum. It is very unlikely

these distributional patterns resulted from responses to the thermal discharge

since mean monthly discharge temperatures never exceeded 30 C during the

course of the study (Figures 3.3 and 3.4). Bush, et al. (1974) indicated that

for a typical Tennessee River fish community, temperatures approaching 30 C

would only be expected to influence the distribution of salmonids or other

strictly cold-water species.

Emerald shiner was most numerous in the discharge while freshwater

drum was most abundant in the more lacustrine habitat of the downstream

station. Mooneye, Pimephales sp., and to a lesser extent bluegill, were most

abundant at the upstream station. Other species showed no consistently high

c/f for any one sample area.

60 

Freshwater Drum 

This species was dominant in gill net and rotenone samples. Gill 

net elf data showed freshwater drum were most numerous at downstream and 

upstream stations (Figure 3.18). Lowest values generally occurred in the 

discharge area. This is consistent with its preference for deeper waters of 

reservoirs and avoidance of strong currents (Pfleiger 1975). All stations 

yielded highest values during the warmest months of the year. 

Biomass standing stock estimates were generally similar among years 

(Table 3.14). Young-of-year drum were particularly abundant in 1973. This 

strong year class may have been reflected in the high biomass observed for the 

intermediate group in 1975 and adults in 1976. 

3.7.1 Summary 

Spatial-temporal distributions of 13 taxa collected with four gear 

types were examined in this study. Five taxa exhibited higher clf in down

stream and upstream stations than in the discharge station, including mooneye, 

carp, Pimephales sp., bluegill, and freshwater drum. It is very unlikely 

these distributional patterns resulted from responses to the thermal discharge 

since mean monthly discharge temperatures never exceeded 30 C during the 

course of the study (Figures 3.3 and 3.4). Bush, et al. (1974) indicated that 

for a typical Tennessee River fish conununity, temperatures approaching 30 C 

would only be expected to influence the distribution of salmonids or other 

strictly cold-water species. 

Emerald shiner was most numerous in the discharge while freshwater 

drum was most abundant in the more lacustrine habitat of the downstream 

station. Mooneye, Pimephales sp., and to a lesser extent bluegill, were most 

abundant at the upstream station. Other species showed no consistently high -;.. 

clf for anyone sample area. 



61

z

U..

z

7-

3-

I-

Legend
Upstream-
Discharge .....
Downstream ....

* .

* S
* S

/

/
r/

0 a-I I I

A M J J
I I | I I I I I I I

A S 0 N D J F M A M

974 1975

J J A S

I1

Figure 3.18 Mean monthly catch per gill net night for
(Aplodinotus grunniens) at three stations
near Kingston Steam-Electric Plant (April

freshwater drum
in Watts Bar Reservoir
1974 through September 1975).

• 

7 .... 
x: 
Y! 
z 
.... 
\&1 
Z 

..J 3 

..J -C) 

a::: 
LIJ 
CL 

x: 
f/) 

I&. 

I&. 
0 

0 
Z 

0 

" I' 
I 

" ", 

: 
: 
I · • • • · : . , . , 

i 
! 
! 
I , . 
: . 
: · · · 

61 

Legend 

Upstream... 
Discharge _ _ __ _ 
Downstream _ ............ , 

: .. . , . " , . , . , . 
, I, 
o I · . · . · . · . · . · . · . · . · . ! \ · . · . · . · . · . · . ..' : \ .... 

" " " ...... " 

. : 
.l . • ; . . 

! 
: 

----- --"" L--'--~--.--~---r---r--"---,---~r~-r,--,,r--',--~---r---r--'---~-' 

A M J J A 

1974 

s o N D J F M A M J 

1975 

J A S 

Figure 3.18 Mean monthly catch per gill net night for freshwater drum 
(Aplodinotus grunniens) at three stations in Watts Bar Reservoir 
near Kingston Steam-Electric Plant (April 1974 through September 1975). 



62

Table 3.14. Mean annual standing stock estimates (no./ha and kg/ha) of
young, intermediate, and adult freshwater drum collected with
rotenone in Watts Bar Reservoir from 1960 to 1980.

Young-of-Year Intermediate Adult Total
Year Number kg Number kg Number kg Number kg

1960 33.50 0.32 219.89 12.46 167.06 30.50 420.45 43.27

1964 35.90 0.20 188.75 10.02 90.90 15.44 315.55 25.66

1973 120.99 1.10 208.37 10.47 95.31 18.18 424.66 29.74

1975 9.15 0.15 222.75 12.44 126.51 16.81 358.41 29.39

1976 21.61 0.31 159.34 8.10 96.84 19.20 277.80 27.61

1977 63.75 0.39 111.05 5.57 63.91 10.87 238.70 16.83

1979 0.89 0.02 79.65 4.66 54.44 11.30 134.98 15.98

1980 20.93 0.38 180.08 10.84 52.14 12.11 253.15 23.34
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Data for most species showed high c/f in spring and low values in

winter. Two species (skipjack herring and sauger) showed highest c/f in

winter with lowest values in summer. Three species (gizzard shad, largemouth

bass, skipjack herring,) did appear seasonally attracted to the discharge

area. White bass and channel catfish apparently avoided the cool upstream

station during summer. Therefore, thermally affected distributional patterns

in the plant vicinity reflected the influence of seasonally cool temperatures

in the upstream control station as well as the heated effluent from the plant.

Biomass of dominant species collected in cove rotenone samples since

1960 were examined for long-term trends. Several species exhibited short-term

decreases and others short-term increases, but these changes were considered

representative of normal population fluctuations or experimental error. White

bass seemed to have decreased in 1979 and 1980. However, during both of these

years, sampling was restricted to the same two coves. These coves may not

have contained suitable habitat for white bass (especially adults).

winter. 
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CHAPTER 4

IMPINGEMENT EFFECTS - RESULTS AND DISCUSSION

Thirty-four species totaling 48,151 fish were collected in 51

impingement samples between August 7, 1974, and August 6, 1975 (Table 4.1).

Average number of screens in operation during weekly samples was assumed to

approximate the daily average for the entire year. Further, average number of

fish collected during weekly samples was assumed to approximate average daily

impingement for the year. A simple extrapolation of average number of fish

per 24-hour sampling period to 365 days yielded an estimated 344,606 fish

impinged during the entire year (Table 4.1).

Threadfin shad accounted for 95 percent of total number impinged,

and 67 percent of them were impinged on December 11, 1974. In waters con-

taining threadfin shad, it is not uncommon for high numbers of this species to

be impinged on power plant intake screens during a few days of the coolest

weather. In most cases, these mortalities coincide with low ambient water

temperatures, especially when associated with rapid temperature decreases.

High impingement at the Kingston Plant on December 11, 1974, has not been

positively associated with cold shock, but the nature and timing of this

incident suggested that these fish were adversely affected prior to being

impinged.

Other species were impinged in relatively low numbers; bluegill and

crappie were the only game species with impingement rates exceeding one fish

per day (Table 4.1). Approximately seven juvenile bluegill impinged per day

and two crappie per' day were not expected to adversely affect their popula-

tions in Watts Bar Reservoir. It was concluded from these data that impinge-

ment of fish at the plant did not constitute an adverse environmental impact.
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Table 4.1 Fish species collected between August 7, 1974, and August 6, 1975,
in 51 weekly impingement samples at Kingston Steam-Electric Plant.

Total Number Percent Estimated Annual
Species Collected Composition Numbers Impinged

Ichthyomyzon s 3 <0.1 21
Chestnut lamprey 11 <0.1 79
Paddlefish 1 <0.1 7
Skipjack herring 789 1.6 5,647
Gizzard shad 70 0.1 501
Threadfin shad 45,854 95.2 328,171
Mooneye 14 <0.1 100
Silver chub 22 <0.1 157
Emerald shiner 22 <0.1 157
Steelcolor shiner 1 <0.1 7
Bullhead minnow 23 <0.1 165
White sucker 1 <0.1 7
Northern hog sucker 9 <0.1 64
Spotted sucker 1 <0.1 7
Redhorse sucker 1 <0.1 7
Golden redhorse 2 <0.1 14
Black bullhead 1 <0.1 7
Yellow bullhead 4 <0.1 29
Channel catfish 46 0.1 329
Flathead catfish 6 <0.1 43
White bass 31 <0.1 222
Yellow bass 2 <0.1 14
Striped bass 1 <0.1 7
Rock bass 15 <0.1 107
Warmouth 2 <0.1 14
Bluegill 344 0.7 2,462
Smallmouth bass 2 <0.1 14
Spotted bass 1 <0.1 7
Largemouth bass 5 <0.1 36
White crappie 85 0.2 608
Black crappie 15 <0.1 107
Logperch 131 0.3 938
Sauger 1 <0.1 7
Freshwater drum 634 1.3 4,537
Banded sculpin I <0.1 7

Total 48,151 344,606
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White sucker 1 <0.1 7 
Northern hog sucker 9 <0.1 64 
Spotted sucker 1 <0.1 7 
Redhorse sucker 1 <0.1 7 
Golden redhorse 2 <0.1 14 
Black bullhead 1 <0.1 7 
Yellow bullhead 4 <0.1 29 
Channel catfish 46 0.1 329 
Flathead catfish 6 <0.1 43 
White bass 31 <0.1 222 
Yellow bass 2 <0.1 14 
Striped bass 1 <0.1 7 
Rock bass 15 <0.1 107 
Warmouth 2 <0.1 14 
Bluegi 11 344 0.7 2,462 
Smallmouth bass 2 <0.1 14 
Spotted bass 1 <0.1 7 
Largemouth bass 5 <0.1 36 
White crappie 85 0.2 608 
Black crappie 15 <0.1 107 
Logperch 131 0.3 938 
Sauger 1 <0.1 7 
Freshwater drum 634 1.3 4,537 
Banded sculpin 1 <0.1 7 

Total 48,151 344,606 
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In the winter of 1976-1977, a particularly cold winter in the

region, McLean, et al. (1979) conducted the first of a series of studies at

the Kingston Plant to (1) determine physical and biological causes of impinge-

ment of threadfin shad and (2) the effects of impingement on the threadfin

population and on the threadfin-predator population of Watts Bar Reservoir.

Impingement samples taken three times per week from mid-November 1976 through

April 1977 yielded an estimated 240,000 threadfin shad impinged during this

5.5 month period.

Impingement rate was strongly associated with decreasing intake

water temperature. Few threadfin shad were observed by intake operators prior

to the last week in October, when intake temperatures first decreased to less

than 15 C. As intake temperatures decreased throughout November, approximate-

ly 3000 threadfin shad were impinged per day. A sudden decrease in water

temperature from 7 C to 4 C on December 7 was followed by impingement of

42,000 threadfin on December 8. Water temperature had decreased to 2.7 C,

well below the lower lethal limit for threadfin shad (Parsons and Kimsey 1954,

Strawn 1965, Griffith and Tomljanovich 1975), and stressed shad were observed

in large numbers in the intake channel. More than 99 percent of all threadfin

shad impingement during mid-November through April occurred by early January.

Concurrent reservoir sampling throughout this period suggested

massive mortality of threadfin shad occurred throughout the reservoir. Of

several areas monitored, only the Kingston Plant discharge yielded threadfin

shad throughout the winter. Large numbers of dead and moribund threadfin shad

were observed in shallow embayments and along the shoreline during this time.

Despite this obvious significant reduction in the threadfin shad

population (estimated at 95 percent), more than twice as many threadfin shad
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were impinged the following winter (1977-78). An estimated 560,000 threadfin

shad were impinged between the end of September 1977 and the end of April,

1978 (McLean, et al., 1980). Impingement of this species followed the same

pattern as the previous year, with few threadfin impinged after January 25.

The demonstrated ability of this species to rebound from a reservoir-

wide, nonplant induced mortality (cold stress) further suggests that impinge-

ment of about two percent of the population (based on cove rotenone estimates

of the reservoir population) in winter 1976-1977 (McLean, et al., 1979) was

not a significant adverse impact to the threadfin shad population. It is

unlikely any effect of threadfin shad losses by impingement alone could be

measured because of large fluctuations in population numbers caused by low

tolerance of cold water combined with their high reproductive potential.
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CHAPTER 5

ENTRAINMENT OF FISH EGGS AND LARVAE

Although no ichthyoplankton surveys have been conducted near the

plant since 1975, questions have arisen regarding validity of entrainment

measurements and assessment of potential impact. Concerns addressed here

primarily fall within three broad categories; i.e. hydraulic considerations,

accuracy and precision of entrainment estimates, and quantification of

entrainment impacts.'

5.1 Flow Characteristics and Hydraulic Entrainment

The 7-day, 10-year low flow is 85 m3 /s in the Clinch River and 0.006

m3 /s in the Emory River (TVA Data Services Branch). Flow near the plant is

highly variable. Clinch River flow averaged 275 m 3/s on 10 sample dates in

1975 but varied between 2.6 and 10.0 times intake demand. Operation of Melton

Hill Dam contributed to large fluctuations within 24-hr periods. Flows in the

Emory River are not regulated and depend on rainfall in the watershed.

Typically, variations in Emory River 24-hr flows are small while weekly varia-

tions can be great. Flows on sample dates in 1975 varied between 2.5 and 0.02

times intake demand.

The Kingston Plant is a base load power facility and for purposes of

impact assessment is considered to have a constant intake demand. Average

Clinch and Emory River flows constitute 78 percent and 22 percent, respective-

ly, of flow past the plant (Table 5.1). Plant intake demand in 1975 (TVA

1976) was near maximum on most sample dates. Hydraulic entrainment is defined

as the percent of flow approaching the plant that is diverted through the
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Table 5.1. Average discharges March to August
Reservoir 1969 through 1978.*

for three locations on Watts Bar

Discharge x 106 x m3 /day
Emory Clinch Clinch and Watts Bar
River River Emory River Dam

1969 2.24 6.99 9.23 43.36

1970 3.41 10.97 14.37 51.99

1971 3.32 10.58 13.90 58.39

1972 3.76 14.14 17.90 68.57

1973 7.02 18.16 25.18 97.69

1974 2.84 15.88 18.73 83.30

1975 5.08 21.12 26.20 97.92

1976 2.88 9.13 12.01 53.10

1977 3.88 13.08 16.97 70.05

1978 3.19 10.70 13.89 54.83

Average 3.76 13.08 16.84 67.92

*Source - TVA Data Services Branch

Average contribution of Clinch and Emory Rivers = 24.8%
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plant. In 1975 hydraulic entrainment at the Kingston Plant averaged approxi-

mately 22 percent. During wet years such as 1975, large streamflows result in

relatively low hydraulic entrainment (Figure 5.1).

If the 7-day, 10-year low flows for the Clinch and Emory Rivers were

to occur simultaneously during maximum intake demand (61 m3/s), hydraulic

entrainment would be 71.8 percent of flow past the plant. Mean annual

hydraulic entrainment (assuming maximum plant operation) was usually between

20 and 40 percent and could have exceeded 40 percent in 2 of 10 years during

1969 to 1978 (Figure 5.1). In addition only 25 percent of total reservoir

flow passes the plant (Table 5.1), thus the potential for reservoir-wide

impacts is reduced accordingly.

Hydraulic entrainment can also be expressed in terms of total reser-

voir volume (at constant full pool). Table 5.2 shows the volume of various

reservoir segments corresponding to areas represented by transect samples in

1975. During maximum intake demand, daily withdrawals totaled 5.4 percent of

the upstream volume but only 0.4 percent of total reservoir volume.

5.2 Estimates of Fish Larvae Entrained

Accurate entrainment estimates depend on valid experimental design

and high sampling efficiency of gear type(s). Estimated densities of fish

larvae in the intake channel were generally lower than in either the Clinch or

Emory Rivers (Figure 5.2). This difference could have resulted from differ-

ences in sampling efficiencies between gear types or from nonuniform distribu-

tion of larvae in the reservoir water column, or both. Sampling efficiency of

intake stationary nets was addressed by comparing data collected from the

intake with data collected from the discharge.
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Figure 5. 1. Annual mean river flow (Clinch and Emory combined) and maximum
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Table 5.2. Relative areas and volumes of four segments of Watts Bar
Reservoir at full pool.*

Volume Percent of
Reservoir Segment Area (ha) (ha-meters) Total Volume

Emory River arm 1,129 4,925 3.9

Clinch River above Emory 1,184 4,616 3.6

From Clinch/Emory confluence to 487 2,958 2.3
Clinch/Tennessee River
confluence

Watts Bar Reservoir exclusive of 12,582 115,121 90.2
Clinch and Emory Rivers

*Source - TVA Data Services Branch
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Figure 5.2. Mean densities of fish larvae in Watts Bar Reservoir and in

intake samples at Kingston Steam Electric Plant, 1975.
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intake samples at Kingston Steam Electric Plant, 1975 • 
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Discharge and intake samples were taken concurrently using identical

stationary 0.5 m conical nets. Velocity through discharge station nets (0.5

m/s) was roughly twice that of intake nets, and both varied according to level

of plant operation. Nets located approximately 100 m from the point of dis-

charge sampled larvae that were probably dead, dying, or at least disoriented.

High velocities and turbulence of discharge waters would have prevented larvae

from settling to the bottom; thus, the discharge nets likely yielded numbers

of larvae that were representative of actual entrainment.

Clupeids were the only taxon collected in sufficient numbers to

compare densities between intake and discharge. Significant avoidance of

intake nets during day sampling was indicated by greater densities in dis-

charge samples (Figure 5.3).

Nightime densities (Figure 5.4) for intake and discharge samples

during June and July were similar; larger size classes (9-19 mm) showed no

apparent differences in density between intake and discharge, suggesting

little avoidance of intake nets at night (Figure 5.5). By contrast, during

hay 3 to 8 mm clupeids were abundant in nighttime discharge samples but absent

in intake samples. (Figure 5.5). Presence of small larvae only in the dis-

charge was attributed to spawning in this station. Large numbers of unidenti-

fied eggs (probably clupeid) were collected in the discharge channel April

23-June 4 (Table 5.3). During this period few eggs and virtually no clupeid

larvae were collected in the intake channel, day or night, indicating these

small larvae originated in the discharge channel.

In summary, it appears that intake samples are more reliable at

night with net avoidance a problem during daylight hours. Except for the

possible problem of spawning in the discharge, discharge samples probably

provide best estimates of entrainment during day and night.

'.#1 . 5 
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Table 5.3. Biweekly estimates (No./l•00m3 ) of unidentified* eggs collected in
day and night samples in intake and discharge waters at Kingston
Steam-Electric Plant, 1975.

Day Night
Date Intake Discharge Intake Discharge

3/26 0 0 0 0

4/9 .0 0 0 0

4/23 0 5,059.00 0 68,251.00

5/7 13.30 5,479.00 0 42,368.00

5/21 6.28 78,693.00 0 230,647.00

6/4 57.93 958.00 0 39,832.00

6/18 0 38.70 0 0

7/2 0.70 0 0 0

7/16 0 0 0 0

7/30 0 0 0 0

*Probably clupeid eggs.

I
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5.3 Comparison of Hydraulic Entrainment With "Observed" and "Expected"

Larval Fish Entrainment

When larval fish entrainment does not approximate hydraulic entrain-

ment, it can be assumed that the experimental design and/or sampling gear were

inadequate or that the larvae were not randomly distributed throughout the

water body. Larval fish entrainment and hydraulic entrainment at the plant

were not similar. Hydraulic entrainment in 1975 averaged 22 percent while

larval fish entrainment was only 0.84 percent, yielding a larval fish to

hydraulic entrainment' ratio of 0.04. Kingston showed the lowest ratio of

all of TVA's steam-electric plants (Table 5.4). Generally, plants with

skimmer walls had lower ratios.

Clupeid larvae have been found to concentrate in surface waters

during both day and night, but particularly during day (Taber 1967, Walker

1975, Graser 1979, and Tuberville 1979). Edwards, et al. (1977), and Netsch,

et al. (1971), suggest that highest densities of clupeid larvae are associated

with waters above the thermocline. Densities of larvae in the discharge were

much greater at night than during the day (Figure 5.6) indicating fewer larvae

were entrained beneath the intake channel skimmer wall during daylight hours.

Lower daytime densities of entrained larvae as well as overall low larval fish

entrainment relative to hydraulic entrainment may reflect concentration of

larvae above the openings in the skimmer wall, which would reduce their

vulnerability to entrainment.

If surface dwelling larvae are protected by the skimmer wall an

expected larval fish entrainment estimate may be calculated from density data

from deep strata in the source waters (Clinch and Emory Rivers). If it is

further assumed relative contribution of each river to the entrained water

mass is proportionate to the flow in each river, then the expected entrainment

estimate can be calculated for each sample period as:

.. 
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estimate can be calculated for each sample period as: 
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Table 5.4. Larval fish and hydraulic entrainment at 12 TVA steam
plants, 1975.

Entrainment
Percent Percent Ratio

Larval fish Hydraulic 5 (Larval fish Skimmer
Steam Plant Entrainment Entrainment hydraulic) Wall

Bull Run 6.57 10.21 0.64 Present

Cumberland 3.60 8.73 0.41 Present

Gallatin 1.57 18.3 0.09 Present

Kingston 0.84 22.70 0.04 Present

Paradise 1.98 9.72 0.20 Present

Mean 0.28

Allen1, 2  =2.50 2.05 1.22 None Present

Colbert 3.00 2.32 1.29 None Present

John Sevier 16.00 26.50 0.60 None Present

New Johnsonville 0.26 2.19 0.12 None Present

Shawnee 3  1.95 1.10 1.77 None Present

Watts Bar (fossil) 0.24 0.95 0.25 None Present

Widows Creek4  1.50 5.74 0.26 None Present

Mean 0.77

1.
2.
3.
4.
5.

No intake channel.
Not based on transport model.
Not based on intake samples.
Two intake configurations, one with and one without intake channel.
Based on sample period averages.
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Figure 5.6 Density of clupeid larvae collected in the discharge
channel of Kingston Steam-Electric Plant during day
and night sampling, 1975.
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Qe Q
(D+ Q ) QD = "expected" larval fish entrainment

c+ Q c + e )1

N +N
e c

where D = Density (no./1,000 m 3) in deep strata in the Emory River,e

D = Density (no./1,000 m3 ) in deep strata in the Clinch River,

Qe = Flow (m 3/day) in the Emory River on a given date,

QC = Flow (m3 /day) in the Clinch River on a given date,

Qi = Flow (m3 /day) through the plant on a given date,

N = Number larvae transported in the Emory,e

N = Number larvae transported in the Clinch,C

Observed larval fish entrainment was based on results from discharge

sampling. Both expected and observed estimates were computed from night

samples in June and July. Entrainment estimates were calculated using the

integration method described in TVA (1976). Observed entrainment (Table 5.5)

ranged from 0.23 to 9.09 percent and was always less than expected (5.45 to

19.62 percent). Both were consistently lower than hydraulic entrainment

(17.56 to 39.75 percent).

Although expected entrainment was closer to observed than was

hydraulic entrainment, a considerable difference still existed. Most of this

disparity may be attributable to inability of sampling gear to distinguish

densities of larvae within selected strata of the water column in the reser-

voir.

Reservoir sampling was divided into a shallow stratum (surface to 1

m sampled with 1 m conical push nets) and a deep stratum (1 m to bottom

sampled with a 1.9 m2 vertical net). However, the skimmer wall openings begin

7.5 m below surface. Therefore vertical net hauls sampled several meters of

the water column that were probably not entrained into the intake channel. If
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a

fish densities decrease with depth, it is possible that most larvae were in

the 1.0-7.5 m zone. That these larvae are probably not susceptible to

entrainment but are collected in vertical hauls and counted as fish in "deep"

strata may explain the higher expected than observed entrainment values.

Table 5.5 Percent hydraulic, expected, and observed entrainment during
June and July at Kingston Steam-Electric Plant, 1975.

Date Percent Hydraulic Percent Expected Percent Observed
Larval Fish Larval Fish

Entrainment Entrainment Entrainment

6-4 25.23 14.99 2.71

6-18 23.47 19.62 0.62

7-2 17.56 5.45 0.66

7-16 39.75 16.87 9.09

7-30 25.45 8.94 0.23

Estimating densities within narrower strata of the water column

would likely result in closer agreement between observed and expected entrain-

ment values.

In summary it appears observed entrainment estimates were reasonably

accurate and differed from expected entrainment estimates primarily because of

differences in vertical distribution not distinguished by gear types used in

reservoir sampling in 1975.
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5.4 Assessment of Entrainment Impact

Estimates of number of larvae present throughout Watts Bar Reservoir

during each sample period (Table 5.6) were made using transect density data

weighted by reservoir segment volumes. Intake densities were weighted by

volume of water withdrawn by the plant to estimate number of larvae

entrained. Entrainment percentages were then calculated for each family by

sample period. In no case did entrainment exceed 0.01 percent of estimated

reservoir population, thus when the entire reservoir is considered, entrain-

ment losses are negligible.

Location of the plant several kilometers downstream of the tail-

waters of Melton Hill Dam, a probable spawning area for migratory species,

increased the potential for the plant to entrain a relatively large percentage

of the reservoir population of temperate bass, sucker, and sauger larvae.

However, few bass and sauger larvae were collected in 1975 (17 Morone spp. and

two Stizostedion spp. larvae). Of 130 sucker larvae collected, 66 percent

were taken downstream of the plant and only four specimens in the intake.

Assessment of entrainment impact on adult populations is a complex

problem. Methods developed by Hackney and Webb (1977), Hackney (1977), and

Goodyear (1978) for quantitatively determining this impact require extensive

information on age, growth, and mortality rates, information which is often

not available. Thus, assessment of impact has mostly been limited to

intuitive judgment based on available data and reasonable conservative inter-

pretation.

In the case of the Kingston Plant, significant adverse impact of

entrainment of fish larvae on the Watts Bar Reservoir populations is highly

improbable. Even though sampling methods used in 1975 were not commensurate

with current standards, none of the results obtained suggested that entrain-

ment may be a problem.
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Table 5.6. Estimated entrainment (percent) of larval fish by Kingston Steam-Electric Plant for transported
(T) and reservoir (R) populations. Transport percentages from TVA (1976).

Sample Periods
Estimated

Family Population 3 4 5 6 7 8 9 10

Clupeidae T NP 0.146 0 1.05 0.92 0.40 2.25 0.05

R NP 0.000003 0 0.000018 0.000019 0.000008 0.000001 0.000002

Cyprinidae T NP 0 4.38 53.92 14.41 13.52 0 1.65

R NP 0 0.000046 0.000748 0.000309 0.000211 0 0.000171

Catostomidae T 0 2.73 0 0 0 0 0 0

R 0 0.000070 0 0 0 0 0.000025 0

Ictaluridae T NP NP NP 0 26.25 52.76 NP 0

R NP NP NP 0 0.000415 0.000299 NP 0

Centrarchidae T NP 66.53 18.87 0 18.56 0 31.42 6.71

R NP 0.000084 0.000433 0 0.000435 0 0.000065 0.000104

(NP - family not present during sample period)

<. • 
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Table 1. Characteristics of cove rotenone sites in Watts Bar Reservoir.

Mean Maximum Lake Surface
Area Depth Depth Stage Temperature

River mile Date (ha) (m) (m) (ft) (C°)

TRM

'1

530.6
531.0
532.9
533.0

535.2
537.5

541.1

541.7

546.7

547.7
551.4

551.6
552.7
552.8

558.0

560.4

564.8

7/06/78
7/06/78
8/06/64
8/06/64
8/02/73
8/04/64
8/04/64
7/31/73
8/14/73
9/05/57
8/04/60
7/30/64
7/30/64
8/16/73
7/28/64
8/02/73
7/08/75
7/28/64
7/27/76
7/06/77
7/23/64
7/29/76
7/23/64
7/31/73
7/10/75
6/21/76
7/06/77
9/03/57
9/04/58
8/27/59
8/02/60
7/21/64
7/21/64
8/07/73
7/15/75
6/23/76
5/12/77
7/21/77

10/11/77
6/14/79
7/15/80

10/05/49
8/09/73
7/17/75

0.29
0.40
0.61
0.65
0.40
0.73
0.81
0.53
0.37
0.73
0.73
0.81
0.61
0.28
0.61
0.77
0.53
0.65
0.49
0.38
0.81
0.34
0.77
0.65
0.53
0.54
0.35
1.21
1.34
1.34
1.34
0.65
0.65
0.51
0.51
0.42
0.53
0.53
0.54
0.39
0.43
0.65
0.45
0.41

1.3
1.6
1.8
1.3
1.3
3.0
2.5
1.7
1.6
2.6
1.7
1.2
1.5
1.1
2.2
2.1
1.6
2.2
1.2
1.4
1.4
0.8
1.3
1.8
1.1
1.6
1.4
2.4
2.7
2.7
3.0
1.5
1.2
3.1
1.0
1.4
1.6
1.9
1.7
1.3
.1,6

1.9
1.4

3.7
5.2
6.7
3.1
2.5
8.5
6.1
4.0
4.5
8.5

4.3
4.0
1.5
5.8
3.5
3.7
6.1
2.8
3.7
5.2
1.8
4.6
2.5
2.4
3.4
3.4
7.3
6.7
6.7

4.1
3.4
3.5
4.0
3.7
4.3
5.5
3.7
3.7
3,4
3.7
2.5
3.3

740.8
740.8
741.2
741.2
741.5
740.6
740.6
740.1
740.4
740.7
740.9
740.8
740.8
740.8
740.4
741.5
740.1
740.4
740.5
741.0
741.0
740.8
741.0
740.1
740.6
740.7
741.0
740.2
740.7
741.0
740.5
740.2
740.2
740.3
740.0
740.6
740.4
740.8
740.9
740.9
740.4
738.6
740.9
740.7

30.5
29.5
28.9
28.9
27.8
30.0

28.9
29.0
27.0
27.8
30.0
29.4
32.2
26.0
29.4
27.0
25.6
29.4
30.5
29.3
27.8
30.0
31.7
31.0
25.0
22.0
30.0
25.0
24.4

28.6
27.2
24.4
25.0
23.5
25.0
18.9
29.9
18.9
24.5
29.5
20.5
25.5
23.3

A-I 

Table 1. Characteristics of cove rotenone sites in Watts Bar Reservoir • 

., 
r. Mean Maximum Lake Surface 

Area Depth Depth Stage Temperature 
,. River mile Date (ha) (m) (m) (ft) (CO) 

TRM 

530.6 7/06/78 0.29 1.3 3.7 740.8 30.5 

531.0 7/06/78 0.40 1.6 5.2 740.8 29.5 

532.9 8/06/64 0.61 1.8 6.7 741.2 28.9 
. 533.0 8/06/64 0.65 1.3 3.1 741.2 28.9 

8/02/73 0.40 1.3 2.5 741.5 27.8 
535.2 8/04/64 0.73 3.0 8.5 740.6 "30.0 
537.5 8/04/64 0.81 2.5 6.1 740.6 28.9 

7/31/73 0.53 1.7 4.0 740.1 29.0 
541.1 8/14/73 0.37 1.6 4.5 740.4 27.0 

9/05/57 0.73 2.6 8.5 740.7 27.8 
8/04/60 0.73 1.7 740.9 30.0 
7/30/64 0.81 1.2 4.3 740.8 29.4 

541.7 7/30/64 0.61 1.5 4.0 740.8 32.2 
8/16/73 0.28 1.1 1.5 740.8 26.0 

"~ 546.7 7/28/64 0.61 2.2 5.8 740.4 29.4 
8/02173 0.77 2.1 3.5 741.5 27.0 

i 7/08/75 0.53 1.6 3.7 740.1 25.6 
~ 547.7 7/28/64 0.65 2.2 6.1 740.4 29.4 

551.4 7/27/76 0.49 1.2 2.8 740.5 30.5 
7/06/77 0.38 1.4 3.7 741.0 29.3 

551.6 7/23/64 0.81 1.4 5.2 741.0 27.8 
552.7 7/29/76 0.34 0.8 1.8 740.8 30.0 
552.8 7/23/64 0.71 1.3 4.6 741.0 31. 7 

7/31/73 0.65 1.8 2.5 740.1 31.0 
7/10/75 0.53 1.1 2.4 740.6 25.0 

558.0 6/21/76 0.54 1.6 3.4 740.7 22.0 
7/06/77 0.35 1.4 3.4 741.0 30.0 

560.4 " 9/03/57 1.21 2.4 7.3 740.2 25.0 
9/04/58 1.34 2.7 6.7 740.7 24.4 
8/27/59 1. 34 2.7 6.7 741.0 
8/02/60 1.34 3.0 740.5 2B.6 
7/21/64 I 0.65 1.5 4.1 740.2 27.2 
7/21/64 0.65 1.2 3.4 740.2 24.4 
8/07/73 0.51 3.1 3.5 740.3 25.0 
7/15/75 0.51 1.0 4.0 740.0 23.5 
6/23/76 0.42 1.4 3.7 740.6 25.0 
5/12/77 0.53 1.6 4.3 740.4 18.9 

"4 
7/21/77 0.53 1.9 5.5 740.8 29.9 

10/11/77 0.54 1.7 3.7 740.9 1B.9 
6/14119 0.39 1.3 3.7 740.9 24.5 

",,' 
7/1S/BO 0.43 .1.6 3,4 740.4 29.5 

564.8 10/05/49 0.65 3.7 738.6 20.5 
8/09/73 0.45 1.9 2.5 740.9 25.5 
7/17/75 0.41 1.4 3.3 740.7 23.3 



A-2

Table 1. (Continued)

Mean Maximum Lake Surface
Area Depth Depth Stage Temperature

River mile Date (ha) (W) (W) (ft) (C°)

567.3

570.0
570.8
575.5
575.6
577.1

10/04/50
9/27/51

10/20/53
7/16/64
7/16/64
7/14/64
7/26/73
7/14/64
7/22/75
6/23/76
7/19/76
8/17/76

0.81
0.81
0.81
0.93
0.89
0.73
0.69
0.85
0.39
0.46
0.51
0.44

1.5
0.8
1.7
1.0
0.8
1.1
0.6
0.8
1.1

4.3
3.1
5.5
3.1
1.8
4.9
1.5
2.5

2.3
1.8
2.7

739.3
738.2
738.3
741.0
741.0
740.6
741.5
740.6
740.5
740.6
740.1
740.6

21.1
21.7
20.5

22.8

24.0
23.9
27.3
23.0
23.0
25.1

CR_

4.9

16.9

8/09/60
7/09/64
7/24/73
7/24/75
6/21/76
5/10/77!
7/19/77

10/13/77i
6/12/79
7/17/80
7/09/64

0.69
0.69
0.74
0.41
0.27
0.24
0.24
0.31
0.56
0.38
0.77

1.8
1.4
2.1
1.0
0.4
0.9
1.0
1.0
1.2
0.8
0.6

3.7
2.5
3.0
5.0
2.7
2.5
1.8
3.4
2.2
1.5

741.0
740.9
740.2
740.9
740.7
740.8
740.4
740.5
741.1
741.0
740.9

23.9

28.0
23.0
25.5
17.7
27.6
16.7
21.7
21.0
20.5

LERM

3.5

ERM

.7/07/64 0.57 1.8 4.3 740.4

0.5 7/07/64 0.73 1.5 3.7 740.4 26.7

A-2 

Table 1. (Continued) 

Mean Maximum Lake Surfac£" .. 
Area Depth Depth Stage Temperature 

River mile Date i (ha) (m) (m) (ft) (CO) .. 
" 

567.3 10/04/50 0.81 4.3 739.3 21.1 
9/27/51 0.81 3.1 738.2 21. 7 

10/20/53 0.81 5.5 738.3 20.5 
570.0 7/16/64 0.93 1.5 3.1 741.0 
570.8 7/16/64 0.89 0.8 1.8 741.0 22.8 
575.5 7/14/64 0.73 1.7 4.9 740.6 
575.6 7/26/73 0.69 1.0 1.5 741.5 24.0 
577.1 7/14/64 0.85 0.8 2.5 740.6 23.9 

7/22/75 0.39 1.1 740.5 27.3 
6/23/76' 0.46 0.6 2.3 740.6 23.0 

. 7/19/76 0.51 0.8 1.8 740.1 23.0 
8/17/76 0.44 1.1 2.7 740.6 25.1 

~ 

4.9 8/09/60 0.69 1.8 741.0 23.9 
7/09/64 0.69 1.4 3.7 740.9 
7/24/73 0.74 2.1 2.5 740.2 28.0 
7/24/75 0.41 1.0 3.0 740.9 23.0 ~ 
6/21/76 0.27 0.4 5.0 740.7 25.5 
5/10/77: 0.24 0.9 2.7 740.8 17.7 
7/19/71 0.24 1.0 2.5 740.4 27.6 

10/13/77' 0.31 1.0 1.8 740.5 16.7 
6/12/79 0.56 1.2 3.4 741.1 21. 7 
7/17/80 0.38 0.8 2.2 741.0 21.0 

16.9 7/09/64 0.77 0.6 1.5 740.9 20.5 

J.ERH 

3.5 . 7/07/64 0.57 1.8 4.3 740.4 

!!Y:! 
0.5 7/07/64 0.73 1.5 3.7 740.4 26.7 
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Table 2. Harvest categories and size classes* used in rotenone surveys on Watts Bar Reservoir, 1947 through 1980.

Young Intermediate Adult
Species Millimeters (inches) Millimeters (inches) Millimeters (inches)

Sport

White bass
Yellow bass
Striped bass
Rock bass
Bluegill
Other sunfish
Smallmouth bass
Spotted bass
Largemouth bass
Crappie
Sauger
Walleye
Yellow perch

Less
11

it

to

than
to

It

to
it

ti

11

to

of

iI

II

me

150
150
175

75
75
75

100
100
100

75
200
200

75

(5.9)
(5.9)
(6.9)
(3.0)
(3.0)
(3.0)
(3.9)
(3.9)
(3.9)
(3.0)
(7.9)
(7.9)
(3)

151-200
151-200
176-375
76-125
76-125
76-125

101-200
101-200
101-225
76-175

201-275
201-275
76-125

(5.9-7.9)
(5.9-7.9)
(6.9-14.8)
(3.0-4.9)
(3.0-4.9)
(3.0-4.9)
(4.0-7.9)
(4.0-7.9)
(4.0-8.9)
(3.0-6.9)
(7.9-10.8)
(7.9-10.8)
(4-5)

201
201
376
126
126
126
201
201
226
176
276
276
126

(7.9) and
(7.9) "
(14.8) "
(5.0)
(5.0)
(5.0)
(7.9) "
(7.9) "
(8.9)
(6.9)
(10.9)
(10.9)
(6)

over
it

It

is

Commercial

Lamprey
Gar
Skipjack herring
Mooneye
Carp
Buffalo
Carpsucker
Redhorses
Other suckers

Less
so

It

It

to

to

than 50
300
150

" 150
200
200
175
175
175

(2.0)
(11.8)
(5.9)
(5.9)
(7.9)
(7.9)
(6.9)
(6.9)
(6.9)

51-125
301-475
151-275
151-300
201-300
201-300
176-250
176-250
176-250

(2.0-4.9)
(11.9-18.7)
(5.9-10.8)
(5.9-11.8)
(7.9-11.8)
(7.9-11.8)
(6.9-9.8)
(6.9-9.8)
(6.9-9.8)

126
476
276
301
301
301
251
251
251

(5.0) and
(18.7)
(10.9)
(11.9)
(11.9)
(11.9)
(9.9)
(9.9)
(9.9)

over
IS

II

It

It

oI

is

IIto

to

• 

Table 2. Harvest categories and size c1asses* used in rotenone surveys on Watts Bar Reservoir, 1947 through 1980. 

YounG Intermediate Adult 
Species Mill~eters (inches) Millimeters (inches) Millimeters (inches) 

Sport 

White bass Less than 150 (5.9) 151-200 (5.9-7.9) 201 (7.9) and over 
Yellow bass " " 150 (5.9) 151-200 (5.9-7.9) 201 (7.9) fI " 
Striped bass " " 175 (6.9) 176-375 (6.9-14.8) 376 (14.8) II " 
Rock bass " If 75 (3.0) 76-125 (3.0-4.9) 126 (5.0) " fI 

Bluegill " " 75 (3.0) 76-125 (3.0-4.9) 126 (5.0) " II 

Other sunfish " " 75 (3.0) 76-125 (3.0-4.9) 126 (5.0) " " 
Smallmouth bass " " 100 (3.9) 101-200 (4.0-7.9) 201 (7.9) " " >. 
Spotted bass " " 100 (3.9) 101-200 (4.0-7.9) 201 (7.9) fI It W 

Largemouth bass " " 100 (3.9) 101-225 (4.0-8.9) 226 (8.9) It II 

Crappie " If 75 (3.0) 76-175 (3.0-6.9) 176 (6.9) " " 
Sauger " fI 200 (7.9) 201-275 (7.9-10.8) 276 (10.9) If fI 

Walleye " " 200 (7.9) 201-275 (7.9-10.8) 276 (10.9) fI " 
Yellow perch If " 75 (3) 76-125 (4-5) 126 (6) " " 

Commercial 

Lamprey Less than 50 (2.0) 51-125 (2.0-4.9) 126 (5.0) and over 
Gar II " 300 (H.8) 301-475 (H.9-18.7) 476 (18.7) " " 
Skipjack herring " " 150 (5.9) 151-275 (5.9-10.8) 276 (10.9) II " 
Mooneye " '! 150 (5.9) 151-300 (5.9-H.8) 301 (11.9) " II 

Carp " " 200 (7.9) 201-300 (7.9-11.8) 301 (11.9) " " 
Buffalo If " 200 (7.9) 201-300 (7.9-11.8) 301 (11.9) " " 
Carp sucker " II 175 (6.9) 176-250 (6.9-9.8) 251 (9.9) " 11 

Redhorses If 
If 175 (6.9) 176-250 (6.9-9.8) 251 (9.9) " " 

Other suckers " " 175 (6.9) 176-250 (6.9-9.8) 251 (9.9) " II 



Table 2. (Continued)

YounM Intermediate Adult
Species Millimeters (inches) Millimeters (inches) Millimeters (inches)

Comnercial. (Continued)

Blue catfish Less than 125 (4.9) 126-225 (5.0-8.9) 226 (8.9) and over
Channel catfish " " 125 (4.9) 126-225 (5.0-8.9) 226 (8.9) " I

Bullheads " " 100 (3.9) 101-175 (4.0-6.9) 176 (6.9) " "

Flathead catfish " " 125 (4.9) 126-275 (5.0-10.8) 276 (10.9) " "

Freshwater drum " " 125 (4.9) 126-200 (5.0-7.9) 201 (7.9) " "

Prey**

Gizzard shad Less than 125 (4.9) 126 (5.0) and over
Threadfin shad " " 125 (4.9) 126 (5.0) " i

Orangespotted sunfish " " 50 (2.0) 51-75 (2.0-3.0) 76 (3.0)
Miscellaneous

forage fish All sizes

*The size class divisions are arbitrary but are based on knowledge of growth rates and information
from creel census and commercial harvest records.

**Shad were recorded as young-of-year or harvestable; sizes of other forage fish, except orange-

spotted sunfish, were not differentiated.
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Table 2. (Continued) 

YOUng Intermediate Adult 
Species Millimeters (inches) Millimeters (inches) Millimeters (inches) 

Commercial. (Continued) 

Blue catfish Less than 125 (4.9) 126-225 (5.0-8.9) 226 (8 .. 9) and over 
Channel catfish " " 125 (4.9) 126-225 (5.0-8.9) 226 (8.9) " " 
Bullheads " II 100 (3.9) 101-175 (4.0-6.9) 176 (6.9) " " 
Flathead catfish " II 125 (4.9) 126-275 (5.0-10.8) 276 (10.9) .. " 
Freshwater drum " " 125 (4.9) , 126-200 (5.0-7.9) 201 (7.9) II " 

Prey** 

Gizzard shad Less than 125 (4.9) 126 (5.0) and over 
Thread fin shad .. II 125 (4.9) 126 (5.0) .. .. 
Orangespotted sunfish " " 50 (2.0) 51-75 (2.0-3.0) 76 (3.0) tI " 
Miscellaneous 

forage fish All sizes 

*The size class divisions are arbitrary but are based on knowledge of growth rates and information 
from creel census and commercial harvest records. 

**Shad were recorded as young-of-year or harvestable; sizes of other forage fisb, except orange
spotted sunfish, were not differentiated. 
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Document Type: NPDES Permits/Applications

STATE OF TENNESSEE

DEPARTMENT OF ENVHIO Tdf 44f CONSERVATION

L & C ANNEX 6TH FLOOR
February 9, 2005 NASHVILLE TN 37243-1534

Mr. Robert J. Crawford
Environmental Supervisor
TVA - Watts Bar Nuclear Plant
P.O. Box 2000, MOB 1-T
Spring City, TN 37381-2000

Subject: Modified NPDES Permit No. TN0020168
TVA - Watts Bar Nuclear Plant
Spring City, Rhea County, Tennessee

Dear Mr. Crawford:

In accordance with the provisions of "The Tennessee Water Quality Control Act" (Tennessee Code
Annotated, Sections 69-3-101 through 69-3-120) your NPDES Permit is hereby modified by the Division
of Water Pollution Control. The continuance and/or reissuance of this NPDES Permit is contingent upon
your meeting the conditions and requirements as stated therein.

You have the right to appeal any of the provisions established in this NPDES Permit, in accordance with
Tennessee Code Annotated, Section 69-3-110, and the General Regulations of the Tennessee Water
Quality Control Board. If you elect to appeal, you should file a petition within thirty (30) days of the
receipt of this permit.

If you have questions, please contact the Division of Water Pollution Control at your local Environmental
Assistance Center at 1-888-891-TDEC; or, at this office, please contact Ms. Pamala Myers at (615) 532-
0654 or by E-mail at Pamala.Myers@state.tn.us.

Sincerely,

Edward M. Polk, Jr., P.E.
Manager, Permit Section
Division of Water Pollution Control

EM/PRM
Enclosure

cc: Division of Water Pollution Control, Permit Section
Division of Water Pollution Control, Environmental Field Office - Chattanooga
Mrs. Lindy P. Johnson, Senior Water Regulatory Specialist, TVA - Environmental Affairs, 1101 Market Street,
LP 5D-C, Chattanooga, TN 37402-2801
Ms. Connie A. Kagey, EPA Region IV, Sam Nunn Atlanta Federal Center, 61 Forsyth Street SW, Atlanta, GA
30303-3104
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STATE OF TENNESSEE 

DEPARTMENT OF ~~~'n8~~~fFMR-CONSERVATION 

L & C ANNEX 6TH FLOOR 
February 9, 2005 NASHVILLE TN 37243·1534 

Mr. Robert J. Crawford 
Environmental Supervisor 
TVA - Watts Bar Nuclear Plant 
P.O. Box 2000, MOB I-T 
Spring City, TN 37381-2000 

Subject: Modified NPDES Permit No. TN0020168 
TVA - Watts Bar Nudear Plant 
Spring City, Rhea County, Tennessee 

Dear Mr. Crawford: 

In accordance with the provisions of "The Tennessee Water Quality Control Act" (Tennessee Code 
Annotated, Sections 69-3-101 through 69-3-120) your NPDES Pennit is hereby modified by the Division 
of Water Pollution Control. The continuance andlor reissuance of this NPDES Pennit is contingent upon 
your meeting the conditions and requirements as stated therein. 

You have the right to appeal any of the provisions established in this NPDES Permit, in accordance with 
Tennessee Code Annotated, Section 69-3-110, and the General Regulations of the Tennessee Water 
Quality Control Board. If you elect to appeal, you should file a petition within thirty (30) days of the 
receipt of this permit. 

If you have questions, please contact the Division of Water Pollution Control at your local Environmental 
Assistance Center at 1-888-891-TDEC; or, at this office, please contact Ms. Pamala Myers at (615) 532-
0654 or by E-mail atPamala.Myers@State.tn.us. 

Sincerely, 

Edward M. Polk, Jr., P.E. 
Manager, Permit Section 
Division of Water Pollution Control 

EMPIPRM 

Enclosure 

cc: Division of Water Pollution Control, Pennit Section 
Division of Water Pollution Control, Environmental Field Office - Chattanooga 
Mrs. Lindy P. Johnson, Senior Water Regulatory Specialist, TVA - Environmental Affairs, 1101 Market Street, 
LP SD-C, Chattanooga, TN 37402-2801 
Ms. Connie A. Kagey, EPA Region IV, Sam Nunn Atlanta Federal Center, 61 Forsyth Street SW, Atlanta, GA 
30303-3104 
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No. TNO020168
Modified February 2005

Authorization to discharge under the
National Pollutant Discharge Elimination System (NPDES)

Issued By

Tennessee Department of Environment and Conservation
Division of Water Pollution Control

401 Church Street
6th Floor, L & C Annex

Nashville, Tennessee 37243-1534

Under authority of the Tennessee Water Quality Control Act of 1977 (T.C.A. 69-3-101 et M.) and the
delegation of authority from the United States Environmental Protection Agency under the Federal Water
Pollution Control Act, as amended by the Clean Water Act of 1977 (33 U.S.C. 1251, et s.e.)

Discharger: TVA - Watts Bar Nuclear Plant

is authorized to discharge: process wastewater, cooling water and storm water runoff from Ouffalls
101 and 102, turbine building sump water, alum sludge supernate, reverse osmosis reject water, drum
dewatering water, water purification plant water, and storm water runoff from Outfall 112 and
Supplemental Condenser Cooling Water (noncontact) from Outfall 113

from a facility located: in Spring City, Rhea County, Tennessee

to receiving waters named: Tennessee River at mile 527.9 (Outfall 101), Tennessee River at mile 527.2
(Outfall 102), unnamed tributary to mile 1.3 of Yellow Creek embayment of Chickamauga Reservior
(Outfall 112) and Tennessee River at mile 529.2 (Outfall 113)

in accordance with effluent limitations, monitoring requirements and other conditions set forth herein.

This permit shall become effective on: February 15, 2005

This permit shall expire on: November 4, 2006

Issuance date: February 8, 2005

Paul E. Davis, Directoro C
SDivision of Water Pollution Control

CN-0759 RDAs 2352 and 2"366

No. TN0020168 
ModHied February 2005 

Authorization to discharge under the 
National Pollutant Discharge Elimination System (NPDES) 

Issued By 

Tennessee Department of Environment and Conservation 
Division of Water Pollution Control 

401 Church Street 
6th Floor, L & C Annex 

Nashville, Tennessee 37243·1534 

Under authority of the Tennessee Water Quality Control Act of 1977 (T.C.A. 69-3-101 m gg.) and the 
delegation of authority from the United States Environmental Protection Agency under the Federal Water 
Pollution Control Act, as amended by the Clean Water Act of 1977 (33 U.S.C. 1251, .m~.) 

Discharger: TV A· Watts Bar Nuclear Plant 

is authorized to discharge: process wastewater, cooling water and storm water runoff from Outfalls 
101 and 102, turbine building sump water, alum sludge supernate, reverse osmosis reject water, drum 
dewatering water, water purification plant water, and storm water runoff from Outfall 112 and 
Supplemental Condenser Cooling Water (noncontact) from Outfall 113 

from a facility located: in Spring City, Rhea County, Tennessee 

to receiving waters named: Tennessee River at mile 527.9 (Outfall 101), Tennessee River at mile 527.2 
(Outfall 102), unnamed tributary to mile 1.3 of Yellow Creek embayment of Chickamauga Reservlor 
(Outfall 112) and Tennessee River at mile 529.2 (Outfall 113) 

in accordance with effluent limitations, monitoring requirements and other conditions set forth herein. 

This permit shall become effective on: February 15, 2005 

This permit shall expire on: . November 4, 2006 

Issuance date: February 8, 2005 

Paul E. Davis, Director 
Division of Water Pollution Control 

CN-<J759 RDAs 2352 amI 2366 
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

TVA - Watts Bar Nuclear Plant is authorized to discharge process wastewater, cooling
water and storm water to the Tennessee River (Outfalls 101,102, and 113) and treated sanitary
wastewater, process wastewater and storm water to Yellow Creek (Outfall 112) associated with
nuclear electric power generation as described in the Rationale and permit application. These
discharges and three internal discharge locations (Outfalls 103, 107, and 111) shall be limited
and monitored by the permittee as follows.

TVA Watts Bar Nuclear Plant is authorized to discharge low volume wastewater,
noncontact-cooling water, cooling tower blowdown, boiler blowdown water, storm water, and
other process and nonprocess wastewater as described in the permit Rationale and application.
Outfall 101 discharges through a dual-pipe diffuser to the Tennessee River at mile 527.9.
These discharges shall be limited and monitored as specified below:

TVA-Wats Bar Nuclear

OUTFAU. 101
Cooling Water. Storm Water and Process Wastewater

EFFLUSUT MUTATIONS

MONTHLY I DAILY

FLOW 80050 Report (MGD)' Report (MGD)' Contin.uOuS Recorder'

CertdfcatIon of Instream Flow of 8415S Report as Yeafto lMonth Operation
3,500 cfS When required Records_.

0142 00400 Range 6.0 - 9.0 2/Month Grob

TOTAL SUSPENDED SOLIDS (TSS) 00530 30.0 - 100.0 1"Monrr Grab

OIL & GREASE 00588 15.0 - 20.0 /lMonth Grab

CHROMIUM, TOTAL - 2.0 2.0 WAIVED Grab

ZINC, TOTAL 01092 1.0 1.0 2/Month Grab

CHLORINE, TOTAL RESIDUAL s0080 0.10 - 0.10 Sfdeek Orat 3

(TRC)RA I_________.10 - _0._0 5,_____ ___

TEMPERATURE. Effluent
4  

00010 - - 35 cC Contnuous Recorder

* TRPZ3. 25% Inhibition Concentration Shall be Z2.4% effluent Semil-annual Cornpose s

There shall be no discharge of PCBa.
I o. F atal be wepored ir MIOMr G.•onM per Day (MOO), Ow e erar Oeoorr fow maa n s ot ow4e, row ror=rn•tral be eesrn0d by 0 p

p14 arrd TRC ase ywm arae pe oerrwahbrl 5) r of aurrye Oe
Th. aeceptabte mthorw Ior wrslrat oI TR"C aw at d M fth op•ecird 1. 40 CFR Pert 139.

When &r rwmperartue montoring eqment lht,. morAtng 0W be dOw"r ore pe day. Re-aee t hreir ~0.we rWI 0So htoretor tre leamperature rmader to
rawatsm in - tp-luee. See Pvrt oU forer rrrptwo e i1r Wellrert
SSow Pa•rr roor rnerdogy.
*Mf•iN 1. chrorttimr, Ist •urmard 40 CFR 122L44 (aX2X(tj. See Rt10-91. 1 mar ýowerfw.
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 

TVA - Watts Bar Nuclear Plant is authorized to discharge process wastewater, cooling 
water and storm water to the Tennessee River (OutfaJls 101,102, and 113) and treated sanitary 
wastewater, process wastewater and storm water to Yellow Creek (Outfall 112) associated with 
nuclear electric power generation as described in the Rationale and permit application. These 
discharges and three internal discharge locations (Outfalls 103,107, and 111) shall be limited 
and monitored by the permittee as follows. 

TVA Watts Bar Nuclear Plant is authorized to discharge low volume wastewater, 
noncontact-cooling water, cooling tower blowdown, boiler blowdown water, storm water, and 
other process and nonprocess wastewater as described in the permit Rationale and application. 
Outfall 101 discharges through a dual-pipe diffuser to the Tennessee River at mile 527.9. 
These discharges shall be limited and monitored as specified below: 

1C2S· 

Thera shall be no dlschargo of PCB .. 

TRP". 
TRP6C 

lYA-WBtta Bar Nvelear 

OUTFAU 101 
COOling Water. starm Water and Process wastewatar 

25'% If1hI)ltion Concenttatlon shaD be 2:2.4'" effJuent Seml--annual Compostte 5 

, Flow' aha. be nIPOrted In MIDIon Gallons per Day (MGD). tn the IWenI that Ihe conIhIouI now meNtor is out of MI"ttc .. flow monllOmg ahalI be .. amMed by Intake pump ..... 
t pH and'lAC arWyses ahd b. pertonned wItm f'it1een {1 5) mftItn of aampe caIiecIon.. 
I The acceptable mel;hods ro.. ana1r&Is aI TRC atv: anr rMthocIa tPICIDed kt o4Q CFR Part , •. 
~ When It18 temperature monlomg eaufpment tans, monl:toft1Q WIU be done once per day. Reaona.bte.lnd IhMfr eftoIt wIJ be made 10 rastol8lhe ramperature recorder to 
CJpetdon as soon lIS poplblo. See Part IU lor fufther tempefUa'8 requlremenl 
J See Part In tor mothodclogy . 
• -r1nv lQ!d1rnmI.Im 10_ .. por~ eFR 122." (aK2KI).SK R'- to< "' ... comm ...... 
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Discharges from Outfall 101 are authorized only during periods when the flow in the
receiving stream is at a minimum of 3,500 cubic feet per second (cfs) or greater. Compliance
with the minimum in-stream flow requirement of 3,500 cubic feet per second shall be certified
monthly with the submission of Discharge Monitoring Reports submitted to the Division for this
outfall. Records concerning the instream flow shall be maintained and available upon request.

TVA Watts Bar Nuclear Plant is authorized to discharge low volume wastewater, once
through condenser cooling water, noncontact cooling water, boiler blowdown water, storm
water, and other process and nonprocess wastewater as described In the permit Rationale and
application. Discharge is authorized through Outfall 102 to the Tennessee River at mile 527.2.
These discharges shall be limited and monitored by the permittee as specified below:.

TVA-Wat Bar Nuclear

OUTFALL 102
Cooling water. StormWater runoff and Process Wastewater

EFFLUENT LIMITATIONS

ROW 50050 RePW (MGO)' Raped (MGO-3' 11/Dy Inruantafeous
Certification of Instream Flow of 84185 Repor a Y 1000012 Operation

3,500 efs when required 841__ -et___oh __Records

PH1I 00400 Range 6.0 - 9.0 2aMonh Grab

TOTAL SUSPENDED SOLDS (TSS) D0W 30.0 - 100.0 - l/Month Grab

OL & GREASE 0 15.0 - 20.0 - I/Montha Grab

CHROMIUM. TOTAL - 2.0 2.0 WAIVEDG Grab

ZINC, TOTAL 01094 1.0 - 1.0 - 2/Month a Grab

CHLORINE, TOTAL RESIDUAL
(IRC) 50000 0.10 0.10 - 5AWeek Grab

TEMPERATURF. Efflunt 00010 -- s'C - 1iDay Grab

C25' VI 25% tInyhtion Cencetnale shall be ;2.4% alfluet Sami-annual Composite
1 ~~TRPOCI II

There shall be no discharge of PC~s.
R.. Fo Ba bre elepod • BaGon per Day fmt0).

* pH adTRCd ataCym Ods be permedwoalnfhftlmo (1S) rokstdo 0F3l. co 0l0 .
'The eoaooparoe meofti for ansho of TRC as arty ardhods apeelad In40 CFR Pal 130.
* Seaylkln ad a'apel mqurAed omay i • &roe Is operstd 30 dep or more during Ow .enaemra perods Jaerraay through Jooa July through Decomenrrand 0 W

Srd6dytooftMWW-f her~serd Mav .mA ady beal -Pbrlad fo Cowas 1l. See Ps
* Caottlcaeoo obo be mede drrrlo 000ny 0 Slrdheh•i dodhrge o000r,01rom 0h orilel.

N itra hn dl•oarg do.Ing or moro dap farn oMa•lc erssraeplingsr emd to emoy 01 Ore kn ay In re le k I o or mt o separate days o0 dlsotarge.
ore oarc deolerge duri0g5 or I oe csooetr•o days horo this out

•Meon,,ng for chrorlllUm Is wared par,
40 

CF 1IV-"44 (a)(2)I). Sea Ralos tor moore coametob.

Additional monitoring requirements and conditions applicable to Outfall 102 include:

Discharge through Ouffall 102 (emergency overflow) is permitted only under emergency
situations. This includes times when the diffuser pipe system is isolated as a result of diffuser
maintenance and other emergency situations to preserve the integrity of the yard holding pond
dikes such as in the event of a catastrophic storm event. All reasonable efforts shall be taken
to resume normal discharge through Outfall 101 as soon as possible.
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Discharges from Outfall 101 are authorized only during periods when the flow in the 
receiving stream is at a minimum of 3,500 cubic feet per second (cfs) or greater. Compliance 
with the minimum in-stream flow requirement of 3,500 cubic feet per second shall be certified 
monthly with the submission of Discharge Monitoring Reports submitted to the DMsion for this 
outfall. Records concerning the instream flow shall be maintained and available upon request. 

TVA Watts Bar Nuclear Plant is authOrized to discharge low volume wastewater, once 
through condenser cooling water, noncontact cooling water, boiler blowdown water, storm 
water, and other process and nonprocess wastewater as described In the permit Rationale and 
application. Discharge is authorized through Outfall 102 to the Tennessee River at mile 527.2. 
These discharges shall be limited and monitored by the permittee as specified below: 

IV ...... Bar Nucl,ar 

0UlFAU.10l 
COoling water. stonnwater runoff and Process Wastewater 

1C25 4 

Thanlehall be no d1acharge 01 PCBs. 

TRaPB, 
TRPeC 

1 FkJw shall be JOPOf\8d \n Mllon Gdcns per Day (MGO). 
• . pH and TRe anatraes ahaII be performed wnh!n ftftHn (15) mbutel CJI ..,.,~. CCIIIIctkIn. 
s The acce~ methocb for anaIyab of lAC 11'8 any mldhocb IP8df\ed In 40 CFR Put 138. 

ISamH",llUa1"l Composite' 

t Samplhg and analysis required only" cbctIarge IS operated 3D daya or mcwa cautng the AIn"1MJ8.I periods January ItJrough June or July through Deoemberand If aU 
~ testing ~ have nat alnsady been comJ*Uld b OUtIal101.. See Pa 

• Certfflcation &hal be made during any month thai • dIsc::harge CICCI,d from this ouIfd. 
• "thero Is It$charge G.crtng 1 or mora ~ frtIm IhJs cuthl!J. sampling Is r&CJJIrad 10 comply wlltllha maxfmum dally ImIL n there ara two or mora separate days aI dscharoe. 
or a condl'lUOUS dscharge ckJnng 5 or more consecuttv'e days fr'orn thb out 

• ~ng lor chromium Is waived par 40 CFFi122.44 (8)(2)(1). See Ratlonett for mora CClTllnents. 

Additional monitoring requirements and conditions applicable to Outfall 102 include: 

Discharge through Outfall 102 (emergency overflow) is permitted only under emergency 
situations. This includes times when the diffuser pipe system is isolated as a result of diffuser 
maintenance and other emergency situations to preserve the integrity of the yard holding pond 
dikes such as in the event of a catastrophic storm event. All reasonable efforts shall be taken 
to resume normal discharge through Outfall 101 as soon as possible. 
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TVA Watts Bar Nuclear Plant is authorized to discharge turbine building sump water,
alum sludge supemate, R.O. reject water, drum dewatering water, water purification plant
water, and storm water through Outfall 103, the Low Volume Waste Pond, an internal
monitoring point as described in the Rationale and the permit application. These discharges
shall be limited and monitored by the permittee as specified below:

TVA-Watts Bar Nuclear

OUTFALL 103 Untmar11l monltohing Point)
LOW Volume Waste Holding Pond

EFFLUENT UMIrATIO NS
__MONTHLY / OALY

FLOW 50060 Repr (MfOD)' Report (MGD)'

PH 2 00400 Range 6.0 - 9.0

TOTAL SUSPENDED SOLIDS (TSS) 00535 0. - 100.0 -

OIL A GREASE 00556 10.0 - 20.0

F ea-W be r.PoWlI.n Mason, Gallons per Day (MGD0.
pH *ranal shag be pnorlnrm eter S1,- (15) nete d.UM$ €sa ' 8CO6,1.

I lWeek Grab

2./Month Grab

21Monh Grab

TVA Watts Bar Nuclear Plant is authorized to discharge metal cleaning wastewater,
turbine building station sump water, diesel generator coolant, and storm water through Outtall
107, the Lined and Unlined Ponds, an internal monitoring point as described in the Rationale
and permit application. These discharges shall be limited and monitored by the permittee as
specified below:.

TY-A~stt BarNuer

OuTPL 107 lnutmnal Monltorlng POirnt
Met cleaning Wastewatef

MonMy DAILY_..... ,...

FLOW 00154 Report (MOD)' Report (MOD)
1  

m/ah Calculated
P, OMOD0 Rep ~ eort teo /W~eek Grab

TOTAL SUSPENtDED SOMDS t(SS) DOW 30.0 - 30.0 - i/Batch Gb

OIL & OREAS 00556 15015.M0 - 1/tch Grab

COPPER, TOTAL RECOVERABLE 01042 1.0 1.0 - I/Batch Grab

IRON, TOTAL RECOVERABLE 01045 1.0 - 1.0 - lOtetch G0Mb

PHOS•MUS, TOTAL' 00666 1.0 - 1.0 - ll•atc r

Flow hall be reprted in b•o, Gellos pPar Day (MMD) Ior 1h belch dilshaus. IV a bI•h de•ltege eaw oxtnds olora Mrsa9 a 24-hour ped, flSow smeaure shall be
obt*ned VId repod.d r I.,-h 24 h- Wed.

Srph neew strpha be perfo mted withn fy ee (15) linutes of esrepe oeflkin
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TVA Watts Bar Nuclear Plant is authorized to discharge turbine building sump water, 
alum sludge supernate, R.O. reject water, drum dewatering water, water purification plant 
water, and storm water thrQugh Outfall 103, the Low Volume Waste Pond, an internal 
monitoring point as described in the Rationale and the permit application. These discharges 
shall be limited and monitored by the permittee as specified below: 

F~:·S~\i~~:ti?:E!!:~·;j.P..eIUaL·t:iltilJti<-4&~~ 

IVA.WaU, Bar Nucle., 

OUTFALl 105 Uftt&rnal MonItOring point! 
LoW VOlume waite Holding Pond 

Row ar..I be r.ported 1n,,1Don adona par Dey (MGD). 

t pH ."aIyIa .hall be I*formtld ~ fIRMn (15) minutes oIaamptl coDeclon. 

TVA Watts Bar Nuclear Plant is authorized to discharge metal cleaning wastewater, 
turbine building station sump water, diesel generator coolant, and storm water through Outfall 
107, the Wned and Unlined Ponds, an internal monitoring point as described in the Rationale 
and permit application. These discharges shall be limited and monitored by the permittee as 
specified below: 

IVA-Watts Bar Nuclear 

OUTFALL 107 ontJamal MOnItDI1ng POInt! 
Metal CleanIng Wastewater 

I Flow shall be reported In Million GaDons par Day (MX» for each balch cIsd1arga. If a ba£tt dischatge extends lor more ItIan a 24-hour period, Dow measuramoollhal be 
obtained and R!ipOI'led fer qch 24 houf period. 
2 pH anmys81 shall be parfOfl'1'*t within , ...... (l.5)"*'utes of sample coIlOGtion. 
~ 8ampiing tor phDrIphorus ia nKJbad oriy Mlen metal claaning ~ c~ ~ .. baing UNCi 
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TVA Watts Bar Nuclear plant is authorized to discharge treated sanitary wastewater
through Outfall 111, an internal monitoring point, which flows to a drainway to the Construction
Runoff Holding Pond. These discharges shall be limited and monitored by the permittee as
specified below:

TVA-Waftt Bar Nuclear

OUTFALL 111 onternal MonitorIng Polntt
Treated Sanitary Waste water

EFFLUENT UMITATIONS -
MOMYDAILY

FLOW 50050 Report (MGD)' eport (MGD) • Continuous Recorder

SODS 0010 30.0 - 45.0 l/Week Grab

TOTAL SUSPENDED SOLIDS (TSS) 00530 30.0 - 45.0 MlWeek Grab

SETTLEABLE SOUDS 00545 - - 1.0 mtL. - 2fWeek Grab
E. COu 51040 See footnotes IWeek Grab
.rOR C)F TOTA RESIDUA so - 2.0 5/Week rb,

F Row shall be reported in Mlon Galons per Day (MtD).
TRC analyses shail be peromniedd•hir fniee• (15) inlnutes dI anemic sacectli.
"The wasreweler elscae roretll 11ut beodlsenfeteded to Sic enimci ide Sette 0t•alnems ae teod ly hirnaled. The Souroltrallon of E. c0 after
edtet eaJI not eraed 125pe 120 so tic ge o iece baeed wo a mini o 10 sacrples, collected tiem a goso aemopt sie one a period of net nnom than 30

onsoeserse daye -Me ndo,%d eanipls behia S.c ialked at nortenbr 0 e,, l2tia. FoIrree pse o dctenmhe me eoln•res.ea. ide earples art
E ad conentrafion of lIes am one (1) per I1O nl "dl be conasdered as h&Anq ai eeraraltel of ne (1) per 100 mL Where lWes l en 10 sagnplet am made per miern.
Me peneee n dt I usne airn cric are• in Sih than the geometre new. I Sic n eacoen a aIllbd In 40 CFR, Pan 136 for nennuding E roil in aftluent matrtce, ft
pennescl shall ie methods proposed or added to Pan 136 for meaioig EL crll hI amnient WeO.

TotW Residual Chloine (TRC) Maln "l be epplcable When cllorine, bmtf ,kei. or any ofIer oddants are added. The acceptable meelede to analysia of TFC aem cy
mnehthd specified In 40 CFR Pair 136
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TVA Watts Bar Nuclear plant is authorized to discharge treated sanitary wastewater 
through Outfall 111, an internal monitoring point, which flows to a drainway to the Construction 
Runoff Holding Pond. These discharges shall be limited and monitored by the permittee as 
specified below: 

Flow shaD be reported in Milan Gallons per Day (M30). 

1W~!lMIi'£W~l.'ll:,iV1.ilWJ 

TY&=Watts Bar Nuclear 

OUTFAll 111 ontarnal MOnitoring Point) 
Tl'8a18CI sanitary wastewater 

Z TRC analyseS Shan be perfolmedwlthin ftI'tean (16) minutes 01 &ample coMec'tIan. 

The wastewater cfilehruge tar OUtfall 111 mUlSt be dsenlected to Ihe tx1ent 1ha1 WIble COIfofm 0fgBfIisms are eIfedIveIy eliminated. The concentration of E. coli after 
diaentection shall noI8Xl:eed 126 per 100 ml as the gearneb1c mean baed 00 a mlnlmun oIl0aamples, COllected from a given a:ampIng aile over. period of nat more than 30 __ --.._1>eIn(/_ .. _""' .... _.2 ....... Fot ... putpO>Od~ ... _m .... In ......... _"-9." 
E c:oII concentrallon of_ 1hIn one (1) per 100 mLlhaII be cansideradaa having aconcentrBllon Of one (1) per 100 mL Where less Ihan 10 samples SI'U made per monlh, 
1tIe pennItIee &hall LIse an arithimetic mean rathar than the geo~ mean. In the abaenca 01 a m8Chod In 40 CFR, Pari 136 for measlImg E. COllin afIIuent matrices. the 
permttlee shall use methods proposed or addad to Pan 136 lor maasurlng E. calm ambient~ • 

• TOIaI R ..... aJ ChIoc1no (TRC)......acring shell be appIi_ when _Ii, _, '" 1I1rt-._ ..... .-. Tho..:ceptab1O _'or 0!10IysIs d TRC 0'" any 
methods specified In 40 CFR Part 136. 
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TVA Watts Bar Nuclear Plant is authorized to discharge treated sanitary wastewater
(from Outfall 111), HVAC cooling water, fire protection system flushing water, potable water
leaks, and storm water runoff through Outfall 112, the Construction Yard Holding Pond, to an
unnamed tributary of Yellow Creek as described in the Rationale and permit application. These
discharges shall be limited and monitored by the permittee as specified below:

OUTFAUL 112
Constructon Yard Ho•dmg Pond - Storm Runoff

OFJ~4TLU UNTATIORS -- 409"6K-4M
Rdl[ )lii l Hi • rlOII ¥

FLOW 50050 Repot )' I Rep GD) I/Week Estimate'

pH
2  

00400 Renga 6.0 - 9.5 Week Grab

TOTAL SUSPENDED SOUDS (TSS) 00530 30.0 - 100.0 1/Week Grab

NROGEN, AMMOMA TOTAL 00610 1.24 - 2.48 - /Week Grab

DISSOLVED OXYGEN (D.O.) 00300 - - 5.0 M4n. - I/Week Grab
GHLORME, TOTAL RESDUAL

(TRC) ZT E 50060 0.011 - 001 - 1MWeek Grab

IC25
4  

25% Inhtbiton concetratlion sham be 2t 100% Effluent Semi-annulj Compoelte4
T"P6C I

Rda, dial be repmW en hrio Wtarflon per Day (6630) and sW~ be ubiraeled onr meerurarret at ereftf .atr.
1 pH ad TRO eatýa krt eh opermuned rdNn P6f6,,(le Ileeje dat npseatldie.

3 Tura Resldual Mdemn (M)C moramjoirsa "ei~ ha po=e at. aer dftler h wre wrn~e rany afer 0MO am added
lb. a.Ptebi.mathob Iaaneht. aTRC~aeayaaa&sp.dtod hr madE O.RPail136 The rrwrd atdier had MDt) leTn
shall not exceed 0.05 mgfi. wries thre prnutlees drarsvidaes that as 10101 Is Nge. lThe pannseee sallredtain Mer daeunweelote erd
tlewflia era Irl~ra 66. arnd atWa Ir, tdo duewmaralatl enatatia Ir raiare, upwe naewat
hn -- aýh-. U.r enr Irit is It. Omr trMe Ifl.te rapemnn at 153 at leseen ftr. Mn. sde be btrtperetd taoaeht com enris rem with to pawnt tkr.
*see Per IsI tanerad
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TVA Watts Bar Nuclear Plant is authorized to discharge treated sanitary wastewater 
(from Outfall 111), HVAC cooling water, fire protection system flushing water, potable water 
leaks, and storm water runoff through Outfall 112, the Construction Yard Holding Pond, to an 
unnamed tributary of Yellow Creek as described in the Rationale and permit application. These 
discharges shall be limited and monitored by the permittee as specified below: 

lYPrWat!! Bar Nuclear 

OIITFALl112 
c:onstrucIIon Yard HoldIng POnd • 5tXInn RUnoff 

1.24 

0.011 

25% Inhibitloo ConcenIT8IIon shall be 2: 100% Efllusnt S8ml-annuaJ Composite • 

__ I be _In MlIcnGaI10ns per Day (loGO) and shaD be osllmalad _ ... meosuremert at ~ ..ar. 
• pH and TAC ___ bepoofonned_n"een('6Im .... "'_ccIlacIIcn. 
S Tdal ReakfuaI OIIoone (TRC) monitoring shall be ~ when ctdorIne. bramble. or any alhSr oxIdams Bi8 added. 
'The..x:eptable meIhocb for analysis dTRCareanymelhoda spedOed In l1I\e.a1O. CFR Part 138. The meIhoddatedion tevel(MDl)forTRC 
shall "","-""'Od0.06 ml7L ...... lhope ___ thatlls t.lJLla tighor. Thopenn ___ n""dcxunonIaIIontnat 
Justifies ""'higher ""'- _shaD have_ documenIaIlcn __ lot _upon r_ 
In caBS whS8 the permI:Ilmlt 1$ less It1an the tJD... the reporting of me 81: IesllhEl'lh UIJL ,h811 be Interpreted toconslilule DDm~ with .. permit lint. 

4 See Part 111101' melhodotogy 
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TVA Watts Bar Nuclear Plant is authorized to discharge supplemental condenser
cooling water through Outfall 113 to the Tennessee River at mile 529.2 as described in the
Rationale and permit application. These discharges shall be limited and monitored by the
permittee as specified below:

TVA-Wauts Bar Nuclear

OUTFALL. 113

supplemental Condenser Cooling Water

EFFLUENT lITATIONSMONTHLY DAILY

FLOW 50050 Report (MGD)' Report (MOD) Contrinuous Recorder

CerUfication of Instreant Flow of Report as Yes/No f/loqrnr Operation
3.500 cfs when required_4Ro Ye__ Records

PH 2 00400 Range 5.0 - 9.0 I/Month Grab

TOTAL SUSPENDED SOLIDS (TSS) 00530 30.0 - 100.0 - IMontlI Grab

CHLORINE, TOTAL RESIDUAL 50s05 0.092 - 0.158 - ,'Monthir Grab

DISSOLVED OXYGEN (D.O.) 00300 - - Report MrL - I/Month Grab

IEMPERATURE, Effluent 00010 Report Effluent Temperature _ _ Hourly Recorder'
TEMPERATURE, Edge 00010 - - 30.5 *C Hourty Recorder7

TEMPERATURE, Rise 03 '72 . 3*C - Hourly Calcuiateed
Upstream to Downetream I

TEMPERATURE, Rate of Change, 92234 r
*C per hour 2 *ClHour - Hourly Calculated'

TEMPERATURE, Recehlng 00010 - 33.5C - Hourly Recorded
Stream Bottom

1029 * TRto, 25% brrtIn n Concentration shall be ?j7.6% effluent Semri-annual Composite

Roe WhD be reported in hI•le GalOr per Day (MOD).
pHt anrdTRO arw~see 00e be perforrrd ertrir trteo(15) roirede SI errpte O .ee

The acceptale rnedoI tr•eraryW dTRCef mc sne emoeerde1ee, OGR 0 Irti13.
Sees ed bet Web rtare r reymerrd.

S.pe rme, lforemedegy
hunrprg frrTRC SfreW be Week duel pedods W=en e DoSupenplrert CodenerrCoog Werer(SCCW) wsyrm [sin aporr

7See additional (bulleted) comments in permit. Begins on page 8 of 27.
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TVA Watts Bar Nuclear Plant is authorized to discharge supplemental condenser 
cooling water through Outfall 113 to the Tennessee River at mile 529.2 as described in the 
Rationale and permit application. These discharges shall be limited and monitored by the 
permittee as specified below: 

03772 

82234 

T1OMPERATURE, "-IvIng 
00010 Stream 80Itam 

IC2S' 
TR3PB, 
TRP6C 

Row IhaD ba .. polted tn MIllIon GaIons pet 011)' (MGD). 

TVA-Walt!! Bar Nuclear 

OUTFAU113 

Supplemental Condenser Cooling Water 

a"e 

2°CIHour 

33.5"C 

25% Inhlbl1lon Concentrallon shaD be ?o7.6% affluent 

........ TRC __ .. __ """""(l5)_ ......... _ . 

• Tho~m_Ior_ .. 1RC ... ""I' __ In40CFRPa.,38. 

" See text below table tor '*'*'rnenta. 
15 Se. Part III for rnechodokJgy 

• SampIDg fOI"TRC Shall be 5IWeek duJtng pelkds lIIh8n the SUpplernentil Condar'IMr c:oc..g Waler (SCCW) wstem Is k'I aptraIkIn.. 
, Sea additional (bullated) comments In permit. Begins on pege 6 01 Z7. 

Hourly calcutated' 

Hourly Calculated7 

Hourly _ad 

Sem~anriual Composlla' 
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Additional limitations, conditions, and monitoring requirements applicable to Outfalls
101,102, 103, 107, 111, 112, and 113 include:

There shall be no distinctly visible floating scum, oil or other matter contained in the
wastewater discharge. The wastewater discharge must not cause an objectionable color
contrast in the receiving stream.

The wastewater discharge shall not contain pollutants in quantities that will be
hazardous or otherwise detrimental to humans, livestock, wildlife, plant life, or fish and aquatic
life in the receiving stream.

Sludge or any other material removed by any treatment works must be disposed of in a
manner, which prevents its entrance into, or pollution of any surface or subsurface waters.
Additionally, the disposal of such sludge or other material must be in compliance with the
Tennessee Solid Waste Disposal Act, TCA 68-31-101 et seq. and the Tennessee Hazardous
Waste Management Act, TCA 68-46-101 et seq.

For the purpose of evaluating Total Residual Chlorine/Total Residual Oxidant
(TRC/TRO) as required in this permit, analyses shall include any residual bromine with results
reported as chlorine, i.e., one test shall be used for situations where combinations of chlorine
and bromine are used. The permittee shall sample the effluent when chemical additives are
used resulting in TRC/TRO pollutants in the discharge as stipulated in the preceeding permit
limits tables.

For batch discharges the monitoring and reporting of measurements of FLOW, the
"Monthly Avg." shall be the total flow volume during the reporting period divided by the number
of calendar days in that period. The "Daily Max." shall be the total flow volume for the day with
the greatest amount of discharge during the reporting period. Example: 3 discharges of 15,000
gallons/day and 1 discharge of 20,000 gallons/day during a 1-month period result in a Monthly
Avg. of 65,000 gallons/30 days, or 2,166 gallons/day (to be reported as 0.002166 MGD). The
Daily Max to be reported for this example is 20,000 gallons/day or 0.020 MGD.

There shall be no discharge of PCB. With regard to PcB sampling, the permittee will
have the opportunity to conduct additional tests, as necessary, to establish the existence of any
PCBs in the effluent if they exist. The results of these additional tests and any conclusions
drawn must be submitted to the Division within fifteen (15) days along with the monthly
discharge monitoring report. The Division shall maintain the exclusive determination of the
validity of the additional tests and any conclusions to be drawn from them regarding the
possibility of matrix interferences, or the need for additional monitoring. The decision of the
division in this matter shall be final.

Priority Pollutants contained in chemicals added for cooling tower maintenance except
for zinc, shall not be discharged in cooling tower blowdown in amounts that are detectable by
analytical methods in 40 CFR Part 136.

The use of water treatment chemicals containing chromium is prohibited under this
permit. Chromium monitoring is waived by authority of 40 CFR 122.44 (a)(2)(i), where
application sample results demonstrated no Cr pollutant discharged from these outfalls (101
and 102).
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Additional limitations, conditions, and monitoring requirements applicable to Outfalls 
101, 102, 103, 107, 111, 112, and 113 include: 

There shall be no distinctly visible floating scum, oil or other matter contained in the 
wastewater discharge. The wastewater discharge must not cause an objectionable color 
contrast in the receiving stream. 

The wastewater discharge shall not contain pollutants in quantities that will be 
hazardous or otherwise detrimental to humans, livestock, wildlife, plant life, or fish and aquatic 
life in the receiving stream. 

Sludge or any other material removed by any treatment works must be disposed of in a 
manner, which prevents its entrance into, or pollution of any surface or subsurface waters. 
Additionally, the disposal of such sludge or other material must be in compliance with the 
Tennessee Solid Waste Disposal Act, TCA 68-31-101 et seq. and the Tennessee Hazardous 
Waste ~anagement Act, TCA 68-46-101 et seq. 

For the purpose of evaluating Total Residual Chlorineffotal Residual Oxidant 
(TRCffRO) as required in this permit, analyses shall include any reSidual bromine with results 
reported as chlorine, i.e., one test shall be used for situations where combinations of chlorine 
and bromine are used. The permittee shall sample the effluent when chemical additives are 
used resulting in TRCffRO pollutants in the discharge as stipulated in the preceeding permit 
limits tables. . 

For batch discharges the monitoring and reporting of measurements of FLOW, the 
"Monthly Avg." shall be the total flow volume during the reporting period divided by the number 
of calendar days in that period. The "Daily Max." shall be the total flow volume for the day with 
the greatest amount of discharge during the reporting period. Example: 3 discharges of 15,000 
gallons/day and 1 discharge of 20,000 gallons/day during a 1-month period result in a Monthly 
Avg. of 65,000 gallons/3O days, or 2,166 gallons/day (to be reported as 0.002166 MGD). The 
Daily Max to be reported for this example is 20,000 gallons/day or 0.020 MGD. 

There shall be no discharge of PCB. With regard to PCB sampling, the permittee will 
have the opportunity to conduct additional tests, as necessary, to establish the existence of any 
PCBs in the effluent if they exist. The results of these additional tests and any conclusions 
drawn must be submitted to the DiviSion within fifteen (15) days along with the monthly 
discharge monitOring report. The Division shall maintain the exclusive determination of the 
validity of the additional tests and any conclusions to be drawn from them regarding the 
possibility of matrix interferences, or the need for additional monitoring. The deCision of the 
division in this matter shall be final. 

Priority Pollutants contained in chemicals added for cooling tower maintenance except 
for zinc, shall not be discharged in COOling tower blowdown in amounts that are detectable by 
analytical methods in 40 CFR Part 136. 

The use of water treatment chemicals containing chromium is prohibited under this 
permit. Chromium monitOring is waived by authority of 40 CFR 122.44 (a)(2)(I), where 
application sample results demonstrated no Cr pollutant discharged from these outfalls (101 
and 102). 
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Discharges are authorized for Outfall 101 only during periods when flow in the receiving
stream is at a minimum of 3,500 cubic feet per second. All changes to the flow rate of the
SCOW discharge (Outfall 113) shall be done during periods when flow in the receiving waters is
at a minimum of 3,500 Cubic feet per second. This includes periods of start-up, shutdown as
well as other similar abrupt flow rate changes of the SCOW. When thermally loaded effluent is
discharged through Outfall 102, all reasonable efforts shall be made to keep flow to a minimum
of 3500 cubic feet per second in the receiving waters. If such flow is absent, the permittee shall
verify protection of water quality by taking instream temperature measurements. Compliance
with flow requirements for 3,500 cfs flow instream for Outfalls 101, 102 and 113 discharges
shall be certified monthly with the submission of Discharge Monitoring Reports submitted to the
Division for these outfalls. Records conceming the Instream flow shall be maintained and
available upon request.

The thermal mixing zone area has been modified and redefined for this permit; see
diagram at Appendix 5H. The discharge from Outfall 113 shall be limited and monitored by the
permittee as specified below.

In recognition of the dynamic behavior of the thermal effluent In the river, monitoring
shall be required for an active mixing zone and a passive mixing zone as described
in the permit rationale. The passive mixing zone includes the following dimensions:
(1) a maximum width of from bank to bank in the river, and (2) a maximum length of
1000 feet downstream of the outfall. It has been documented that there is a zone of
(cool water) refuge in the bottom layer to allow for fish and other species to pass
below the thermal plume. Compliance with the requirements below will be
established for the active mixing zone at a maximum length of 2000 feet
downstream of the outfall.

Compliance for the passive mixing zone shall be by two instream temperature
surveys, one conducted during winter ambient conditions and one during summer
ambient conditions. The surveys shall be performed while the SCCW system is
thermally loaded with low river flow conditions and shall include temperature profiles
at a sufficient number of locations across the downstream edge of the passive
mixing zone to locate the effluent plume. The measurements shall be compared
with the results from the thermal plume model and shall be summarized in a report
to the division semiannually.

Compliance with TEMPERATURE, Edge of Mixing zone; TEMPERATURE, Rise
Upstream to Downstream; and TEMPERATURE, Rate of Change shall be applicable
at the edge of the active mixing zone.

Daily maximum temperatures for the TEMPERATURE, effluent; TEMPERATURE,
Edge of Mixing zone; TEMPERATURE, Rise Upstream to Downstream; and
TEMPERATURE, Rate of Change shall be determined from 1-hour average values.
The average values shall be calculated every 15 minutes using the current and
previous four 15-minute values, thus creating a rolling average.

As demonstrated by monitoring at the edge of the active mixing zone, the maximum
temperature shall not exceed 30.5°C (except as a result of natural causes), the
maximum change in temperature relative to the upstream control point shall not
exceed 3°C (except as a result of natural causes), and the maximum temperature
rate of change shall not exceed 2°C per hour (except as a result of natural causes).

.'1) 
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Discharges are authorized for Outfall 101 only during periods when flow in the receiving 
stream is at a minimum of 3,500 cubic feet per second. All changes to the flow rate of the 
SCCW discharge (Outfall 113) shall be done during periods when flow in the receiving waters is 
at a minimum of 3,500 Cubic feet per second. This includes periods of start-up, shutdown as 
well as other similar abrupt flow rate changes of the SCCW. When thermally loaded effluent is 
discharged through Outfall 102, all reasonable efforts shall be made to keep flow to a minimum 
of 3500 cubic feet per second in the receiving waters. If such flow is absent, the permittee shall 
verify protection of water quality by taking instream temperature measurements. Compliance 
with flow requirements for 3,500 cfs flow instream for Outfalls 101, 102 and 113 discharges 
shall be certified monthly with the submission of Discharge Monitoring Reports submitted to the 
Division for these outfalls. Records conceming the Instream flow shall be maintained and 
available upon request. 

The thermal mixing zone area has been modified and redefined for this permit; see 
diagram at Appendix SH. The discharge from Outfall 113 shall be limited and monitored by the 
permittee as specified below: 

• In recognition of the dynamic behavior of the thermal effluent In the river, monitoring 
shall be required for an active mixing zone and a passive mixing zone as described 
In the permit rationale. The passive mixing zone includes the following dimensions: 
(1) a maximum width of from bank to bank in the river, and (2) a maximum length of 
1000 feet downstream of the outfall. It has been documented that there is a zone of 
(cool water) refuge in the bottom layer to allow for fish and other species to pass 
below the thermal plume. Compliance with the requirements below will be 
established for the active mixing zone at a maximum length of 2000 feet 
downstream of the outfall. 

• Compliance for the passive mixing zone shall be by two instream temperature 
surveys, one conducted during winter ambient conditions and one during summer 
ambient conditions. The surveys shall be performed while the SCCW system is 
thermally loaded with low river flow conditions and shall include temperature profiles 
at a sufficient number of locations across the downstream edge of the passive 
mixing zone to locate the effluent plume. The measurements shall be compared 
with the results from the thermal plume model and shall be summarized in a report 
to the division semiannually. 

• Compliance with TEMPERATURE, Edge of Mixing zone; TEMPERATURE, Rise 
Upstream to Downstream; and TEMPERATURE, Rate of Change shall be applicable 
at the edge of the active mixing zone. 

• Daily maximum temperatures for the TEMPERATURE, effluent; TEMPERATURE, 
Edge of Mixing zone; TEMPERATURE, Rise Upstream to Downstream; and 
TEMPERATURE, Rate of Change shall be determined from 1-hour average values. 
The average values shall be calculated every 15 minutes using the current and 
previous four is-minute values, thus creating a rolling average. 

• As demonstrated by monitoring at the edge of the active mixing zone, the maximum 
temperature shall not exceed 30.5°C (except as a result of natural causes), the 
maximum change in temperature relative to the upstream control point shall not 
exceed 3°C (except as a result of natural causes), and the maximum temperature 
rate of change shall not exceed 2°C per hour (except as a result of natural causes). 
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The upstream ambient river temperature (control point) for determining the
TEMPERATURE, Rise Upstream to Downstream for the active mixing zone shall be
by sensors positioned in the discharge from the powerhouse at Watts Bar Dam. The
upstream ambient river temperature shall be determined by the first sensor at or
below a depth of 5 feet. This monitor shall also be used for ambient river
temperature for the passive mixing zone surveys.

* The river temperature for determining the TEMPERATURE, Edge of Mixing Zone
and TEMPERATURE, rate-of-change shall be by two floating water temperature
stations at the downstream edge of the active mixing zone. One station shall be
located near the right-hand shoreline of the river (facing downstream) and one
station shall be located near the center of the river. At each station, the water
temperature at the 5-foot depth shall be determined as the average of sensors at
three depths-3 feet, 5 feet, and 7 feet. The downstream river temperature and
temperature rate of change shall be determined by the average temperature of the
two floating water temperature stations.

* Compliance with TEMPERATURE, Receiving Stream Bottom shall be applicable at
the edge of a square mussel relocation zone located on the bottom of the river at the
outfall and having a side dimension not less than 150 feet. The temperature shall be
determined by four sensors located along the periphery of the mussel relocation
zone.

" The daily maximum value for the TEMPERATURE, Receiving Stream Bottom shall
be determined from 15-minute values. The temperature of the 15-minute value shall
be determined as the maximum of the four sensors required for the mussel
relocation zone. The temperature shall be reported on the Discharge Monitoring
Reports as the daily maximum (highest value for a day) and monthly average value
(average of all four monitors).

B. MONITORING PROCEDURES

1. Representative Sampling

Samples and measurements taken in compliance with the monitoring requirements
specified herein shall be representative of the volume and nature of the monitored discharge,
and shall be taken after treatment and prior to mixing with uncontaminated storm water runoff
or the receiving stream.

The permittee shall maintain a capability for composite sampling of Outfall 101
discharges. Temporary or mobile equipment may be used for this since the sampling protocal
instituted does not utilize standard sample collection equipment to collect the samples. TVA
shall ensure sampling protocol conforms to 40 CFR 136 procedures.

2. Sampling Frequency

If there Is a discharge from a permitted outfall on any given day during the monitoring
period, the permittee must sample and report the results of analyses accordingly, and the
permittee should not mark the 'No Discharge' box on the Discharge Monitoring Report form.

-: 
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• The upstream ambient river temperature (control point) for determining the 
TEMPERA TU RE, Rise Upstream to Downstream for the active mixing zone shall be 
by sensors positioned in the discharge from the powerhouse at Watts Bar Dam. The 
upstream ambient river temperature shall be determined by the first sensor at or 
below a depth of 5 feet. This monitor shall also be used for ambient river 
temperature for the passive mixing zone surveys. 

• The river temperature for determining the TEMPERATURE, Edge of Mixing Zone 
and TEMPERATURE, rate-of-change shall be by two floating water temperature 
stations at the downstream edge of the active mixing zone. One station shall be 
located near the right-hand shoreline of the river (facing downstream) and one 
station shall be located near the center of the river. At each station, the water 
temperature at the 5-foot depth shall be determined as the average of sensors at 
three depths-3 feet, 5 feet, and 7 feet. The downstream river temperature and 
temperature rate of change shall be determined by the average temperature of the 
two floating water temperature stations. 

• Compliance with TEMPERATURE, Receiving Stream Bottom shall be applicable at 
the edge of a square mussel relocation zone located on the bottom of the river at the 
outfall and having a side dimension not less than 150 feet. The temperature shall be 
determined by four sensors located along the periphery of the mussel relocation 
zone. 

• The daily maximum value for the TEMPERATURE, Receiving Stream Bottom shall 
be determined from 15-minute values. The temperature of the 15-minute value shall 
be determined as the maximum of the four sensors required for the mussel 
relocation zone. The temperature shall be reported on the Discharge Monitoring 
Reports as the daily maximum (highest value for a day) and monthly average value 
(average of all four monitors). 

B. MONITORING PROCEDURES 

1. Representative Sampling 

Samples and measurements taken in compliance with the monitoring requirements 
specified herein shall be representative of the volume and nature of the monitored discharge, 
and shall be taken after treatment and prior to mixing with uncontaminated storm water runoff 
or the receiving stream. 

The permittee shall maintain a capability for composite sampling of Outfall 101 
discharges. Temporary or mobile equipment may be used for this since the sampling protocal 
instituted does not utilize standard sample collection eqUipment to collect the samples. TVA 
shall ensure sampling protocol conforms to 40 CFR 136 procedures. 

2. Sampling Frequency 

If there is a discharge from a permitted outfall on any given day during the monitoring 
period, the permittee must sample and report the results of analyses accordingly, and the 
permittee should not mark the 'No Discharge' ~ox on the Discharge Monitoring Report form. 
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3. Test Procedures

a. Test procedures for the analysis of pollutants shall conform to regulations
published pursuant to Section 304 (h) of the Clean Water Act (the "Act*), as amended,
under which such procedures may be required.

b. Unless otherwise noted in the permit, all pollutant parameters shall be
determined according to methods prescribed in Title 40, CFR, Part 136, as
amended, promulgated pursuant to Section 304 (h) of the Act.

c. Test Method for E. Coil

Because 40 CFR Part 136 does not include test methods for measuring E. coli in
effluent matrices, the Division has added a notation on the limits table page requiring the
use of the methods either proposed or added by the EPA to Part 136 for measuring E.
coli in ambient waters.

The Division has no basis to believe that the proposed or added methods for
ambient waters are inappropriate for treated sanitary wastewater effluent. The Division
prefers measurement of the E. coli in treated effluent to the measurement of the
ambient E. coli up and downstream of the outfall. Comparison of upstream to
downstream ambient monitoring data can fail to conclusively characterize a wastewater
effluent. Additionally, meaningful comparison of E. coil in the treated effluent to E. coil
in receiving stream should be based on use of the same test method. Analyzing the
effluent using ambient test methods characterizes the effluent in terms that shall allow
comparison to future data gathered from assessments of ambient pathogens.

4. Recording of Results

For each measurement or sample taken pursuant to the requirements of this permit, the
permittee shall record the following information:.

a. The exact place, date and time of sampling;

b. The exact person(s) collecting samples;

c. The dates and times the analyses were performed;

d. The person(s) or laboratory who performed the analyses;

e. The analytical techniques or methods used, and;

f. The results of all required analyses.

5. Records Retention

All records and information resulting from the monitoring activities required by this
permit including all records of analyses performed and calibration and maintenance of
instrumentation shall be retained for a minimum of three (3) years, or longer, if requested by the
Division of Water Pollution Control.
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C. DEFINITIONS

The Daily Maximum Concentration is a limitation on the average concentration, in
milligrams per liter (mg/L), of the discharge during any calendar day. When a proportional-to-
flow composite sampling device is used, the daily concentration is the concentration of that 24-
hour composite; when other sampling means are used, the daily concentration is the arithmetic
mean of the concentrations of equal volume samples collected during any calendar day or
sampling period.

The Monthly Average Concentration, a limitation on the discharge concentration, in
milligrams per liter (mg/L), is the arithmetic mean of all daily concentrations determined in a
one-month period. For the purpose of this definition, a frequency of 2/Month is representative of
2 separate daily samples, each sample having been collected on a separate day during the
monitoring period.

The Monthly.Average Amount, a discharge limitation measured in pounds per day
(lb/day), is the total amount of any pollutant in the discharge by weight during a calendar month
divided by the number of days in the month that the production or commercial facility was
operating. Where less than daily sampling is required by a permit, the monthly average amount
shall be determined by the summation of all the measured daily discharges by weight divided by
the number of days during the calendar month when the measurements were made. For the
purpose of this definition, a frequency of 2/Month is representative of 2 separate daily samples,
each sample having been collected on a separate day during the monitoring period.

The Daily Maximum Amount, is a limitation measured in pounds per day (lb/day), on
the total amount of any pollutant in the discharge by weight during any calendar day.

The Instantaneous Concentration is a limitation on the concentration, in milligrams per
liter (mg/L), of any pollutant contained in the discharge determined from a grab sample taken at
any point in time.

A Composite Sample, for the purposes of this permit, is a sample collected
continuously over a period of 24-hours at a rate proportional to the flow. Composite sample
should be a combination of at least 8 sample aliquots of at least 100 milliliters, collected at
periodic intervals during the operating hours of a facility over a 24-hour period.

A Grab Sample, for the purposes of this permit, is defined as a single effluent sample of
at least 100 milliliters (sample volumes <100 milliliters are allowed when specified per standard
methods, latest edition) collected at a randomly selected time over a period not exceeding 15
minutes. The sample(s) shall be collected at the period(s) most representative of the total
discharge.

* i For the purpose of this permit, a Calendar Day is defined as any 24-hour period.

For the purpose of this permit, a Quarter is defined as any one of the following three
month periods: January 1 through March 31, April 1 through June 30, July 1 through
September 30, or October I through December 31.

For the purpose of this permit, Semi-annually means the same as "once every six
months." Measurements of the effluent characteristics concentrations may be made anytime
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during a 6 month period beginning from the issuance date of this permit so long as the second
set of measurements for a given 12 month period are made approximately 6 months
subsequent to that time, if feasible.

I For the purpose of this permit, Annually is defined as a monitoring frequency of once
every twelve (12) months beginning with the date of issuance of this permit so long as the
following set of measurements for a given 12 month period are made approximately 12 months
subsequent to that time.

D. REPORTING

1. Monitoring Results

Monitoring results shall be recorded monthly and submitted monthly using Discharge
Monitoring Report (DMR) forms supplied by the Division of Water Pollution Control or
comparable forms provided by the permittee, and approved by the Division of Water Pollution
Control. Submittals shall be postmarked no later than 15 days after the completion of the
reporting period. The top two copies of each report are to be submitted. A copy should be
retained for the permittee's files. DMRs and any communication regarding compliance with the
conditions of this permit must be sent to:

TENNESSEE DEPT. OF ENVIRONMENT & CONSERVATION
DIVISION OF WATER POLLUTION CONTROL

COMPLIANCE REVIEW SECTION
401 CHURCH STREET

L & C ANNEX 6TH FLOOR
NASHVILLE TN 37243-1534

The first DMR is due on the fifteenth of the month following permit effectiveness.

DMRs and any other information or report must be signed and certified by a responsible
corporate officer as defined in 40 CFR 122.22, a general partner or proprietor, or a principal
municipal executive officer or ranking elected official, or his duly authorized representative.
Such authorization must be submitted in writing and must explain the duties and responsibilities
of the authorized representative.

The electronic submission of DMRs shall be accepted only if approved in writing by the
division. For purposes of determining compliance with this permit, data submitted in electronic
format is legally equivalent to data submitted on signed and certified DMR forms.

2. Additional Monitoring by Permittee

If the permittee monitors any pollutant specifically limited by this permit more frequently
than required at the location(s) designated, using approved analytical methods as specified
herein, the results of such monitoring shall be included in the calculation and reporting of the
values required in the DMR form. Such increased frequency shall also be indicated on the form.
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3. Falsifying Results and/or Reports

Knowingly making any false statement on any report required by this permit or falsifying
any result may result in the imposition of criminal penalties as provided for in Section 309 of the
Federal Water Pollution Control Act, as amended, and in Section 69-3-115 of the Tennessee
Water Quality Control Act.

4. Outlier Data

Outlier data include analytical results that are probably false. The validity of results is
based on operational knowledge and a properly implemented quality assurance program. False
results may include laboratory artifacts, potential sample tampering, broken or suspect sample
containers, sample contamination or similar demonstrated quality control flaw.

Outlier data are identified through a properly implemented quality assurance program,
and according to ASTM standards (e.g. Grubbs Test, 'h' and 'k' statistics). Furthermore, outliers
should be verified, corrected, or removed, based on further inquiries into the matter. If an outlier
was verified (through repeated testing and/or analysis), it should remain in the preliminary data
set. If an outlier resulted from a transcription or similar clerical error, it should be corrected and
subsequently reported.

Therefore, only if an outlier was associated with problems in the collection or analysis of
the samples, and as such does not conform with the Guidelines Establishing Test Procedures
for the Analysis of Pollutants (40 CFR §136), it can be removed from the data set and not
reported on the Discharge Monitoring Report forms (DMRs). Otherwise, all results (including
monitoring of pollutants more frequently than required at the location(s) designated, using
approved analytical methods as specified in the permit) should be included in the calculation
and reporting of the values required in the DMR form. The permittee is encouraged to use
"comment" section of the DMR form (or attach additional pages), in order to explain any
potential outliers or dubious results.

Document Type: NPOES PenmitsJApplications TVA-Watts-Bar Nuclear Plant 
NPDES Permit TN0020168 

Page 13 of 27 

3. Falsifying Results and/or Reports 

Knowingly making any false statement on any report required by this permit or falsifying 
any result may result in the imposition of criminal penalties as provided for in Section 309 of the 
Federal Water Pollution Control Act, as amended, and in Section 69-3-115 of the Tennessee 
Water Quality Control Act. 

4. Outlier Data 

Outlier data include analytical results-that are probably false. The Validity of results is 
based on operational knowledge and a properly implemented quality assurance program. False 
results may include laboratory artifacts, potential sample tampering, broken or suspect sample 
containers, sample contamination or similar demonstrated quality control flaw. 

Outlier data are identified through a properly implemented quality assurance program, 
and according to ASTM standards (e.g. Grubbs Test, 'h' and 'k' statistics). Furthermore, outliers 
should be verified, corrected, or removed, based on further inquiries into the matter. If an outlier 
was verified (through repeated testing and/or analysis), it should remain in the preliminary data 
set. If an outlier resulted from a transcription or similar clerical error, it should be corrected and 
subsequently reported. 

Therefore, only if an outlier was associated with problems in the collection or analysis of 
the samples, and as such does not conform with the Guidelines Establishing Test Procedures 
for the Analysis of Pollutants (40 CFR §136), it can be removed from the data set and not 
reported on the Discharge Monitoring Report forms (DMRs). Otherwise, all results (including 
monitoring of pollutants more frequently than required at the location(s) deSignated, using 
approved analytical methods as specified in the permit) should be included in the calculation 
and reporting of the values required in the DMR form. The permittee is encouraged to use 
"comment" section of the DMR form (or attach additional pages), in order to explain any 
potential outliers or dU,bious results. 



Document Type: NPDES PermitsIApplications TVA-Watts-Bar Nuclear Plant
NPDES Permit TN0020168Page 14 of 27

E. SCHEDULE OF COMPLIANCE

Full compliance and operational levels shall be attained from the effective date of this
permit with the following exception(s).

1. The thermal recorder at station #33 shall be moved to its new location 1000ft
downstream. The moving, relocating, and set-up, including recalibration, shall be
completed within 30-days.

2. An additional thermal recorder at station #34 will be located between the new
location for station #33 and the shoreline for averaging capability of the thermal
plume. The istallation and set-up, including calibration, shall be completed within
same 30-day period as the relocation of the recorder at station #33.

3. While the thermal recorder at station #33 is being relocated, and the new
recorder at station #34 is being installed TVA-WBN shall manually monitor the
thermal discharges from outfall 113 in the area of the "passive" mixing zone and
report them to the Division in a separate report with the next DMR report
submitted once the relocation of station #33 and installation of station #34 is
complete.

A. GENERAL PROVISIONS

1. Duty to Reapply

Permittee is not authorized to discharge after the expiration date of this permit. in order
to receive authorization to discharge beyond the expiration date, the permittee shall submit
such information and forms as are required to the Director of Water Pollution Control (the
'Directorl) no later than 180 days prior to the expiration date. Such applications must be
properly signed and certified.

2. Right of Entry

The permittee shall allow the Director, the Regional Administrator of the U.S.
Environmental Protection Agency, or their authorized representatives, upon the presentation of
credentials:

a. To enter upon the permittee's premises where an effluent source is located or
where records are required to be kept under the terms and conditions of this permit, and
at reasonable times to copy these records;

b. To inspect at reasonable times any monitoring equipment or method or any
collection, treatment, pollution management, or discharge facilities required under this
permit; and
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c. To sample at reasonable times any discharge of pollutants.

3. Availability of Reports

Except for data determined to be confidential under Section 308 of the Federal Water
Pollution Control Act, as amended, all reports prepared in accordance with the terms of this
permit shall be available for public inspection at the offices of the Division of Water Pollution
Control. As required by the Federal Act, effluent data shall not be considered confidential.

4. Proper Operation and Maintenance

a. The permittee shall at all times properly operate and maintain all facilities and
systems (and related appurtenances) for collection and treatment which are installed or
used by the permittee to achieve compliance with the terms and conditions of this
permit. Proper operation and maintenance also includes adequate laboratory and
process controls and appropriate quality assurance procedures. This provision requires
the operation of backup or auxiliary facilities or similar systems, which are installed by a
permittee only when the operation is necessary to achieve compliance with the
conditions of the permit. Backup continuous pH and flow monitoring equipment are not
required.

b. Dilution water shall not be added to comply with effluent requirements to achieve
BCT, BPT, BAT and or other technology-based effluent limitations such as those in
State of Tennessee Rule 1200-4-5-.03.

5. Treatment Facility Failure

The permittee, in order to maintain compliance with this permit, shall control production,
all discharges, or both, upon reduction, loss, or failure of the treatment facility, until the facility is
restored or an alternative method of treatment is provided. This requirement applies in such
situations as the reduction, loss, or failure of the primary source of power.

6. Property Rights

The issuance of this permit does not convey any property rights in either real or*
personal property, or any exclusive privileges, nor does it authorize any injury to private
property or any invasion of personal rights, nor any infringement of Federal, State, or local laws
or regulations.

7. Severability

The provisions of this permit are severable. If any provision of this permit due to any
circumstance, is held invalid, then the application of such provision to other circumstances and
to the remainder of this permit shall not be affected thereby.

8. Other Information

If the permittee becomes aware that he failed to submit any relevant facts in a permit
application, or submitted incorrect information in a permit application or In any report to the
Director, then he shall promptly submit such facts or information.

T 
. NPDES Permits/Applications 

Document ype. 
TVA-Watts-Bar Nuclear Plant 

NPDES Permit TNOO20168 
Page 150f 27 

c. To sample at reasonable times any discharge of pollutants. 

3. Availability of Reports 

Except for data determined to be confidential under Section 308 of the Federal Water 
Pollution Control Act, as amended, all reports prepared in accordance with the terms of this 
permit shall be available for pubnc inspection at the offices of the Division of Water Pollution 
Control. As required by the Federal Act, effluent data shall not be considered confidential. 

4. Proper Operation and Maintenance 

a. The permittee shall at all times properly operate and maintain a\1 facilities and 
systems (and related appurtenances) for collection and treatment which are installed or 
used by the permittee to achieve compliance with the terms and conditions of this 
permit. Proper operation and maintenance also includes adequate laboratory and 
process controls and appropriate quality assurance procedures. This prOvision requires 
the operation of backup or auxiliary facilities or similar systems, which are installed by a 
permittee only when the operation is necessary to achieVe compliance with the 
conditions of the permit. Backup continuous pH and flow monitoring eqUipment are not 
required. 

b. Dilution water shall not be added to comply with effluent requirements to achieve 
BCT, BPT, BAT and or other technology-based effluent limitations such as those in 
State of Tennessee Rule 1200-4-5-.03. 

5. Treatment Facility Failure 

The permittee, in order to maintain compliance with this permit, shall control production, 
all discharges, or both, upon reduction, loss, or failure of the treatment facility, until the facility is 
restored or an alternative method of treatment is provided. This requirement applies in such 
situations as the reduction, loss, or failure of the primary source of power. 

6. Property Rights 

The issuance of this permit does not convey any property rights in either real or' 
personal property, or any exclusive privileges, nor does it authorize any injury to private 
property or any invasion of personal rights, nor any infringement of Federal, State, or local laws 
or regulations. 

7. Severability 

The provisions of this permit are severable .. If any provision of this permit due to any 
circumstance, is held invalid, then the application of such prOVision to other circumstances and 
to the remainder of this permit shall not be affected thereby. 

8. Other Information 

If the permittee becomes aware that he failed to submit any relevant facts in a permit 
application, or submitted incorrect information in a permit application or In any report to the 
Director, then he shall promptly submit such facts or information. 



Document Type: NPDES permits/Appicati n•.As
WVA-Watts-Bar Nuclear Plant

NPDES Permit TN0020168
Page 16 of 27

B. CHANGES AFFECTING THE PERMIT

1. Planned Changes

The permittee shall give notice to the Director as soon as possible of any planned
physical alterations or additions to the permitted facility. Notice is required only when:

a. The alteration or addition to a permitted facility may meet one of the criteria for
determining whether a facility is a new source in 40 CFR 122.29(b); or

b. The alteration or addition could significantly change the nature or increase the
quantity of pollutants discharged. This notification applies to pollutants which are subject
neither to effluent limitations in the permit, nor to notification requirements under 40
CFR 122.42(a)(1).

2. Permit Modification, Revocation, or Termination

a. This permit may be modified, revoked and reissued, or terminated for cause as
described in 40 CFR 122.62 and 122.64, Federal Register, Volume 49, No. 188
(Wednesday, September 26, 1984), as amended.

b. The permittee shall furnish to the Director, within a reasonable time, any
information which the Director may request to determine whether cause exists for
modifying, revoking and reissuing, or terminating this permit, or to determine compliance
with this permit. The permittee shall also furnish to the Director, upon request, copies of
records required to be kept by this permit.

c. If any applicable effluent standard or prohibition (including any schedule of
compliance specified in such effluent standard or prohibition) is established for any toxic
pollutant under Section 307(a) of the Federal Water Pollution Control Act, as amended,
the Director shall modify or revoke and reissue the permit to conform to the prohibition
or to the effluent standard, providing that the effluent standard is more stringent than the
limitation In the permit on the toxic pollutant. The permittee shall comply with these
effluent standards or prohibitions Within the time provided in the regulations that
establish these standards or prohibitions, even If the permit has not yet been modified or
revoked and reissued to incorporate the requirement.

d. The filing of a request by the permittee for a modification, revocation,
reissuance, termination, or notification of planned changes or anticipated
noncompliance does not halt any permit condition.

3. Change of Ownership

This permit may be transferred to another party (provided there are neither modifications
to the facility or its operations, nor any other changes which might affect the permit limits and
conditions contained in the permit) by the permittee if:

a. The permittee notifies the Director of the proposed transfer at least 30 days in
advance of the proposed transfer date;
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b. The notice includes a written agreement between the existing and new
permittee's containing a specified date for transfer of permit responsibility, coverage,
and liability between them; and

c. The Director, within 30 days, does not notify the current permittee and the new
permittee of his intent to modify, revoke or reissue, or terminate the permit and to
require that a new application be filed rather than agreeing to the transfer of the permit.

Pursuant to the requirements of 40 CFR 122.61, concerning transfer of ownership, the
permittee must provide the following information to the division in their formal notice of intent to
transfer ownership: 1) the NPDES permit number of the subject permit; 2) the effective date of
the proposed transfer; 3) the name and address of the transferor; 4) the name and address of
the transferee; 5) the names of the responsible parties for both the transferor and transferee; 6)
a statement that the transferee assumes responsibility for the subject NPDES permit; 7) a
statement that the transferor relinquishes responsibility for the subject NPDES permit; 8) the
signatures of the responsible parties for both the transferor and transferee pursuant to the
requirements of 40 CFR 122.22(a), "Signatories to permit applications"; and, 9) a statement
regarding any proposed modifications to the facility, it's operations, or any other changes which
might affect the permit limits and conditions contained in the permit.

.4. Change of Mailing Address

The permittee shall promptly provide to the Director written notice of any change of
mailing address. In the absence of such notice the original address of the permittee shall be
assumed to be correct.

C. NONCOMPLIANCE

1. Effect of Noncompliance

All discharges shall be consistent with the terms and conditions of this permit. Any
permit noncompliance constitutes a violation of applicable State and Federal laws and is
grounds for enforcement action, permit termination, permit modification, or denial of permit
reissuance.

2. Reporting of Noncompliance

a. 24-Hour Reporting

In the case of any noncompliance which could cause a threat to public drinking
supplies, or any other discharge which could constitute a threat to human health or the
environment, the required notice of non-compliance shall be provided to the Division of
Water Pollution Control in the appropriate Environmental Assistance Center within 24-
hours from the time the permittee becomes aware of the circumstances. (The
Environmental Assistance Center should be contacted for names and phone numbers of
environmental response personnel).

A written submission must be provided within five days of the time the permittee
becomes aware of the circumstances unless this requirement is waived by the Director
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on a case-by-case basis. The permittee shall provide the Director with the following

information:

i. A description of the discharge and cause of noncompliance;

i. The period of noncompliance, including exact dates and times or, if not
corrected, the anticipated time the noncompliance is expected to continue; and

Ill. The steps being taken to reduce, eliminate, and prevent recurrence of the

noncomplying discharge.

b. Scheduled Reporting

For instances of noncompliance, which are not reported under subparagraph
2.a. above, the permittee shall report the noncompliance on the Discharge Monitoring
Report. The report shall contain all information concerning the steps taken, or planned,
to reduce, eliminate, and prevent recurrence of the violation and the anticipated time the
violation is expected to continue.

3. Overflow

a. "Overflow," means the discharge to land or water of wastes from any portion of
the collection, transmission, or treatment system other than through permitted outfalls.

b. Overflows are prohibited.

c. The permittee shall operate the collection system so as to avoid overflows. No
new or additional flows shall be added upstream of any point in the collection system,
which experiences chronic overflows (greater than 5 events per year) or would otherwise
overload any portion of the system.

d. Unless there is specific enforcement action to the contrary, the permittee is
relieved of this requirement after: 1) an authorized representative of the Commissioner
of the Department of Environment and Conservation has approved an engineering
report and construction plans and specifications prepared in accordance with accepted
engineering practices for correction of the problem; 2) the correction work is underway;,
and 3) the cumulative, peak-design, flows potentially added from new connections and
line extensions upstream of any chronic overflow point are less than or proportional to
the amount of inflow and infiltration removal documented upstream of that point. The
inflow and infiltration reduction must be measured by the permittee using practices that
are customary in the environmental engineering field and reported in an attachment to a
Monthly Operating Report submitted to the local TDEC Environmental Assistance
Center. The data measurement period shall be sufficient to account for seasonal rainfall
patterns and seasonal groundwater table elevations.

e. In the event that more than five (5) overflows have occurred from a single point
in the collection system for reasons that may not warrant the self-imposed moratorium
or completion of the actions identified in this paragraph, the permittee may request a
meeting with the Division of Water Pollution Control EAC staff to petition for a waiver
based on mitigating evidence.
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4. Upset

a. "Upset," means an exceptional incident in which there is unintentional and
temporary noncompliance with technology-based effluent limitations because of factors
beyond the reasonable control of the permittee. An upset does not include
noncompliance to the extent caused by operational error, improperly designed treatment
facilities, inadequate treatment facilities, lack of preventive maintenance, or careless or
improper operation.'

b. An upset shall constitute an affirmative defense to an action brought for
noncompliance with such technology-based permit effluent limitations If the permittee
demonstrates, through properly signed, contemporaneous operating logs, or other
relevant evidence that:

i. An upset occurred and that the permittee can identify the cause(s) of the
upset;

ii. The permitted facility was at the time being operated in a prudent and
workman-like manner and in compliance with proper operation and maintenance
procedures;

ill. The permittee submitted information required under "Reporting of
Noncompliance" within 24-hours of becoming aware of the upset (if this
information is provided orally, a written submission must be provided within five
days); and

iv. The permittee complied with any remedial measures required under
"Adverse Impact."

5. Adverse Impact

The permittee shall take all reasonable steps to minimize any adverse impact to the
waters of Tennessee resulting from noncompliance with this permit, including such accelerated
or additional monitoring as necessary to determine the nature and impact of the noncomplying
discharge. It shall not be a defense for the permittee in an enforcement action that it would
have been necessary to halt or reduce the permitted activity in order to maintain compliance
with the conditions of this permit.

6. Bypass

a. 'Bypass" is the intentional diversion of wastewater away from any portion of a
treatment facility. "Severe property damage' means substantial physical damage to
property, damage to the treatment facilities, which would cause them to become
inoperable, or substantial and permanent loss of natural resources, which can
reasonably be expected to occur in the absence of a bypass. Severe property damage
does not mean economic loss caused by delays in production.

b. Bypasses are prohibited unless the following 3 conditions are met:

L. The bypass is unavoidable to prevent loss of life, personal injury, or
severe property damage;
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Ii. There are not feasible alternatives to bypass, such as the use of auxiliary
treatment facilities, retention of untreated wastes, or maintenance during
normal periods of equipment downtime. This condition is not satisfied if
adequate back-up equipment should have been installed in the exercise
of reasonable engineering judgment to prevent a bypass, which occurred
during normal periods of equipment downtime or preventative
maintenance;

iii. The permittee submits notice of an unanticipated bypass to the Division
of Water Pollution Control in the appropriate environmental assistance
center within 24-hours of becoming aware of the bypass (if this
information Is provided orally, a written submission must be provided
within five days). When the need for the bypass is foreseeable, prior
notification shall be submitted to the Director, if possible, at least 10 days
before the date of the bypass.

c. Bypasses not exceeding limitations are allowed only if the bypass is
necessary for essential maintenance to assure efficient operation. All other bypasses
are prohibited. Allowable bypasses not exceeding limitations are not subject to the
reporting requirements of 6.b.iii, above.

7. Washout

a. For domestic wastewater plants only, a 'washout' shall be defined as loss of
Mixed Uquor Suspended Solids (MLSS) of 30.00% or more. This refers to the MLSS in
the aeration basin(s) only. This does not include MLSS decrease due to solids wasting
to the sludge disposal system. A washout can be caused by improper operation or from
peak flows due to infiltration and inflow.

b. A washout is prohibited. If a washout occurs, the permittee must report the
incident to the Division of Water Pollution Control in the appropriate Environmental
Assistance Center within 24-hours by telephone. A written submission must be provided
within 5 days. The washout must be noted on the discharge monitoring report. Each day
of a washout is a separate violation.

D. LIABILITIES

1. Civil and Criminal Liability

Except as provided in permit conditions for "Bypassing,' "Overflow," and "Upset,'
nothing in this permit shall be construed to relieve the permittee from civil or criminal penalties
for noncompliance. Notwithstanding this permit, the permittee shall remain liable for any
damages sustained by the State of Tennessee, including but not limited to fish kills and losses
of aquatic life and/or wildlife, as a result of the discharge of wastewater to any surface or
subsurface waters. Additionally, notwithstanding this Permit, it shall be the responsibility of the
permittee to conduct its wastewater treatment and/or discharge activities in a manner such that
public or private nuisances or health hazards shall not be created.
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2. Liability Under State Law

Nothing in this permit shall be construed to preclude the institution of any legal action or
relieve the permittee from any responsibilities, liabilities, or penalties established pursuant to
any applicable State law or the Federal Water Pollution Control Act, as amended.

OTHER REQUIREMENTS

A. TOXIC POLLUTANTS

The permittee shall notify the Division of Water Pollution Control as soon as it knows or
has reason to believe:

1. That any activity has occurred or will occur which would result in the discharge on a
routine or frequent basis, of any toxic substance(s) (listed at 40 CFR 122, Appendix D, Table II
and Ill) which is not limited in the permit, if that discharge will exceed the highest of the
following *notification levels":

a. One hundred micrograms per liter (100 ugA);

b. Two hundred micrograms per liter (200 ug/) for acrolein and acrylonitrile; five
hundred micrograms per liter (500 ugA) for 2,4-dinitrophenol and for 2-methyl-4,6-
dinitrophenol; and one milligram per liter (1 mg/L) for antimony;

c. Five (5) times the maximum concentration value reported for that pollutant(s) in
the permit application in accordance with 122.21 (g)(7); or

d. The level established by the Director in accordance with 122.44(t).

2. That any activity has occurred or will occur which would result in any discharge, on a
non-routine or infrequent basis, of a toxic pollutant which is not limited in the permit, if that
discharge will exceed the highest of the following 'notification levels':

a. Five hundred micrograms per liter (500 ugh);

b. One milligram per liter (1 mg/L) for antimony;

c. Ten (10) times the maximum concentration value reported for that pollutant in
the permit application in accordance with 122.21 (g)(7); or

d. The level established by the Director in accordance with 122.44(f).
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B. REOPENER CLAUSE

If an applicable standard or limitation is promulgated under Sections 301(b)(2)(C) and
(D), 304(B)(2), and 307(a)(2) and that effluent standard or limitation is more stringent than any
effluent limitation in the permit or controls a pollutant not limited in the permit, the permit shall
be promptly modified or revoked and reissued to conform to that effluent standard or limitation.

C. PLACEMENT OF SIGNS

Within sixty (60) days of the effective date of this permit, the permittee shall place and
maintain a sign at each outfall and any bypass/overflow point in the collection system. For the
purposes of this requirement, any bypass/overflow point that has discharged five (5) or more
times in the last year must be so posted. The sign(s) should be clearly visible to the public from
the bank and the receiving stream or from the nearest public property/right-of-way, if applicable.
The minimum sign size should be two feet by two feet (2' x 2') with one-inch (1 ) letters. The
sign should be made of durable material and have a white background with black letters.

The sign(s) are to provide notice to the public as to the nature of the discharge and, in
the case of the permitted outfalls, that the discharge is regulated by the Tennessee Department
of Environment and Conservation, Division of Water Pollution Control. The following is given as
an example of the minimal amount of information that must be included on the sign:

D. ANTIDEGRADATION

Pursuant to the Rules of the Tennessee Department of Environment and Conservation,
Chapter 1200-4-3-.06, titled "Tennessee Antidegradation Statement," and in consideration of
the Department's directive in attaining the greatest degree of effluent reduction achievable in
municipal, industrial, and other wastes, the permittee shall further be required, pursuant to the
terms and conditions of this permit, to comply with the effluent limitations and schedules of
compliance required to implement applicable water quality standards, to comply with a State
Water Quality Plan or other State or Federal laws or regulations, or where practicable, to
comply with a standard permitting no discharge of pollutants.

B. REOPENER CLAUSE 
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E. BIOMONITORING REQUIREMENTS, CHRONIC

The permittee shall conduct a 3-Brood Cenodaphnia dubia Survival and Reproduction
Test and a 7-Day Fathead Minnow (Pimephales promelas) Larval Survival and Growth Test on
the same samples of final effluent from Outfalls 101, 102, 112, and 113.

The measured endpoint for toxicity shall be the inhibition concentration causing 25%
reduction (IC25) in survival, reproduction, or growth of the test organisms. The IC25 shall be
determined based on a 25% reduction as compared to the controls. The average reproduction
and growth responses shall be determined based on the number of Ceriodaphnia dubia or
Pimephales promelas larvae used to initiate the test. A separate statistical analysis based on
survival information is not required.

Test shall be conducted and its results reported based on appropriate replicates of a
total of five serial dilutions and a control, using the percent effluent dilutions as presented in the
following table:

." 
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The dilution/control water used shall be a moderately hard water as described in Short-
Term Methods for Estimatinq the Chronic Toxicity of Effluents and Receiving Water to
Freshwater Organisms, EPA-821-R-02-013 (or the most current edition). Results from a chronic
standard reference toxicant quality assurance test for each species tested shall be submitted
with the discharge monitoring report. Reference toxicant tests shall be conducted as required in
EPA-821-R-02-013 (or the most current edition). Additionally, the analysis of this multi-
concentration test shall include review of the concentration-response relationship to ensure that
calculated test results are Interpreted appropriately.

Toxicity will be demonstrated If the IC25 is less than the permit limit indicated for each
outfall in the above table(s). Toxicity demonstrated by the tests specified herein constitutes a
violation of this permit. However, if raw water intake samples (tested concurrently with the
effluent samples) are shown to be toxic enough to represent a test failure (100 percent samples
statistically less than controls using t-tests and minnow growth or daphnid reproduction is 25
percent less than controls) and if effluent toxicity is not statistically greater than calculated
intake toxicity, the effluent toxicity test in question will be considered invalid. In the event these
two above described conditions occur, the toxicity test shall be repeated according to the
schedule requirements for test failure. Effluent toxicity that Is not consistent with the intake
toxicity conditions specified above constitutes a violation of this permit. If pathogens are
demonstrated to be the source of toxicity to Pimephales promelas in the intake water, the
permittee may be allowed to treat effluent samples for toxicity testing on Pimephales promelas
with UV radiation only in accordance with prior written approval from the Division.

All tests will be conducted using a minimum of three 24-hour flow-proportionate
composite samples of final effluent (e.g., collected on days 1, 3 and 5). If, in any control more
than 20% of the test organisms die in 7 days, the test (control and effluent) is considered invalid
and the test shall be repeated within 30 days of the date the initial test is invalidated.
Furthermore, if the results do not meet the acceptability criteria of section 4.9.1, EPA-821-R-02-
013 (or the most current edition), or if the required concentration-response review fails to yield a
valid relationship per guidance contained in Method Guidance and Recommendations for
Whole Effluent Toxicity (WET) Testing, EPA-821-B-00-004 (or the most current edition), that
test shall be repeated. Any test initiated but terminated before completion must also be reported
along with a complete explanation for the termination.

The toxicity tests specified herein shall be conducted semi-annually (2/Year) for Outfalls
101,102, 112, and 113 and begin no later than 90 days from the effective date of this permit.

In the event of a test failure, the permittee must start a follow-up test within 2 weeks
and submit results from a follow-up test within 30 days from obtaining initial WET testing
results. The follow-up test must be conducted using the same serial dilutions as presented in
the corresponding table(s) above. The follow-up test will not negate an Initial failed test. In
addition, the failure of a follow-up test will constitute a separate permit violation, which
must also be reported.

In the event of 2 consecutive test failures or 3 test failures within a 12 month period for
the same outfall, the permittee must initiate a Toxicity Identification Evaluation/Toxicity
Reduction Evaluation (TIE/TRE) study within 30 days and so notify the Division by letter. This
notification shall include a schedule of activities for the initial investigation of that outfall. During
the term of the TIE/TRE study, the frequency of blomonltoring shall be once every three
months. Additionally, the permittee shall submit progress reports once every three months
throughout the term of the TIEITRE study. The toxicity must be reduced to allowable limits for
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The dilution/control water used shall be a moderately hard water as described in Short
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test shall be repeated. Any test initiated but terminated before completion must also be reported 
along with a complete explanation for the termination. 
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addition, the failure of a follow-up test will constitute a separate permit violation, which 
must also be reported. 

In the event of 2 consecutive test failures or 3 test failures within a 12 month period for 
the same outfall, the permittee must initiate a Toxicity Identification EvaluationIToxicity 
Reduction Evaluation (TIElTRE) study within 30 days and so notify the Division by letter. This 
notification shall include a schedule of activities for the initial investigation of that outfall. During 
the term of the nEITRE study, the frequency of blomonltoring shall be once every three 
months. Additionally, the permittee shall submit progress reports once every three months 
throughout the term of the TIEITRE study. The toxicity must be reduced to allowable limits for 



Document Type: NPDES Permits/Applications TVA-Watts-Bar Nuclear Plant
NPDES Permit TN0020168Page 25 of 27

that outfall within 2 years of initiation of the TIE/TRE study. Subsequent to the results obtained
from the TIE/TRE studies, the permittee may request an extension of the TIE/TRE study period
if necessary to conduct further analyses. The final determination of any extension period will be
made at the discretion of the Division.

The TIE/TRE study may be terminated at any time upon the completion and submission
of 2 consecutive tests (for the same outfall) demonstrating compliance. Following the
completion of TIE/TRE study, the frequency of monitoring will return to a regular schedule, as
defined previously In this section as well in Part I of the permit. During the course of the
TIE/TRE study, the permittee will continue to conduct toxicity testing of the outfall being
investigated at the frequency of once every three months but will not be required to
perform follow-up tests for that outfall during the period of TIE/IRE study.

Test procedures, quality assurance practices, determinations of effluent
survival/reproduction and survival/growth values, and report formats will be made in accordance
with Short-Term Methods for Estimatina the Chronic Toxicity of Effluents and Receiving Water
to Freshwater Organisms, EPA-821-R-02-013, or the most current edition.

Results of all tests, reference toxicant information, copies of raw data sheets, statistical
analysis and chemical analyses shall be compiled in a report. The report will be written in
accordance with Short-Term -Methods for Estimating the Chronic Toxicity of Effluents and
Receiving Water to Freshwater Organisms, EPA-821-R-02-013, or the most current edition.

Two copies of biomonitoring reports (including follow-up reports) shall be submitted to
the division. One copy of the report shall be submitted along with the discharge monitoring
report (DMR). The second copy shall be submitted to the local Division of Water Pollution
Control office address:

Environmental Assistance Center- Chattanooga
Division of Water Pollution Control

540 McCallle Avenue, Suite 550
Chattanooga, TN 37402-2013
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F. CERTIFIED OPERATOR

The sanitary wastewater treatment facilities shall be operated under the supervision of a
Grade 1 certified wastewater treatment operator in accordance with the Water Environmental
Health Act of 1984.

G. BIOCIDE/CORROSION TREATMENT PLAN

The permittee shall not conduct treatments of intake or process waters under this permit
using biocides, dispersants, surfactants, corrosion inhibiting chemicals, or detoxification
chemicals except under the written plan which has been given prior approval by the Division of
Water Pollution Control and in accordance with conditions specified in that approval.

H. 316(b)

316(b) limitations for this facility are determined to be in compliance based on best
professional judgment in accordance with 40 CFR 401.14 and 122.43. The permittee is
required to expeditiously submit the comprehensive demonstration study and other information
as required by 40 CFR 125.95 as expeditiously as possible but no later than January 7, 2008.

F. CERTIFIED OPERATOR 
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using biocides, dispersants, surfactants, corrOSion inhibiting chemicals, or detoxification 
chemicals except under the written plan which has been given prior approval by the Division of 
Water Pollution Control and in accordance with conditions specified in that approval. 
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316(b) limitations for this facility are determined to be in compliance based on best 
professional judgment in accordance with 40 CFR 401.14 and 122.43. The permittee is 
required to expeditiously submit the comprehensive demonstration study and other information 
as required by 40 CFR 125.95 as expeditiously as possible but no later than January 7,2008. 
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STORM WATER POLLUTION PREVENTION PLAN

Storm water runoff associated with industrial activity that is not discharged to the
receiving stream through Outfalls 101, 102, and 112 Is currently authorized under the
Tennessee Storm Water Multi-Sector General permit for Industrial Activities (TMSP), Permit
Number TNR051343. The TMSP requires development, implementation, and routine
evaluation and updating of a storm water pollution prevention plan (SWPPP). The permittee
shall ensure that the appropriate pollution prevention measures are identified in the SWPPP to
also minimize the discharge of pollutants in storm water or from ancillary activities via Outfall
101, 102, and 112. Any necessary plan modifications shall be completed in accordance with
the schedules set forth in the TMSP.

The discharger will develop, document and maintain a storm water pollution prevention
plan (SWPPP) pursuant to the requirements as set forth in the Tennessee Multi-Sector General
Permit for Industrial Activities, Sector 0, "Storm Water Discharges Associated With Industrial
Activity From Steam Electric Power Generating Facilities", Part 3, "Storm Water Pollution
Prevention Plan Requirements." The plan shall be signed by either a principal executive officer
of a corporation, the owner or proprietor of a sole proprietorship, or a partner or general partner
of a partnership.

aMP. PRM

0T0~ 1 e•.maC

Document Type: NPDES Permits/Applications 

--l1li . - , -.1l'.~. 

TVA-Watts-Bar Nuclear Plant 
NPDES Permit TN0020168 

Page 27 of 27 

STORM WATER POLLUTION PREVENTION PlAN 

Stonn water runoff associated with industrial· activity that is not discharged to the 
receiving stream through Outfalls 101, 102, and 112 is currently authorized under the 
Tennessee Storm Water Multi-Sector General pennit for Industrial Activities (TMSP), Pennit 
Number TNR051343. The TMSP requires development, implementation, and routine 
evaluation and updating of a storm water pollution prevention plan (SWPPP). The permittee 
shall ensure that the appropriate pollution prevention measures are identified in the SWPPP to 
also minimize the discharge of pollutants in stonn water or from ancillary activities via Outfall 
101, 102, and 112. Any necessary plan modifications shall be completed in accordance with 
the schedules set forth in the TMSP. 

The discharger will develop, document and maintain a storm water pollution prevention 
plan (SWPPP) pursuant to the requirements as set forth in the Tennessee Multi·Sector General 
Permit for Industrial Activities, Sector 0, "Storm Water Discharges Associated With Industrial 
Activity From Steam Electric Power Generating Facilities'. Part 3, "Storm Water Pollution 
Prevention Plan Requirements." The plan shall be signed by either a principal executive officer 
of a corporation, the owner or proprietor of a sole proprietorship, or a partner or general partner 
of a partnership. 
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December 10, 2004
Addendum prepared by: Ms. Pamala Myers

In conversations following the issuance of NPDES Permit No TN0020168 on November 5,
2004, Mr. Robert J. Crawford, Environmental Supervisor, and Ms Lindy P. Johnson, Senior
Water Regulatory Specialist, TVA - Watts Bar Nuclear Plant submitted a request for
modification of the footnote for Total Residual Chlorine (TRC) in the limits table for Outfall 112.

At issue is the current permit language, which states that 'he analytical quantitation level (QL)
for TRC is the permit limit or 0.05 mg/L, whichever is lower. In cases where the permit limit is
less than 0.05 mg/L, the reporting of TRC at <0.05 mg/L shall be interpreted to constitute
compliance with the permit limit".

On December 2, 2004, the permit section manager, Mr. Ed Polk discussed these issues in a
telephone conference call with EPA representatives Mr. Roosevelt Childress and Ms Connie
Kagey. EPA's position is that the permit should not set or determine what the
detection/quanitation level(s) should be. Rather, it is the responsibility of the permittee to
determine how to meet the requirements of the permit limits using the most sensitive test
method necessary to demonstrate compliance.

From that discussion the division is editing the permit language footnotes for the limits tables
throughout the permit. The following represents the edited language for the limits tables.

"The acceptable methods for detection and reporting of total residual chlorine are
referenced in Part I, Section B. Monitoring Procedures, subsection 3. Test Procedures,
paragraph b."

The permit language noted above as Part I, Section B. Monitoring Procedures, subsection 3.,
Test Procedures, paragraph b. was edited as follows. "Unless otherwise noted in the permit, all
pollutant parameters shall be determined according to methods prescribed in Title 40, CFR,
Part 136, as amended, promulgated pursuant to Section 304 (h) of the Act. For each pollutant
parameter, the most sensitive test method shall be used that allows demonstration of
compliance with the permit limits for that parameter. In the case where the permittee reports
results indicating that the minimum level of quantitation (ML) determined using the most
sensitive method is greater than the permit limit, the test method used and the data
demonstrating how the ML was determined must be reported to the division. In no case shall
the ML be greater than the required detection levels listed in the rules of the Department of
Environment and Conservation, Division of Water Pollution Control, Chapter 1200-4-3-.05 (8)."
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In conversations following the issuance of NPDES Permit No TNOO20168 on November 5, 
2004, Mr. Robert J. Crawford, Environmental Supervisor, and Us Lindy P. Johnson, Senior 
Water Regulatory Specialist, TVA - Watts Bar Nuclear Plant submitted a request for 
modification of the footnote for Total Residual Chlorine (TRC) in the limits table for Outfall 112. 
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''The acceptable methods for detection and reporting of total residual chlorine are 
referenced in Part I, Section B. Monitoring Procedures, subsection 3. Test Procedures, 
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January 19, 2005
Second Addendum prepared by: Ms. Pamala Myers

[Background.] Following the issuance of NPDES Permit No TNO020168 on November 5, 2004,
Mr. Robert J. Crawford, Environmental Supervisor, and Ms Lindy P. Johnson, Senior Water
Regulatory Specialist, TVA - Watts Bar Nuclear Plant submitted a request for modification of
the footnote for Total Residual Chlorine (TRC) in the limits table for Outfall 112.

The TRC permit language remains a problem following the draft modification published
December 10, 2004 as shown above. On January 18, 2005 at 1:00pm EST in the TVA offices
in Chattanooga, Mr. Crawford, Ms -Johnson, Ms Lisa Ortiz, TVA - Department Manager of
Central Laboratories Services, and Mr. Stephen Barnes, TVA - Senior Water Regulatory
Specialist met with Mr. Ed Polk, and Ms Pamala Myers, from TDEC Central Office, Nashville,
along with Mr. Terry Whalen of TDEC - Environmental Field Office, Chattanooga. A telephone
conference connection was set up during the meeting and Mr. Mark McAdoo from TDEC
Enforcement & Compliance, Central Office, Nashville; and Mr. Chris Moran, Manager of TDEC
Enforcement & Compliance participated in the conversations.

For outfalls that may contain total residual oxidants such as chlorine, and/or bromine
represented in the permit as "TRC", the following is the agreed upon replacement language for
the permit limits tables for the Watts Bar Nuclear Plant facility permitted under NPDES permit
number TN0020168. This language may also appear in other permits for TVA where TRC is
monitored in the discharge.

[Include this sentence in this permit limits tables for Outfalls #111 and
#112 only.] "Total Residual Chlorine (TRC) monitoring shall be applicable when
chlorine, bromine, or any other oxidants are added."

"The acceptable methods for analysis of TRC are any methods specified
in 40 CFR Part 136. The method detection level (MDL) for TRC shall not exceed
0.05mg/L unless the permittee demonstrates that its MDL is higher. The
permittee shall determine the method detection level (MDL) for TRC within 60
days of the permit effective date, and retain the documentation and have
available for review upon request. In cases where the permit limit is less than the
MDL the reporting of TRC at <the MDL shall be interpreted to constitute
compliance with the permit limit."

The following paragraph will be returned to its original wording from the issued permit dated
November 5, 2004: Part I, Section B. Monitoring Procedures, subsection 3. Test Procedures,
paragraph b.
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along with Mr. Terry Whalen of TDEC - Environmental Field Office, Chattanooga. A telephone 
conference connection was set up during the meeting and Mr. Mark McAdoo from TDEC 
Enforcement & Compliance, Central Office, Nashville; and Mr. Chris Moran, Manager of TDEC 
Enforcement & Compliance participated in the conversations. 

For outfalls that may contain total residual oxidants such as chlorine, and/or bromine 
represented in the permit as "TRC", the following is the agreed upon replacement language for 
the permit limits tables for the Watts Bar Nuclear Plant facility permitted under NPOES permit 
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"The acceptable methods for analysis of TRC are any methods specified 
in 40 CFR Part 136. The method detection level (MOL) for TRC shall not exceed 
O.05mgfL unless the permittee demonstrates that its MOL is higher. The 
permittee shall determine the method detection level (MOL) for TRC within 60 
days of the permit effective date. and retain the documentation and have 
available for review upon request. In cases where the permit limit is less than the 
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paragraph b. 
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February 8, 2005
Third Addendum prepared by: Ms. Pamala Myers

Upon further review and discussion with EPA about the Total Residual Chlorine (TRC)
method detection level language the division intends to make a final permit edit and reissue
with the following paragraph. [This applies to TVA's request for modification of the footnote for
TRC in the limits table for Outfall 112.]

'The acceptable methods for analysis of TRC are any methods specified in Title 40, CFR Part
136. The method detection level (MDL) for TRC shall not exceed 0.05mg/L unless the permittee
demonstrates that its MDL is higher. The permittee shall retain the documentation that justifies
the higher MDL, and shall have that documentation available for review upon request. In cases
where the permit limit is less than the MDL, the reporting of TRC at less than the MDL shall be
interpreted to constitute compliance with the permit limit."
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Upon further review and discussion with EPA about the Total Residual Chlorine (TRC) 
method detection level language the division intends to make a final permit edit and re·lssue 
with the following paragraph. [This applies to TVA's request for modification of the footnote for 
TRC in the limits table for Outfall 112.] 

"The acceptable methods for analysis of TRC are any methods specified in Title 40, CFR Part 
136. The method detection level (MDL) for TRC shall not exceed O.05mglL unless the permittee 
demonstrates that its MOL is higher. The permittee shall retain the documentation that justifies 
the higher MDL, and shall have that documentation available for review upon request. In cases 
where the permit limit is less than the MDL, the reporting of TRC at less than the MDL shall be 
interpreted to constitute compliance with the permit limit.· 
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TVA - Watts Bar Nuclear Plant
NPDES PERMIT NO. TN0020168

Spring City, Rhea County. Tennessee

Permit Writers: Mr. Ed Polk and Ms. Pamala Myers

DISCHARGER

I ý,

II. PERMIT STATUS
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Ill. FACILITY DISCHARGES AND RECEIVING WATERS

TVA - Watts Bar Nuclear Plant discharges cooling water, storm water and other treated
wastewaters to the Tennessee River ( Chickamauga Reservoir) just downstream of Watts Bar
Dam. The facility also discharges treated sanitary wastewater, storm water and other treated
wastewaters to the Yellow Creek embayment of Chickamauga Reservoir. Appendix 1
summarizes facility discharges and the receiving stream information for seven outfalls,
numbered 101, 102, 103, 107, 111, 112, and 113. There are four (4) main outfalls (Nos.
101,102, 112, and 113) which discharge directly to waters of the state. Three (3) other outfalls
(Nos. 103, 107, and 111) are internal discharges that contribute to the main outfalls, and
outfalls 101 and 102 also provide stormwater runoff relief. Each of the seven (7) outf ails is
discussed in more detail as follows:

Outfall 101

Outfall 101 receives wastewater from two primary sources, the Cooling Tower
Blowdown Line (24.048 MGD) and the Yard Holding Pond (9.623 MGD). The Watts Bar
Nuclear facility utilizes natural draft cooling towers, which recirculate cooling water. In
order to control build up of dissolved solids, a portion of the recirculated water must be
discharged, i.e., cooling tower blowdown. Cooling tower blowdown, at 23.899 MGD,
represents the majority of the flow through the Cooling Tower Blowdown Line (due to
the nature of the plant operation, this line may also contain once through cooling water
from the supplemental condenser cooling water system). The remaining portion (as
seen from Appendix 1) is made up of low volume wastes and metal cleaning wastes.

The Yard Holding Pond receives low volume wastes and stormwater runoff from
numerous sources and is designed to provide oil skimming, neutralization, and
sedimentation treatment. The pond has a volume of approximately 40 million gallons.
However, at times the pond is used as an alternative route to discharge Emergency Raw
Cooling Water Discharge and Cooling Tower Blowdown. These two alternative
discharges, at 8.43 MGD, comprise 87.6% of the long-term average flow to the pond.

The Cooling Tower Blowdown Une and the Yard Holding Pond overflow are
combined and discharged through a pipeline feeding a diffuser located in the Tennessee
River at approximate mile 527.9. Discharge through the diffuser is only allowed when
there is 3500 cubic feet per second (cfs) flow from Watts Bar Dam.

Outfall 102

This outfall represents the emergency discharge overflow weir for the Yard
Holding Pond. The overflow weir operates only in the event of an emergency which
prevents the use of the pipeline and diffuser or in the event that the pipeline and/or
diffuser require maintenance. Based on information from the plant permit application,
this outfall has not been used in the last three years. In the event of a discharge, the
flow would enter an unnamed tributary and flow for approximately 3000 feet to the
Tennessee River at mile 527.2. Wastewater sources are the same as for Outfall 101.

Outfall 103 (Internal Monitoring Point)

This outfall represents the discharge from the Low Volume Waste Treatment
Pond. The outfall does not discharge directly to waters of the state, but rather
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III. FACILITY DISCHARGES AND RECEIVING WATERS 

TVA - Watts Bar Nuclear Plant discharges cooling water, storm water and other treated 
wastewaters to the Tennessee River ( Chickamauga Reservoir) just downstream of Watts Bar 

"Dam. The facility also discharges treated sanitary wastewater, storm water and other treated 
wastewaters to the Yellow Creek embayment of Chickamauga Reservoir. Appendix 1 
summarizes facility discharges and the receiving stream information for seven outfalls, 
numbered 101, 102, 103, 107, 111, 112, and 113. There are four (4) main outfalls (Nos. 
101,102, 112, and 113) which discharge directly to waters of the state. Three (3) other outfalls 
(Nos. 103, 107, and 111) are internal discharges that contribute to the main outfalls, and 
outfalls 101 and 102 also provide stormwater runoff relief. Each of the seven (7) outfalls is 
discussed in more detail as follows: 

Outtall101 

Outfall 101 receives wastewater from two primary sources, the CoOling Tower 
Blowdown Line (24.048 MGD) and the Yard Holding Pond (9.623 MGD). The Watts Bar 
Nuclear facility utilizes natural draft cooling towers, which recirculate cooling water. In 
order to control build up of dissolved solids, a portion of the recirculated water must be 
discharged, i.e., cooling tower blowdown. COOling tower blowdown, at 23.899 MGD, 
represents the majority of the flow through the Cooling Tower Blowdown Line (due to 
the nature of the plant operation, this line may also contain once through cooling water 
from the supplemental condenser cooling water system). The remaining portion (as 
seen from Appendix 1) is made up of low volume wastes and metal cleaning wastes. 

The Yard Holding Pond receives low volume wastes and stormwater"runoff from 
numerous sources and is designed to provide oil skimming, neutralization, and 
sedimentation treatment. The pond has a volume of approximately 40 million gallons. 
However, at times the pond is used as an alternative route to discharge Emergency Raw 
Cooling Water Discharge and Cooling Tower Blowdown. These two alternative 
discharges, at 8.43 MGD, comprise 87.6% of the long-term average flow to the pond. 

The Cooling Tower Blowdown Une and the Yard Holding Pond overflow are 
combined and discharged through a pipeline feeding a diffuser located in the Tennessee 
River at approximate mile 527.9. Discharge through the diffuser is only allowed when 
there is 3500 cubic feet per second (cfs) flow from Watts Bar Dam. 

Outfall 102 

This outfall represents the" emergency discharge overflow weir for the Yard 
Holding Pond. The overflow weir operates only in the event of an emergency which 
prevents the use of the pipeline and diffuser or in the event that the pipeline and/or 
diffuser require maintenance. Based on information from the plant permit application, 
this outfall has not been used in the last three years. In the event of a discharge, the 
flow would enter an unnamed tributary and flow for approximately 3000 feet" to the 
Tennessee River at mile 527.2. Wastewater sources are the same as for Outfall 101. 

Outfall 103 (Internal Monitoring POint) 

This outfall represents the discharge from the Low Volume Waste Treatment 
Pond. The outfall does not discharge directly to waters of the state, but rather 
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discharges to the Yard Holding Pond (Outfall 101). The Low Volume Waste Treatment
Pond receives low volume wastes, storm water, and water leakage wastes as described
in Appendix 1. This Pond has a total volume of approximately 17 million gallons, but
normally is maintained at about 5 million gallons of wastewater. Treatment is provided
by oil skimming, sedimentation, and neutralization. The ouffall has been established as
an internal monitoring point to verify treatment effectiveness and compliance with 40
CFR Part 423 effluent guidelines for low volume wastes.

Outfall 107 (Internal Monitoring Point)

This outfall represents the combined batch release from two holding/treatment
ponds known as the Lined Pond and the Unlined Pond. These ponds are used to collect
and treat wastes from periodic metal cleaning operations, and a small portion of storm
water, diesel generator coolant, and drum rinsing water. Treatment may be provided by
chemical addition (when necessary to meet limits) and recirculation/aeration to reduce
concentrations of copper, iron, and/or phosphorus prior to discharge to the Yard Holding
Pond (Ouffall 101). The Lined Pond has an approximate volume of 0.91 million gallons
and the Unlined Pond has an approximate volume of 6.5 million gallons. Following
treatment, the typical scenario is for the Lined Pond to be pumped to the Unlined Pond
and the Unlined Pond discharged through Outfall 101. Batch' releases are normally
confined to periods of 24 hours or less. Records from August 2000 through March 2004
indicate that about 4 to 5 discharges per year occur. The long term average flow from
the ponds (including days of zero flow) is 0.0313 MGD, however, actual flow during
discharge is between 2 and 3 MGD. This internal outfall has been established to verify
treatment effectiveness and compliance with 40 CFR Part 423 effluent guidelines for
metal cleaning wastes.

Outfall 111 (Internal Monitoring Point)

This outfall represents the discharge of plant sanitary wastes following treatment
via a four unit extended aeration process treatment facility with ultraviolet (UV) or
chlorine disinfection. This is an internal outfall that does not discharge directly to waters
of the state. It has been established to verify proper operation and treatment
effectiveness of the sanitary wastewater treatment plant. The discharge flows to the
Construction Runoff Holding Pond, which overflows to Outfall 112.

Outfall 112
This outfall represents the discharge from the Construction Runoff Holding Pond.

In addition to sanitary wastes, the pond receives heating and air conditioning cooling
water, high-pressure fire protection system. flushing water, potable water leaks, and
storm water as shown in Appendix 1. The discharge enters an unnamed tributary, which
flows to Yellow Creek. The tributary enters the Yellow Creek embayment of
Chickamauga Reservoir at a point approximately 1.3 miles above its confluence with the
Tennessee River at mile 526.9. The Construction Runoff Holding Pond was designed to
receive wastes primarily from storm water runoff from a paint shop area, construction
laydown areas and employee parking areas. The drainage area is approximately 208
acres of which most are non-industrial wooded and 65 acres are impervious. Other
sources contributing to a minor extent are treated sanitary wastewater, fire protection
flushing water, HVAC cooling water, and potable water leaks. The pond provides
treatment by sedimentation and oil skimming. Long-term annual average flow is 0.2470
MGD.
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discharges to the Yard Holding Pond (Outfall 101). The Low Volume Waste Treatment 
Pond receives low volume wastes, storm water, and water leakage wastes as described 
in Appendix 1. This Pond has a total volume of approximately 17 million gallons, but 
normally is maintained at abOut 5 million gallons of wastewater. Treatment is provided 
by oil Skimming, sedimentation, and neutraliZation. The outfall has been established as 
an internal monitoring point to verify treatment effectiveness and compliance with 40 
CFR Part 423 effluent guidelines for low volume wastes. 

OuHal! 107 (Internal Monitoring Point) 

This outfall represents the combined batch release from two holdingltreatment 
ponds known as the lined Pond and the Unlined Pond. These ponds are used to collect 
and treat wastes from periodic metal cleaning operations, and a small portion of storm 
water, diesel generator coolant, and drum rinSing water. Treatment may be provided by 
chemical addition (when necessary to meet limits) and recirculationfaeration to reduce 
concentrations of copper, iron, andfor phosphorus prior to discharge to the Yard Holding 
Pond (Outfall 101). The Lined Pond has an approximate volume of 0.91 million gallons 
and the Unlined Pond has an approximate volume of 6.5 million gallons. Following 
treatment, the typical scenario is for the Lined Pond to be pumped to the Unlined Pond 
and the Unlined Pond discharged through Outfall 101. Batch releases are normally 
confined to periods of 24 hours or less. Records from August 2000 through March 2004 
indicate that about 4 to 5 discharges per year occur. The long term average flow from 
the ponds (including days of zero flow) Is 0.0313 MGD, however, actual flow during 
discharge is between 2 and 3 MGD. This internal outfall has been established to verify 
treatment effectiveness and compliance with 40 CFR Part 423 effluent guidelines for 
metal cleaning wastes. 

OuHall111 (Internal Monitoring POint) 

This outfall represents the discharge of plant sanitary wastes following treatment 
. via a four unit extended aeration process treatment facility with ultraviolet (UV) or 
chlorine disinfection. This is an internal outfall that does not discharge directly to waters 
of the state. It has been established to verify proper operation and treatment 
effectiveness of the sanitary wastewater treatment plant. The discharge flows to the 
Construction Runoff Holding Pond, which overflows to Outfall 112. 

OuHalJ 112 
This outfall represents the discharge from the Construction Runoff Holding Pond. 

In addition to sanitary wastes, the pond receives heating and air conditioning cooling 
water, high-pressure fire protection system flushing water, potable water leaks, and 
storm water as shown in Appendix 1. The discharge enters an unnamed tributary, which 
flows to Yellow Creek. The tributary enters the Yellow Creek embayment of 
Chickamauga Reservoir tilt a point approximately 1.3 miles above its confluence with the 
Tennessee River at mile. 526.9. The Construction Runoff Holding Pond was designed to 
receive wastes primarily from storm water runoff from a paint shop area, construction 
laydown areas and employee parking areas. The drainage area is approximately 208 
acres of which· most are non-industrial wooded and 65 acres are impervious. Other 
sources contributing to a minor extent are treated sanitary wastewater, fire protection 
flushing water, HVAC cooling water, and potable water leaks. The pond provides 
treatment by sedimentation and oil skimming. Long-term annual average flow is 0.2470 
MGD. 
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Outfall 113
This outfall represents the discharge of Supplemental Condenser Cooling Water,

which is primarily non-contact, once through cooling water (due to the nature of the
operation of the plant this line can also contain cooling tower blowdown). The flow is the
largest discharge from the facility averaging 129.0 MGD. The water is routed to a
former discharge point of the TVA - Watts Bar Fossil Plant and discharged at the
surface of the Tennessee River at approximate mile 529.2.

Tennessee River
The TVA - Watts Bar Nuclear Plant has three direct discharges to the

Tennessee River (Outfalls 101, 102, and 113). The plant withdraws cooling water and
most other water used for industrial processes through the Intake Pumping Station
located at Tennessee River mile 528.0. However, the Supplemental Condenser Cooling
Water (129.0 MGD discharged through Outfall 113) is withdrawn from above Wafts Bar
Dam and is discharged to the River below the dam, but above the Plant Intake Pumping
Station.

For purposes of protecting water quality, the Tennessee River below Watts Bar
Dam is designated for fish and aquatic life use, recreation use, irrigation use, livestock
watering and wildlife use, domestic water supply use, Industrial water supply use, and
navigation use. The flow of the river is controlled by the Tennessee Valley Authority
(TVA) Watts Bar Dam and minimum flows at this location have been developed by the
USGS as presented in Appendix 1.

Yellow Creek
The Yellow Creek embayment of Chickamauga Lake is designated for fish and

aquatic life use, recreation use, irrigation use, and livestock watering and wildlife use.
Low flow conditions in this stream are assumed to be zero.

IV. APPLICABLE EFFLUENT LIMITATIONS GUIDELINES

The Standard Industrial Classification (SIC) code for TVA - Watts Bar Nuclear Plant is
4911, establishments engaged in generation, transmission, and/or distribution of electric energy
for sale. Process wastewater discharged through Outfalls 101, 102, 103, 107, 111, 112, and
113 is regulated by 40 CFR Part 423, Steam Electric Power Generating Point Source Category.
This regulation is applicable to discharges resulting from the operation of a generating unit by
an establishment primarily engaged in the generation of electricity for distribution or sale which
results primarily from a process utilizing fossil-type fuel (coal, oil, or gas) or nuclear fuel in
conjunction with a thermal cycle employing the steam water system as the thermodynamic
medium.

Appendix 2 lists the applicable best available technology (BAT) and best conventional
pollution control technology (BPT) effluent limitations guidelines from 40 CFR Part 423.12 and
423.13. The guideline numeric limitations are listed for four specific wastewater sources, low
volume wastes, metal cleaning wastes, cooling tower blowdown, and once through cooling
water. In determining which guideline sources are attributable to each of the seven (7) outfalls,
the Part 423.11, Specialized Definitions were used as follows:

The term Low Volume Wastes means, taken collectively as if from one source,
wastewater from all sources except those for which specific limitations are otherwise
established in this part. Low Volume Waste sources include, but are not limited to:

Outfall 113 
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This outfall represents the discharge of Supplemental Condenser Cooling Water, 
which is primarily non-contact, once through cooling water (due to the nature of the 
operation of the plant this line can also contain cooling tower blowdown). The flow is the 
largest discharge from the facility averaging 129.0 MGD. The water is routed to a 
former discharge point of the TVA - Watts Bar Fossil Plant and discharged at, the 
surface of the Tennessee River at approximate mile 529.2. 

Tennessee River 
The TVA - Watts Bar Nuclear Plant has three direct discharges to the 

Tennessee River (Outfalls 101, 102, and 113). The plant withdraws cooling water and 
most other water used for industrial processes through the Intake Pumping Station 
located at Tennessee River mile 528.0. However, the Supplemental Condenser Cooling 
Water (129.0 MGD discharged through Outfall 113) is withdrawn from above Watts Bar 
Dam and is discharged to the River below the dam, but above the Plant Intake Pumping 
Station. 

For purposes of protecting water quality, the Tennessee River below Watts Bar 
Dam is designated for fish and aquatic life use, recreation use, irrigation use, livestock 
watering and wildlife use, domestic water supply use, Industrial water supply use, and 
navigation use. The flow of the river is controlled by the Tennessee Valley Authority 
(TVA) Watts Bar Dam and minimum flows at this location have been developed by the 
USGS as presented in Appendix 1. 

Yellow Creek 
The Yellow Creek embayment of Chickamauga Lake is designated for fish and 

aquatic life use, recreation use, irrigation use, and livestock watering and wildlife use. 
Low flow conditions in this stream are assumed to be zero. 

IV. APPLICABLE EFFLUENT L1MITA1l0NS GUIDELINES 

The Standard Industrial Classification (SIC) code for TVA - Watts Bar Nuclear Plant is 
4911, establishments engaged in generation, transmission, andlor distribution of electric energy 
for sale. Process wastewater discharged through Outfa\ls 101, 102, 103, 107, 111, 112, and 
113 is regulated by 40 CFR Part 423, Steam Electric Power Generating Point Source Category. 
This regulation is applicable to discharges resulting from the operation of a generating unit by 
an establishment primarily engaged in the generation of electricity for distribution or sale which 
results primarily from a process utilizing fOSSil-type fuel (coal, oil, or gas) or nuclear fuel in 
conjunction With a thermal cycle employing the steam water system as the thermodynamic 
medium. 

Appendix 2 lists the applicable best available technology (BAT) and best conventional 
pollution control technology (BPn effluent limitations guidelines from 40 CFR Part 423.12 and 
423.13. The guideline numeric limitations are listed for four specific wastewater sources, low 
volume wastes, metal cleaning wastes, cooling tower blowdown, and once through cooling 
water. In determining which guideline sources are attributable to each of the seven (7) outfalls, 
the Part 423.11, Specialized Definitions were used as follows: 

The term Low Volume Wastes means, taken collectively as if from one source, 
wastewater from all sources except those for which specific limitations are otherwise 
established in this part. Low Volume Waste sources include, but are not limited to: 
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wastewaters from wet scrubber air pollution control systems, ion exchange water
treatment system, water treatment evaporator blowdown, laboratory and sampling
streams, boiler blowdown, floor drains, cooling tower basin cleaning wastes and
recirculating house service water systems. Sanitary and air conditioning wastes are not
included.

The term chemical Metal Cleanina Wastes means any wastewater resulting from
cleaning [with or without chemical cleaning compounds] any metal process equipment
including, but not limited to, boiler tube cleaning.

The term Once Throuqh Cooling Water means water passed through the main
cooling condensers in one or two passes for the purpose of removing waste heat.

The term Recirculatina Coolina Water means water that is passed through the
main condensers for the purpose of removing waste heat, passed through a cooling
device for purpose of removing such heat from the water and then passed again, except
for blowdown, through the main condenser.

The term Blowdown means the minimum discharge of recirculating water for the
purpose of discharging materials contained in the water, the further buildup of which
would cause concentration in amounts exceeding limits established by best engineering
practices.

The above definitions specifically exclude sanitary wastewater and air conditioning
wastes. For sanitary wastes, Tennessee Effluent Guidelines from Rule 1200-4-5-03 (1) and/or
best professional judgment have been applied.

The effluent limitations presented in 40 CFR 423 (see Appendix 2) are normally to be
established in the permit as mass limitations by multiplying the flow of the specific waste source
times the applicable concentration limit. However, 40 CFR, Part 423.12 (b) (11) and Part
423.13 (g) allow the permitting authority, at its discretion, to substitute concentration limits
instead of the mass limitations. For the TVA-Watts Bar Nuclear Plant permit, only
concentration limits will be established.

Also in developing guideline limitations for each Outfall, EPA Rule Part 423.12 (12) and
Part 423.13(12) is applicable as follows:

In the event that waste streams from various sources are combined for treatment
or discharge, the quantity of each pollutant or pollutant property controlled in the
BPT/BAT limitation tables attributable to each controlled source shall not exceed the
specified limitation for that source.

Utilizing these definitions and the waste source identification provided in the permit
application (see summary tables in Appendix 1), the following waste sources and proportions
are applied to each outfall as follows:
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wastewaters from wet scrubber air pollution control systems, ion exchange water 
treatment system, water treatment evaporator blowdown, laboratory and sampling 
streams, boiler blowdown, floor drains, cooling tower basin cleaning wastes and 
recirculating house service water systems. Sanitary and air conditioning wastes are not 
included. 

The term chemical Metal Cleaning Wastes means any wastewater resulting from 
cleaning (with or without chemical cleaning compounds] any metal process equipment 
including, but not limited to, boiler tube cleaning. 

The term Once Through Cooling Water means water passed through the main 
cooling condensers in one or two passes for the purpose of removing waste heat. 

The term Recirculating Cooling Water means water that is passed through the 
main condensers for the purpose of removing waste heat, passed through a cooling 
device for purpose of remOving such heat from the water and then passed again, except 
for blowdown, through the main condenser. 

The term Blowdown means the minimum discharge of recirculating water for the 
purpose of discharging materials contained in the water, the further buildup of which 
would cause concentration in amounts exceeding limits established by best engineering 
practices. . 

The above definitions specifically exclude sanitary wastewater and air conditioning 
wastes. For sanitary wastes, Tennessee Effluent Guidelines from Rule 1200-4-5-03 (1) and/or 
best professional judgment have been applied. 

The effluent limitations presented in 40 CFR 423 (see Appendix 2) are normally to be 
established in the permit as mass limitations by multiplying the flow of the specifiC waste source 
times the applicable concentration limit. However, 40 CFR, Part 423.12 (b) (11) and Part 
423.13 (g) allow the permitting authority, at its discretion, to substitute concentration limits 
instead of the mass limitations. For the TVA-Watts Bar Nuclear Plant permit, only 
concentration limits will be established. 

Also in developing guideline limitations for each Outfall, EPA Rule Part 423.12 (12) and 
Part 423.13(12) is applicable as follows: . 

In the event that waste streams from various sources are combined for treatment 
or discharge, the quantity of each pollutant or pollutant property controlled in the 
BPTIBAT limitation tables attributable to each controlled source shall not exceed the 
specified limitation for that source. 

Utilizing these definitions and the waste source identification provided in the permit 
application (see summary tables in Appendix 1), the follqwing waste sources and proportions 
are applied to each outfall as follows: 
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I Metal Cleaning Wastes
Cooling Tower Blowdown
Total Outfall Flow

0.0311

33.6701

01%

Low Volume Wastes 9.4 28.9%
Metal Cleaning Wastes 0.0311 0.1%
Cooling Tower Blowdown 23.8 71.0%
Total Outfall Flow 33.6701

Low Volume Wastes 0.210 100.0%

Low Volume Wastes 0.0003 1.0%
Metal Cleanina Wastes 0jQ 99.0%
Total Outfall Flow 0.0313

Sanitary Waste (Non-guideline) 0,017 100.0%

Sanitary Waste (Non-guideline) 0.017 .9%
Air Conditioning Wastes (Non-guideline) 0.001 0.4%
Other (Non-auidellne) Wastes D 92.79
Total Outfall Flow (Non-guideline) 0.247

Once Through Cooling Water 129

Where the effluent limitation guideline concentration limits include the same
parameter(s) for each source, the allocation of guideline limits by flow Is straightforward.
However, where a parameter is limited for one source and not limited for another, some
judgment must take place. The approach taken has been to assure that each source complies
with its parameter guideline concentration without that source being diluted by other wastewater
source(s) for which the parameter is not limited. One means to accomplish this is to utilize
internal outfalls, which enable monitoring at a location that is source specific. This approach
has been utilized at the Watts Bar Nuclear Plant for Outfalls 103, 107, and 111.

Using the above guidance, the 40 CFR guidelines have been applied to the plant outfalls
as shown In Appendix 2 and described as follows:

Ouffall 101
Cooling tower blowdown represents approximately 71% of the outfall flow and

Low Volume wastes represent 28.9%. Thus the guidelines for Cooling Tower Blowdown
and Low Volume Waste will be applied to the total waste stream. The total suspended
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Low Volume Wastes 9.74 28.9% 

101 Metal Cleaning Wastes 0.0311 0.1"1. 
!:&!lliog T QW!IT §!2W!:!QY4I 2a.Blm 71.0% 
Total Outfall Flow 33.6701 

Low Volume Wastes 9.74 28.9% 
102 Metal Cleaning Wastes 0.0311 0.1% 

QQQljng T QYi!![ !i!IQWljmm ~ 71.0% 
Total Outfall Flow 33.6701 

103 Low Volume Wastes 0.219 100.0% 

Low Volume Wastes 0.0003 1.0% 
107 MWil! QI§!!Di!l1l Wilmu .QJ!;lli! 99.0% 

Total Outfall Flow 0.0313 

111 Sanitary Waste (Non-guideline) 0.017 100.0% 

Sanitary Waste (Noo-guldellne) 0.017 6.9% 
112 Air Conditioning Wastes (Non-guidellne) 0.001 0.4·'" 

Q!bllr '~QD;:gYi!!!l!lW!l Willil§li .om 92.7% 
Total Outfall Flow (Non-guideline) 0.247 

113 Once Through Cooling Water 129 100.0% 

Where the effluent limitation guideline concentration limits include the same 
parameter(s) for each source, the allocation of guideline limits by flow is straightforward. 
However, where a parameter is limited for one source and not limited for another, some 
judgment must take place. The approach taken has been to assure that each source complies 
with its parameter guideline concentration without that source being diluted by other wastewater 
source(s) for which the parameter is not limited. One means to accomplish this Is to utilize 
internal outfalls, which enable monitoring at a location that is source specific. This approach 
has been utilized at the Watts Bar Nuclear Plant for Outfalls 103, 107, and 111. 

Using the above guidance, the 40 CFR guidelines have been applied to the plant outfalls 
as shown In Appendix 2 and described as follows: 

Outfall 101 
Cooling tower blowdown represents approximately 71 % of the outfall flow and 

Low Volume wastes represent 28.9%. Thus the guidelines for Cooling Tower Slowdown 
and Low Volume Waste will be applied to the total waste stream. The total suspended 
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solids limit and the oil and grease limit applicable to the low volume waste sources is
considered applicable to the cooling tower blowdown source as well. Because the metal
cleaning wastes represent only 0.09% of the flow, the guideline limits for this source will
not be applied to Outfall 101. Rather, compliance with metal cleaning waste limits will
be handled by employing an internal monitoring point (Outfall 107). The applicable BPT
and BAT limits are given in Appendix 2.

Outfall 102
Since this is an emergency discharge for Ouffall 101, the same guidelines apply

as for Outfall 101. The limitations are presented in Appendix 2.

Outfall 103
This outfall receives Low Volume Wastes exclusively; therefore, the Low Volume

Waste guideline limitations will apply. The limitations are presented in Appendix 2.

Outfall 107
This outfall receives 99.9% Metal Cleaning Wastes and 1% Low Volume

Wastes. Therefore the Metal Cleaning Waste limitations will be applied as shown in
Appendix 2.

Outfall 111
Outfall 111 is an internal monitoring point, which receives sanitary waste flow

from the extended aeration process sewage treatment plant. Sanitary wastewater is
specifically excluded from the Federal guidelines (see 40 CFR 423.11(b)). However,
Tennessee Rule 1200-4-5-.03, Effluent Umitations for Effluent Limited Segments
specifies effluent limitations for domestic wastewater treatment plants. This rule
specifies monthly average and daily maximum limits for BOD5 and total suspended
solids (TSS). The rule also specifies a daily maximum limit for settleable solids. These
limits are presented in Appendix 2.

Ouffall 112
This outfall primarily receives storm water, high pressure fire protection system

flushing water, HVAC cooling water, treated sanitary wastewater and potable water
leaks. The storm water accounts for 88.2% of the flow and is not covered .under the 40
CFR 423 guidelines. The sanitary wastewater and the HVAC cooling water, which
account for 7.3% of the total flow, are specifically defined as non guideline under 40
CFR Part 423.11 (b). The remaining two waste sources, fire protection system flushing
water and potable water leaks, representing 4.4% of the total flow, are also considered
non-guideline sources. Thus 40 CFR Part 423 limitations do not apply to this outfall and
effluent limitations will be established based on best professional judgment and
protection of the receiving stream.

Outfall 113
This outfall receives noncontact supplemental condenser cooling water. The

wastewater is defined by 40 CFR 423 as Once Through Cooling Water. Thus Outfall
113 will be subject to the effluent limitations for the Once Through Cooling Water
Source given in 40 CFR Part 423.12 (6) and Part 423.13 (b) (1&2) and shown in
Appendix 2.
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solids limit and the oil and grease limit applicable to the low volume waste sources is 
considered applicable to the COOling tower blowdown source as well. Because the metal 
cleaning wastes represent only 0.09% of the flow, the guideline limits for this source will 
not be applied to Outfall 101. Rather, compliance with metal cleaning waste limits will 
be handled by employing an internal monitoring point (Outfall 107). The applicable BPT 
and BAT limits are given in Appendix 2. 

Outfall 102 
Since this is an emergency discharge for Outfall 101, the same guidelines apply 

as for Outfall 101. The limitations are presented in Appendix 2. 

Outfall 103 
This outfall receives Low Volume Wastes exclusively; therefore, the Low Volume 

Waste guideline limitations will apply. The limitations are presented in Appendix 2. 

OutfaU107 
This outfall receives 99.9% Metal Cleaning Wastes and 1% Low Volume 

Wastes. Therefore the Metal Cleaning Waste limitations will be applied as shown in 
Appendix 2. 

Outfall 111 
Outfall 111 is an internal monitoring point, which receives sanitary waste flow 

from the extended aeration process sewage treatment plant Sanitary wastewater is 
specifically excluded from the Federal guidelines (see 40 CFR 423.11(b». However, 
Tennessee Rule 1200-4-5-.03, Effluent Umitations for Effluent Umited Segments 
specifies effluent limitations for domestic wastewater treatment plants. This rule 
specifies monthly average and daily maximum limits for BOD5 and total suspended 
solids (TSS). The rule also specifies a daily maximum limit for settleable solids. These 
limits are presented in Appendix 2. 

Outfall 112 
This outfall primarily receives storm water, high pressure fire protection system 

flushing water, HVAC cooling water, treated sanitary wastewater and potable water 
leaks. The storm water accounts for 88.2% of the flow and is not covered. under the 40 
CFR 423 guidelines. The sanitary wastewater and the HVAC cooling water, which 
account for 7.3% of the total flow, are specifically defined as non guideline under 40 
CFR Part 423.11 (b). The remaining two waste sources, fire protection system flushing 
water and potable water leaks, representing 4.4% of the total flow, are also considered 
non-guideline sources. Thus 40 CFR Part 423 limitations do not apply to this outfall and 
effluent limitations will be established based on best professional judgment and 
protection of the receiving stream. 

Outfall 113 
This outfall receives noncontact supplemental condenser cooling water. The 

wastewater is defined by 40 CFR 423 as Once Through Cooling Water. Thus Outfall 
113 will be subject to the effluent limitations for the Once Through Cooling Water 
Source given in 40 CFR Part 423.12 (6) and Part 423.13 (b) (1&2) and shown in 
Appendix 2. 
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V. PREVIOUS PERMIT LIMITS AND MONITORING REQUIREMENTS

Appendix 3 lists the permit limitations and monitoring requirements as defined in the
previous permit for the seven outfalls.

VI. HISTORICAL MONITORING AND INSPECTION

During the previous permit term, TVA - Watts Bar Nuclear Plant did not have any
appreciable difficulty in meeting effluent limitations as outlined In the previous permit. The self
monitoring data reported on Discharge Monitoring Report forms during the previous permit term
are summarized in Appendix 4.

A few violations of permit limitations occurred as shown In the tables found in Appendix
4. This information is downloaded from the EPA PCS database, and statisitically summarized.
Outfall 1.11, the internal monitoring point for the sanitary wastewater treatment plant
experienced an exceedance of daily maximum BOD5 on 3131/02. The maximum daily permit
limit of 45 mg/I was exceeded by the measured value of 54 mg/I. An exceedance of TSS
occurred on 2/28/03, when the permit limit of 45 mg/I was exceeded by the measured value of
66 mg/I. For outfall 112, the Construction Runoff Holding Pond, the effluent was out of
compliance with the biomonitodng requirement for ceriodaphnia on 12/31/99. The effluent
failed to pass the test at the permit limit dilution of 100% when the reported value was 24%.
The IC25 biomonitoring test for ceriodaphnia was just slightly out of compliance on 1/31/01, and
6/30/01 when the required passage at 100% effluent was reported at >99%.

During the previous permit term, the Division's personnel from the Environmental
Assistance Center (EAC) - Chattanooga performed a Water Compliance Evaluation Inspection
(CEI) of the TVA - Watts Bar Nuclear Plant on 6/27/03. The inspection reviewed the areas of
permit verification, records and reports, facility site review, effluent/receiving stream, flow
measurement, self monitoring, compliance schedule, laboratory, operation and maintenance,
sludge handling, storm water, and pollution prevention. All areas were found to be satisfactory
except for operation and maintenance, which was deemed marginal. Required responses
included:

1. Provide status report regarding downstream TN River temperature probe repair/
replacement,

2. Provide rationale in the SWPPP for storm water outfalls selected for monitoring,
3. Maintain a log of staff training in the SWPPP,
4. Provide copies of correspondence with Central Office of WPC,
5. Notify Chattanooga EAC in advance of temperature or flow calibrations, and
6. Provide the Chattanooga EAC of status and timetable for connecting domestic

sewage discharge to the Spring City collection system.

A letter dated July 17, 2003, to Dr. Richard Urban, Manager of the Chattanooga
Environmental Assistance Center, Division of Water Pollution Control, provides responses to
these issues. A copy of that letter is In the permit file.

Document Type: NPDES PermitslARRlications 
TVA-Watts Bar Nuclear Plant (Rationale) 

NPDES PermitTN0020168 
Page R-8 of R-70 

V. PREVIOUS PERMIT LIMITS AND MONITORING REQUIREMENTS 

Appendix 3 lists the permit limitations and monitoring requirements as defined in the 
previous permit for the· seven outfalls. 

VI. HISTORICAL MONITORING AND INSPECTION 

During the previous permit term, TVA - Watts Bar Nuclear Plant did not have any 
appreciable difficulty in meeting effluent limitations as outlined In the previous permit. The self 
monitoring data reported on Discharge Monitoring Report forms during the previous permit term 
are summarized in Appendix 4. 

A few violations of permit limitations occurred as shown In the tables found in Appendix 
4. This information is downloaded from the EPA PCS database, and statisitically summarized. 
Outfall 1.11, the intemal monitoring point for the sanitary wastewater treatment plant 
experienced an exceedance of daily maximum BODS on 3131/02. The maximum daily permit 
limit of 45 mgll was exceeded by the measured value of 54 mgll. An exceedance of TSS 
occurred on 2128/03, when the permit limit of 45 mgll was exceeded by the measured value of 
66 mgll. For outfall 112, the Construction Runoff Holding Pond, the effluent was out of 
compliance with the biomonitoring requirement for ceriodaphnia on 12131/99. The effluent 
failed to pass the test at the permit limit dilution of 100% when the reported value was 24%. 
The IC25 biomonitoring test for ceriodaphnia was just Slightly out of compliance on 1/31/01, and 
6130/01 when the required passage at 100% effluent was reported at >99%. 

During the previous permit term, the Division's personnel from the Environmental 
Assistance Center (EAC) - Chattanooga performed a Water Compliance Evaluation Inspection 
(CEI) of the TVA - Watts Bar Nuclear Plant on 6/27/03. The inspection reviewed the areas of 
permit verification, records and reports, facility site review, effluent/receiving stream, flow 
measurement, self monitoring, compliance schedule, laboratory, operation and maintenance, 
sludge handling, storm water, and pollution prevention. All areas were found to be satisfactory 
except for operation and maintenance, which was deemed marginal. Required responses 
included: 

1. Provide status report regarding downstream TN River temperature probe repair/ 
replacement, 

2. Provide rationale in the SWPPP for storm water outfalls selected for monitoring, 
3. Maintain a log of staff training in the SWPPP, 
4. Provide copies of correspondence with Central Office of WPC, 
5. Notify Chattanooga EAC in advance of temperature or flow calibrations, and 
6. Provide the Chattanooga EAC of status and timetable for connecting domestic 

sewage discharge to the Spring City collection system. 

A letter dated July 17, 2003, to Dr. Richard Urban, Manager of the Chattanooga 
Environmental ASSistance Center, Division of Water Pollution Control, provides responses to 
these issues. A copy of that letter is in the permit file. 
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VII. NEW PERMIT LIMITS AND MONITORING REQUIREMENTS

The proposed new permit limits have been selected by determining a technology-based
limit and evaluating if that limit protects the water quality of the receiving stream. If the
technology-based limit would cause violations of water quality, the water quality-based limit is
chosen. For this facility the technology-based limit is determined from EPA effluent limitations
guidelines applicable to the steam electric power generating point source category (see Part
IV); or by way of operational and/or treatability data. Furthermore, effluent limitations in this
permit must comply with any approved Total Maximum Daily Load (rMDL) studies. Water
quality calculation procedures are explained in this section under the heading: Metals and
Toxics.

Appendix 5a through 5e presents the water quality calculations, Appendix 5f presents a
comparison of the different limitations, and Appendix 5g lists all proposed effluent limitations
and monitoring requirements to be included in the new permit.

The results of the water quality calculations are compared to the effluent guideline
limitations in Appendix 5f and the proposed final permit limitations are presented in Appendix
5g. The effluent characteristics limited in the permit and monitoring requirements are discussed
individually by outfall as follows as well as certain other permit conditions for the facility that are
not outfall specific:

Outfall 101

Flow

Monitoring of flow quantifies the load of pollutants to the stream. Flow shall be
reported in Million Gallons per Day (MGD). Measurement frequency shall be continuous
by recorder. These requirements are unchanged from the previous permit.

Oil and Grease

An oil and grease limitation is applied to this outfall because of the significant
presence of low volume wastes. The limits are established at 15 mg/I monthly average
and 20 mg/I daily maximum in accordance with BPT technology-based limits from 40
CFR Part 423.12 (b) (3).

According to the State of Tennessee Water Quality Standards for the protection
of Fish & Aquatic Ufe [Chapter 1200-4-3-.03(3) (c)], there shall be no distinctly visible
solids, scum, foam, oily slick, or the formation of slimes, bottom deposits or sludge
banks of such size or character that may be detrimental to fish and aquatic life in the
receiving stream. The permit writer is selecting technology-based limits for oil and
grease of 15 mg/L as a monthly average concentration and 20 mg/L as a daily
maximum concentration. In addition, the permit shall contain language prohibiting
visible floating scum, oil or other matter in the wastewater discharge. Sample type shall
be grab. These limits are unchanged from the previous permit.

The previous permit required monitoring of oil and grease once per week.
Monitoring data from the previous permit period (see Appendix 4) shows that the
average of the monthly averages for oil and grease is <5.04 mg/l. This value is <33.6%
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VII. NEW PERMIT LIMITS AND MONITORING REQUIREMENTS· 

The proposed new permit limits have been selected by determining a technology-based 
limit and evaluating if that limit protects the water quality of the receiving stream. If the 
technology-based limit would cause violations of water quality, the water quality-based limit is 
chosen. For this facility the technology-based limit is determined from EPA effluent limitations 
guidelines applicable to the steam electric power generating point source category (see Part 
IV); or by way of operational and/or treatability data. Furthermore, effluent limitations in this 
permit must comply with any approved Total Maximum Daily Load (TMDL) studies. Water 
quality calculation procedures are explained in this section under the heading: Metals and 
Toxies. 

Appendix 5a through 5e presents the water quality calculations, Appendix 5f presents a 
comparison of the different limitations, and Appendix 5g lists all proposed effluent limitations 
and monitoring requirements to be included in the new permit. 

The results of the water quality calculations are compared to the effluent guideline 
limitations in Appendix Sf and the proposed final permit limitations are presented in Appendix 
5g. The effluent characteristiCS limited in the permit and monitoring requirements are discussed 
individually by outfall as follows as well as certain other permit conditions for the facility that are 
not outfall specific: 

Outfall 101 

Monitoring of flow quantifies the load of pollutants to the stream. Flow shall be 
reported in Million Gallons per Day (MGD). Measurement frequency shall be continuous 
by recorder. These requirements are unchanged from the previous permit. 

Oil and Grease 

An oil and grease limitation is applied to this outfall because of the significant 
presence of low volume wastes. The limits are established at 15 mgfl monthly average 
and 20 mg/I daily maximum in accordance with BPT technology-based limits from 40 
CFR Part 423.12 (b) (3). 

According to the State of Tennessee Water Quality Standards for the protection 
of Fish & Aquatic Ufe [Chapter 1200-4-3-.03(3) (c)], there shall be no distinctly visible 
solids, scum, foam, oily slick, or the formation of slimes, bottom deposits or sludge 
banks of such size or character that may be detrimental to fish and aquatic life in the 
receiving stream. The permit writer is selecting technology-based limits for oil and 
grease of 15 mglL as a monthly average concentration and 20 mg/L as a daily 
maximum concentration. In addition,the permit shall contain language prohibiting 
visible floating scum, oil or other matter in the wastewater discharge. sample type shall 
be grab. These limits are unchanged from the previous permit. 

. The previous permit required monitoring of oil and grease once per week. 
Monitoring data from the previous permit period (see Appendix 4) shows that the 
average of the monthly averages for oil and grease is <5.04 mg/l. This value is <33.6% 
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of the permit limit, 15 mg/I indicating good compliance. Thus the monitoring frequency
in the new permit shall be reduced to twice per month. Sample type shall be grab.

Total Suspended Solids (TSS1

Total Suspended Solids is a general indicator of the quality of a wastewater and
shall be limited in this permit. The technology-based limit of 30 mg/I monthly average
and 100 mg/I daily maximum is taken from 40 CFR Part 423, Subpart 423.12 (b) (3), the
BPT limitations applicable to low volume wastes.

The State of Tennessee Water Quality Standards for the protection of Fish &
Aquatic Ufe [Chapter 1200-4-3-.03(3) (c)] state there shall be no distinctly visible solids,
scum, foam, oily slick, or the formation of slimes, bottom deposits or sludge banks of
such size or character that may be detrimental to fish and aquatic life in the receiving
stream.

The permit writer believes the limit of 30 mg/L monthly average, and 100 mg/L
daily maximum concentrations shall provide protection of water quality In the receiving
stream. Considering the nature of wastewater collection and discharge system, the
sampling frequency shall be once per week and the sample type shall be grab. These
limits are unchanged from the previous permit.

The previous permit required monitoring of TSS once per week. Monitoring data
from the previous permit period (see Appendix 4) shows that the average of the monthly
averages for TSS is 6.27 mg/I. This value is 20.9% of the permit limit, 30 mg/I indicating
good compliance. Thus the monitoring frequency in the new permit shall be reduced to
twice per month. Sample type shall be grab.

Technology-based BPT effluent limitations from 40 CFR, Part 423, Subpart
423.12 (b) (1) establish a pH limitation of 6.0 to 9.0 for all discharges from this facility.

According to the State of Tennessee Water Quality Standards (Chapter 1200-4-
3-.03(3) (b)], the pH for the protection of Fish and Aquatic Life shall lie within the range
of 6.5 to 9.0 and shall not fluctuate more than 1.0 unit in this range over a period of 24-
hours. Appendix 5d presents calculations that show that the combined discharge from
Outfalls 101 and 113 will not cause the pH of the Tennessee River to fall below the 6.5
minimum pH standard. Considering that the receiving stream will provide pH buffering,
effluent limitations for pH shall be retained in a range 6.0 to 9.0. Sampling frequency
shall be once per week and the sample type shall be grab.

Total Residual Chlorine
Technology-based (BAT) limits of 0.2 mg/L monthly average and 0.5 mg/L daily

maximum limits apply to free available chlorine in cooling tower blowdown in accordance
with 40 CFR, part 423, Subpart 423.13 (b) (1). The total residual chlorine test includes
all chlorine species measured in the free available chlorine test as well as other chlorine
compounds such as chloroamines. Thus the permit writer has substituted the total
chlorine residual test in place of the free available chlorine test for compliance with the
40 CFR limitations.
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of the permit limit, 15 mgll indicating good compliance. Thus the monitoring frequency 
in the new permit shall be reduced to twice per month. Sample type shall be grab. 

Total Suspended Solids erSS) 

Total Suspended Solids is a general indicator of the quality of a wastewater and 
shall be limited in this permit. The technology-based limit of 30 mgll monthly average 
and 100 mgll daily maximum is taken from 40 CFR Part 423, Subpart 423.12 (b) (3). the 
BPT limitations applicable to low volume wastes. 

The State of Tennessee Water Quality Standards for the protection of Fish & 
Aquatic Ufe (Chapter 1200-4-3-.03(3) (c)] state there shall be no distinctly visible solids, 
scum, foam, oily slick. or the formation of slimes. bottom depoSits or sludge banks of 
such size or character that may be detrimental to fish and aquatic life in the receiving 
stream . 

. The permit writer believes the limit of 30 mgIL monthly average, and 100 mg/L 
daily maximum concentrations shall provide protection of water quality in the receiving 
stream. ConSidering the nature of wastewater collection and discharge system. the 
sampling frequency shall be once per week and the sample type shall be grab. These 
limits are unchanged from the previous permit. 

The previous permit required monitoring of TSS once per week. Monitoring data 
from the previous permit period (see Appendix 4) shows that the. average of the monthly 
averages for TSS is 6.27 mg/l. This value is 20.9% of the permit limit. 30 mg/l indicating 
good compliance. Thus the monitoring frequency in the new permit shall be reduced to 
twice per month. Sample type shall be grab. 

Qtl 
Technology-based BPT effluent limitations from 40 CFR, Part 423. Subpart 

423.12 (b) (1) establish a pH limitation of 6.0 to 9.0 for all discharges from this facility. 

According to the State of Tennessee Water Quality Standards [Chapter 1200-4-
3-.03(3) (b)J. the pH for the protection of Fish and Aquatic Life shall lie within the range 
of 6.5 to 9.0 and shall not fluctuate more than 1.0 unit in this range over a period of 24-
hours. Appendix 5d presents calculations that show that the combined discharge from 
Outfalls 101 and 113 will not cause the pH of the Tennessee River to fall below the 6.5 
minimum pH standard. Considering that the receiving stream will provide pH buffering, 
effluent limitations for pH shall be retained in a range 6.0 to 9.0. Sampling frequency 
shall be once per week and the sample type shall be grab. 

Total Residual Chlorine 
Technology-based (BAT) limits of 0.2 mgIL monthly average and 0.5 mglL daily 

maximum limits apply to free available chlorine in COOling tower blowdown in accordance 
with 40 CFR, part 423 •. Subpart 423.13 (b) (1). The total residual chlorine test includes 
all chlorine speCies measured in the free available chlOrine test as well as other chlorine 
compounds such as chloroamines. Thus the permit writer has substituted the total 
chlorine reSidual test in place of the free available chlorine test for compliance with the 
40 CFR limitations. . 
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Water quality limits of 0.150 mg/L monthly average and 0.259 mg/L daily
maximum for total chlorine residual are calculated to protect water quality as shown in
Appendix 5b based on the combined flows of Outfalls 101 and 113, 162.7 MGD. The
flows used in the calculation were the long-term average flows of the two outfalls based
on data submitted in the permit application. Form 2C, Part II. However, NPDES effluent
history data submitted with the application showed that the two outfalls have exhibited a
number of months where average flows exceed 170 MGD with a peak month of 198.7
MGD. There are also a number of periods when monthly average flow is quite low.

The previous permit has a limit of 0.1 mg/L monthly average and 0.1 mg/L daily
maximum for Outfall 101. The 0.1 mg/I concentration is greater than the acute criteria
for TRC at 0.019 mg/I. Because of the large volume of water discharged by TVA there
exists the potential for exposure of aquatic life to toxic concentrations of chlorine in the
discharge. However, since chlorine residual reacts and dissipates rapidly upon mixing
into the ambient waters, the concentrations above the acute value should not exist for
any significant area. Thus the 0.1 mg/I concentration limit for TRC is considered to be
protective of water quality in the Tennessee River at a flow from Outfall 113 of 192 MGD
and from Outfall 101 of 66.4 MGD.

The monthly average limit of 0.10 mg/L and the daily maximum limit of 0.10 mg/L
for Total Residual Chlorine (TRC) shall be retained in the new permit. The limits are
based on the protection of water quality in the Tennessee River during periods when
Outfall 101 and Outfall 113 exceed their long term average flow and based on
antibacksliding provisions of 40 CFR Part 122.44 (I). These limits are also determined
to be appropriate because the facility is discharging TRC in excess of 2 hours per day in
accordance with the approved Biocide/Corrosion Treatment Plan.

It should be noted that the previous permit defined a required quantification level
for TRC at 0.05 mgIL. Also specified were the acceptable methods for detection, as
specified in 40 CFR Part 136, the amperometric titration, DPD colorimetric, starch end
point direct, and specific ion electrode. The facility has requested that the Minimum
Level of Quantitation (ML) for TRC be established at 0.08 mg/L based on test data
developed at the facility using EPA approved test methods and procedures for
determining Method Detection Limit (MDL) under 40 CFR Part 136, Appendix B and
subsequent adjustment to obtain an ML. The Division has not accepted the procedure
for changing the ML and believes that the 0.05 mg/I quantification level remains
appropriate. For the new permit, the reportable quantitation level for TRC shall be
established at 0.05 mg/L. No specific test method is referenced.

Chromium
Outfall 101 is primarily composed of cooling tower blowdown. 40 CFR Part

423.13 provides BAT effluent limitations for total chromium applicable to the discharge
of cooling tower blowdown wastewater discharges. The limits are 0.2 mg/L monthly
average and 0.2 mg/L daily maximum. The Watts Bar Nuclear Plant does not use
corrosion control chemicals or biocides containing chromium at the facility. Sampling
data submitted with the application demonstrated that chromium could not be detected
in the effluent at a detection limit of 0.001 mg/L Thus chromium will be included as a
permit limit however, monitoring for chromium is waived per 40 CFR Part 122.44
(a)(2)(i). A statement shall be placed in the permit as follows: The use of water
treatment chemicals containing chromium is prohibited under this permit.
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Water quality limits of 0.150 mg/L monthly average and 0.259 mglL daily 
maximum for total chlorine residual are calculated to protect water quality as shown in 
Appendix 5b based on the combined flows of Outfalls 101 and 113, 162.7 MGD. The 
flows used in the calculation were the long-term average flows of the two outfalls based 
on data submitted in the permit application. Form 2C, Part II. However, NPDES effluent 
history data submitted with the application showed that the two outfalls have exhibited a 
number of months where average flows exceed 170 MGD with a peak month of 198.7 
MGD. There are also a number of periods when monthly average flow is quite low. 

, 
The previous permit has a limit of 0.1 mglL monthly average and 0.1 mgIL daily 

maximum for Outfall 101. The 0.1 mgll concentration is greater than the acute criteria 
for TRC at 0.019 mgll. Because of the large volume of water discharged by TVA there 
exists the potential for exposure of aquatic life to toxic concentrations of chlorine in the 
discharge. However, since chlorine residual reacts and dissipates rapidly upon mixing 
into the ambient waters, the concentrations above the acute value should not exist for 
any significant area. Thus the 0.1 mgll concentration limit for TRC is considered to be 
protective of water quality in the Tennessee River at a flow from Outfall 113 of 192 MGD 
and from Outfall 101 of 66.4 MGD. 

The monthly average limit of 0.10 mglL and the daily maximum limit of 0.10 mg/L 
for Total Residual Chlorine (TRC) shall be retained in the new permit. The limits are 
based on the protection of water quality in the Tennessee River during periods when 
Outfall 101 and Outfall 113 exceed their long term average flow and based on 
antibacksliding provisions of 40 CFR Part 122.44 (I). These limits are also determined 
to be appropriate because the facility is discharging TRC in excess of 2 hours per day in 
accordance with the approved Biocide/Corrosion Treatment Plan. 

It should be noted that the previous permit defined a required quantification level 
for TRC at 0.05 mg/L Also specified were the acceptable methods for detection, as 
specified in 40 CFR Part 136, the amperometric titration, DPD colorimetric, starch end 
point direct, and specific ion electrode. The facility has requested that the Minimum 
Level of Quantitation (ML) for TRC be established at 0.08 mg/L based on test data 
developed at the facility using EPA approved test methods and procedures for 
determining Method Detection Limit (MOL) under 40 CFR Part 136, Appendix Band 
subsequent adjustment to obtain an ML. The Division has not accepted the procedure 
for changing the ML and believes that the 0.05 mgll quantification level remains 
appropriate. For the new permit, the' reportable quantitation level for TRC shall be 
established at 0.05 mgIL. No specific test method is referenced. 

Chromium 
Outfall 101 is primarily composed of coaling tower blowdown. 40 CFR Part 

423.13 provides BAT effluent limitations for total chromium applicable to the discharge 
of cooling tower blowdown wastewater discharges. The limits are 0.2 mg/L monthly 
average and 0.2 mg/L daily maximum. The Watts Bar Nuclear Plant does not use 
corrosion control chemicals or biocides containing chromium at the faCility. Sampling 
data submitted with the application demonstrated that chromium could not be detected 
in the effluent at a detection limit of 0.001 mg/L Thus chromium will be included as a 
permit limit however, monitoring for chromium is waived per 40 CFR Part 122.44 
(a)(2)(i). A statement shall be placed in the permit as follows: The use of water 
treatment chemicals containing chromium is prohibited under this permit. 
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Zinc
Outfall 101 is primarily composed of cooling tower blowdown. 40 CFR Part

423.13 provides BAT effluent limitations for total zinc applicable to cooling tower
blowdown wastewater discharges. The limits are 1.0 mg/L monthly average and 1.0
mg/L daily maximum. The TVA - Watts Bar Nuclear Plant utilizes zinc in corrosion
inhibitors for treatment of raw water. TVA's policy is to control the feed of zinc
containing chemicals to limit the discharge concentration to 0.2 mg/L or less. The
sample data submitted with the permit application indicated that zinc was present at a
concentration of 0.11 mg/L.

The previous permit did not contain a zinc limit for Outfall 101 nor was monitoring
required. A zinc limit of 1.0 mg/L daily average and 1.0 mg/L daily maximum shall be
added to the new permit. The corrosion Inhibiting chemicals are added to the raw water
system, and are recirculated through the condensers and the cooling towers. Thus the
concentration of zinc is not expected to be highly variable with time. Therefore, a
measurement frequency of 2_month and sample type of grab should be adequate to
characterize zinc in this outfall.

Effluent Temperature
Temperature shall be limited according to the State of Tennessee Water Quality

Standards for the protection of Fish & Aquatic Life [Chapter 1200-4-3-.03(3)(e)]. It is
recognized that the temperature of the cooling water discharge will be greater than the
temperature of the water prior to its use for cooling or other purposes. This discharge
must not cause the temperature change in the receiving stream to exceed 3°C relative
to an upstream control point. Also, this discharge must not cause the temperature of the
receiving stream to exceed 30.5°C (except as a result of natural causes), and this
discharge must not cause the maximum rate of temperature change in the receiving
stream to exceed 2°C per hour (except as a result of natural causes).

The elevated temperature water of outfall 101 is mixed with the Tennessee River
receiving water by being discharged through a diffuser. Instream temperature criteria
must be met at the edge of the mixing zone. The mixing zone is defined for this
discharge as being a maximum width of 240 feet (the width of the diffuser) and
extending 240 feet downstream. An operational requirement of the plant is that the
diffuser is only operated when 3500 cubic feet per second (CFS) flow is present from
the dam. Mathematical modeling of the temperature during mixing was carried out by
TVA and was submitted in a report in December 1993 (Discharge Temperature Limit
Evaluation for Watts Bar Nuclear Plant, Report # WR28-1-85-137. The report was
based on the 24-hour average for discharge evaluation as specified in the NPDES
permit issued in 1993. The modeling assumed both nuclear units in operation and
concluded that a steady-state discharge of 38.3 °C under worst case conditions, which
included 1) full thermal load from the fossil plant, 2) the worst meteorology and 3) no
operation of Watts Bar Hydro facility, would still protect the water quality based on
modeling using daily averaging. A daily average value of 35 *C was proposed to include
a margin of safety' A continuous discharge at the temperature maximum of 35 0C will
not exceed water quality outside of the mixing zone based on past modeling. The
Division approved a one-hour averaging period for evaluating compliance with
temperature criteria in the receiving stream.

A numeric effluent limitation of 350 C shall be established as the daily maximum
that can be discharged. Measurement frequency shall be continuous and sample type
shall be by recorder. These limits are unchanged from the previous permit.
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Outfall 101 is primarily composed of cooling tower blowdown. 40 CFR Part 
423.13 provides BAT effluent limitations for total zinc applicable to cooling tower 
blowdo\VD wastewater discharges. The limits are 1.0 mgIL monthly average and 1.0 
mg/L daily maximum. The TVA - Watts Bar Nuclear Plant utilizes zinc in corrosion 
inhibitors for treatment of raw water. TVA's poticy is to control the feed of zinc 
containing chemicals to limit the discharge concentration to 0.2 mgIL or less. The 
sample data submitted with the permit application indicated that zinc was present at a 
concentration of 0.11 mg/l. 

The previous permit did not contain a zinc limit for Outfall 101 nor was monitoring 
required. A zinc limit of 1.0 mg/L daily average and 1.0 mgIL daily maximum shall be 
added to the new permit. The corrosion Inhibiting chemicals are added to the raw water 
system, and are re.Circulated through the condensers and the COOling towers. Thus the 
concentration of zinc is not expected to be highly variable with time. Therefore, a 
measurement frequency of 21month and sample type of grab should be adequate to 
characterize zinc in this outfall. 

Effluent Temperature 
Temperature shall be limited according to the State of Tennessee Water Quality 

Standards for the protection of Fish & Aquatic LHe [Chapter 1200-4-3-.03(3)(e)]. It is 
recognized that the temperature of the cooling water discharge will be greater than the 
temperature of the water prior to its use for cooling or other purposes. This discharge 
must not cause the temperature change in the receiving stream to exceed 3°C relative 
to an upstream control point. Also, this discharge must not cause the temperature of the 
receiving stream to exceed 30.5°C (except as a result of natural causes), and this 
discharge must not cause the maximum rate of temperature change in the receiving 
stream to exceed 2"C per hour (except as a result of natural causes). 

The elevated temperature water of outfall 101 is mixed with the Tennessee River 
receiving water by being discharged through a diffuser. Instream temperature criteria 
must be met at the edge of the mixing zone. The mixing zone is defined for this 
discharge as being a maximum width of 240 feet (the width of the diffuser) and 
extending 240 feet downstream. An operational requirement of the plant is that the 
diffuser is only operated when 3500 cubic feet per second (CFS) flow is present from 
the dam. Mathematical modeling of the temperature during mixing was carried out by 
TVA and was submitted in a report in December 1993 (Discharge Temperature Limit 
Evaluation for Watts Bar Nuclear Plant, Report # WR28-1-85-137. The report was 
based on the 24-hour average for discharge evaluation as specified in the NPDES 
permit issued in 1993. The modeling assumed both nuclear units in operation and 
concluded that a steady-state discharge of 38.3 ·C under worst case conditions, which 
included 1) full thermal load from the fossil plant, 2) the worst meteorology and 3) no 
operation of Watts Bar Hydro facility, would still protect the water quality based on 
modeling using daily averaging. A daily average value of 35 ·C was proposed to include 
a margin of safety; A continuous discharge at the temperature maximum of 35 ·C will 
not exceed water quality outSide of the mixing zone based on past modeling. The 
Division approved a one-hour averaging ·period· for evaluating compliance with 
temperature criteria in the receMng stream. 

A numeric effluent limitation of 35° C shall be established as the daily maximum 
that can be discharged. Measurement frequency shall be continuous and sample type 
shall be by recorder. These limits are unchanged from the previous permit. 
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Toxicity Testing
Raw water used at the facility is treated with corrosion inhibitors and biocide

products. These products, which can become concentrated in the cooling tower system,
are discharged through Outfall 101. The chemical makeup of the products used can
change during the permit period and the combined toxicity effect of the chemicals is not
known. Thus it is not feasible to control toxicity only by the application of chemical
specific effluent limits to the discharge. Toxicity testing of sensitive aquatic species
(coupled with evaluation of new chemical products before they are used) is a reasonable
method to evaluate the toxicity impacts of the products in the effluent. Therefore a
whole effluent toxicity testing requirement shall remain in the permit. The calculations of
the appropriate dilutions for the test are given in Appendix 5e of the Rationale and Part
III of the permit.

The previous permit required chronic toxicity testing, IC25, at a dilution of 3.30/o.
This was based on a flow of 66.4 MGD. Calculations have been made based on the
maximum 30-day flow of 48.8 MGD, which indicate that the IC25 should be conducted at
a concentration of 2.4% effluent. No acute testing (LC50) was required in the previous
permit. Because the chronic test, IC25, also provides a measure of acute toxicity, no
LC50 testing shall be required in the new permit. The new permit shall require IC25
testing at a wastewater dilution of 2.4%. Monitoring frequency shall be semi-annual and
sample type shall be composite.

Outfall 102

Outfall 102 is an emergency discharge used when the Outfall 101 diffuser cannot be
used. Thus the limits for this outfall shall be the same as for Outfall 101. The new permit
limitations for this outfall are unchanged from the previous permit. Sampling frequency and
sample type are adjusted for flow and temperature to reflect that continuous monitoring
equipment would not be available during an emergency discharge. When thermally loaded
effluent is discharged through Outfall 102, all reasonable efforts shall be made to keep flow to a
minimum of 3500 cubic feet per second in the receiving waters. If such flow is absent, the
permittee shall verify protection of water quality by taking instream temperature measurements.

Outfall 103
This outfall is an intemal monitoring point receMng low volume wastes. Thus the Low

Volume Waste technology-based limitations apply.

Flow
Monitoring of flow quantifies the load of pollutants to the stream. Flow shall be

reported in Million Gallons per Day (MGD) and monitored continuously by recorder.

_H_
Technology-based BPT effluent limitations from 40 CFR, Part 423.12 (b) (1)

establish a pH limitation of 6.0 to 9.0 for all discharges from this facility. Therefore a pH
limitation of 6.0 to 9.0 shall apply. Sampling shall be once per week and sample type
shall be grab.

Oil and Grease
An oil and grease limitation is applied to this outfall because of the significant

presence of low volume wastes, which are subject to 40 CFR Part 423 guidelines. The
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Toxicity Testing 
Raw water used at the facility is treated with corrosion inhibitors and biocide 

products. These products, which can become concentrated in the cooling tower system, 
are discharged through Outfall 101. The chemical makeup of the products used can 
change during the permit period and the combined tOxicity effect of the chemicals is not 
known. Thus it is not feasible to control toxicity only by the application of chemical 
specific effluent limits to the discharge. Toxicity testing of sensitive aquatic species 
(coupled with evaluation of new chemical products before they are used) is a reasonable 
method to evaluate the toxicity impacts of the products in the effluent. Therefore a 
whole effluent toxicity testing requirement shall remain in the permit. The calculations of 
the appropriate dilutions for the test are given in Appendix 5e of the Rationale and Part 
III of the pennit. 

The previous permit required chroniC toxicity testing, IC25, at a dilution of 3.3%. 
This was based on a flow of 66.4 MGO. Calculations have been made based on the 
maximum 30-day flow of 48.8 MGD, which indicate that the IC25 should be conducted at 
a concentration of 2.4% effluent. No acute testing (lC50) was required in the previous 
permit. Because the chronic test, IC25, also provides a measure of acute toxicity, no 
LCSO testing shall be required in the new permit. The new pennit shall require IC25 
testing at a wastewater dilution of 2.4%. Monitoring frequency shall be semi-annual and 
sample type shall be composite. 

Outfall 102 

Outfall 102 is an emergency discharge used when the Outfall 101 diffuser cannot be 
used. Thus the limits for this outfall shall be the same as for Outfall 101. The new permit 
limitations for this outfall are unchanged from the previous permit. Sampling frequency and 
sample type are adjusted for flow and temperature to reflect that continuous monitoring 
equipment would not be available during an emergency discharge. When thermally loaded 
effluent is discharged through Outfall 102, all reasonable efforts shall be made to keep flow to a 
minimum of 3500 cubic feet per second in the receiving waters. If such flow is absent, the 
permittee shall verify protection of water quality by taking instream temperature measurements. 

Outfall 103 
This outfall is an intemal monitoring point receiving low volume wastes. Thus the Low 

Volume Waste technology-based limitations apply. 

Flow 
Monitoring of flow quantifies the load of pollutants to the stream. Flow shall be 

reported in Million Gallons per Day (MGD) and monitored continuously by recorder. 

Technology-based BPT effluent limitations from 40 CFR, Part 423.12 (b) (1) 
establish a pH limitation of 6.0 to 9.0 for all discharges from this facility, Therefore a pH 
limitation of 6.0 to 9.0 shall apply. Sampling shall be once per week and sample type 
shall be grab. 

Oil and Grease 
An oil and grease limitation is applied to this outfall because of the significant 

presence of low volume wastes, which are subject to 40 CFR Part 423 guidelines. The 
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limits are established at 15 mg/I monthly average and 20 mg/I daily maximum in
accordance with BPT technology-based limits from 40 CFR Part 423.12 (b) (3).

The previous permit also contained mass limits for oil and grease, 125 lbs/day
monthly average and 167 lbs/day daily maximum. Discharge monitoring report data for
the facility (see Appendix 5a) shows that during the previous permit period, the long
term average mass discharge of oil and grease was 27.4 lbs/day and the maximum of
the daily maximum discharges was 50 lbs/day. These data are significantly below the
permit limits. 40 CFR Part 423.12 (b) (11) allows the permitting authority discretion to
express the technology-based limits as concentration based limits instead of mass
based limits. Thus, it is determined that mass limits are not necessary for oil and
grease in this outfall.

The permit writer is selecting technology-based limits for oil and grease of 15 mg/L
as a monthly average concentration and 20 mg/L as a daily maximum concentration.
The mass limits shall not be retained.

The previous permit required monitoring of oil and grease once per week.
Monitoring data from the previous permit period (see Appendix 4) shows that the
average of the monthly averages for oil and grease is <5.0 mg/I. This value is <33.3%
of the permit limit, 15 mg/i, indicating good compliance. Thus the monitoring frequency
in the new permit shall be reduced to twice per month. Sample type shall be grab.

Total Susoended Solids (TSS)
Total Suspended Solids is a general indicator of the quality of a wastewater and

shall be limited in this permit. The technology-based limit of 30 mg/I monthly average
and 100 mg/I daily maximum is taken from 40 CFR Part 423.12 (b) (3), the BPT
limitations applicable to Low Volume Wastes.

The previous permit also contained mass limits for TSS, 250 lbs/day monthly
average and 834 lbs/day daily maximum. Discharge monitoring report data for the
facility (see Appendix 5a) shows that during the previous permit period, the long term
average mass discharge of TSS was 56.1 lbs/day and the maximum of the daily
maximum discharges was 323 lbs/day. These data are significantly below the permit
limits. 40 CFR Part 423.12 (b) (11) allows the permitting authority discretion to express
the technology-based limits as concentration based limits instead of mass based limits.
Thus, it is determined that mass limits are not necessary for TSS in this outfall. The new
permit concentration limits for TSS shall be 30 mg/I monthly average and 100 mg/I daily
maximum. Mass limits shall not be retained.

The previous permit required monitoring of TSS once per week. Monitoring data
from the previous permit period (see Appendix 4) shows that the average of the monthly
averages for TSS is 10.3 mg/L. This value is 34.3% of the permit limit, 30 mg/L,
indicating good compliance. Thus the monitoring frequency in the new permit shall be
reduced to twice per month. Sample type shall be grab.

Outfall 107
This outfall is an internal monitoring point incorporated to evaluate compliance with

guideline limitations for metal cleaning wastes. These wastes are subject to technology based
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limits are established at 15 mQII monthly average and 20 mg/l daily maximum in 
accordance with BPT technology-based limits from 40 CFR Part 423.12 (b) (3). 

The previous permit also contained mass limits for oil and grease, 125 Ibs/day 
monthly average and 167 Ibsfday daily maximum. Discharge monitoring report data for 
the facility (see Appendix 5a) shows that during the previous permit period, the long 
term average mass discharge of oil and grease was 27.4 Ibs/day and the maximum of 
the daily maximum discharges was 50lbslday. These data are significantly below the 
permit limits. 40 CFR Part 423.12 (b) (11) allows the permitting authority discretion to 
express the technology-based limits as concentration based limits instead of mass 
based limits. Thus, it is determined that mass limits are not necessary for oil and 
grease in this outfall. 

The permit writer is selecting technology-based Iimits,for oil and grease of 15 mgIL 
as a monthly average concentration and 20 mg/L as a daily maximum concentration. 
The mass limits shall not be retained. 

The previous permit required monitoring of oil and grease once per week. 
Monitoring data from the previous permit period (see Appendix 4) shows that the 
average of the monthly averages for oil and grease is <5.0 mg/l. This value is <33.3% 
of the permit limit, 15 mgJI, indicating good compliance. Thus the monitoring frequency 
in the new permit shall be reduced to twice per month. Sample type shall be grab. 

Total Suspended Solids (ISS) 
Total Suspended Solids is a general indicator of the quality of a wastewater and 

shall be limited in this permit. The technology-based . limit of 30 mgll monthly average 
and 100 mgll daily maximum is taken from 40 CFR Part 423.12 (b) (3), the BPT 
limitations applicable to Low Volume Wastes. 

The previous permit also contained mass limits for TSS, 250 Ibs/day monthly 
average and 834 IbsJday daily maximum. Discharge monitoring report data for the 
facility (see Appendix 5a) shows that during the previous permit period, the long term 
average mass discharge of TSS was 56.1 Ibsfday and the maximum of the daily 
maximum discharges was 323 Ibs/day. These data are significantly below the permit 
limits. 40 CFR Part 423.12 (b) (11) allows the permitting authority discretion to express 
the technology-based limits as concentration based limits instead of mass based limits. 
Thus, it is determined that mass limits are not necessary for TSS in this outfall. The new 
permit concentration limits for TSS shall be 30 mg/l monthly average and 100 mg/l daily 
maximum. Mass limits shall not be retained. 

The previous permit required monitoring of TSS once per week. Monitoring data 
from the previous permit period (see Appendix 4) shows that the average of the monthly 
averages for TSS is 10.3 mglL. This value is 34.3% of the permit limit, 30 mg/L, 
indicating good compliance. Thus the monitOring frequency in the new permit shall be 
reduced to twice per month. Sample type shall be grab. 

Outfall 107 
This outfall is an internal monitoring point incorporated to evaluate compliance with 

guideline limitations for metal cleaning wastes. These wastes are subject to technology based 
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BPT and BAT guidelines for metal cleaning wastes under 40 CFR Part 423.12(b)(5) and 423.13
(e).

Flow
The flow from this outfall occurs as a controlled batch discharge from the Lined

and Unlined Ponds. Flow duration is typically about 24 hours. Historical batch
discharge frequency has been about 4 times per year. The flow is calculated by
determining change in stage of the ponds.

Monitoring of flow quantifies the load of pollutants to the stream. Flow shall be
reported in Million Gallons per Day (MGD) and monitored each time there is a batch
discharge from the ponds through the outfall. Flow frequency shall be once per batch
and type measurement shall be calculated.

PH
Technology-based BPT effluent limitations from 40 CFR, Part 423.12 (b) (1)

establish a pH limitation of 6.0 to 9.0 for all discharges from this facility. However,
because of the increase of chemical additions needed to balance the effluent for this
outfall the pH limitation of 6.0 to 9.0 shall not apply. Instead, ph shall be monitored once
per week and sample type shall be grab.

Oil and Grease
An oil and grease limitation is applied to this outfall because of the significant

presence of metal cleaning wastes. Concentration limits are established at 15 mg/I
monthly average and 20 mg/A daily maximum in accordance with BPT technology-based
limits from 40 CFR Part 423.12 (b) (5). The previous permit imposed a monthly average
limit of 15 mg/L and a daily maximum limit of 15 mg/L

The previous permit provided numerical limits for mass, as 125.1 lbs/million
gallons per day as a monthly average and as a daily maximum. The mass limits were
expressed in units of lbs per million gallons per day; thus, the calculated mass value
could increase or decrease in proportion to the flow. Applying this definition, the mass
limit could not be exceeded unless the concentration limits were also exceeded.
Discharge monitoring report data for the facility (see Appendix 5a) shows that during the
previous permit period, the long term average mass discharge of oil and grease was
12.8 lbs/day and the maximum of the daily maximum discharges was 71 lbs/day. These
data are significantly below the permit limits. 40 CFR Part 423.12 (b) (11) allows the
permitting authority discretion to express the technology-based limits as concentration
based limits instead of mass based limits. Thus, it is determined that mass limits are
not necessary for oil and grease in this outfall.

Because the wastewater discharging to this outfall is batch treated, it is the
permit writer's judgment that each batch can be treated to meet the 15 mg/L
concentration. The average of monthly average values and the maximum value
reported from the previous permit monitoring data (see Appendix 4) indicate a
consistent value of <5.0 mg/l. Thus the 40 CFR guideline daily maximum limit of 20
mg/I shall not apply and the previous permit limit shall be retained at 15 mg/I monthly
average and daily maximum. Sampling shall be once per batch discharge. Sample type
shall be grab. The mass limits shall not be retained in the permit.
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BPT and BAT guidelines for metal cleaning wastes under 40 CFR Part 423.12(b)(5) and 423.13 
(e). 

The flow from this outfall occurs as a controlled batch discharge from the Lined 
and Unlined Ponds. Flow duration is typically about 24 hours. Historical batch 
discharge frequency has been about 4 times per year. The flow is calculated by 
determining change in stage of the ponds. 

Monitoring of flow quantifies the load of pollutants to the stream. Flow shall be 
reported in Million Gallons per Day (MGD) and monitored each time there is a batch 
discharge from the ponds through the outfall. Flow frequency shall be once per batch 
and type measurement shall be calculated. 

Technology-based BPT effluent limitations from 40 CFR, Part 423.12 (b) (1) 
establish a pH limitation of 6.0 to 9.0 for all discharges from this facility. However, 
because of the increase of chemical additions needed to balance the effluent for this 
outfall the pH limitation of 6.0 to 9.0 shall not apply. Instead, ph shall be monitored once 
per week and sample type shall be grab. 

Oil and Grease 
An oil and grease limitation is applied to this outfall because of the significant 

presence of metal cleaning wastes. Concentration limits are established at 15 mgll 
monthly average and 20 mg/l daily maximum in accordance with BPT technology-based 
limits from 40 CFR Part 423.12 (b) (5). The previous permit imposed a monthly average 
limit of 15 mglL and a daily maximum limit of 15 mg!L. 

The previous permit provided numerical limits for mass, as 125.1 Ibslmillion 
gallons per day as a monthly average and as a daily maximum. The mass limits were 
expressed in units of Ibs per million gallons per day; thus, the calculated mass value 
could increase or decrease in proportion to the flow. Applying this definition, the mass 
limit could not be exceeded unless the concentration limits were also exceeded. 
Discharge monitoring report data for the facility (see Appendix Sa) shows that during the 
previous permit period, the long term average mass discharge of oil and grease was 
12.8Ibs/day and the maximum of the daily maximum discharges was 71 IbsJday. These 
data are significantly below the permit limits. 40 CFR Part 423.12 (b) (11) allows the 
permitting authority discretion to express the technology-based limits as concentration 
based limits instead of mass based limits. Thus, it is determined that mass limits are 
not necessary for oil and grease in this outfall. 

Because the wastewater discharging to this outfall is batch treated, it is the 
permit writer's judgment that each batch can be treated to meet the 15 mgIL 
concentration. The average of monthly average values and the maximum value 
reported from the previous permit monitoring data (see Appendix 4) indicate a 
consistent value of <5.0 mg/l. Thus the 40 CFR guideline daily maximum limit of 20 
mg/l shall not apply and the previous permit limit shall be retained at 15 mgll monthly 
average and daily maximum. Sampling shall be once per batch discharge. Sample type 
shall be grab. The mass limits shall not be retained in the permit. 



Docurnent Type: NPDES Pe r /A plicationsDoum e -W atts Bar Nuclear Plant (Rationale)

NPDES Permit TNO020168
Page R-1 6 of R-70

Total Suspoended Solids (TSS)
Total Suspended Solids is a general indicator of the quality of a wastewater and

shall be limited in this permit. The technology-based limit of 30 mg/I monthly average
and 100 mg/I daily maximum is taken from 40 CFR Part 423.12 (b) (3), the BPT
limitations applicable to metal cleaning wastes.

The previous permit provided a monthly average concentration limit of 30 mg/L
and a daily maximum concentration limit of 30 mg/L. The previous permit also provided
numerical limits for mass, as 250.2 Ibs/million gallons per day as a monthly average and
as a daily maximum. The mass limits were expressed in units of lbs per million gallons
per day; thus, the calculated mass value could increase or decrease in proportion to the
flow. Applying this definition, the mass limit could not be exceeded unless the
concentration limit was exceeded. Discharge monitoring report data for the facility (see
Appendix 5a) shows that during the previous permit period, the long term average mass
discharge of TSS was 17.2 lbs/day and the maximum of the daily maximum discharges
was 157 lbs/day. These data are significantly below the permit limit. 40 CFR Part
423.12 (b) (11) allows the permitting authority discretion to express the technology-
based limits as concentration based limits instead of mass based limits. Thus, it is
determined that mass limits are not necessary for TSS in this outfall.

Metal cleaning wastes are batch treated prior to their discharge and the
maximum reported value of TSS during the previous permit period was 11 mg/L. It is,
therefore, the permit writer's judgment that each batch can be treated to 30 mg/l.
Therefore, the BPT daily maximum limit of 100 mg/L shall not apply and the new permit
limits for TSS shall be 30 mg/l monthly average and daily maximum. The previous
permit mass limits shall not be retained. Sampling frequency shall be once per batch
and sample type shall be grab.

Cooper. Total Recoverable
Technology-based BAT limits are established for copper at 40 CFR Part 423,

Subpart 423.13 (e). The limits are 1.0 mg/L as a monthly average and 1.0 mg/L as a
daily maximum. The previous permit contained concentration limits for copper at 1.0
mg/L as monthly average and as a daily maximum. The previous permit also provided
numerical limits for mass, as 8.34 lbs/million gallons per day as a monthly average and
as a daily maximum. The mass limits were expressed in units of lbs per million gallons
per day; thus, the calculated mass value could increase or decrease in proportion to the
flow. Applying this definition, the mass limit could not be exceeded unless the
concentration limit was exceeded. Discharge monitoring report data for the facility (see
Appendix 4) shows that during the previous permit period, the long term average mass
discharge of copper was 0.163 lbs/day and the maximum of the daily maximum
discharges was 0.178 lbs/day. These data are. significantly below the permit limit. 40
CFR Part 423.12 (b) (11) allows the permitting authority discretion to express the
technology-based limits as concentration based limits instead of mass based limits.
Thus, it is determined that mass limits are not necessary for copper in this outfall.

The new permit shall have a 1.0 mg/I total recoverable copper limit as both the
monthly average and daily maximum. in accordance with the technology-based
guidelines. The mass limits shall not be retained the permit. Sampling frequency shall
be once per batch. Because the wastewater comes from large ponds, which should
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Total Suspended Solids aSS) 
Total Suspended Solids is a general indicator of the quality of a wastewater and 

shall be limited in ,this permit. The technology-based limit of 30 mgll monthly average 
and 100 mgJl daily maximum is taken from 40 CFR Part 423.12 (b) (3), the BPT 
limitations applicable to metal cleaning wastes. 

The previous permit provided a monthly average concentration limit of 30 mg/L 
and a daily maximum concentration limit of 30 mgJL. The previous permit also provided 
numerical limits for mass, as 250.2 Ibslmillion gallons per day as a monthly average and 
as a daily maximum. The mass limits were expressed in units of Ibs per million gallons 
per day; thus, the calculated mass value could increase or decrease in proportion to the 
flow. Applying this definition, the mass limit could not be exceeded unless the 
concentration limit was exceeded. Discharge monitoring report data for the facility (see 
Appendix 5a) shows that during the previous permit period, the long term average mass 
discharge of TSS was 17.2 Ibslday and the maximum of the daily maximum discharges 
was 157 Ibs/day. These data are significantly below the permit limit. 40 CFR Part 
423.12 (b) (11) allows the permitting authority discretion to express the technology
based limits as concentration based limits instead of mass based limits. Thus, it is 
determined that mass limits are not necessary for TSS in this outfall. 

Metal cleaning wastes are batch treated prior to their discharge and the 
maximum reported value of TSS during the previous permit period was 11 mg/l. It is, 
therefore, the permit writer's judgment that each batch can be treated to 30 mgll. 
Therefore,.the BPT daily maximum limit of 100 mgll. shall not apply and the new permit 
limits for TSS shall be 30 mgll monthly average and daily maximum. The previous 
permit mass limits shall not be retained. Sampling frequency shall be once per batch 
and sample type shall be grab. 

Copper. Total Recoverable 
Technology-based BAT limits are established for copper at 40 CFR Part 423, 

Subpart 423.13 (e). The limits are 1.0 mgIL as a monthly average and 1.0 mglL as a 
daily maximum. The previous permit contained concentration limits for copper at 1.0 
mg/L as monthly average and as a dally maximum. The previous permit also provided 
numerical limits for mass, as 8.34 Ibslmillion gallons per day as a monthly average and 
as a daily maximum. The mass limits were expressed in units of Ibs per million gallons 
per day; thus, the calculated mass value could increase or decrease in proportion to the 
flow. Applying this definition, the mass limit could not be exceeded unless the 
concentration limit was exceeded. Discharge monitoring report data for the facility (see 
Appendix 4) shows that during the previous permit period, the long term average mass 
discharge of copper was 0;163 Ibslday and the maximum of the daily maximum 
discharges was 0.178 Ibs/day. These data are significantly below the permit limit. 40 
CFR Part 423.12 (b) (11) allows the permitting authority discretion to express the 
technology-based limits as concentration based limits instead of mass based limits. 
Thus, it is determined that mass limits are not necessary for copper in this outfall. 

The new permit shall have a 1.0 mgIL total recoverable copper limit as both the 
monthly average and daily maximum in accordance with the technology-based 
guidelines. The mass limits shall not be retained the permit. Sampling frequency shall 
be once per batCh. Because the wastewater comes from large ponds, which should 
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have relatively good equalization of concentration, and to be consistent with other outfall
sampling requirements, the sample type shall be changed from composite to grab.

Iron, Total Recoverable
Technology-based BAT limits are established for iron at 40 CFR Part 423.13 (e).

The limits are 1.0 mg/L as a monthly average and 1.0 mg/L as a daily maximum. The
previous permit contained concentration limits for iron at 1.0 mg/L as monthly average
and as a daily maximum. The previous permit also contained a mass limitation of 8.34
lbs/million gallons per day as a monthly average and daily maximum. The mass limits
were expressed in units of lbs per million gallons per day; thus, the calculated mass
value could increase or decrease in proportion to the flow. Applying this definition, the
mass limit could not be exceeded unless the concentration limit was exceeded.
Discharge monitoring report data for the facility (see Appendix 4) shows that during the
previous permit period, the long term average mass discharge of iron was 1.74 lbs/day
and the maximum of the daily maximum discharges was 5.97 lbs/day. These data are
significantly below the permit limit. 40 CFR Part 423.12 (b) (11) allows the permitting
authority discretion to express the technology-based limits as concentration based limits
instead of mass based limits. Thus, it is determined that mass limits are not necessary
for iron in this outfall.

The new permit shall have a 1.0 mg/L total recoverable iron limit as both the
monthly average and daily maximum in accordance with the technology-based
guidelines. The mass limits shall not be retained in the permit. Sampling frequency
shall be changed to once per batch discharge. Because the wastewater comes from
large ponds, which should have relatively good equalization of concentration and to be
consistent with other outfall sampling requirements, the sample type shall be changed
from composite to grab.

Phosohorus. Total
Phosphorus is not limited by technology-based guidelines, however it is of water

quality concern because of its potential to be used in metal cleaning and its ability to
contribute to nuisance aquatic growth in receiving water bodies. The previous permit
established a 1.0 mg/L monthly average and a 1.0 mg/L daily maximum concentration
and required that phosphorus be monitored once per week only during periods when
phosphate cleaning solutions are used. During the past five- year permit period, no
phosphorus monitoring was reported at the facility. Because phosphate and phosphate
chemicals are listed in the permit application as chemicals added to wastewaters
reaching Outfall 107 the limits in the previous permit shall be retained.

Phosphorus analysis of a single sample from this Outfall was reported in the
permit application at 0.04 mg/L. Monitoring frequency shall be changed to once per
batch discharge only during periods when phosphate cleaning solutions are added.
Because the wastewater comes from large ponds, which should have relatively good
equalization of concentration and to be consistent with other outfall sampling
requirements, the sample type shall be changed from composite to grab.

Outfall 111

This outfall represents an internal monitoring point to assure proper operation and
maintenance of the sewage treatment plant. The plant treats all sanitary wastes generated at
the facility except during outages when a significant worker population could be on site, then
portable toilets may be used. Wastes from these additional [temporary] facilities are sent to a
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have relatively good equalization of concentration, and to be consistent with other outfall 
sampling requirements, the sample type shall be changed from composite to grab. 

Iron. Total Recoverable 
Technology-based BAT limits are established for iron at 40 CFR Part 423.13 (e). 

The limits are 1.0 mg/L as a monthly average and 1.0 mg/L as a daily maximum. The 
previous permit contained concentration limits for iron at 1.0 mg/L as monthly average 
and as a daily maximum. The previous permit also contained a mass limitation of 8.34 
Ibslmillion gallons per day as a monthly average and dally maximum. The mass limits 
were expressed in units of Ibs per million gallons per day; thus, the calculated mass 
value could increase or decrease in proportion to the flow. Applying this definition, the 
mass limit could not be exceeded unless the concentration limit was exceeded. 
Discharge monitoring report data for the facility (see Appendix 4) shows that during the 
previous permit period, the long term average mass discharge of iron was 1.74 Ibs/day 
and the maximum of the daily maximum discharges was 5.97Ibslday. These data are 
significantly below the permit limit. 40 CFR Part 423.12 (b) (11) allows the permitting 
authority discretion to express the technology-based limits as concentration based limits 
instead of mass based limits. Thus, it is determined that mass limits are not necessary 
for iron in this outfall. 

The new permit shall have a 1.0 mgIL total recoverable iron limit as both the 
monthly average and daily maximum in accordance with the technology-based 
guidelines. The mass limits shall not be retained in the permit. Sampling frequency 
shall be changed to once per batch discharge. Because the wastewater comes from 
large ponds, which should have relatively good equalization of concentration and to be 
consistent with other outfall sampling reqUirements, the sample type shall be changed 
from compoSite to grab. 

Phosphorus, Total 
Phosphorus is not limited by technology-based guidelines, however it is of water 

quality concern because of its potential to be used in meted cleaning and its ability to 
contribute to nuisance aquatiC growth in receiving water bodies. The previous permit 
established a 1.0 mglL monthly average and a 1.0 mgIL daily maximum concentration 
and required that phosphorus be monitored once per week only during periods when 
phosphate cleaning solutions are used. During the past five- year permit period, no 
phosphorus monitoring was reported at the facility. Because phosphate and phosphate 
chemicals are listed in the permit application as chemicals added to wastewaters 
reaching Outfall 107 the limits in the previous permit shall be retained. 

Phosphorus analysis of a single sample from this Outfall was reported in the 
permit application at 0.04 mg/L. Monitoring frequency shall be changed to once per 
batch discharge only during periods when phosphate cleaning solutions are added. 
Because the wastewater comes from large ponds, which should have relatively good 
equalization of concentration and to be consistent with other· outfall sampling 
requirements, the sample type shall be changed from composite to grab. 

Outfall 111 

This outfall represents an internal monitOring point to assure proper operation and 
maintenance of the sewage treatment plant. The plant treats an sanitary wastes generated at 
the facility except during outages when a significant worker population could be on site, then 
portable toilets may be used. Wastes from these additional {temporary] facilities are sent to a 
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local publically owned treatment works by the vendor from which they are rented. To assure
proper operation, the plant must be under the supervision of a Class 1 Certified Operator for
sewage treatment plants in the State of Tennessee.

Flow
Flow from the sanitary wastewater treatment plant shall be monitored

continuously using a flow recorder.

BOD5
Biochemical Oxygen Demand (BOD5) is a standard test used to measure the

effectiveness of sewage treatment plants in removing oxygen consuming organic matter
from the waste being treated. The previous permit contained limits of 30 mg/L monthly
average and 45 mg/L daily maximum. 40 CFR Part 423 guidelines for the Steam
Electric Generating Point Source Category define Low Volume Wastes to include all
facility wastes except those for which specific limitations are otherwise established.
However, sanitary and air conditioning wastes are specifically excluded. Tennessee
Guidelines, Rule 1200-4-5-.03, Effluent Umits for Effluent ULmited Segments provide
guidelines for domestic waste treatment plants. For BOD5 these guidelines specify a
monthly average of 30 mg/L and a daily maximum of 45 mg/L.

Based on Tennessee Guidelines, the previous permit limits shall be retained.
The sampling frequency shall be once per week and the sample type shall be grab.

Total Suspended Solids
TSS is also a test used to measure the effectiveness of sewage treatment

plants. Tennessee Guidelines, Rule 1200-4-5-.03 provide TSS limits for domestic
wastewater treatment plants. The limits are 30 mg/L monthly average and 45 mg/l daily
maximum. These are the limits in the previous permit and they shall be retained in the
new permit. Sampling frequency shall be once per week and sample type shall be grab.

Settleable Solids
This test provides a measure of solids in a wastewater that are heavier than

water and will settle within 1-hour under quiescent conditions. The test results can be
used to judge the effectiveness of the sewage treatment process and the impacts of the
effluent on receiving streams. Tennessee Rules, 1200-4-5-.03 establishes a limit of 1.0
mi/L for settleable solids from domestic wastewater treatment plants. This limit as a
daily maximum was established in the previous permit and shall be retained in the new
permit. Sampling frequency shall be once per week and sample type shall be grab.

E. Coil
Tennessee Water Quality Criteria specify an instream maximum concentration

for escherichia coil (E. Coll) organisms in order to protect streams designated for
recreational use. The instream criteria state that the concentration shall not exceed 126
per 100 ml as a geometric mean. The previous permit did not contain an effluent
limitation for E. Coil. In order to protect the receiving stream during periods of critical
low flow the new permit shall contain an E. Cali concentration limit of 126 per 100 ml.
Sampling frequency shall be once per week and the sample type shall be grab.

Analytical test procedures of E. Coil are discussed in the permit under Part 1,
Section B. Monitoring Procedures
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local publically owned treatment works by the vendor from which they are rented. To assure 
proper operation, the plant must be under the supervision of a Class 1 Certified Operator for 
sewage treatment plants in the State of Tennessee. 

Flow from the sanitary wastewater treatment plant shall be monitored 
continuously using a flow recorder. 

BODS 
Biochemical Oxygen Demand (BODS) is a standard test used to measure the 

effectiveness of sewage treatment plants in removing oxygen consuming organic matter 
from the waste being treated. The previous permit contained limits of 30 mg/l monthly 
average and 45 mg/L daily maximum. 40 CFR Part 423 guidelines" for the Steam 
Electric Generating Point Source Category define Low Volume Wastes to include all 
facility wastes except those for which specific limitations are otherwise established. 
However, sanitary and air conditioning wastes are specifically excluded. Tennessee 
Guidelines, Rule 1200-4-5-.03, Effluent Umits for Effluent Umited Segments provide 
guidelines for domestic waste treatment plants. For BODS these guidelines specify a 
monthly average of 30 mglL and a daily maximum of 45 mg/L. 

Based on Tennessee Guidelines; the previous permit limits shall be retained. 
The sampling frequency shall be once per week and the sample type shall be grab. 

Total Suspended Solids 
TSS is also a test used to measure the effectiveness of sewage treatment 

plants. Tennessee GUidelines, Rule 1200-4-5-.03 provide TSS limits for domestic 
wastewater treatment plants. The limits are 30 mgIL monthly average and 45 mgIL daily 
maximum. These are the limits in the previous permit and they shall be retained in the 
new permit. Sampling frequency shall be once per week and sample type shall be grab. 

Settleable Solids " 
This test provides a measure of solids in a wastewater that are heavier than 

water and will settle within 1-hour under quiescent conditions. The test results can be 
used to judge the effectiveness of the sewage treatment process and the impacts of the 
effluent on receiving streams. Tennessee Rules, 1200-4-5-.03 establishes a limit of 1.0 
mVL for settleable solids from domestic wastewater treatment plants. This limit as a 
daily maximum was establiShed in the previous permit and shall be retained in the new 
permit. Sampling frequency shall be once per week and sample type shall be grab. 

E.CoIi 
Tennessee Water Quality Criteria specify an instream maximum concentration 

for escherichia coli (E. Coli) organisms in order to protect streams designated for 
recreational use. The instream criteria state that the concentration shall not exceed 126 
per 100 ml as a geometric mean. The previous permit did not contain an effluent 
limitation for E. Coli. In order to protect the receiving stream during periods of critical 
low flow the new permit shall contain an E. Coli concentration limit of 126 per 100 mi. 
Sampling frequency shall be once per week and the sample type shall be grab. 

Analytical test procedures of E. COli are discussed in the permit under Part 1, 
Section B. Monitoring Procedures 
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Chlorine, Total Residual
In order to achieve disinfection, many sewage treatment plants utilize chlorine for

disinfection. The residual chlorine, if not controlled within limits, can be toxic to the
downstream receiving streams. The previous permit contained a daily maximum limit of
2.0 mg/L for total residual chlorine, which is consistent with Tennessee Rule 1200-4-5-
.03 (2) Industrial Wastewater Treatment Plants.

The permittee has installed an ultra violet disinfection system at the sewage
treatment plant at Watts Bar Nuclear Plant. This system should eliminate the use of
chlorine for disinfection (except in emergencies). However, the maximum daily limit of
2.0 mg/L for chlorine shall be retained in the permit for the event that chlorine is needed
as a backup system. TRC monitoring frequency language shall be changed to five
times per week only when chlorine, bromine, or any other oxidants are added. Sample
type shall be grab.

Outfall 112
This outfall receives wastes from storm water, the effluent from the sanitary wastewater

treatment plant, HVAC cooling water from the training center, high pressure fire protection
system flushing water, and potable water leaks. These waste sources are not subject to 40
CFR Part 423 guidelines.

Flow
Under low flow conditions the discharge from this pond exits through four

concrete pipes with v-notch weirs in their ends. Under high storm water flow conditions,
the portion of the flow exceeding the capacity of the pipes exits via an overflow spillway.
The previous permit required flow to be monitored once per week with sample type
being estimate. This language shall be retained in the new permit.

DH
The Construction Runoff Holding Pond is subject to diumal algal growth/decay,

which causes fluctuations in pH. Photosynthesis causes the pH to rise during the day
and decline during the night. Historical monitoring data from Outfall 112 during the past
5-year permit period indicates that the pH of the discharge ranged from 6.4 to 9.49.
Tennessee water quality standards require that the pH in Yellow Creek be maintained
between 6.5 and 9.0. Given that there will be buffering of the discharge pH in the
stream, a pH limit of 6.0 to 9.5 is considered adequate to protect water quality.
Monitoring frequency shall be once per week and sample type shall be grab.

Total Susoended Solids
The previous permit established limits for suspended solids based on the

technology-based BPT guidelines from 40 CFR Part 423.12 (b) (3). A limit of 30 mg/L
monthly average and 100 mg/i daily maximum was established in the permit. Evaluation
of the current sources contributing to this outfall indicate that they are not subject to 40
CFR Part 423 guidelines. However, the previous permit limits of 30 mg/L monthly
average and 100 mg/L daily maximum are considered adequate to protect water quality
in the receiving stream. Therefore, the previous permit limits shall be retained.
Sampling frequency shall be retained at once per week and sample type shall be grab.

Chlorine. Total Residual 
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In order to achieve disinfection, many sewage treatment plants utilize chlorine for 
disinfection. The residual chlorine, if not controlled within limits, can be toxic to the 
downstream receiving streams. The previous permit contained a daily maximum limit of 
2.0 mg/L for total residual chlorine, which is co~istent with Tennessee Rule 1200-4-5-
.03 (2) Industrial Wastewater Treatment Plants. 

The permittee has installed an ultra Violet disinfection system at the sewage 
treatment plant at Watts Bar Nuclear Plant. This system should eliminate the use of 
chlorine for diSinfection (except in emergencies). However, the maximum daily limit of 
2.0 mglL for chlorine shall be retained in the permit for the event that chlorine is needed 
as a backup system. TRC monitoring frequency language shall be changed to five 
times per week only when chlorine, bromine, or any other oxidants are added. Sample 
type shall be grab. 

Outfall 112 
This outfall receives wastes from storm water, the effluent from the sanitary wastewater 

treatment plant, HVAC cooling water from the training center, high pressure fire protection 
system flushing water, and potable water leaks. These waste sources are not subject to 40 
CFR Part 423 guidelines. 

Flow 
Under low flow conditions the discharge from this pond exits through four 

concrete pipes with v-notch weirs in their ends. Under high storm water flow conditions, 
the portion of the flow exceeding the capacity of the pipes exits via an overflow spillway. 
The previous permit required flow to be monitored once per week with sample type 
being estimate. This language shall be retained in the new permit. 

The Construction Runoff Holding Pond is subject to diurnal algal growth/decay, 
which causes fluctuations in pH. Photosynthesis causes the pH to rise during the day 
and decline during the night. Historical monitoring data from Outfall 112 during the past 
5-year permit period indicates that the pH of the diSCharge ranged from 6.4 to 9.49. 
Tennessee water quality standards require that the pH in Yellow Creek be maintained 
between 6.5 and 9.0. Given that there wilt be buffering of the discharge pH in the 
stream, a pH limit of 6.0 to 9.5 is considered adequate to protect water quality. 
Monitoring frequency shall be once per week and sample type shall be grab. 

Total Suspended Solids 
The previous permit established limits for suspended solids based on the 

technology-based BPT guidelines from 40 CFR Part 423.12 (b) (3). A limit of 30 mglL 
monthly average and 100 mg/l daily maximum was established in the permit. Evaluation 
of the current sources contributing to this outfall indicate that they are not subject to 40 
CFR Part 423 guidelines. However, the previous permit limits of 30 mglL monthly 
average and 100 mglL daily maximum are considered adequate to protect water quality 
in the receiving stream. Therefore, the previous permit limits shall be retained. 
Sampling frequency shall be retained at once per week and sample type shall be grab. 
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Nitrogen. Ammonia Total
Ammonia is present in the treated sanitary wastewater from Outfall 111. This

treated wastewater enters the Yard Runoff Construction Holding Pond prior to discharge
to Outfall 112. Ammonia can impact the receiving stream, Yellow Creek, because of its
toxicity and because its biological oxidation causes reduction in stream dissolved
oxygen. The previous permit established a monthly average limit of 1.46 mg/L based on
the criterion continuous concentration (CCC) and 2.46 mg/L based on the criterion
maximum concentration (CMC). Preliminary modeling has Indicated that these limits will
also protect dissolved oxygen resources in the receiving stream.

For the present permit, water quality calculations have been made using updated
criteria from the EPA publication entitled "1999 Update of Ambient Water Quality Criteria
for Ammonia." The calculations, presented in Appendix 5c, show that the chronic
criterion concentration (CCC), which is pH and temperature dependent in the receiving
stream, is 1.24 mg/L of ammonia as N. Since the low flow of the receiving stream is
zero, this CCC value must be met in the discharge as a monthly average. The
calculations were made for a pH of 8.0 and a summer temperature of 250 C.

The new permit shall establish the maximum daily concentration for ammonia as
twice the monthly average concentration. This ratio is considered appropriate for well-
operated biological wastewater treatment plants. Thus a value of 2.48 mg/L shall be set
as the daily maximum limit. Measurement frequency shall be once per week and
sample type shall be grab.

Dissolved Oxvaen. (DO0
Outfall 112 discharges wastewater containing organic matter and ammonia (from

treated sanitary waste) to Yellow Creek, a stream with a minimum flow of zero.
Tennessee water quality criteria for this stream requires that dissolved oxygen be 5.0
mg/L or greater. Thus the discharge from the Outfall must meet this criteria and a limit
of 5.0 mg/I as a daily maximum was established in the previous permit. This limit shall
be retained in the new permit. Monitoring frequency shall be once per week and sample
type shall be grab.

Total Residual Chlorine (TRC)
The sewage treatment plant, Outfall 111 has been the primary source of TRC in

Outfall 112. The treatment plant has been recently converted to ultraviolet disinfection
and chlorine should no longer be a water quality issue at this outfall. Because of the
possibility that chlorine may be used (as a backup during maintenance or emergencies)
TRC limits shall be retained at Outfall 112. However, TRC monitoring shall be
applicable when chlorine, bromine, or any other oxidants are added. Sampling
frequency shall be once per week and sample type shall be grab.

The permit establishes a reportable limit of 0.05 mg/L for TRC that is higher than
the monthly average limit of 0.011 mg/L and the daily maximum limit of 0.019 mg/L for
TRC. Therefore the reporting of concentrations of TRC at <0.05 mg/L shall effectively
be used to demonstrate compliance with the effluent limitations. It should also be noted
that any TRC detected at or above the detection level shall constitute a violation of the
permit.

It should be pointed out that the two previous permits defined a required
quantitation level for TRC at 0.05 mg/L. Also listed were the acceptable methods for
detection, as specified in 40 CFR Part 136, the amperometric titration, DPD colorimetric,
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Ammonia is present in the treated sanitary wastewater from Outfall 111. This 
treated wastewater enters the Yard Runoff Construction Holding Pond prior to discharge 
to Outfall 112. Ammonia can impact the receiving stream. Yellow Creek. because of its 
toxicity and because its biological oxidation causes reduction in stream dissolved 
oxygen. The previous permit established a monthly average limit of 1.46 mg/L based on 
the criterion continuous concentration (CCC) and 2.46 mgIL based on the criterion 
maximum concentration (CMC). Preliminary modeling has indicated that these limits will 
also protect dissolved oxygen resources in the receiving stream. 

For the present permit, water qualitY calculations have been made using updated 
criteria from the EPA publication entiUed "1999 Update of Ambient Water Quality Criteria 
for Ammonia." The calculations, presented in Appendix 5c, show that the chronic 
criterion concentration (CCC), which is pH and temperature dependent in the receiving 
stream, is 1.24 mgIL of ammonia as N. Since the low flow of the receiving stream is 
zero, this CCC value must be met in the discharge as a monthly average. The 
calculations were made for a pH of 8.0 and a summer temperature of 25° C. 

The new permit shall establish the maximum daily concentration for ammonia as 
twice the monthly average concentration. This ratio is considered appropriate for well
operated biological wastewater treatment plants. Thus a value of 2.48 mg/L shall be set 
as the daily maximum limit. Measurement frequency shall be once per week and 
sample type shall be grab. 

Dissolved OXYgen. (DO) 
Outfall 112 discharges wastewater containing organic matter and ammonia (from 

treated sanitary waste) to Yellow Creek, a stream with a minimum flow of zero. 
Tennessee water quality criteria for this stream requires that dissolved oxygen be 5.0 
mg/L or greater. Thus the discharge from the Outfall must meet this criteria and a limit 
of 5.0 mg/l as a daily maximum was established in the previous permit. This limit shall 
be retained in the new permit. Monitoring frequency shall be once per week and sample 
type shall be grab. 

Total Residual Chlorine (TAC) 
The sewage treatment plant, Outfall 111 has been the primary source of TAC in 

Outfall 112. The treatment plant has been recently converted to ultraviolet disinfection 
and chlorine should no longer be a water quality issue at this outfall. Because of the 
possibility that chlorine may be used (as a backup during maintenance or emergencies) 
TAC limits shall be retained at Outfall 112. However, TAC monitoring shall be 
applicable when chlorine, bromine, or any other oxidants are added. Sampling 
frequency shall be once per week and sample type shaH be grab. 

The permit establishes a reportable limit of 0.05 mgIL tor TRC that is higher than 
the monthly average limit of 0.011 mgIL and the daily maximum limit of 0.019 mg/L for 
TAC. Therefore the reporting of concentrations of TAC at <0.05 mg/L shall effectively 
be used to demonstrate compliance with the effluent limitations. It should also be noted 
that any TRC detected at or above the detection level shall constitute a violation of the 
permit. 

It should be pointed out that the two previous permits defined a required 
quantitation level for TAC at 0.05 mgIL. Also listed were the acceptable methods for 
detection, as specified in 40 CFR Part 136, the amperometric titration, DPD colorimetric, 



Document Type: NPDES PermXn$P9Wt Bar Nuclear Plant (Rationale)
NPDES Permit TN0020168

Page R-21 of R-70

starch end point direct, and specific ion electrode. The facility, which is using the DPD
colorimetric method, has requested that the minimum level of quantitation (ML) for TRC
be established at 0.08 mg/L based on limited site specific test data developed at the
plant using EPA approved test methods and procedures for determining Method
Detection Limit (MDL) under 40 CFR Part 136, Appendix B and subsequent adjustment
to obtain a Minimum Level of Quantitation (ML). The facility is also requesting that this
ML value be established as the minimum reportable limit in the permit. The Division has
not accepted the site specific ML developed by WBN as the required detection level for
reporting purposes. The required analytical quantification level for TRC is the permit
limit, or 0.05 mg/L whichever Is lower. !n cases where the permit limit is less than 0.05
mg/L, and the quantification level for TRC in the effluent is determined to be 0.05 mg/I,
the reporting of TRC at < 0.05 mg/L shall be interpreted to constitute compliance with
the permit limit.

Toxicity Testing
Raw water from mechanical draft HVAC cooling towers and fire protection

system may be treated with corrosion control and biocide products. These products are
discharged through Outfall 112. The chemical makeup of the products used can
change during the permit period and the combined toxicity effect of the chemicals is not
known. Thus it is not feasible to apply chemical specific effluent limits to the discharge
and assure the control of toxicity. Toxicity testing (coupled with evaluation of new
products before they are used) is a reasonable method to evaluate the toxicity, impacts
of the products in the effluent. Therefore toxicity testing shall remain in the permit.

The previous permit required chronic toxicity testing, IO25, at a dilution of 100%
based on the presence of zero minimum flow in Yellow Creek. The new permit shall
retain this test requirement. Measurement frequency shall be semi-annual and sample
type shall be composite.

Outfall 113
Outfall 113 discharges Supplemental Condenser Cooling Water (SCCW), which is

noncontact, once through cooling water. Once through cooling water is subject to BPT and
BAT technology-based limitations under 40 CFR Part 423. A portion of the water discharged
through Outfall 113 enters the plant through the intake pumping station (IPS) and is treated with
corrosion inhibitors and biocide. The remaining portion is obtained by gravity flow through the
intake for the old TVA - Watts Bar Fossil Plant, which withdraws water from Watts Bar
Reservoir above Watts Bar Dam. The proportion of flow from the IPS ranges from
approximately 42 to 68 MGD and the remaining portion from Watts Bar Reservoir varies from
approximately zero to 110 MGD. The water withdrawn from Watts Bar Lake may be passed
through the condensers as once through cooling water, or by using a bypass valve
arrangement, may be routed directly to Outfall 113.

Flow
The previous permit required flow to be measured on a continuous basis using a

recorder. This language shall be retained in the new permit. Should the continuous
flow monitoring equipment fail or need to be taken off line for repairs or calibration, the
flow shall be measured by staff gage as a backup method until the flow monitoring
system is brought back on line. The permittee shall take reasonable steps to restore the
flow monitoring as soon as possible.
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starch end point direct, and specific ion electrode. The facility, which is using the DPD 
colorimetric method, has requested that the minimum level of quantitation (ML) for TRC 
be established at 0.08 mg/l based on limited site specific test data developed at the 
plant using EPA approved test methods and procedures for determining Method 
Detection Umit (MOL) under 40 CFA Part 136, Appendix B and subsequent adjustment 
to obtain a Minimum Level of Quantitation (ML). The facility is also requesting that this 
ML value be established as the minimum reportable limit in the permit. The Division has 
not accepted the site specific ML developed by WBN as the required detection level for 
reporting purposes. The required analytical quantification level for TRC is the permit 
limit, or 0.05 mg/L whichever Is lower. In cases where the permit limit is less than 0.05 
mgIL, and the quantification level for TRC in the effluent is determined to be 0.05 mgl1, 
the reporting of TRC at < 0.05 mg/L shall be interpreted to constitute compliance with 
the permit limit. 

Toxicitv Testing 
Raw water from mechanical draft HVAC cooling towers and fire protection 

system may be treated with corrosion control and biocide products. These products are 
discharged through Outfall 112. The chemical makeup of the products used can 
change during the permit period and the combined toxiCity effect of the chemicals is not 
known. Thus it is not feasible to apply chemical specific effluent limits to the discharge 
and assure the control of toxicity. Toxicity testing (coupled with evaluation of new 
products before they are used) is a reasonable method to evaluate the toxicity impacts 
of the products in the effluent. Therefore tOXicity testing shall remain in the permit. 

The previous permit required chronic toxicity testing, IC25, at a dilution of 100% 
based on the presence of zero minimum flow in Yellow Creek. The new permit shall 
retain this test requirement. Measurement frequency shall be semi-annual and sample 
type shall be composite. 

Outfall 113 
Outfall 113 discharges Supplemental Condenser Coaling Water (SCCW), which is 

noncontact, once through cooling water. Once through cooling water is subject to BPT and 
BAT technology-based limitations under 40 CFR Part 423. A portion of the water discharged 
through Outfall 113 enters the plant through the intake pumping station (IPS) and is treated with 
corrosion inhibitors and biocide. The remaining portion is obtained by gravity flow through the 
intake for the old TVA - Watts Bar Fossil Plant, which withdraws water from Watts Bar 
Reservoir above Watts Bar Dam. The proportion of flow from the IPS ranges from 
approximately 42 to 68 MGD and the remaining portion from Watts Bar Reservoir varies from 
approximately zero to 110 MGD. The water withdrawn from Watts Bar Lake may be passed 
through the condensers as once through cooling water, or by using a bypass valve 
arrangement, may be routed directly to Outfall 113. 

Flow 
The previous permit required flow to be measured on a continuous basis using a 

recorder. This language shall be retained in the new permit. Should the continuous 
flow monitoring equipment fail or need to be taken off line for repairs or calibration, the 
flow shall be measured by staff gage as a backup method until the flow monitoring 
system is brought back on line. The permittee shall take reasonable steps to restore the 
flow monitoring as soon as possible. 
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Sudden changes in thermal loading at the plant, i.e., start-up or shutdown,
should not be made unless there is discharge from Watts Bar Dam (the exception being
changes necessary due to concern for human safety or the environment).

pH
The discharge is covered under 40 CFR Part 423 guidelines, which require that

the pH be maintained between 6.0 and 9.0. Calculations given in Appendix 5d show
that pH within this range will protect the water quality of the Tennessee River. Thus pH
limitations shall remain 6.0 to 9.0 in the new permit. Sampling frequency shall be once
per month and sample type shall be grab.

Total Susoended Solids (TSS)
TSS was included in the previous permit as a monitoring only requirement on a

once per month basis. There are no technology based limits or numeric water quality
criteria for this parameter. According to Tennessee Water Quality Criteria for the
protection of fish and aquatic life [Chapter 1200-4-3-.03(3)], there shall be no distinctly
visible solids, scum, foam, oily slick, or the formation of slimes, bottom deposits or
sludge banks of such size or character that may be detrimental to aquatic life in the
receiving stream. Monitoring of TSS was required during the previous permit period and
the data (see Appendix 4) indicated that the long-term average was 12.1 mg/L.
Because the facility is considering adding bentonite to this waste stream as a method of
detoxifying biocides, suspended solids monitoring shall remain in the permit. Sampling
frequency shall be once per month and sample type shall be grab.

Chlorine, Total Residual
Total chlorine residual was limited in the previous permit at 0.092 mg/L as a

monthly average and 0.158 as a daily maximum. These limits were based on
compliance with instream water quality criteria at a previous permit flow of 192 MGD.
Water quality calculations (presented in Appendix 5b) were performed using the long-
term average combined flow of Outfall 101 and 113 from the current permit application.
These calculations indicate that a monthly average of 0.15 mg/I and a daily maximum of
0.259 mg/L are necessary to comply with water quality criteria. In the case of the daily
maximum value, the 0.2 mg/L BAT limit is more restrictive. Monitoring data from the
previous permit period indicates that the long-term average and the maximum TRC
concentration have been well below the permit limit (see Appendix 4). The WBN plant
does not add chlorine to the Supplemental Condenser Cooling Water, however
chlorine/bromine is potentially present in the outfall due to commingling of cooling tower
blowdown. The previous permit limits shall be retained in the permit to comply with the
antibacksliding provisions of 40 CFR Part 122.44 (I) and as part of the justification for
the exceedance of the 2 hour per day guideline maximum for discharge of TRC (see
discussion in Rationale under Additional Umitations, Conditions and Monitoring
Requirements). Monitoring frequency shall be retained at 5 per week and sample type
shall be grab.

Dissolved Oxvaen. (DO)
Outfall 113 discharges Supplemental Condenser Cooling Water (SCCW), which

is noncontact, once through cooling water to the Tennessee River via a difuser a mile
529.2. State water quality criteria for this stream requires that dissolved oxygen be 5.0
mg/L or greater. However, because of the high flow of the discharge from this Outfall
and the receiving stream the narrative limit to "Report the minimum DO" shall be
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Sudden changes in thermal loading at the plant, i.e., start-up or shutdown, 
should not be made unless there is discharge from Watts Bar Dam (the exception being 
changes necessary due to concern for human safety or the environment). 

The discharge is covered under 40 CFR Part 423 guidelines, which require that 
the pH be maintained between 6.0 and 9.0. Calculations given in Appendix 5d show 
that pH within this range will protect the water quality of the Tennessee River. Thus pH 
limitations shall remain 6.0 to 9.0 in the new permit. Sampling frequency shall be once 
per month and sample type shall be grab. 

Total Suspended Solids aSS) 
TSS was included in the previous permit as a monitoring only requirement on a 

once per month basis. There are no technology based limits or numeric water quality 
criteria for this parameter. According to Tennessee Water Quality Criteria for the 
protection of fish and aquatic life [Chapter 1200-4-3-.03(3)], there shall be no distinctly 
visible solids, scum, foam, oily slick, or the formation of slimes, bottom deposits or 
sludge banks of such size or character that may be detrimental to aquatic life in the 
receiving stream. Monitoring of TSS was required during the previous permit period and 
the data (see Appendix 4) indicated that the long-term average was 12.1 mg/L. 
Because the facility is considering adding bentonite to this waste stream as a method of 
detoxifying biocides, suspended solids monitoring shall remain in the permit. Sampling 
frequency shall be once per month and sample type shall be grab. 

Chlorine. Total Residual 
Total chlorine residual was limited in the previous permit at 0.092 mg/l as a 

monthly average and 0.158 as a daily maximum. These limits were based on 
compliance with instream water quality criteria at a previous permit flow of 192 MGD. 
Water quality calculations (presented in Appendix 5b) were performed using the long
term average combined flow of Outfall 101 and 113 from the current permit application. 
These calculations indicate that a monthly average of 0.15 mg/1 and a daily maximum of 
0.259 mg/L are necessary to comply with water quality criteria. In the case of the daily 
maximum value, the 0.2 mg/L BAT limit is more restrictive. Monitoring data from the 
previous permit period indicates that the long-term average and the maximum TRC 
concentration have been well below the permit limit (see Appendix 4). The WBN plant 
does not add chlorine to the Supplemental Condenser Cooling Water, however 
chlorineJbromine is potentially present in the outfall due to commingling of cooling tower 
blowdown. The previous permit limits shall be retained in the permit to comply with the 
antibacksliding provisions of 40 CFR Part 122.44 (I) and as part of the justification for 
the exceedance of the 2 hour per day guideline maximum for discharge of TRC (see 
discussion in Rationale under Additional Umitations, Conditions and Monitoring 
Requirements). Monitoring frequency shall be retained at 5 per week and sample type 
shall be grab. 

Dissolved Oxygen, (DO) 
Outfall 113 discharges Supplemental Condenser Cooling Water (SCCW), which 

is noncontact, once through COOling water to the Tennessee River via a difuser a mile 
c 529.2. State water quality criteria for this stream requires that dissolved oxygen be 5.0 

mg/L or greater. However, because of the high flow of the discharge from this Outfall 
and the receiving stream the narrative limit to uReport the minimum DO" shall be 
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retained in the new permit. Monitoring frequency shall be once per month and sample
type shall be grab.
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retained in the new permit. Monitoring frequency shall be once per month and sample 
type shall be grab. 
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Toxicity Testing
The new permit limit calculations indicate required chronic toxicity testing, 1025,

at a dilution factor of 13.2 and a new limit of 7.60%. Measurement frequency shall be
retained at semi-annual and sample type shall be composite.

Temperature, General
Tennessee water quality criteria for temperature contains three parts, (1) the

discharge shall not cause the temperature of the receiving waters to exceed 30.5 °C
instream after mixing, (2) the discharge shall not cause an upstream to downstream
temperature change of more than 3 °C, and (3) the discharge shall not cause a rate of
temperature change more than 2 *C per hour. All of these conditions must be met at the
edge of the mixing zone for the discharge. Further the extent of the mixing zone should
be such that fish and aquatic life are not harmed by the discharge.

TVA, as part of a previous permit application process, presented dilution model
results, which indicated that the mixing zone of this discharge would allow the free
passage of fish while avoiding bottom dwelling species. During periods of Watts Bar
dam releases, the heated plume is predicted to stay near the right bank (looking
downstream) and extend downstream for a distance of approximately 1000 feet. During
periods of dam shutoff, the heated plume is predicted to extend across the entire width
of the river. Normally a "bank to bank" mixing zone is not allowable; however; in this
case, only near the surface does the "passiveo mixing zone extend across the width of
the river.

Temperature and Area of Mixing Zone

The dynamic nature of the river operations in the vicinity of the Outfall 113
discharge and the fact that this channel is not a natural stream lead to Issues with
defining an appropriate mixing zone. It is recognized that the temperatures occurring in
the Tennessee River at the location of the discharge are the result of a complex set of
variables defining the mixing hydrodynamics and heat balance. Many of the variables,
such as meteorological inputs, dam turbine releases, dam leakage, flow direction, and
reservoir stage are beyond the control of the Watts Bar Nuclear Plant. It is further
recognized that applying instantaneous criteria is problematic because of the dynamic
nature of the receiving stream (barge traffic, dam operations, rapidly changing plume
location, etc.). For this reason, the Division has determined that compliance with the
temperature criteria should not be applied on an Instantaneous basis instead
compliance will be implemented with the following changes.

The approach to the mixing. zone in this permit will be to define both an active
and a passive mixing zone of approximately the same overall size. (See Mixing Zone
Diagram, Appendix 5H.) In the passive mixing zone case, corresponding to dam shutoff,
the mixing zone geometry will be defined as before. The passive mixing zone extends
across the entire width of the river and extends downstream approximately 1000 feet.
The active mixing zone will apply to other conditions where the plume tends to reside in
the right hand side of the river (facing downstream). Monitoring to establish compliance
for the active mixing zone will occur 2000 feet downstream of Outfall 113 in the right
hand side of the river. This monitoring will utilize two stations that will be placed after
determining the best locations to capture, as much as possible, the true temperature in
the plume. Temperature recorder station # 33 will be relocated and the new recorder

Toxicity Testing 
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The new permit limit calculations indicate required chronic toxicity testing. IC25. 
at a dilution factor of 13.2 and a new limit of 7.6%. Measurement frequency shall be 
retained at semi-annual and sample type shall be composite. 

Temperature. Genera! 
Tennessee water quality criteria for temperature contains three parts, (1) the 

discharge shall not cause the temperature of the receiving waters to exceed 30.5 ·C 
instream after mixing. (2) the discharge shall not cause an upstream to downstream 
temperature change of more than 3 ·C, and (3) the discharge shall not cause a rate of 
temperature change more than 2·C per hour. All of these conditions must be met at the 
edge of the mixing zone for the discharge. Further the extent of the mixing zone should 
be such that fish and aquatic life are not harmed by the discharge. 

TVA, as part of a previous permit application process, presented dilution model 
results. which indicated that the mixing zone of this discharge would allow the free 
passage of fish while avoiding bottom dwelling species. During periods of Watts Bar 
dam releases, the heated plume is predicted to stay near the right bank (looking 
downstream) and extend downstream for a distance of approximately 1000 feet. During 
periods of dam shutoff. the heated plume is predicted to extend across the entire width 
of the river. Normally a "bank to bank" mixing zone is not allowable; however; in this 
case, only near the surface does the "passive" mixing zone extend across the width of 
the river. 

Temperature and Area of Mixing Zone 

The dynamic nature of the river operations in the vicinity of the Outfall 113 
discharge and the fact that this channel is not a natural stream lead to issues with 
defining an appropriate mixing zone. It is recognized that the temperatures occurring in 
the Tennessee River at the location of the discharge are the result of a complex set of 
variables defining the mixing hydrodynamics and heat balance. Many of the variables. 
such as meteorological inputs, dam turbine releases, dam leakage, flow direction, and 
reservoir stage are beyond the control of the Watts Bar Nuclear Plant. It is further 
recognized that applying Instantaneous criteria is problematic because of the dynamic 
nature of the receiving stream (barge traffic, dam operations, rapidly changing plume 
location, etc.). For this reason, the Division has determined that compliance with the 
temperature criteria should not be applied on an Instantaneous basis instead 
compliance will be Implemented with the following changes. 

The approach to the mixing zone in this permit will be to define both an active 
and a passive mixing zone of approximately the same overall size. (See Mixing Zone 
Diagram. Appendix 5H.) In the passive mixing zone case, corresponding to dam shutoff, 
the mixing zone geometry will be defined as before. The passive mixing zone extends 
across the entire width of the river and extends downstream approximately 1000 feet. 
The active mixing zone will apply to other conditions where the plume tends to reSide in 
the right hand side of the river (facing downstream). Monitoring to establish compliance 
for the active mixing zone will occur 2000 feet downstream of Outfall 113 in the right 
hand side of the river. This monitoring will utilize two stations that will be placed after 
determining the best locations to capture, as much as possible. the true temperature in 
the plume. Temperature recorder station # 33 will be relocated and the new recorder 
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station #34 are shown in general locations on the mixing zone diagram. The data from
the two stations will be reported as the average of the temperatures for the two stations.
The additional monitor and the averaging of the results will allow better tracking of the
plume.

The modeling that predicted the previously described passive mixing zone will be
[physically] verified by an instream thermal survey conducted semiannually. This
passive mixing zone that was described in the previous permit has been verified by
instream modeling and instream thermal surveys.

The permittee shall maintain the bottom temperature sensors in the Mussel
Relocation Zone to ensure protection of bottom dwelling species and a zone of fish
passage. The limit for the four existing monitors in the relocation zone will remain at
33.50C (92.3°F) as the instantaneous maximum value previously established to protect
those bottom dwelling species. The permittee will be allowed to remove the bottom
velocity monitors in this area since correlation of directional flow with the operation of the
dam has been established and further characterization is not needed. Measurement
frequency shall be hourly and sample type shall be recorder. The permittee shall record
this data on the DMRs, where exceedences, of the limit will be considered a permit
Violation.

Temperature. Effluent
It is recognized that the temperature of the discharge, after use for cooling

purposes, will be higher than that of the Intake water. The previous permit did not
establish a maximum effluent temperature but rather required reporting of effluent
temperature. Sampling frequency was hourly and sample type was grab. This sampling
requirement shall be retained in the new permit.

The temperature at the edge of the mixing zone must not exceed 30.5 °C as a
daily maximum. Instream temperature monitors shall be employed at the downstream
edge of the active mixing zone to demonstrate compliance. Measurement frequency
shall be hourly and sample type shall be recorder.

Temperature. Rise Upstream to Downstream
In order to demonstrate compliance with the 3 °C maximum rise upstream to

downstream, the permittee shall conduct automated instream temperature monitoring.
Monitoring locations shall include an upstream point oust below Watts Bar Dam) and a
downstream point at the downstream edge of the mixing zone (as described above).

Additional Limitations, Conditions, and Monitoring Requirements

In addition to the specific numerical limitations discussed above, there are a number of
general requirements that shall apply to outfalls 101, 102, 103, 107, 111, 112, and 113. These
requirements are discussed as follows:

40 CFR Part 423.12 (b) (2) (BPT) and Part 423.13 (a) (BAT) specify, "There shall be no
discharge of polychlorinated biphenyl compounds such as those commonly used for
transformer fluid." This requirement was in the previous permit and shall be retained in the new
permit.
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station #34 are shown in general locations on the mixing zone diagram. The data from 
the two stations will be reported as the average of the temperatures for the two stations. 
The additional monitor and the averaging of the results will allow better tracking of the 
plume. 

The modeling that predicted the previously described passive mixing zone will be 
[physically] verified by an instream thermal survey conducted semiannually. This 
passive mixing zone that was described in the previous permit has been verified by 
instream modeling and instream thermal surveys. 

The permittee shall maintain the bottom temperature sensors in the Mussel 
Relocation Zone to ensure protection of bottom dwelling species and a zone of fish 
passage. The limit for the four existing monitors in the relocation zone will remain at 
33.5°C (92.3°F) as the Instantaneous maximum value previously established to protect 
those bottom dwelling species. The permittee will be allowed to remove the bottom 
velocity monitors in this area since correlation of directional flow with the operation of the 
dam has been established and further characterization is not needed. Measurement 
frequency shall be hourly and sample type shall be recorder. The permittee shall record 
this data on the DMRs, where exceedences of the limit will be considered a permit 
violation. ' 

Temperature. Effluent 
It is recognized that the temperature of the discharge, after use for cooling 

purposes, will be higher than that of the Intake water. The previous permit did not 
establish a maximum effluent temperature but rather required reporting of effluent 
temperature. Sampling frequency was hourly and sample type was grab. This sampling 
requirement shall be retained in the new permit. 

The temperature at the edge of the mixing zone must not exceed 30.5 DC as a 
daily maximum. Instream temperature monitors shall be employed at the downstream 
edge of the active mixing zone to demonstrate compliance. Measurement frequency 
shall be hourly and sample type shall be recorder. 

Temperature. Rise Upstream to Downstream 
In order to demonstrate compliance with the 3 ·C maximum rise upstream to 

downstream, the permittee Shall conduct automated instream temperature monitoring. 
Monitoring locations shall include an upstream point (just below Watts Bar Dam) and a 
downstream point at the downstream edge of the mixing zone (as described above). 

Additional limitations, Conditions, and Monitoring Requirements 

In addition to the specific numerical limitations discussed above, there are a number of 
general requirements that shall apply to outfalls 101, 102, 103, 107, 111, 112, and 113. These 
requirements are discussed as follows: 

40 CFR Part 423.12 (b) (2) (BPT) and Part 423.13 (a) (BAT) specify, ''There shall be no 
discharge of polychlorinated biphenyl compounds such as those commonly used for 
transformer fluid." This requirement was in the previous permit and shall be retained in the new 
permit. 
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These requirements are potentially applicable to Outfalls 101, 102 and 113. Chlorine is
not added to the Supplemental Condenser Cooling Water System (once through cooling water)
at the Watts Bar Nuclear Plant; however, it is present in all Outfalls due to commingling of
cooling tower blowdown. TVA has made a demonstration to the Division that the Watts Bar
Nuclear Plant cannot operate under these "two hour per day" requirements without significant
damage to the system potentially jeopardizing operational safety. No limit was placed on the
hours of chlorine use in the previous permit and no such limit shall be included in the new
permit.

40 CFR Part 423.12 (b) (8) (BPT requirements, non wastewater source specific) states
that "Neither free available chlorine nor total residual chlorine may be discharged from any unit
for more than two hours in any one day and not more than one unit in any plant may discharge
free available chlorine or total residual chlorine at any one time unless the utility can
demonstrate to the Regional Administrator or State, if the State has NPDES permit issuing
authority, that the units in a particular location cannot operate at or below this level of
chlorination."

40 CFR Part 423.13 (b) (2) (BAT requirements, specific to once through cooling water)
also states that for plants with a rated electric generating capacity of 25 or more megawatts that
"Total residual chlorine may not be discharged from any single generating unit for more than
two hours per day unless the discharger demonstrates to the permitting authority that discharge
for more than two hours is required for microinverlebrate control. Simultaneous multi-unit
chlorination is permitted."

40 CFR Part 423.13 (d) (2) (BAT requirements, specific to cooling tower blowdown)
states "Neither free available nor total residual chlorine may be discharged from any unit for
more than two hours in any one day and not more than one unit in any plant may discharge free
available or total residual chlorine at any one time unless the utility can demonstrate to the
Regional Administrator or State, if the State has NPDES permit issuing authority, that the units
in a particular location cannot operate at or below this level of chlorination."

40 CFR Part 423.13 (d) (1), BAT requirements for cooling tower blowdown, establishes
monthly average and daily maximum effluent limitations for the 126 Priority Pollutants. The
monthly average limit and the daily maximum limit (except for chromium and zinc) for the 126
Priority Pollutants contained in chemicals added for cooling tower maintenance is "No
Detectable Amount." However, Part 423.13 (d) (3) allows the permitting authority, at its
discretion, to utilize engineering calculations which demonstrate that the regulated pollutants
are not detectable in the final discharge by analytical methods in 40 CFR Part 136. This
requirement is potentially applicable to ouffall 101. TVA has provided data that demonstrates
that priority pollutants will not be added to the system in quantities that will be detectable in
cooling tower blowdown. Also the data provided with the Form 2C permit application indicates
that the priority pollutants were not present in detectable amounts. The following general
statement shall be added to the permit "Priority Pollutants contained in chemicals added for
cooling tower maintenance except for zinc, shall not be discharged in cooling tower blowdown
in amounts that are detectable by analytical methods in 40 CFR Part 136." Monitoring for the
Priority Pollutants shall not be required.

Bromine may be used at times in the raw water system. For purposes of measurement
of Total Residual Chlorine (TRC) in the permit, analyses shall include residual bromine with the
results reported as chlorine. Thus there is no separate test for residual bromine, but one test
for situations where combinations of chlorine and bromine are being used.
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These requirements are potentially applicable to Outfalls 101, 102 and 113. Chlorine is 
not added to the Supplemental Condenser Cooling Water System (once through cooling water) 
at the Watts Bar Nuclear Plant; however, it is present in all Outfalls due to commingling of 
cooling tower blowdown. TVA has made a demonstration to the Division that the Watts Bar 
Nuclear Plant cannot operate under these "two hour per day" requirements without significant 
damage to the system potentially jeopardizing operational safety. No limit was placed on the 
hours of chlorine use in the previous permit and no such limit shall be included in the new 
permit. 

40 CFR Part 423.12 (b) (8) (BPT requirements, non wastewater source specific) states 
that "Neither free available chlorine nor total residual chlorine may be discharged from any unit 
for more than two hours in anyone day and not more than one unit in any plant may discharge 
free available chlorine or total residual chlorine at anyone time unless the utility can 
demonstrate to the Regional Administrator or State, if the State has NPDES permit issuing 
authority, that the units in a particular location cannot operate at or below this level of 
chlorination." 

40 CFR Part 423.13 (b) (2) (BAT requirements, specific to once through cooling water) 
also states that for plants with a rated electric generating capacity of 25 or more megawatts that 
"Total residual chlorine may not be discharged from any single generating unit for more than 
two hours per day unless the discharger demonstrates to the permitting authority that discharge 
for more than two hours is required for microinvertebrate control. Simultaneous multi-unit 
chlorination is permitted." 

40 CFR Part 423.13 (d).(2) (BAT requirements, specific to cooling tower blowdown) 
states "Neither free available nor total residual chlorine may be discharged from any uriit for 
more than two hours in anyone day and not more than one unit in any plant may discharge free 
available or total residual chlorine at anyone time unless the utility can demonstrate to the 
Regional Administrator or State, if the State has NPDES permit issuing authority, that the units 
in a particular location cannot operate at or below this level of chlorination." 

40 CFR Part 423.13 (d) (1), BAT requirements for cooling tower blowdown, establishes 
monthly average and daily maximum effluent limitations for the 126 Priority Pollutants. The 
monthly average limit and the daily maximum limit (except for chromium and zinc) for the 126 
Priority Pollutants contained in chemicals added for cooling tower maintenance is "No 

. Detectable Amount." However, Part 423.13 (d) (3) allows the permitting authority, at its 
discretion, to utilize engineering calculations which demonstrate that the regulated pollutants 
are not detectable in the final discharge by analytical methods in 40 CFR Part 136. This 
requirement is potentially applicable to outfall 101. TVA has provided data that demonstrates 
that priority pollutants will not be added to the system in quantities that will be detectable in 
cooling tower blowdown. Also the data provided with the Form 2C permit application indicates 
that the priority pollutants were not present in detectable amounts. The following general 
statement shall be added to the permit ·Priority Pollutants contained in chemicals added for 
cooling tower maintenance except for zinc, shall not be discharged in cooling tower blowdown 
in amounts that are detectable by analytical methods in 40 CFR Part 136." Monitoring for the 
Priority Pollutants shall not be required. 

Bromine may be used at times in the raw water system. For purposes of measurement 
of Total Residual Chlorine (TRC) in the permit, analyses shall include residual bromine with the 
results reported as chlorine. Thus there is no separate test for residual bromine, but one test 
for situations where combinations of chlorine and bromine are being used. 
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The language in the previous permit shall be retained restricting start-up, shutdown and
abrupt flow changes when the flow is below 3,500 cubic feet per second.

It is recognized that the permittee must use biocides and corrosion inhibitor products to
protect plant piping systems and assure safety in the event of a shutdown. Because the
chemicals in these products may be detrimental to fish and aquatic life in the receiving stream,
there is a need to evaluate the nature of the chemicals, the dosage to be used, the duration of
use, the effluent concentration, and the need for treatment prior to discharge. The previous
permit required that a biocide treatment plan be submitted for approval by the Division and that
subsequent changes to that plan during the permit period also be submitted for approval. It is
also recognized that biocide and corrosion inhibitor products will change during the course of
the NPDES permit period and that there is need for a mechanism to evaluate these changes
relative to water quality impacts. Thus language has been incorporated into the permit to allow
modification of the biocide and corrosion inhibitor plan based on pre-approval of the
modifications by the Division.

Vill. METALS AND TOXICS

The following procedure is used to calculate the allowable instream concentrations for
permit limitations. If monitoring for a particular pollutant indicates that the pollutant is not
present (i.e., consistently below detection level), then the division may drop the monitoring
requirements in the reissued permit.

1. The most recent background conditions of the receiving stream segment are
compiled. This information includes:
* 7Q10 of receiving stream
* Calcium hardness (measured ambient data, or 25 mg/lI default)
" Total suspended solids (measured ambient data, or 10 mg/I, default)
* Background metals concentrations (measured ambient data, or Y/ chronic water

quality criteria)
* Other dischargers impacting this segment
* Downstream water supplies, If applicable

2. The chronic water quality criteria are converted from total recoverable metal at lab
conditions to dissolved lab conditions for the following metals: cadmium, copper,
lead, nickel and zinc. Then translators are used to convert the dissolved lab
conditions to total recoverable metal at ambient conditions.

3. The acute water quality criteria is converted from total recoverable metal at lab
conditions to dissolved lab conditions for the following metals: cadmium, copper,
lead, nickel, zinc, silver and mercury. Then translators are used to convert the
dissolved lab conditions to total recoverable metal at ambient conditions for the
following metals: cadmium, copper, lead, nickel, silver and mercury.

4. The chronic criteria for Chromium (T) is given in the total recoverable form and is not
converted to a dissolved lab condition or to the total recoverable ambient condition.
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The language in the previous permit shall be retained restricting start-up, shutdown and 
abrupt flow changes when the flow is below 3,500 cubic feet per second. 

It is recognized that the permittee must use biocides and corrosion inhibitor products to 
protect plant piping systems and assure safety in the event of a shutdown. Because the 
chemicals in these products may be detrimental to fish and aquatic life in the receiving stream, 
there is a need to evaluate the nature of the chemicals, the dosage to be used, the duration of 
use, the effluent concentration, and the need for treatment prior to discharge. The previous 
permit required that a biocide treatment plan be submitted for approval by the Division and that 
subsequent changes to that plan during the permit period also be submitted for approval. It is 
also recognized that biocide and corrosion inhibitor products will change during the course of 
the NPDES permit period and that there is need for a mechanism to evaluate these changes 
relative to water quality Impacts. Thus language has been incorporated into the permit to allow 
modification of the biocide and corrosion inhibitor plan based on pre-approval of the 
modifications by the Division. 

VIII. METALS AND TOXleS 

The following procedure is used to calculate the allowable instream concentrations for 
permit limitations. If monitOring for a particular pollutant indicates that the pollutant is .not 
present (Le., consistently below detection . level), then the division may drop the monitoring 
requirements in the reissued permit. 

1. The most recent background conditions of the receiving stream segment are 
compiled. This information includes: 

7Q10 of receiving stream 
Calcium hardness (measured ambient data, or 25 mglL default) 
Total suspended solids (measured ambient data, or 10 mgIL, default) 
Background metals concentrations (measured ambient data, or % chronic water 
quality criteria) 
Other discharg~rs impacting this segment 
Downstream water supplies, H applicable 

2. The chronic water quality criteria are converted from total recoverable metal at lab 
conditions to dissolved lab conditions for the follOwing metals: cadmium, copper, 
lead, nickel and zinc. Then translators are used to convert the dissolved lab 
conditions to total recoverable metal at ambient conditions. 

3. The acute water quality criteria is converted from total recoverable metal at lab 
conditions to dissolved lab conditions for the following metals: cadmium, copper, 
lead, nickel, zinc, silver and mercury. Then translators are used to convert the 
dissolved lab conditions to total recoverable metal at ambient conditions for the 
following metals: cadmium, copper,lead, nickel, silver and mercury. 

4. The chronic criteria for Chromium (T) is given in the total recoverable form and is not 
converted to a dissolved lab condition or to the total recoverable ambient condition. 
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5. A standard mass balance equation determines the total allowable concentration
(permit limit) for each pollutant. This equation also includes a percent stream
allocation of 90%.

The following formulas are used to evaluate water quality protection:

Cm = Qs~s+Qw~w
Os + Ow

where:

Cm = resulting in-stream concentration after mixing
Cw = concentration of pollutant in wastewater
Cs = stream background concentration
Ow = wastewater flow
Os = stream low flow

to protect water quality:

Cw S (SA) [rCm (Os + Qwl - QsCsl
Ow

where (SA) is the percent "Stream Allocation".

Calculations for this permit have been done using a standardized worksheet, titled
"Water Quality Based Effluent Calculations." Division policy dictates the following procedures in
establishing these permit limits:

1. The critical low flow values are determined using USGS data:

Fish and Aouatic Life Protection
7Q10 - Low flow under natural conditions
1Q10 - Regulated low flow conditions

Other than Fish and Aquatic Life Protection
30Q2- Low flow under natural conditions

2. Fish & Aquatic Life water quality criteria for certain Metals are developed through
application of hardness dependent equations. These criteria are combined with dissolved
fraction methodologies in order to formulate the final effluent concentrations.

3. For criteria that are hardness dependent, chronic and acute concentrations are based
on a Hardness of 25 mg/I and Total Suspended Solids (TSS) of 10 mg/I unless ambient stream
data or water supply intake data substantiate a different value. Minimum and maximum limits
on the hardness value used for water quality calculations are 25 mg/I and 400 mg/I respectively.
The minimum limit on the TSSvalue used for water quality calculations is 10 mg/I.

4. Background concentrations are determined from the division database, results of
sampling obtained from the permittee, and/or obtained from nearby stream sampling data. If
this background data is not sufficient, one-half of the chronic "In-stream Allowable" water quality
criteria for fish and aquatic life is used. If the measured background concentration is greater

.. 
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5. A standard mass balance equation determines the total allowable conce!ltration 
(permit limit) for each pollutant. This equation also includes a percent stream 
allocation of 90%. 

The folloWing formulas are used to evaluate water quality protection: 

where: 

Cm = OsCs ± OwCw 
Qs±Ow 

Cm = resulting in-stream concentration after mixing 
Cw= concentration' of pollutant in wastewater 
Cs = stream background concentration 
OW = wastewater flow 
as = stream low flow 

to protect water quality: 

Cw s; (S') [em (as + OW) - OsCsl 
Ow 

where (SA) is the percent ·Stream Allocation". 

calculations for this permit have been done using a standardized worksheet, titled 
·Water Quality Based Effluent Calculations.· Division policy dictates the following procedures in 
establishing these permit limits: 

1. The critical low flow values are determined using USGS data: 

Fish and Aquatic Life Protection 
7010 - Low flow under natural conditions 
1010 - Regulated low flow conditions 

Other than Fish and Aquatic Life Protection 
3002' - Low flow under natural conditions 

2. Fish & Aquatic Life water quality criteria for certain Metals are developed through 
application of hardness dependent equations. These criteria are combined with dissolved 
fraction methodologies in order to formulate the final effluent concentrations. 

3. For criteria that are hardness dependent, chronic and acute concentrations are based 
on a Hardness of 25 mgll and Total Suspended Solids (TSS) of 10 mgll unless ambient stream 
data or water supply intake data substantiate a different value. Minimum and maximum limits 
on the hardness value used for water quality calculations are 25 mg/l and 400 mg/l respectively. 
The minimum limit on the TSS value used for water quality calculations is 10 mg/l. 

4. Background concentrations are determined from the diVision database, results of 
sampling obtained from the permittee, and/or obtained from nearby stream sampling data. If 
this background data is not suffiCient, one-half of the chronic "In-stream Allowable" water quality 
criteria for fish and aquatic life is used. If the measured background concentration is greater 
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than the chronic "in-stream Allowable" water quality criteria, then the measured background
concentration is used in lieu of the chronic 'in-stream Allowable" water quality criteria for the
purpose of calculating the appropriate effluent limitation (Cw). Under these circumstances, and
in the event the "stream allocation" is less than 100%, the calculated chronic effluent limitation
for fish and aquatic life should be equal to the chronic 'In-stream Allowable" water quality
criteria. These guidelines should be strictly followed where the industrial source water is not the
receiving stream. Where the industrial source water is the receiving stream, and the measured
background concentration is greater than the chronic "In-stream Allowable" water quality
criteria, consideration may be given as to the degree to which the permittee should be required
to meet the requirements of the water quality criteria in view of the nature and characteristics of
the receiving stream.

The spreadsheet has fourteen (14) data columns, all of which may not be applicable to
any particular characteristic constituent of the discharge. A description of each column is as
follows:

Column 1: The "Stream Background" concentrations of the effluent characteristics.

Column 2: The "Chronic" Fish and Aquatic Life Water Quality criteria. For Cadmium,
Copper, Lead, Nickel, and Zinc, this value represents the criteria for the
dissolved form at laboratory conditions. The Criteria Continuous Concentration
(CCC) is calculated using the equation:

CCC = (exp ( mc [ In (stream hardness) ] + bc ) (CCF)

CCF = Chronic Conversion Factor

This equation and the appropriate coefficients for each metal are from
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in The Metals
Translator: Guidance For Calculating A Total Recoverable Permit Limit From a
Dissolved Criterion (EPA 823-8-96-007, June 1996). Values for other metals are
in the total form and are not hardness dependent; no chronic criteria exists for
silver. Published criteria are used for non-metal parameters.

Column 3: The 'Acute" Fish and Aquatic Life Water Quality criteria. For Cadmium, Copper,
Lead, Nickel, Silver, and Zinc, this value represents the criteria for the dissolved
form at laboratory conditions. The Criteria Maximum Concentration (CMC) is
calculated using the equation:

CMC = (exp ( mA I In (stream hardness) ] + bA ) (ACF)

ACF = Acute Conversion Factor

This equation and the appropriate coefficients for each metal are from
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in The Metals
Translator: Guidance For Calculating A Total Recoverable Permit Limit From a
Dissolved Criterion (EPA 823-B-96-007, June 1996). Values for other metals are
in the total form and are not hardness dependent; no acute criteria exists for
Total Chromium. Published criteria are used for non-metal parameters.

Column 4: The "Fraction Dissolved" converts the value for dissolved metal at laboratory
conditions (columns 2 & 3) to total recoverable metal at in-stream ambient
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than the chronic "In-stream Allowable" water quality criteria, then the measured background 
concentration is used in lieu of the chronic "In-stream Allowable" water quality criteria for the 
purpose of calculating the appropriate effluent limitation (Cw). Under these circumstances, and 
in the event the ·stream allocation" is less than 100%, the calculated chronic effluent limitation 
for fish and aquatic life should be equal to the chronic "In-stream Allowable" water quality 
criteria. These guidelines should be strictly followed where the industrial source water is not the 
receiving stream. Where the industrial source water is the receiving stream, and the measured· 
background concentration is greater than the chronic "In-stream Allowable" water quality 
criteria, consideration may be given as to the degree to which the permittee should be required 
to meet the requirements at the water quality criteria in view of the nature and characteristics of 
the receiving stream. 

The spreadsheet has fourteen (14) data columns, all of which may not be applicable to 
any particular characteristic constituent of the discharge. A description of each column is as 
follows: 

Column 1: The ·Stream ~ckground· concentrations of the effluent characteristics. 

Column 2: The ·Chronic· Fish and Aquatic Life Water Quality criteria. For Cadmium, 
Copper, Lead, Nickel, and Zinc, this value represents the criteria for the 
dissolved form at laboratory conditions. The Criteria Continuous Concentration 
(CCC) is calculated using the equation: 

CCC = (exp {me [In (stream hardness) 1 + be}) (CCF) 

CCF == Chronic Conversion Factor 

This equation and the appropriate coefficients for each metal are from 
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in The Metals 
Translator: Guidance For calculating A Total Recoverable Permit Umit From a 
Dissolved Criterion (EPA 823-8-96-007, June 1996). Values for other metals are 
in the total form and are not hardness dependent; no chronic criteria exists for 
silver. Published criteria are used for non-metal parameters. 

Column 3: The 'Acute" Fish and Aquatic Life Water Quality criteria. For Cadmium, Copper, 
Lead, Nickel, Silver, and Zinc, this value represents the criteria for the dissolved 
form at laboratory ~nditions. The Criteria Maximum Concentration (CMC) is 
calculated using the equation: 

CMC = (exp { mA [ In (stream hardness) ] + bA } ) (ACF) 

ACF = Acute Conversion Factor 

This equation and the appropriate coefficients for each metal are from 
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in The Metals 
Translator: Guidance For calculating A Total Recoverable Permit Limit From a 
Dissolved Criterion (EPA 823-8-96-007, June 1996). Values for other metals are 
in the total form and are not hardness dependent; no acute criteria exists for 
Total Chromium. Published criteria are used for non-metal parameters. 

Column 4: The "Fraction Dissolved" converts the value for dissolved metal at laboratory 
conditions (columns 2 & 3) to total recoverable metal at in-stream ambient 
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conditions (columns 5 & 6). This factor is calculated using the linear partition
coefficients found in The Metals Translator: Guidance For Calculating A Total
Recoverable Permit Limit From a Dissolved Criterion (EPA 823-B-96-007, June
1996) and the equation:

Cdi. 1

co, 1 + { [K.] [ss '(1] [104 I

ss = in-stream suspended solids concentration [mg/I]

linear partition coefficients for streams are used for unregulated (7Q10)
receiving waters, and linear partition coefficients for lakes are used for regulated
(1Q10) receiving waters. For those parameters not in the dissolved form in
columns 2 & 3 (and all non-metal parameters), a Translator of 1 is used.

Column 5: The "Chronic" Fish and Aquatic Life Water Quality criteria at in-stream ambient
conditions. This criteria is calculated by dividing the value in column 2 by the
value in column 4.

Column 6: The 'Acute" Fish and Aquatic Life Water Quality criteria at in-stream ambient
conditions. This criteria is calculated by dividing the value in column 3 by the
value in column 4.

Column 7: The "Chronic" Calculated Effluent Concentration for the protection of fish and
aquatic life. This is the chronic limit.

Column 8: The "Acute" Calculated Effluent Concentration for the protection of fish and
aquatic life. This is the acutelimit.

Column 9: The In-Stream Water Quality criteria for the protection of Human Health
associated with the stream use classification of Organism Consumption
(Recreation).

Column 10: The In-Stream Water Quality criteria for the protection of Human Health
associated with the stream use classification of Water and Organism
Consumption. These criteria are only to be applied when the stream use
classification for the receiving stream includes both "Recreation" and "Domestic
Water Supply."

Column 11: The In-Stream Water Quality criteria for the protection of Human Health
associated with the stream use classification of Domestic Water Supply.

Column 12: The Calculated Effluent Concentration associated with Organism Consumption.

Column 13: The Calculated Effluent Concentration associated with Water and Organism
Consumption.

Column 14: The Calculated Effluent Concentration associated with Domestic Water Supply.
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conditions (columns 5 & 6). This factor is calculated using the linear partition 
coefficients found in The Metals Translator: Guidance For Calculating A Total 
Recoverable Permit Limit From a Dissolved Criterion (EPA 823-8-96-007. June 
1996) and the equation: 

Cdiss 

= 
C.otal 1 + { [Kp.,] [ssI1+111 [1 O~ } 

ss = in-stream suspended solids concentration [mgll) 

Unear partition coefficients for streams are used for unregulated (7Q10) 
receiving waters. and linear partition coefficients for lakes are used for regulated 
(1Q10) receMng waters. For those parameters not In the dissolved form in 
columns 2 & 3 (and all non-metal parameters). a Translator of 1 is used. 

Column 5: The ·Chronic· Fish and Aquatic Ute Water Quality criteria at in-stream ambient 
conditions. This criteria is calculated by dividing the value in column 2 by the 
value in column 4. 

Column 6: The "Acute" Fish and Aquatic Ufe Water Quality criteria at in-stream ambient 
conditions. This criteria is calculated by dividing the value in column 3 by the 
value in column 4. 

Column 7: The ·Chronic· Calculated Effluent Concentration for the protection of fish and 
aquatic life. This is the chronic limit. 

Column 8: The· Acute" Calculated Effluent Concentration for the protection of fish and 
aquatic life. This is the acute"limit. 

Column 9: The In-Stream Water Quality criteria for the protection of Human Health 
associated with the stream use classification of Organism Consumption 
(Recreation). 

Column 10: The In-Stream Water Quality criteria for the protection of Human Health 
associated with the stream use classification of Water and Organism 
Consumption. These criteria are only to be applied when the stream use 
classification for the receiving stream includes both "Recreation' and -Domestic 
Water Supply.' 

Column 11: The In-Stream Water Quality criteria for the protection of Human Health 
associated with the stream use classification of Domestic Water Supply. 

Column 12: The Calculated Effluent Concentration associated with Organism Consumption. 

Column 13: The Calculated Effluent Concentration associated with Water and Organism 
Consumption. 

Column 14: The Calculated Effluent Concentration associated with Domestic Water Supply. 
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The most stringent water quality effluent concentration from Columns 7, 8, 12, 13, and
14 is applied if the receiving stream is designated for domestic water supply. Otherwise, the
most stringent effluent concentration is chosen from columns 7, 8, and 12 only.

The calculations are presented in Appendix 5b. One calculation has been made for the
Tennessee River and one for Yellow Creek. Because of the close proximity of the outfalls and
large flow of -the discharges, Outfalls 101 and 113 have been combined for purposes of the
water quality calculations in the Tennessee River. Background water quality in the Tennessee
River has been taken from the Division of Water Pollution Control monitoring station at river
mile 529.5. This data is presented in Appendix 5a.

Separate water quality calculations are presented for ammonia and pH In Appendix 5c
and 5d respectively. In the case of ammonia, Outfalls 101 and 113 were combined for
purposes of determining the discharge concentration allowable for the Tennessee River. Based
on the calculations it was determined that limiting ammonia to prevent toxicity was not
necessary.

Storm Water

The following table gives a summary of storm water discharges at the IVA
- Watts Bar Nuclear Plant:

Storm Water Outfall Summai

Outfalls that contain only storm water and other discharges allowed by the TMSP have
been permitted under the Tennessee Storm Water Multi-Sector General Permit for Industrial
Activities (TMSP). Outfalls SW-1 through SW-5 fall into this category and thus are not
addressed in this individual permit. Outfalls that contain storm water commingled with process
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The most stringent water quality effluent concentration from Columns 7, 8, 12, 13, and 
14 is applied if the receiving stream is designated for domestic water supply. Otherwise, the 
most stringent effluent concentration is chosen from columns 7,8, and 12 only. 

The calculations are presented in Appendix 5b. One calculation has been made for the 
Tennessee River and one for Yellow Creek. Because of the close proximity of the outfalls and 
large flow of -the discharges, Outfalls 101 and 113 have been combined for purposes of the 
water quality calculations In the Tennessee River. Background water quality in the Tennessee 
River has been taken from the Division of Water Pollution Control monitoring station at river 
mile 529.5. This data is presented in Appendix 5a. 

Separate wat~r quality calculations are presented for ammonia and pH in Appendix 5c 
and 5d respectively. In the case of ammonia, Outfalls 101 and 113 were combined for 
purposes of determining the discharge concentration allowable for the Tennessee River. Based 
on the calculations it was determined that limiting ammonia to prevent tOxicity was not 
necessary. 

Storm Water 

The following table gives a summary of storm water discharges at the TVA 
- Watts Bar Nuclear Plant: 

Stonn Water OuUall Summary 

Outfalls that contain only storm water and other discharges allowed by the TMSP have 
been permitted under the Tennessee Storm Water Multi-Sector General Perm" for Industrial 
Activities (TMSP). Outfalls SW-1 through SW-5 fall into this category and thus are not 
addressed in this individual permit. Outfalls that contain storm water commingled with process 
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and/or cooling wastewater are covered under this individual NPDES permit. This includes
Outfalls 101(or 102), and 112. The total flow from Ouffall 101 (and 102 when in use) contains
approximately 2.1% storm water based on the average annual flow. Storm runoff pollutants
from this discharge shall be controlled via the Storm Water Pollution Prevention Plan (SWPPP)
required by this permit (see Part IV of the Permit).

The Construction Yard Runoff Holding Pond (Outfall 112) receives drainage from
approximately 208 acres of which 65 acres is impervious surfaces. Also this Outfall contains a
large percentage (88% of annual average) of storm water. Storm runoff pollutants from this
discharge shall be controlled via the Storm Water Pollution Prevention Plan (SWPPP) required
by this permit. However, the division is evaluating the need for storm water discharges occuring
through outfall 112 to require a separate permit application (Form 2F) and separate outfall
designation, limitations, and monitoring requirements. The division is not assigning separate
parameters and limits for stormwater discharges from outfalls 101 or 103 at this time.

It is the intent of the Division that the permittee institute a Storm Water Pollution
Prevention Plan (SWPPP) in order to minimize the discharge of pollutants from storm water
outfalls. It is the opinion of the Division that the best method for dealing with potential pollution
associated with storm water discharges from the TVA-Watts Bar Nuclear Plant facility is
through implementation of an aggressive SWPPP coupled with discharge monitoring to verity
SWPPP effectiveness.

In order to assist the permittee in the evaluation of the effectiveness of the SWPPP,
benchmark values developed for the Tennessee Storm Water Multi-Sector General Permit for
Industrial Activities are provided herein for comparison. These benchmark values (cut-off
concentrations) were developed by the EPA and the State of Tennessee and are based on data
submitted by similar industries for the development of the multi-sector general storm water
permit. The cut-off concentrations are target values and should not be construed to represent
permit limits.

Parameters of Concer Cut-Off Concentration [mg/LW
Total Suspended Solids (TSS) 200

Oil & Grease 15
Iron, TOTAL 5.0
pH (range) , 1 5.0-9.0

Note: Sample values are from the Tennessee Storm Water Multi-Sector General Permit for
Industrial Activities, Rationale, Part III, Table Ill-'A: Parameter Benchmark Values.

The previous permit contained a requirement that a Storm Water Pollution Prevention
Plan (SWPPP) be developed and maintained to regulate storm water runoff. This requirement
shall be retained in the new permit. The SWPPP is meant to ensure that runoff from the facility
site is not a significant source of pollution to the receiving stream. The discharger shall
develop, document and maintain the SWPPP pursuant to the requirements as set forth in the
Tennessee's Storm Water Multi-Sector General Permit for Industrial Activities, Sector 0, "Storm
Water Discharges Associated with Industrial Activity from Steam Electric Power Generating
Facilities, Including Coal Handling Areas", Part 3, "Storm Water Pollution Prevention Plan
Requirements", is available at htto://www.state.tn.us/environmenVtwc/stormh2o/pmt-o.pdf for
this permit. The effectiveness of this SWPPP may be investigated by requiring storm water
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andlor cooling wastewater are covered under this individual NPDES permit. This includes 
Outfalls 101(or 102). and 112. The total flow from Outfall 101 (and 102 when in use) c~ntains 
approximately 2.1 % storm water based on the average annual flow. Storm runoff pollutants 
from this discharge shall be controlled via the Storm Water Pollution Prevention Plan (SWPPP) 
required by this permit (see Part IV of the Permit). 

The Construction Yard Runoff Holding Pond (Outfall 112) receives drainage from 
approximately 208 acres of which 65 acres is impervious surfaces. Also this Outfall contains a 
large percentage (88% of annual average) of storm water. Storm runoff pollutants from this 
discharge shall be controlled via the Storm Water Pollution Prevention Plan (SWPPP) required 
by this permit. However. the division is evaluating the need for storm water discharges occuring 
through outfall 112 to require a separate permit application (Form 2F) and separate outfall 
designation, limitations, and monitoring requirements. The division is not assigning separate 
parameters and limits for stormwater discharges from outfalls 101 or 103 at this time. 

It is the intent of the Division that the permittee institute a Storm Water Pollution 
Prevention Plan (SWPPP) in order to minimize the discharge of pollutants from storm water 
outfalls. It is the opinion of the Division that the best method for dealing with potential pollution 
associated with storm water discharges from the TVA-Watts Bar Nuclear Plant facility is 
through implementation of an aggressive SWPPP coupled with discharge monitoring to verify 
SWPPP effectiveness. 

In order to assist the permittee in the evaluation of the effectiveness of the SWPPP, 
benchmark values developed for the. Tennessee Storm Water Multi-Sector General Permit for 
Industrial Activities are provided herein for comparison. These benchmark values (cut-off 
concentrations) were developed by the EPA and the State of Tennessee and are based on data 
submitted by similar industries for the development of the multi-sector general storm water 
permit. The cut-off concentrations are target values and should not be construed to represent 
permit limits. 

Parameters of Concern Cut-Qff Concentration [mg/L] 
Totsl SusDBl1ded Solids (TSS) 200 

Oil & Grease 15 
Iron TOTAL 5.0 
pH (range) 5.0- 9.0 

Note: Sample values are from the Tennessee Storm Water Multi·Sector General Permit for 
Industrial Activities, Rationale, Part III, Table III"A: Parameter Benchmark Values. 

The previous permit contained a requirement that a Storm Water Pollution Prevention 
Plan (SWPPP) be developed and maintained to regulate storm water runoff. This requirement 
shall be retained in the new permit. The SWPPP is meant to ensure that runoff from the facility 
site is nota significant source of pollution to the receiving stream. The discharger shall 
develop, document and maintain the SWPPP pursuant to the requirements as set forth in the 
Tennessee's Storm Water Multi-Sector General Permit for Industrial Activities, Sector 0, "Storm 
Water Discharges Associated with Industrial Activity from Steam Electric Power Generating 
Facilities, IQcluding Coal Handling Areas·, Part 3, "Storm Water Pollution Prevention Plan 
Requirements·, is available at h!tD:Uwww.state.tn.uslenvironmentlwpcJstormh2o/pmt-o.pdf for 
this permit. The effectiveness of this SWPPP may be investigated by requiring storm water 
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monitoring of the combined process/storm water discharges and requiring that the results of the
storm water runoff monitoring be submitted. Should the required monitoring results so dictate,
the Division maintains the authority to institute specific numeric limitations for the monitored
parameters.

VIII. BIOMONITORING REQUIREMENTS, CHRONIC

The discharge of industrial wastewater from Outfall 101, 102, 112, and 113 may contain
several different pollutants, the combined effect of which has a reasonable potential to be
detrimental to fish and aquatic life. The Tennessee Water Quality Standards criteria stipulate
that 'The waters shall not contain toxic substances, whether alone or in combination with other
substances, which will produce toxic conditions...".

Since the permittee discharges to streams with low critical flow conditions, there is a
concern for toxicity effects of the discharge on the receiving stream that is relatively unknown.
Biomonitoring will provide information relative to the toxicity of the discharge. Chronic
biomonitoring is designed to evaluate extended exposure effects of toxicants to growth and/or
reproduction of sensitive aquatic species. Calculations of chronic toxicity limits are as follows:

For situations where water is withdrawn form the stream and then discharged back to
the stream

as
D F = -.-.- .--- -.-.- .- ...--- .- .--

Qw

and for situations where water is not withdrawn from the stream

Qs + Qw
DF ----------- Dilution Factor,

Qw

Where Ow is the wastewater flow and Os is a receiving stream low flow (7Q10 or 1Q10),).
Please refer to Appendix 5e for details regarding facility wastewater flow and receiving stream
low flow. Where the calculated dilution factor is less than 100:1, and assuming immediate and
complete mixing, protection of the stream from chronic effects requires:

IWC < 1.0 X IC25; or,

INHIBITION CONCENTRATION, 25% a IWC,

Where IWC is Instream Waste Concentration and is calculated as a percent of the total flow
using the following formula:

For situations where water is withdrawn form the stream and then discharged back to
the stream

Qw
IWC =.........---------- x 100

Qs

and for situations where water is not withdrawn from the stream
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monitoring of the combined process/storm water discharges and requiring that the results of the 
storm water runoff monitoring be submitted. Should the required monitoring results so dictate, 
the Division maintains the authority to institute specific numeric limitations for the monitored 
parameters. 

VIII. BIOMONITORING REQUIREMENTS, CHRONIC 

The discharge of industrial wastewater from Outfall 101, 102, 112, and 113 may contain 
several different pollutants, the combined effect of which has a reasonable potential to be 
detrimental to fish and aquatic life. The Tennessee Water Ouality Standards criteria stipulate 
that "The waters shall not contain toxic substances, whether alone or in combination with other 
substances, which will produce toxic conditions .. .". 

Since the permittee discharges to streams with low critical flow conditions, there is a 
concern for tOxicity effects of the discharge on the receiving stream that is relatively unknown .. 
Biomonitoring will provide information relative to the toxicity of the discharge. Chronic 
biomonitoring is designed to evaluate extended exposure effects of toxicants to growth andlor 
reproduction of sensitive aquatic species. Calculations of chronic toxicity limits are as follows: 

For situations where water is withdrawn form the stream and then discharged back to 
the stream 

as 
OF = ------------------------

Ow 

and for Situations where water is not withdrawn from the stream 

Os+Ow 
OF = ---------------- = Dilution Factor, 

Ow 

Where Qw is the wastewater flow and Qs is a receiving stream low flow (7010 or 1010),). 
Please refer to Appendix 5e for details regarding facility wastewater flow and receiving stream 
low flow. Where the calculated dilution factor is less than 100:1, and assuming immediate and 
complete mixing, protection of the stream from chronic effects requires: 

IWC!> 1.0 X IC25; or, 

INHIBITION CONCENTRATION, 25% ~ IWC, 

Where IWC is Instream Waste Concentration and is calculated as a percent of the total flow 
using the following formula: 

For situations where water is withdrawn form the stream and then discharged back to 
the stream 

Ow 
Iwe = ------------------- x 100 

Os 

and for situations where water is not withdrawn from the stream 
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Qw
IWC = X 100Os + OW

The following table gives the calculated chronic test values for the four ouffalls:

CaOu•Jo of Chronic Bkxonkof Reqirements

As seen from the table, WET testing shall be required on all four Outfalls. If toxicity is
demonstrated in any of the effluent samples specified above, this shall constitute a violation of
this permit.

The toxicity tests specified herein shall be conducted semi-annually for Outfalls 101,
102, 112, and 113 and begin no later than 60 days from the effective date of this permit.

IX. ANTIDEGRADATlON

Tennessee's Antidegradatlon Statement is found in the Rules of the Tennessee
Department of Environment and Conservation, Chapter 1200-4-3-.06. This statement outlines
the criteria for the two types of .high quality waters. Outstanding National Resource Waters
(ONRWs), as designated by the Water Quality Control Board, are commonly referred to as Tier
3 waters. Other high quality waters, as identified by the division, are commonly referred to as
Tier 2 waters. Other surface waters not specifically identified and/or designated as high quality
are referred to as Tier 1 waters. Some Tier 1 waters may be identified by the Division as not
meeting existing criteria.

The Division has made a stream tier determination of the receiving waters associated
with the subject discharge(s) and has found the receiving stream to be neither a Tier 2 nor Tier
3 water. Additionally, this water is fully supporting its designated uses. The Department has
maintained, and shall continue to assess, the water quality of the stream to assure that the
water quality is adequate to protect the existing uses of the stream fully, and to assure that
there shall be achieved the highest statutory and regulatory requirements for all new and
existing point sources and all cost-effective and reasonable best management practices for
nonpoint source control.
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The follOwing table gives the calculated chronic test values for the four outfalls: 

As seen from the table, WET testing shall be required on all four Outfalls. If toxicity is 
demonstrated in any of the effluent samples specified above, this shall constitute a violation of 
this permit. 

The toxicity tests specified herein shall be conducted semi-annually for Outfalls 101, 
102, 112, and 113 and begin no later than 60 days from the effective date of this permit. 

IX. ANTIDEGRADATION 

Tennessee's Antidegradatlon Statement is found in the Rules of the Tennessee 
Department of Environment and Conservation, Chapter 1200-4-3-.06. This statement outlines 
the criteria for the two types of high quality waters. Outstanding National Resource Waters 
(ONRWs), as designated by the Water Quality Control Board, are commonly referred to as Tier 
3 waters. Other high quality waters, as Identified by the division, are commonly referred to as 
Tier 2 waters. Other surface waters not specifically identified andlor designated as high quality 
are referred to as Tier 1 waters. Some Tier 1 waters may be identified by the Division as not 
meeting existing criteria. 

The Division has made a stream tier determination of the receiving waters aSSOCiated 
with the subject discharge(s) and has found the receiving stream to be neither a Tier 2 nor Tier 
3 water. Additionally, this water is fully supporting its designated uses. The Department has 
maintained, and shall continue to assess, the water quality of the stream to assure that the 
water quality is adequate to protect the existing uses of the stream fully, and to assure that 
there shall be achieved the highest statutory and regulatory requirements for all new and 
existing point sources and all cost-effective and reasonable best management practices for 
non paint source control. 
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X. PERMIT DURATION

The proposed limitations meet the requirements of Section 301(b)(2)(A), (C), (D), (E),
and (F) of the Clean Water Act as amended. It is the Intent of the division to organize the future
issuance and expiration of this particular permit such that other permits located in the same
watershed and group within the State of Tennessee shall be set for issuance and expiration at
the same time. In order to meet the target reissuance date for the Tennessee River (Meigs &
Rhea County) watershed and following the directives for the Watershed Management Program
initiated in January 1996. The previous permit expired in 2001 and the new permit shall be
issued for a 2-year term in order to expire in 2006.

X. PERMIT DURATION 
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The proposed limitations meet the requirements of Section 301(b)(2)(A), (C), (0), (E), 
and (F) of the Clean Water Act as amended. It is the Intent of the division to organize the future 
issuance and expiration of this particular permit such that other permits located in the same 
watershed and group within the State of Tennessee shall be set for issuance and expiration at 
the same time. In order to meet the target reissuance date for the Tennessee River (Meigs & 
Rhea County) watershed and following the directives for the Watershed Management Program 
initiated in January 1996. The previous permit expired in 2001 and the new permit shall be 
issued for a 2-year term in order to expire in 2006. 
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FACILITY DISCHARGES AND RECEIVING WATERS

TVA- WP Ber ffisar PlodE
Theromn.

0.0000 TOOlMa BU~ino~5.eA

4.3000 Em D~h H 1.rDdo5

0.21900 Voaaar..eooo

0.30UriE d 12k44Mr naaor waste Trart. Ponss

05501 eariesori~ola Sarlin

0.0010 MeC ..olId
0.01020 RE ClorEal
0.200013 t O arica o Buftn Walr A, eo
0,0010~ n GIGrm.w~ o S CledimSu"0,0010 H1,aen a m oftop we" aIEIrerRdw

0,0020 ITdWOde Hsisd EM' oatk- 61,S) STh
0.0011 ICeorataig t W03WO taonSu

00050 1 RanRaisaw. oeih-s~lean tosouScf
02.000. COncei ThM, Coolingor Wator. ht i oh

0,3.61TT0DICAG

A 0

M. I MM I mlý 1, I IOM

90"P TN 15001103 Eý

Treatment: Blocide, sedimentation, neutraflzation, and oil sltimming, mbdng by submerged mutlport diffuser.

Reletrence: Row Duration and Low Flows of Tennessee S-reams through 1952 by George S. Law and Jess D.
Weaver. Water Resources Investigations Report 96-4293 prepaped by the U.S. Geological Survey in Cooperation with
the Tennessee Department of Environment and Conservabon and the Tennessee Valley Authority. Nashvtile,
Tennessee, 1996, p.57.
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FACILITY DISCHARGES AND RECEIVING WATERS 

Tro.llnent: BIocide, sedimentation, neutralization, and 011 skimming, mbdng b\loubmerged muttlport diffuser, 

Referonce: Aow Duration and Low Aowo 01 Tennessee S1noams ttvough 1992 by George S. UlW and Jess D. 
Weaver. Water Resoon:es Investigations Report 95-4293 praparad b\I the U.S. Geological Survey In Coop.ration with 
fhe Tennessee Department 01 EnVIrOnment and Conservation and the Ten_ Valley Authority. Nashville, 
Tonn ...... , 1996, p.57. 
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TVA - WaftIs. 0-im Phj
HMiMi

F "7-M 35S- ul 1A1n p. , tl CIAU ý-

1 0.219 1 ToTrAL DISCIAR

Treatment: O5 skimming, sludge thlck.ni, and MeutiraUin

" No low stream flow assigned to the internal monito'ing poWnt which dlsdwes to the Yard Holdling Pond
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1;;}"f§.ifACI!.l!Yi8l9CiWlG1!S'AHRIlijCEMNG.WAtEliS\);';~c'f!1 
TVA·W_ .... __ 

I TNDII2D1U 

Tmatmant: ou sldmming. sludge th!ckenlng, and neutralization 

• No low sb8am flow assigned to the Internal monitoring paint which dI&chaIges to the Yanl Holding Pond 

V#-YitJiA§lUTY;DiSCIW@ijl·MsAe@l@wAWlSiAA£I 
TVA.W_aor __ 

'IlOOOII!D1" 

Treatment Oil skimming, sludge Ihlckenlng, and neutralization 

• No loW st"",m flow assigned to the In\emai monitoring point which dlad1argos to the Yard Holding Pond 
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'TVA -Waftm DwrMdw Plare
THeOtu

0.0170 Tmare PiRd

~ I

IQ 1 0.0 10 0.0

ncw l~aA1eI M~nseý I

I0.0170 'TOTAL VISCHAPICE
- __ _

no

Treatment: Chemvical oxddatlon. dhernical pmc•p•talion, sedmemtationaerated lagoons, flocculation, ammonia stripping

. No low stream flow assigned to the Internal monitoring point which lisdcharges to the Construction Runoff Hokiing Pond.

TVA -WSfta 35. Naum Plant

OUTIAL 1.12V r

D44-1 1 Unum MbA 0 1666 0.0 0.f Yelw.0 Dnto
A- 00 .0e-

D~~tlO ansmruP
a e rehl CritrHV~on ete . o o..

asie tleSPr M.e.F meimSur ltre ei wwtm rs~m lWW OSS

0.2"470 : TOTAL VGHAR61E I

Treatmenrt Sedimentalion and Oil Shimmning

.No tow stream data could he fousnd for fs stream. Because Of Via elmatively small drainage area. low flow veaS estimated to
be zero.

Document Type: NPDES PennitslApplications 

TVA-Watts Bar Nuclear Plant (Rationale) 
NPDES Permit TN002016B 

Page R-38 of R-70 

lf~iIi8C!ItlWW!i@DRfCE!V!!!!!l'A!!!A!S:r~,'1 
'TVA ~ Watll a.r IIucIMt PIanI: 

'-111 

Traatmelll: Chemical OJddaIlon, chemical praclpitalion, sedimentatlon,aerated lagoons, ftocculalion, ammonia stripping 

• No low stream flow assigned to the Intema/ monhorlng poInlWhlch discharges 10 !he Consiructlon Runoff Holding Pond. 

@~~:~.;,fA'C8l'rl:Q1SCH'A1jE!!!Dm_~wi!@t&1~' 

TIlIalm8nt Se<limenlalion and 011 SkImming 

W"'_Ba. __ 
_ '88 

-6- ;,!;.. ~ ... "'. 
l.wa.w DOt.EImC 

X X 

No low stream date coutd be round for this sll8am. Because of Ihe ralatlvely small drainage area, low flow was estimaled 10 
be zero. 
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Treatment: Thennal Mixing 
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t$"·'j<'''FA1iIiiI1!ijjijIARG£jf.AHIt.Rp!'iiNa.wAjtERS:..'i!i':} 
1V ... ·_aar_ ..... 

-. .. 

N:CF£AllOH IRRIGATJON 
It It 

LW&W 
It 

OOIoESTIC 
It 

Reference: Flow Duration and Low Flowe of Tannesaae Streams through 1992 by George S. Law and Jes. D. 
Waawr. Wale, Resoun:es Inveatlgatlons Report 95 __ red by !he U.S. Geclcgical Surwy In Cooperation wIIh 
tne Tenne ..... Department of Envirorvnent and Conservation and the Tonnessae Valley Authority. Nashville. 
Tennessee. 1996. p.57. 
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APPLICABLE EFFLUENT UMITATIONS GUIDELINES

SIC GROUP 4911, 40 CFR PART 423
STEAM ELECTRIC POWER GENERATING CATEGORY GUIDELINES

IPH

15 20

'5 -I 1~A -6.0-9.0

No Discharge Allowed No Discharge Allowed
Polychlorlnated Blpheny
ComDounds

T ' NPDES PermitsjAppjications 
Document ype, 1 VA-watts Bar Nuclear Plant (Rationale) 
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APPLICABLE EFFLUENT LIMITATIONS GUIDELINES 

SIC GROUP 4911, 40 CFR PART 423 
STEAM ELECTRIC POWER GENERATING CATEGORY GUIDELINES 
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APPLICABLE EFFLUENT LIMITATIONS GUIDEUNES

SIC GROUP 4911,40 CFR PART 423
STEAM ELECTRIC POWER GENERATING CATEGORY GUIDELINES

i I ;; 6-, -

.Umitation applies to once through cooling water from plants with a total rated electric
generating capacity of 25 or more megawatts.
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APPLICABLE EFFLUENT LIMITATIONS GUIDELINES 

SIC GROUP 4911, 40 CFR PART 423 
STEAM ELECTRIC POWER GENERATING CATEGORY GUIDELINES 

(126) 
ICCllntelln~ld In chemicals 

cooling tower 
Imlllnl:ernince, except 

No Discharge Allowed 

No Detectable Amount 

No Discharge Allowed 
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PREVIOUS PERMIT UMITS AND MONITORING REQUIREMENTS

WVA-Watts Bar Nudear

OUTFALL 101
Coo1n water, Store Runroif, end Prcs Wasteweter

p I 6.M0-9.0

TTSSUME t 1M0w' ] -,,, Continuous Recorder
011- Ran e-6.0 ___0_ lAeek Grab

'IDTALMSSPE40DE SCUDS (Ps 30.0 1:00__ 0 ____ I/Week_ Grab__OIL AND QF MrASE IS M :N .W~ G00
ICHLORINE REIUL(R) 0.10 i____ I Q10 k 1

Flow shae be reported In Milon Gallons Per Day (MGO. In the eerthat the continuous ffo monitor Is out of senice, floew iaS be
estimated by intake puwp iogs

WWhen fte temperatre monutor equiment fls, mnonitoft vdt be onoe per day. Reesonale and timely eft et be made to restore
the temperature recorder to perasn as soon as possie.

pH ard TRCana WWssa be pedormedwhNl fifteen (15) milntes d salcolle ti. The required quantblfin ici oe6 t for
Tot Residuat Chtlorie Is 0.05 mWgL The aceptable mselhors for detecion, a apedled In 40 CFR Part 136, are t•e ampemmetrin

ration, OPH colortmetric, and specific Ion eledrode. T"C montoing shal be aplcicable when chlortne or bromine Is added.
See Part H) for methodology.

Document Type: NPDES Permits/Applications . 

TVA-Watts Bar Nuclear Plant (Rationale) 
NPDES Permit TNOO20168 

Page R-42 of R-70 

PREVIOUS PERMIT UUITS AND MONITORING REQUIREMENTS 

lVA-WatIs Bar Nuclear 

0UTFAU.l0l Cootlng Water. Storm Aunaff. __ w __ 

Report atiyeslNo Operation 
Records 

• Flow shall be nopcxted In Million Gallons Per Day (MGD). In the IMmI that tho continuous flow monitor Is out QI _. ftow shall be 
esllmata<l by Intake pump lags. 
" When the temperatunl monitDlIng equ!pmenllalls, monitoring wiD be once per day. Re~ and timely effo!\ wiD be _10 ... store 
\lui temperature reconIer to operation as soon as poesibIe. 
- pH and TIle anaI)'sis shall be perfonned wlltin fifteen (15) minutes of sampIa c:cIlection. The required quanlilicaIiM I'""" IOJ 
Total ResIdual Chlorine Is 0.05 mgIL Tho accepIabI. methods IOJ _, as spedfted In 'lO CFR Part 136, 818 the ampe",metric 
tIIralion, OPH colorimetric, and specillc Ion electrode. TIle monitoring shall be applicable when chlorine or bromine is added. 
- see Part HI lor me"'~. 
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ýýýýwmm

TVA-Watts Bar Nudear

OUTFALL 102

FLOW_________ Report (MGD) Report (MG*D) * Contrbrwjs Recorder
Cawwflation of histream Flow Yoperatim

TEMPERATURE. EffiLuag 35'C T - iGrab
OR"___________ _______ 6. -C ___.0__ P 7 Grab

TOTAL SUSPENDED SOLIDS (TSS) 3D.0 100S.0 - lIeek Grab

OIL AND GREASE 16Z02 20.00 Grob_ ________

CHLORINE RESDIJAL (rRCr 0.10 0.10 ______ ____
ý25 _ _2 _ _ __AmCocenraio

Flow ahab be reported In W~on Gallons par Day (MGD)
PH1 an TRC an~atysla shalt be pertoirnd vithn I Iftes (15) reiatas df sample oofecorLI The rMirad quW~atlf02it Iaa for

Toal Resdalda CI'orine Is o 05 mgL. The acceprtable rneitnods lo daedtsC as spedfted In 40 CFR Part 136, awe fte arperwofnti
fitrafon, OPIH onlralmefo ami specifi io In efadtroce. TRO mraxfth afaifbeappflonbiaet~iendlotrieor bathioria added.

See Padl III for methodology.

DocumentType: NPDES Pemni~~WtiYfs Bar Nuclear Plant (Rationale) 
NPDES Permit TN0020168 

Page R-43 of R-70 

TVA-Walts Bar Nuclear 

~ALL102 

• Flow shall be ruported In Millon Gallons per Day (MGD) 
•• pH and TRC analysis shall be performed within fifteen (15) minutes 01 sample ClOIIecdan. The required quantification IsYeI for 
Total ~ CNorine Is o.OS!1¢.. The ~ meIhodsfor~ as spedfiedln 40CfR Pall 138, arelheamperomelrlc 
titration, DPH ooIaImetric, and specific Ion efec:troda. TRC rnonIIorIng shall be appIic:abIe MIen ct1IorIne or bromine Is added. 
- See PaJ\ '" for methodology. 

/ 
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TVA-Watts Bar Nuclear

Outtal 103

LAW Volume Waste Pond

"Flow shall be reported in WI~loirGlons per Day (MGD). Where recorder falls, monitorin shagl be i/day esiated by pump logs.

""pH shall be measured welitei fifteen (15) rmiutes o saemple collectio

TVA-Watta Bar Nuclear

OUTIFALL 107

I MONTHLY I DAL

FLOW Reot(MUD)- Reor (MGD)° | /Wekg aija
,. pH_ Within ft Rir C3 6.o- 9.0 1 jfW,,k I .Gr .b

T RON, TotalRecoverable 1 8.34 0 1 1 8.34 lWeek - Cobpose

POilOUSTTA- an Gras 1163 - [2,0 115.0 IAG Grabk cmo

Flow shati be reported in ill~on Gallons per Day
pH analyses shas ure perormed wfithn ( it5e) (min u ittes of s sample pleoo cton.
SPhosphors will be remontored only during periods; when phoha~TVa chemicals or cleaning solutions ar used.

. NPDES Permits/Applications 
Document Type. TVA-Watts Bar Nuclear Plant (Rationale) 

TVA-Walta Bar Nuclear 

Outran 103 

lDw 'toIump WatP PpmI 

NPDES Permit TNOO20168 
Page R-44 of R-70 

• Flow shall be reported in MillIon Gallons per Day (MGO). Where !8COnler fails, monitoring shall be 1Iday estimated by pump logs. 
•• pH shall be measul1ld wilhin tlfteen (15) mlnUta8 01 sample collection. 

TVA-Walta Bar Nuclear 

OUTFALL 107 

Metal CJeanlng Wutnmar 

• Flow shall be reported In Million Gallons per Dey 
•• pH analyses shal be petformed within fifteen (15) minutes 01 sample _no 
••• Phosphorus wiD be monitored only during periods .men phosphating -.icaIs '" cleening solutions are used. 
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TVA-Watts Bar Nuclear

Outfall 112

Y.rd Runnoff Holdlna Pond - Storm Runoff

FLWReporft(MGD=) " | Report (MGD) Iwe

.- H- Within the rance 6.0 - 9.0 1We rb

TOTAL SUSPENDED SOLIDS (TSS) 30 -100 I/Week Grab
CHLORINE, TOTAL RESIDUAL 0.011 - 0 .19 - 1rWeek Grab

NITROGEN, AMMONIA TOTAL 1.46 | - | 2.42 I- /Week GrabDISLE XGE-D) " " - • 5.0 Min. I I /week I Grab I
• , C26* ).%inhibition ;oncentrltionlih~~>0%-t• I Semi-am-;;a CJQDO=te

Flow shall be reported in Mion Gallons per Day (MGD). Where recorder fals, monitoring shal$ be I/day estmatad by pump logs.
The required quantification leel for Total Chlorine Residual s 0.05 mg/L The acceptable methods for detection as specified

in 40 CFR Part 136. are the amperometrc titration, OPH 0ookitmetric. and specific ion electrode. pH and TRC mottortng shall be
performed wthiin fifteen (15) minutes of sample collection.

See Part III for methodology.
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TV A-WaHll Bar Nuclear 

OulfaD 111 

Ireatad sanna" Waa1ewata! 

2.00 5IWeek Grab 

Flow shaU be reported In Million Gallons per Osy (MGO). 
•• The ""lUlled quantillcalion level lor Total ChIor1ne Resklualls 0.05 mgIL. The acceplable melhocIs lor detection a8 spee\fled 
In 40 CFR Part 136. are tho amperomatric titration, OPH colorimetric, and specific: Ion electrode. TAG mon~oring shan be perionnad within 
fifteen (15) minutes of sample coIIactIon. 

TV A-Waus Bar Nuclear 

OutfaRt12 

V,aI BunoaU _log PRod - &Joan Runoff 

• Flow shaU be reported in MiUion GaUons per Osy (MGO). Where recorder laDs, moI1itortng shal be 1/day estimated by pump Jogs. 
•• The required quantiflCaUon level lor Total Chlorine Residual Is 0.05 mgll. The acceptable methods 'or dateellon as spedlled 
in 40 CFR Part 136, are Ihe amparoma\JiC titration, DPH colorimetric, and specifIC Ion electmde. pH and TRG monitoring shaU be 
performed within fifteen (15) minutes 01 sample coIIecIion. 
- See Part III lor melhodology. 
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TVA-Watts Bar Nuclear

Outfall 113

CooiWaer

I MONTHLY 111 NDALYM
1111sRUP~r. SAMPeLE

(m•1 I eww (• [ • FRONcY.-- T'me

FLOW Repolt (MGD0 I Reporl (5DO) Continuous Recorded
pH" Within the ran 6.0-9.0 1/Month- Grab

TOTAL SUSPENDED SOUDS (TSS) Report - I Report 1/Meeth-- Grab

TEMPERATURIE Effluert Report Efftuent Temperaue Hourly Recorder
TEMPERATURE, Edge of Mixing 1 -

TEMPERATURE, Rise Upst to 3

TEMPERATURE, Rate of Change,'C 2 C'Ihour Hourly Recorder
per hour

TEMPERATURE, RAmelving Stream 1
. Bottom 33.5IC H_____Recorder

Stream FRow Direction Recording Report Data an Status of Flow Hourly Recorded

Certfieatlon ot Ilatreanm Pow of Report as esif 1/Month eion
3500 Cde when required Records

CHLORINE, TOTAL RESIDUAL 0.092 0.158 l /oth-- Grab

DISSOLVEOD OXYGEN (DO) - I - 5OMin. I - l/Mo __th Grab
IC25- 25% Inhlbition Concentre al be 10.3% Effluent Semi-annrilr

Flow shael be reported in Ml on Gallons per Day (MGD).
It is recognized thal the temperature of the cooilng waler dscharge wi be greater than the temperature of the water prior to Its use for

coding or other purposes. The maximum water temperaure change shall not exceed 3.0 *C relative to an upstream contrOl point.
Outside the mixing zone, fhis discharge must nor cause the temperature of the receiving streams waters to exceed 30.5 *C (except as
eresult of natural causes), and this discharge must not cause the maximum rate of tamperqature change inthe receiving waters toexceed
2 oC per hourtexcept as a result o natural causes). Receiving water temperature measurement limited above wil be by bottom sensors
within the Mixing zone. For futher tempeature requirements see Permit Part Ill - B.

The required quantification level for Total Chlodne Residual Is 0.05 mgf., The acceptable methods for detection as specified
in 40 CFR Part 136, are the amperometrnc titration, DPH colomfnic. and specific ion electrode, pH end TIC monitoring shall be
performed within fifteen (15) minutes of sample collection.

Monitorng frequency will be as described in the paragraph following Iils table.
See Part Ili for methodology.
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TVA-Watts Bar Nuclear 

outIaII113 

GogOgg Waler 

Flow shall be n>potted In MIWon Gallons per Day (MGD). 
n Is IIICO!J1Ized thai the temperatun> at the cooling water discharge wi) be greater \han the temperstun> of lIle water prior to Its use for 

cooling or _ purposes. The maximum water IBmperature change shall not exceed 3.0·C ralathle to an upstream control point. 

Outslde the mlxlng;rona, this cfisCharge must not causellle tsmperalureor the raceMng stream _ers to exceed 3O.S'C (except as 
B18SUIt of natural ceusas~ end IIlIs discharge must not causellle maximum _ at temperqatun> change Inthe n>coMng waters toexcoed 
2 oC per hourtexcept as e resull 01 natural causes). RecaMng wate, tomperatun> measurement nmHed abova wil be by bonom sensors 
within lIle mixing zone. Fo, fulhar temperatun> raqulmmenls see Perm" Part 111- B. 
- . The raqulnad quantification 10",,110, Total Chlorine ResIdual Is 0.05 mgtl. The acceptable methods for detection as speclfiad 
In 40 CFA Part 136, am the amperometrlc Utrallon, DPH coto<tmetric, end specific Ion electrode. pH and TIlC monitoring sIlail be 
pertonned within titioen (15) minuies of sample _. 

Monitoring frequency will be as described in the paragraph r-.u !his table. 
- Sao PM Itl for methodology. 
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HISTORICAL MONITORING DATA

Watts Bar Nuclear Plant
Outfall 101

,6.27 1 855 1
1 55.155 - I II
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HISTORICAL MONITORING DATA 

Watts Bar Nuclear Plant 
OuHall101 
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Watts Bar Nuclear Plant
Outfall 102
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watts Bar Nuclear Plant 
Outfall 102 

-- - - --- ~ -- -= 
- - - - -
- - - - -

IlIdIJoiV _ - _ - -
IIIIn _ - - - -

~~~=~~:iz~~~~~ ~~;~~~------+---~:--~--~ =-~--~--==---+---:~~--~--~==-~ 
.tn - - - - -.ax - - - -
~ve....... - - -- - -

:IdDev _ _ - - ;,.- _ 

OIlandG_StdOev - - - - -
OIlandG_Mln - - - - -
1011 and Gtease Max •• No --
100IandG_A~Qa - I - - -
1011 and - -I - - -
IpH StdDev - Occurred - -
IDHMln - - - - -
pt\Max - I - - _ 
PH Avaraae - During the - -
~~Id - - r - - -

.StdDev 
• Min 
• Max 
,Average 
,Count 

,!dDev 

,venae 

- - -- - -
- Prevlou, i Permit - -
- - - -
- - - - -
- Period - -- -=- -
- - -- -- -::-
- - - - -
- - - - -
- - - - -- - - - -- - - - -
- - - - -- - - - -
;.- - - - -
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Watts Bar Nuclear Plant
Outfall 103

0- I _____ _ I

0 0
01
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Watts Bar Nuclear Plant 
Outfall 103 
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Watts Bar Nuclear Plant
Outfall 107

11--0.8 1 0.8

11 11 -- 157 157
4.54 4.54 -- 17.2 17.2
13 13 -- 13 1 13
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Watts Bar Nuclear Plant 
Outfall 107 
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Watts Bar Nuclear Plant
Outfall 111

Document Type: NPDES Permits/Applications, 
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Watts Bar Nuclear Plant 
Outfall 111 
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Watts Bar Nuclear Plant
Outfall 112

- : I . . I
184 -I 3 1
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Watts Bar Nuclear Plant 
OuHall112 
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Watts Bar Nuclear Plant
Outfall 113

1I~ '~1

732r

- - 1 41.2 -

- -- I i I -

I 8.71
54

2 I41 I'll

1:1:1:1I S
i

31--
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Watts Bar Nuclear Plant 
Outfall 113 
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AMBIENT MONITORING DATA

Std. Units 18.37 17.85 17.7 7.,71 I7.3 17.48 - 7.42 17.5 7.8 7.67 76

DO mnw I 7.12 8 .4 16.42 L12.9 118.33 _5.4 19.8 8.7 5.7 80

OrW Colfonl CFU100n1 30 17700 1380 1300 1002

Fecal Coiformn OFLO1mi 60 1 1 lO I I 3W 2 10 IU

otal Hardness m 18.2 74 86 103 79.2 80.6

Arnmonla as N 0.02 0.04 0.02U 0.07

stat IahiN "1A 10.21 10.28 10.18 01 U .3 7900.1 U.1 0.1 U 01U 08

Anioic o/l aI IUI I mUn IEI I I I U I II 1ln 1EUI2
c ~Elil lIEA E1 UI 2U 3I 11 1U 11 mli 2 i 1 KU

Nickel 1 U 10.0

Q = Received out of holidg time
U = Anallyi requested but not detected
J - Estimate~d vatue-resuft Is lens than sample quantItafon "11 but greater than zam

M 
a = Received out of holding time 
U = Analyts ~d but not det.cted 
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AMBIENT MONITORING DATA 

J = EstImated valu ...... uh Is los. than sample quantltatlon limit but 918a1at than 2810 
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WATER QUALITY BASED EFFLUENT CALCULATIONS

I
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WATER QUALITY BASED EFFLUENT CALCULATIONS 

IEl'FWENT 

~-""!Im" 
~, 

Lead 
,Mle"",", 
ISUva, , 
IZlnc' 
IMe~, I" 
Chromtum I"" 

Icyanlde 
IChlorine . Rea.] 

EFFLUENT 
CHARACTERISllC 
Cadmium" 
Copper" 
Lead" 
NIckel" 
Sliver· 
ZInc· 
Mercurv. 
auomlum (T) •• 

lcyanlde (1)"" 

Chlorlna (T. Roa.l 

FACILITY: 
PERMIT': 

1 • • 
81 .. "", 

~ ~ ~ ~ 

).61 .744 
'.'Z7 8.B~ 

1.1: 30 
~7. 

NA 1.041 
20. 

.Jl.02! 0.90 1.69C 
5O.OC 100. NA 

2.& ,5.20 22.1 
0.0 I.OC 19.OC 

watts Bar Nuclaar Plant 
TN002Ot68 

4 • 
en- FIsh & iWRIIc UtI ' 

F_ 
...-.. 

~. 
..., 

IFn 

-.111.; 
NI 

220. 
1.89 

NlA 
,22.00c 
19.00c 

10 11 12 13 14 

~~~~.; ~(;;?R~i~1Jrit6rki~~.v*~·.::~~ :i..'Jt-ft"i:.'QQi ';filluQ"t:tI:itItii~'~:'~,~-
0.."""""" Wal OWS I a..mms DWS 

'::;~~?'~"'2 ~:t~4bifiJ~r;~ ~~~~:1-::JUQIQ:.::';;' ••.• ~ :;.,;: ~ ,_-: ::.;-~ ':;~ .. :r i~.~··:.ii. 
NA NA 5. NA NA 5 
NA NlA NA NA NA NA 
NA NA 6. NA NA 'REF! 

4600 610.0 100. 4800.0 Bl0.0 1~ 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
0.051 0.05 2. 0.1 0.1 2.0 

NA NA 100. NA NA 100.0 
220000 700.0 200. 22l1OOO 700.0 200.0 
NA NA NA NA NA NA 

""..., 
2.451 
18. 
8, 

t02: 
MIA 

1.81 
100. 

5. 

• 
....... 

B. 
25. 

183. 
162' 

~, 

NlA 
~. 
19. 

" Denote. metals for which FIsh & Aquatic life Criteria are exprasaod .. a function of total hardness. The Rsh & Aquatic Ule 
crtterla for this metal are In the dissolved fonn at laboratory conditions. 
The I"","eam allowable crtterla and calculated emuent concentrations are In the lotal _erable lonn. 

•• The criteria for these parameters are In the total fonn . 

••• Background concentrations arG established from ambient strum data. Whore ambient dala Is unavallabSG or insuHiclent, the 
background concentration Is esiabll.hed .. 112 of the chronic water quatIty criteria or 112 of the human health crilerta, whichever Is 
smaUar. 

NOTE: Water Quality aiterla for stream usa classifications othor than Fish & Aquatic Ufe are based on the 3002 flow. 
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PAOUnY: wall, plajc r P6

i7 PWMT M. T5P0I

S5, aes- WM tSý . 8~ 6

1 20.M 5545.00 182-6711 8.4 0.8

1 2 4 1 5 a 7
sk- Met

EFFUENT Cý Ch-- I m A Ob Dsed coC In Mn~ Icn Ch* MMAC K- A Cu M S ý ý -. * K • w • ai*
COshonlUmo 0.57 - 29311 02" 65411 11.80 38M 140.3

"1. 9.440 1an 0.36 26111 311.6 436.8 1
Lead 0.. . 61.3 0.1 10.510 29.. 11830
Nickel 10.. 130.. 1178A 0.451 3501.6 21 3462.8 32091
SlhWn 0.. NA 2.381 I.00 NA 2.381 WA 29M
Zinc 10 V7.05 96. 381. 315 3473.1 3814.C

S -,r 0. 0. 1. 1. 00 1. - 108
CmIs61.. 500.0 NA 1100.01 MA 1219A8 WA

2.. 6.32 1. 200 . 34.3 241.1
Cthld (re.. l0l..) 0 19. 1.

0 1 2 15 12 14

MA MA SA NA NA N4A
NA NA NA NA NA 127.

Nikl411 610. 100. 1414964A 118958. 2851.1
sluim NA rA MAj NA NA NA
Zinc. NA NA NA NA N4A ____

-WAY 0001 0.. 21 O 0.8 _____ 62.A
CleoatIM, M I ISA_ NA 3137.3

ca IW 200 0941,17 22025.2 5.0M
Ct ,T, . Nm. I NA tNA NA NA NAM

* .55 metals for which Fish A, Aquatc Ld. Crawl are exprsnsed as a ttsdhI 51151510848188. The Fish & Asomjt0 Lila cattda Wo 0*i
meNOW are In th dissolved t mm at labosut" my alcom.
The h.40,ýallwal 6569.1606 and calculaed 816.1 m soqOb am hin8mft aleuco..Mn f-m

The Oftetl for 5h685 parametem am In the Moal 1001.
Bocftlgotmd cc.0Snsam es8S~thed trOMam miterdobti u dateM. V0AM vO da~l te MIs 10 wm6856510 or08at00165, Sme badqoWlt

0w50881t0Sm1 Is established 510.0515 asM he 56cwae qoafty Ctat, or 112 d la fne 10..5588 c08aft sttScam 1, mae.

NOTE: Wate QuzWi or~tlwi Wor Ltedo le assificticom athrtar 0F1iesh &Aqualic U. am based0 an th2002 flow.
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I'AaUTY: 
PERMll'I: 

Walls Bar Nucloar Plant 
TNOO2O'68 

• Don_ meIaII lor which Ash & _ LIIaC_ ... __ as ._<1 I0I8l_. Tho fish & AqualIC Ufe _ Io<1II1s 
.-. ... In 1he __ lorm all-..y...-.s. 
ThaIn·sbeamaJ __ andCOlcu __ ...-.-arelnlho __ form . 

•• Th. afteria lor Ih ... paramelenlaraln !he 1Dtal1otm • 
• ~ Bacf<ground ooncan1raIIons ara asIab_ lrom ambient areani _____ Is ......- or Insuffoc:lont. !he badIground 
~ 1s_ ... l2oflh."'",",,_quallly_or .l201lho __ at_ whlch .... lssmaller. 

NOTE: Water QuaIlIy crlt8l1a lor otraam use classlflca1lons _Ihan RsII &~ u .... basal on !he 3002 flow. 
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AMMONIA WATER QUALITY BASED CALCULATIONS

OIuttafl 112
A..wa. w Nb,.., Caloutatton.

Th Sat atw PAdaro~~ 45 pda~te sAn teitWater~kibyCflI hirAwahi. mdaetoiOoo 5 i 5 ead obo PH

Min (2-85. 1.4510 0.028'(254fl) 2.76 2.86 2.78 M*in(2.115,.1.46-1100.0211(254T)) 1.45 2.05 1.45

U.071 2,457
Ct_ . - ) *Min (2.8t5 t.45*10

0
0915

,,W0(7.685"pf l+WS(pWl7.68) ; 7

CCC44ýk cc.ý
CCC - Condionwums Chronic Cdtofimb Aiitwable hinstown NH3 nowwianean (ogM

fCC led lot. FoWW WD.00 BaatgudA kOmbS. tioptg + (Design Few INGSt * Mum* Coneoeig~ofln CmM1

whIir. ~COWl Low lFlow [4.1001 (tt,pklo.I. a.7010 value)

W Dwhaw 10.g4m average Amo [NDI

Fer 51% case wiw. h dis~asger de ntwfthdraw water from lhe stream,
The AffhmiweG EftuGut Cmwwou*atn and cloreospoodhig Armans, hIn whter and summer eare

4.9 Antoont (W.day1 2.6 Amiounit[Si1day3

Calcullatlort ot the Crilteron ksodnurn C~oncaniratlott where satiiaticfd fish are absent
Note I1- the CMC Is Independent of temlperature and is based ori a one hour average sopoum COncentraflon.

CMC[= 0.41i1 /1(1 +10 P')] +[(58.4 V(I +iO10 9) A pHivalue of 8(hstead olhif Inano Iyus7.twas chosn for tao reasons: 1.) anblent
pH=%Lir- morifntoftti hIn set TN showm that pH often

exceads 7.5, and Isequal to 8atthimes 2.)thits
Cl~CNG=Aiým VL~as N aassuption is more conservative.

Athinwble efflueot Cofioeritradonr hI&IIII mIIIIrg as N
17.1 Amioumt l(bedayi

Note 2 - Where the avasce of ammonhia hIs bilogical treahtment Plant the Perint Vallee may eaebleti She maxinumn datly coicaitraihin at 2 Musatthe.
3D) day average heteed of the vsahi calculated fro. m h C)JC. Thle tootr 04 2 hIs. rat of dally maitoiw to monethly average considered "Ipca tur a
well Operated biologicaltrieatmernt plant.

Document Type: NPDES Permits/Applications 

TVA-Watts Bar Nuclear Plant (Rationale) 
NPDES Permit TN0020168 

Page R-57 of R-70 _ 

AMMONIA WATER QUAUTY BASED CALCULATIONS 

OUIIeD 112 
Ammgn" PI Nltrpgen r;etsulptlgD! 

The State utillJaStne EPA document. 1999lJpdateto ArntMantWataro..DttCrlWblfarAmmorliallnd usumed.rsrnperaturaa of 25-C and 1S-Candatream pH 
of 8 to 'derive an aIIowabfe inBtNam ptOtaclkin value. A mNI balanCe 1IIdIh plant and ttracan aowa and this atIowabIe vaIu, dalennlnee the monlhlv averagll 
parmft II'nIt. SaucnalIWnl\a may alaobildO'MMSGut to. ambl8nt ~ vaNIIons betwMn$8...,...,... and wintar 18UC1'\a. 

WI_ 
TemjI("C)='__ -" -pH. _ -

s_ 
Temp("C)o.~ 
pH.~ 

Iofn (2.85. lAS'1O' 0ll28'(25--T) 2.76 2.85 2.76 loin (2-85. 1.45·10'0.026'(25·T) 1.45 

2.487 
cce. ( • ) . MIn (2.85. 1.4S'10" o.02812§-T)) 

1.'0'(7.8II81JH) 1+10'(pH-7.&aI) 

ccc.rii.~ 
CCC-ContIon ..... ChronlcCritBrion AlIoWBhl._ NH3 -lmWI) 

(CritiaI ..... """'(MGDJ· _Amm ...... ,fI9\l) + _ ..... (MGD)· ... _Ca_lmWlll 

(c ..... Low fIow(MGD) + (DoslQn Row (IAGOD 

2.85 

For \he .... _'" the-_IIlmuIIII_draw_lrorn Ihe_. 
Th._~c-.and~ngAmo_In_andliUlflm .. are: 
_- Summer 

1.45 

_ConcenIraIIDn (mg/Ll Concontra1lon Im.QII.J 
4.11 -(bIdayJ UI Amaunt(lbIday] 

Calculation 0I1he CrIte_ Maximum Concentration where aalmancld flsh are absent: 
Noia I - the CMC Is Indepen<!enl 01 tempereture and Is basad on- a one hour BYelllgo! oJqlOSura concentration. 

CMC = [0.411 f(I ... 10(1-·oHI)1 ... [(58.4;/(1 ... 10(oH·7 .... ~1 

PH=~'P.;l 

AI __ ~I8: m\1lasN 

17.3 Amaun\ (1)8Iday] 

A pH value 016 (Instead 01 hIs\OIICaIIy uoed 
7.was chasen for I'M> "''''''''''': 1.) ambient -
monlta<tng In wast TN sI10Ws \hat pH oltan 
exoaeds 7.5. and Is equal to 8 at tlma. 2.) this 
assumption ls more conseNatiV6. 

Nola 2 - Whera !he """"'" 01 ammonia 18 a biological troalmMl plant Ihe ....... _ may _1110 _um dally conc:ontrallan at 2 limes Iho 
30 day _rago! _ 0I1ho voluo calcUlslBd from Ihe cue. "The _ 01218. _ 01 dally _um Ia monIhIy ..... ge _rod Iypical for. 
well-"1Od biological_on, planL 
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0h tl ~m r EPA d-aes.lGM ISL"99~ Do ArotetUWatwe yCftfeta for Ajnero-d mid aseedtaerpaatrabI of 25-C atd 1bm~d .mrrp

penamot Lo SesewnolU moay Iraylso bedowed due Wernienttrniperahrre redefor fdweasn Owa vA,-rrr&d WaeSWO.

Min (2.85,1.45"10 0.02r(2e-T)) 2.76 2.65 2.76 Itn (2A5. 1 5"1011 0.026*25-6f)) 1A5 2.85 1.45

0.087 2074807
ccc. o *sT )_a Idl.145~.t(.)

CCC.ý-'WT cc- ::Y-
CCC - Cont iouous Chronic Cdrlaon Aulowable hIrearn NH3 conoweravon limO,]

L( m •C tA.o. MGOI" 5ackound An-t•t" (m•t + (Oess Fbwa tI * Efftd Corr•, faton Ygnv

(Cr2td Lo-R Ptse to. (o031 (6 MO)

where: Crtda Low Flow W] (tWky, a 7010 value)
BeckounmO Armnrua cno-traffin [mWn14

IV Discharge bng-terrm Averag flow [PMO]

For the case where Mth dtifarger aawater from Gin tereawn,
The Alowable Effrlunt Conoenetltren and cwnesporg Airteett in wtnler a nd u mmer am:

• Con~snradm [t] • Conoeetradon [ing4L]SOMA Amnount ibiday] 3=5~4.0 Arnount [Wday}

Calculanto of the Crfardon Maximum Concentralton wvhere sah•awd fish are absent:
Note 1 - the CMC Is Independent of temperature and Is based on a aem hour everage evosure cor•entratton.

CMC = [0.411 / (1 + 10 (7-O,'•-;•f)] + [(58.4 ;V(1 + 1 0 I '- 7')] A pH value of 8 (Instead oft istorlcatny used
7.WaS dhosen for two reason: i.) OrnblerA
nmonitoring In wowt TN Whotd that a p41 often

exceeds 7.5, and Is up to 8 sometimes 2.)
CCW-- erW5.as N Oft~ assurrptbon In Mofg Consamaveft.

Ajiowable effluent Concentration ts:e1 as N
2193'7.6 Amount (tbadayl

Note 2 -Where the smare of 'unmorft isa bWoito0 rnent p1at, the perml twlr may estabMh 1he m uomhon daly concenrration at 2 tkhes the
30 day average isasad of the value calculated trom the CW.C The facdor of 2 I a rafti of daly maxirnum to monfhly average considered tM"dca] for a
wen operated bioloýca freoafsnt plant.
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0UIIaI1a 101 _113 eo_ 
Ammon" • Nltmqpn Cglculallpm 

The~ulllzel fha EPAdDct.ment. 1889 UpdBlI to.-mtllont Wal. ou.'IIyCrUarlafor Ammonfa and IIStnedtamperalur8l of 250C ~ 15"'Cand stream pH 
of a to dertve ., IIIDOwabte n.trean'I proC8CtlOh value. At mast balan::e wtd'I pIMt and m.m now. and IhIa eIIowabf. value detennInat the monIhty I!WInlg8 
pennftlmlL S_lmllBmayalaoba-.. "'am-__ --.............. and __ • -T_('C)=~ 

i>H"~~ -TemprC)a~ 
pH=~ 

M1n(2.85.1.4S"IO"O.02Ir(25'l) 2.76 2.65 2.76 MIn(2.8S.1,4s"IO"O.02B'(25-l) 1.45 

•. am 
CCC-( + 

1+10'" (7.88&pH) 

2.487 
----- ) " .... (2.85, 1.45"100o.02B'(25-T)) 

'+'O'(pH-1.tIII8) 

ccc..);t.~~~ 
CCC • ContlonUouS Chrcnlc CrttorIon _ -.- NH3 ooncennllon [mgIIJ 

(CdtlallDwAawIUGOl"_nd -lmo1.D + ("""",,F1aw(UGDI" -~1mWlIl 

when!: 

For !he case _!he _rger IIIIbsbIm walor from the_. 

2.65 

The _ -c-.traIIonaand_dinG Amoma iI _ and""""'* .... : 
WInIIIt Summer 

1.45 

_ Con_{n¢] +Ccoaontratlon (mgIL] 
~.1 Am ..... [b'day) lI02II4.O Amount (lb/day) 

Calculallon of \he> CrttBrIon MBJdmum ConcGnl!atlon wile", ... 1manoId Ilsh a", absent: 
Not. 1 • the CMC '.lndependent 01 tamperalura and Is based on a one hour average olCpOSUra conc:entratlon. 

CMC = [0.4111 (1 + 10 (7 .... ·""'>1 + [(58.4;1 (1 + 10 IpH'1.204~1 

pH.~l!!9!l 

A1_ affluent Conosntratlon 1s:_09188 N 
. 218177.8 Amount [bs/day) 

A pH vaAJo 01 8 (Instead 01 historically used 
7.waschosenlorl'M>",asona: 1.) ambient 
monitoring In west TN showed thai a pH often 
exceads 7.5. and '0 up to 8 someUmeo 2.) 
\his assumption Ia mora oanseNSt!v<I. 

Note 2 • Wherelhe __ dI ammonia Is 0 »totogtcaI_ ptsnI, 1IIe penn. _ may __ til. maximum daly concentraIlOn 012 _ tile 
30 day oV811lua ii_ 01 !he value calculatad from !he cr.c. The factor dl21o. ratio of dally _um to monthly ... rage _ typIc:aI for. 
waq operated ~ traabnanl plant 
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WATER QUALITY CALCULATIONS FOR PH

Calculation of Instream pH1 Resulting From

the Combined Discharges of Outfall 101 and 113

(Thi spreasheet may bre used t0 calculate ehowri disdhage pH1 by We and error)

Note: WPC/EPA policy requires all discharges to be within Ihe range of 8.0 to 9.0
TN fish and aquatic fife criteria require the stream p1H to be within 6.5 to 9.0
This calculation is to determine It a discharge pH at 6.0 can cause the stream pH to fail below 6.5
The calculation is only applicable to cases where the discharge flow is significant relative to the stream flow

Enter stream background pH --> [ý nminimum from ambient data (see Appendix 5a)
Enter stream flow in MGD > use 1010

Enter discharger minimum pK ->
Enter discharger flow, MGD

Combined stmVddscharge pH =

Combined stm'/disch flow, MGD =

pH = -log [H+1. where [H+] is the hydrogen Ion concentration In moles per liter

[H+] = I0"-pH) = moles per liter of H+ (1 gram mole per iter of Ht+ Is 1.0080 grams of hydrogenfllter)

Moles H+ (Combined) = Moles H+ (Background) + Moles H+ (Discharge)
Note that this Is a simple conservation of H* mass tormuaff that does not account for any re-tions or buffering
that might occur when the discharge and stream mI.

Stream background Moles/Liter H+ = 10-pH) =
Discharger Moles/Liter H+ 1 "-pH) =

Combined molea.L H+ = IStbm MaWsAL H+)*-Strm MGD) + IDisch molms&L W'ItDisch MGD'i
(Stream MGD + Discharge MGD)

Combined moles/L H+ =

Combined Stream pH =
If this pH Is below 6.5, the discharger minimum plH must be raised, therefore recaluate unfil 6.5 is reached

Because the calculated pH is above 6.5, a mrn•tnum discharge pH limit of 6.0 for Outfall 101 and 113 will
allow compliance with water quality criteria in the Tennessee River.
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WATER QUALITY CALCULATIONS FOR PH 

Calculation allnstraam pH Resulting From 
the Combined Dlechargllll of Outfall 101 and 113 

(ThIs __ maybe '-11> cabA1e __ diocIlaJge pH bytrtal and error) 

Note, WPClEPA policy requires aU discharges 10 be IMIIIln \he range of 8.0 10 9.0 
TN fish and aquallc Die crllBria require the stream pH to be wI!hln 6.510 9.0 
This calculation is to determine If a discharge pH at 6.0 can cause tho stream pH to fall below 6.5 
The calculation is only applicable to cases where the discharge flow Is significant relative 10 the stream flow 

Enter stream background pH -> 
Enter stream flow In MGD -> 

1----:=7",.3:1lmlnlmum from ambient data (see Appendix Sa) 
2062.0. use 1010 

Enter DISCharger minimum pH -> 6.01 
Enter discharger flow, MGD -> 162.7 

Combined strmIdischarge pH = 
Combined strmIdisch flow, MGD 

Unknown I 
2224.7 

pH ; -log [H+l, where [H+l is the hydrogen Ion concentration In moles per Uter 

[H+l = 1I),,(-pH) = moles per liter of H+ (1 gram mole per RlBr 01 H+ Is 1.0060 grams 01 hydrogen/Dter) 

Moles H+ (Combined) = Moles H+ (Background) + Moles H+ (Discharge) 
Note that this Is a simple conservation of H' mass Ionnula that d#88 not account for Bny rectIons or bufferIng 
thaI might «cur ""'en Ihs dlschsrgB and ~ mix. 

Stream background MoiesILlter H+ = 
Discharger MoleslUter H+ = 

1~-pH) 
1~-pH) 

5.0119E-08 
I.00E-08 

Combined moiesIL H+ = ISInn mo!es/l Ht)"ISIrm MGDl + {DIs!ib moIa&Il Hl"1!llsch MGDl 
( Stream MOD + Discharge MGD) 

Combined molesIL H+ = I 1.I96E~71 

Combined Stream pH = I &09221 
II this pH Is below 6.5, the discharger minimum pH must be raised, therefore receluate until 6.5 is reached 

Because the calculated pH Is above 6.5, a minimum discharge pH limit of 6.0 for OulfaB 101 and 113 will 
allow compliance IM1h water quaUty criteria In the Tennessee River. 
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BIOMONITORING DILUTION FACTORS

Dilution factor when receiving stream

Is the source of water at the facility

Outfall 101 and 102

I

Stream Flow Wastewater Flow Total Flow
1Q10 [MGD] [MGD]' [MGD]

2062.0 48.795 2062

Dilution Factor 42.3
LC50 > 7.9 % Conc.
IC 25 > 2.4 % Conc.

Dilution factor when receiving stream

Is not the source of water at the facility

Outfall 112

' Stream Flow . Wastewater Flow Total Row
7010 IMGD1 9 MGD1 r MGD1

0.0 0.247 0.247
Dilution Factor 1.0
LC50 > 333.3 % Conc.
IC 25 > 100.0 % Conc.

Ouffall 113

Stream Flow Wastewater Row Total Flow
1Q10 [MGD] [MGDj' [MGD]

2062.0 169 2231.0

Dilution Factor 13.2
LC50 > 25.3 % Conc.
10 25 > 7.6 % Conc.

Because of the large volume of flow from these Outfalls and the criteria that
chronic toxicity not exist instream during any 30 day period, the maximun
historic 30 day average discharge flow was used to calculate dilution.
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BIOMONITORING DILU110N FACTORS 

Dilution factor when receiving stream 
Is the source of water at the facility 

Stream Flow 
1010 [MGDl 

2062.0 
Dilution Factor 
LCSO> 
IC25> 

Outfall 1 01 and 102 

Wastewater Flow 
[MGD11 

48.795 
42.3 
7.9 
2.4 

Total Flo", 
[MGD] 

% Cone. 
%Conc. 

2062 

Dilution factor when receiving stream 
Is not the source of water at the facility 

Stream Flow 
7010 [MGDl 

0.0 
Dilution Factor 
lCSO> 
IC25 > 

Stream Flow 

1010 [MGDl 
2062.0 

Dilution Factor 
LCSO> 
IC25> 

Outfall 112 

Wastewater Flow 
[MGDl 
0.247 

1.0 
333.3 
100.0 

Outfall 113 

Wastewater Row 

[MGD11 

169 
13.2 
25.3 
7.6 

Total Row 
[MGD1 

%Conc. 
%Conc. 

0.247 

Total Flow 
[MGD] 

%Conc. 
%Conc. 

2231.0 

1 Because of the large volume of flow from these Outfalls and the criteria that 
chronic toxicity not exist instream during any 30 day period, the maximun 
historic 30 day average discharge flow was used to calculate dilution. 
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COMPARISON OF DISCHARGE LIMITATIONS

TVA-Wafts Bar Nuclear Plant

Outfall 101

V-. -----------
Effluent Guldelines Prelous Water aa New
BPTI BAT' Permnit Fish Hum. Heat. Permi

TSS 3 0 N A 3

OIL & GREASE • 1 15 NA NA is
PH &0-9.0 - - - 6.5-.0 6.0-9.0 6.0-9.0

Chromium, Total 0.2 - 1.22 3.13
Zlno Total 1.0 - 347 N 10

TotaChlorlne Residual I 0A 010
Free Available Chloe 02 j 0,150 NA

Efent Guideitnes! Pmevous WaterNe
*1 PT BAT Permit Fish Hum. Heat. Permit

0.2 10 0 NA 0100OiLL& GREASE 20 20 NA NA 20
PH 6.0-9.0 - .0-9.0 6.5-9.0 6.5-9.0 6l.0-.0

Chromium, Total _ ___ 0.2 t___ N!A 16.4 ___

Ztnl Total _ ___ 1.0 -___ .814 NA1
Total Chlorine Residual - 0.2 0.1 02!260 1 NA I 0.10
Free Avilable Chlorine 1 0.5 1 0.8 1 - 0.260 1 NA I NA

* Outfal 101 prumaitty receives wastes cwaltaelzad as tow volme Wastes and cooln toer bioon Thus Vie disdcare is sul
aPT/BAT Umttaitn tor at parameters pplcable to atesa waste eosl as presented In Appendix 2.

The use of water treatment chemcicas containing chromium Is probihited.
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COMPARISON OF DISCHARGE LIMITATIONS 

TV A-Walla Bar Nuclear Plant 

0utta1l101 

New 
Perm~ 

• OuIIaD 101 prtmatOy rocelves _ ~ aalowvoluma _ and coaling lOWer bIowdown. Thus 1hIs diachaJvo is B.mjecl 
BPTIBAT Umltallons lor au parame1Bra app_ ID _ wasta _ as __ In Appendix 2. 

- The use of water treatment chemicals containing chromium Is probIMed. 
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COMPARISON OF DISCHARGE UMITATIONS,

Outfall 112

Effluent Gudelinies* * Previous I Water Oualitv I Now
BPT BAT LPermit -Fish Hlum. Heal. I Permit

OIL & GREASE 15 15 NA NA 15
pH 6.0-9.0 -- 6.5-9.0 60-9.0 6.0-9.0

AmosaasN- 1.46 1.24 NA 1.24
Dissolved Oxygen _ _5.0 Min. A --

Total Chlouine Residual 0011 0.011 NA 0.011
Free Available Cliorln-e 0.011 NA_-

Effluent (Idlnes' Previous Waewwer(it New
SPT BAT Pemi Fish Hum. Heal. Pernit

OILf&uGREASE 20 - - NA NA 20
pH 6.0-9.0 - 6.0-9.0 6.5-9.0 6.0-9.0 6.0-9.0Anwnl a H - 2.2 A N A 2.z48

Dissolved Oxygen _ 5.0 Min. 5.0 Min. NA 6.0 Min.
lChlorine Residual 0.019 0.019 NA 0.019

Free Available Ch._ionne7-

* Outal 112 is composed od apprmdmatey &9% sanlaryrwastes whicd are dwrarkertd as low vwime wastes subjec to BPT/BAT
limitatios. The majordty of other waste In this ouffal is stommeter for whic no BPT/BAT lidtatl" apply.

- Water quaity criteria for monthry average emrr,'nla is established based m EPA 30 day CCC afttef and iscaluated as shon in
Appedx x5c. Mastmus daly value Is estabt;ished as twice the mor"h vewage value based o gocdoperation ot a biological tnestmew

l?o 
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COMP~SONOF~EuMrrAnoNS 

0utfaIi112 

• 0utIaJ1112 is canposed d appraxima!ely6.9% sanilarywasles whlchare c:haracIerIzsd as Icw\lClume wastes Sliljacllo BPTIBAT 
1ImItaIIcns. The majority of other wasta In this ouIIaB is -.nwater for whlch no BPTIBAT limitations apply. 

- Waler quality cr1leria fOf monthly a'11!1'8g8 ammonia Is esIsbI!shed based an EPA 00 day ace c:rtterle. and 1sca\Wa!ed as sIIoom in 
Appendix 5c. Malcimum daily valllllis estabi;ished as twice the monthly average value basad on good apemlion of a bioi0gicai treatment 
plant. . 
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COMPARISON OF DISCHARGE Ur.tTA11ONS 

0UIIaII113 

• QJtIaD 113 receives waste; cIl!racIeri2Bd as once thrau!tI cocIing waIer. 1lus!hiS cischarge is suI:1ed BPTIBAT _ ..... for all 
parIIIl1lUIs "I'PIcaIlIe \0 once 1ItJou!tI coding _ sources as pesenIed In AI>Perd>< 2. 
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NEW PERMIT LIMITS

OUTFALL101
codibig watar. stali Wate and Piroces wastelhit~r

EF~FURM LUTAUMO
tlbll3111 I]141 'it - I]LMLy -- a

FLOW H0050 Report (M.D)
1  

Report (MGD)' Continuous Recorder

Certficaton of Instisio Wo 1 - F5por as YwNo l/Month Operation
3,500 Cfs when requlmd Records

PH
2  

00400 Range 6.0 - 9.0 2onth Grab

TOTAL SLSPEI)ED SOU DSS) 00M30 30.0 - 100.0 - I/Month Grab

OIL & GREASE 00556 15&0 - 20.0 - 1/Month Grab

0CROMIUM, TOTAL - 2.0 20 WAIVEDf Grab

ZMNC TOTAL 01092 1.0 1.0 - 2/Month Grab

CHLORIN, TOTAL RESIDUAL
(rRC) 500600 0.10 - 5/Week GrabZ3

TE 't'E.AIURE, Elluerd 00010 - 35c - Ciotinuous Reoxider

IC"
5

I'3, 5% Ifl ntnh amt afi , shal be_2.4% effluent Sennnual CopsteTRM 
I

Ther "hI be no discharge of PCfta

* -tiwidgeRtC utMsead be pefrtaindeihftfeis (15) hawsadoaeleCalwbet

I Tth lemearate setadeWae dk*WebA tshldeate esany II" Apcte O4CPRPM lU tthd teBed Ismtev aumt~i &=Fab wuakado, .

4 Wretttpee' tw teature ],.getvvidrrit fob, a iaftve be dbunce perih. Ptearea saw k, dindktvAdibe nest/sas thetanvasituuu mreceeto
npeatI at 5tew. See utn III eswtpta repbeWa

SW SePeart II or molhokia5 ,.
*MaShtyrinafr daygmIsn wmkd tPe40 CFR 1MA44(a)t(2)(). See Raatte for aloe wmset

1C25" 

ThenI ahatl be no dI8chatge 01 PCBs. 
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TRP3B, 
TRP6C 

NEW PERMIT LIMITS 

TVA-Walls Bar Nuclear 

0I1TFALL101 
COOling water, storm water and Process WasI8water 

25% inhibition ConoentraIIoo shall be ~2.4% effluent 

, __ bo_"MlIknGalDnsporOariIMGO). 1n ............... """""""'_maniI<I'lscdd-._rnonIIDrIng_ .. _b\lInIakeplft1> 
logs. 

• pHandTAClIIIOtjsessllall"porfamedwllhlnfllleen(l5)'-d,,",,*_ 

• lllo ___ tor_lOnd ___ "'"",_spedIIad".coCfRPar\l3BlI1IIraacI1.-'_~_""'--d 

C<lI!Ploncolllllhlhepermltllmls. lllo reqUn!d1lllllljtlcaJ _ ilMlltorTRC ."'pennIIlmloro.05nQt. _Is _.In ...... _lhepennlllml B less 
thanO.05 mqL.Ihe\1!pO!llnQdTOOatdl.05nVLsllalbo ___ "'...-....OIIft'4'IIanoa_ ... pannlIlb1'A. 

• WhBntho~mcn1l1>lngeqo..jpnonlfalls.II1CII1Iomg.a .. dono<l1COpardav. __ andltnel(elfalYoII .. ..-",_th. __ '" __ .......... _ SeePeltllllarfurther __ _ 

• SeePartIiIIarI11lllhodc*:>gy. 
• ~lard1roml .... 1s _per 40 CfR 122.44 (e)(2)(I). See_far .... ccmnonIs. 
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OWrFALLIM
eCOMM v~KStOvffat~nmrff andm Procestne

__________________ DAILY

NNC.TOTASE 0116M 15.0 - 1D.0 - 2fotbih' Grab

Mq %3so= 0.10 - 0.10 - SWe*c Girala

TB94EPAT.M Efuu O - 1 39 C - 1ADy Grab

IC5425% InhbknU t0Canwtfdon s01 be 224% efflhiWrt SMvJ-nWI Cml~oefte

There shoD borno discharge of PCft

pH rdTiICa s0 dugbe prad WaoDin l~ao(16) nv~wd wne clecimde

rh.epalan tor'' bbeditaniodualib aeaa~ny mots oocid h 40 CR Poo 3 ht reach~ adekbM alot.w Ana e of
=macerqibeudUPaeM&dTo* beled 40lo %sa~an ai edku1WIC lotapef pinkcro06gegl vikahanorbloom. bInesame thpamt ln~l Is beas

001,005mgL1.frpk dTR1O 1ýa05aV~td~e b5p1don~hriia rh oas b

' Son~k~ondandysh 01phd cdy a IIg sq id3daswsu01bJ5ft0Wuv~~pofptsJmny5tazuiu4,~yfgDeartswai Oak
toodialt 'gauica 01ihoernt kbe 151dd . see pa

Cwfodo sha bemd d n ol~t

Olwaoechrd afe~tlo1 rreoechebomftcudabLw is g*I Ito Cj*yvM~ha.,TnAIuI dbrk N hmUmtme ors msorese foupara.k tdd
cvascram-adisiidLbV 5 M e CeeS~e.MM kyhe, 2 Out
*Mfbb Ihhelr0*tm Me aedA por 40(0:R 122M (8W1. See bbffw mwscoenaoa

1c:lS 4 

Thera """" be no ~ or PCBs. 
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lVltWatta Bar NycIear 

0I1TF/W. 102 
CDaIIn!I water, SIXImwater I\IIIIff and PnXeSS wastewater 

25% InhIIiIIc:n 0Inc&ntra!Ial shall be 22.4% elftuenl 

, Flow _ be ~ In M_ GaIIcn& "",Dirt' (M3D). 
, pH andlR:,"",- _be porbmod __ (l6) _01 8I1lIo-

, lho~_IIlr_d"" __ "''''''_~In40CFRPartl311lha1_a-'_~''''''---'d 
mqiIaraooilhthepsnil_ lho""Jiral ~ ___ bTIIC IItheponn1llln1l",Q.05nv\. wIidloMlrll_.InCB!IBS_thepsnilln'Als less 
_0.05 nv\.the"'lJO'1lrQdlR:sl4lO5nv\._ be 1nIIIpraIocf1D_ClOII1IInIo oIIhthepsnillinll. 

• Sarrpi'g and arB)oIs re<;/Iod rri/'cIaaagolsqaillBd3l<E!e '" rnorac1Jlro the _pa'IOds ..Ia!uDyIlmVl.klnoOl ~ IImVI DocarIlerand I aI 
1DIIdIv_~_not"""""'beon~bQJlbil101. _Pa 

• ~_ benaMc1JIrol1nJ"""""'adsclagoocanmn,*,_ 

• W ..... Ilda:lagaCUlrg 1 ",rnorac&,sfromttts..-. ~lsraPed1D"""'*t1Mlh"'....mrn cblytftll n ..... ""too", rnora __ dir,eoldsd1arge. 

"'. cor<fruuI<i9cIego cbtrG 5 '" """" ctna:UIMI d¥ from '*' ad 
• _forctnmunIB_"",40CFRl22.44(a)(2)(I).Soio_lIlrnue_ 
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TVA-Watts Bar Nuclear

OUTFALL 103 uInternal Monitoring Pointt
LOW Volume Wastt Holding Pond

EFF WENT [IMITATIONS • •• 0N PRird0*" 5'

FLOW e0SO Report (MGD) tReport (MDG)) Continuous' Reeord.r

PH 2 OD400 Range .0.0 J lNWees Grab

TOTAL SUSPENDED SOLIDS (T8) 00830 30.0 - 100.0 - 2/Month Grab

OIL & GREASE 00556 15.0 20.0 - 2/aoth Grab

FRow 2000 nm he rVlxiod hn U 21o par sDy (MGD).
pH anala Ses a be p•'rao0d raMtr flfter (15) mbWhr. a tample r•011ec0

VA-WM UMuce

• htlr* mm tdtll cn

R.0WM064 RPqOIt(IVM' RePM 0013)) 1Alelch• C9o0atd

PH= ooDo FIPOI FpOPt I/W•B eab
101"SUSP.NDESOL!I (1 =11XO 30L.0 310O 14ac Grb

CIL&GIME 00596 150 5. -ISO atd1 Grab

C0',1ORU MM• O142 11.0 - 1.0 - 14katc G.b

D•O, I1M M UMPI•BE 01045 1.0 - 1.0 - /ak 08br
MC.WI tol~ -8 i 11.0- 1.O -Grab

2 ik1answdbapailto vktJfrenti(15)m nLt~dinje jIa

' wo losm~s# aykmf~e3 o tk tllaeOU3

.. " 
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1 Flow 11'1" b. raJlOf*l ~ Millon GallOns l* Dav (MOD). 

IVa..w,n, Bar Nuclear 

OUTFAU 103 ClntarnilllonltDrlna Point! 
LOW VolUme Waste Holding Pond 

J pH ara.1yMe shaD bit performed IIIIIItI*IlIfte.,. (15) mlootla of Ample COI.uon. 

JV&W!IIBBr ....... 

aJI'IWL 1D1CJrama1 fo'triID'tlIl'drC 
MetII ClEII1r1l WiI5IIMBIB' 

I FbNstIII be lI!IXI1aIil MIiaI Qdcmper 1l¥(MD) kreod1lmt1 __ lolmt1c1sdrrgoaamkr 1ID1I1tm o:!4llupBltd, 1Iow"",""""", stili be 
_lI'dll!lXl1alkreod124lu1perb1 
, Pi!n¥ES1tBI beperlarredWllinfifteBJ (15) _d ,,",,*,ataIkn 
, ~kr~isl'lqilei<rlyWmn1!l2ldell"irg_artarirQltaVcrulaellir9lS!11. 



Document Type: NPDES Permits/Applications

TVA-Watts Bar Nuclear Plant (Rationale)
NPDES Permit TN0020168

Page R-67 of R-70

TVA-WilftT Bar NtCudl

MMMIM• MMrt anlMmal M PlldnOlI~r

a 1whm sdub.,ns v ftMh(15)., N dwnd~a6dckm

*he0did bOi 111mw 125 u pa IUuu asa~oo Duima~ ana

4 T1.ahdselb u ~ b ba~b Gsvrp/Co, , TP.dw ia raeud k irfdmtaU sddb etmuuo
Md l 30TMedkn4O)CFM~rlB~nihdlcn~ao~omao~~fdm~~~~pfkth II h wtaroe

OMns~~e i~~i~6~.t gh1g~~d~badi
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TYfrlM!tlt Bar tkIear 

aJIFAlL 111l11C1m!1 MrItIlrIra Pdril 
1l'IIIItal5al1llri 1IIIiIStewIter 

• lRl""",-&hIDbeperfanal __ (l5lrrinJ8sd __ 

3 l11B_c:Ischrgofrlrutillll nul be _tlllBlIIIIsrttIBI.-cDIIamogorisnB .... lIiIIIIMBIy_ Thlcxn::str.!IIa1d E. mil aIIer 
__ rd_l26parl00 ...... lIBgB<IlIIIbi:lTIBl_<JIa ... 

• lRllID"itID"g_be __ Wm<tblre,lraIin!,a..., __ ... _l11B~_fa-.rt ..... residJaI_ .... ..., 
_~In40a'Rf'IrIl36Iha! ........ -'_~ ___ rtcxrrplarmv.UhllBp8II1"Alinils. Thlr&;JlredInll\ClCd~_frI 
lRlls lIB pomilliTil ao.a;nQt. _1s_.ln"""" _lIB pomilliTills Iaoo ..,o.a;nvt. hi i1!pJ1I-Qd lRlal.Qll5 nvt.- be irIIIpaed1D 
ccroIIIIJa """""",,,,'" tho pomillbriL 

" .. 
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OUIWALL112
COOUO1Yard HK111 POId - SM 11 RmMaf

B~iJ~T U~TA11O6 I
- I S&muuRR

iHO•! •T I•P•L |

MI " I *& p

00400M Panga 0 -9.5 IN"ee Grab

rTMAL SWPEMM SCUOS (JMS W63D WO. - 100. - 1Neek Grab

MTh0(GJR AWINA1OAL 00510 1.24 - j 248 - MAeek Grab

USWa3JEDOXYGEN4 LCL) 00300 - - &0 NMi - 1NWask Grab

CuioRWumuTAL WMM I
(TMZ 8.0003 0.011 - 0019 - 1AV~esk Grab

TRSC 2% httIntdm Wxuncttfor " boa 100%Effluent swni-wn"lQrx~e

Ftawshdal a ,tdin Mulan Cke para DWOyM~ and di banrehadb1asco nteasunnWers daftve

T~anrasaiIICubesi~aa e ew~ftrnfowawc aradd'ewepenim fa15t dk~reck~dWarue
msttsacf nD F at 16fgrahadtein"df crl m~ wbc ~ i p wM kt1L h realuidyklqdftit m WMf

TIialukqedflain40c. ~V 1~ettlbw Icmii s~v i UwAESilba)jQOld claf,,eB dTanri~at-wa0SfLambekft~a~1iadb

MnsAsce~irvit~tuvnw"WLr

4 SwPMtfllbna#*cloW

.. j I • 

DocumenlType: NPDES.PermitW~~at'i:s Bar Nuclear Plant (Rationale) 
NPDES Permit TNOO20168 

Page R-68 of R-70 

TVA-Walls Bar tbi!ear 

0UIMIJ.112 
~ Yard HaIdIng l'0III- SIDrm IbIDff 

2!i% IJi1titfcn QrardraIlcn shall be l: 100% Effluent SerTHm.IaI QxrposIte • 

RaN sIBI be ft$ICl!1BIIln MIIon GaIa1I perDay(MD) n:t sIBI be __ m IIIIIISlI1I11II almdstlngoelr. 

• Jti ~m:; analyses staJbepootarredv.illinlllleen(l5) _""""*'_ 
• m:;l1Dib1roshail be SRilC3ljellhln-,-,alllY ___ nIdD11h1~rmhxlsfcr deIedIa1" imlltISilJaIcItri1enll\' 
_specified In40 CFR Part 136tha! """"'._ ..... aIIoooIrv---''' CIJIfAIame.ahthllJllml-1hI""Ioia:IaretJIIcaI ~ ..... for 
1R:lsthllpem1tBrrilaO'OSIT9'L._Ia_.Ir1C:"'.," ..... thllJIImIInGIs ..... tIa1o.relT9'L.thIIlqDtIrg"1R:al405IT9\-_be~ .. 
am1IMe~wI1hthllJllml IInil 

See Part 01 for~ 
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OUTFALL 11

SupoeradalCai cnenm Coding Water

EFFLUENT U1arA11TIONSMpO?
________________ ___ MONIJILY DAILY

R~RJ

CatlIcUZIS Of ISUiMM Fklow Of Repoit as Yesffl~ lftvbth cOteMViu

3,M0C~vA~e1P&M 0016 Pacor

TOTAL SUS'IMDW SOCUDS (TIM) 0053D 30.0, 10D.0 - lAMMh Grab

("qFD~ TOT6316 L 5000 092 1 0.158 - li&tnth' Grab

DL95OLVED OXYGE (10.0.) 0030 - ____ Report IFIn. - 1/Lbit Grab

TEWIEATURE, Bfluul 00010 Hor eliwt T&M~ware 
4  

I-buly Flaoodf 7

TEPRTREp 00010 - - 30.5C0 I-bnly Rtecgxzdw

TEIMEsRsMto ,eu os 0M - - 300 - ~i-y Calcuiated

TEPEfLIM~ Rd dCnga., m - - 2 001*tr -bt f.ati
`Cper howr __ _ __ _ _ _ _____

I000ME sekg O10 - - 3150 -c 1burly Regxidedl

IC25 6 M 2% trtitIlran 0C~watb shal be Z7.6% Iuen surIM"u QxraxftDta

rM sAndTIE is ý r d~be t. vMflenn(15) n*aad= . A

Ohw;~1.. fh~oua I holtchMW deix bI~ seat, .ada sdlIn 40CFR Part ~ MfdMdacmtunrMak* dalo *mealw~snd

*Smtdb Ntft for epkhnwf

Sea aItonal (bmsed) cnurmnts in pemtt. Begns ran page 8 d 27.
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'IEfooFERAllJRE, Alae 
03772 

Upstream til Downstream 

1EIoI'ERA1\JRE, Rata of Q1ange, 
82234 "C per hour 

1EIIFERA1\JRE, AaceIvIng 
00010 ---.. 

1C/5" 
lR!PB, 
llIP8C 

AI>N _ be reported.,,,..., GaIans pfI' D¥ (M:lO). 

lYA-ymtts Bar Nudear 

ClIJINU. 113 
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REQUIREMENTS FOR MAKING A PERMIT APPEAL

Permit Appeal (Tennessee Department of Conservation. Chaoter 1200-4-1.05(6). and T.C.A.
Section 69-3-110)

I. Petitions must be made within 30 days of the receipt of the final permit.

2. Petitions shall contain the following:

(a) The name, mailing address, and telephone number of the person mailing the
request and the names and addresses of all persons he or she represents;

(b) A clear and concise statement of each legal or factual matter alleged to be
issue; and

(c) Specific reference to each permit condition which the petitioner contests. The
petitioner may suggest alternate permit terms which would meet the
requirements of the Water Quality Control Act; if the petitioner challenges permit
conditions which are justified in the fact sheet (or Rationale), the petitioner
should indicate how the basis for the permit condition is in error or indicate why
an alternate condition is necessary.

3. Petitions should be addressed to the Water Quality Control Board and filed in duplicate
at the following address: Paul E. Davis, Director; Division of Water Pollution Control;
Department of Environment and Conservation; 401 Church Street; L&C Annex, Sixth
Floor; Nashville, Tennessee 37243-1534.

4. The appeal of a permit or a permit condition has the effect of staying the contested
provisions. Therefore, if a permit is being reissued, the permittee will be considered to
be authorized under the terms of the old permit and/or any unappealed terms of the
reissued permit. If it is a new permit, the applicant will be considered to be without a
permit for the activity until final agency action.
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PROPOSED MODIFICATIONS TO WATER TEMPERATURE EFFLUENT
REQUIREMENTS FOR WATTS BAR NUCLEAR PLANT OUTFALL 113

EXECUTIVE SUMMARY

Outfall 113 includes discharges to the Tennessee River from the Watts Bar Nuclear Plant (WBN)
Supplemental Condenser Cooling Water (SCCW) system. The SCCW system began operation
on July 19, 1999. The original environmental assessment and operating experience over the past
five years have demonstrated that the SCCW system has no significant adverse impact on the
aquatic ecology. However, at the same time, operating experience has found that the thermal
effluent requirements for Outfall 113 have restricted the SCCW system beyond that anticipated
in the original design. This, in turn, has led to unexpected losses in WBN generation, costing
TVA perhaps over $200,000 per year. These losses are related to concerns for the Outfall 113
mixing zone and the method of measuring the instream temperature at the downstream end of the
mixing zone. To reduce these losses, several modifications are proposed for the Outfall 113
effluent requirements. First, to better align the mixing zone with the behavior of the effluent
plume, it is proposed that the shape of the mixing zone vary fbr conditions with and without flow
in the river. The mixing zone for conditions with flow in the river is identified as the active
mixing zone, whereas that for conditions without flow in the river is identified as the passive
mixing zone. Secondly, to provide better tracking of the plume for cases with flow in the river, it
is proposed to supply two downstream temperature monitors for the active mixing zone. Finally,
it is proposed that two instream temperature surveys, one in the summer and one in the winter, be
performed to confirm the adequacy of the passive mixing zone. TVA feels that these changes
can be made without any significant adverse impact to the aquatic ecology. To provide
verification of such, and specifically to confirm that bottom dwelling species and a zone of fish
passage are protected, it is proposed that these modificatiori be accompanied by a continuation
of temperature monitoring of the river bottom immediately beyond the outlet for Outfall 113
(i.e., the mussel relocation zone). Original plans called to discontinue this monitoring at the end
of the current permit cycle. TVA's program for routine monitoring of the ecological health of
the tailwater below Watts Bar Dam, located just 0.7 mile upstream of Outfall 113, will also help
provide ongoing scrutiny of potential impacts of the SCCW effluent. The information and data
provided in the following discussions are given in support of the proposed modifications for the
temperature effluent requirements.

1.0 BACKGROUND

A schematic of the SCCW system is shown in Figure 1. The system adds cool water from the
forebay of Watts Bar Dam to the condenser cooling water (CCW) for WBN Unit 1. This is
accomplished by passing water through a new conduit from the existing intake of the idle Watts
Bar Fossil Plant (WBF) to the cooling tower basin for WBN Unit 2, which also is idle. The
water passes through the Unit 2 cooling tower basin and enters the CCW system for Unit 1
through an opening in the wall separating the Unit 1 and Unit 2 intake channels. To return the
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flow to the river, a discharge conduit is provided from the Unit 1 cooling tower basin to the
former WBF discharge structure, now identified as WBN Outfall 113. The discharge structure
includes a channel with a weir and dropshaft, which delivers the effluent to a concrete culvert
containing a submerged outlet on the right-hand shoreline of the river (looking downstream).

The SCCW intake and discharge conduits both include control valves to regulate flow into and
out of the system.

Thermal plume modeling was used to evaluate the design of the SCCW system for its impacts on
the National Pollutant Discharge Elimination System "NPDES) effluent standards for instream
water temperature (Harper, 1997). This modeling assumed 24-hour averaging of the instream
temperature limits as sufficiently protective of receiving water quality for environmental review
purposes. The modeling results revealed that two modes of operation of the SCCW system are
required, "summer" and "winter." In summer mode, the fully heated SCCW effluent can be
routed to the river without threatening any of the limits for instream water temperature.
However, during those parts of the year when the flow in the river is low and cool, fully heated
SCCW effluent cannot be routed to the river without threatening the limit for instream
temperature rise. To protect this limit, a bypass conduit is provided in the SCCW system
between the intake conduit and the discharge conduit. In winter mode, a portion of the flow
from the intake conduit is routed through the bypass directly to the discharge conduit to dilute
the heated effluent before it enters the river at Outfall 113. Based on the model simulations, in
winter mode, roughly 40 percent of the SCCW intake flow needs to be routed through the bypass
to protect the limit for instream temperature rise. The simulations indicate that winter mode
operation may be needed intermittently between November and April each year.

Results from the thermal plume modeling also were used in the SCCW system Environmental
Assessment to assess its impact on aquatic ecology (TVA, 1998). The primary impacts
anticipated included:

* The concentration of fish and fishermen in the vicinity of the discharge,

* The potential for fish kills,

" The effects on reproduction Or growth of important sport and prey fish species, and

* The effects on bottom-dwelling species, particularly freshwater mussels.

Prior to startup of the SCCW system, information on sport fishing and sport fish communities in
the vicinity of WBN found that the concentration of fish and fishermen in the region of the
SCCW is very limited. Since SCCW startup, there have been no reports of adverse effects on
concentrations of fish and fishermen in the area. As for fish kills, during warm ambient river
conditions, sudden changes in the SCCW effluent temperature are not expected to be large
enough to cause mortality due to heat-shock. For cool ambient river conditions, the
Environmental Assessment identified that if a sudden, unexpected loss of heat from the SCCW
system were to occur during the coldest days of the year, limited cold-shock mortality of
threadfin shad could perhaps occur in the immediate region of the discharge. However, this

3

flow to the river, a discharge conduit is provided from the Unit I cooling tower basin to the 
fo~r WBF discharge structure, now identified as WBN Outfall 113. The discharge structure 
includes a channel with a weir and dropshaft, which delivers the effluent to a concrete culvert 
containing a submerged outlet on the right-hand shoreline of the river (looking downstream). 

The SCCW intake and discharge conduits both include control valves to regulate flow into and 
out of the system. 

Thermal plume modeling was used to evaluate the design of the SCCW system for its impacts on 
the National Pollutant Discharge Elimination System (NPDES) effluent standards for instream 
water temperature (Harper, 1997). This modeling assumed 24-hour averaging of the in stream 
temperature limits as sufficiently protective of receiving water quality for environmental review 
purposes. The modeling results revealed that two modes of operation of the SCCW system are 
required, "summer" and "winter." In summer mode, the fully heated SCCW effluent can be 
routed to the river without threatening any of the limits for instream water temperature. 
However, during those parts of the year when the flow in the river is low and cool, fully heated 
SCCW effluent cannot be routed to the river without threatening the limit for instream 
temperature rise. To protect this limit, a bypass conduit is provided in the SCCW system 
between the intake conduit and the discharge conduit. In winter mode, a portion of the flow 
from the intake conduit is routed through the bypass directly to the discharge conduit to dilute 
the heated effluent before it enters the river at Outfall 113. Based on the model simulations, in 
winter mode, roughly 40 percent of the SCCW intake flow needs to be routed through the bypass 
to protect the limit for instream temperature rise. The simulations indicate that winter mode 
operation may be needed intermittently between November and April each year. 

Results from the thermal plume modeling also were used in the SCCW system Environmental 
Assessment to assess its impact on aquatic ecology (TVA, 1998). The primary impacts 
anticipated included: 

• The concentration of fish and fishermen in the vicinity of the discharge, 

• The potential for fish kills, 

• The effects on reproduction or growth of important sport and prey fish species, and 

• The effects on bottom-dwelling species, particularly freshwater mussels. 

Prior to startup of the SCCW system, information on sport fishing and sport fish communities in 
the vicinity of WBN found that the concentration of fish and fishermen in the region of the 
SCCW is very limited. Since SCCW startup, there have been no reports of adverse effects on 
concentrations of fish and fishermen in the area. As for fish kills, during warm ambient river 
conditions, sudden changes in the SCCW effluent temperature are not expected to be large 
enough to cause mortality due to heat-shock. For cool ambient river conditions, the 
Environmental Assessment identified that if a sudden, unexpected loss of heat from the SCCW 
system were to occur during the coldest days of the year, limited cold-shock mortality of 
threadfin srnd could perhaps occur in the immediate region of the discharge. However, this 

3 



cold-sensitive species routinely experiences winter mortality below Watts Bar Dam, and would
be surviving artificially by the refuge created by the warm SCCW effluent. Since the startup of
the SCCW system, there have been no reports of any fish kills in the area, for threadfin shad or
other species, due to the Outfall 113 effluent.

The effects on reproduction and growth of important sport and prey fish included an examination
of key species found in the receiving water. These include sauger, white bass, threadfin shad,
catfish, and striped bass. In general, data from studies cited in the Environmental Assessment
indicates that the SCCW effluent would cause no significant adverse impact on reproduction and
growth of these species. To prevent adverse impacts on bottom-dwelling species, all freshwater
mussels in a 150-foot by 150-foot area at the outlet of the SCCW system were relocated to
nearby mussel habitats before the startup of the system. This area is known as the mussel
relocation zone, or MRZ.

In response to concerns related to the potential impacts of the SCCW system on freshwater
mussels, a three-dimensional computer model was used to evaluate the behavior of the effluent
plume for worst-case scenarios for both summer and winter modes of operation (Harper et al.,
1998). Of particular interest was the effectiveness of a proposed ramp on the invert of the
SCCW outlet to deflect the discharge upward and away from the bottom of the river. The model
results indicated that for the conditions examined, the desired outcome would be achieved by the
ramp, and consequently it was added to the SCCW outlet. The model results also demonstrated
that buoyancy would carry the warm effluent towards the surface of the river and preserve a zone
of passage for fish along the bottom, particularly in that portion of the river across from
Outfall 113 containing the deep navigation channel.

It should be emphasized that TVA's design and Environmental Assessment for the SCCW
system were made assuming the thermal effluent limitations would be evaluated based on a
24-hour average. TVA believes that the appropriate time scale for protecting aquatic wildlife
depends on the character of aquatic wildlife in the zone of impact of the thermal effluent. For
the WBN SCCW system, all the data cited in the Environmental Assessment supported the
conclusion that the aquatic wildlife would be adequately protected by a time-scale based on a
24-hour average. However, as described in the current NPDES permit, the water quality criteria
have been interpreted as applicable on an instantaneous basis. Recognizing that monitoring of
the water temperature on an instantaneous basis is not pragmatic, the NPDES permit specifies
that most of the thermal effluent limitations be implemented using 1-hour averaging.

After two years of operation, evaluations of the impacts of the SCCW system on resident aquatic
communities in the upper part of Chickamauga Reservoir have concluded that both the SCCW
intake and thermal effluent discharge have had no measurable adverse impacts on aquatic
wildlife in the forebay of Watts Bar Dam and the upper two-thirds of Chickamauga Reservoir
(Baxter et al., 2001). After five years of operation, the Reservoir Fish Assemblage Index (RFAI)
results show no measurable adverse impacts to fish and benthic communities in the vicinity of
Outfall 113 (Baxter et at, 2004). Threatened and endangered freshwater mussels are found to
occur on both sides of the river in the zone of impact of the thermal effluent (TVA, 2004).
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2.0 CURRENT NPDES THERMAL EFFLUENT REQUIREMENTS

The thermal effluent requirements for Outfall 113 include the dimensions of the mixing zone,
thermal effluent limitations, monitoring system, operating procedures, and special temperature
surveys.

2.1 Existing Mixing Zone

The current mixing zone is described in Section VII of the rationale for the NPDES permit
(TDEC, 1999). TVA initially recommended the size of the mixing zone based on thermal
modeling of the effluent plume using CORMIX (Harper, 1997; Jirka et al., 1996), again with
simulations based on a 24-hour averag of the temperature limitations. The recommended
dimensions of the mixing zone were based on conditions producing an extreme temperature rise
in the river. In general, this includes the release of warm SCCW effluent at high flow into a cool
ambient river moving under low- flow conditions. The simulations indicated that under these
conditions, the temperature rise in the plume would reach a value close to the NPDES instream
limit, 3 C', at a distance of about 1000 feet from the SCCW outfall.

The thermal modeling studies also predicted that the position of the plume created by the SCCW
discharge would vary significantly depending on the flow in the river. When no flow is being
released from Watts Bar Dam, the plume was predicted to extend across the entire river. When
releases from Watts Bar Dam are present, the plume was predicted to reside in the right-hand
portion of the iiver (facing downstream). Thus, under operating conditions wherein daily
releases from Watts Bar Dam can vary between no flow and high flow, the plume would shift
back and forth across the river. It should be noted that in all cases, the plume was predic ted to
reside primarily in the upper portion of the water column, thus providing a safe habitat for
bottom dwelling species and a zone for fish passage. Overall, under these conditions, the
original recommended mixing zone extended transversely from bank-to-bank and longitudinally
for a distance of 1000 feet downstream of the SCCW outfall, as shown in Figure 2.

2.2 Existing Thermal Effluent Limitations

The thermal effluent limitations for Outfall 113 are specified in Part I.A. of the current NPDES
permit (TDEC, 1999). Those of interest herein are summarized in Table 1. Thus, the effluent
from the SCCW must not cause the temperature of the receiving water outside of the mixing
zone (Td) to exceed 30.5°C, nor a rise in temperature above that of an upstream (ambient) control
point (AT) to be more than 3 C'. Furthermore, the effluent shall not cause the temperature of the
receiving water outside of the mixing zone to change faster than 2 C' per hour. Although not
explicitly indicated, the limitation for the temperature rate-of-change (TROC) is considered
applicable to both increases and decreases in temperature (i.e., ±2 C0 per hour).
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2.0 CURRENT NPDES THERMAL EFFLUENT REQUIREMENTS 

The thermal effluent requirements for Outfall' 113 include the dimensions of the mixing zone, 
thermal effluent limitations, monitoring sys tem, operating procedures, and special temperature 
surveys. 

2.1 Existing Mixing Zone 

The current mixing zone is described in Section VII of the rationale for the NPDES permit 
(TDEC, 1999). TV A initially recommended the size of the mixing zone based on thermal 
modeling of the effluent plume using CORMIX (Harper, 1997; Jirka et at, 1996), again with 
simulations based on a 24-hour avera~ of the temperature limitations. The recommended 
dimensions of the mixing zone were based on conditions producing an extreme temperature rise 
in the river. In general, this includes the release of warm SCCW effluent at high flow into a cool 
ambient river moving under low- flow conditions. The simulations indicated that under these 
conditions, the temperature rise in the plume would reach a value close to the NPDES instream 
limit, 3 Co, at a distance of about 1000 feet from the SCCW outfall. 

The thermal modeling studies also predicted that the position of the plume created by the SCCW 
discharge would vary significantly depend ing on the flow in the river. When no flow is being 
released from Watts Bar Dam, the plume was predicted to extend across the entire river. When 
releases from Watts Bar Dam are present, the plume was predicted to reside in the right-hand 
portion of the river (facing downstream). Thus, under operating conditions wherein daily 
releases from Watts Bar Dam can vary between no flow and high flow, the plume would shift 
back and forth across the river. It should be noted that in all cases, the plume was predic ted to 
reside primarily in the upper portion of the water column, thus providing a safe habitat for 
bottom dwelling species and a zone for fish passage. Overall, under these conditions, the 
original recommended mixing zone extended transversely from bank-to-bank and longitudinally 
for a distance of 1000 feet downstream of the SCCW outfall, as shown in Figure 2. 

2.2 Existing Thermal Effluent Limitations 

The thermal effluent limitations for Outfall 113 are specified in Part I.A. of the current NPDES 
permit (TDEC, 1999). Those of interest herein are summarized in Table 1. Thus, the effluent 
from the SCCW must not cause the temperature of the receiving water outside of the mixing 
zone (T d) to exceed 30.5°C, nor a rise in temperature above that of an upstream (ambient) control 
point (~T) to be more than 3 Co. Furthermore, the effluent shall not cause the temperature of the 
receiving water outside of the mixing zone to change faster than 2 Co per hour. Although not 
explicitly indicated, the limitation for the temperature rate-of-change (TROC) is considered 
applicable to both increases and decreases in temperature (i.e., ±2 Co per hour). 
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Figure 2. Current Mixing Zone and Monitoring Stations for Outfall 113

Table 1. Thermal Effluent Limitations for Outfall 113 for Current NPDES Permit

Effluent Characteristic Effluent Limitation
Temperature, Effluent (Te) Report Effluent Temperature
Temperature, Edge of Mixing Zone (Td) 30.5-C (86.9°F)
Temperature, Rise Upstream to Downstream (AT) 3 C0 (5.4 FP)
Temperature, Rate-of-Change (TROC) 2 C' per hour (3.6 P per hour)
Temperature, Receiving Stream Bottom (Tmrz) 33.5°C (92.3°F)
Streamflow Direction, Receiving Stream Bottom (0mrz) Report Status of Flow
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For Td, AT, and TROC, Part I.C. of the NPDES permit specifies that temperature measurements
shall be calculated as 1-hour averages. (Note: Td is calculated as the average of three sensors as
described below.) Section VII of the permit rationale specifies that the temperature of the
receiving stream bottom (Tmrz) shall be monitored on an instantaneous basis. Based on the
required frequency of measurements, again specified in Part I.C., instantaneous temperatures are
to be taken every 15 minutes. Part I.C. also defines 1-hour averages as the average of the current
and previous four 15-minute readings, in effect creating rolling averages.

2.3 Current Monitoring System

A real-time monitoring system is used to measure the water temperatures required by the thermal
effluent limitations and to compute the corresponding compliance characteristics. The locations
of the water temperature stations used by the monitoring system are shown in Figure 2. The
upstream ambient water temperature (i.e., control point for determining AT) is measured at
Station 30, located near the center of the discharge from the powerhouse at Watts Bar Dam. The
station includes a string of six thermistors situated at various depths. The upstream ambient
temperature Tu is taken as the reading from the first thermistor at or below a depth of 5 feet.

The downstream water temperature is measured at Station 33, located near the center of the river
about 350 feet from the right-hand shoreline at the downstream end of the mixing zone. This
location was selected to "catch" the plume as it shifts back and forth in the mixing zone, while
keeping clear of navigation areas that exist on each side of the river. On the left side of the river
is the navigation channel maintained by the U.S. Army Corps of Engineers, and on the right side
are mooring activities for salvage operations at the WBF. Station 33 includes a string of three
thermistors suspended in the water from a floating buoy, one each at depths of 3 feet, 5 feet, and
7 feet. The downstream temperature Td is taken as the average of the readings from the three
thermistors,

T- T3 + T5 + T7 (1)
3

The instream temperature rise, AT, is then computed as the difference between the individual
downstream and upstream measurements,

AT = Td -Tu. (2)

The remaining thermal characteristics are measured at Station 32, located at Outfall 113. The
effluent temperature, Te, is rreasured by a thermistor immersed in the SCCW discharge before it
enters the river. The temperature of the receiving stream bottom is measured by four thermistors
situated at points around the periphery of the mussel relocation zone, shown schematically in
Figure 3. For any 15-minute (instantaneous) measurement, the temperature of the receiving
stream bottom, T mrz, is taken as the highest of the four individual sensors,

TmrZ MAX[TNTSTNE,TSE].' (3)
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The streamflow direction of the receiving stream bottom, 0 mrz, is measured by an ultrasonic
velocity sensor situated at the center of the upstream edge of the MRZ, as shown in Figure 3.

1
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Figure 3. Effluent Monitoring in Outfall 113 Mussel Relocation Zone

2.4 Existing Operating Procedures

In general, the operation of the SCCW system is constantly scrutinized. Measurements from all
of the water temperature stations are collected and evaluated automatically every 15 minutes by
the WBN Environmental Data Station (EDS). The EDS provides the data to operators in the
WBN control room and issues callouts (i.e., alarms) if any of the water temperature effluent
characteristics encroaches on the Outfall 113 limitations given in Table 1. Furthermore, during
critical times of the year, water temperature forecasts are performed in an attempt to provide
advance notice of the potential need to change the mode of operation of the SCCW system.
Formal plant procedures are used in making such changes. To minimize the possibility of heat-
or cold-shock to the aquatic environment, and as specified in Part IA. of the NPDES permit,
procedures require all flowrate changes in the SCCW system to occur only during periods when
the flow in the receiving water is at least 3500 cfs. This includes periods of startup and
shutdown of the SCCW system

2.5 Hydrothermal Surveys

A number of instream hydrothermal surveys have been performed for the Outfall 113 effluent.
When the SCCW system commenced operation on July 19, 1999, the instream monitoring
system was not yet installed. As such, in coordination with the startup, a survey was required to
determine the three-dimensional configuration of the thermal plume, substantiate the thermal
modeling, and to assure conformance with the assigned mixing zone (Harper and Smith, 1999).
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The flow in the river during startup was about 33,000 cfs. Measurements revealed that the
thermal plume resided in the right side of the river, spreading at the end of the 1000-foot mixing
zone to encompass about 1/3 of the width of the river and dispersing in the upper 2 meters of the
water column. The downstream temperature and instream temperature rise were in good
agreement with that predicted by the thermal model (i.e., CORMIX). Since the flow was steady,
there was no significant time-dependent change in temperature at the downstream end of the
mixing zone (i.e., the TROC was essentially zero). The measurements revealed that the
1000-foot mixing zone and mussel relocation zone contained the thermal discharge within the
effluent limitations specified in the NPDES permit, at least for the river and plant conditions
prevailing during startup of the system.

In addition to startup, Part III. B. of the current NPDES permit specifies that TVA shall conduct
surveys of the thermal effluent during the first year of full operation of the SCCW system. The
goal of the surveys was to determine, for different seasons of the year, the effects of water
releases from Watts Bar Dam on mixing of the thermal plume, particularly for cases containing
periods of no flow. A summary of basic field conditions is given in Table 2 for the Part III.B.
surveys that ultimately were completed. The surveys were conducted with ambient conditions
indigenous of the winter, spring, summer, and fall. In general, the surveys confirm the basic
behaviors predicted in the original CORMIX simulations. In particular, the position of the
thermal plume varies significantly depending on the flow from Watts Bar Dam. An example is
given in Figure 4, which shows the measured plume for three cases; those including releases of
about 0 cfs, 7000 cfs, and 18,000 cfs from Watts Bar Dam. For 0 cfs, the plume from Outfall
113 extends across the entire river. In such events, the surveys show that it takes roughly
between three to four hours for the plume to reach the opposite shore. At 7000 cfs, the plume
extends towards the middle of the river. And for 18,000 cfs, the plume resides primarily near the
right- hand shoreline of the river. The surveys also confirm that changes in the river temperature
caused by the SCCW discharge will be higher in the winter, due to the larger difference between
the SCCW effluent temperature and ambient river temperature, at least for events occurring on
warm winter days.

Table 2. Field Conditions for Outfall 113 Thermal Surveys (after Smith et al., 2001)

No. Date RiverRiver Conditions
Temperature Temperature

1 2/23/2000 46.50F 67 0F No river flow for about 8 hours
2 3/8/2000 51 .0°F 66 0F River flow about 7000 cfs
3 5/18/2000 64.4°F 85°F No river flow for about 11 hours
4 8/1/2000 80.60F 80°F No river flow for about 12 hours
5 12/14/2000 48.5°F 45°F No river flow for about 9 hours

The summary of data from the instream monitoring system shows that the SCCW is being
operated in a manner to achieve compliance with the NPDES permit, with no violations of the
instream thermal limitations. Of particular importance is the protection of bottom dwelling
species and maintenance of a zone of fish passage in the lower part of the water column. The
data summarized by Smith et al. (2001), as mell as all more recent data from the instream moni-
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toring system, reveals that bottom species and fish passage are protected. This is emphasized in
Figure 5, which shows the Outfall 113 effluent temperature and MRZ bottom temperature since
the startup of the SCCW system. The region of the MRZ is where water temperatures are
expected to be highest. As shown, even though the effluent temperature has, on rare occasions,
exceeded 33.5°C (report-only requirement), the bottom temperature has never exceeded about
29°C (limit 33.5 'C). It is important to note that the maximum allowable essential raw cooling
water temperature, Tercw, for continued operation of WBN is 29.4°C, which is needed to
guarantee a safe shutdown of the reactor in the event of an emergency. If the water temperature
at the plant pumping station located 1.3 miles downstream of Outfall 113 reaches 29.4°C, the
operation of WBN would be suspended, and thus the heat load of the SCCW system would be
dramatically reduced. Therefore, in terms of protecting bottom dwelling species and fish
passage, the impact to the river from Outfall 113 would by necessity be reduced by WBN going
offline should the ambient bottom temperature ever exceed 29.4°C.

3.0 CONCERNS FOR EXISTING THERMAL EFFLUENT REQUIREMENTS

Despite the success of the SSCW system in complying with NPDES permit conditions,
experience has found that the existing therrml effluent limitations for Outfall 113 have restricted
the SCCW's operation beyond that anticipated in the original design. The resulting losses in
generation are perhaps as great as 6300 megawatt hours per year, costing TVA as much as
$200,000 annually. The SCCW operational restrictions are related to concerns in two areas-the
24-hour average assumptions used for the design of the mixing zone, and the method of
monitoring downstream temperature. A discussion of each follows.

3.1 Design Assumptions for Mixing Zone

As previously summarized, the original TVA recommendation for the dimensions of the mixing
zone was based on 24-hour averaging of the effluent limitations, wherein the thermal plume
reaches equilibrium conditions at about 1000 feet downstream of Outfall 113. With 1-hour
averaging, as specified in the NPDES permit, routine short-term spikes in the plume thermal
characteristics are more extreme. An example is given in Figure 6, which shows the measured
temperature rise for Outfall 113 for both 24-hour averaging and 1-hour averaging for May 2001
(Smith et al., 2001). The spikes for 1-hour averaging are apparent. Due to the unsteady nature
of river flows, the prediction of instream temperatures on a 1-hour average basis leads to greater
uncertainty. Higher uncertainty, in turn, can force the SCCW system to be changed to winter
mode, or perhaps shut down, when such changes actually may not be necessary to be protective
of fish and aquatic life. In general, a longer mixing zone is needed to better attenuate
temperature spikes created by 1-hour averaging and to reduce unnecessary operation of the
SCCW in winter mode.
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3.2 Current Issues with Monitoring Downstream Temperature

The current method of monitoring the instream thermal limitations for Outfall 113 can lead to
erroneous values for the temperature of the plume at the downstream end of the mixing zone.
This, in turn, can lead to potentially erroneous values for the reported thermal effluent
characteristics, in particular the instream TROC.

Temperature at Downstream Edge of Mixing Zone

In general, the current single, fixed monitor at the downstream end of the current mixing zone
captures the true temperature in the plume only a fraction of the time. This can be explained
using the survey results shown in Figure 4. For river flows greater than about 15,000 cfs, the
plume tends to reside between the monitor and the right-hand shoreline of the river. Based on
recorded river flow since the startup of the SCCW system, this has occurred roughly 60 percent
of the time. Fortunately, for such flows, the assimilative capacity of the receiving stream is large
enough to prevent threats to the instream effluent limitations. For river flows including no-flow
events lasting more than about four hours, the major part of the plume tends to reside between
the monitor and the left-hand shoreline of the river. Based on recorded river flow since the
startup of the SCCW system, this has occurred roughly 10 percent of the time. Overall,
therefore, for perhaps as much as 70 percent of time, the existing downstream monitor has not
captured the true temperature in the plume. In part, this is not of great concern because the flow
conditions that tend to create the largest instream temperature rise falls in the remaining category
that usually is captured by the current monitor, that is, flows less than about 15,000 cfs and no-
flow events not exceeding about four hours.

It should be noted that despite the fact that the downstream monitor may not be capturing the
true temperature in the plume 70 percent of the time, the daily maximum values reported in the
discharge monitoring report PDMR) for the NPDES thermal characteristics are likely very
representative of the true maximum values. For most days, the variation in releases from Watts
Bar Dam causes the plume to encounter the downstream monitor at least once per day. As
emphasized above, this will usually occur under conditions producing the largest instream
temperature rise. As such, theresulting instream thermal characteristics captured during these
encounters are likely of the same order of magnitude as the true daily maximum values. An
exception to this rule is the TROC, which is discussed in more detail below. Another obvious
exception is during extended periods of high river flow where the discharge remains above
15,000 cfs continuously for one or more days. In these cases, the plume will not encounter the
monitor for perhaps days. But as previously mentioned, conditions at these flows are such that
the instream effluent limitations are not threatened.

Temperature Rate-Of-Change (TROC)

Modeling for the original design of the SCCW system evaluated the TROC based on the
temperature in the plume at the end of the recommended 1000-foot mixing zone. That is, the
model assumed that the measurement for the downstream temperature would follow the plume as
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it meandered back and forth in the river in response to changing releases from Watts Bar Dam
The current single, fixed downstream monitor, however, does not follow the plume. This creates
a problem if the temperature in the plume is more than 2 C' above the temperature of the
ambient river water. This situation is shown schematically in Figure 7. As summarized above,
for low river flows, the thermal plume tends to pass over the monitor. For high flows, however,
the plume is forced off the monitor, moving closer to the right-hand shoreline of the river. If the
temperature in the plume is more than 2 C' higher than the river ambient temperature, a rapid
change in flow from Watts Bar Dam will easily threaten the effluent limit for the TROC. Note
that such events are caused by the unsteady behavior of river flow, not unsteady operation of
WBN. Rapid changes in releases from Watts Bar Dam are produced by routine TVA river
operations. Thus, since Watts Bar Dam is operated to provide the best benefit for the entire river
system, not just for WBN, in order to prevent a violation of the limit for the TROC, the SCCW
must be restricted so that the instream temperature rise remains below 2 C', rather than a rise of
3 C' as allowed by the current NPDES permit.

ýY Outfall 113

-Outfall 113

Figure 7. Meandering of Outfall 113 Plume Due to Changing River Flow
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4.0 PROPOSED MODIFICATIONS TO EFFLUENT REQUIREMENTS

To mitigate concerns related to the design of the mixing zone and the method of monitoring
downstream temperature, the following modifications are proposed for the Outfall 113 effluent
requirements.

Provide a mixing zone aligned with flow conditions in the river: In this approach the mixing
zone includes a "passive" shape and an "active" shape. The passive mixing zone would
correspond to conditions when there is no flow in the river or only leakage from Watts Bar
Dam-that is, when there are no releases due to hydropower or spillway operations at the dam.
For this case, the thermal plume from Outfall 113 tends to migrate across the iver and is
contained by the existing mixing zone, extending from bank to bank and downstream 1000 feet.
The active mixing zone would apply to all other flow conditions, where the plume tends to reside
in the right-hand side of the river. The active mixing zone would include the right-half of the
river and extend 2000 feet downstream of Outfall 113. In this manner, the area of the passive
and active mixing zones would be roughly the same. The active and passive mixing zones are
shown in Figure 8.

In general, the active mixing zone is more compatible with the type of temperature spikes that
occur with 1-hour averaging, as illustrated in Figure 6. More importantly, for events
characterized by rapid changes in river flow from Watts Bar Dam, as illustrated in Figure 7, the
attenuation of the thermal effluent will help maintain the instream temperature rise below 2 C',
thereby reducing threats to the limit for the TROC caused by transverse meandering of the
plume. This is further illustrated in Figure 9, which shows the computed temperature rise for
two mixing zones: one of length 1000 feet, corresponding to the passive (original) mixing zone;
and one of length 2000 feet, corresponding to the active mixing zone. The computations were
performed for an extreme condition including the discharge of warm SCCW effluent at high flow
into a cool river moving at low flow. As shown, for an SCCW discharge temperature of about
14 C' above the ambient river temperature, the 2000-foot mixing zone provides a temperature
rise of about 2 C'. In effect, what Figure 9 shows is that operating the SCCW system to
maintain AT below 2 C0 with a 2000-foot mixing zone is basically the same as operating the
SCCW system to maintain a AT below 3 C0 with the current 1000- foot mixing zone. It needs to
be emphasized that compared to a 1000-foot mixing zone, a 2000-foot mixing zone Will yield
potential changes in the Outfall 113 effluent only during the cooler months of the year when the
current thermal effluent requirements overly restrict the operation of the SCCW system. During
the summer, due primarily to the higher ambient river temperatures, the impacts of a 2000- foot
mixing zone will be the same as those of a 1000- foot mixing zone, because the SCCW operation
is already unhindered with a 1000-foot mixing zone.
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Figure 8. Proposed Modified Mixing Zone and Monitoring Stations for Outfall 113
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winter ambient conditions and one during summer ambient conditions. The surveys would be
performed while the SCCW system is thermally loaded and with low river flow. The surveys
would include temperature measurements at a sufficient number of locations across the
downstream edge of the passive mixing zone to locate the effluent plume. The measurements
would be compared with the results from the thermal plume model and summarized in a report to
the division semiannually.

Keep bottom temperature monitoring in the MRZ: To confirm that the active mixing zone will
not endanger bottom dwelling species and the zone of fish passage, the current temperature
monitors around the periphery of the MRZ (Figure 3) would be maintained throughout the next
permit cycle.

Remove streamflow direction monitors: Since the streamflow direction in the MRZ is largely
independent of water temperature, it is recommended that the MRZ velocity sensor be removed.
In general, because the velocity in the MRZ is strongly correlated with river flow, releases from
Watts Bar Dam can be used, if needed, to estimate the streamflow direction in the MRZ.

5.0 IMPACT OF PROPOSED MODIFICATIONS ON AQUATIC ECOLOGY

In general, the proposed modifications to the SCCW effluent requirements are intended to
recover the operational flexibility of the original design and'provide for the system to function in
conditions that are still protective of aquatic ecology. As such, the analyses and conclusions of
the original environmental assessment and other studies, previously summarized, still apply to
the proposed modifications (i.e., Section 2.0). These analyses and studies were conducted for
extreme plant and river conditions independent of imaginary boundaries in the river that define
the mixing zone. Perhaps of greatest importance in operating the SCCW system is the need to
avoid potential adverse impacts to bottom dwelling species and the zone of fish passage. Recent
studies by Fraley et al. (2002) have concluded that a few native freshwater mussels in the mixing
zonewould be impacted by heated discharges. However, the analyses of instream data collected
thus far for Outfall 113 show that heat from the SCCW effluent does not reach the bottom in
significant amounts. Yet, threatened and endangered freshwater mussels are found on both sides
of the river (TVA 2004). Other data show that even after five years of operation, a balanced
Indigenous Population (BIP) of aquatic life in the vicinity of the discharge is being maintained
(Baxter et al., 2004). The 2000-foot active mixing zone is not expected to impact maximum
bottom temperatures nor impede the passage of aquatic species. Thus, in general, bottom
dwelling species and the zone of passage will be protected for an extended mixing zone.

TVA's operational controls at WBN and its ongoing program for routine monitoring of the
ecological health of key sites throughout this reservoir system, including the tailwater below
Watts Bar Dam, will help ensure that Outfall 113 is operated in a manner to prevent any
significant adverse impacts on the aquatic environment.
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1.0 PURPOSE AND NEED FOR ACTION

1.1 Introduction
In 1980, the Tennessee Valley Authority (TVA) prepared three environmental
assessments (EAs). These EAs evaluated the management of low-level
radioactive waste (LLRW) at each of TVA's nuclear plants, Sequoyah (SON)
Watts Bar (WBN) and Browns Ferry (BFN). At that time, TVA believed that
Chem-Nuclear Systems, Inc.'s, commercial radioactive waste disposal site in
Barnwell, South Carolina would be limited (within 10 years) in its capacity to
accept for disposal packaged LLRW from each utility. Part of the action for
future management of LLRW at the nuclear sites that was assessed in these
EAs was to construct a Long-Term LLRW Onsite Storage Facility (OSF) at each
nuclear plant site. Storage facilities were constructed at SON and BFN. The
LLRW OSFs were licensed by the United States Nuclear Regulatory
Commission (NRC) under Titlel 0 Code of Federal Regulations (CFR) Part 30.
Due to the fact that Barnwell remained open and economically feasible, and TVA
did not generate the amount of LLRW predicted in the 1980 EAs, the LLRW
storage facilities were never used. The license for the SON OSF was terminated
by TVA at NRC's request in May 1990.

Following his election on November 4, 1998, Governor Jim Hodges of South
Carolina announced the state's intention to close the Barnwell disposal facility to
radioactive waste generated outside the state of South Carolina. In July, 1999,
TVA began to examine other alternatives for storage or disposal of LLRW. The
current proposal to operate the OSF for storage of the LLRW generated at WBN
and SON was prompted by the imminent closure of the Barnwell disposal facility,
higher operating costs due to the imposition of access fees and disposal fees,
and the lack of availability of a comparable facility to accept LLRW. TVA
proposes to store SON's and WBN's LLRW at SON's previously constructed
storage facilities.

This environmental assessment was prepared in accordance with the National
Environmental Policy Act (NEPA) and TVA's implementing procedures. It
addresses specific issues and potential environmental impacts associated with
the storage of SON and WBN LLRW at SON, temporary storage of WBN LLRW
at WBN, and the shipment of the WBN LLRW to the OSF at SON not previously
addressed in the 1980 EAs.

1.2 Project Description
The LLRW OSF at SON is a preexisting facility built in 1981 on 20 acres at the
east-central edge of the SON property. The site is outside the SON protected
area (the plant and the area inside the security fence), but within the owner -
controlled area (i.e. land owned by TVA within the immediate vicinity of the
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plant). The LLRW would be stored in independent storage modules. Each
module contains four compartments, with five cells per compartment. The types
of LLRW (SQN or WBN) that would be stored in the modules are spent Chemical
and Volume Control System (CVCS) resin, radwaste deionization (RAD DI) resin,
tank solids, dried cartridge filters, and other miscellaneous solid wastes from
both SQN and WBN. The wastes would be prepared for onsite Tstorage using
the same methods currently used for offsite disposal. Resins would be
dewatered to less than one percent (1%) by volume of free standing liquids.
Filters would be stored dry. Trash would be compacted or incinerated to an ash.
All radioactive wastes would be packaged in high integrity containers (HICs).
SQN and WBN radioactive wastes would not be commingled in the same
container. Containers would be marked with a unique identifying number, and
the storage location tracked. Wastes from SQN would be kept in separate
storage compartments away from WBN radioactive wastes. Paperwork would be
retained and maintained as a QA record and would include container number,
plant of origin, waste type, waste form, storage location, isotopes, and Curie
content. A waste table estimating annual waste volumes and activity follows:

Estimated Annual Waste Volumes and Activity
for Sequoyah and Watts Bar Nuclear Plants

_______________ 'eqti ah~- , Wattsý,Bar -

SWaste Type~ VWbt iurn-,- ftigr- C'hstr ý_-Volumefcwt/yr:, CuriesivrJ_

CVCS Resin 100 300 100 100

RAD DI Resin 300 30 200 20

Cartridge Filters 50 100 25 50

Dry Active Waste 100* 1 50* 1

Misc. Radwaste 50 1 50 1

Total 600 432 425 172

* If not accepted by Envirocare of Utah for disposal.

Since the modules have not been utilized since construction, minor repairs would
be made to the valves in the sump and cell cap seating surfaces before the OSF
would be used for storage of any LLRW.

1.3 Need for the Proposed Action

Since the State of South Carolina intends to close the Barnwell disposal facility
to radioactive waste generated outside the state, and since there is no other
disposal facility available to accept this type of radioactive waste, TVA proposes
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to take the ion-exchange resin, cartridge filters, and other miscellaneous
radioactive wastes generated at SQN that had previously been sent to
Barnwell and store them at the LLRW OSF at SQN. Other low-activity
radioactive waste would continue to be sent to the Envirocare of Utah disposal
facility. TVA also proposes to use the SQN LLRW OSF for storage of
radioactive wastes generated at WBN. WBN has no storage facility and the
LLRW OSF at SQN has adequate capacity to store both SQN and WBN LLRW.
The WBN LLRW would be segregated from the SQN LLRW. The anticipated
storage period would be for the remaining life of the plants until
decommissioning ( at which time 10 CFR 51.53(b) requires the licensee to
submit a license amendment to authorize decommissioning, and a supplemental
environmental review) or until offsite commercial disposal is economically
feasible for TVA.

1.4 Regulatory Approvals
Storage of WBN waste at SQN would require approval by NRC of a TVA request
for a SQN License Amendment and Exemption to 10 CFR 50.54(ee).

2.0 DESCRIPTION OF ALTERNATIVES

2.1 Alternatives
There are two alternatives to the proposed action. The first alternative would be
td not use Barnwell nor onsite storage. This does not meet TVA's needs
because TVA's generating plants could not operate if there were no place for
long term management of their radioactive waste. The second alternative, no
action, would be to continue to use Barnwell until it closes. This would only defer
the need for long term storage of radioactive waste and due to escalating access
and disposal fees would not be economically feasible.

2.2 Proposed Action

2.2. 1 Short Term Temporary Storage
WBN would designate an existing concrete pad located in the yard east of the
Condensate Demineralizer Waste Evaporator (CDWE) building as a temporary
storage area for radioactive material (contaminated equipment, tooling, etc.) and
for dry active waste, radioactive filters, and radioactive ion-exchange resin.

All radioactive material/radioactive waste would be contained in weather
resistant containers. Resins and filters would be stored in high-integrity
containers (HICs) stored inside reinforced concrete storage vaults. Oil and
other radioactive liquids would be limited on the pad to staging (i.e., being
readied for imminent shipment). The pad is enclosed by a chain link fence,
and access would be administratively controlled. General area visual
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inspections and radiation/contamination surveys would be performed routinely
in accordance with established procedures.

SQN would temporarily store their LLRW in the existing SQN waste packaging
area within the Auxiliary Building. This area was designed to safely store (within
limits set by 10 CFR Part 20) packaged radioactive wastes. Resins and filters
would be stored in HICs (high-density cross-linked polyethylene tanks with a
300-year lifetime) stored inside reinforced concrete storage vaults or approved
shipping containers. These storage methods were assessed in the 1980 SQN
EA for Low-Level Radioactive Waste Management.

2.2.2 Onsite LLRW Storage at the SQN Facility

SQN would place radioactive wastes in the modules as the radioactive wastes
are generated or received. The placement of radioactive wastes in the modules
are estimated to occur no more than five times per year. Access to the interior of
the module would be provided only from above, and would require the use of a
heavy-lift crane. The interior surfaces (floor and sides) of each module are
sealed with a protective coating. The storage structures are designed to store
the LLRW in such a way that the waste is completely retrievable. All structures
containing LLRW are constructed of reinforced concrete.

Waste would initially be stored as it is generated. The first storage is planned in
November or December 1999 depending on the timing of waste generation. The
SQN modules would not be used for WBN radioactive waste until NRC approval
of the license amendment and exemption request is received. If necessary,
SQN and WBN LLRW-may be temporarily staged within the storage module
fence, but outside the modules, until the modules are opened under existing
safety reviews. Radiation doses at the storage module would not exceed those
approved in the expired 10 CFR 30 storage license.

The SQN LLRW OSF meets, exceeds, or compares favorably with the guidelines
established by the NRC in Generic Letter 81-38, Storage of Low Level
Radioactive Waste at Power Reactor Sites. HICs stored in the module are
adequately protected by the 50 ton module lids that require a large crane, a
special lifting beam, and significant time to gain access. Periodic security patrols
employed by SQN give added protection.

3.0 EXISTING CONDITIONS AND POTENTIAL IMPACTS

3.1 Introduction
The impacts of the construction/operation of the LLRW OSF at SQN were
addressed in the 1980 Environmental Assessment for LLRW Management. This
Environmental Assessment addresses specific issues and potential
environmental impacts associated with the storage of SQN and WBN LLRW at
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SON, temporary storage of WBN LLRW at WBN, and the shipment of the WBN
LLRW to the OSF at SQN.

3.2 Water Resources

3.2.1 Wastewater

There are currently 5 storm drain inlet structures that take drainage from the
LLRW OSF. These drains route water to the Cold Water Return Channel. The
current SON National Pollutant Discharge Elimination System Permit covers any
storm water runoff that enters the Cold Water Return Channel (DSN 110). Since
the measures in the Storm Water Pollution Prevention Plan would be employed
while LLRW is being placed into the modules, impacts on water quality would be
minimal.

3.3 Solid and Hazardous Waste

3.3.1 Radiation Monitoring and Protection
The HICs have a design goal of a minimum lifetime of 300 years. The HICs are
designed to maintain their structural integrity and contain their contents over this
period. Also HICs meet the following additional criteria (as a minimum) as stated
in Nuclear Regulatory Commission (NRC) Branch Technical Position on Waste
Form.

* The HIC's material is tested in accordance with ASTM B553 in a manner
described in Section C2(b) of the NRC Branch Technical Position on Waste
Form to accept the thermal loads from processing, storage, transportation,
and burial.

* The HICs satisfy the radiation stability of the container materials as well as
radiation degradation effects from the wastes.

* The HICs satisfy the requirements for a Type A package as specified in 49
CFR 173.410, 173.412, and 173.465. HICs are also required to pass a 20
foot drop test with no release of contents.

The activity of the LLRW stored inside the LLRW OSF is limited to a total of
88,500 Curies for the life of the facility. Additionally, the storage of wastes
generated in the course of a year can not exceed 17,744 Curies. These
limitations are established in the Safety Assessment / Screening Review / Safety
Evaluation (as required in 10 CFR 50.59) prepared for the long-term storage of
radioactive waste at the SON LLRW OSF. Periodic radiation monitoring would
be conducted to verify that radiation levels would be within acceptable levels,
and cumulative impacts are kept to a minimum.

Occupational radiation doses during storage, monitoring, and retrieval of the
waste are expected to be a small percentage of the total dose to workers who

7 Tennessee Valley Authority
November 1999

Environmental Assessment 
Low Level Radioactive Waste 

Transport and Storage 
Watts Bar and Sequoyah Nuclear Plants 

saN, temporary storage of WBN LLRW at WBN, and 'the shipment of the WBN 
LLRW to the OSF at SaN . 

. 3.2 Water Resources 

3.2. 1 Wastewater 

There are currently 5 storm drain inlet structures that take drainage from the 
LLRW OSF. These drains route water to the Cold Water Return Channel. The 
current SaN National Pollutant Discharge Elimination System Permit covers any 
storm water runoff that enters the Cold Water Return Channel (DSN 110). Since 
the measures in the Storm Water Pollution Prevention Plan would be employed 
while LLRW is being placed into the modules, impacts on water quality would be 
minimal. 

3.3 Solid and Hazardous Waste 

3.3. 1 Radiation Monitoring and Protection 
The HICs have a design goal of a minimum lifetime of 300 years. The HICs are 
designed to maintain their structural integrity and contain their contents over this 
period. Also HICs meet the following additional criteria (as a minimum) as stated 
in Nuclear Regulatory Commission (NRC) Branch Technical Position on Waste 
Form. 

• The HIC's material is tested in accordance with ASTM B553 in a manner 
described in Secti6h C2(b) of the NRC Branch Technical Position on Waste 
Form to accept the thermal loads from processing, storage, transportation, 
and burial. 

• The HICs satisfy the radiation stability of the container materials as well as 
radiation degradation effects from the wastes. 

• The HICs satisfy the requirements for a Type A package as specified in 49 
CFR 173.410, 173.412, and 173.465. HICs are also required to pass a 20 
foot drop test with no release of contents. 

The activity of the LLRW stored inside the LLRW OSF is limited to a total of 
88,500 Curies for the life of the facility. Additionally, the storage of wastes 
generated in the course of a year can not exceed 17,744 Curies. These 
limitations are established in the Safety Assessment / Screening Review / Safety 
Evaluation (as required in 10 CFR 50.59) prepared for the long-term storage of 
radioactive waste at the SaN LLRW OSF. Periodic radiation monitoring would 
be conducted to verify that radiation levels would be within acceptable levels, 
and cumulative impacts are kept to a minimum. 

Occupational radiation doses during storage, monitoring, and retrieval of the 
waste are expected to be a small percentage of the total dose to workers who 

7 Tennessee Valley Authority 
November 1999 



Environmental Assessment
Low Level Radioactive Waste

Transport and Storage
Watts Bar and Sequoyah Nuclear Plants

handle and work around radioactive materials each day and would be
maintained well within the requirements of 10 CFR 20. Occupational doses
would be minimized by the use of shielding, distance, and reduced stay time
around the material. The occupational doses would further be reduced by the
coordinated efforts between WBN and SQN to minimize the frequency of
opening the modules (approximately 5 times a year). Also, the LLRW OSF is
enclosed within a fenced area with the gate locked closed. The dose from the
storage operation combined with the dose from SON operations is well within the
requirements of 40 CFR 190. The estimated annual doses for the crane
operator and a person 328 feet from the facility (the fence line) would be 224 and
127 millirem, respectively. The dose to the nearest resident from the normal
operation of the LLRW OSF would not exceed 1 millirem. For these reasons, the
radiation dose rates from the transport or storage of LLRW would not
significantly impact the workers or the public.

3.3.2 Other Solid and Hazardous Waste
Any chemicals approved for use in the renovation of the LLRW storage modules
would have to be assessed per Standard Programs.and Processes (SPP) - 5.4,
Chemical Traffic Control. This procedure would ensure the proper handling,
disposal, or recycling of any waste generated by this project. For this reason,
there should be no environmental impacts from the waste generated for this
project.

3.4 Accidents
Storage of LLRW at the LLRW OSF would not directly or indirectly affect safety
of the plant, nor would it increase the probability of an off-site release in excess
of that allowed under 10 CFR 100. The LLRW OSF modules are designed for
design basis events, e.g., seismic events, tornado, flood, etc. The worst
accident scenario would be from a radioactive material liner rupture. If rupture
occurred inside the LLRW OSF module, spilled radioactive material would be
contained within the OSF and not released to the environment. If rupture
occurred outside a transport cask or LLRW OSF module, only one liner would be
involved and spillage would be in a localized area within plant grounds. The
spilled LLRW would then be collected along with any contaminated soil and
repackaged for storage or disposal. The local area would then be
decontaminated. The complete loss of up to 1,300 Curies would not result in a
site boundary dose in excess of that previously analyzed for design basis
accidents.

Dropping a cell lid into a filled OSF compartment could result in multiple HIC
ruptures. However, all spilled material would be contained within the LLRW
OSF, with no increase in area dose rates, as the HICs do not offer any shielding
of material. Since all spillage would be contained, area dose rates would not be
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adversely affected. Based on these considerations, an accident at the OSF
would not significantly impact the environment.

3.5 Air Quality Effects
Air emissions from SQN are covered under the permits issued by Chattanooga-
Hamilton County Air Pollution Control Bureau. The proposed project would not
require any revisions to these permits. Air emissions resulting from the
transportation of WBN's LLRW to the LLRW OSF at SQN would be less than the
emissions caused by the transportation of the LLRW from WBN and SQN to
Barnwell, South Carolina.

The HICs are designed with a passive venting system to relieve potential gas
buildup as a result of decomposition of waste from radiation exposure and to
prohibit the entry of moisture into the container. Vents are located in such a
manner as to avoid being damaged during loading, handling, and disposal. As
required by the Safety Assessment, the LLRW OSF cells would be opened
periodically and the HICs inspected for swelling or damage due to vent failure.

3.6 Transportation
LLRW from WBN would be transported using State Highway 68 West from WBN
to US 27 South, through Dayton to Sequoyah Access Road in Soddy Daisy to
the SQN LLRW OSF. This route would be used about five times per year. HICs
would be transported in steel or steel/lead US Department of Transportation
(DOT) 7A Type A or Type B shipping casks. For compliance with DOT
regulations, the radioactive wastes would be packaged to remain secure and
would not leak under normal transport conditions. Per the April 1995, U.S.
Nuclear Regulatory Commission, Final Environmental Statement related to the
Operation of Watts Bar Nuclear Plant, Units 1 and 2, Section 5.5.4, Storage and
Transportation of Radioactive Material, when Type A or Type B shipping casks
are used dose rates would be within DOT limits, and calculated doses to the
public would be a small percentage of natural background radiation. These
shipments would be coordinated between the plants to minimize the number of
times that the modules would be opened to load radioactive waste into the
modules. This route is a well traveled route which carries all types of shipments
to and from WBN. The onsite movement of radioactive wastes at SON and WBN
would comply with DOT requirements, and would be performed under controlling
site procedures. For these reasons, the transportation of LLRW from WBN to
SON should not have any significant impacts to the environment.

3.7 Noise
Noise impacts onsite or offsite from the transportation of LLRW or the operation
of the LLRW facility should be minimal since such impacts would be merely
those resulting from operation of the crane and movement of trucks
approximately 5 times a year.
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SON should not have any significant impacts to the environment. 

3.7 Noise 
Noise impacts onsite or offsite from the transportation of LLRW or the operation 
of the LLRW facility should be minimal since such impacts would be merely 
those resulting from operation of the crane and movement of trucks 
approximately 5 times a year. 

9 Tennessee Valley Authority 
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3.8 Impact of the No Action Alternative
Impacts for the No Action Alternative were addressed previously in the SQN
(1980) and WBN (1980) Environmental Assessments referenced in Section 5.0.

10 Tennessee Valley Authority
November 1999

Environmental Assessment 
Low Level Radioactive Waste 

Transport and Storage 
Watts Bar and Sequoyah Nuclear Plants 

3.8 Impact of the No Action Alternative 
Impacts for the No Action Alternative were addressed previously in the SON 
(1980) and WBN (1980) Environmental Assessments referenced in Section 5.0. 

10 Tennessee Valley Authority . 
November 1999 

".' p.-' 



Environmental Assessment
Low Level Radioactive Waste

Transport and Storage
Watts Bar and Sequoyah Nuclear Plants

4.0 LIST OF CONTRIBUTORS

Contributor
Gregory L. Askew

Charles R. Davis

Gregory A. Evans

Charles E. Kent, Jr.

Ann Z. McGregor

Diedre B. Nida

Jerry D. Osborne

Lenon J. Riales, III

Edward D. Robinson

James D. Stamey

Title and Organization
Specialist, NEPA Administration

Project Manager, SQN

Radiation Protection Supervisor, WBN

Manager RadChem, SQN

Environmental Engineer, WBN

Environmental Engineer, SQN

Manager, Radwaste and
Environmental Control, SON

Program Manager, Radwaste and
Environmental Protection, TVAN

Manager, Radwaste and

Environmental Control, WBN

Health Physicist, SQN

11 Tennessee Valley Authority
November 1999

4.0 LIST OF CONTRIBUTORS 

Contributor 
Gregory l. Askew 

Charles R. Davis 

Gregory A. Evans 

Charles E. Kent, Jr .. 

Ann Z. McGregor 

Diedre B. Nida 

Jerry D. Osborne 

Lenon J. Riales, III 

Edward D. Robinson 

James D. Stamey 

11 

Environmental Assessment 
Low Level Radioactive Waste 

Transport and Storage 
Watts Bar and Sequoyah Nuclear Plants 

Title and Organization 
Specialist, NEPA Administration 

Project Manager, SON 

Radiation Protection Supervisor, WBN 

Manager RadChem, SON 

Environmental Engineer, WBN 

Environmental Engineer, SON 

Manager, Radwaste and 
Environmental Control, SON 

Program Manager, Radwaste and 
Environmental Protection, TV AN 

Manager, Radwaste and 
Environmental Control, WBN 

Health PhysiCist, SON 

Tennessee Valley Authority 
November 1999 



. Environmental Assessment
Low Level Radioactive Waste

Transport and Storage
Watts Bar and Sequoyah Nuclear Plants

5.0 REFERENCES

Environmental Statement for Sequoyah Nuclear Plant Units 1 and 2, Tennessee
Valley Authority, 1972.

Environmental Statement for Watts Bar Nuclear Plant Units 1 and 2, Tennessee
Valley Authority, 1972.

Final Environmental Statement related to the operation of Watts Bar Nuclear
Plant Units 1 and 2, Tennessee Valley Authority, December 1978.

Environmental Assessment for Low-Level Radwaste Management, Browns Ferry
Nuclear Plant, February 28, 1980.

Environmental Assessment for Low-Level Radwaste Management, Sequoyah
Nuclear Plant, March 11, 1980.

Finding of No Significant Impact, Tennessee Valley Authority, Sequoyah Nuclear
Plant, Federal Register, Volume 45, Number 85, page 28849, April 30, 1980.

Environmental Assessment for Low-Level Radwaste Management, Watts Bar
Nuclear Plant, July 11, 1980.

Final Environmental Statement related to the operation of Watts Bar Nuclear
Plant, Units 1 and 2, U. S. Nuclear Regulatory Commission, 1995.

Storage of Low Level Radioactive Wastes Safety Assessment, Sequoyah
Nuclear Plant, October, 1999.

Storage of Low Level Radioactive Wastes Safety Assessment, WBO-RAD-99-
009, Watts Bar Nuclear Plant, October, 1999.

12 Tennessee Valley Authority
November 1999

5.0 REFERENCES 

. Environmental Assessment 
Low Level Radioactive Waste 

Transport and Storage 
Watts Bar and Sequoyah Nuclear Plants 

Environmental Statement for Sequoyah Nuclear Plant Units 1 and 2, Tennessee 
Valley Authority, 1972. 

Environmental Statement for Watts Bar Nuclear Plant Units 1 and 2, Tennessee 
Valley Authority, 1972. 

Final Environmental Statement related to the operation of Watts Bar Nuclear 
Plant Units 1 and 2, Tennessee Valley Authority, December 1978 . 

. Environmental Assessment for Low-Level Radwaste Management, Browns Ferry 
Nuclear Plant, February 28, 1980. 

Environmental Assessment for Low-Level Radwaste Management, Sequoyah 
Nuclear Plant, March 11, 1980. . 

Finding of No Significant Impact, Tennessee Valley Authority, Sequoyah Nuclear 
Plant, Federal Register, Volume 45, Number 85, page 28849, April 30, 1980. 

Environmental Assessment for Low-Level Radwaste Management, Watts Bar 
Nuclear Plant, July 11, 1980. 

Final Environmental Statement related to the operation of Watts Bar Nuclear 
Plant, Units 1 and 2, U.S. Nuclear Regulatory Commission, 1995. 

Storage of Low Level Radioactive Wastes Safety Assessment, Sequoyah . 
Nuclear Plant, October, 1999. 

Storage of Low Level Radioactive Wastes Safety Assessment, WBO-RAD-99-
009, Watts Bar Nuclear Plant, October, 1999. 

12 Tennessee Valley Authority 
November 1999 



November 22,1999

M. Bajestani, OPS 4A-SQN
R. T. Purcell, ADM 1V-WBN

ENVIRONMENTAL ASSESSMENT (EA) AND FINDING OF NO SIGNIFICANT IMPACT
(FONSI)-LOW LEVEL RADIOACTIVE WASTE TRANSPORT AND STORAGE WATTS BAR
AND SEQUOYAH NUCLEAR PLANTS

In accordance with the National Environmental Policy Act (NEPA) and TVA's implementing
procedures, Environmental Policy and Planning is issuing the attached EA and FONSI as
documentation of TVA's NEPA review of the Low Level Radioactive Waste Transport and
Storage Watts Bar and Sequoyah Nuclear Plants. As stated in the FONSI, we conclude that

propose will not have a significant impact on the quality of the environment.

Jon o ey
Manager /
NEPA Administration
WT 8C-K

GLA
Attachments
cc: E. S. Christenbury, ET 1OA-K

C. M. Davis, POC 1 E-SQN (Attachments)
K. J. Jackson, WT 11 A-K
C. E. Kent, POB 2C-SQN
A. Z. McGregor, MOB 1T-WBN (Attachments)
K. K. Mehta, ET 11 A-K (Attachments)
D. B. Nida, SB 2A-SQN (Attachments)
L. J. Railes, BR 3F-C, (Attachments)
E. R. Robinson, MOB 2U-WBN
R. H. Shell, BR 4X-C (Attachments)
J. W. Shipp, MR 2T-C (Attachments)
Files, EM, WT 8C-K (Attachments)

Prepared by Greg Askew (EM) with concurrence by Khurshid Mehta (OGC).

November 22,1999 

M. Bajestani, OPS 4A-SON 
R. T. Purcell, ADM 1 V-WBN 

ENVIRONMENTAL ASSESSMENT (EA) AND FINDING OF NO SIGNIFICANT IMPACT 
(FONSI)-LOW LEVEL RADIOACTIVE WASTE TRANSPORT AND STORAGE WATTS BAR 
AND SEQUOYAH NUCLEAR PLANTS 

In accordance with the National Environmental Policy Act (NEPA) and TVA's implementing 
procedures, Environmental Policy and Planning is issuing the attached EA and FONSI as 
documentation of TVA's NEPA review of the Low Level Radioactive Waste Transport and 
Storage Watts Bar and Sequoyah Nuclear Plants. As stated in the FONSI, we conclude that Z proposed acti n will not have a significant impact on the .quality of the environment 

.--
Jon 0 ey 
Manager 
NEPA Administration 
WT 8C-K 

GLA 
Attachments 
cc: E. S. Christenbury, ET 10A-K . 

C. M. Davis, POC 1 E-SQN (Attachments) 
K. J. Jackson, WT 11 A-K 
C. E. Kent, POB 2C-SON 
A. Z. McGregor, MOB 1T-WBN (Attachments) 
K. K. Mehta, ET 11 A-K (Attachments) 
D. B. Nida, SB 2A-SON (Attachments) 
L. J. Railes, BR 3F-C, (Attachments) 
E~ R. Robinson, MOB 2U-WBN 
R. H. Shell, BR 4X-C (Attachments) 
J. W. Shipp, MR 2T-C (Attachments) 
Files, EM, WT 8C-K (Attachments) 

Prepared by Greg Askew (EM) with concurrence by Khurshid Mehta (OGC). 



FINDING OF NO SIGNIFICANT IMPACT

LOW LEVEL RADIOACTIVE WASTE TRANSPORT AND STORAGE
WATTS BAR AND SEQUOYAH NUCLEAR PLANTS

The Proposed Action
TVA has prepared an environmental assessment (EA) of a proposal to begin use of the
Sequoyah Nuclear Plant (SON) on-site facility (OSF) for the long-term storage of low level
radioactive wastes (LLRW) from both SQN and Watts Bar Nuclear Plants (WBN). This EA also
assesses the impacts of transporting LLRW from WBN to SQN and of temporarily storing the
LLRW at WBN prior to being shipped to the OSF at SQN.

Background
In 1980, TVA prepared three EAs evaluating the management of low-level radioactive waste
(LLRW) at each of TVA's nuclear plants, SON, WBN and Browns Ferry (BFN). At that time,
TVA believed that Chem-Nuclear Systems, Inc. commercial radioactive waste disposal site in
Barnwell, South Carolina would be limited (10 years) in its capacity to accept the amount of
packaged LLRW generated from each utility. Part of the action for future management of
LLRW at the nuclear sites that was assessed in these EAs was to construct a Long-Term
LLRW OSF at each nuclear plant site. Storage facilities were constructed at SON and BFN.
The LLRW OSFs were licensed by the United States Nuclear Regulatory Commission (NRC).
Due to the fact that Barnwell remained open and economically feasible, and TVA did not
generate the amount of LLRW predicted in the 1980 EAs, the LLRW storage facilities were
never used. The license for the SON OSF was terminated by TVA at NRC's request in May
1990.

Following his election on November 4, 1998, Governor Jim Hodges of South Carolina
announced the State's intention to close the Barnwell disposal facility to radioactive waste
generated outside the state of South Carolina. In July, 1999, TVA decided to examine other
alternatives for storage or disposal of LLRW. This decision was prompted by the imminent
closure of the Barnwell disposal facility, imposed access fees and customary disposal fees, and
because no other comparable facility is available to accept LLRW. TVA proposes to store
SQN's and WBN's LLRW at SQN's previously constructed storage facilities.

The LLRW OSF at SON is a preexisting facility built in 1981 on 20 acres in the east-central
edge of the SON property outside the SON restricted area, but within the site boundary. The
LLRW would be stored in independent storage modules. The types of LLRW (SON or WBN)
that would be stored in the modules are spent Chemical Volume Control System (CVCS) resin,
radwaste deionization (RAD DI) resin, tank solids, dried cartridge filters, dry active waste (if
unacceptable at Envirocare), and other miscellaneous solid waste from both SON and WBN.
Resins would be dewatered to less than one percent (1 %) by volume of free standing liquids.
Filters would be stored dry, and trash would be compacted or incinerated to an ash off-site and
then returned to SON for storage. All radioactive waste would be packaged in high integrity
containers (HICs). Waste from SON would be kept in separate storage compartments away
from WBN radioactive waste. SQN and WBN radioactive waste would not be commingled in
the same container. Containers would be marked with a unique identifying number, and the
storage location tracked. Paperwork would be retained and maintained as a QA record and
would include container number, plant of origin, waste type, waste form, storage location,
isotopes, and curie content.
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Alternatives
TVA considered two alternatives to the proposed action. The first alternative would be to not
use Barnwell nor onsite storage. This does not meet TVA's needs because TVA's generating
plants could not operate if there were no place for long term management of their radioactive
waste. The second alternative, no action, would be to continue to use Barnwell until it closes.
This would only defer the need for long term storage of radioactive waste and due to escalating
access and disposal fees would not be economically feasible.

Impacts Assessment
An interdisciplinary TVA team reviewed the potential direct and indirect effects of the proposed
transport and storage of LLRW at WBN and SQN. From this review the following
environmental issues were identified:

" Wastewater
* Solid and Hazardous wastes
• Accidents
* Air Quality, and
* Transportation
" Noise

These issues were the basis for the evaluations in the environmental assessment.

The impacts evaluation determined that no significant impacts were expected as a result of the
proposed action and that no environmental commitments or mitigation measures would be
necessary to ensure that environmental impacts are insignificant.

Conclusion and Finding
Environmental Management's NEPA Administration staff reviewed the Low Level Radioactive
Waste transport and Storage Watts Bar/Sequoyah Nuclear Pants EA and determined that the
potential environmental consequences of TVA's proposed action have been addressed and that
the proposed action is not a major federal action significantly affecting the quality of the
environment. Accordingly, an environmental impact statement is not required.

Jon M. Da
Manager
NEPA Administration
Tennessee Valley Authority
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Hydrodynamics and Water Temperature Modeling at Watts Bar
SCCW Discharge Structure

Introduction

The Tennessee Department of Environment and Conservation and the Tennessee Wildlife Resources Agency have
requested that the Tennessee Valley Authority (TVA) modify the discharge structure as a condition of approval for
TVA's proposed supplemental condenser cooling water (SCCW) system at Watts Bar Nuclear Plant (WBN). The
purpose of the modification would be to direct the heated discharge upward, away from the river bottom, in order to
prevent detrimental bottom temperature impacts to resident mussel species. A three-dimensional computer model
was used to evaluate the effectiveness of the proposed design in achieving the desired benefit without any
detrimental effect on the instream mixing of the proposed discharge.

Mathematical Model

Models are used to compute water temperatures and velocities in a mathematical representation of the Watts Bar
Dam tailwater in the area of the discharge structure. CORMIX (References 1,2), the program used for the initial
analysis in the SCCW Environmental Assessment (Reference 3), has limitations in modeling the geometric changes
of the discharge structure. Therefore, a new model was created using PHOENICS (References 4, 5), a commercially
available program that solves the governing fluid mechanics and heat transfer equations in three spatial dimensions
through a finite volume fonnulation. The equations may be solved for either steady or unsteady boundary
conditions. Although run times for PHOENICS are too long to feasibly model a 17-year period, as was done for the
Environmental Assessment, it can be used to model limited duration, unsteady-state situations which would
constitute worst case scenarios for the SCCW discharge.

The general procedure for constructing a mathematical model consists of specifying the equations to be solved,
specifying the geometry of the model, discretizing the region of interest into computational cells, specifying the
boundary conditions, and specifying the thermal loading. An iterative procedure is then used to solve the fluid
mechanics and heat transfer equations over the computational domain.

The modeling approach used in this study was to first develop a base case that simulated the field study done in 1974
with the existing discharge structure geometry to calibrate and validate the model. Once the model was verified with
the field data, a case was created to simulate the effects of the modified discharge structure geometry on water
maximum temperatures and velocities, and another case was used to simulate the effects on maximum temperature
rise and maximum rate of temperature change.

The modification to the discharge structure used in this evaluation was the addition of a ramp from the middle to the
end of the apron of the discharge structure. The purpose of the ramp is to divert the heated discharge flow up,
toward the surface, away from the river bottom.

Model Formulation
The fundamental parameters that determine the water velocities and water temperatures in the river include the
geometry of the river channel and discharge structure, the release temperature and flow patterns from Watts Bar
Dam, and the flow velocities and water temperature of the discharge.

The Bousinesq approximation was used to model the buoyancy forces due to non-uniform water temperatures in the
domain. The Bousinesq approximation is an assumption that fluid pressure is a function only of depth and density.
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Features of the discharge structure geometry used in the mathematical model for the base case are presented in
Figure 1. Figure 2 presents the modified configuration of the discharge structure, including the ramp, used for the
geometry in the test cases.

Discretization of the Model
Once the geometry was specified, the next step was to discretize the model into computational cells. The model
discretization must be fine enough to obtain accurate results, while not being so fine that solution times become too
long. With these points in mind, the river model was discretized into 24 x-regions, 12 y-regions, and 66 z-regions,
where x, y, and z represent the cross-stream, vertical, and streamwise directions. The grid was made finer near the
discharge structure to increase resolution where the largest temperature and velocity gradients were likely to exist.
This discretization produced 19,008 computational cells.

Model Verification

Actual river conditions in the vicinity of the discharge structure are available from field measurements made during
1974 when the Watts Bar Fossil Plant was in operation. A base case of the PHOENICS model was run to simulate
the thermal plume configuration using flow and temperature conditions existing at the time of the 1974 field survey.
This base case was run for an unsteady flow to reproduce the Watts Bar dam leakage for 6 hours, an ambient
temperature of 54 'F, a WBF discharge flow of 600 cfs, and a discharge temperature of 63 'F. Results of these runs
are shown in Figure 4.

The PHOENICS results indicated good agreement with the measured data near the discharge. At a cross section
1200 feet downstream of the discharge, PHOENICS computed surface temperatures which were approximately 1 F0

higher than were actually measured. This suggests that PHOENICS should be expected to provide more
conservative results than would actually occur and, with that condition, could be used to model selected cases with
the modified discharge.

Modified Discharge Effect on Maximum Temperature

Boundary Conditions

The modified discharge structure was evaluated with unsteady-state river flow and SCCW discharge conditions. As
in the previous CORMIX analysis for the Environmental Assessment, boundary conditions were selected to simulate
a "worst case" scenario of high ambient river temperature, high WBN SCCW discharge temperature, and an
extended period of zero turbine releases from the Watts Bar Hydropower Plant (WBH).

The SCCW discharge temperature was computed based on measured air temperatures at WBN. The hourly
discharge temperatures were set to those which were computed based on the meteorology of July 13, 1980. This was
the day on which the highest hourly SCCW discharge temperature (96.3 'F) occurred during the 17-year simulation
for the Environmental Assessment. The hourly SCCW discharge temperatures projected to occur on July 13, 1980,
were repeated for the duration of the PHOENICS simulation, thus conservatively assuming multiple successive days
of this worst case SCCW discharge temperature.

The river elevation used in this evaluation was 683 feet, corresponding to the normal maximum summer pool level
for Chickamauga Reservoir. The SCCW discharge flow rate was set to 300 cfs, corresponding to the typical summer
Watts Bar Reservoir elevation. The WBH release temperature was conservatively set to 83.0 *F, slightly higher than
the maximum WBH release temperature from the 17-year simulation (82.5 TF).

The WBH dam release schedule used was as follows:
* 8000 cfs (one WBH unit) for first six hours (until 0700 of second day). This was necessary for the PHOENICS

model to reach a stable initial condition before changing the dam release.

Features of the discharge structure geometry used in the mathematical model for the base case are presented in 
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* 250 cfs (leakage flow) for 16 hours. This corresponds to the longest recorded period of zero WBH turbine
releases during the month of July.

* 40000 cfs (5-unit turbine discharge) for three hours.' While all 5 units are not typically started simultaneously,

this would result in the greatest rate of change and could provide an indication of AT/At compliance.

The zero release period was centered around 2:00 PM, the time when the maximum discharge temperature occurred.
This set of conditions is extremely conservative since it puts the hottest discharge into the river during the lowest
river flow, resulting in higher instantaneous temperatures. More than likely, when meteorological conditions would
lead to maximum SCCW discharge temperatures, the WBH units would almost certainly be operating to help meet a
peak power demand.

The unsteady boundary conditions used in this evaluation are presented in Table 1 and Figure 5.

Table 1. Unsteady Boundary Conditions for Maximum
Downstream Temperature Used in the Evaluation of the
Modified SCCW Discharee on Maximum Temperature

SCCW
Discharge WBH

Date Time Temp. Release
(OF) (cfs)

7 12 1980 2400 90.6 8000
7 13 1980 100 88.3 8000
7 13 1980 200 87.1 8000

7 13 1980 300 86.4 8000
7 13 1980 400 86.0 8000
7 13 1980 500 85.4 8000
7 13 1980 600 85.4 8000
7 13 1980 700 85.8 250
7 13 1980 800 87.2 250
7 13 1980 900 89.5 250
7 13 1980 1000 90.3 250
7 13 1980 1100 92.3 250
7 13 1980 1200 93.7 250
7 13 1980 1300 95.3 250
7 13 1980 1400 96.3 250
7 13 1980 1500 95.5 250
7 13 1980 1600 94.3 250
7 13 1980 1700 93.9 250
7 13 1980 1800 93.4 250
7 13 1980 1900 93.3 250
7 13 1980 2000 92.8 250
7 13 1980 2100 92.5 250
7 13 1980 2200 89.0 250
7 13 1980 2300 90.8 250
7 13 1980 2400 90.6 40000
7 14 1980 100 88.3 40000
7 14 1980 200 87.1 40000

Results

Results of the modeled surface temperatures in the river from one hour before WBH turbine releases were curtailed,
through the 16-hour period of leakage flow, to two hours after WBH turbine releases resumed are shown (in 3-hour
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intervals) on Figure 6 through Figure 8. Modeled results for the bottom temperatures during the same period are
shown on Figure 9.

During the 16-hour period of leakage flow, bottom temperatures greater than 86.0 °F were confined to an area which
had a maximum extent of approximately 100 feet from the discharge. Bottom temperatures did not exceed 86.0°F
during either the 8000 cfs or 40000 cfs dam release periods.

The modeled temperatures in the river cross section at the discharge structure centerline are presented in Figure 10
through Figure 12, while the resulting temperatures in the river cross section 1000 feet downstream of the discharge
structure are presented in Figure 13 through Figure 15. Figure 6 through Figure 15 were developed as instantaneous
results rather than 24-hour averages to evaluate the effectiveness of the ramp to divert the heated discharge upward
from the river bottom.

The results shown in Figure 6 through Figure 8 and Figure 10 through Figure 12 indicate that during extended
durations of dam shutdown (leakage flow only), the thermal plume may spread across the river, eventually striking
about 1200 feet of the far bank. This is consistent with the predictions of the CORMIX model without the ramp, but
is slightly more pronounced, apparently due to increased stratification caused by the upward diversion imparted by
the ramp. {NOTE, these are instantaneous results and not a 24-hour average.) Figure 8 represents the worst
condition, with the plume striking the far bank with a maximum instantaneous surface temperature greater than 89°F
for about 3 to 6 hours. Due to the conservatism noted in the model verification run, it is anticipated that the
temperatures predicted by PHOENICS are higher than would actually occur under these conditions. Further, Figure
10 through Figure 12 indicate the high temperature water is extremely stratified and only a very shallow depth (about
3 feet) of the far bank would be impacted if these non-historical conditions were to ever occur.

A 21-hour average plume temperature cross section at 1000 feet downstream of the discharge structure was
developed (Figure 16) to help indicate the effect of the modified discharge structure with regard to a 24-hour
maximum instream mixed temperature limit of 86.9°F. [The PHOENICS output file for this run only contained data
sufficient to compute 21-hour averaged modeled river temperatures.] The 21-hour average indicated some
stratification at the end of the mix zone. However, the maximum 21-hour averaged temperature of 85.8°F, occurring
in this cross section, was confined to a limited surface layer of the river. The vast majority of the river would be
below 84°F. This is a conservative estimate of the maximum 24-hour averaged temperature because of the 16-hour
maximum duration of only leakage flow in the river. A full 24-hour average would include additional hours of
cooler temperatures.

The CORMIX model without the ramp predicted a maximum 24-hour average of 83.5'F for the 17-year simulation.
The worst case run indicated a value of 85.7'F, with vertical stratification, but with complete bank to bank mixing
(WBN SCCW Project Thermal Plume Modeling Report, Reference 3, Figures 5 and 6). The increased stratified
flow predicted by PHOENICS results from a combination of effects. The upward direction of the discharge
imparted by the addition of the ramp contributes to this. Also, a minimum river flow of 250 cfs used in the
PHOENICS run would decrease mixing verses the 1000 cfs used in the CORMIX run.

A
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Modified Discharge Effect on Maximum Temperature Rise (AT)
and Rate of Change (AT/At)

Boundary Conditions

In a separate modeling run, PHOENICS was used to evaluate the effect of the modified discharge structure on the
temperature rise (AT) and rate of temperature change (AT/At) in the Watts Bar tailwater. The instream temperature

rise (AT) will be greatest when there is a large difference between the discharge temperature and the ambient river
temperature accompanied by low river flow. As indicated in the Environmental Assessment, with the cross-tie in
service from November through April, this combination of circumstances is most severe during the month of May.
Boundary conditions for this model run were selected to simulate a "worst case" scenario of low ambient river
temperature, high WBN SCCW discharge temperature, and an extended period of zero WBH turbine releases.

The worst case scenario for rate of temperature change (AT/At) is a sudden increase in river flow, resulting in a rapid
transition from a high AT to a low AT. Therefore, the same conditions which could produce the maximum AT could
also result in the maximum AT/At effect if a maximum AT event was followed Ly a large increase in river flow (e.g.,
a large WBH release).

The river elevation used in this evaluation was 683 feet, corresponding to the normal maximum late-spring pool level
for Chickamauga Reservoir. The SCCW discharge flow rate was 300 cfs, corresponding to the typical late-spring
Watts Bar Reservoir elevation.

The SCCW discharge temperature was computed based on measured air temperatures at WBN. The hourly
discharge temperatures were based on the meteorology of May 20, 1987, the day on which the highest hourly value
of SCCW discharge temperature for May (90.5°F) occurred during the 17-year simulation. The hourly SCCW
discharge temperatures were repeated for the duration of the PHOENICS simulation, conservatively assuming
multiple successive days of this worst case SCCW discharge temperature. The WBH release temperature was set to
57.7°F, the lowest May WBH release temperature from the 17-year simulation.

The WBH dam release schedule used was as follows:
* 8000 cfs (one WBH unit) for first six hours, beginning at 1800 on the first day.
* Beginning at midnight, 250 cfs (leakage flow) for 18 hours (longest recorded period of zero WBH turbine

releases for May), ending at 1600 on the second day. This is the typical time of day when long periods of zero
WBH turbine releases have occurred.

0 Finally, 40000 cfs (5-unit turbine discharge) for three hours. While all 5 units are not typically started
simultaneously, this would result in the greatest rate of change and could provide an indication of AT/At
compliance.

The unsteady boundary conditions used in this model run are shown in Table 2 and Figure 17. This combination of
worst case conditions used in the PHOENICS model do not reflect any actual historical occurrence. Since the actual
historical worst case was used for modeling for the EA, this represents an even more conservative set of conditions
than was evaluated in the EA.
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rise (AT) will be greatest when there is a large difference between the discharge temperature and the ambient river 
temperature accompanied by low river flow. As indicated in the Environmental Assessment, with the cross-tie in 
service from November through April, this combination of circumstances is most severe during the month of May. 
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discharge temperatures were based on the meteorology of May 20, 1987, the day on which the highest hourly value 
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discharge temperatures were repeated for the duration of the PHOENICS simulation, conservatively assuming 
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The WBH dam release schedule used was as follows: 
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• Finally, 40000 cfs (5-unit turbine discharge) for three hours. While all 5 units are not typically started 
simultaneously, this would result in the greatest rate of change and could provide an indication of ~T/~t 
compliance. 
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Table 2. Unsteady Boundary Conditions for
Maximum Instream Temperature Rise

j•v2 .12tirn

SCCW WBH
Discharge Release

Date Time Temp.
_F) (cfs)

5 19 1987 1500 90.5 8000
5 19 1987 1600 88.7 8000
5 19 1987 1700 89.3 8000
5 19 1987 1800 87.1 8000
5 19 1987 1900 88.9 8000
5 19 1987 2000 88.2 8000
5 19 1987 2100 87.3 8000
5 19 1987 2200 87.1 8000

15 19 1987 2300 86.3 8000
5 19 1987 2400 85.0 8000
5 20 1987 100 84.5 250
5 20 1987 200 82.4 250
5 20 1987 300 81.7 250
5 20 1987 400 81.7 250
5 20 1987 500 82.4 250
5 20 1987 600 80.5 250
5 20 1987 700 80.5 250
5 20 1987 800 81.8 250
5 20 1987 900 83.9 250
5 20 1987 1000 86.3 250
5 20 1987 1100 87.6 250
5 20 1987 1200 88.6 250
5 20 1987 1300 89.3 250
5 20 1987 1400 88.8 250
5 20 1987 1500 90.5 250
5 20 1987 1600 88.7 250
5 1 20 1987 1700 89.3 250
5 20 1987 1800 87.1 250
5 20 1987 1900 88.9 40000
5 20 1987 2000 88.2 40000
5 20 1987 2100 87.3 40000

Results

Results of the modeled surface temperatures in the river from 6 hours before WBH turbine releases are curtailed,
through a 20-hour period of only leakage flow, to two hours after WBH turbine releases resume are shown in Figure
1 8 through Figure 21.

Model results of temperatures in the river cross section at the discharge structure centerline are shown in Figure 22
through Figure 25, and temperatures in the river cross section 1000 feet downstream of the discharge structure are
shown in Figure 26 through Figure 29.

Figure 18 through Figure 29 were developed as instantaneous results rather than 24-hour averages to evaluate the
effectiveness of the ramp to divert the heated discharge upward from the river bottom under these maximum
differential temperatures.
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Table 2. Unsteady Boundary Conditions for 
Maximum Instream Temperature Rise 

Evaluation 
SCCW WBH 

Discharge Release 
Date Time Temp. 

("F) (cfs) 
5 19 1987 1500 90.5 8000 
5 19 1987 1600 88.7 8000 
5 19 1987 1700 89.3 8000 
5 19 1987 1800 87.1 8000 
5 19 1987 1900 88.9 8000 
5 19 1987 2000 88.2 8000 
5 19 1987 2100 87.3 8000 
5 19 1987 2200 87.1 8000 
5 19 1987 2300 86.3 8000 
5 19 1987 2400 85.0 8000 
5 20 1987 100 84.5 250 
5 20 1987 200 82.4 250 
5 20 1987 300 81.7 250 
5 20 1987 400 81.7 250 
5 20 1987 500 82.4 250 
5 20 1987 600 80.5 250 
5 20 1987 700 80.5 250 
5 20 1987 800 81. 8 250 
5 20 1987 900 83.9 250 
5 20 1987 1000 86.3 250 
5 20 1987 1100 87.6 250 
5 20 1987 1200 88.6 250 
5 20 1987 1300 89.3 250 
5 20 1987 1400 88.8 250 
5 20 1987 1500 90.5 250 
5 20 1987 1600 88.7 250 
5 20 1987 1700 89.3 250 
5 20 1987 1800 87.1 250 
5 20 1987 1900 88.9 40000 
5 20 1987 2000 88.2 40000 
5 20 1987 2100 87.3 40000 

Results 

Results of the modeled surface temperatures in the river from 6 hours before WBH turbine releases are curtailed, 
through a 20-hour period of only leakage flow, to two hours after WBH turbine releases resume are shown in Figure 
18 through Figure 21. 

Model results of temperatures in the river cross section at the discharge structure centerline are shown in Figure 22 
through Figure 25, and temperatures in the river cross section 1000 feet downstream of the discharge structure are 
shown in Figure 26 through Figure 29. 

Figure 18 through Figure 29 were developed as instantaneous results rather than 24-hour averages to evaluate the 
effectiveness of the ramp to divert the heated discharge upward from the river bottom under these maximum 
differential temperatures .. 
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A 24-hour average plume temperature cross section at 1000 feet downstream of the discharge structure was
developed to help indicate the effect of the modified discharge structure with regard to a 24-hour maximum instream
temperature rise limit of 5.4 F0 (Figure 30). As indicated on this figure, the 5.4 F0 limit would not be exceeded in
this worst case condition. The maximum 24-hour averaged instream temperature rise occurring in this cross section
was 5.0 F', and occurs only in a very small portion of the river surface with the vast majority of the river having less
than a 3.0 F0 rise. Further, Figure 22 through Figure 25 show that even for the instantaneous results as far upstream
as the discharge structure the vast majority of the river will remain well below the temperature rise limit. For the
assumed ambient river temperature of 57.7°F, this would correspond to a downstream river temperature of 63.1 'F.

While this set of boundary conditions can not be modeled with CORMIX because CORMIX allows only steady-state
or cyclic (tidal) variations in boundary conditions, there are some comparisons which can be made. The maximum
24-hour average temperature rise from CORMIX was 5.3 F0 , which included the rise from the WBN diffusers as
well as the SCCW. The final rise is comparable between the two models. The CORMIX run indicated a more
consistent mixed temperature over the river cross section versus the stratification predicted by PHOENICS with the
ramp.

The maximum rate of temperature change (AT/At) in the cross section 1000 feet downstream of the discharge
structure is shown in Figure 31. Although the area inside the dotted line exceeds the limit of +1-3.6 F°/hr, this is a
short duration effect, and is limited to a small portion of the total cross section. The maximum value of ATIAt inside
this region was -4.2 F0/hr. The majority of the river is below -3.0 F'/hr with an average AT/At across the entire cross
section of -1.47 F0/hr. The time of year that these maximum rate of temperature changes occur, along with fish
mobility and proximity of areas with lower AT, minimizes the potential for adverse impacts to resident fish
communities.

Biological Effects

The CORMIX model without the ramp predicted a maximum AT/At of +3.5 F°/hr, also in May. However, this was
based on historically occurring combinations of boundary conditions rather than the more conservative conditions
used in the PHOENICS run. The localized greater rate of change in the PHOENICS results Appears consistent with
the stratified flow resulting from the ramp diverting the heated discharge flow toward the river surface. As was
pointed out in the EA, except in extreme instances (rapid changes in water temperature greater than 10 C0 or 18 F0 ),
thermal impacts to resident fish species would be minimized if timely relief from the condition was available. Short-
term exposure to higher or lower temperatures would have potentially adverse impacts only when those temperatures
were well above or below the LD50 lethal limit for a particular species (point where 50 percent of individuals
exposed to a particular water temperature will die after extended exposure). Since these worst-case conditions occur
during May, when ambient water temperatures are around 20-25°C (68-77'F), this rate of change would not cause
mortality of even the most heat or cold sensitive resident fish species (sauger and threadfin shad, respectively),
particularly since the stratification would result in a less-rapid change in the majority of the river.

These projected changes in the thermal regime of the river adjacent to and downstream of the SCCW discharge
resulting from the installation of the ramp in the discharge structure would tend to increase the potential for fish and
fishermen to concentrate in the vicinity of the WBF discharge during late fall, winter, and early spring months.
During these cooler time periods, the stratification of the heated water would result in heating a wider section of the
river than previously described using the CORMIX model. This wanner water could attract striped bass, sauger, and
white bass to the area during this portion of the year which could increase fishing pressure on these species. The
change in the thermal regime over that projected without the discharge ramp would not be sufficient to adversely
impact reproduction or growth of any important sport or prey fish species, again largely due to the mobility of the
fish.

The intended purpose of adding the ramp to this discharge is to reduce the amount of potential native mussel habitat
that would be subjected to high water temperatures. Figure 32 presents the results of a comparison of bottom
temperature conditions both with and without the ramp installed. Data used to construct this figure were derived
from similar worst-case analyses (high ambient river temperature, high discharge temperature, and an extended
period of low or zero turbine releases from Watts Bar Hydropower Plant) conducted using CORMIX (for the
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unmodified discharge) and PHOENICS (for the with-ramp situation). As indicated in Figure 32, the addition of the
ramp substantially reduces the length of river bottom affected by any given temperature higher than ambient. For
example, the CORMIX analysis indicates that, under worst-case conditions, the water temperature along the bottom
would be as high as 88'F up to 120 feet from the end of the unmodified discharge. However with the ramp installed,
the PHOENICS analysis indicates that 88°F water would impact the bottom no further, than 50 feet from the
discharge. This evaluation clearly indicates that the ramp does reduce the thermal impact on the river bottom. It
also indicates that, especially with the ramp installed, the proposed size of the relocation area (150 x 150 feet) is
adequate to prevent adverse impacts to resident mussels.

Conclusions

PHOENICS Model Verification

The results of the base case PHOENICS model indicated an acceptable correlation with the actual field data
collected during the 1974 field survey of the WBF discharge through the existing structure. The PHOENICS results
showed good agreement with measured data in the immediate vicinity of the discharge. At a downstream cross
section, PHOENICS results indicated more stratification and higher surface temperatures than were actually
measured, indicating that PHOENICS should be expected to provide more conservative results than would actually
occur.

Reduction of Bottom ct Zone

Placement of a ramp at the end of the discharge structure is a viable option for minimizing the impingement of warm
discharge water at the river channel bottom. While instantaneous results at the discharge show some bottom impact
of the plume in the later stages of the WBH zero release duration (see Figure 10 through Figure 12 and Figure 22
through Figure 25), this is all well within the proposed 150-foot by 150-foot mussel relocation zone. Results shown
in Figure 12 and Figure 25 indicate little or no bottom impact occurs when there is significant flow through WBH.
The limited results from only the two PHOENICS runs are not sufficient to categorically conclude that the ramp will
dramatically reduce bottom impact. However, the increase in surface stratification seen in the cases indicates that
addition of the ramp would result in improvements by lifting the heated water off the river bottom.

LI Discharge Limit Criteria Compliance

Based on the results of the PHOENICS modeling work, the addition of the ramp on the discharge structure would not
cause the SCCW project to exceed the thermal discharge temperature limit criteria.

Addition of the ramp would increase stratification of the river at the end of the 1000-ft mixing zone because it
concentrates the discharge in the upper layers of the river cross section. Even under worst case conditions, the
highest instream temperature would be in compliance with the maximum temperature limit of 86.9°F on a 24-hour
average basis. The maximum 21-hour average temperature predicted for worst case conditions (85.8°F) would be
confined to a limited surface layer of the river, while the vast majority of the river would be below 84°F. This is an
extremely conservative estimate of the maximum 24-hour average temperature because it includes a 16-hour period
of only leakage flow in the river. A longer average would incorporate additional hours of higher flows and cooler
temperatures.

The suggested modification of the discharge structure would not prevent the WBN SCCW from meeting the
maximum instream temperature rise limit of 5.4 F° on a 24-hour average basis. The modeling results indicate that
the maximum instream temperature rise (5.0 F°) would occur only in a very small portion of the river surface. The
vast majority of the river would have less than a 3.0 F) rise. This is all based on a worst case set of conditions that
have never actually occurred together in the Watts Bar Dam tailwater.
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The modified discharge structure could cause the maximum rate of temperature change limit (+W-3.6 F0 ) to be
exceeded in small portions of the river cross section for brief periods of time under extreme conditions; however, the
rate of temperature change over the majority of the cross section is -3.0 F/hr, well within the limit. Once again, this
modeled event would occur under worst case conditions. During the 17-year period modeled in the EA, there were
only 13 instances of an extreme change in WBH turbine releases (40000 cfs to zero or zero to 40000 cfs) in a
one-hour period, and none of them occurred in the month of May, the most likely month in which a substantial flow
change could have such a substantial effect on water temperature.

Biological Effects

The addition of the ramp does reduce the potential for thermal impacts to mussels living in the river bottom near the
discharge structure. The potential for adverse impact on resident fish communities is limited to a slight increase in
the potential to concentrate fish and fishermen in the vicinity of the WBF discharge during late fall, winter, and early
spring months. The tolerance of fish to short-term exposure to lethal temperatures, proximity of thermal refuge
areas, and the mobility of fish limit the potential for other adverse impacts.

Overall, the addition of a ramp on the discharge structure proposed to be used by WBN would reduce the size of the
river bottom area affected by higher than ambient discharge temperatures (its intended purpose); however, it also
would tend to concentrate the heated water on the surface of the river where, even under worst case conditions,
instream thermal limits for maximum temperature and temperature rise would not be exceeded for a 24-hour average.
The rate of rise could be approached or exceeded for limited times in very limited and localized portions of the river
but, due to the time of year of the occurrence, should not adversely impact aquatic life. Given the unlikely
occurrence of the modeled worst case conditions, it is concluded that the benefits of adding the ramp outweigh the
potential for occasional risks.
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Figure 1. Existing Watts Bar Fossil Plant Discharge Structure.
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Figure 1. Existing Watts Bar Fossil Plant Discharge Structure. 
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Figure 2. Proposed Modification to WBN SCCW Discharge Structure
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Figure 2. Proposed Modification to WBN SCCW Discharge Structure 
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Figure 16. Maximum Temperature Conditions - Cross Section View of 21 Hour Averaged Modeled Water
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Temperature.
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Figure 23. Maximum AT Conditions. Cross Section View of Modeled Water Temperatures on 
SCCW Discharge Centerline from 3 to 9 Hours After Dam Shutdown. 
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Figure 27. Maximum XT Conditions. Cross Section View of Modeled W¥ater
Temperatures 1000 Feet Belowg SCCW Discharge from 3 to 9 Hours After Dam Shutdown.

36

3AM Temp 
Right Bank Left Bank (oF) 

r 
- . 57.7 

59.7 
61.7 
63.7 
65.7 

19' 67.7 

1 
69.7 
71 .7 
73.7 
75.7 
77.7 
79.7 
81.7 

I~ 1200' ~I 

Temp 
6AM (OF) 

I 
- . 57.7 

59.6 
61.5 
63.4 
65.3 
67.2 

19' 69.1 

1 
71.0 
72.9 
74.8 
76.7 
78.6 
80.5 

,~ 1200' ~I 

gAM 
Temp 
("F) 

I 
. 57.7 

59.9 
62.1 
64.3 
66.5 
68.6 

19' 70.8 

1 
73.0 
75.2 
77.4 
79.5 
81.7 
83.9 , ... 1200' -- I 

Figure 27. Maximum AT Conditions · Cross Section ViEW of Modeled 'Vater 
Temperatures 1000 Feet Below SCCW Discharge from 3 to 9 Hours After Dam Shutdown. 



Right Bank Noon TempLeft Bank (F)

'60.3
I 62.9

65.5

19', 
68.0
70.6G

75.7
78.3
80.9

f 83.5
•8.0
88,6

1200'

3 PM Temp
(OF)

057.7
60.4
63.2

65.9
- 68 .6

19' Q,,20cs(ekg)71.4 i 74.1

76.8

79.5
82.3

985.0
I 87.7

. . . .. .. 1 90.5

1200'

6 PM Temp
6~C PM OM-

=19a

57.7
60.2
62.6
65.1

S67.5
70.0

*72.4

74.9
77.3
79.8
82.2
84.7
87.1

i-." 1200'

Figyure 28. Maximum AT Conditions. Cross Section View of' Modeled Water
Temperatures 1000 Feet Beloxw SCCW Discharge from 12 to 18 Hours After Dam

Shutdown.

37

Right Bank 
Noon Temp 

Left Bank (OF. 

r 57.7 
60.3 
62.9 
65.5 
68.0 

19' 70.6 

1 
73.2 
75.7 
78.3 
80.9 
83.5 
86.0 
8&6 

I· 1200' ~I 

3PM Temp 
(OF) 

r 
57.7 
60.4 
63.2 
65.9 
68.6 

19' 71 .4 
74.1 

1 
76.8 
79.5 
82.3 
85.0 
87.7 
90.5 ,. 1200' ~I 

6PM 
Temp 
CF) 

r 
57.7 
60.2 
62.6 
65.1 
67.5 

19' 70.0 
72.4 

1 
74.9 
77.3 
79.8 
82.2 
84.7 
87.1 

1111 1200' ~I 
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Temperatures 1000 Feet Below SCCW Discharge from 12 to 18 Hours After Dam 

Shutdown. 
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Figure 29. Maximum AT Conditions - Cross Section View of Modeled Water
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39

Right Bank 9PM 

r 
19' 

1 
I~ 1200' 

Temp 
Left Bank (OF) 

~ I 

1
57.7 
602 
62.6 
65.1 
67.6 
70.1 
72.5 
75.0 
77.4 
79.9 
82.4 
84.8 
87.3 

Figure 29. Maximum AT Conditions · Cross Section View of Modeled Water 
Temperatures 1000 feet downstream ofSCC\V 2 Hours After Resumption of Dam Release. 



Maximum Temperature Rise @ End of Mixing Zone (24 Hour Avg)

, , , , I AT ,(.)
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.5 6.0 6.5

I i i

0

2

4

6

S8
a.

I10

12

14

16

18

7.0 7.5 8.0 8.5 9.0

900 1000 1100 1200
Ii
0 100 200 300 400 500 600 700 800

Distance From Right Bank (ft)

Figure 30. Maximum AT Conditions - Cross Section View of 24-hour Averaged Modeled Water
emperature Rise 1000 feet downstream of SCCW Discharge at Time of Maximum 24-hour Averaged

Temperature Rise.
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Figure 30. Maximum ilT Conditions - Cross Section View of 24-hour Averaged Modeled Water 
emperature Rise 1000 feet downstream of SCCW Discharge at Time of Maximum 24-hour Averaged 

Temperature Rise. 
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Figure 31. Maximum AT/At Conditions- Cross Section View of Modeled Hourly Rate of Change of Water
Temperature (AT/At) 1000 feet downstream cf SCCW Discharge at Time of Maximum Magnitude of

AT/AL
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Figure 31. Maximum 6T/At Conditions· Cross Section View of Modeled Hourly Rate of Change of Water 
Temperature (6T/6t) 1000 feet downstream of SCCW Discharge at Time of Maximum Magnitude of 
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