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ABSTRACT

A combination of extreme meteorological conditions and inadequate cooling
tower performance has resulted in a severe reduction in generation from '
TVA's three unit Browns Ferry Nuclear Plant during periods of peak system
demands. These reductions were necessary to meet the current State of

Alabama water. temperature standards for the Wheeler Reservoir.
' ' {

The current Alabama standards were adopted because it was felt at that time
the standards were necessary to ensure the maintenance of the fishery habitat
of tﬁe reservoir. Subsequent studies performed by TVA (summarized in Section
6) have indicated that the current standards are unnecessarily restrictive
for the protection of the fishery of this reservoir. Consequently, TVA
requested from the Environmental Protection Agency a temporary modification

of the thermal standards specified in the NPDES permit issued for Browns

Ferry.

TVA is currently exploring methods of correcting the heat dispersal
problems existing at BrownsuFerrf. Completion of necessary modifications is

anticipated about mid-1980.

This environmental assesément describes the current thermal“standards,
condenser cooling water system, thermal regime of Wheeler Reservoir, éeffects
of operation on the aquatic biota of the reservoir, and the power supply :
situation. Based on the thermal regime resulting from the plant and the ¢
hydrothermal analysis provided herein, the assessment concludes that. long-1
term operation of the plant at less restrictive thermal standard (maximum
temperature of 90°F.) will not result in adverse environmental impacts to

the bilota of Wheeler Reservoir. t




1.0 Introduction

' The Browns Ferry Nuclear Plant was initiated in 1966 as part of

TVh's program designed to meet projected load requirements. Construction
of the plant began in May 1967 after the Atomic Energy Commission (AEC)
issued provisional construction permits for units 1 and 2. Unit 3 was |
given a construction permit in July 1968, Commercial operation was

achieved on units 1, 2, and 3 on August 1, 1974; March 1, 1975; and

March 1, ‘1977, respectively.
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‘The operation of the three units at Browns Ferry Nuclear Plant

has been intermittent since the fall of 1973. Unit 1 was initially
placed on line in October 1973 and operated continuously at near
full load until March 1975, when it was shutdown because of the
cable fire. Unit 2 was plaéed on line in August 1974 and operated
at near full load until March 1975 when it wa; also shutdown
because of the cable fire. Following the fire outage, all three
units were placed in service in September 1976, and have operated
at or near full power s;nce that time, except for periods when load

reductions were required to meet river temperature limits.

The higtory of the considefacion of auxiliary cooling facilities and

the evolving thermal criteria as these criteria were finally adopted by
the Environmental Protection Agency (EPA) is described in eonsiderablé
detail in the final envirommental statement (issued on September 1, 1972).
Aspects that pertain to the present situation at Browns Ferry Nuclear

Plant are repeated herein.

The Tennessee Valley Authority has taken action to comply with applicable
thermal water quality standards of the State of Alabama in the operation

of the 3-unit Browns Ferry facility by installing mechanical drart
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cooling towers. Bowevg;, inddequate cooling t;wer performance has resulted

in drastic curtailment of power generation duriqg peak summer periods when
peak load demands are critical on the TVA system to meet thermal standards,
Thermal discharges reéult#ng from power operationmare being controlled

in order to meet the applicable thermal standards. This document describes
(1) the need to operate Browns Ferry in a manner which will not result in
water temperature in excess of 90°F after reasonable néxing for an £nd;finite,'
period, and (2) the need to be able to disch;rge cooling tower blowdoQﬁ when
natural occurring water temperature is near or exceeds 86°F, and (3) fPe
effects of operating the plant within these limits. A summary descriﬁkian

of the design, and operation of the Browns Ferry heat removal T
system, along with a discussion of thermal standards, and reservoir
characte;istics are also included. This information provides the

basis for discussi&hs regarding the ways in which such operation can

be accomplished consistent with the Federal Water Pollution Control

Act Amendments of 1972.

{

On the basis of TVA's environmental evaluation that facility operation
limiting the maximum stream temperature to 90° F. would not detrimentally
affect the aquatic environment of Wheeler Reservoir, TVA sought relief

$rom the 86° F. limitation to allow utilization of the plant's generating

a; -
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capacity. On July 1, 1977, TVA staff met with personnel from EPA, Regi;n 1V, to
explain the power systems situation, to seek the needed thermal limitation
relief, and to discuss the resulting environmental effects. During this
meeting 1is was determined that, with EPA concurrence, the most efficient

procedure for obtaining such relief would be a TVA request for adjudicatory

hearing.
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EPA expressed Support for TVA's environmental evaluation and proposed
operation. On July 7, 1977, a meeting was held with James Warr, Chief
Administrative Officer, Alabama Water Improvement Commission, to discuss
these topics. An AWIC concurrence with TVA's proposed modified operation was

obtained. On July 8, 1977, TVA representatives discussed the existing situation
¥

and status of other regulatory agency discussions with NRC staff.

On July 13, 1977, TVA transmitted a petiiton for adjudicatory hearing to

EPA and a letter requesting concurrence in the proposed facility operation

to James Warr. EPA and NRC concurrence with the proposed intexim operation

was received on July 15; 1977, yy letter and verbal concurrence was received
from the staff of the‘Alabama Water Improvement Commission. A confirming letter

was received from the AWIC Staff dated July 18, 1977, on July 20, 1977.




‘ has been officially designated as this type fishery. The State of Alaﬂama

2.0 Thermal Standards

The heat dispersal facilities for the Browns Ferry plant were originally
designed and constructed to meet water temperature standards which were

k
judged by TVA.to be adequate to protect aquatic life (Reference Supplements

. S , f
and Additions to Browns Ferry Draft Environmental Statement issued November 8,
1971). The State of Alabama subsequently proposed identical standards,which

would permit a temperature rise of 10°F with a maximum temperature of 93°F.

<

In April 1971, EPA held a Standard-Setting Conference for the intersta?e
waters of the State of Alabama in Montgomery, Alabama. One of the recommend-
ations made by EPA at this conference was that the State of Alabama adopt
temperature standards that would limit the maximum temperature rise of a
stream by the addition of heat to no more than 5°F with a maximum allowable
water temperature not to exceed 90°F, except that in the Tennessee River
Basin and portions of the Tallapoosa River Basin which have been designated
by the Alabama Department of Conservation as supporting smallmouth bass,

. » 3 +
sauger, and walleye, the temperature shall not exceed 86°F. Wheeler Reservoir
4

did not immediately adopt these recommended temperature standards, Me;nwhile,
EPA had agproved temperature standards for Costal and Piedmont zone st;eams

in both Virginia and North Carolina that would allow a SOF rise and a‘Paximum
temperature of 90°F. While changes to more restrictive standards wer;'often
mentioned, it was not until December 1971 that EPA informed TVA that it would
not accept any maximums for the waters of the Tennessee River Basin in: Alabama
other than the following:

"Temperature shall noé be increased more than 5°F above the

natural prevailing background temperatures, nor exceed a i

maximum of 86°F." . by
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These temperature standards proposed by EPA_for the State of Alabama

were published by EPA in the March 11, 1972, Federal Register. Alabama

adopted these standards and EPA approved them on September 19, 1972.

Based on the studies described in Section 6 of this assessment, TVA
believes the thermal standard of 86°F maximum temperature ig unnecessarily

restrictive for the protection of the aquatic bilota in the Wheeler reservoir.
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3.0 Condenser Cooling Water Systems

3.1 Diffuser System

) K
The original condenser cooling water system for the Browns Ferry

Nuclear Plant consisted of a once-through system. It was recognized
early in the plant design stages that the condenser water should :be
discharged directly into~the"surface stiatum“of“Wheéléf'Resérboi%}

1 -

Instead, it was decided that by means of a diffuser, the condenser

water should be mixed as quickly as possible with as much unheated

_river water as possible. By this procedure, no excessively warm

surface stratum would exist and the mixing zone would be restricted

R

to a relatively small area.
1

ﬁased on TVA:studies which were discussed in the' draft envirommental
statement and the experience of others at the time Browns Ferry was
designed, it was concluded that these heat dispersal facilities would
adequately protect the waters of Wheeler Reservoir for the followdng
uges: public water supply, swimming and other whole b?dy water-contact

sports, fish and wildlife, and agricultural and industrial water supply.

Each unit has its,own distinct flow system consisting of pumps capable
of producing’a flow of 1,450 cfs (total of 4,350 cfs for three uﬁite),
conduit leading to a turbine condenser, and a discharge conduit leading

to an underwater diffuser in Wheeler Reservoir. ' '

Figure 3.1-1 shows the-physical :xrelationshipzof the-caolingiwater

conduit and diffuser pipes to the main channel and to the overbani

areas of Wheeler Reservoir at the plant site. The diffuser system design
ig shown in Figure 3.1-2. Thermal diffusion is accomplished by means

of three perforated pipes, connected to the discharge conduits of; the

- . S iimera  awE - Ak ch wo 3o e e E ——

oh




three units. These perforated covrugated steel pipes are laid
gide~by-side across and partially buried in the bottom of the

1,800-foot~wide channel, The channel is approximately 30 feet
deep. The pipes are 17 'feet, 19 feet, and 20 feet 6 inches in
diameter and of differennt lengths. Each has the last 600 feet
perforated on the doﬁnétream side-;ihh more than 7,000 two-inch

diameter holes. Thus, approximately 22,000 holes spaced 6 inches

“ on centers in both horizontal and vertical directions distribute

the cooling water into the river for thermal mixing.

As discussed above, the diffuser system was designed to meet a
temperature criteria of 10°F thermal rise above ambient water
temperature with a maximum temperature not to exceed 93°F after
reasonable mixing. In light of EPA's letter of December 17, 1971,
which stated that the only acceptable thermal standard for the
State of Alabama ﬁould provide for a 5°F rise and 86°F maximum
temperature, and TVA's %olicy to take appropriate action on a
timely bésié to meet any further applicable standards, TVA determined
that the diffuser system was not adequate to ensure acceptable
conformance with this proposed standard. The alternatives of
mechanical draft cooling towers, natural draft-cooling towers,
spray canal system, and cooling lake for heat dissipation were
reevaluated and it was decided at that time that mechanical draft
cooling towers would provide the best long—term‘solution to meet
the more stringent therqal standards. The towers would supplement

the diffuser system in order to comply with the new standards.

A
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. 3.2 Cooling Towers

By contract with the Ecodyne Corporation of Santa Rosa, California,
TVA purchased and hdd installed a system of six mechanical draft
cooling towers. The towers were 'completed in May 1976, but were not :

needed for condenser cooling during the summer of 1976 because the’

L3

plant was not in operation. It was not until the spring of 1977 that

Iy

the towers were actually placed in service.

A

A flow schematic diagram-for the tawers-is shown in Figyre 3.2-1. .

.

This modified sys?em is designed to be operated in either open, helper,
or closed modes, depending on plant generation, riverflow, and ambiene
water temperatures., For a typical year, helper mode operation is expgéted
 during the early spring and fall periods, and closed cycle operation is
' expected during all or most of the summer months to meet the present

state thermal standards.

During cloged-mode operation of the mechanical draft cooling towers,

a’ certain portisnﬁdf‘zhe’condenser circulating water must be removdd

from the cooling tow’ers z;g blowdown. This blowdown limits the concentration
of dissolved solids in the water which would otherwise interfere with
oper;tioﬂ of the towers a;& associated equipment. The amount of blowdown has

3
been estimated to be about 110 ft /s.

The quantity of makeup required in the closed mode operation is éependent
on the following items: (1) amount of blowdown, (2) the amount of ~‘,
;vaporation from the towers, and (3) drift losses. With a blowdown
dissolved solids concentration factor of 2, the total makeup required has

3
0 been approximately 6 percent of the circulating waterflow, or 220 ft /s.
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Based on tests condﬁcted by TVA and the manufacturer in May 1977, it °

has been codcluced that the:modified cooling system is not adequate to
permit normal plant opération while on closed-cycle cooling. Recent
operating experience hes demonstrated that the capability of the

mechanical draft cooling towers is reduced by 20 percent or more when"
meteorological conditions result in a recirculation of the cooling i

tower vapor plume. This reduction in cooling tower capability results

Y

€
*in an increase in the tower .discharge water temperature of around 3.5°F

above design conditions. The reduced tower capability coupled with
extremely high ambient wet bulb temperature has required reduction in
plant generation of 50 percent or more during periods of peak system
demands.

In addition to these inherent operating croblems, TVA recently experienced
the partial coliapse‘of the No. Srtower at Browns Ferry making it unaﬁail-
able for operation for an indefinite period of time. A similar failuﬁe of’
an Ecodyne tower at another power plant in Texas makes the continuedq:
structural integrity of the remaining cooling towers at Browns Ferry
questionable without substantial modifications. Structural repair of

the type needed cannot be made to a tower without removing it from service.

“Thus, we will experience additional constraints on our ability to operate

the plant within the present temperature limit of 86°F and at any reason-
able generation level until these problems are corrected. Thus, a 3
temporary relaxation of the maximum temperature limit of 86°F to the broposed

90°F value is urgently needed.

TVA recognizes that prompt and effective actions must be taken to improve
the cooling tower capability, and steps are already underway to do so.

Immediate actions include (1) thoroughly inspecting and assessing the

structural condition of the towers and initiate needed repairs; (2) increas-

ing the pitch of the fan blades as much as possible to obtain more airflow,

-
L
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and (3) to investigate ways to prevent or significantly reduce the

vapor entrainment problem,

TVA is evaluating several long-eerm modifications to the condenser
codling water system, including adding more heat removal capacity
consisting of more' cells oxr additional towers. Depéﬁding on the
evaluation bf reasonable“alternatives, it is not anticipated that a

- A

permanent engineering solution to the cooling system problem will be

completely implemented until about mid-1980.
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4,0 Thermal Regime of Wheeler Reservoir

4.1 General

4.2

4.3

Browns Ferry Nuclear Plant is located on Wheeler Reservoir, which
is one of TVA's main stream reservoirs on the Tennesee River. The

. : . I
hydraulic regime in the reservoir is controlled by the operation of

. . 1
TVA's Guntersville Dam upstream of the plant and Wheeler Dam down-
§

stream. These projects are operated primarily for navigation,

flood control, and power production,

Stratification t

Wheeler Reservoir exhibits weak thermal stratification during the
summer months due primarily to the relatively short transit time
within the reservoir and the fact that the power intakes on the two
dams withdraw water from the entire vertical depéh of tﬁeir respective
reservoiré.

Natural Water Temperatures

It is very significant that natural water temperatures exceeding
the current 86°F maximum have been observed in Wheeler Reservoir.

3

In the operation of the Tennessee River hydroelectric projects, T&A
has for years made weekly observations of the water temperatures ;n
the releases from dams. Tgple 4.3-1 summarizes these observation;
for the period 1960.to 1976. Table 4.3~2 shows fﬂr the years

3966-1975 the month-by-month occurrences of the number of days

the natural temperatures of the Wheeler releases equalled or exceeded

86°F.
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In conjunction with the colleCtio; of preoperational data for the

Browns Ferry site, water temperatures in Wheeler Reservoir have been
monitored by permanent recording stations. The recorded temperatures

range from abou; 40°F in the winter to a typical maximum of 85-90°F at the
surface in the summer. The maximum top to bottom vertical temp;rature
difference is about 5-8°F.:‘Natura1 water temperatures above the maximum
temperature standard of 86°F have been recorded over much of the reservoir:
depth. These data indicate that there is no significant change in the
temperature of the inflow and outflow of Wheeler Reservoir. Thus, with

the exception of the surface waters which are subject to diurnal temperature
fluctuation resulting from meteorological conditions, the temperatures of
the Wheeler Dam releases are almost identical to the average water temper-
atures at the Browns Ferry site.

The highest water temperatures at the plant site since the monitors have
been installed were recorded during the summer of 1969 ;nd illustrate the
extent to which natural temperatures have exceeded the 86°F standard.
Although all data have not been evaluated, the river temperatures recorded
during the summer of 1977 are very similar to those recorded in 1969.

The monitor at Tennessee River mile (TRM) 293.6 about 0.4 mile downstream

of the plant, has ten thermistors. One of these thermistors is mounted at
an elevation of 550 feet (MSL) which, under normal Wheeler Reservoir operation,
will vary from about three to six feet below the water surface during the
summer months. In the application of temperature criteria adopted For the
State of Alabama, the temperature has been measured at a depth of 5 feet in water
10 feet or greater in deﬁth, which is the case for Wheeler Reservoir.

Table 4.3-3 shows the daily maximum and average temperatures recorded for

this one thermistor during the summer of 1969.
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4.4 Streamflow -
Since 1937, the U.S. Geological Survey has maintained a streamflow

gaging station at Whitesburg, Alabama, about 39 miles above the Browns

Ferry site.

. t
The average daily streamflow at this station for 46 years of record

is about 42,500 ft3/s. At the Browns Ferry site the average annual
streamflow is estimated to be about 45,000 ft3/s. Based on the
Whitesburg gage data for the period 1951 to 1970, Table 4.4-1 lists
the percentage of days the mean daily flows at the Browns Ferry site

could be below the indicated discharge.

The operation of Wheeler and Guntersville Dams results in wide fluctuations
within the daily period represented by the mean daily streamflows. The
hourly releases.from Guntersville and‘Wheeler Dams for 10 years of record
(1959-68) are illustrated by the flow duration curves of Figures 4.4~1

and 4.4-2. These hourly records show that the periods-6f low or no flow
are only a matter of hours in duration. .Therefore,’the majority ofithe no
or low flow occurrences can be eliminated by making adjustmenté in the
daily operation of the Guntersville and Wheeler Dams. TVA has committed

to make these operating adjustments as one method of complying with water

quality standards.




Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
197k
1975
1976

Table 4.3-1

SUMMARY OF WEEKLY OBSERVED WATER TEMPERATURES IN THE RELEASES

FROM GUNTERSVILLE AND WHEELER DAMS

Maximum Temperature

1960 TO 1976

Minimum Temperature

O
Guntersville Wheeler
82.4 86.0
82.4 82.4
84.2 86.0
82.4 84.2
84.2 86.0
8.2 86.0
86.0 86.0
80.6 80.6
86.0 87.8
88.7 87.8
84.2 87.8
8h.2 86.0
84,2 84.2
8h.2 86.0
82.5 86.0
8h.2 84.2
8s.2 8h.2

Number of Days Natural Temperature

Equalled or exceeded 86°F

Op
Guntersville Wheeler
k1.0 42.8
39.2 k1.0
39.2 41.0
39.2 39.2
hi.0 k1.0
42.8 LY .6
37.4 37.k4
k2.8 LY. 6.
k1.0 42.8
41.0 1.0
39.2 37.4
k1.0 1.0
k4.6 4.6
42.8 41.0
46.5 48.2
L .6 48.2
4o.1 39.2

Guntersville

=
OCQOOOO0OOVVMFOFOOOOOO

Wheeler

16
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Table k4.3-2

NUMBER OF DAYS THE NATURAL TEMPERATURES
OF THE WHEELER- RELEASES EQUALED OR EXCEEDED 86°F

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

June 0 0 0 1 0 0 0 0 0 0
July 17 -0 0 28 0 2 0 0 0 0
August 19 0 21 - 0 16 0 o o0 - 0 0
September 9 9 L 0 2 9 9 9 L 0
TOTAL 36 -0 21 290 7 2 0 0 0 0

gt
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Table 4.3-3

DATILY RESERVOIR TEMPERATURES:— WHEELER RESERVOIR

~

TRM=293.6 - Summer 1969

Temperature Readings -~ Fehrenheit
Sensor at Elevation 550 Feet

Maximum for Day .

7.6
17.2
78.7
- T19.7
©LT9.T
- 80.7
82.0
© 82.4
82.1
83.6
83.8
‘85.0
85.4
86.2
86.8
85.8
87.9-
85.8
86.2
.. 86.6
8r.8 - - .-
. 87.5
88.6 °
87.9
87.6
88.7
. 87’6.
87.9
88.6
87.4
. 87.2
86.6
85.1
86.5
85.4
87.6
86.9
86.6
86.8
87.9
86.7

Average for Day

17.2
76.5
7701‘
© 78.8
78.6
80.2
80.8
81.2
81.9
82.1
82.3
82.9
8Lk.2
8L.8
8k.7
8k.T
84.5
84.8

85.T

86'1- EEE Y

87.0 .
86.9

- 87.2
86.5

- 86.8
86.5
86.7
86.8
86.7

. 86.8 .

85.7
8h.7
85.1
86.7
86.4
85.5
85.6
86.2
85.8

-

-
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(continued)

Temperature Readings - Fahrenheit
Sensor at Elevation 550 Feet

Date r Maximum for Day - Average for Day
July 28 85.9 ﬁ 85.1 . _
- 29 5.1 - + 8k.s C o
30 L 85.8 . . . 8k.4 e
. -31 - 8h.9 . . 8.y
Aug. L . - . - 86.3 . 8L.s
2 87-3 ' - : 85-0
3 8%.6 . 8.0
-k 8.7 . : - 83.7 1
5 8Lk.5 ) " 83.5 -
6 86.0 . : 8k.0
T 85.0 ‘ ) . 8h.1
8 8505 . 8!‘.9
9 85.3 . 8k.T
10 8k.9 ‘ 8k4.5
11 . 83.8 83.5
12 8L4.6 . .. .83.0
13 84.1 . 82.9
. b . 84.3 - . 83.1
() <15 - 83k - . . 82.6
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Table 4.4.1

Tennessee River Percent of Days
Mean Daily Discharge Mean Daily Discharge

at Browns Ferry ' _Is Lower
50,000 ft3/s 76
45,000 67
40,000 56
33,000 ‘ 35
30,000 27
25,000 | 17
20,000 10
15,000 6
10,000 3
5,000 1

1,000 0.3
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Hourly Discharge 1000 £t3/s

120
110
100
90
80
70

60

. 50

Lo

20

10

) § 4 1

|10

20

30

K 50 60

Percent of Time

70 80 90 100 -

Figure 4.4-1
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Aquatic Ecology of Wheeler Reservoilr

5.1 Fishery Resgources

Wheeler Reservoir supports a warmwatexr fish fauna considerxed typical of

nited States. Tdble 5.1-1 summarizes the

. g

large reservoirs in the southeastern U

Po-w - R

species which were recorded in the four-year preoperational monitoring
suxvey of the area. In addition to the typical warmwater assemblage, three

species thought to be more commonly assoclated with cool water reservoirs,

lakes, and rivers have been recorded:’ walleye (Stizostedion v. vitreim),

sauger (S. canadense), and smallmouth bass (Micropterus dolomieui). These

latter species form the center of concern in terms of the aquatic thermal
standaxds established for the Tennessee River. It is aépropriate, therefore,
to begin the discussion of the possible effects of-plant operation under the
proposed thermal criteria with a consideration of these species. In several
instaﬁces, general reviews of the literature are used in order to reduce the
number of specific citations; these reviews are identified with an asterisk in

the Literature Cited Portion of Section 6.

Smallmouth bass (Micropterus dolomieui)--The distribution of smallmouth baés

in North Amexrica describes a rough, inverted triangle bordered on the north by
northern Minnesota and Quebec, by the western Appalachians on the east, and
Missouri, Iowa, and the eastern Dakotas on the west. The Tennessee River
system in Alabama forms the apex of the triangle (Trautman, 1957; Hubbs and
Lagler, 1958). Smith~Vaniz (1968) indicates the Alabama distribution to be
limited to the Tennessee River system. Dahlberg and Scott (1971a, b) r?Port
introductions of smallmouth in streams of the Appalachian foothills (CooFa,
Savannah, and Chattahoochee xriver systems) in Georgia, Since the Coosa River
contributes to the Mobile hay drainage system (Smith-Vaniz, 1968), range

expansion of the smallmouth in Alabama may occur. Other introductions outside
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of its normal range in Noxrth America have accurred; for example, California
(Emig, 1966), and are expected to continue because of the sport value of the
specica. , i

3

Smallmouth bass tend to inhabit éool, £lowing streams of intermediate?gradient
(0.75 t; 4.7 m/km; 4 to 25 ft./mile) and large lakes having some curr;ﬁt,
reefs or bars, ané‘gravel‘or rocky shorelines (Trautman, 1957; Emig, 1966).
Thermal preferences in the field have been reported from 21 to 26.7C; ; final

thermal preferendum of .28C was determined for youngand yearling smallmouth

(Ferguson, 1958).

Mean surface temperatures (July through September) for 18 bodies of water
containing smallmouth populations ranged from 17.4 to 27.8C (Coble, 1967).
Moxe recent york has establishe@ that smallmouth bass can have higher thermal
preferenda. The results of recent studies (Table 5.1-2)show that smalimOuth
acclimated to temperatures between 20 and 33C exhibit mean thermal preferenda
0f from 29 to 31C with rhngés of from 25 to 35C.” Reynolds and Casterlin's
(1976) results also show that the mean day-night preferenda for smallmoutﬁ

bass were slightly higher than for largemouth bass. Cherxy et al. (1977) npted
that smallmouth acclimated to 27 and 30C exhibited avoidance to temperﬁtqreé

of 33C while those acclimateh to 33C avoided temperatures of 35C; they conclude
that 35C repreéents:the seven~-day upper lethal temperature for the specieg.
Dickson et al. (1976) report collecting smallmouth bass in ; thermai d%scharge
at 35C aﬁd Wrenn (1976) reports that sonic~tagged smallmouth remained up to

three days in’a heated discharge at temperatures from 31 to 33,4C,

.

Smallmouth bass are omnivorous throughout their life span, chaﬁging generally

from a zooplankton-insect ‘diet when ycung to an Insect-maccucrustacean~fish
. ) 1

-
g
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diet as adults. Total annual growth has been correlated with mean suxface
temperatures from July through September (Coble, 1967); the data are
sufficiently variatle, however, to indicate possible relationships with

other factors, i.e., water quality,food, area, parasitism (Emig, 1966; Coble,

1967). - . - : | ‘

Spawning activity has been reported to commence at from 10 to 24C for a variety

~

"of localities (Emlg, 1966' Neves, 1975) Nest sites are at variable depths -

up to 3.6m and tend to be in areas sheltered from direct wind or wave action;
gravel or rock substrates are preferred., Developmental periods rangé from
10 days at 13C to 2.5 days at '25.6C. Newly hatched young remain in or near
the nest for several days. Parental care of schools of fry continues until
the fish reagh approximately 25 mm total length, at which time the young

disperse among aquatic plants (Emig, 1966).

Walleye (Stizostedion v. vitreum)——The distribution of walleye in North America

incorporates an area defined by the Mackenzie Rlver, Great Slave Lake, and
Peace River system of British. Columbia eastward to Hudson Bay and Labrador,
south on the Atlantic slope to central North Carolina, southwest through‘
norxthern Georgia, Alabama,-Mississippi and northern Arkansas, and northwest
through4eastern Kansas, Nebraska and the central and western Dakotas to
Canada (Trautman, 1957; Hubbs and Lagler, 1958)., Successful introductions

have been made in reservoirs in Oklahoma (Grinstead, 1971), California

.
-

»(Goodson, 1966), and New Mexico (Jester, 1971). Snith—Vahiz (1968) reports

the species for the Tennessee River system, Mobile Ray, and Escambia drainages

in Alabama. Brown (1962) reports walleye present but not common throughout

central and southern Alabama in the Alabama and Tombigbee river system.
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Walleye have been successfully introduced in Lakes Lanfer and Hartwell and
unsuccessfully in Lake Sinclair in Georgia (Dahlberg and Scott, 1971b).

Cook (1959) reports several collections from counties along the Pearl’River
and its tributaries in southexrn Missisgippi and in the Mississippi Ri&er, ?ut

it has never been known to occur in iarge‘numbers in the state,

-

Walleye tend to inhabit largé iakes and streams having relatively clear water.
Sustained populations are.found throughout the 6ligo£rophic—eutrophic spectrum,
but walleye never become abundant in heavily vegetated bodies of water
(NiemuthY et al, 1962; Goodson, 1966). Ferguson (1958) reports susta;ned
walleye populations occurring_at August (presumably maximum) temperatu;es éf
20 to 23C;vDendy (1945)'reporteé a preferred summer maximum temperature of 25C
and Goodson (1966) reports a temperature range of Onto 32C for sustained
populations. Reglexr, et al. (1969) .peport cthat- some.resident populations
tolerate water temperatures up to 30C for extended periods. Smith and Koenst
(1975) report that the optimum temperature range for growth of juvenil? walleye
extends. from 19 to 25¢ andng%timate that zevo net growth occurs’ above 28C. ,
Koenst and Smith (1976) report that, for juvenile walleye acclimated to 25.8C,
100 percent survived 96-hour exposure to 31C and 10 pgrcent survived exposure
to 32C; they éstimate the upper lethal temperature (96-~hour TL50) to 31.6C.
Investigations presently underway at the TVA-EPA cooperative Browns Fefry

Biothermal Research Project have shown continued survival and growth of juvenile

walleye for 58 days at temperatures exceeding.28C and ranging up to 33C.

Walleye‘are generally piscivorous as adults; young walleye utilize plankton
and aquatic insects for a short time, but in most cases shift rapidly to fish

as a food source. Early growth and survival have-been associated with the
[
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timing of the supply of forage fish. (Jester, 1971) in New Mexico; however,
Priegel (1970) did not find a similar relationship. Growth of walleye appears
to be more rapid in the warmer waters of its occurrence (Goodson, 19662, but

no specific temperature data are available,

Walleye ;bawn in a varigﬁy ;f habitats (Priegel;‘;970); most spawning éccurs
in streams or élong lake shores over rocks, gravel, and sand, but Priegel
(1970) noted spawning in flooded marsh-and bog vegetation. Peak spawnfng
occurs at water temperatures of about 6 to 8C; temperature ranges reported

from several studies and reviéwed by ?riegel (1970) are 3 to 14C, ,

Sauger (Stizostedion.canadense)--Sauger have a more limited distribution than

do wal}éye. &rautman (1957) and Hubbs and Lagler (1958) describe their'
distribution as occurring from the Hudson Bay drainage to New Brunswick,
southward west of the Appalachians to West Virginia;. to the Tennessee River

in Alabama, to eastern Oklahoma and the Red River in Texas, to eastern Kansas,
Nebraska, Wyoming, and southwestern Iowa and Montana. Smith-Vaniz (1968)
reports the Alabama distribution is restricted to the: Tennessee River system *
and C;ok (1959) reports sauger in the Mississipﬁi, Tennessee, and Pearl River
watersheds in Mississippi. There are no Georgia records of native saug?r, but
it has been introduced in the Savannah and Chattahooche rivers of the
Savannah and Apalachicola drainage systems (Dahlberg and Scott, 1971a, b).
The life history of the sauger is not well known, especially in terms of
thermal preferences, éauger are'most commonly found in laxge lakes, rivers,
and rese;voirs. Dendy (1945}, Feported a thermgl preference of 19,5C based oﬂ
field stu&ies in Norris Reservoir, Tennessee; Gammon (1970, 1973) reported a

summer range of preferred temperatures of 22 to 28C in the Wabash River,
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In the lattér studiés, sauger showed a cleax avoidance of temperatures present
in the mixing zone of a steam plant discharge (30 to 34C); the maximum,

temperature in which sauger were caught was 29C, 1

Koenst and Smith (1976) report that optimum growth of juvenile sauger ;ccurrgd
at‘ZZC.. For juvéniles acclimated at 23.§1and 25.8C, 87.5 percent suréived
96-hour.exposure to 30C, but none’suryived exposure to 31C (although 12.5 percent

. 6f those ;ccliﬁated to 19.9 ana 22¢C &id); the upper lethal temperature (96~hour
TL50) was estimated to be 36.4C (Xoenst and Smiéh, 1976). Yodér and Gamon

(1976) noted that sauger avoided the heated effluent of a power plant:(temperatures
of approximately 33 to 37b) but were caught in large numbers in the discharge

zone Buripg the'wﬁnter wﬁén:éfflﬁént tempetétures we?e 8 to 12é (vs 4C ambient).

Teppen and Gamon (1976) noted declines in sauger abundance immediately below

three power plants on the Wabash River,

Sauger are essentially.piscivorous after their first year of life., Habitat
preferences are poorly known, but sauger are generally regarded to be open-
water sﬁeciés.‘ fn'maiﬁqstréam reseivoirg, saugér ;ppear to be mo;t common in
the upper reaches including Fhe tailwaters. Spawning occurs over.gravel or

rubble substrate in tailwaters, tributéries, and over reefs at water temperatures

of 6 to 12C (Priegel, 1969). .




5.1.1

30 ,

Distribution and Occurrence of Smallmouth Bass, Walleye, and Sauger

Fish populations have been sampled quarter1§ since autumn, 1968,
at three locations in the reservoir. ‘- Additionally, rotenone sawples, ,

larval fish samples, and creel censuses have been performed on an annuyal

I

‘bagis. In terms. of thermal effects, only the area from the plant site

(TRM 294) downstream to Wheeler Dam (TRM 275) is of concern. Table’§:1-3
summarizes c§tch statistics for the three species in gill nets fished
immediately downstream from the plant diffuser discharée (Station 1,
TRM 293). While walleye did not occur in this area, walleye were caught
twice in sampl?s taken directly across the reservoir from the plant site
(Station 3); in autumn, 1970, one walleye was éaken in 39 net-nights;

in summer, 1972, two waileyes were taken in 34 net-nights of effort; in
autumn, 1972,‘6ne walleye was taken in 40 net nights of effort. .During
the operational period, one walleye was taken at Station 1 in 1974 and
one was"taken»at-Station 3 in 1976 (Table 5.1-4).

Smailmaﬁth.occurred only in the autumn and spring quarters dhfing
the preopepational pefiéd; a similar.pattern has been noted ;ince plant
staffup Table 5.1—4. Sauge£ occurred more regularly, albeit at low numbers
in the preoperational period CTable"$;1—35hhd occurred most frequently:in
the autumn and spring quarters; their abundance and frequency of occurrence

since commencement of plant operation has increased (Table 5.1-4). The pattern

] .
of increasing abundance at all stations (Table 5.1-4) agrees with creel census’

data (Table 5.1-9) and stafiding stock biomass data éTablej@,l—S) and indicates

that the sauger popuiation in.Wﬁeeler Reservoir has increased in recent

years.
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Standing stock data indicate that smallmouth bass reproduction (as
estimated by numbers/ha of young fish'in the samples) has decreased
sharply since 1971 in two of three coves sampled consistently since 1969
(Table 5.1-6); this decrease appears to be translated into decreased
angler harvest: (see Table 5.1-10). The reason for the decline are not
known; low levels of reproductive success at all three standard coves ;
in 1973 may have resulted from spring floods. The long~term effects

of flooding, e.g., siltation or other destruction of spawning habitat,
would be expected to be more severe in the coves at TRM 286 and ERM 2.7;
these coves would be more directly exposed to high river flows than would
the cove at TRM 275, which is located on an embayment. In addition, the

cove at TRM 286 is located in a county park; the decrease noted here may

partly be due to increased boat traffic and other human activity.

Total, clupeid, and nonclupeid standing stock biomass (Tables 5.1~7
and 5.1~-8) show a similar depression in 1973; however, these values have

generally increased since 1973 while smallmouth young have increased only

at TRM 275.

In contrast to smallmouth, standing stocks of sauger appear to have

generally increased for all three age/size groups since 1971 (Table 5.1-5)
except in the Elk River. This increase agrees with the increased catch by
anglers (Table 5.1-11) and in gill net samples (Table5.1-4). Walleye have

not been taken in cove samples in Wheeler Reservoir since 1954.
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]
’1.2' Angler harvest of smallmouth bass, walleye, and sauger

Table 5.1-9 presents estimated angler harvest of sauger, based on- a continuous,

roving-clerk creel census. Sauger harvest in the areas censused (Figure 531—1)
is largely concentrated above the plant (areas 1-1, and 1-2, 38 percent of
‘total catch) and in the area below the plant (area 3-1, 31 percent). Area
2-1, which includes the plant and mixing zone, yielded 16 percent of the :
sauger catch. No census data are available for .the tailwater fishery-at
Guntersville Dam, located approximately 30 rivér miles (48 km) upstream from

the élant; the tailﬁater fishery is highly seasonal and limited to the

spavning run (December-February).

The sauge