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SUMMARY

The EZcological Services branch of Texas Instruments Incorporated
(TI) was retained by Arkansas Power & Light Company (AP&L) to Zctermine the
efficiency of an air curtain in reducing fish impingement at A rkansas Nuclear

One — Unit 1, on Dardanelle Reservoir, Arkansas.

TI has characterized the species composition and abundance,
biomass, and length-frequency distribution of fishes impinged during the four
seasonal air curtain test periods and has related these data to selected physico-
chemical water and meteorological parameters measured during air curtain
testing. This report has evaluated the efficiency of the air curtain in deterring
fisn, while suggesting causal relationships, conclusions, and recommendations

aimed at mitigating impingement losses at Arkansas Nuclear One.

Arkansas Nuclear One, Units 1 and 2, are located in Pope County,
Arkansas, 2 mi southwest of the town of London on a peninsula formed by
Dardanelle Reservoir. Units 1 and 2 are pressurized water reactors (PWR)
with capacities of 836 Mw and 9i2 Mw respectively. Unit 1, designed for once-
through cooling, began commercial operation in 1974. A hyperbolic natural-
draft cooling tower is being constructed for Unit 2, which is scheduled to be on
line in 1977. A 0.75-mi-long intake canal carries cooling water to the plant
ir .ake forebays. Traveling screens of 3/8-in. mesh protect these forebays

from trash, fish, and other fouling materials.

The air curtain structure is located across the mouth of the in-
take canal in approximately 15 ft of water. The canal is approximately 400 ft
wide at its juncture with Dardanelle Reservoir. Four glass-fiber pipes lying
side by side on the canal bottom extend for distances of 400, 300, 180, and 80 ft
respectively. Airholes have been drilled in each pipe at 1-in. intervals start-
ing at the far end and progressing toward shore far enough to reach the end of

the next longest pipe. The effect is a row of airholes extending 400 ft and all
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emitting air at approximately equal pressure. Dardanelle Reservoir is part of
the McClellan-Kerr Arkansas River navigation system extending from the con-
fluence of the Arkansas and Mississippi Rivers to Catoosa, Oklanoma, on the
Verdigris River. The reservoir exhibits seasonal patterns of water tempera-
tures, dissolved-oxygen levels, and other physicochemical paramaters typical
of a southern (temperate) reservoir. Water temperatures range from near
freezing in winter to approximately 90°F (32.2°C) in summer. Dissolved
oxygen levels follow a seasonal pattern inversely related to water temperature.
The reservoir cuvrently supports a relatively diverse warm -water fish com-
munity consisting of 53 species and supports a small commercial fishery and a

growing sport fishery.

Historically, small-meshed wire gratings had been utilized as
barrier-guides to divert fish to bypasses at weirs, du-'n spillways, and streams.
The first air curtain devices were used during the 1940's as barrier-guidance
systems at these fish passes. These initial units were only partially success-

ful in diverting fish.

Behavioral studies during the !750's showed that fish deterrence
with respect to @ r bubbles was a species-specific phenomenon, with certain

species 100% deterred and others virtually unaffected.

Experimenters during the late 1960's observed that perception
of the air-bubble curtain was entirely visual. Later researchers, however,
discovered that a number of senses, including vision, were involved in response
to the air curtain, as well as species-specific behavioral characteristics, swim-

ming abilities, anu environmental conditions,

Only a few field applications were found, probably owing to the
erratic nature and inconclusive findings of air curtain testing under controlled
laboratory conditions. At best, however, extant laboratory and field data are
erratic and inconclusive. Results appear to be site- and species-specific and are

subject to a multitude of interrelated and not completely understood variables.
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The air curtain at Arkansas Nuclear One was tested during fall
and winter 1974 and spring and summer 1975. Testing procedures during each
season consisted of six consecutive weekly runs of 3 days ""on' and 3 days '"off"
operation over six consecutive days, with a day between runs. Air and water
temperature, percent cloud cover, wind direction and intensity, and rainfall
were recorded daily during all four seasonal tests. Water-turbidity measure-
ments were less frequent. All reported problems, mechanical failures, and
operational variances were recorded and considered during data analysis. Sta-
tistical analyses were performed to test for differences between impingement
rates during air curtain ON and OFF status and for possible relationships be-

tween impingement and water temperature.

Thirty-eight species of fish representing 14 families were col-
lected from intake screens during seasonal air curtain testing from October

1974 through August 1975.

Numbers of species impinged declined from a high of 29 during
the fall to 20 during the winter and rose to 26 species during spring and sum-
mer. No discernible differences were observed in the number of species im-

pinged during ON/OFF testing.

Threadfin shad, gizzard shad, blue catfish, channel catfish,
white bass, and freshwater drum were the species appearing in the greatest
number of leaaonall test runs. White crappie, white bass, and bluegill sunfish
were taken in the majority of fall, spring, and summer tests but only infre-
quently during the winter. Occurrences of the aforementioned species were
evenly distributed over ON and OFF tests. No overall seasonal trends could

be discerned.

A total of 9,571, 922 fish weighing 173, 641 pounds was impinged
over the entire four-season test period. Of this, 4,930,127 fish weighing
90, 870 pounds were collected during air curtain operation. This compares

with 4, 641, 795 fish weighing 82, 770 pounds impinged when the air curtain was
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not operating. Impingement rates for all species combined rose during the
fall and winter to levels of>200, 000 fish and 1000 pounds per 3-day period.
Impingement declined through the spring and summer. Hignest impingement
counts occurred while Dardanelle Reservoir water temperatures remained
below 60°F (18.3°C). A comparison of ON/OFF test data revealed no statisti-
cally significant differences ir numbers or biomass impinged during the fall,
winter, or summer, Significantly (a= 0.05)* higher impingement numbers were
observed during air curtain operation in the spring. Significantly (a=0.05)
higher biomass was impinged when the air curtain was on in five of six spring

tests.

Threadfin shad, gizzard shad, blue catfish, channel catfish, fresh-
water drum, white crappie, and white bass accounted for the greatest numbers
and biomass impinged throughout the study. Threadfin and gizzard shad com-
bined contributed the greatest proportion (>95%) of numbers and biomass im-
pinged during fall and winter tests. During these seasons, threadfin shad clearly
dominated both numbers (> 71%) and biomass (>88%), No distinct differences in
species composition between ON and OFF tests were observed during fall or
winter. Gizzard shad and freshwater drum dominated spring and summer tests
respectively, Some differences in species composition between ON and OFF
testing were observed during these two seasons, but these differences did not

appear to be significant,

Since threadfin shad contributed the greatest number and biomass
impinged over *he four-season test period, their overall impingement rates were
of major importance. A total of 8,850, 744 threadfin shad weighing 159, 649
pounds were impinged over the four-season test period, Overall, more thread-

fin shad were impinged during air curtain operation (4,560,419 fish; (83, 732

*Observations were considered to be significantly different when the probability
of the observed difference occurring by random chance was less than the es-
tablished alpha (a) level. For example, a difference considered significant at
the a=0.05 level would be expected to occur by chance less than one time in
20 if no true difference existed. Thus, the probability that a statement of sig-
nificant differences is incorrect is less than the fraction expressed in the
alpha (a) level.



pounds) than when the air curtain was inoperative (4, 290, 325 fish; 75,917
pounds). However, these differences were found to be not significant at the

a=0,10 level.

Threadfin shad impingement rates rose during late fall and win-
ter and declined through spring and summer. Highest impingement rates
(>100, 000 fish and >1, 000 pounds per 3-day period) were observed when
Dardanelle Reservoir water temperatures ranged between 60°F (15.5°C) and

42°F (5.6°C).

During the fall significantly (@ = 0.05) greater numbers and
biomass of threadfin shad were impinged when the air curtain was not in opera-
tion. No difterences were observed during the winter or summer; however, a
greater number of threadfin shad were impinged during air curtain operation

in the spring.

The majority of differences between air curtain ON/OFF imping :-
ment rates of the other six major species during the four-season test period

were indicative of higher catches during air curtain operation.

The majority of the fish impinged over the four-season test
period were in the 61-90 mm or 91-120C mm size classes, presumably young-
of-the-year or yearlings Air curtain status did not alter the length frequency

of the fish impinged during any test period.

There appeared to be a positive relationship between high impinge-
ment and increased turbidity, but the paucity of turbidity data makes this finding
inconclusive. Although vision is related to avoidance of the air curtain, other

sensory mechanisms are probably involved.
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Impingement rates for all species combined and for six of the
seven most heavily impinged species were found to be significantly correlated
with water temperatures in Dardanelle Reservoir during fall 1974 and spring
1975. In the majority of cases these significant correlations were negative;
i.e., higher impingement was associated with lower temperatures and lower
impingement wic1 higher temperatures. Based on current-velocity measure-
ments at the air curtain, and temperature-related fish-behavior data, it was
concluded that regardless of air curtain status, even the relatively low water
velocities observed at the air curtain overwhelmed the swimming abilities of
smaller me "bers of mo-t fish species during late fall and winter. Therefore,
the high impingement rates observed during late fall and winter may have rzpre-
sented impingement of passive, moribund, sm. ’..r or weaker fish thermally

stressed by water temperatures below 60°F (15.3°C).

No other parameters monitored, i.e. cloud cover, rainfall, wind

direction and velocity, were directly related to impingement patterns during

seasonal ON/OFF testing.

The assumption that there was no significant lag time between a
fish passing through the air curtain and being collected on the screens appeared
to be true since no significant differences occurred comparing respective days
(e. 8., third day on iest vs third day off test). The inefficiency of the air cur-

tain may have masked lag-time effect,

It is recommended that, until industry-wide testing proves the
reliability of one or more behavioral screening systems, no further funds or
time be expended in testing or installing these behavioral devices at Arkansas

Nuclear One.
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Tl recommended that Arkansas Power & Light Company continue to
evaluate the impact of impingement on the fishery resources of Dardanelle
Reservoir through impingement monitoring and related biological reservoir
studies. Only if this evaluation indicates significant biological impact should

mechanical screens or alternative mitigation measure be implemented.
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SECTION I
INTRODUCTION

To meet present and projecte” snergy needs, Arkansas Power
& Light Company (AP & L) contracted with Bechtel Corporation (San Fran-
cisco) to construct two nuclear-fueled electric-power generating stations

(pressurized water reactors) at Russellville, Arkansas (Figure 1-1).

Unit 1 is designed for once-through cooling; a hyperbolic,

natural-draft cooling tower is being constructed for Unit 2.

A major utility-related envirunmental concern involved with
the withdrawal of once-through cooling water has been the impingement of
aguatic organisms, especially fish, on the plant intake screens. In a move
to avoid or mitigate this impingement r~oblem, which has plagued numerous
utilities across the United States and abroad, AP&L contracted with Bechtel
Coiporation to construct an air-bubble curtain at the confluence of the intake
canal and the reservoir before Arkansas Nuclear One - Unit 1, went online.
Texas Instruments Incorporated (TI), Dal'as, Texas, was retained by AP&L
on 12 February 1974 to design and implement a statistically valid biological
testing program to determine the efficiency of this air curtain in reducing fish

impingement.

In accomplishing this major objective, TI has characterized
the species composition and abundance, biomass, and length frequency dis-
tribution of fishes impinged during the four seasonal air curtain test periods.
To aid in the understanding and explanation of test firdings, these impinge-
ment data have been related to various selected physicochemical water and

meteorological parameters measured during air curtain testing.
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Figure I-1,

RUSSELLVILLE
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r . RE SERVOIR
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Location of Arkansas Nuclear One, Units | and 2
on Dardanelle Reservoir, Arkansas
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Tl has compared Arkansas Nuclear One air curtain test data
with information collected during a comprehensive review of available air
curtain literature, a survey of life history information un the fish species
most heavily impinged at Arkansas Nuclear One-Unit 1, and studies per-
formed by AP&L, Arkansas Polytechnic College, and the Arkansas Game &

Fish Commission on Dardanelle Reservoir,

This annual report principally addresses the efficiency of the
air curtain in Jeterring fish, while also suggesting causal relationships and

conclusions,
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SECTION I
DESCRIPTION OF ARKANSAS NUCLE.\R ONE, UNITS AND2

Arkansas Nuclear One, Units | and 2, are located in Pope
County, Arkansas, 2 mi (3.2 km) southwest of the city of London on a penin-
sula formed by Dardanelle Reservoir (Figure II-1). The site encompasses

approximutely 1164 acres (471.4 hectares).

Both Units |1 and 2 are pressurized water reactors (PWRs) with
capacities of 836 Mw and 912 Mw, respectively. Unit 1, which is designed for
once-through cooling, began commercial operation in December 1974, A hy-
perbolic, natural-draft cooling tower is being constructed for Unit 2 which is

scheduled to be on line in 1977,

Cooling water is taken from Dardanelle Reservoir through a
0.75-mi (1. 2-km) long intake canal to eight forebays at Unit 1. In 1977, this
canal will also carry makeup water to Unit 2, which is supplied by two sep-

arate forebays (Figures [I-2 and II-3),

Water velocity profiles were mapped along prescribed tran-
sects and at pre-determined depths at distances of 20 ft and 50 ft in front of
the Dardanelle Reservoir intake canal juncture on 11 December 1974 by the

U.S. Geological Survey, and are presented in Figure [I-4,

At the confluence of the intake canal and the reservoir, the ap-
proach velocity of the intake water is < 0.3 fps (0,09 m/sec), Water velocity
increzses to 3,0 fps (0.9 m/sec) at one point within the canal due to reduced
canal depth and width. Velocities then reduce to approximately 1.5 fps
(0.46 m/sec) along the remainder of the canal up to the Unit-1 intake screens.
The average velocity across the Unit-2 traveling screens (operational in 1977)

will be 0. 34 fps (0.1 m/sec) (Arkansas Power & Light Co., 1974).
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Figure 1I-2. Photograpn Showing Portion of Intake Canal
toward Arkansas Nuclear One

Figure II-3, Photograph Showing Portion of Intake Canal
toward Lake Dardanelle
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Figure 11-4. Water Current Velocity Profile at 20 Ft and 50 Ft in Front of Air Curtain, 11 December 1974



Each of the 10 forebays (eight for Unit 1, two for Unit 2) is
protected from trash, fish, and other fouling materials by means of a 10-ft
(3.1-m) wide vertical traveling screen constructed of 3/8-in. (0.9-cm) wire
mesh. There are no fixed screens in front of the traveling screens, only the
usual bar racks. The rate of speed of the traveling screens is fixed;, however,
the pressure on the wash system can be adjusted. The traveling screens are
automatically cleaned by wash pumps which discharge into high-velocity spray
nozzles, washing away debris as the screens travel past the nozzles. Collected
trash is sluiced through a trough into one of two trash grinders located in front
of screens 4 and 5; the ground material, plus water, is then discharged in front
of screen 2 where it then passes through the screen, through Unit-1 condenser,

and out the discharge canal.

Unit 1's four circulating water pumps are designed with a total
capacity of 762,960 gal. /min (2,887,040.6 £/min) (1700 ft3/sec (48.1 m3/sec)].
Cooling water passes through Unit-1 condensers and is returned to Dardanelle
Reservoir via an effluent canal and 80-acre (32.4 hectares) discharge bay.
(Figure II-1). Blowdown discharge from the Unit-2 cooling tower will add 3600
gal. /min (13,622.4 4/min) of warmer water to the discharge of Unit 1, adding
approximately 0. 5% to the thermal discharge of Unit 1 (Arkansas Power & Light
Co., 1974).

Bechtel Corporation (San Francisco) under contract to AP&L
constructed an air curtain at the confluence of the Arkansas Nuclear Cae in-
take canal and Dardanelle Reservoir, the purpose of which was to deter fish

from entering the intake canal proper.

The air curtain structure is located in approximately 15 ft of
water, across the mouth of the intake canal, which is approx‘mately 400 ft
wide at the juncture with Dardanelle Reservoir (Figure 1I-5). our fiber-

glass pipes (4-in. in diameter) lie side by side (10 in. apart, center to center)



on the canal bottom for distances of 400 ft (completely across), 300, 180,
and 80 ft respectively (Figure II-6). Each pipe is drilled along the upper
surface with 3/32-in, air holes, spaced 1 in., center-to-center, apart,
These air holes are located only in the last section of each pipe. A series

of control valves provide approximately equal amounts of air pressure at each

hole, thus forming one uniform 400-ft-long air curtain across the mouth of the

intake canal.

REGULATOR STATION

INTARE CANAL

ot

N 157,000

Figure II-5, Plan of Air Curtain at Mouth of Arkansas Nuclear One Intake

Canal, Dardanelle Reservoir (Arkansas Power & Light Co.,
1974)




Figure II-6, Schematic of Air Curtain in Intake Canal to Arkansas Nuclear One

Compressed air for the curtain is provided by six air compres-

sors, each with u capacity of 650 ¢fm at 100 psig. Located onshore, these

compressors are connected by a system of manifolds and pipe to the four

pipes making up the air curtain (Figure II-7). The pipeline from the com-

pressors to the air curtain is insulated to reduce noise.

Figure 1I-7. Six Air Compressors Providing Air by Way of
Manifolds to One Pipe Leading to Air Curtain
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During the normal operations’ mode, five compressors were
utilized, with one unit serving as a back-t . During operation of the air cur-

tain, the water surface is actually raised a fe.; inches (Figure 1I-8).

Figure II-8, Photograph of Air Curtain at Head of Intake Canal
(Note water turbulence due to air curtain)
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SECTION III
DESCRIPTION OF DARDANELLE RESERVOIR

Dardanelle Reservoir (Fignre III-1) is part of the McClellan-
Kerr Arkansas River navigation system which extends from the confluence of
the Arkansas and Mississippi rivers to Catoosa, Oklahoma, on the Verdigris

River. The "eservoir surface coverage varies between 34,000 and 36,000 sur-

face acres (13,891.5 »<4d 14,013,0 hectares) with a shoreline length of 315 mi
(506.8 km) at a pool eievation of 338 ft (103.0 m) (Arkansas Power & Light Co.,
1974),

TARKANSAS

00°

PINE BLUFF &

)

oo n? °

i
%, e

Figure III-1, Arkansas River and Adjacent Waters Showing
~ock and Dam System and Dardanelle Recervoir
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The reservoir's maximum volume since being filled was
502,000 acre-ft on 5 June 1974 at a pool elevation of 338,45 ft (103, 16 m)
above mean sea level; minimum volume since being filled to the bottom of
the power pool was 415,000 acre-ft on 13 October 1969 at a pool elevation
of 335.8 ft (102.4 m).

The Arkansas River at Dardanelle Reservoir, over the 34-yr
period extending from 1923 to 1957 (Army Corps of Engineers), produced an
average daily discharge of 34,260 ft3/sec (969. 56 m3/sec) or 24,820,000
acre-ft/year (maximum, 52,206,000; minimum, 5, 354,000). During that
period, the maximum daily discharge was 683,000 ft3/sec (19, 328. 9 m3/sec)
on 13-14 May 1943 and the minimum daily discharge was recorded at 400
ft3/sec (11. 3 m3/sec). The lowest flow on record was 43 ft3/sec (1.2 m3/sec)

in December 1970.

Major tributaries (Figure III-1) contributing to Dardanelle
Reservoir include Six Mile Creek, Horsehead Creek, Spadra Creek, Cane

Creek, Big Shoal Creek, Big Piney Creek, and the Illinois Bayou.

Dardanelle Dam (Lock and Dam 10) is 259 mi (416. 7 km) up-
stream from the mouth of the Arkansas River and is the first of four dams
with lift capabilities to 54 ft (16. 5 m), including storage for hydropower; con-
struction of this dam was initiated in 1957 and commercial generation began
in 1965. The minimum and maximum pool elevations behind Dardanelle Dam
are 336 ft (102.4 m) and 338 ft (103.0 m), with a normal power generation
storage capacity of 2 ft (0. 6 m). Power generation is based on the mean
daily inflow equaling mean daily outflow within the 336- to 338-ft limits. The
four hydroelectric generating units at Dardanelle Dam produce a total power

osuiput of 124, 000 kw (124 Mw).
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Dardanelle Reservoir exhibits seasonal patterns of water tem-
peratures, dissolved-oxygen levels, and other physicochemical parameters,
typical of a suuthern (temperate) storage reservoir. Water temperatures
range from near freezing in winter to about 90 F in summer. Dissolved
oxygen levels follow a seasonal pattern inversely related to water temperature
(Arkansas Power & Light Co., 1974). The reservoir currently possesses a
relatively diverse warm-water fish community consisting of 53 species, rep-
resenting 18 families of fish, and supports both a small commercial fishery
and growing sport fishery,

For a more detailed characterization of the physicochemical
makeup of Dardanelle Reservoir, see the AP&L Environmental Report for

Arkansas Nuclear One — Unit 2, Vol. 1, 1974,
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SECTION 1V
AIR CURTAIN LITERATURE SURVEY

A. GENERAL

Behaviora! experiments involving the reaction of fishee to
various response-evoking stimuli such as cold and warm temperatures, dis-
solved oxygen, light, forage, predators, etc., are quite numerous in the lit-
erature. The great majority of these studies, however, were not designed
specifically for solving the fish impingement problem which has been plaguing
the power industry,

Section 316(b) of the 1972 Federal Water Pollution Control Act
requires that:

"++. the location, design, construction, and capacity

of cooling water intake structures reflect the best

technology available for minimizing adverse enviroa-
mental impact, '

In response to this requirement, utility companies have closely
examined those few studies involving fish reactions to stimuli that appeared
to act as deterrents and/or guiding mechanisms. Further, numerous utilities
have initiated "in-house'' or funded fish behavioral studies in the hope of dis-
covering ways to minimize the chances for serious damage to the local and/or
migrant fish community through entrapment and/or impingemen: at plaat in-

take structures.

Fish responses to solid physical barriers (traveling screens,
fixed screens, perforated screens, drum and disc screens) and reactions
to behavioral barriers (sound, illumination, electricity, louvers, chains, jets
of water, and curtains of bubbled air) have been evaluated at a number of test

facilities and plant sites (USEPA, 1973).
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In consonance with the major objective of evaluating the effi-
ciency of an air curtain for deterring fish at Arkansas Nuclear One, Texas
Instruments has conducted a case history review of this device's past per-
formance under both laboratory and actual operational conditions. To this
end, our survey has been directed specifically to air curtain test results,
Mention of other behavioral screening metiods are included only when per-

tinent to the discussion of these experime 1tal data.

The results of this survey are presented in the following sub-

sections:

e The basic hypothesis behind the air curtain device

e Chronology of air curtain experimentation, involving
both laboratory testing and plant-related operational
experience

B. HYPOTHESIS

Fish behavior can be described simply as taxa, directed re-
action or directed movement in response to a stimulus. Such behavior is in-
duced by either extrinsic physical and/or chemical stimuli or by intrinsic bio-
logical factors. An air curtain is one of a series of essentially behavioral
screen-like devices, which, by giving off both visual and tactile stimuli,
makes use of a fish's behavioral response, i,e., avoidance of an apparent

physical barrier to deter or guide the fish from a potentially unsuitable area.

Basically, an air curtain consists of a length of tubing or pipe
perforated by a series of air jets or air holes supplied with forced air from
electrically powered compressors and arranged to provide a continuous cur-
tain of air bubbles over an entire water body cross section (USEPA, 1973), Its
effectiveness depends upon a fish reacting voluatarily or involuntarily to the
air bubbles released by the bubbler device. This response, in turn, is acted
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upon by a succession of internal and external factors such as spacies specific

distribution patterns and abundance levels, behavioral differences, ambient
natural and/or man-made environmental conditions, and competing or over-

riding stimuli.

C. CHRONOLOGY

1. Introduction

Historically, small meshed wire gratings had been utilized as
barrier-guides to divert fish to fish passes (Bramsnaes, Mogens and Otter-
strom, no date) at weirs, streams and hydroelectric dam spillways. On
large streams and at hydroelect~ic dam spillways, however, the need for con-
stant maintenance and the reduction of water flow due to clogging by water-
borne debris proved these devices to be both costiy and inefficient, What was
needed was a barrier and guidance system which would regulate the passage

of fish, yet not diminish power generating efficiency.

2. Laboratory Experimentation

Successful diversion or deterrence of a fish species has been
shown t5 depend primarily upon the ability of that part.cular species to re-
spond to the stimulus employed. This response is in part linked to the fish's
sense of sight and touch together with its lateral line, which all interact to

determine the orientation of the fish (Bibko, Wirtenaa, and Kueser, 1974).

The first air curtain devices were desigred to act as barrier-
guidance systems to assist fish in locating the mouths of these fish passes
(Bramsnaes, Mogens and Otterstrom, no date). Engineers and biologists
at the laboratories of the Royal Technical College of Copenhagen, Denmark,
collaborated on the testing of a barrier made by ''veils of air'' formed by

small bubbles rising from a perforated tube placed on the test chamber bottom.
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In laboratory tests on four species of fish [6- to 35-cm rainbow trout (Salmo
gairdneri) , 35- to 40-cm carp (Cyprinus carpio), 10- to 50-cm pike (Esox sp.)
and 70- to 80- cm eels (Arguilla arguilla)}, it was found that at water current
velocities from 5 to 15 em/sec, the barrier effectively diverted carp and pike.
Trout, however, passed through apparently unaffected. It was concluded that
the veil of air was partially successful in diverting fish. Further, it was sug-
gested that the effects of the veil of air would be greater in stagnant than in run-

ning water, where the veil (to some extent) would be affected by the water current,

Behavioral studies conducted by Brett and Mackinnon (1953)
using chinook salmon (Omeorhynchus tshawytecha), indicated that sudden flashes
of bright light were successful in diverting them, while air bubbles had no
effect at all. Other studies cited by Brett and Mackinnon (1953), however,
showed tha: fish deterrence with respect to air bubbles was a species-speciiic

phenomenon, with certain species 100% deterred and others virtually unaffected.

Studies performed by Bates and VanDerWalker (1969) were
aimed at designing an effective low-cost method of guiding and collecting juve-
nile salmonids from irrigation and power plant intakes as well as streams and
rivers. It was felt that the methods employed in sound, light, and electricity
deterrence technologies were not successful enough to warrant field applica-
tion., They therefore explored the areas of water and air guidance systems
during 1963-64 in a specially designed test flume at the Carson National Fish
Hatchery, Carson, Washington. Test results indicated that at temperatures be-
tween 7.8 -11.1 C (46-52 F), maximum deflection (90%) occurred during daylight
hours at a screen approach velocity of 1. 9 fps; night tests, however, produced
little (10-30%) or no guiding effects. It was concluded that the effectiveness of
the air-bubble curtain in deflecting downstream rnigrants was a function of the
fishes' ability to see it. This ability would be obviously decreased during the
night or in areas of high turbidity. Preliminary experiments using artificial
lights as an illumination source at the location of the air curtain failed to im-
prove its nighttime efficiency. These last two findings nrecluded the curtain's

use as a functional barrier to downstream migrant salmonids,

Iv-4



Also linked to apparent sensory response limitations are *hose
conditions fostered by ambient environmental factors such as water tempera-
ture, which can alter or completely change existing response efficiencies with
respect to any particular fish species (Bibko, Wirtenan and Kueser, 1974),
Behavioral screening systems rely on the swimming ability of the various spe-
cies to avoid the artificial stimulus. Swimming ability, in turn, is related to
species and size within species differences. This swimming ability is also
known to be significantly affected by temperature, with markedly reduced
swimming ability demonstrated in the colder winter months (USEPA, 1973).

Research conducted at the Edenton National Fish Hatchery,
Edenton, North Carolina, during December 1973, sought to assess the influ-
ence of water velocity, di. ection and temperature on swimming behavior of 3-
to 8-in. striped bass (Morome earatilig) and 10- to l14-in. gizzard shad (Doroaoza
cepediaum) , and to determine the efficiency of an air curtain and intense illum-

ination as deterrents to fish impingement.

Findings with regard to current velocity preferences showed
that fish repeatedly chose a swim path through sectors of low current velocity
unless presented with a deterrent. Temperature levels did indeed influence
both the physiological state of the test fish and subsequent efficiency of the a..
curtain. Young striped bass swimming against a current of 0.7 fps would not
cross an air bubble screen with free space between bubble holes of |1 in. (center-
to-center) at 4. 5°C (40°F) or 11.1 C (52°F), but became lethargic and drifted
passively through the air screen (with the current) at a temperature of 0. 8°c
{33. 5°F). Gizzard shad did not cross the air curtain at 11, 1°C (52°F) against the
current, but continually drifted through with the current at ambient temperatures
of 0. 8°C (33.5 F) and 4. 5°C (40°F). It was noted that young striped bass were
not deterred at any water temperature if a gap of 5.1 cm (2 in.) or more was

allowed in the air curtain screen.
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Tests on physical placement of the air curtain showed that it
was necrssary to place the air curtain no more than 5 cm (2 in. ) from the
test tank floor, When placed any farther from the bottom, it was discovered

that the test fish would pass unimpeded under the curtain pipe.

The air curtain appeared to be equally effective in deterring
striped bass when little ambient light was present. This finding tends to
cloud the results of Bates and VanDerWalker (1969) that these systems are
ineffective under nighttime conditions. It also suggests that other than entireiy

visual sense machanisms are involved in the avoidance reaction.

In summary, it was concluded that properly designed fish de-
terrent devices such as the air curtain tested by Bibko, Wirtenan and Kaesner
(1973) may substantially reduce fish impingement at operating power plants,
and may .epresent a cost-effective alternative to closed system cooling. How-
ever, limitations placed upon a fish's physiological condition and subsequent
screen efficiency by ambient environmental conditions such as water tempera-
ture, turbidity, current velocity would be shared with all systems which relied

on swimiming ability of fish to escape an intake (USEPA, 1973).

3. Operational Experience

Due to the erratic nature and inconclusive findings of air cur-
tain testing under controlled laboratory conditions, only a limited number of
actual "in the field'' applications of this device can be found in the available

literature,

Smith (1961) applied air curtain theory toward guiding fish, in
an effort to increase fishing efficiency of the sardine fishery. He found that
herring, because of their skittish and easily frightened nature, were effec-

tively guided by an air curtain from deeper waters into bays and shoals and
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eventually into capture weirs. The guidance mechanism was effective as long
as the curtain was moved slowly enough to prevent fright, if predators were

not in the immediate vicinity, and if crowding was minimized.

A small but growing number of utilities are considering operat-
ing or experimenting with air-bubble curtains along with other behavior-crien-
ted screening devices to assess their efficiency in deterring or guiding fish
from plant intake structures. Among these utilities ~re Consolidated Edison
of New York on the Hudson River, Toledo Edison Company on Lake Erie, Wis-
consin Public Service Company on the south shore of Lake Erie, Pennsylvauia
Electric Company, Florida Power and Light Co., Commonwealth Edison in
Chicago, and Arkansas Power & Light Co. on the Dardanelle Reservoir (USEPA,

1973). However, many of these results have not been published.

An apparently successful application of air-bubble curtain tech-
nology was reported to Florida Power and Light Co. by Maxwell (1973) in his
state-of-the-art report on fish diversion (USEPA, 1973), The system was in-
stalled at a power plant on Lake Michigan in Wisconsin, where the principal
fish species involved was the alewife (Alosa pseudohcrengus), a schooling fish
which averages 15-20 cm (6-8 in.) in length as an adult. Prior to air curtain
installation, major shutdowns caused by high impingement of alewives on the
intake screens and eventual serious intake flow reduction had or urred on
several occasions. This air curtain's purpose, therefore, was to repel large
schools of fish rather than to stop all individuals. Test results showed that
the curtain was equally effective in repelling fish during day or night. Further,
since installation of the air-bubble curtain, only one or two shutdowns due to

heavy alewife impingement have occurred during more than four vears of operation.

Perhaps the longest documented record of air-bubble curtain
testing exists at Consolidated Edison's Indian Point Power Plants located on the
Hudson River, approximately 42 mi north of New York City. Since Indian Point
Unit 1| went on line in 1962, impingement of fishes on the cooling water intake

screens has been a major recurring problem (Alevras, 1974).
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During the years immediately following the startup of Indian
Point Unit 1, several attempts were made to repel fish from the intakes using
sound, altered light regimes, and an air bubbler, These efforts were all re-

ported as unsuccessful (Alevras, 1974).

The Indian Point nuclear generating plant (Figure [-1) located
on the east bank of the Hudson River [ RM 42. 5 (68 km)] near Peekskill, New
York, consists of three nuclear reactors (Units 1, 2, and 3) and associated
power-generating and water-circulating apparatus. Licensed capacities for
Units 1 and 2 are 890 MW(t) [ net, 265 MW(e)] and 2758 MW(t) [ net, 873 MW(e)]
respectively; licease-requested capacity for Unit 3, which is still under con-

struction, is 3025 MW(t) [ net, 1033 MW9e)].

The total water-pumping capacity of all three units is 2,058, 000
gpm (7791 m3/min). Unit 1 has two 140, 000-gpm (530-m3/min) condenser cir-
culating water pumps which draw water through four intake bays located behind
several pilings supporting a dock. In addition, Unit | has six service water
pumps with a combined capacity of 38,000 gpm (144 m3/min); service water is
drawn through all four intake bays. Units 2 and 3 have six 140, 000-gpm
(530-m3/min) condenser circulating water pumps each but, unlike Unit 1, their
circulating pumps draw water through only one intake bay. Units 2 and 3 have
service water pumps with total capacities of 30,000 gpm (114 m3/min) each.
The service water for these two units, however, is drawn through service-water
bays located in the middle of the unit intake structure rathe: than through the

main intake bays as at Unit 1.

Units 1 and 2 have fixed fine screens [ 0. 375-in, (0. 95-cm) mesh]
at the entrance of the intake bays and vertical traveling screens (also 0. 375-in.
(0. 95-cm) mesh] behind the fixed screens. Unit 3 intakes have vertical travel-
ing screens [0.375-in. (0.95-cm) mesh] rather than fixed screens, located at

the intake openings (Texas Instruments, 1974a).
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The bubbler array utilized at Unit 1 was composed of two verti-
cal rows of hor.vontal bubblers, with bubblers spaced 4 ft apart in each row.
The lower bubbler was in contact with the river bottom. Additionaily, a flex-
ible hose was used to fill any bubble-free gaps below the rigid pipe. The inner
row of bubblers was 18 in. from the fixed screen; the outer row was 36 in. from
the screen. Air was released from each bubbler through 1/32-in. holes spaced
on l/2-in. centers along the pipe. Each bubbler spanned the width of the fixed
screen and turned inward at a 90 angle toward the fixed screen to produce an air
curtain on the sides of the array. A system of valves permitted control of air
flow to the bubblers. A total of 900 scfm of pressurized air was released during

initial testing. Subsequent testing was conducted at 400 scfm (Alevras, 1974).

A preliminary testing of this air curtain's potential as a fish-

protection device at Indian Point occurred duriag a 10-day period between
February 17 and 29, 1972. This array of bubbler pig:s was placed in front of
a single intake forebay at Indian Point Unit 1, and the system tested. Results
indicated that with the air curtain in operation, this single forebay (No. 12) im-
pinged the fewest fish of the four intake forebays (Nos. 11 through 14) present at
Unit 1. However, counte on adjacent forebays (Nos. 13 and 14) increased
commensurately with the reduction at forebay No. 12. By examination of pre-
and post-test data for all four forebays, it was determined that air bubbler
operation at forebay No., 12 produced a significant change in the distribution of
fish collected at Unit | forebays (Alevras, 1974), The apparent effect of the
air bubbler was to reduce the number of fish entering the bay equipped with

the air system and divert these fish to the remaining three bays where they
were subsequently impinged (Quirk, Lawler and Matusky, 1973). It was con-
cluded that the air bubbler was influencing the behavior of fish in front of the
intake screens, but that a test using an air bubble system across the entire
intake was needed to determine if the system was capal e of reducing the total

number of fish collected.
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While this new system was under construction additional testing
of the air bubbler and fixed screen system was conducted at the four intake fore-
bays of Indian Point Unit 1 from 16 June 1972 through 16 August 1972, During
this experimentation cycle, the fixed screens in frent of the travelling screens
at forebays Nos. 1l and 12 were raised; fixed screens at forebays Nos. 13 and 14
remained in place. The air curtain test unit was placed in front of forebay

No. 12. The following test results were reported by Alevras (1974):

e Without a fixed screen present, the air bubblers
at bay 12 did not repel fish.

e With the bubbler operating, fish impingement
counts increased significantly during hours of
darkness at forebay 12, while during daylight,
bay 12 collected as many fish with the bubbler
operating as without,

® The air curtain did not appear to repel fish, and
may attract fish during hours of darkness.

It was suggested that there was a possible confounding effect
of removing fixed screens 11 and 12, while keeping fixed screens 13 and 14
in place. Fixed screens at bays 13 and 14 may have diverted fish into bays
11 and 12, causing a higher impingement rate in these bays (Texas Instru-
ments, 1974a). Texas Instruments (1974a) also proposed that the effectiveness
of the Unit-1 air curtain may have been severely hampered at night by the
high turbidities at Indian Point, Bates and VanDerWalker (1969) cencluded
that an air curtain would be a poor fish deflector in highly turbid water. This
conclusion was based on their test results conducted in clear water which
showed lessened diversion rates during hours of darkness. Bibko, Wirtenan
and Kueser (1974) however, found an air curtain equally effective during day-
light and darkness in clear water flume tests; operational testing at a plant on
Lake Michigan showed identical findings (Maxwell, 1973). It may be, there-
fore, that there are other than optic-related variables involved in the explana-

tion of these increased nighttime impingement rates.
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Subsequent tests were conducted when the fixed screen was re-
installed at forebay 12. It was found that the turbulent action of the air curtain
rolled fish off the fixed screen, keeping the screen free of fish and debris,
These dead or moribund fish were repeatedly rotated from the screen to the
Hudson River and back to the same or adjacent screen (Texas Instruments,

1972).

A complete but temporary bubble system was installed at all
four intake forebays of Indian Point Unit 1 during December 1972. Testing
of this system, however, was not conducted during this month. Standard im-
pingement data showed that with the bubblers operating continuously during this
month, daily impingement rates were below the numbers expected based upon

past experience,

A complete and permanent air bubbler system was installed at
Indian Point Units | and 2 in the winter of 1972-1973, Unit 1 was taken off
line since th~ system was installed and no testing has been conducted to date,
Tests at Unit 2, however, were conducted from 16 February through 2 April 1973,
The Unit 2 air curtain consisted of eight frames, each frame composed of a 4-in.
(10, 2-cm) vertical header, with seven parallel 2-in. (5.1-cm) lateral connections
located at 4-ft (1. 2-m) intervals along the length of the vertical header. Each
lateral connection supplied two parallel 1. 5-in. (3. 8-cm) horizontal headers.
Vent holes of 0.03-in. (0. 8-mm) diameter were drilled in the upper quadrants of
the headers at intervals of 1 in. (2. 54 ¢cm). Air-pressure indicators were mount-
ed in the bottom of each frame. To prevent excessive circulator vibration, air-

flow was limited to a maximum of 400 scfm (l11. 3 m3/min)/main intake bay.

The results of this testing showed that fewer fish were collected on traveling
screens at Unit 2 intake forebays when the air curtain was on for more than

10 hours. However, it should be noted that these analyses were based on
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numbers of fish actually collected from the traveling screens. An unknown
number of impinged fish were observed floating away from the fixed screens
when the air curtain was on. These fish may have been removed from the
screens by the air curtain and consequently were not collected, Therefore,
the counts recorded may have been an underestimate of the impingement at

these screens (Texas Instruments, 1974a).

Based upon test data from Units | and 2, Texas Instruments
concluded the following:
e Indian Point air curtains appear to be located at points where
approach velocities exceeded the swimming abilities of the

fishes, especially during times of low water temperatures
(based on data from Unit 2 winter testing).

® Subjective observations indicated that the air curtains re-
duced the amount of trash that would have been impinged and
collected on the traveling screens, and kept large floating de-
bris (ice and logs) away from the intake structures.

® The bubble barrier was apparently effective in controlling
ice in front of the intake

It was suggested that should there be a positive correlation
between impingement and trash loads (causing head loss and increased intake
velocities), the air curtain might indirectly reduce impingement by reducing
the head loss caused by trash loads, Further, the air curtain might be used
as a possible replacement for the warm water recirculation systems which

are currently being used to control ice at many existing installations.

Results of constant air curtain operation at Indian Point Unit 2
from June through October 1973 indicated reduced impingement rates for this
time period when compared to data for previous years. Actual air curtain test-
ing however, was not conducted during this time period. Therefore, it is impos-
sible to determine if the low counts were the result of the air bubblers or were

caused by other factors.
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4. Summary

The Environmental Protection Agency (1973) has stated that
the mechanism of bubble screening was not sufficiently well understood .o
recommend this device's adoption generally. It was suggested that these
types of systems might be experimented with in an attempt to solve localized
problems at existing intakes since the costs involved in installing these sys-
tems are relatively small, Bibko, Wirtenan and Kueser (1974) agreed that
while the costs involved in installing and operating fish deterrent systems
are definitely smali in comparison with alternative measures, such as cool-
ing towers, the potential benefits may be equal to or greater than those which

would be realized with alternative methods to once-through cooling.

At best, however, extant lab and field test data concerning the
efficiency of air curtains in deterring or guiding fish are erratic and inconclu-
sive. Results appear to be both site and species specific, and are subject to

a multitude of interrelated and as yet not completely understood variables.
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SECTION V
TEST DESIGN AND ANALYSIS METHODOLOGY

A. AIR CURTAIN TESTING PROGRAM

Seasonal testing of the air cur ain consisted of six consecutive
weekly runs” of 3 days "on' and 3 days "'off'' operation over six consecutive
daye, with | day between runs, The seventh day impingement results were
not used in the analysis (Figure V-1). This program constituted a complete
block design with the air curtain at two levels of operation (Level 1, air cur-
tain on; level 2, air curtain off), each week constituting a block. Six such
blocks (tests) per season were considered to be the minimum information re-

quired for testing purposes.

Arkansas Power & Light personnel were responsible for ac-
quiring test daia at the plant site, These data were submitted to TI period-
ically, with fall, winter, spring, and summer tests scheduled as shovn in

Figure V-1, The months were grouped into seasons as follows:

Fall: Sertember, October, November
Winter: December, January, February
Spring: March, April, May

Summer: June, July, August
Testing was -ot scheduled during the first month of each season,

During the fall and winter test periods, all intake screens were
washed and all fish collected once per day on Monday, We“rcsday, Thursday,

and Saturday and twice per day on Tuesday and Friday.** L1l daily washings

“A run is defined as six consecutive ''test'’ days, with the air curtain ''on"
for 3 days (''on'' test) and '"off" for 3 days (''off' test).

"The two washings each Tuesday and Friday were for the Nuclear Regulatory
Commission (NRC) monitoring pregram. The second washing was 8 hours
after the first,
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were performed at 0800, with the second washings on Tuesday and Friday at
1600, Catches from the second washings each Tuesd 'y and Friday were ad-
ded to the next day's 0800 caich, since these fish would have been collected
then had they not been collected at 1600 the previous day.

On days of extremely high impingement during the winter test-
ing period, l6-hr collections were processed instead of the usual 24-hr col-
lections because of manpower 'imitations. These data were extrapolated to

24-hr rates for purposes of analysis and comparison.

The practice of performing two scre ~shings on Tuesdays
and Fridays was discontinued during sprirg and summer air curtain tests;

rather, all fish were collected once per day, Mondays through Saturdays, at
0800,

B. AIR CURTAIN TESTING PROCEDURAL DESIGN

All screens were washed and all fish removed at 0800 ou the
first day of the 6-week seasonal test period and disregarded; shortly there-
after, the air curtain was put in operation. At 0800 on the two succeeding
consecutive days (first and second day of '"on'' test), the screens were washed
and the fish processed. At 0800 on the third consecutive day (end of third day
of '""on' test), the fish were processed, the air curtain shut down and three r .n-
secutive days of "'off'" testing performed, with fishes removed and processed
at 0800 on each of the three days. This process of turning the air curtain on
or off (depending on the test) shortly after the 0800 washing on the third day
continued throughout the six runs. Fish collected at 0800 following each
seventh day (the day between runs) were not processed. This overall proce-
dure provided clean screens at the beginning of each ""on' or "off" test and

each run.
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It was proposed that fish passing through the air curtain when
it was in operation might have remained in the 0. 75-mi-long 'ntake canal and
not impinged until the air curtain "off'' test period, and vice versa. The ac-
tual lag time between a fish's entering the intake canal and its subsequent im-
pingement on the plant intake screens at Arkansas Nuclear One — Unit 1 is
presently unknown. No doubt this time period depends on the species in-
volved; the size, behavior patterns, and physical condition of the fish; water
temperature and other physicochemical factors; and intake velccity, We

assumed that:

i) once a fish is past the air curtain and
canal entrance, the lag time is indepen-
dent of air curtain status (ON-OFF); and
short in relation to the sampling period

2) once a fish is within the canal, only the
strongest and/or largest individuals can
surpass the 3.0-fps velocity,

Therefore, all fish collected at 08C0 at the end of a test day were recorded

as having passed through the air curta during the previous 24 hours.

C. SAMPLE COLLECTION AND PROCESSING

For the 24-hr impingement determination, the 3/8-in. wire
mesh vertical traveling screens (Figure V-2) on each forebay were rotated
until all fish were removed. The fish were then washed by a high-pressure
water wa<% system from the traveling screen into a sluiceway, where they
were collected in a wire basket. These fish were separated by species,
weighed to the nearest one-tenth pound, and enumerated, If the total catch
(before species segregation) was too great to make counting or processing
the entire sample feasible, the entire sample was weighed, and a represe..-

tative subsample was taken. Then this subsample was processed as if it were
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a total sample. Based on total weight of the catch (W), the total weight of the
subsample (W'), and number and weight per species in the subsample, the

number and weight per species in the total collection were calculated as
. 4 : W
1) Total weight per species = subsample weight per species x w

W
2) Total number per species = subsample number per species x W

MESH BASKET

TRAVELING SCREENS

Tﬁ'%@\ :

SUMP
SLUICEWAY

MESH BASKET IN PLACE

Figure V-2, Schematic Showing Traveling Screen System and Fish Collection
Hardware at Arkansas Nuclear One - Unit 1

Following the species enumeration and weight determination,
each species was separated into size groups to determine the length-frequency
and biomase composition of the impinged fish; total length (cm) and weight (to
the nearest tenth of a pound) were recorded for individual fish. When the num-
ber in a species group was low (< 25 fish), each individual in that group was
weighed and measured. If the total number (N) in a particular species was

2 25 but < 100, 25% of that group was processed. If the group numbered 2 101,



25 fish + 1% of N - 100 fish were processed. In certain instances, the upper
size ranges of a number of fish species were represented by only a few large
individuals. To avoid selecting against size classes with few individuals in
the subsample, all large individuals in the group were measured before a sub-
sample was taken. Percent length-frequency distribution was calculated as

the percent contribution made by a particular size group to the entire species.

D. PHYSICOCHEMICAL PARAMETERS

Air and water temperature, percent cloud cover, wind direc-
tion and intensity and rainfall were recorded daily during all four seasonal
air curtain test periods; water turbidity measurements were irregular and
less frequent., All environmental data collected during seasonal air curtain

testing are presented in Appendix Tables A-12 through A-15,

E. OPERATIONAL VARIANCES

The operational mode of the air curtain, circulating pumps,
and air compressors was to remain constant over the 4-season test cycle,
as well as during all six runs within any one seasonal test period. Technical
difficulties and manpower limitations did occur, however, over the span of
each 6-week test. These variations in operational mode or related problems
might, in some cases, be expected to influence sample and therefore test
validity. As such, all reported problems, mechanical failures, and opera-
tional variances are presented in Table V-1 and have been considered dur-

ing data analysis.

F. STATISTICAL ANALYSIS

The air curtain test analysis design comprised a two-way lay-
out with two treatments (on/off) in six blocks for each seasonal period (five

blocks for the spring test),”

*The 6th run during spring testing was invalidated due to irreconcilable vari-
ance from normal testing procedures.
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Table V-1

Variance in Mode of Operation during Air-Curtain Testing
at Arkansas Nuclear One, October 21, 1974-August 30, 1975

Actual Mode of Operation

Date Test Status Normal Mode of Operation and Associated Malfuaction
FALL TEST
Oct 21, 1974 Run I, ON test Five compressors operating, Only four compressors operating from
0800 Oct 20 to 0800 Oct 21 1330 Oct 20 to 0800 Oct 21
22 Run I, ON test Five compressors operating, Only four compressors operating from
0800 Oct 21 to 0800 Oct 22 0800 Oct 21 to 0800 Oct 22
4 Run I, OFF test Air curtain off, 0800 Oct 23 to Air curtain left on from 0800 Oct 23
0800 Oct 24 auntil 1000 Oct 23
10 Run Li, ON test Four circulator pumps operating, All circulator pumps turned off at
0800 Oct 29 to 0800 Oct 30 1330 Oct 29, two circulator pumps
turned on at 1930 Oct 29
il Run O, OFF test Four circulator pumps operating, All circulator a turned off at 0820 Oct 30,
0800 Oct 30 to 0800 Oct 11 Two pumps turnzd on at 1900 Oct 30,
Air curtain turned off at 0815 Oct 30,
Nov |, 1974 Run U, OFF test Four circulator pumps operating, All pumps turned off at 0830 Oct 31,
0800 Oct 31 to 0800 Nov 1 Four pumps turned back on at 1515
Oct 31,
7 Run 1, OFF test Air curtain off 0800 Nov 6 to Air curtain turned off at 0900 Nov &
0800 Nov 7
1 Run IV, On ‘est Sample period 0800 Nov 10 to Sample period 0800 Nov 10 to 1100
0800 Nov 11. Air curtain Nov 11: sample not processed.
operating 0800 Nov 10 to Air curtain not operational until
0800 Nov 11, 1100 Nov 10,
12 Run IV, ON test Sample period 0800 Nov 11 teo Actual sample period from 1100 Nov 11
0800 Nov 12 to 0800 Nov 12,
13 Run iV, ON test All screens washed at 0800 ‘creen B not washed until 1300 Nov 13
Nov |3
4 Run [V OFF test Four circulator pumps operating, Circulator pump A turned off 0240
0800 Nov 13 to 050C Nowv |4, Nov |4 and turned on at 1000 Nov |4.
All screens washed at 0800 Screens A and B washed at 0130 Nov 14;
Nov 14, screens C and D washed at 0620 Nov 14,
All fish discarded,
T Run Vv, ON test Air curtain operating, 0800 Air curtain not operating until 1000 Nov 17,
Nov 17 to 0800 Nov 18
21 Run V, OFF test Air curtain off, 0800 Nov 20 until Air curtain not turned off until 0900 Nov 20.
0800 Nov 2!
28 Ran VI, ON rest Air curtain operating, 08500 Air curtain not operating until 0930 Nov 24.
Nov 24 until 0800 Nov 25
28 Run VI, OFF test | All fish cnllected at 0800 Nov 28 All fish collected at 0800 Nov 28 and dis-

WINTER TEST

Tan 13, 197%
14

Feb 3, 1978
4
5
10

Run

Run

1, ON test
IV, ON test
V, ON test

weighed and measured

Four circulator pumps operating

Five air compressors on

Five air compressors on

posed of through trash grinder,

One circulator pump turned off at 0600
and turned on at 1500 Jan 13,

Three air compressors on from 0800
Feb 2 to 0800 Feb 5.

No air compressors on from 0800 Feb 9




Table V-1 (Contd)

Actual Mode of Operation

May 26, 1975
29

10

SUMMER TEST

Run U, ON test
Run VI, ON test
Run VI, ON test
Run VI, ON test

Apr 20 to 0800 Apr 21

24-hr test period, ON mode

First OFF test period for Run VI
Second OFF test period for Run VI
Third OFF test period for Run VI

Date Test Status Normal Mode of Operation and Associated Malfunction
SPRINC TEST
Apr 21, 1975 Run [, ON test Air curtain operating, 0800 Sample period, 1230 Apr 20 to 0800 Apr 21;

data extrapolated to approximate 24-hr
test period,

No data: test not run.
Air curtain remained on.
Air bubble curtain remaihed on,

Air bubble curtain turned off 1500 May 10;
test invalidated,

Jul 21 Run [, ON test Air curtain operating across End cap detached from third section of air-
&l entire width of intake canal curtain pipe: only three-fourths of bubble
curtain operational.
23 Run {, ON test 0B0OO0 Jul 22 to 0800 Jul 23 sample Screens not washed un ! 1030 Jul 23; data
period, ON mode extrapolated to approximate 24-hr test
period,
24 Run I, OFF test Four circulator pumps operational] One circulator pamp turned off at 1158
p
fal 23,
24 Run [, OFF test 0800 Jul 23 to 0BOO Iyl 24 sample Screens washed at 1030 Jul 23 and at 0B0O
period, OFF mode Jul 24, Data for Jul 24 extrapolated to
approximate 24-hr test period.
25 Run I, OFF test Four circulator pumps operating Only three circulator pumps operational

until 0100 Jul 25; four circulator pumps
operational from 0100 to 0800 Jul 25.

Several statistical tests were available to test for a difference
between the two treatments. The three tests utilized were the paired t-test
(exactly equivalent to a randomized complete block analysis of variance F-test

with two treatments), the Wilcoxon signed-ranks test, and the Sign test.

To test for a possible relationship between impingement dur-
ing air curtain testing with physical parameters (i.e., water temperature),
three measures of association (Pearson's r, Spearman's rho and Kendall's

tau) were applied.

The nonparametric test procedures utilized in the analysis of
air curtain test data followed Conover (i9¥71), The parametric analysis meth-

ods are described in Snedecor and Cochran (1967).
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SECTION VI
RESULTS AND DISCUSSION

A. GENERAL

Thirty-eight species of fish representing 14 families were
identified from intake screen samples taken at Arkansas Nuclear One-Unit 1
during seasonal air curtain testing from October 1974 through August 1975
(Table VI-1). These numbers compare with a combined total of 53 species
representing 18 families collected in Dardanelle Reservoir by all previous
investigators between 1968 and 1974. Of the species previously reported
over that period but not impinged during this study, the majority were either
taken only rarely by the other researchers or they were taken in small quan-
tities; it is also possible that some of those species previously reported and
not represented in our samples were present but not of an impingeable size

at the time of our sampling (Texas Instruments, 1975).

Seasonal numbers of species impinged during air curtain
testing declined from a high of 29 during the fall test period to 20 species
during the winter, and rose to 26 species during both spring and summer
tests, Species numbers impinged with the air curtain on and off displayed
no distinct or consistent differences over the four seasonal test periods

(Table VI-1).

The principal species which occurred during the greatest
number of seasonal air curtain test runs were: threadfin shad, gizzard
shad, blue catfish, channel catfish, white bass, and freshwater drum. Oc-
currences of the principal species were evenly distributed between ON and
OFF tests, and no overall seasonal trends could be discerned (Table VI-1).
White crappie, white bass, and bluegill sunfish were collected in the great
ma jority of test runs during fall, spring, and summer testing, but were in-

frequently impinged during the winter tests.

VI-1



Taxonomic List and Percent Frequency of Occurrence

Table VI-1

of Fish Species Impinged during Air-Curtain Testing

at Arkansas Nuclear One-Unit 1, 1974-1975

Fall 1974 [Winter 1974 |Spring (47 er 1978
Air Air Air Air
Curtain Curtain Curtain Curtain
Scienttic Classufication Common Name On O | On JOIf |On JOtf | On | OFff
Lampreys-Petromysontudae
loht hyomyson castanews (Girard) Chestnut lamprey 2 5 47 47
Paddletishes-Polyodont.dae
Polyodon spathula (Walbaum) Paddlefish L] 0
Gars-Lepisosterdae
Lapiacateus osseus (Linnaeus) Longnose gar ] 0 0 L]
leprscateus platostomue (Raflinesgie) Shortnose gar 0 6
Herrings - Clupeidae
Jerosoma cepediamen (Lesueur) Gizzard shad 100 | 100 J 100 | 100 Ji00 | 100 83 | 100
Jorosoma petenense (Gunther) Threadfin shad 100 | 100 100 | 100 J100 | 100 J 100 | 100
Alosa shrysochiome (Ratinesque) Skipjack herring 33 1 L] i 17 22
Mooneyes-Hiodontidae
Niodom zlosoides (Rafinesque) Goldeye 7 7
Minnows and Shiners-Cyprinidae
yprimus carpie (Linnaeus) European carp 2 i S Q 73 73
araestes guratus (Linnaeus) Goldfish s ]
Notemigomus oryeolewcas (Matchill) Golden shiner 17 33 ] s 67 87 28 56
Pimephalies notatus (Ralinesque) Bluntnose minnow 0 1t
Sotropie girardi (Hubbe & Ortenburger) Arkansas river shiner 20 7 6 L]
Notropie sorvmtus (Mitchil) Common shuner 0 L)
Notropis eumae (Cope) Biuntnose shiner 17 5
Suckers-Catostomidae
O mpoides carpic (Rafinesque) River carpsucker 33 S §3 27 17 0
lote bus oyprinelius (Valenciennes) Largemouth buffalofish 7 0
fotictue dubalus (Rafinesque) Smallmouth buffalofieh i3 | 28 60 | 40 i 0
" e
ol oy g s Blue catfieh 100 {100 | 83 | &7 |ico 100 Ji00 | 100
iotalurue punctatus (Rafinesque) Channel catfish 160 94 89 78 J100 J100 J100 | 100
Mylodiotis olivarme (Ralinesque) Flathead catfish 27 40 39 33
Intalure =e as (Ralinesque) Black bullhead 22 0 Q0 i 53 40
Silversides-Atherinidae
latrdesthen ioouiue (Cope) Brook siiverside i
Menidio mudeva (Hay) Missinnipp: miversnide 83 89 67 L1 33 7 8 17
Temperate Wate rbasses-Percichihyidae
Morone chryecps (Rafinesque) White bass 94 | 100 L} 17 87 80 89 78
Morone sapotilte (Walbaum) Striped bass 0 5 0 ¥ 28 2
Sunfishes-Centrarchidae
Mioropterus saimoides (Lacepede) Largemouth base ) 5 i3 ? 33 i
Powmozie migremaoulatus (Lesurur) Black crappie " 1?7 0 1 6
Pomogrie awulamae (Rafinesque) White crappie 94 | i00 33 22 jl00 100 Jico 100
“haenolryttus puloeus (Cuvier) Warmouth i 17 3. 27 [} 22
Lapomia oyane!lus (Rafine sque) Green sunfish $0 28 L) | 40 20 1" 28
Lapomia megalotis (Ratinesque) Longear sunfish 28 | 28 s S |47 | a7 | se 39
Lapomia saorochirue (Rafine sque) Blaegill sunfiah 72 sl 0 0 93 100 J100 94
Lepomia g [ s (Girard) Orange spotted sunfish 22 s s 0 20 0 22 0
Lapomig moroophe (Gunther) Redear sunfish 0 5 6 0
Percidae-Perches
Percina caprodes (Rafinesque) Logperch ? [ L] 0
Drume-Scisenidae
Aplodinotus grunmiene (Rafinesque) Freshwater drum 100 J100 S0 67 hoo 100 100 J:00
Cichlide-Cichlidae
9. Tilapia 33 $

-
Percentage determined by dividing the number of 24.hr samples in which a species occurred by the total number of 24 hy

on/olf tests run during & given season.
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B. TOTAL NUMBERS AND BIOMASS IMPINGED

A total of 9,571,922 fish comprising a biomass of 173, 641
pounds was impinged over the entire 4-season (24-week) air curtain test
cycle (October 1974-August 1975). Of these totals, 4, 930, 127 fish weigh-
ing 90,870 pounds were collected during air curtain operation. The number
and biomass of fish impinged when the :.ir curtain was off totalled 4, 641, 795
fish weighing 82,770 pounds. A complete tabulation by individual species,
test run, and season is presented in Appendix Tables A-1 through A-4.

Impingement rates during air curtain testing rose during late
October 1974, when testing began, through the end of the fall test period
(November 30, 1974) (Figure VI-1). An increase in impingement rates occur-
red during week three of fall testing, raising numerical and biomass impinge-
ment levels from less than 10, 000 fish and 100 pounds per 3-day period to
raore than 20,000 fish and 150 pounds per 3-day period, when during this
week, water temperatures in Dardanelle Reservoir declined below 65°F
(18.33°C). High impingement levels (> 200,000 fish and 1000 pounds per
3-day period) persisted through the remainder of the 1all and winter test
periods. As water temperatures in Dardanelle Reservoir rose from win-
ter lows, both numerical and biomass impingement levels decreased through
the spring and summer 1975 test periods to levels of generally <1000 fish

and 50 pounds impinged per 3-day test period.

A cor parison of air curtain ON and OFF test data for fall
1974, winter 1974-75, and summer 1975 revealed no statistically signifi-
cant differences in the levels of fish impinged. Both the Wilcoxon test
(2 = 0.10) and Sign test (@ = 0.05), however, revealed a s gnificant differ-
ence in the numbers impinged between ON and OFF tests during the spring
season (Table VI-2). Figure VI-1 shows slight but consistently greater

numbers of fish impinged during air curtain operation during this period.
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Table VI-2

Statistical Tests for Difference in Fish Numbers Impinged
during Or and Off Air-Curtain Testing at
Arkansas Nuclear One-Unit 1

Fall Winter Spring Summer

Species P w S P w S P w S P w S
All species -0.803 8 4 0.25¢ 10 3 |1.151 of 5* -0.016 9 4
Threadfin shad -0.975 5 L 0.258 10 3 |1.019 1.5 st 0. 581 10 3
Gizzard shad -0,248 10 3 0. 091 10 3 11.694 2 4t -1.163 3 4
Blue catfish 0.879 10 3 -1,020 6 3 | 1,682 of e -0,803 6.5 4
Channel catfish 1,653 3 5| 1,020 6 4 |1,555 o 5* 0.845 6 3
Freshwater drum 0.139 8 4 -0.970 6 3 1.105 3 3 -0,261 9 4
White crappie -1,264 -« 3 | -0.550 4 3 /0.970 4 4t -1,745 1.5 4
White bass 0.759 95 3 |-1.442 IC 2 ]1.262 2.5 4t 0. 497 7 B
P = Paired t test 'Si.niﬂcnnt ata = 0,05 level IC = In:ufficient nonzeroc catches to detect any
W = Wilcoxon test ’sa.nmc-m ata = 0,10 level difierence betweern on and off tests
S = Sign test

Examination of fall, winter, and summer air curtain test dat
revealed no significant duf.crence in the biomass of fish impinged with the
air curtain on or off. Spring test data, however, revealed a significant dif-
ference in biomass levels between ON and OFF status (Sign test, @ = 0, 05)
(Table VI-3). As shown in Figure VI-1, a greater biomass was impinged

with the air curtain on in 5 of 6 test runs during spring.

C. SPECIES COMPOSITION

Threadfin shad, gizzard shad, blue catfish, channel catfish,
freshwater drum, white crappie, and white bass accounted for the greatest
numbers and biomass impinged throughout the study (Figure VI-2). Thread-
fin and gizzard shads contributed the greatest proportion (> 95%) of impinged

numbers and biomass during the fall and winter test periods. Ofi these two
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Table VI-3

Statistical Tests for Difference in Fish Biomass Impinged

during On and Off Air-Curtain Testing at
Arkansas Nuclear One - Unit 1

S = Sign test

Fall Winter Spring Summer

Species P w S P W S P w S P w S
All species -0.990 5 5 0.285 10 3 1.268 ot s* 0.887 6 4
Threadfin shad -1,323 4 5% 0. 307 10 3 1,024 3 3 0,718 9 -
Gizzard shad -0.010 10 3 -0.504 10 3 | 1.848 0* 5* | .0.115 10 3
Blue catfish 0.703 10 4 0,070 9 4 [ 0.529 s 4" | 1,022 8 3
Channel catfish 0. 068 10 3 -0.276 10 3 1.720 1 4! -0, 057 10 3
Freshwater drum 0.246 9 3 -1,286 6 3 1.199 3 3 0. 026 9 4
White crappie 1.517 5 4 !.1.038 1 3 |-0.389 5 4% | .0.802 8 3
White bass 0,376 10 3 -1.277 IC 2 0.141 7 3 -0.914 7 K
P = Paired t test *Significant ata = 0, 05 level IC = Insufficient nonzero catches to detect any
W = Wilcoxon test *Significant ata = 0, 10 level difference between on and off tests

species, the threadfin shad clearly dominated both numbers (>91%) and bio-

mass (> 88%) impinged during these seasons. No distinct differences in

species composition were discerned between ON and OFF air curtain status

during the fall or winter tests.

A shift in species compositional patterns was observed in both

spring and summer 1975 air curtain test findings, reflecting a noticeable de-

cline in the numbers and biomass of threadfin shad, as well as increased

impingement of gizzard shad during the spring and freshwater drum in the

spring and summer. A comparison of ON and OFF spring test results shows

that a greater percentage of threadfin shad and freshwater drum were im-

pinged with the air curtain on. More gizzard shad, however, were impinged

during the spring with the air curtain off (Figure VI-2).
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Freshwater drum accounted for a considerable proportion of
the reduced impingement levels cbserved during summer 1975 air curtain
testing, with threadfin shad and white crappie ranking second and third re-
spectively. A comparison of summer 1975 impingement levels for air cur-
tain operation versus no air curtain revealed somewhat higher percentage
of threadfin shad impinged during air curtain operition, but a greater per-
centage of freshwater drum and white crappie impinged with the air curtain
off (Figure VI-2).

D. INDIVIDUAL SPECIES
1. Threadf.: Shad

A total of 8,850, 744 fish comprising a biomass of 159, 649
pounds was impinged over the entire 4-season air curtain test period (Octo-
ber 1974 through August 1975). Overall, more threadfin shad were impinged
during air curtain operation (4, 560, 419 fish: 83, 732 pounds) than when the
air curtain was off (4,290, 325 fish; 75,917 pounds). However, the differ-
ences in impinged numbers and biomass when collapsed over the 4-season
test cycle were found to be nonsignificant at the a = 0. 10 level (Paired t-

test, Wilcoxon test, Sign test).

Since threadfin shad accounted for more than 90% of the total
number and 88% of the total biomass impinged during the fall and winter sea-
sons, impingement patterns for this species resemble closely the variations
described for all species combined. Threadfin shad impingement rates in-

creased from October 21, 1974, when fall testing began, through the end of
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the winter test period (Figure V' 3), The dramatic rise in impingement levels
observed {or all species combined during week three of fall air curtain testing
can be attributed to the greatly increased numbers of threadfin shad impinged
during this period. As previously noted, this rise in impingement occurred
during a time when water temperatures were declining from 65°F (18.3°C) in
Dardanelle Reservoir (Figure VI-3), More than 100,000 threadfin shad >1,000
pounds impinged per 3-day period were recorded for both ON and OFTF tests

over the last two weeks of the fall test period and the entire 6-week winter test.

As water temperatures rose above 65°F (18.3°C) during week
two of spring testing, threadfin shad impingement rates declined sharply to
less than 300 fish and 5 pounds per 3-day test period. Summer test results
showed an increasing trend in impingement rates approaching fall 1974 levels

by the end of the 6-week summer test period (Figure VI-3),

A comparison of total numbers and biomass of threadfin shad
impinged during and without air curtain operation indicated a statistically
significant difference in the fall test period (Sign test, @ = 0,05 level) (Tables
VI-2 and VI-3), Figure VI-3 shows that during the fall, consistently greater
numbers and biomass of threadfin shad were impinged when the air curtain

was not in operation.

No significant differences were observed in threadfin shad
impingement rates during the winter 1974-1975 and summer 1975 air curtain
tests. Spring test results, however, indicated that more threadfin shad were

impinged during air curtain operation (Sign test, 4 = 0,05 level) (Table VI-2),

Length-frequer distribution comparisons of threadfin shad
impinged during the four seasonal air curtain ON/OFF test periods revealed
no discernible differences in the size ranges of fish impinged with or without

air curtain operation (Figure VI-4),
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The predominant threadfin shad size class impinged during the
fall 1974 test period was the 60-90 mm length group. These young-of-the-
year fish were recruited into 90-120 mm size range as yearlings* by Janu-
ary and February 1975 where they appeared as the dominant size class in
winter tests (Figr:ce VI-4). A relatively low number of 121-150 mm thread-
fin shad, possibly a mixture of yearling and older fish (based on the data of
McConnell and Gerdes, 1964) were also impinged during the winter test

period (Figure VI-4),

Reduced growth during the winter and spring months was evi-
denced by the continued predominance of 91-120 mm yearling threadfin shad
impinged during spring 1975 tests. A somewhat larger proportion of 121-
150 mm fish occurred during spring testing; however, this percentage re-
mained relatively small compared to the numbers of 91-120 mm shad im-
pinged. Young-of-the-year (1975 year class) threadfin shad, recruited into
an impingeable size range (minimum 230 mm), appeared in summer air
curtain test samples. These 0+ year fish were represented in both the 30-
60 mm and 60-90 mm size ranges, which comprised the majority of the
threadfin shad impinged during summer testing (Figure VI-4). Yearling
and older threadfin contributed only a small percentage of impinged numbers

during this season.

2. Gizzard Shad

Arkansas Nuclear Ore - Unit 1 traveling screens impinged
649, 182 gizzard shad weighing 11,016 pounds over the four seasons of air
curtain testing from October 1974 through August 1975. More gizzard shad
were impinged during air curtain operation (327, 320) than when the air
curtain was not functioning (321, 862). Greater biomass (5721 pounds) was
impinged, however, during off tests than during on tests in this same time

period (Appendix Tables A-1 through A-4),

*Presuming January 1 as a fish's birth date, l-year old (14) fish, which are
in their second year of life.
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Numbers and biomass - * impinged gizzard shad increased from
the beginning of air curtain testing (October 21) through the end of the fall
test period. Catches of gizzard shad increased on the traveling screens to
> 1,000 fish per 3-day period as temperatures fell below 65°F (18.3°C) in
Dardanelle Reservoir during week three of the fall test (Figure VI-5). Giz-
zard shad impingement rates of approximately 10, 000 fish and > 100 pounds
per 3-day period were maintained through the remainder of the fall and the

entire winter test period.

As Dardanelle Reservoir water tem’ atures rose above 65°F
during spring 1975 testing, gizzard shad impingement rates declined to <1, 000
fish and <50 pounds per 3-day test. This declining trend continued through

the remainder of the spring and summer test periods (Figure VI-5).

The only statistically significant difference in the numbers of
gizzard shad impinged over the 4-season test cycle occurred during the spring
1975 test period, when consistently more gizzard shad were impinged during
air curtain operaticn than with the air curtain not functioning during 4 of 5
test runs (Table VI-2, Figure VI-5). A comparison of gizzard shad biomass
impinged during these same ‘veeks consistently indicated statistically greater
biomass levels during air curtain ON than during air curtain OFF tests (Table
VI-3, Figure VI-5).

Most of ‘le gizzard shad impinged during the fall 1974 test runs
were young-of-the-year fish, primarily in the 61-90 mm size class (Figure
VI-6). Gizzard shad impinged during winter tests were mainly yearlings (91-
120 mm size class). Spring 1975 data reveals the presence of two distinct
year classes of gizzard shad; 1+ shad of the 1974 year class (predominantly
121-150 mm length) and 2+ fish ranging between 181 and 240 mm (based on
growth data for Elephant Butte Lake of Jester and Jensen, 1972). This as-
sumes, however, similar growth rates for Dardanelle Reservoir and Ele-
phant Butte gizzard shad. The stronger bimodal distribution seen in summer

1975 data apparently indicates the recruitment of 1975 young-of-the-year
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gizzard shad into an impingeable size range (> 30 mm) as well as the presence

of a mixutre of 1+ and 2+ fish ranging from 151 to 240 mm (Figure VI-6).

No differences between ON/OFF modes could be discerned for
the length-frequency distribution during the fall, winter, and spring seasons.
Summer test data, however, indicated that a greater percentage of young-of-
the-year gizzard shad (30-90 mm) were impinged with the air curtain off,
while a greater number of larger shad (151-240 mm) were impinged during

air curtain operation (Figure VI-6).

3. Freshwater Drum

A total of 31, 958 freshwater drum weighing 1, 377 pounds was
impinged during the four seasons of air curtain testing, October 1974 through
August 1975. Overall, impingement levels for both biomass and numbers of
freshwater drum were higher during air curtain operation (20, 576 individuals
and 886 pounds) than when the air ~urtain was not operating {11, 382 individuals

and 451 pounds) (Appendix Tables A-1 through A-4).

A general rise in freshwater drum impingement levels from
<100 fish per 3-day test to more than 400 individuals per 3-day test was
observed during the fall season as water temperatures declined below 60°F
(15.5°C) in Dardanelle Reservoir (Figure VI-7). Winter test impingement
rates, however, were generally low (<100 individuals per 3-day test) and
displayed no distinct trend over the 6 -week test period. Considerable vari-
ations in impingement rates occurred during both spring and summer tests.
Highest impingement levels for freshwater drum occurred during the first
week of spring testing as reservoir temperatures rose from 60° to 65°F
(15° to 18°C). A total of 15,299 individuals comprising a biomass of 830
pounds was collected during this week. Subsequent impingement rates de-
clined below 1,000 fish per 3-day test and continued at or near this level

through the remainder of the spring and summer tests.
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There were no statistically significant differences between
ON and OFF modes for numbers or biomass of freshwater drum impinged

(Tables VI-2 and VI-3).

The greatest percentage of freshwater drum impinged during
the fall test period was the 61-90 mm size group (Figure VI-8). These were
presumably young-of-the-year fish. Smaller percentages of 2+ through 5+
yr old drum (based on data from Tatum, 1975b) were also impinged during
this season. Yearling fish (1+) of the 1974 year class, predominantly in the
61-90 mm size range, constituted the largest percentage of drum impinged
during the winter season, with increased percentages of 2+ to 5+ drum also
occurring. Spring test data also show a continued dominance ot r»arling
freshwater drum (1974 year class) as 91-150 mm individuals. These year-
lings were essentially absent from summer 1975 test runs. Young -of-the-
year drum (60-90 mm) constituted the largest percentage of this species

taken during this period.

No differences in ON and OFF modes were discerned for

length-frequency distribution of freshwater drum (Figure VI-8).

4, Channel Catfish

Total channel catfish impinged during air curtain testing
(October 1974 through August 1975) were 14,611 fish weighing 334 pourds.
Of this catch, 8, 109 individuals comprising a biomass of 177 pounds were
impinged during air curtain operation, while 6,502 fish accounting for 157
pounds were impinged during air curtain Off tests (Appendix Tables A-1
through A-4).

The numbers of channel catfish impinged remained almoat

consistently above 100 individuals per 3-day ON and OFF tests during both
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fall and winter test periods; however, no seasonal trends were apparent
(Figure VI-9). Biomass levels during these two periods generally remained
below 10 pounds per 3-day test. Both numbers and biomass of channel cat-
fish impinged declined steadily from approximately 3, 000 individuals and

50 pounds per 3-day test during week one of the spring test to approxirnately
40 fish and <5 pounds at the end of the summer test period.

Although there were no apparent differences between air
curtain ON and Or'F test impingement rates of channel catfish during either
the winter or summer test seasons, statistically significantly greater num-
bers (Sign test a= 0.05) were impinged during air curtain operation in both

the fall and spring test periods (Table VI-2 and Figure VI-9).

No distinct or consistent differences were observed in the
length-frequencies of channel catfish impinged during the 4-season testing
period (Figure VI-10). The bimodal length-frequency distribution displayed
for fall 1974 indicates the probable presence of two distinct year classes of
channel catfish, voung-of-the-year (61-90 mm) and yearling fish (121-150
mm). Year class 1974 fisk as yearlings, clearly dominated winter test
catches as 61-90 mm individuals. Altho:gh this same size class continued
to account for the majority of the channel catfish impinged during spring
1975, the 121-150 mm size class representing 2+ fish (based on data from
Tatum, 1975b) constituted > 20% of both ON/OFF test catches during this
period. Majority of channel catfish impinged during summer were spread
over a relatively wide size range, from 60 mm to 180 mm. This range
probably encompassed young-of-the-year 1+ and 2+ individuals with indivi-

duals in the 421-450 mm size range also represented.
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5. Blue Catfish

A total of 12, 946 blue catfish comprising 241 pounds biomass
was impinged during the four seasons. Both greater numbers (7, 380) and
biomass (133 pounds) of blue catfish were collected during air curtain opera-
tion than during those periods when the air curtain was off (5,566 individuals

weighing 108 pounds) (Appendix Tables A-1 through A-4).

Numbers of blue catfish impinged during both ON and OFF
air curtain testing increased during the fall as temperatures fell below 65°F
(18.3°C) and fluctuated at relaiively high levels of > 1,000 fish per 3-day
test during the winter test period (Figure VI-11). Warming temperatures
during spring coincided with a declining tread :n numerical impingement.
Summer test reflected low levels of impingement (<30 fish per 3-day test)
and no distinct trend over the 6-week test period. Blue catiish biomass
levels throughout the 4-season test period remained relatively low and in-

dicated no distinct seasonal pattern.

Spring test alone revealed a statistically significant differ-
ence between air curtain ON/OFF impingement rates (Table VI-2, Figure
VI-11). Both the Wilcoxon test (2= 0.10) and the Sign test (@ = 0,05) in-
dicated that consistently greater numbers of blue catiish were being im-
pinged when the air curtain was on than when it was off. Greater biomass
was impinged during air curtain operation, although the differences between

ON and OFF testing were not significant (Sign test, a = 0, 05).

Young-of-the-year individuals (61-90 mm) accounted for the
majority of the blue catfish impinged during fall 1974 (Figure VI-12). This
year class (1974) appeared again as the dominant size group in both winter

and spring tests (91-120 mm) as yearlings. The bimodal distribution
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pattern during summer shows the recruitment of impingeable size 1975 young-
of -the-year blue catfish (61-90 mm) as well as the presence of both yearling
(1974 year class) and possibly older fieh (211-240 mm size class; based on
data from Tatum, 1975b).

6. White Crappie

A total of 6, 639 white crappie accounting for 407 pounds bio-
mass was impinged during the four seasonal test periods. Overall, more
white crappie (3,361) were impinged during air curtain ON tests than during
OFF tests (3,298). Greater white crappie biomass, however, was impinged
with the air curtain off (218 pounds) than during air curtain operation (189
pounds) (Appendix Tables A-1 to A-4).

The majority of the white crappie impinged were collected
during the fall 1974 and spring 1975 test seasons (Figure VI-13). Impinge-
ment levels during the third week of fall testing rose from previous values
of <70 fish to > 100 individuals per 3-day test as water temperatures in
Dardanelle Reservoir fell below 60°F (15.5°C). Winter test impingement
rates stabilized at levels of <100 fish per 3-day test, but increased to > 100
fish as water temperatures rose in Dardanelle Reservoir during spring test-
ing. Impingement levels for the entire 6-week summer test period displayed
no discernible trends and were consistently <30 fish impinged per 3-day

period during both ON and OFF tests.

The only statistically significant difference in numbers and
biomass of white crappie impinged during ON JOFF air curtain testing oc-
curred during the spring season. Over this 6-week period, greater num-
bers and biomass of white crappie were impinged during air curtain opera-
tion than when the air curtain was not functioning (Sign test, @ = 0.05) in

the majority of test runs.
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White crappie measuring 61-90 mm contributed the greatest
percentage of this species impinged during fall 1974 and winter 1974-75 air
curtain tests (Figure VI-14), A considerably smaller percentage of 1973 year
class white crappie (based on growth data from Tatum, 1975b) appeared at
151-180 mm as 1+ fish during fall testing and in low numbers as 2+ fish (181-
210 mm) during the winter, One plus (l1+) white crappie {(61-90 mm) consti-
tuted the largest size class impinged during spring 1975 testing. Relatively
low percentages of 2+ through 4+ white crappie (based on growth data from

‘atum, 1975b) were also impinged during both ON and OFF air curtain tests.
Summer tests results show the presence of young-of-the-year white crappie
as 31-60 mm individuals, as well as a relatively even length-frequency dis-
tribution over all size groups from 31 mm to 240 mm. These size ranges
encompassed white crappie from young-of-the-year through 3+ fish, Smaller
percentages of 4+ through 6+ white crappie (from growth data of Tatum, 1975b)
were also impinged during both ON and OFF {:-‘ing.

A comparison of the lengt. equency dis*ribution of white
crappie impinged during air curtain testing revealed that .~nre fish in the
90- to 240-mm size range were impinged with the air curtain off during both
the fall and summer test periods. No differences were observed during win-
ter testing, however, possibly because of the small sample size, or during

spring testing (Figure VI-14),

7. White Bass

Of the seven fish species most regularly and heavily impinged
during seasonal testing, the white bass accounted for the smallest percen-
tage of both numbers and biomass collected on plant intake screens. A

total of 1,270 white bass comprising a biomass of 68 pounds was impinged
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over the 24 weeks of testing, Although a greater number of white bass was
impinged during air curtain operation than when the air curtain was off (all
seasons combined), the only statistically significant difference between
white bass impingement rates during ON/OFF testing occurred during the
spring 1975 test. In 4 of the 5 ON/OFF test runs compared for this season,
more white bass were impinged during air curtain operation than during
air curtain off tests (Tables VI-2 and V1-3), More white bass were im-
pinged during the fall test period than during the three subsequent test sea-
sons combined (Figure VI-15), Impingement ~ates were highest (> 70 fish
per 3-day test) during the last three weeks of fall testing (November 11
through November 30) when water teriperatures fell from 15.5°C to 10°C
(60°F to 50°F) in Dardanelle Reservoir, The numbers and biomass of
white bass impinged over the r.maining three seasonal test periods were
generally below 10 fish per 3-day . st during both ON and OFF test
periods.

A comparison of the length-frequency distribution of white
bass impinged during air curtain ON/OFF testing indicates a somewhat
greater percentage of larger fish impinged when the air curtain was off
during fall a«d spring tests (Figure VI-16). Summer results show im-
pingement of white bass in the 301- to 390-mm size range when air cur-
tain vas off, a size ra~ee not represented during on tests. The bimodal
length -frequency distribution observed during winter tests was probably
the resilt of low sample number; however, larger white bass were still

impinged when the air curtain was off.
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8. Other Species

Excluding the seven major species, a total of 4,572 indivi-
duals weighing 587 pounds was impinged during the four seasonal tests. A
complete tabulation of impingement data for these species is presented in
Appendix Tables A-1 through A-4,

Impingement rates incr=ased to > 200 fish per 3-day test
during week 3 of fall 1974 testing as wat~r temperatures in Dardanelle
Reservoir fell below 15.5°C (60°F) (Figure VI-17), Impingement subse-
quently declined during winter testing and stabilized at levels of 60 to 90
individuals impinged per 3-day period during the spring. Summer dis-
played the lowest impingement rates for the 4-season test neriod, with
levels of < 40 fizl, impinged per 3-day test throughout the 6-week season.
Biomass of other species impinged over the 4-season test pe=izd dis-
played no seasonal patterns or consistent differences and depended mainly

on the species composition of the fish impinged.
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SECTION VII

IMPINGEMENT DURING AIR CURTAIN TESTING IN RELATION
TO ABIOTIC FACTORS

The effectiveness of a behavioral screening system such as the
air curtain constructed at the mouth of the Arkansas Nuclear One intake canal
depends on the following variables:

e The ability of the fish to sense by tactile,

visual, or olfactory means the presence
of the barrier

e Species-specific behavioral response to
stimuli produced by the screening device

e Various species' swimming ability

These variables, in turn, are related to and affected by a number of inter-

acting natural and man-induced physical and chemical parameters,

Concurrent environmental data and impingement figures ob-
tained during air curtain testing are compared on a seasonal basis in the
following paragraphs to help explain the results obtained during ON/OFF

air curtain operation.

A. TURBIDITY

Measurements taken during seasonal air curtain testing
indicate moderate to high turbidities in Dardanelle Reservoir throughout
the year with highest levels occurring during late fall and winter (Appendix
Tables A-12 through A-15). The relatively small amount of turbidity data
does not lend itself to detailed astatistical comparisons with air curtain test
information, but a visual comparison reveals an apparently positive rela-

tionship between high impingement and increased turbidity.
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There were no day/night comparisons of fish impingement
levels, so there is no clarifying evidence of the curtain's efficiency during
hours of lessened visibility. Turbidity was measured at the beginning of each
air curtain test run, Because these readings were taken only during ON test
periods, however, no comparisons of turbidity levels between ON/OFF tests
are available. It might be suggested that air curtain operaiion, with its accom-
panying vibration and turbulence patterns, may have affected normal turbidity
patterns during ON testing at the mouth of the intake canal. Howeve r, a sea-
sonal comparison with monthly turbidity measurements collected by Sinclair
(1968-1975) over an B-year period at a station adjacent to the plant intake canal
indicates turbidity levels comparable to those observed during air curtain

testing.

As noted above, the success of the air curtain in deterring
fish depends, in part, on a fish's ability to sense its presence. Therefore,
lowered visibility resulting from turbidity levels might be expected to af-
fect this sensing ability. Early air curtain test studies by Bates and Van
DerWalker indicated lower impingement rates during daylight and greater
impingements at night, Consequently, it was assumed that the sensory re-
fFponse mechanism involved in avoiding the bubble screen was entirely visual
(Bates and VanDerWalker, 1969). These and subsequent researchers pos-
tulated, therefore, that air bubble screens would probably not be effective
in waters with high turbidities. Texas Instruments (1974a) observed higher
nighttime impingement rates duaring air curtain testing at the Indian Point
power plant on the Hudson River; at the time, it was suggested that these
high night impingements were the result of high turbidities further diminish-
ing the already lessened night vision of fish approaching the bubble curtain.
It should be noted, however, that these day/night differances may simplv
have been the result of diel abundance and distribution patterns of the fish

pPopulations in the vicinity of the Indian Point site. Studies in North Carolina
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with gizzard shad and striped bass (Bibko, Kueser, and Wirtenan, 1973) and
in Lake Michigan with alewives (as reported in a r .view article by Maxwell,
1973) showed air curtain efficiency to be as high in complete darkness as in
daylight

Fishes' sense of touch, in concert with their lateral-line sys-
tern, is known to interact in determining their orientation (Bil ko, Kueser,
and Wirtenan, 1973). This tactile response was implicated by Bates and Van-
Der Walker (1969) as the mechanism by which juvenile salmonids avoided
water-jet deflectors; although these deflectors provided limited visual con-
trast with main canal flow, nighttime and daylight deflection efficiencies were
comparable. It would seem logical, therefore, that an air bubble screen,
though providing limited visual contrast during the night or in waters of mod-
erate to high turbidity, would generate sufficient tactile stimuli (pressure

waves, turbulence) to be sensed by an approaching fish.

Although air curtain test data at arkansas Nuclear One do
appear to indicate a rising trend in impingement with increased turbidities,
the paucity of data from this and other studies renders this finding incon-
clusive. It is suggested that while vision is related to avoidance of the air

curtain system, other sensory iechanisms are probably involved.

B. WATER TEMPERATURE

Impingement rates for all species combined and six of the
seven most heavily impinged species were found to be significantly corre-
lated statistically with water temperatures in Dardanelle Reservoir during
fall 1974 and spring 1975 air curtain test periods. In the great majority of
cases, these significant corrciations were negative; i.e., higher impinge-
ment was associated with lower temperatures and lower impingement with
higher temperatures. However, a small number of positive correlations
were observed for blue catfish, channel catfish, and £+ s..water drum dur-

ing the winter and white crappie during the spring (Tables VII-1 and VII-2).
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Table VII-1

Statistical Tests for Correlation between Numbers of Fish
Impinged and Water Temperature during On/Off
Air-Curtain Testing at Arkansas Nuclear One

Alre
Custein Fall Winter Spring Summaer
Species Statue P S K P s » P s K ¥ s K
All species On <0.854% 0. MM .0 T3ve | .0.2%) <0, %14 .0,200 0.929¢ .0.700 .0.800" |.. 823 -0.294 -0. 200
o “0.680  <0.mM' Lo .enC' | .0 507 0,697 -0.600° <0694 «0.700 .0, 600" ). 009 -0.20) «0.133
Threadfin shad On 0. 880 0. 803" .0."yee | 0. 248 .0 M4 .0,200 <0.899%  .0.700  .0.600" |.0.,687 .G.899¢ .0, go0e
off -0.6%91  .o0.MM* .0.600" | .0 s <0.6%7  .0.600° 0. 7%8 <1.000% .1 0000 |.0.508 .0 881 0,53
Giraard shad On <0.89%* .0 883 .0.73% | .0 325 -0.6%7 0,487 <0.982¢ .| 0000 .1 0008 |.0.333 -0, 029 ~0. 000
on ~0.502  .0.687 .0, 467 0. 454 0,314 0,200 <0.848%  .1.000% .1 000e 0. 021 0. 456 0.33y
Blue carfiah On «0.788% .0.79%" .0.400° | o e8s 0. 687 0. 467 ~0.948% . 0,900 .0, 800 0. 427 0. 581 0. 400
ot “0.884% 0. 8860 0.7V | 0.740 @ 0.714° 0. 487 <0.783 «1.000% .} 000 0,089 0.01% 0,087
Channel catfieh On «0.842 - 0618  .0.3)) 0.7% @ 0.500 0.600 ® | .o 98¢ .0.700 .0.600° [.0.153 .0.088 0. 000
o <0.%18  .0.029 0. 067 080 0N @ 0.600 @ | -0.782 <0.600 .0 400 <0.663  .o0.812' .0 867"
Frashwater drum | On ~0.829¢ .0.88) .0, 73y | 0.7 @ 0.%22 0. 400 <0.92¢¢  .0.700 .0.600° |.0.18¢ -0, 058 0. 060
oft «0.548 0. 829 .0.7'% | 0 477 0,429 0,200 <0, 790 <0.700 .0, s00* 0.e”2 89 0,533
White ¢ rappie On <0.767% .0.798* .0.s00* | 0 51 0.21) 0.13 0. 669 0.800 ® 0,600 ® | 0,399 0. 464 0. 400
ot <0.951* .0, 8860 .0 733 | .0 011 0.0%0 0. 000 0869 @ 0900 @ 0.800@® |-0.%69 -0.279 -0.200
White nass On -0.748% .0.798" .0 s00* ic te ic S0, Gaae <1.000% |, 000 ~0.884 .0, %410 .0 s&7*
o «0.933%  .0.943% .0 . BeTe : -0.6%4 «0.700  .0.400% |.0.098 -0.2¢ -0.133
* Significant st 1 » 0. 0% level P . Peareon s r test i€« Insufficient nonsero catches to detect Any correlation with water tamperature.
* Significant ata = 0,10 level S Spearman s o (rhal test @ - Circled significant correlations are positive. all other significant correlations
K« Kendall's T (tau) test Are negative

Statistical Tests for Correlation between Biomass of Fish

Table Vi.>

Impinged and Water Temperature during On/Off
Air-Curtain Testing at Arkansas Nuclear One

Alr
Ousinie Fall Winter Spring Summer
Species Statue P s x P s K P s K P s K
All spocies On <0 oo ~0.88) .0.73) -0.24) -0 34 -0, 200 -0, 963 -1, 000 «1.00® «0.506 .0.116 e.0
on «0.21%) «0.829¢ .0 .73)e <0 482 -0,687 -0.600* ~0. 8631 <1, 000¢ ~1.000% <0.306 -.0.%79 -0, 400
Threadfin shad On “0. Rha9e “0.38% .0 7Yy -0.23 -0.314 -0, 200 <0 Bo9e -0, 700 «0. 600* «0.683 .0.899¢ «0. 8000
o -0 892 0,819 0. 887 L0 402 -0, 687 <0.600° -0.792 «1.000e «1.000e -0.081 .0, 20 0.1
Giesard shad On .. 0792¢ <0.8827¢ .0, 7333 | .0, des «0.857 -0, 467 <0, 9% «1.00 ¢ «1,00e -0.52% .0.2861 -0.287
on -0.%2% ~0. %43 -0, 200 0. 412 0.4 0.200 -0 Bble «1.00 ¢ «1.0009 ~0. 489 .0 687 -0.%1)
Blue catfion Cn «0.737* «0.847 0. 487 -0.069 <0, %4 -0, 200 <0 anTe «0. 9008 - 0. 800 <0.360 .0 0%8 0.0
on <0, 854 <0.943 .0, 887 0.7 @ 0. ®  0.600 O -0.842° -1.00 1,00 =0.212 .0.%M «0.3%y
Channel catfieh On 0.748 @ 0. 529 0. 0.687 0. 800 0. 467 0.978e «1.00 » «1.000 -0.005 .0.0% 0.0
o 0.12? 0.9 2.y «0. 209 o.M 0.1 0.437 ~1.00 «1.00 -0.688 .0.812° <0.687*
Freshwater drum On -0, 304 <0, 883 .0 T))e 0,208 0. 0% 0.1 0. 944 -0, 700 -0. 600* «0.020 .0.029 -0.13)
o <049 «0.714 .0, 487 0.2%7 0.200 0,200 -0.802 < 0. %000 -0 800e 0.061 0. %522 0. 400
White crappie On 0. 1% om 0.3%) -0.179 0.21}% 0.1 0,883 00 «0.20 -0, 414 .0.202 «0.133
on o.0n 0. a9 0.200 0,472 0.0% 0.0 0. 088 0.100 0.0 <0.479 .0.69 <0.51)
White bass On «0.84) -0, 412 «0. 333 Ic e 1c -0 897 -0.700 -0.s00* ~0.532 .0.638 -0.51
on 0. 018 0,600 . 0487 ~0. 168 «0, 600 -0. 400 <0.47% .0.%%1 ~0.83)
*Significant st 4 - 0,08 level P Pearson's r test IC © Insufficient nonzero catches (« detect any correlation with water temperature.

*Significant st 5 + 110 level

S  Spearman's 5 irho) test

K - Kendall's | (tau) test

@ Circled significant correlations are positive, all other significant correlations
are negative correiations
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In most instances, correlations with temperature were observed during both
ON and OFF tests, but it should be noted that this was not always the case
(Tables VII-1 and VII-2). A lack of significant correlation with water tem-
perature during either ON or OFF testing should not be construed as reflect-
ing a significant difference in impingement levels between the tests. ON

and OFF air curtain test data were compared against water temperatures
independent of each other; as such, the findings indicate the degree of vari-
ation between the trends displayed for ON or OFF air curtain test impinge-
ment levels and Dardanelle Reservoir water temperatures during a given

season rather than differences in impingement rates between tests.

Water temperature has proved to be a major factor influenc-
ing fishes' physiological state and behavioral responses, especially those
involving swimming performance. These responses, in turn, play a signi-
ficant role in the ability to avoid or be guided by a behavioral screening

mechanism such as the air curtain.

Fishes are cold-blooded organisms, which means that their
internal body temperatures and the speed and coordination with which bedily
functions occur (metabolic rates) are directly related to the ambient tem-
peratures of their surroundings. Within certain limits, these two factors
exhibit a positive correlation; i.e., the higher the water temperature, the
more active the fish, and vice versa. Ambient temperatures approaching
either high or low extremes, however, have been shown to result in loss of
equilibrium, muscular incoordination, and feeding cessaticn, leading to
extensive damage or death, Endpoints or lethal limits have been established
by extensive laboratory and field testing for a number of fish species in-
habiting Dardanelle Reservoir (Texas Instruments, 1974b and 1975). Itis
worthy of note that in Dardanelle Reservoir a number of the~e species are
living close to their lower lethal limit, as established in laboratory tests,

during late fall, winter, and early spring.
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A number ol studies have evaluated the effects of low water
temperatures on fish species. King il970) found that swimming speeds for
white perch decreased with decreasing temperature. Hocutt (1973) observed
similar results for juvenile largemouth bass, spotfin shiner, and channel
catfish exposed to rapid temperature changes. Bibko, Wirtenan, and Kueser
(1973) no'ed considerable differences between the cruising speeds of young
striped bass at 4.5°C (40°F) and 11.1°C (52°F). Chittenden (1972), studying
American shad, observed slower and wobbly swimming, extremely sluggish
movements below 6°C (42.8°F), cessation of feeding, frequent temporary
equilibrium loss, no response to hand movements below 4.4°C (39.4°F), and
frequent collisions with objects shortly before death. Colby (1971), experi-
menting with alewives, reported reduced swimming speed, little or no response
to external stimuli, disorientation, frequent collisions, cessation of feeding.. \
and diminished tendency to school between 4.5° and 2.2°C (40° and 36°F).

In air bubbler tests, Bibko, Wirtenan, and Kueser (1973) observed that giz-
zard shad became lethargic swimmers at 4.4°C (40°F) and drifted repeatedly
through the air screen; at 0.8°C (33.5°F), striped bass became lethargic
swimmers and were pushed backwards through the air screen repeatedly.
Hubbs (1951) found that threadfin shad in the Coloracdo River displayed a
minimum tolerance of 54° to 56.6°F (12.2° to 14.2°C). Coward (1963) oh-
served that threadfin shad acclimated at 20°C (68°F) showed resistance
times of 16.4 to 125 min. for temperatures of 5 to 7°C (41.0° to 44.6°F);
he suggested that cold-stressed shad may enter a semicomatose state in
which they are incapable of movement and possess only limited sensory per-

ception although they are still alive.

Low temperatures have been considered as one of the major
factors affecting impingement levels during winter at Consolidated Edison's
Indian Point plant on the Hudson River because the greatest amount of im-
pingement and entrapment has been related with periods of coldest water

temperatures (U.S. AEC, 1973; Texas Ipstrumeits, 1974a). We suggest that
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the significant correlations between impingement and water temperatures ob-
served during fall and spring at A-kansas Nuclear One are the result of the
seasonal onset and subsequent cessation of the adverse effects induced by de-
creasing water temperatures in Dardanelle Reservoir. Intake approach velo-
cities observed in the vicinity of the Arkansas Nuclear One air curtain show
that the largest magnitudes occur within the first one-half of the right (north)
zone nearest the center of the transect. However, except for the nearshore
zones, the observed currents are almost uniform across the transect (Figure
II1-4). The low-level current velocities observed in the vicinity of the air
curtain (generally <0.6 fps) are within the range (0.5-1.0 fps) recommended
for most power plants (U.S. EPA, 1973; Bibko, Wirtenan, and Kueser, 1973).
These current velocity levels would appear to be within the swimming capa-
bilities of al! except the smaller or weaker fish of impingeable size at water-
temperature condi.. ns approximating late spring, summer, and early fall

in Dardanelle Reservoir (Texas Instruments, 1972; U.S. EPA, 1973; Bibko,
Wirtenan, and Kuesner, 1973). Length-frequency data for the seven most
heavily impinged fish species over the four seasonal test periods show the
heaviest impingement pressure to be on young-of-the-year fish (Figures

Vi-11 through VI-17).

Based on the aforementioned data, it is quite likely that re-
gardless of air curtain status even the relatively low velocity levels observed
in front of the air curtain may be much beyond the swimming abilities of
smaller members of most fish species during the late fall and winter.
Therefore, the high impingement rates observed during late fall and winter
may have represented impingement of passive moribund, smaller or weaker

fish thermally stressed by decreasing water temperatures.
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C. OTHER PARAMETERS

A number of additional environmental parameters monitored
during seasonal air curtain testing are presented in Appendix Tables A-12
through A-15. None of these additional parameters were correlated with

imjpingement patterns during seasonal ON/OFF testing.
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SECTION VII
CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The following conclusions are based on the results of a year's

seasonal testing, 6 wk per season, of the air curtain at Arkansas Nuclear One.

Under present operating conditions the air curtain does not
effectively deter fish from entering the intake canal. Consequently, it does
not substantially reduce tne impingement of fish on the Arkansas Nuclear One-
Unit I intake screens. On the contrary, impingement was higher during air-
curtain operation in 13 of 16 tests where statistically significant differences

in impingement rates were observed.

Although seasonal variations in species composition of .mpinged
fish were observed, these variations were independent of air-curtain operational

status.

Growth and subsequent recruitment into an impingeable size were
observed for the seven major species considered over the course of the study
period. Air-curtain operation, however, did not alter the length-frequency dis-

tribution of the species impinged.

Impingement was negatively correlated with water temperature.
Increasing impingement rates were associated with declining temperatures in
the fall, while decreasing iinpingements were associated with rising tempera-

tures in the spring.

It is our opinion that under present operating conditions highest
imp.ngement rates will continue to occur dur'ng the late fall, winter, and early

spring, regardless of air-curtain status. Catches during these periods will

vIaIi-1




continue to be predominantly young-of-the-year fish, especially threadfin shad,
thermally stressed when Dardanelle Reservoir water temperatures fall below

60°F (15.5°C).

B. RECOMMENDATIONS

Thorough evaluation of the air curtain at Arkansas Nuclear One
has demonstrated that this device is not effective in deterring fish from entering
the plant intake canal. These findings, as well as the impingements observed
during fall and winter, suggest two courses of further study in solving the
impingement problem.

e Evaluate the biological impact of present impinge-

ment rates on the fishery resources of Dardanelle
Reservoir

e Evaluate alternatives in plant intake structure de-
sign to reduce impingement only if biologically significant
impact is determined.

1. Biological Study

TI is currently performing a comprehensive evaluation of the
potential impact of impingement on the fishery resources of Dardanelle Reser-
voir. This soon-to-be-concluded study is addressing the past and present
fishery resources of Dardanelle Reservoir, considering not only existing phys-
icochemical and biological studies of the reservoir, but also life history inform-
ation in the literature on the species most heavily impinged. This information,
in conjunction with screen impingement data from Arkansas Nuclear One, will
determine seasonal abunaance patterns and community structure as well as

estimated current impingement losses.

This information is being weighed against the socioeconomic

value of the fish species most heavily impinged, based on sport and commercial
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fishery statistics compiled for Dardanelle Reservoir, so as to determine the
direct or indirect impact of impingement on existing sport and/or commerical
fisheries. This form of study could continue on an ongoing basis, utilizing
data obtained by involved research institutions and state agencies to provide

a continuous update of fish population levels and associated impingement impact.

2. Alternative Structural Design

TI has reviewed the proposed best technology available for
minimizing adverse enviroamental impact of cooling water structures, as pre-
sented by a number of researchers, notably the U.S. Environmental Protection
Agency (1973), Sharma (1974), Texas Instruments (1974), and Reisbol (1975).
After reviewing the findings of these anu other studies, we have reached the
following general conclusions concerning the two major categories of screen-

ing devices as related specifically to the situation at Arkansas Nuclear One.

a. Behavioral Screening Devices

These devices vary considerably in effectiveness, depending on
fish size, species, and ambient environmental conditions. No one behavioral
system has been wholly successful in significantly reducing fish impingement.
Consequently, no individual device is recommended for use at existing and pro-
posed plants by any regulatory agency. Furthermore, any of these behavioral
systems would be essentially ineffective when applied to a number of thermally
stressed fish species, especially threadfin and gizzard shads, which are reduced
to a moribund or semicomatose state by low water temperatures in Dardanelle

Reservoir during late fall and winter.

b. Mechanical Screening Systems

Pressures brought to bear on utilities by Section 316(b) of the
1972 Federal Water Pollution Control Act, however, have spawned a multitude

of mechanical fish protective devices designed to be installed at cooling-water
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intake structures. Through trial and error at a number of plant sites and
through biological investigations, a number of mechanical screening devices
have been shown to have some merit. For a thorough review of these systems,
see the USEPA (1973) document "'Development Document For Proposed Best
Technology Available For Minimizing Adverse Environmental Impact of Cooling
Water Intake Structures, ' Proceedings of the Second Workshop on Entrainment
and Intake Screening held at Johns Hopkins University, 1974 (L.D. Jensen Ed.),
Sharma (1974), and Reisbol (1975).

We recommend that until subsequent industry-wide testing

proves the efficiency of one or more of these behavioral systems in deterring
Or guiding fish under environmental conditions applicable to Arkansas iJuclear

Une, no further tiwe or funds should be expended in testing or instaliing such

devices at Arkansas Nuclear Une-Unit I,
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Table A-1

Numbers and Biomass” of Fish Species Impinged during Fzll Air-Bubble Curtain Testing
at Arkans ¢ VJuclear One - Uait 1, October 2]1-November 30, 1974

Air Curtaia On

Alr Cartala Off

Oct 21 Oct 22 Oct 23 Total Oct 24 Oct 2§ Oct 26 Total
Species Ne, o No. wt No, Wi No. wt No. wt No. wi Ne. wr No. wt
White bass 20 i.00 14 0.69 19 0.81 53 2.50 4 0.88 7 0.3 5 0.19 26 1.38
Threadfia ehad i, 418 a.25% 22 7.38 974 9.88 3,114 25,51 1,887 14,50 2,374 19.94 3,23 23,00 7,495 S7.44
Gizzard shad 1,099 J. 8, +, 0b8 15,06 1,208 in, 88 3,975 34.75 1,029 1.3 1,021 12.00 730 9.63 2,780 32.94
Blue catfish 18% 5. 44 181 2.00 s 1.13 444 8.57 18 0.5%0 4 0.5¢6 16 0,31 68 1.37
Channel catfish L 2,00 103 4.81 74 3.38 232 10,19 L2} 2.2% 62 2,25 8s 3.2% 231 7.75
Freshwater drum 120 1.28 141 2.2% 70 LM 351 5.27 27 0.7% 27 0.25% 8 0.40 62 1.40
White crappie 15 1.9 20 3.50 28 2.00 6) 7.44 23 2.2% 24 1.44 14 0.07 6l .7
Missisnippi silverside 4 0.0! 4 0.01 2 | <0.01 10 0,02 3 0.02 1 «<0,01 1 0.01 5 0.03
w | Golden shiner L] 0.06 3 0.02 il 0.08 3 .02 3 0.03 2 0.01 8 0.06
= | Bluegill sunfish 17 0.38 4 0.02 7 0.13 28 0.53 3 0.06 3 0.05 [ e.1
S Green sunfish 4 0.01 1 J<0.01 3 0.06 8 0.07
Longear sunfish 2 0s 2 0.01 4 0.06 ] 0.01 1 ¢.01
Warmouth 2 0,02 2 0.02 1 0.02 i 0.02
Redear sunfish 1 J<0,01 ] 0.00
Orangespotted sunfish 1 fcu.01*" 1 0.00
Black crappie 3 0.59 & 0.59 i 0.22 ! 0.22
Skipjack herring 1 0.09 1 0.09
European carp 1 1.38 I 1.38 1 0.69 i 0.69
Common shiner 1 0.01 1 0,01
Iatal 8,484 22,017 0.748 110719
Species Oct 28 Oct 29 Oce 30 Tota! Oct 3) Nov | Nov 2 Total
Mo, wt No. wt No. Wt No wt No. wt No. wt No. wt No. wt
White bass 13 0.69 7 0.63 3 0.2% 23 1.57 3 0.56 7 0.19 5 0,38 15 .13
Threadfin shad 32l 2. 25 597 1. 56 27 0.19 945 6. 00 i2 0.13 1,021 8.63 1,573 11,50 2,606 20, 26
Gizzard shad (4] 1.7S 1,32} 1,31 174 1.50 1,668 14,56 27 2,31 3, 842 37,00 i, 188 11.63 5,308 50.94
Blue catfish 2 0.25 5s 0. 56 15 g. 13 91 0.94 L 0.25 1) 0.75 3 0.31 L] 1.3
Channel catfish St 119 69 2.50 70 4.19 195 7.88 9 2,88 97 3.06 56 2.75 232 8.69
Freshwater drum S 0.38 24 0.38 ] 1.06 34 1.82 3 0.38 8 1.94 10 0.13 21 2.45
White crappie 12 0.7% 4 1,94 3 0.31 32 3. 00 2 1.00 3 0.31 4 0.5 1 1.87
e | Mississippl silveraide 1 0.01 I 0.01 0,03 1 0.01 4 0.04
« | Golden shiner 2 0.01 2 0.01 1 0.01 ? v, 01 ! 0,01 4 0.03
M Bluegill sunfish 2 0.31 t 0. 38 5 0. 13 0.72 4 0.03 4 0.02 1 0,13 9 0.18
¥ | Green sunfish 1 f<0.01 1 0.00 1 j<o.01 1 0.00
Longear suafish 2 0.01 2 0.01 I }<0.01 i J<0.01 < 0.00
Warmouth ] 0.01 1 0.01
Skipjack herring 1 0.25 I 0.15 2 0.40 1 0.13 1 0.13
European carp 1 1. 44 I 1. 44
River carpsucker L} 0.01 I 0.01
Blu tnose shiner 3 0.02 3 0.02
Smallmouth buffalo I 1.69 I 1. 69 1 1.63 1 1.63
Zotal 2.015 1 40,08 8,289 1

.me.u is presented in pounds,

**Biomass values <0,.01 are not included in the totals.
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Table A-1 (Contd)

Air Cartain On

Ay Curtain Off

Nov § Nov & Nov § Towal
Specice Neo, wr No., we No. wt No. wr No. wr No. Wi No. wr No. wr
White haew s 0, 2% 3 L] 122 & 0. 38 (3 0. 44 23 2.00 s 8
Threadfin shad 2,45 23.7% 8, 100 60. 25 8,429 18, 985 148, 58 15, 19% 127.69 16,091 140. 00 i7, 405 148,50 48, 755 416,19
Glzzard shad 1,32 1444 s &5 I8 1,824 19,57 9% 819 I 19 e 798 1,25 2,94 8. 88
Biue cotfish p- 0. 5¢ L] 0.03 3 ©0 0,84 15 0.8 L] 0,2 - 1.5 LT3 .19
Channel catfieh LL} 4.00 29 . 1] 152 7.9 26 0.9 10 0.2% 40 1,44 a2 2.6)
Freshwater 16 1.00 12 0.8 1 59 5.7 28 L lo 144 o8 2.5 2 [ 1]
White crappie 1 0.1} . 0. 7% i 18 L7 5 0.2% 7 0. 88 6 238 29 3851
Missivsipps silveraide 3 0.02 ] e.01 ] 7 0,08 2 0.0} 3 0.04 L) 0,08
Bilsegiil sunfish N 0.1 $ 0.25 i 37 0.3%8 i «<0.01 i <0.01 2 0.00
E] Green sunfish ] <6, 01 ] 0.00 1 «0.01 1 0.00
Longear sunfish 2 0.0 2 0.01
% | Orangespotted sunfion 1 <0.00 1 <o.00 2 0.00 1 0.04 1 0.04
= | Skipjachk herring ] 0. On ' 0. 06 1 0.05 ] 0.08
European carp ' 0. 44 i 0,44 I 1.06 1 1.08
River carpsucher i 219 1 .17
Bluntnose shiner I 0.01 I 0.01 | 0. i 0.01
Smalimouth baffalo 1 0.01 1 0. 01 2 0.02 i <0, 1 0.01 2 e.01
Black bullhead 1 0,02 i 0.02
Brook silverside i «0.¢ 1 0.00
Largemouth bass i 0. i 0.138
Tota! 21,102 1889 | : 52,082 46413
—_
Nov 1) Nov #e Nov 13 Tota! Nov 14°° Nov 15 Nov 1s Total
P Ne. w1 No., wr No wr No we No. wi No. we No, wr No. wt
White bass 2t 0. 09 4 L1y “ 0.2% 7 2.07 28 ' 54 0,97 1 1.3 L3 3.4
Threadfin shad 119,027 1,233, % 4, 55 860, 07 f 153,498 |, 007,81 §57.051 3,701.82 ) 175,876 1,994.7 24 516 2,924,911 97,235 1,004.50 527,627 5,984.11
Glazard shad S, 71 57. 39 6, 37 59,19 S, 045 55,58 17,123 172, 1e 15,698 173,98 22,198 254. 63 9,260 9312 47,09 52i.63
Blve coud sh 174 L7 % .09 178 .72 521 S. 12 06 .4l 21 IL.sl 39 5. 21 98 10,23
Channe!l catfish 152 L 215 §.08 L1 1.9 455 1,01 75 5. 64 108 9. 98 “2 .3 225 16,92
Freshwater drum 221 10, 08 153 5.65 289 14,51 6h ) 30. 24 i 19,42 i, 028 21,89 19¢ 16,94 2,182 $8. 28
White crappie 33 3. 55 2 1. 88 4 $. 22 99 10,65 a9 2. % 108 2,58 ” 2,01 am 6. 99
Miswisnipp: slverside 26 0,28 18 0. 19 33 0. 36 b 0,83 158 0.9 an el 42 0. %% Ll .%
z Bluegill sunfish 2 0.01 0.01 19 <0,0! 27 «0.01 10 <0.01 56 <0, 00
Green sunfish 27 0,18 27 0,15
E Loagear sunfish i - 0,01 i 0.00
| warmouth 19 0.19 19 0.19
European carp ) UL } 1. 00
River e rpsacker I T2 “ tadh | 13 9.63 33 PN TS
Bluntnose shiner 13 (L L) 13 0.15%
Smallmouth bulfalo 54 0,64 54 0. 64
Black bullhead ! 0.01 ] 0,01
Brook silverside 27 0.3 t 0.
Dilapis 13 2.2 9 87 13 .7 1 6. 77
Bluntnose minnow 27 0,32 27 0.32
Total 376,237 3,965.4 ST, 982 6,605.68

.:ltomon ie presented in pounde
Average of succeeding two test daye




Table A-i (Contd)

e Curtain On Air Cartain Off
Nov I8 Ne . ¢ I Nowv 20 Total nov 21 Nov 22 Nov 23 Total
Species No. wr No. W, No. wi No. wr Ne. wt No. wt No. wt No. wt

White base (LT 4.8 To L2 26 0. % 86 b4 " 0,84 ” iL.»0 23 0.47 138 LT

Threadfin shad 20T, 070 2,434,910 | 000 691 2, 004,13 1 129,921 1,461.47 [497, 682 6,000.51] 307,579 4,045,980 146,296 L, 020.99 ! SZ 468  663.31 | 506,343 6,.740.08

Gissard shad 3,545  S72. 20 “ 9 £5.59 2,654 45,09 | 44,176 oBL.®9 9,56 125.74] 14,470 200,09 6,155  107.97 ] 30,132 4M. %0

Blue catfioh 1,299 1.5 ss58 846 206 38 2, 2320 1] 0.84 F1T] LAy 170 1.9 4l LN H

Chansel catfish 7% 0.% 12 L o4 0.6l s 2.69 13 143 » oNn 172 L&

Freshwater drum 761 11.54 i,0% 27,44 o4 0. 7% 1,858 9.4 10¢ 1,25 192 1.8 123 L4 421 15.8

White crapple 52 0.6! 7 0.4% 109 1.06 s 0.42 9% 0.45 69 0.39 200 1.2

5 | Mississippi stiverside 105 b2 248 2,45 15y 1. 66 0 0,84 ” 0.68 3 0.23 178 LTS

Green sualish 13 «0.01 13 0.00 3s <0.01 L1 0.00

3 | Loagesr suatien N 0.08 N 0.08

= | warmouth ] <0,01 L} 6.00
Orangespotted sunfleh " 0.15% 1) 0.15%

Black crappie 35 0.84 38 0.84
Skipjach herring 3] 0. 7% ) 0.7

Srmalimouth bulfalo 1 0.1% " 0.1% 19 <0,01 1% <0.00

Tulapia 1] 9.%9 L] 9.59 - 1.95 L] 195

Bluntncse mianow 18] 0.23 19 0.2y

Total S47,189 6,780, 14 38,129 7,206,017

Now 25 Now 2¢ Nov 27 Total Nov 28°* Nov 29 Nov 30 Total
Species No. wt No. wr No. wr No. wr No. wt No. wi Neo. wr No. wr

White base 31 0.87 i 0.58 | 11 0,89 s AT 1] 0.9% 25 0.52 sl 1.8 e 8

Threadlin shad 140,062 1,605, 79 29,703 5:T o7 32,607 32498 J202,992 2,257. 64 53,92)  e53.94] 45,930  Se0.06 | 61,515 767 72| 16, 768 1,90.82

Gizxard shad 14,009 102.)% 2,940 to; P 4,478 S1.19 | 21,43 203,24 2,001 20.98 2,418 28,63 1,583 13,82 6,002 62.93

Blue catfish 198 5. 86 269 doud 208 2.01 872 9.92 323 4.9 360 4.7 86 - 969 1n

Channel cotfish 92 0.87 8 0.3 50 0.3% z10 1.5 102 1.06 "2 0.7 92 1.9 106 L7

Freshwater dram 37 13,51 m7 o 1s 5.84 729 FAN H 203 394 211 4.7 194 L7 608 T 1)

White crappie 153 0.69 1ns 1.%9 L] 0.70 325 2.98 104 0.49 74 0.35 13 0.63 M 1.47

Missisaippl sliverside 153 0.87 9 0.31 4 0.2 235 e " 0.72 “ 0. 64 w2 0.7 234 2.18

5 | Blaegill saafieh 1) <0.01 7 0.04 4 <0.01 26 0.04 20 <0.01 20 0.00

% | Greesn sualish 18] 0.08 7 <0.01 18 0.08 10 «<0.01 1 0.00

= | Black crapple 7 0.89 ? 0,89 1’ 0.12 12 0.12
Skipjack herring . 0. 46 “4 0.46

.ver carpaucher » 0.2) 37 ¢.23
Smallmouth buffa.. 3 0.17 7 0.04 it 0.21
Black bullhead 3 0.52 4 0.04 15 0.56
Tlapia - - 1.0% ) 0.89 ] 194
Goldfish 15 0.52 18 0.52

Striped bass 1 .88 ] . 88

Total 226,429 ¢,717.58 170,392 2,083, )
-
- i pr d in pound

“Av-rq. of succeeding two test daye




Table A-2

Numbers and Biomass® of Fish Species Impinged during Winter Air-Bubble Curtain Testing
at Arkansas Nuclear One - Unit 1, January 13-February 22, 1974

Air C urrain On Arr Cartarn O
fam 1) tan 14 fan | Tonai san s Jan 17 fan 18 Total
Spec e - N wr N We v we S e No, we N, we No. wt No. wr
Threadfin shad 49 317 T4 1T, 8 2,800 00 1 E R % SR P RN e, 887 Vo WO 26 QONT 2T S, 530.m5] 132,408 o, 500,07 M7, 8ee ton.ht 0S4, ted 21,0907
Careard Jhaa L P Sucg il AT ERT o s 1, 500 1%, » 2,08 T3, 000 13, M2 272. 9% 4,825 lou. 24 21,08 Si2. %
Hige catfinh [ 43 ", 15 - 0. o= 3 0w, 2\
= | Chanaei catfish ] 0. - wl i 0.4 57 in, 30 87 i, Y0
s | white cruppn . o1a & 0. % 7 0,74 1 1,23 ™ Ty ™ le. 62
P 1 sties. silversine - L 37 1o 0. %) 2 0.4 a2 (Y 2 o, 24 57 0.8 %0 0.%
Spoonbill catlish I 2. 4% ' .13
Toral W, 200 T 15,698 21,639, 80
fan 20 taa 20 tan 22 Tomal lan 23 fan 24 Jan 25 Totel
WP e N, “e N At ~ ni * we Ns, wr v we No, we No. wr
White bass i b kS [ a0z 10 L] .08 is Lol
Threadfin shat 72,35, oo nd, T N TT] I, 094, 58 45,020 1,004, 49 204,017 $,7TTNY o, 004 1,052, 57011L,57) 803,02 e 17 3,200, 55 332,504 e T e
Cazeard shad 24, 04 o u, 5y 4,541 ol SR 0. 53 LE R 5. om 2,41 Se. 97 = Y02 15.% 7.9 120,02 12,128 2139
Blue catfish 17 " 20 I o, 2 i 1.0 . [ [ 0.1 1o o
F | Channel cattish 102 0.2 { L4t (el SN 10 0,0} ] 0,67 it 0.7
& | Freshwater dram I x an Tannd s T.8n LR L 2 ) 8 oot 47 L
» | Miss. oibvereide I 0 2 so 0. 24 i o, 43 1w o, 4 s 0,57 o 0.3y 87 1.0
Black crappre i 3 RS 1o 2%
Shipiachk herring I8 12.38 28 1.8
Toral 207 5, ML 5% 345,480 6, 355.45
lan 17 lan = lan 2+ Total lan 10 Tan )i feb | Toral
P b - N, we N Wi e we e we No we No. W Na. wr Neo, wr
bas -
\r‘hm - i e. 77 " .7
) hre ..:.n .:..« : b o, To4 o K 1N, 44 AeL 4 LA Ra] 19,529 120 20, un0 ST5.00 | 24, 300 S47.%4 70,509 1,435, %
. o * T & > 3% . . . s . . .
":010(.":": ﬂ.:"i: JI',';C? ‘.l':l X : L A0 2. 08 497, .5 L8587 fed, 02 ) 24, 727 409, % 8, 1610 137,32 42,425 2.2
ur N 05 L noan N4 Lo Sinl Y, 4.55 47 : :
Channe! cotfish ¥ 0. 4 i g P B o g = 4” 04: .z: .49 Sud 147
. . U .- .- 4
Freshwater dram 22 0,5 ‘4 4.0 " T .2 Ay . & =S e l'; oy ot 294 3.5
| White crappie Lo o ot 4 "‘: Te 5.4
T Mies. silverside 4 @5 17 o, 44 4 0. 47 . .8 - & e ": 0.:; 02 0.42
E Orangespotted sunfish ) 0. un 2 0. 08 i L e ¥ 0. 40
fd buropean carp " . ol & B od
CGrecn sunfinh )
Longear sunfish " o4k s 0.07 . s.07
Black bullhead ¥ 5 " 0.42
Shortnose gar 1 2.00 I 2.00 . 44 0.4
Chestaut Tam,
prey i 3. 27 1 .27
Total 5
187,553 ).640.24 114,394 2,230, 8

Biomass is presented in pounde

.‘Mo.n of two preceding test daye




Table A-2 (Contd)

Asr Curtain On

Air Curtain Off

Feb 1} Feb 4 Feb 5 Toral Feb s Feb 7 Feb 8 Total
Species No. wr Nu., wr N wi Vi, we No W No. 1 Nea, wr No, wr
Threadfin shad 17, %% b 20 23,9%) 37,0 24, 202 60, 0% CEOME R LI S YA 14,852 2149 41,834 875,88 J225.04% 3 Se8. 00 | 280,730 4 TiB.90
Gizzard shad 4,200 7.0 ., 015 .93 3, 050 $2. 35 3,928 12,28 B, 040 172.1% 26,841 408, 25 19,782 47647 54,669 1,0%.5%
Blue catfish 10 1.02 104 1.2 SN 0.5 [ 2 8 “ 0.09 wo 2,07 34 0.34 109 2.5
Chaane! catfish 0 4. 60 e 5. 0% o 2.8 709 10,84 82 12 142 .42 - 0, 3 458 5.88
2z Freshwater dram 0 0.0 L1 1.5 L 4.5 156 w17 38 6,04 22 0.13 4 5.05 9 22
- White crappie 23 0. 22 0,05 4 0.l
H Miss. silverside 1o o.10 a3 0. 22 ? 0.05% 40 0.37 4“ 0. “ 0.3%
" | Golden shiner ) 0.43 " 0.1
Skipjack herring 7 4.08 7 4.098 " 5.04 " 5.04
Green sunfish 23 0.3 ) 0.1
lLongear suafish 10 0,19 10 0,29
Black bullhead 1 0.26 1 0.40
Tota! N, 297 1, %5 % 337,138 5, 800.80
Feb 10 Feb 11 Felh 42 Toral Feb 1) Feb 14 Feb 15 Total
Species Mo wr No, Wi N, w1 Nu. wr No, wt No. wt No, wt Ne. wt
Threadfin shad o8BS, 9012 14011 ™ W30, 745 1M, 102, 85 L, 081 10, 30 14T B2 05T, 70 42,935, 73] 322,479 o, 583,02 ] 24).829 v, 001,08 143,006 3, 044,82 ] 759,404 15,420,089
Gizzard shad 41,842 w17, 80 19, 83) AT, n 43,850 Sum, 02 125,525 4, 853,20) 52,55 1,078,002 18, 765 250,82 6,09 147,08 77,420 147509
: Blue catfish 154 TR 158 13,19 S 0.77 105 1,28 a0 L5 250 4.5
: Channel cattioh 172 2.6l 154 Lo 146 5. 32 Si5 .82 10% 0.0} o7 0. % 22 .58
L Freshwater dram ) 0.63 s3 an 108 5.9
Miss. silverside s3 0.63 $3 0,63
Total 2,185,934 44, 809, % 837,455 17,120.%3%
Feb {7 Feb In Feb | Toral Feb 20 Feb 21 Feb 22 Total
Species No, wr No. we No. wt Nu, Wy No. we No. wi No. wt No. wi
Threadfin shad 163,817 5 276,30 232,509 4,878 Zu 229,822 5.0l 24 G, 148 1 TLT. 80] 148, L0 4,050, 9% 142,400 3, 2%.81 162,504 4,350, 04 | 493,517 11,045,490
Giazard shad 3, 3% 70, ¥4 4,739 ud, 27 2, Yud 57,29 10,479 141, %0 191y 40,59 i,0le 80,33 5,082 63 04 9,98 84,56
Blue catfish 24 0. % 82 0,98 o .13 8 0,33 184 L.n 212 .10
> Channel catfish 8 0,3 124 0,40 84 i.m 43 2.53 ul L2) oo 0.606 258 LY 492 yau
s Freshwater dram 47 .70 47 .7 205 1.23 ss 0.3) 260 1.5%¢
- White crappie 47 0.57 47 0.57 28 0.33 L) 0.44 5 o.m
i Miss. silverside 28 0.3 8 0, 4 5s 0.06 3 0.44 92 .1
Golden shiner 28 0, %4 28 0. 34
Loagnose gar ) 1 2.50 1 2.50
Total 637,324 13,969.01 504,619 1L, 8.

Blomass is presented in pounds

Mean of two preceding test daye




Table A-3

Numbers and Biomass® of Fish Spe. .es Impinged during Spring Air-Bubble Curtain Testing
at Arkansas Nuclear One -Unit 1, April 21-May 31, 1975

Asr Curtain On Air Cartain Off
Aper 21 Apr &2 Apr 23 Toral Apr 24 Apr 5 Apr 26 Toral
Species N, " Na. wr No. we Neo, wr LN wr Ne. wr No. wr Neo. we

White bass “ 0.8 9 0.6l 0 w1 L 9. % 23 0.87 (R 1 o $) 3.5

Threadtin shad P06l 230 . 4a) 2 oms 4080 ] 347 7. 87007, 340 7. 811,015 5.0 vee 17.00 17T 17, 6% 2,618 8978

Gizeard shad 5,004 194,60 | 1 2ed SID D 28 S0 ] M otie 299.69) 2 05t S0 51 |1,870 85.00 |2, 459 88.37) 6. ¢82 223.08

Blue catiish 1,067 e e 8. 40 234 S5.00] 1, end 27.08 505 W78 i8e  8.00 287 4.%] 1176 W9

Channel catfish 1,720 MN.07 ™ 13,55 wdS B2 0] 3, 08¢ 50, 1% EL T L ) 853 19,95 1) 225 10.97] 2,859 s0.7

Freshwater drum T ye ] 2 o8 12990 ) 150 Te 8 il tuse SO O] 1, 497 10, e as4 ST 80 754 63 18] 3 138 22707«

T White coappie wo o, ¥ It 0. 69 LU O ¢ 15m .7 23 0.4 17 o.1e 5 0,13 L2 ] o4

> Custden shiner 4 0.04 ‘ 0. 04 1w o2 1y 0.0 &) 2.5

- Bloegill suafish 4 UM R} 4 o 0s T e ER) 0.63 s 0.0% i 8.0 4 0.04 [ e.12

Smalimouth buflalo 3 0.44 3 0. 44

Black bullhead N 0. % T oe.? [} 0.51 T 0.4 4 0,04 1] 0.18

Rirer carpsacher s 0% i 0. 39| 4« 1.5 4 7.%

Furopean carpsucher i 1, 4= I e " 15. 80 5 4.5% 4 10,4 1504

Largemouth bass s 0.14 s 0. 14

Flathead catfish 1 oo . 0.0% Y 0.0% 23 0.2y s 0,14 T 0.ie 4 0.1 e 0.4

Toral 42,711 M6 he.es9 651,20

Apr in Apr 10 Apr 10 Tots! May | Moy & May Toral
P s No, we Nese wr No, wr No. wr No. we No. wi No, wr No. wr

White bass S #, J3 2 T 0w 4 O.60 i L. e 0.3 9 .43

Threadiin shad "1 [ 170 2 25 0.4% i 4.85 51 0.7% it 0.25 & o2 73 L

Grzeard shad 1,529 LE L) 742 8. 232 S8 100 2.85% 13811 851 34.79 6wl 30, 79 470 24.19] 1,981 8977

Blue catfish s 6. 00 "7 544 s L e 3ou (T 40 7.43 % TP ) 18 0,18 121 9.00

Channel catfish 74 14,17 27 . 14 L as 519 193 7.8 LI A | 8 2.l 15 183

S2e 54. 20 LLE} 27.80 269 1877 L, 1%7e 100,77 &1z 198 LL 7.9 4154 . 9.0

White crappic 1S a7 7 1.0 a7 159 109 42.84 9% 32.97 95 28.0% T 25.07 262 086.69

| Gelden shiner 0 0.1% ° - 24 29 0.3 i 0. 00 " 0.0

% 7 044 5 0.s (T4 0.62 i [ s LU [P 0 L L) 149

o] Cree. sunfish . 0.1? 3 0.17

Longear sunfish & 0.0% 2 0.0% 7 0.%7 v 0.3 23 0.9%

Wilachk <rappie A e 2 0.9 L4 1.6% L] 3.8

smatimouth buffalo - 17 s 1% 10 1i.e8 LI P ) 4.93

Earopean carp 2 ™ 2 2.08 o 7.098 5 37 9 9.8 18 0.7
Largemouth bass 5 1. 29 s .29

Arkansas Ricer shiner i 0.0} 3 0.0

Flathead carfish y 0w 3 0.01

| Toral S..73 349.01 3.3V 275,68

b s pr d in pound .



Table A-3 (Contd)

Alr Curtaia On Air Curtals Off
May 5 May & May 7 Total May & May 9 May 10 Total
Species Ne. wr No. wr No. wi No. wr No. Wt Ne. wr Ne. wt No. w
White bass &6 on 2 o007 s 0.3 z2 o 1 0.03 1 007 « o
Threadlin shad L 9.0% 3 0.09 & 0.2 " 0.40 L] 0.19 4 o.1) 4 00 16 0.45
Giezard shad 229 10.2% 50 L mm 7.8 656 26,94 sl 7.38 (3 1) 18 9%.00 4“4e 2400
Blue catfish e il (L] 0.19 18 0.5 s2 L9 20 0.44 1§ ) 6 0.08 » 1.58
Channel catfish 25 144 s 2.5 42 Ln 9 €N 30 .75 » L1y 23 1.1y L3 40
Freshwater dram 23 2.6} " L4 LE I Y | n 6. 70 20 1.69 0 2.3 “4 u» " 8.4
White crappie 50 12, 2% w7 [ ) 7% o9 190 18,57 S0 163 41 6. 19 £ 24 1.50 8 27.3%2
Mississippi silverside i 0.0} 1 .02 2 0.0} 4 0.04
Golden shiner i 0.0} 4 0.04 L] 0.05 2 0.01 2 0.04 4 0.05%
a8 Bluegill suafioh 4 0.13 e 0,54 0 o.% i 1.59 4 0.3 8 0.9 5 .04 "7 2.9
- Green sunfish 1 0.0} 3 0.0} I 0.0% I 0.0 < 0.04
& | Loagear sunfish 4 ok S 0.4 - 0.04 2 0,09 I 0.06 2 0,18 s o
Warmouth i 0.04 ' 0.04
Orsngespotied sunfish z2 0.01 2 0.0} 3} 004 3 0.04
Smallmouth baffal. e 2.7% 2 .75 ] 1.8 S 7.88 5 13 3 s L] 4.5
Black bullhead 1 0.01 1 0.03 2 0.04 2 0,06 ks 0.06
River carpsucher ] 2.00 ] 2.00 ] .69 3 $.69 ] 1.50 2 .63 3 L1
Europess carp 2 344 2 .20 4 8.5 L) 14,14 2 N 1 1.2% 3 4“9
Chestnut lamprey 2 0.20 ) 0.27 s 0.47 4 0. 44 8 0.88 2 o2 4 1.54
Largemouth bass ] 0.10 ] o.10
Bigmouth buffalo : 2.8 2 .81
Total 1,168 116.92 983 92.29
May 12 May 13 May 14 Total May 15 May 16 May 17 Total
L ~¢l:- No. w1 No. wt No. Wt No wt No. wt Ne. wr No, Wt No. wt
White base 2 0.29 2 1.0% I 0,03 s .4 Z 0.38 I 0.0 3 0.42
Threadfin shad 7 0.15% 2 0.07 y 0,09 2 0.3 4 0.1 4 0,09 & 0.15 " 0.
Gizssard shad » 5.1 132 8.06 76 5. 2% 07 18,44 9% 5.00 125 S5.44 152 6.5 mn 17.00
Blue catflish ‘e L7 33 0.% 5 0.18 74 2.87 9 0.% 8 o0.01 7T 0.04 4 0.9
Chaanel catiiah L 3.28 25 0.81 21 125 L 5.3 19 1.00 5 0.48 4 Loc L L] 2.48
Freshwater drum 92 5.69 o .69 S .38 2l 1.7 4 2.5 193 4.5 9% 4.7 42 1..81
White crappie 226 12,28 495 9.4 293 6. 44 1,014 28,13 203 4.0% 27 618 202 10.2% 684 21.49
Missinnippl silverside 1 0.02 i 0.02 1 o0 |} 0.0}
Golden shiner ? 0.06 5 0.0% 1”2 6.1 4 0.04 6 0,06 1”2
Bluegill sunfish 1 .28 L 0.49 z2 on 21 i.88 9 0.69 T o 2 0.9
Z | Green sanfish 2 0.0 2 o.01 : o0 s 0.04
- Loagear suaflish 1 0.09% 1 0.0} 2 0.10 : 81 3 0. le
= | Wermouth . 1 001 1 0,08 z 0.0 2 0.4 3 0.0y
Oraagespotted sanfish i 0.1
Black crapple 2 .20 2 L [y 0.2 4 0.16 ie .
Smal.moath buffalo 2 L 2 .75 4 6.06 4 6.3 L) “s
Black bullhead i 0.18 1 0.3 ] 0.56 1. 00 1 am @ sm
River carpsucker 1 0.6 1 1.9 1 o.01 3 2.00 I L L N
European carp 2 169 2 s 1 s s " 7 I AT I Ly 3 AW
Chestaut lamprey s 0.5% 7 0.7 4 0.4 1 174 i LA} 4 L s Ae - L~
Arkassas River shiaer 2 0.0 1 0,01 ' 0,04 *
Flathead catfiel | 0.00 T am 3 R
: A 1 e.0! 0. 01 ' 0.01 I am
RN L™ W 1,510 "W
._nh”—‘ R el 1 o TS
L 1 T =~ o



Table A-3 (Contd)

Alr Cartain Off

Alr Curtala Ou

28323383585 53=23 352 g =
3‘ “eZd-rjdded ddsds ves o &
L - - - -~ - W - . - -
i iTgzg-r= %
—_—
§ 22332335 ¢ 3 s
2 Nehdd-dd & & o
;*' OO,N :5- ~ -
gle833822 3= a2 8=
- cddderin. o4 éée dd
eR222% 325 3 s = B
«|B] ddddnié déé ¢ o £ &
-~
51 -:::;‘! e - - ~ - -
SEZZ233 2238238 32ense ea 2
3‘ Sdr--dd sddddsedevs o §
> -~ >~ * ~ ~ -- -~ e~ - - - -
§| "53%85F sa-nenennae 3
<|sl3382382 22 =zg33e 3
M Serd-red d6 doee- I
i I53382 3% % 328= 3
L ddédé &4 s ié &
R2327328 32223 2s 1=
o|b|déideid deéd6 =g o
; T -~ - - -

White base
Threadfio shad
Glazard shad
Blee catfish
Channe! catfish
Freshwater dram
Whits crapple
Mississippl siiverside
Goldea shlaer
Bloeglll saafish

saalish
Loagear «safish
Warmouth
Orangesporied sunfish
Black crappie -
Smallmouw's buffalo
Black dullhead
Miver carpeucher
Earopean carp
Chestaut lamprey
Sriped basse
Arksnsas River shiner
Flathead catfieh
Gaoldeye

Total

Total

May 31

May %0
wr

May 29
wr No.
Ne Data

Total

May 28
wr

May 27

May 26

IA 100y

."l - °
4
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Table A-4

Numbers and Biomass” of Fish Species Impinged during Summer Air-Bubble Curtain Testing

at Arkansas Nuclear One - Unit 1, Jaly 21-August 30, 1975

Air Cartain On

Alr Cartala Off

Jul 2} Jat 22 Jul 23 Total Jal 24 Jul 25 Jal 26 Total
Species No. wi No. wr No wi No. wr No. wi No., wt No. wt No. wr
White basse ] 0.7 ] 0.0} 2 0.1 2 0. b6 ¢ 0.0l 4 0.67
Threadfin shad i 0,13 21 0. 19 9 0.04 4 0.67 12 0.10 4 0. 14 7 0.04 28 0.28
Gizzard shad L] 0.7% (4 0.08 2 0.19 12 1.06 ® 0.64 4 0.0% L 0.13 17 o.82
Blue catfish L 0.28 7 0.98 13 0. % IR 2,20 L] 0.97 2 0.24 3 .09 e %
Chaanel catfish 23 0.7% 2 0.88 " 0.00 58 2.2 4 0.18 9 1.06 L 0.2) 21 .e7
Freshwater drum 52 0.7 3 0.2% (] 0.60 102 .7 52 0.3 e 0.8 1% L Zm 2.08
White crappie 8 1.0% 3 o.M 5 0.41 1e 2.23 4 0.3 s 0.4 6 2.00 20 .M
Golden shiner 3 0.0} 3 0.0 1 0.01 ] 0.01 1 0.01 3 0,03
Blueglll sunfish 13 .69 1 0.9 ® 0.89 25 .27 2 0.2¢6 4 0.3 7 0.6 i3 1.2)
Green sunfish i 0.08 1 0.0% 2 0.13 I 0. 14 L} 0.08 2 0.2
Loagear sunfish i 0. 10 ! 0.0 2 0.10 2 0.10
= | Warmouth 1 0. 1 o.1n i 0.08 1 Q.08
E Orangespotied sunfish 1 0. 1 0.01
| Black crappie ] 0.04 ! 0.04
Skipjack herriag | 0.01 ] 0.01
River carpeucker ' 0.98 | 0.98
Smallmouth buffalo 1 L I e
Largemouth bass i 0,08 1 0.0% 1 0. % | 0.0 < 0.3
Striped base ] 0.01 ] 0.01
Shorta. se gar ! (PSS ] 1 L
Loagnose gar 1 0.04 1 01
Arkansas River shiner ] 0.02 1 0.02
Flathead catfish 3 0.5) ) 0.53 < 0.01 < 0.0i
Logperch 1 0.01 1 0.01
Totsl 29% 16, 31 412 13.44
Jul 28 Jul 29 Jul 30 Total Aug | Aug ¢ Total
Species No. wi No wr Nao. wr Na wt No wr No. wt No wt No. wr
White bass 2 0,05 3 0.0) 5 0.08 2 0.02 7 0.05 . .69 " L%
Threadfin shad 21 0.16 9 0.04 3 0.13 L1 0.3) 16 0. 14 e 0.38 26) 0.81 393 1.3
Glassard shad v 0.5 2 o.0n “ 0.52 15 0.39 45 0.47 +0 1.06 100 .92
Blue catfish 7 .40 10 LN 4 0.& 21 .2 2 0.08 L] 0,24 3 0.21 13 0.5
Chaonel catfish 3 0.13 L] 0. 34 9 0. 20 0.68 ] 0. 20 18] R ) 18 0.3 LR 0.69
Freshwater drum 345 4.38 189 1.38 % L1 610 6.89 23 1.7 1,586 119 905 6.3 2,722 19.28
White crappie 12 1,54 8 0.63 3 1. 66 26 .8 ] 0.9 9 1.00 9 L 23 3,07
2 Mississippl silvereide i g.ol 1 0.01 2 0.02 e 0.01 1 0.01 3 0.02
Golden shiner 3 0.02 3 0.02 1 0.01 ] 0.01 2 0.02
5 Bluegill suafish 3 0.3 s 0.41 3 0.28 11 o7 3 0.3 L] 0.1s 3 0.17 1 0.64
= Loagear suafish 1 0.13 i 0.09 2 0.22 ] 0.08 1 0.08 2 0. 1s
Warmouath 1 0.05% ] 0.0%
Orungespotted sunfish 2 0.03 2 0.03
Skipjack herring 1 0.03 1 0.0}
Smallmouth butfalc ] 2,13 ] .1
Striped bass 1 0.0l 1 0.0!
Flathead catfish 2 0.04 1 .01 3 0.0% 2 0.19 3 0.01 i 0.01 6 0.21
Total 51 19,02 3,3 29. 08

3
is pr ia p
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Table A-5

Length-Frequency Distribution of Threadfin Shad Impinged during Air-Bubble Curtain Testing at
Arkansas Nuclear One - Unit 1, October 21, 1974-August 25, 1975

Alr Curtaia On Alr Curtals O
Ran,/ Date Rus/Dete
Leagth 1 u m w v vi No. Messured 1 u m v v vi No. Measured
umm) 10/21  10/28  1i/4  11/10 11/18 11/25 Each Leagth | 10/21  10/28  11/4  11/11 11/18  11/25  Esch Leagth
630
31-60 20 1% 24 29 " 9 12 3 12 " 14 2 10 105
=1 6190 69 - 228 344 246 260 1,19 159 1) 178 261 189 104 1,161
2] v s 4 8 79 62 238 10 ‘. 3 ” 109 % 0
121-15%0 1 1 2 1 1 3 s
e, o BM g o 6 256 1 340 31 1,548 203 87 e 352 303 150 1,544
Messured
1 " w v v vi 1 o w v v vi
113 1/ v/2v 2/ w1 VA T V7T T V7S B V5 w0 2
0-30
11-60 F : 2 1 i 1 3
61-90 s I 51 2 3 i 256 50 7 29 45 %0 26 261
s] sa 1 144 146 120 38 191 749 224 68 1 139 185 175 799
€| i21as0 i 3 15 a 12 10 ' " 13 17 . 9 23 8
® 1151180 i )
181-210 s 3
211-240 2 2
Wo. af Fieb § Loy an a2 157 50 297 1,09 288 149 59 193 234 228 1,148
Messured
' u 1 v v vi 1 u w W v vi
' e s/s s/12 /19 s/2e 2 e/ 5/% s/12 S/ s/2e
0-3% =
31-60 1 : 1 H
#l ¢1-90 . 2 1 gk 7 6 i g £ ?
=1 9120 ) 8 10 10 21 .5 157 ) i 1 12 ‘. -3 106
£1 121415 " 5 3 2 5 3 29 " 1 \ 2 5 g 20
151-180
181-210 1 !
Ne. oS- Fiak § 0 . " 12 27 195 80 16 " " 9 133
Measured
1 u m 1v v vi 1 u w v v vi
7721 78 w/4 810 8/18  #/28 v e e/4 8/10  8/18  8/25
0-30
o1 3160 20 19 % 27 15 ) 120 15 55 ) 19 15 10 152
61-90 18 1 15 1 17 51 157 9 9 15 12 9 27 9
91-120 ‘ 1 ) 3 6 3 4% 1 3 4 16 24
I | 121180 ) ) 2 2 ) 1 3 2 2 2 1 3 13
151-180 1 1
Ho, ok Sl 45 36 54 “ 40 88 07 27 o8 55 % 39 56 281
Meassured




Table A-6

Length-Frequency Distribution of Gizzard Shad Impinged during
Air-Bubble Curtain Testing at Arkansas Nuclear One ~ Unit |
October 21, 1974-August 25, 1975

Aur Cartain On Air Curtain Olf
Ran/Date Run, Date
Length I 14 i v v vl No, Measyred 1 i w v v vi No. Measured
tmm) 19/21 10/2% e i i/ 18 /28 Each Length 10/21 10/28 i1/4 /11 11/18 11/25 Each Leagth
0.30
31-60 4 ? 2 13 < 4 1 13 23
61-%0 40 £3 | 79 44 {11 4 149 1o 108 7% 0 16 33 299
91-120 . ' 1 15 53 s4 156 20 ? i0 41 49 19 s
121-1%0 2 1 5 L] 2 1 1 1 L)
151180 1 ’ 3 2 2
=] i8i-210 I 4 2 . i 4 1 2 ?
wl 211-200 5 ‘. 3 + 16 1 i i 3
241270 1 i 2 I 1
271.300 | i
Joi-3%0 ) I
131-380
¥y & Tiok i " 100 33 T 12 558 142 118 as 38 e 52 S48
Measured
1 i w v v vl 1 i u v v vi
11y 120 127 2’ 210 247 L 1/20 /27 2/3 2/10 /17
0.%0
1i-80 I ) | 3 i i 2
£1-9%0 I8 & 17 ? i¢ 10 0 2 it 29 i L] in 82
N-i20 69 57 49 82 4 47 L) ¥ 58 44 4 7 45 183
12i-1% 4 17 21 L} L) 4 SR 4 6 K L} L] s 82
t] 151180 1 i 2 2 2 4
€] 181210 2 I ) ) - 1 19 1 2 13 10 2 1 29
3] 21i-200 2 - b . 5 i 24 1 ) 5 ? F 3 22
2¢1.270 1 1 1 1
T1-300
101-3%0
131-360
Wl.1%0
191420 1
W 2 S " 10% e 100 2 . Su a2 48 142 132 4 70 608
Measured
1 u w 0 1 u w I vi
421 428 5/% $12 571 $ o 4 21 428 5 12 519 5/26
0«30
1160
el-% I | | - 3 I - i
120 i i 5 i (5] 3 100 37 i 8 20 ‘ K] s
! 121-1%0 1 L] 4l 3 s & It L 54 in 39 14 is = 164
g 151-180 ! 4 4 | 4 E i4 : 4 1 4 ) E 14
isl-210 ) 1 ] i0 = 1 ) » v < 18
210240 l ] b 1 = 51 19 ' io 10 = 4
41.270 1 l | 3 3 i i 2 ? )
271300 i i 3 2 i L i
No, of Fisk ue w2 19 0 57 372 as i 7% 7 42 160
Meagured
i u v v vl i i w v v vi
721 T8 LR ] 4l LINTE 8 T2 728 LRE Y 8’11 818 8/25
0.10
100 2 3 i 5 1 s L i 27
6l-%0 L] ) - I 1 i 4 7 ® 5 i i 14
a-120 ¢ 2 1 2 9
12i-1% i i 2 1 1 2 .
151180 } I 2 | 1 1 : ) H ) 2 1 10
in-210 i 1 ) 3 14 2 2 2 4 o
2i-240 s 2 ) 2 2 3 24 2 4 2 4 12
241270 : 1 ! 4 2 1 2 5
271.300 1 1
pygibustindeia " 8 22 ? ‘. 21 b8 i 17 8 15 1" 16 11
Measured




Table A-7

Length-Frequency Distribution of Plue Catfish Impinged during

Air-Bubble Curtain Testing at Arkansas Nuclear One - Unit 1,

October 21, i974-August 25, 1975

Fall

angth
(mm)

Air Cartain On

Air Curtain Off

Run/Date

Run/Date

i
10/21

u
10/2m

/4 7

w v v
1/1a

vi

11/2%

No. Messured
Each Length

1
10/21

u
10/

s 17

w v v
11/18

vi
/28

No. Msassured
Each Length

0-%
380
6i-%0
- no
121-1%
151180
is1-210
Zil-280
241-270
271300
0i-3%
33130
1.3%
Jei-a20
4l)-45%0
451 480
i-510
$11-%0

541
No.

570
of Fish

Messyred

60

8
15

-~e

20
18

“

39 ]
4

-~
e B
~
o

38

0
34

L

138
ni

£1 3]

Winter

9-%

3160

619
M-120
121-1%
i51-180
181210

No. of Fish
Measured

1

w v
1R 2

v
2/10

vl
2/

"

Spring

8.3

31060

61-%0
sl-120
121-1%

421

4721

u
428

w v
578 s/

S/19

vi
5/26

181
I8t
i
m

2T

o

M-
oi-
~4in

AR 2]

No.

180
210
140
FEL)
oo
%
T
30

of Fish

Meas,red

- e
- -

L

oo & D

- -0 o=

L1 i4

insuflicient Data

-

- e

1
Is

- s -

Insufficient Dats

02
104

--e o

19%

a-»

180

sl-90

.10
121-1%
151180
181210
it-ie
4127
27130
yoi1-3%
30
-0
-0
a21-4%0
48] 480
481810
$11-%40
S41-870
$71-500

No. of Fish
Messured

/2w

LEL ] s/ 8/ln

vl
w2

S

u
T/28

a4 s/l

§/18

vi
8/2%

P

- w0 -

21

P —
- - e
& -

-0 & o=

"~

R L

- - -
- O

is 10%

~
~

-
- P e

-

o s e -

”

19

12

12




Table A-8

Length-Frequency Distribution of Channel Catfish Impinged during
Air-Bubble Curtain Testing at Arkansas Nuclear One - Unit 1,
October 21, 1974-August 25, 1975

Alr Curtair On Alr Curmin Off
Run Date Run /Date
Langth ! i m v ¥ vi No. Messured I i m v v VI Mo Messured
(e ) o/21 10728 Th/8 10700 e t/es Each Lengtn 10/21 10728 11/6 B/ LLZAB HM/2S Each Longth
oy
Yi.e0 2 . ? 4 . " 4 ? ° I i 19
6l.% ’ to . s 5 ] 107 26 '3 i) s o Y ”
.20 io & " 2 14 i 3 . i 23
121.1% ? 12 B I 2 i £ 23 1 L] H 1 I 51
151180 | L P ' ? 3 2 ! I ?
181.210 4 L) 2 ) 12 2 ' . 1
i Hhiie L : i 5 I L} ! 3
il iaamn 2 i | 4 i 1
271 %00 | 3 3
ol % i 1 | L] I i
131 w0
el %0
¥9i.00
a2i.a% 1 1
No. of Fien . an 2 0 17 19 w2 o 6) e 12 i2 '8 2
Messured
i u 14 v \ vi ! u i v v vi
11 1720 1 /2 2/ 2/10 217 1) 120 27 2/) 2110 2111
0. %0
V.80 ! { 1 ]
sl M : ’ 0 2 1] an 1 3 L] L] 1 LL
- .20 | 2 4 ? ) . ?
sSHiias 2 i i ! 5 ! i 3 ] | .
S isioine ’ i ; 1 2
Bl isi-210 i i
.20
41.270 ! i
271. 100 i [
No. of Fien 2 10 " ” ] 10 \ | 2 . “ L 5 106
Meaoured
1 u i w v vi 1 i ur v v vi
2 LR L] 8’8 L B $/19 52 421 42 8N /12 $/19  $/2
o.w
.0 5 1 | i - ‘ ! 1 2 L]
al.%0 1] " " 21 ' E 12y N " ? e L1 140
.10 29 ‘ ? ' |} . i2 - . 3 b ]
121.1% 4 a2 20 4 ) & L 2+ 1 s L} b (1)
151180 ' ' ) ' ! i 0 : s ) 3 10
1el. 210 1 ] | | 5 1 ' 3
] Hi- 10 1 ' E ‘ ' 1 ) 2 % ?
241,27 i ) ! * s ! ' 2 2 2 .
#7100 ' & 2 I ] 1
W01 3% ¢ i 3 ) i ! 1
3. o 2 £ L] 5
YAl 190 2 2
191. 420 !
421450 i 1 ' I
451 . 480
481510
Silse0 i '
No. of Fien . “n a7 57 W0 N " Ve (L) s 59 M
Measured
] " m w v 1 I i i v v vi
L2 1) TN LEE ) LT LA R £} L 128 LEC I T s/1e 8728
0. %0
V.80 1 ' 5 1 ] 1 ? 2 2 2 13
8i-%0 s & . i 1 " ne ? 18 2 ? 1 . "
Y120 n . ‘e 10 L] 3 E . 1. ? s B “
1.1 % " ‘ s 3] L] “ 4 L s R L 12 A1)
ist.is0 ? . . . | " 2 2 ’ 1 () L ] E3 )
181210 | 1 1 ! ] K I . I ) ) 12
1.3e0 ) H 5 1 3 ] s
& 24i.27 ] ] 2 1 ]
171. %0 ! i
jo1. vy
3. ! 1
Wi. o
9. a0
2. i '
450480
“is
$11. %40 ! i
Sal.970
$71.800 i ]
Ne. of Fien " 10 L1 L " n L) Ee » sl s " “ F33 )
Measured




Table A-9

Length-Frequency Distribution of Freshwater Drum Impinged during
Air-Bubble Curtain Testing at Arkansas Nuclear One - Unit 1;
October 21, 1974-August 25, 1975

Air Curtain On

Air Carvain Off

Rua. Date Run/Date
Length 1 1] u v v Vi Neo. Messured t 1 m v v vi No. Measured
(mm) jo/21  10/28 1174 11/10 1i/08 11/25  Each Length 10/21 10/28 11/4 11/11 11/18 11/25 Each Length
0. 30
1. 60 1 1 - 13 4 ? 3] ? 1 B 17 1 3 38
61.90 % 17 8 24 8) 8 241 24 - 8 59 2l 26 156
91.120 . . . i 14 22 53 1 - 7 16 3 ‘ 19
121-1%0 1 2 2 1 2 l ] 4 9
151180 1 1 1 5 H 2 2 "
is-210 1 2 1 1 1 6 I i 1 3
=] 211.2¢0 1 1 2 2 1 2 1 5
el 20270 1 1 3 2 7 1 ) 2 3 9
271. 300 2 \ 3 2 9 1 2 1 .
301- 330 1 1
331- 360 1 1 2
¥6l. 390
¥91. 420 1 1
No. of Fish| 38 14 i 4 85 123 180 19 21 I3} 100 29 10 268
Measured
! 1] ] v v vl i u u v v vI
113 1720 1727 2/3 e 27 113 /20 127 273 n0 nt
0-%
-60 1 2 )
51.90 2 3 s 1 21 3 2 1 s 10
9-120 2 2 . 2 1 1 .
121.1% [ 1 1 3 2 2
w ] 151180 1 1 2 1 3
i 181.210 [ 1 2 2 4
211.240 t i
: 241.270 1 1
271300 1 1 i 1
301. 330 1 1 2
No, of Fish s - 8 1 1 1 ] ] 7 3 ) 29
Measured
1 " m Y v Vi i 1] w v v vi
/21 428 $/5  s/12 $/19 3728 /20 428 88 $/12  $/19  S/2
0«30
3. 60
61.90 8 ) ) 2 26 5 1 3 L]
91.120 21 12 [l 3 2 87 2 10 3 30 " 101
121.1% 0 W0 18 1 s e 34 12 i . K 80
151.180 " 13 5 7 4 P 40 10 s 10 6 ‘ s 3
181.210 L 8 ] ) ] - 29 6 10 3 ‘ 1 ] 24
211.240 1 3 2 4 s 10 2 2 2 1 = ?
2| 2ar-270 1 2 2 1 € [ 2 4 2 2 1 N 1
* 271300 1 1 3 2 1 2 1
01. 130 2 2 < 4 | 2 1 € 4
331 360 I : 1 1 1 2 2
361- 390 £ £
191. 420
2145
451480 1 1
No. of Fish| 90 " 50 53 s0 521 a1 “ 40 sl 49 278
Messured
1 u m v v vi 1 i w v v vi
T /28 B4 8/ 8/18  8/2% 12 T/28  8/4 8/11 818 828
0= 30
.60 [} s 13 " " 12 70 7 21 12 1?7 8 65
s1.90 24 L3 a2 29 L H 5% 258 3 7 52 26 ‘ 23 219
M.120 1 5 ] 6 13 " 1 1 3 ) 1 7 16
S RLIEED i 1 2 1 1
181180 1 i 1 3 2 1 3
; 181.210 | 2 3 1 ) 4
21200 2 2 1 i 1 3
W2 1 1 2 1 s
271. %00 1 i
301-1%
331360 1 1 2
No. of Fish| 37 7 £ s1 L) 8 178 47 101 69 4“4 - 4 n2
Measured




Length-Frequency Distribution of White Crappie Impinged during

Table A-10

Air-Bubble Curtain Testing at Arkansas Nuclear One - Unit | e
October 21, 1974-August 25, 1975

Air Cartain On Alr Cartala Off
Run/Date Run/ Datc
Length I u m v v vi No. Measured 1 u w v v vl No. Measared
(mamn) 10721 10/28 /4 111 11/18 11/28 Each Length 1072} 10/28 /4 /1 /18 /25 Each Langth
0.3
Vi-60 ? i 13 el ' 2 1 ? 19
sl-%0 2 20 L] 6 b 19 100 9 S 17 10 4 12 a7
.12 ] 2 4 N
121-1%0 1 ] I ) 3 ! 4
- isi-180 L] 4 ) i 2 13 4 1 - 2 12
| isi-210 1 I 2 2 i ? ? ‘. ] i 13
“ 1 21240 1 1 2 2
Mi1-27 ) I i I L3 2 i 3
271300 i 1 2 1 2 3
0i1.3% ] i 1 i 2
$31-360 I |
::.::"::“ L] 30 s 10 5 56 157 61 1 28 1% 15 19 149
1 i 44 v v vl I u um iv v vl
1713 120 /a7 '3 /10 /1?7 1713 1/20 /27 /3 /10 /17
J«3%0
)1-60
619 i 5 1 7 5 1 ®
- 9120 i 1
£ | 121-1%
s 15i-180
i8i-210 2 2 ] I
No, of Fieh g
Measured } ’ ; - . 8 . ’
I u at v v i 1 L} i v v vi
4/21 a2 5/% /12 $/19 $/2 e/ 21 4/28 $/s s/i2 5/19 $/26
0-3
Ji-s0 [ L] 1 [ ) 3
61.90 21 4 s “r 47 144 12 31 s 44 40 146
91120 i I 5 P2 it - 8 I 5 3 9 i ™ 60
121-1%0 1 : s ‘ k3 12 1 4 2 ! 2 L]
i51-180 i 2 $ 1 ) - 12 s s (3 L] 9
T .20 i ‘ 5 5 ‘ E 19 5 1" i ! g 8
'* 21240 : ; 2 ] 2 I 4 .:, 4
4 41270 1 ] - 2 = 12 L] 1 2 i =4 9
3 3
271300 9 ] - i ] 4 I - .
¥0i.330 4 ) 1 L ] 4 i 2 2 ?
13130 i i
%1-39% I i
No. of Fish 9 2 7
Mesaured e 40 49 8 a4 9 1 T 46 8l 82 29
! 1 ui Iv v vl i i o 1y v vl
121 728 LEE ) LER B 81 828 /21 T28 LR 8/11 818 8/2%
0-30
3160 4 6 4 L] L} 1 21 4 I S L} I 20
si-90 2 4 s L 1 4 19 ) 4 3 e 2 .
9120 1 ! 4 2 A 4 2 ¢ I 3 ) ] 14
121-1% L] ) : ! 1 13 2 1 1 3 5 5 19
181180 4 1 i ® 2 ) 2 4 i 3 13
- 181-210 i ) l ) e P4 13 4 3 4 3 2 is
211.240 i i 3 | < 4 12 3 4 e 13 15
FLRE &) ) 1 ) i 1 | 3 L]
a | 712300 2 i 2 2 ? 1 I 1 3 7
i.13% i ] P4 4 i 2 i 2 L]
1ii-360 i !
No. of Fish N
Mesoured ie is a2 3] i3 0 iz 9 2) 22 8 I8 30 128




Table A-11

Length-Frequency Distribution of White Bass Impinged during
Air-Bubble Curtain Testing at Arkansas Nuclear One - Unit s

October 21, 1974-August 25, 1975

Fall

Alr Curtain On Air Curwain Off

Run. Date Run/Date

Length
(mm)

!
10/21

4
10/28

No. Measured i i m v v vi
Each Length 10721 10/28 /¢ tH/10 /1 11728

i v v Vi
Lh/& LE700 11718 10/2%

No. Measured

Each Length

0-%
.60
sl.9%0
%120
121-1%
181.180
t81.210
111-240
241270
271. %00
101.3%0

No. of Fish
Measured

4
s

s

-

P2 )

- .-
-

123 < s 18 iz L] ?

10
2
2
15

104

Winter

/1)

"
1/20

wm v ¥ vl I i i v v vi
/20 1RT an

0.3

Hosd

#1.90
.120
i2l-1%0
181-1%0

No. of Fish
Measured

-~
re

Spring

I
/21

i
/28

5% §/12 $i1n §/dn

i N \ Vi I i m v v vi
/% S/12 5719 /26

0. 30
M.un
nles
W. 120
21.1%0
isl.in0
1%1.210
2i1-240
280-27%
271. 300
101. 130
8 1 PN )
Wi Va0
yal. 420
W2Wi.a%0
A50. ann
LLIPR Y]
SHi.54n
S41.870
$71.h00

No. of Flan
Measured

s T 1 1

-

Insutficient Data
Insulficient Data

Surmuner

g v v vl [ i i I ¥ vi
LERR) 8/l 8/2% T

0. )0
Vi.a0
sl.%0
%1.120
121.1%
18i.180
ist.210
211240
41270
171 %0
oi. 1%
AR LY
Yal. 390

No. of Fieh
Measured

-~

-~

s -
~

-




Table A-12

Environmental Parameters Recorded at Arkansas Nuclear One Intake Canal
during Fall Air-Bubble Curtain Tecting, October 21-November 30, 1974

Water Air Wind %
Air-Bubble Temperature Temperature Turbidity Cloud Rainfall

Run Test Date Curtain Status (°F) (*F) (JTUL) Direction Velocity (mph) Cover {in. )
t Oct 21 On 65 49 10 S slight 10 0

22 On 65 53 . . - 0 0

23 On 65 47 - - calm 0 0

24 off 64 50 - W-NW shighte 15 0

25 off 63 67 - - calm 100 0

26 on 63 57 - s 0-12 85 0.03
u Oct 28 On 65 59 45 “ slight 100 0.0%

29 On 65 65 - S slight 80 1. 38

30 On 65 71 - SE moderate 100 0

b 4 off 65 71 -~ moderate 100 0

Nov | Off 65 S | SE moderate 100 1. 84

4 off 67 63 - - moderate 65 0
i Nov 4 On 65 60 25 w strong 100 1.75

s On 65 44 - s slight o o

6 On 64 42 - NE moderate 0 0

7 Off 62 39 - E shight 100 0

8 Off 62 44 - E slight 15 0

Kl off 60 47 - E shght 100 0
v Nov 11 On 60 59 - Sw mode rate 5 1.5

12 On 59 45 b8 w 15 0 0

i3 On 56 1) - w 12 15 0

4 Off 56 37 - N 0-12 15 Q

15 Off 55 26 - w 0-8 0 0

i6 off 55 43 - NE 0-3 100 0.01
v Nov '8 On 53 48 85 w - 100 i.5

19 On 53 54 - w «2 100 0.01

20 On 54 45 - NwW 0-14 0 0

21 off 54 32 - Sw 12 ] 0

22 oK , 55 37 - S L} 0 0

23 Off 55 o4 . SE 4 100 0.05
vi Nov 25 On 54 35 110 NE 2-5 0 0

26 On 53 33 - S L) 0 0

27 On 53 41 - w 5 0 0

28 Off, No data

29 off 52 42 - NW 5-8 100 «<i

30 off 5. 29 - NwW 15 100 0.91
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Table A-13

Environmental Parameters Recorded at Arkansas Nuclear One Intake Canal
during Winter Air-Bubble Curtain Testing, January 13-February 22, 1975

Water Air Wind N
Air Bubble Temperature Temperature Turbidity Cloud Rainfall

Run Test Date Curtain Status (°F) (*F) (JTU) Direction Velocity (mph) Cover (in.)
{ Tan 13} On 43 13 28 N-NW 0-12 15 0

4 On 43 22 - W-SwW 0-12 5 0

15 On No data

16 off 43 34 - - - 0 0

17 Off 42 i3 - E 8-12 100 0

18 off 43 39 - - calm 100 <o0,1
u Jan 20 On 42 24 40 NE k) 10 0

21 On 42 26 - E 10-20 5 0

22 On 42 35 - - L} 0 0

23 off 42 20 - s 12 15 0

24 Off 42 30 - Sw 12 60 0

25 Ooff 42 41 - w 20 90 0.16
m Jan 27 On 43 47 - w 10 100 0

28 On 44 49 - s 12 10 0

29 On 45 68 - S5-Sw 10-20 95 0

Jan 30 Orf 46 50 - E-NE 12 100 0
3l off 47 54 - N-NE 12 100 0. 86
Feb | off 47 45 - NE 12 100 1.03

v Feb 3} On 47 42 » NE 12 100 0,34

o On 47 44 - SE 12 100 0, 50

) On 48 47 - N 10-15% 100 0,49

6 Onf 47 22 - w 15 100 0.13

7 i 45 16 - w 12-15 15 0

L] off 45 24 - NE 12 20 0
v Feb 10O On 43 22 48 S5 15 40 )

i On 44 45 - NW 8 100 0

12 On 43 40 - Nw 15 100 0

i3 Oft 44 26 - SE 10 100 0

4 off 44 38 - 5-SE 12 15 0

5 off 46 53 - N 14 10 0
Vi Feb 17 On 44 32 - Sw 12 95 0.15

18 On 45 40 - N 14 100 0

19 On 45 29 - Nw 10 0 0

20 (¢ 1} 45 27 - N-NE L] 0 0

21 off 45 44 - S 12 100 0

22 Qi 46 54 - S 10 100 0
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Table A-14

Environmental Parameters Recorded at Arkansas Nuclear One Intake Canal
during Spring Air-Bubble Curtain Testing, April 21-May 31, 1975

Water Air Wind
Air-Bubble Temperature Temperature Turbidity Cltud Rainfall
Run Test Da'e Curtain Status (*F) (*F) (JTU) Direction Velocity (mph) Cover (in.)
i Apr 1 On 6l 2 19 E-SE 12 0 0
22 On 62 49 - NE 8 5 0
23 On 63 68 - S 10 100 0.08
24 it b4 70 - 5-Sw 8 80 0
25 off 65 68 - S5-Sw 0-4 Q90 1.4
26 off 68 70 - NE 5-8 70 0
44 Apr 28 On 68 62 I8 s B 100 0. 42
29 On 69 58 - E 10 100 0
30 On 70 60 - S 5-8 10 0.03
May | o 70 60 - NE K i0 0
2 Off 72 58 . E 12 100 0
3 off 69 60 - SwW 8«10 100 1.7
o May 5 Q9 J2 60 15 NE 0-5 25 0
6 On 74 ba - §-SE 0-10 30 0
7 On 73 68 - S 10 120 1.5
8 Off No data
9 Qif 72 65 - S 4 90 1.25
10 Off 73 59 - E 5-10 15 1.5
v May 12 On 72 62 - NwW L] 0 0
13 On 78 57 32 sw 12 60 0
4 On 73 63 - E 12 100 0
15 Off 72 63 - Nw 8 85 0.71
16 oft 73 83 . NE 5«8 30 0
17 off 73 54 - w $«10 0 0
v May 19 On 76 b - w 8 s0 0
20 On 75 75 - s LO-15 80 0
21 On 76 L) - S 510 100 0.75%
22 Off 77 68 - S 8-12 0 0
23 Off 79 71 - s 5-10 25 0
24 Off 80 70 - 5w 3-5 95 0
vl May 26 No data
27 On 78 65 25 NE 3-5 80 0.09
28 On 79 67 - SE 10 100 0.27
29 On 79 6o - E 10-12 80 .
30 On 78 68 - NE 3-5 5 0
3 Off 77 - - - - - -




Table A-15

Environmental Parameters Recorded at Arkansas Nuclear One Intake Cars.
during Summer Air-Bubble Curtain Testing, July 21-August 30, 1975

T Water Air Wind %
Air-Bubble Teniperature Temperature Turbidity Cloud Rainfall
Run Test Date Curtain Status (°F) (°F) JTU) Direction Velocity (mph) Cover (in.)
i Jul 21 On 86 77 g ™ 2 35 0.03
22 On 86 75 - w . 20 0.05
23 On 89 76 - s 10 10 0
24 Ooft 88 76 - sw 10 80 0
25 off 87 78 . E 0 90 0
26 off 86 74 - E 10 95 0.1
u Jul 28 On 87 74 18 SE 5 100 0
29 On 88 70 - SE 5-10 0 0
30 On 88 79 - E 15 75 0
Jul 31 oft 86 72 - E 10 80 0
Aug | off 85 72 - NW 3 100 0.02
2 off 84 74 - w 10 100 0.15
ui Aug 4 On 84 66 17 NE 3 0 0.72
5 On 85 66 - NE 9 0 0
6 On 85 69 - Nw 2 0 0
7 off 85 69 - E 12 5 0
8 off 85 64 - E-SE 10 s 0
9 off 84 66 - E 10 0 0
v Aug 11 On 83 68 I SE 8 0 ¥
12 On 8s 70 - E L] 0 )
13 On 86 74 - E 8 0 0
14 oft 86 76 - Sw 5 40 0
15 off 85 71 - Sw L] 85 0.75%
16 off 85 71 - w 12 100 1.23
v Aug 18 On 54 74 14 w 3-5 50 0.20
19 On 84 71 - Sw 5 100 0.02
20 On 84 69 - NW 5 5 0
21 off 84 75 - NE 2 0 0
22 off B4 72 - Nw 3 0 0
23 off B4 77 - NE 3 0 0
vi Aug 25 On 83 75 16 SE 5 40 0
26 On - 71 - s 5 100 0.05
27 On 83 72 - S 5 20 0
28 off 85 75 - NE 5-8 0 0
29 off 84 72 - S 10 90 0
30 off 83 70 - s 12 100 0.5
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