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Abstract: A biological testing program was conducted during 1974·75 to determine the
efficiency of an air·bubble curtain in reducing fish impingement at Arkansas Nuclear·One
Unit I, on Dardanelle Reservoir, AR. Air curtain operation did not effectively deter
fish from entering the intake canal or substantially reduce impingement. Seasonal varia·
tions in species composition and length·frequency distribution of impinged fish were
independent of air curtain operation. There was a significant inverse correlation between
water temperature and impingement levels during fall 1974 and spring 1975. Highest
impingement rates occurred during late fall, winter, and early spring, regardless of air
curtain status. Impinged individuals were predominantly young-of-the·year-fish, especially
threadfin (DoTOsoma petenense) and gizzard shad (D. cepedianum), assumed to be
thermally stressed by low « 15.5 C) water temperatures.

Proc. Annual Conf. S.E. Assoc. Fish & Wildlife Agencies 31:343·356

A major environmental concern involved with the withdrawal of once-through
cooling water has been the impingement of aquatic organisms, especially fish, on plant
intake screens. To avoid or mitigate this problem, Arkansas Power & Light Company
(AP&L) contracted Texas Instruments Incorporated (TI) to design and implement a
program to determine the efficiency of an air-bUbble curtain in reducing fish impinge­
ment at their Arkansas Nuclear-One Unit-I generating facility on Dardanelle Reservoir.
For a chronological overview of behavioral screening techniques in general and air cur­
tain development in particular, the authors suggest a review of publications by Sharma
(1974) and U.S. E.P.A. (1973).

Study objectives included a characterization of the species composition and abun­
dances, biomasses, and length-frequency distributions of fishes impinged during 4 seasonal
air curtain test periods and an examination of causal relationships between impingement,
air-bubble curtain status, and selected biological and physicochemical parameters meas­
ured during air curtain testing. The authors wish to thank Arkansas Power & Light
Company for financial support of this and other related projects, to: B. Keith, Arkansas
Game and Fish Commission for supplying Dardanelle Reservoir fisheries data; D. Dubose
and I. Savage of Texas Instruments Incorporated, Ecological Services, for assisting with
statistical design and analysis.

MATERIALS AND METHODS
Description of Dardanelle Reservoir

Dardanelle Reservoir 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 reservoir surface coverage varies between 13,892
and 14,013 ha with a shoreline length of 506.8 km at normal pool elevation of 10.30 m
(Arkansas Power & Light Company 1974).

Arkansas Nuclear-One Coolin/{ Water System
Cooling water is taken from Dardanelle Reservoir through a 1.2 km long intake

canal to 8 forebays at Unit 1 (Fig. 1). The average approach velocity at the mouth of
the intake canal is 0.12 m/sec. Water velocity increases to 0.9 m/sec at one point within
the canal due to reduced canal depth and width. Velocities then reduce to approximately
0.46 m/sec along the remainder of the canal up to the Unit-l intake screens. Cooling
water passes through Unit· 1 condensers and is returned to Dardanelle Reservoir via an
effluent canal and discharge bay.

Air Curtain System
The air curtain structure is located in approximately 4.6 m of water, across the

mouth of the intake canal, which is approximately 121.9 m wide at the juncture with
Dardanelle Reservoir (Fig. 1). Four fiberglass pipes 10.2 em in diameter lie side by side
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Fig. 1. Plant arrangement for Arkansas Nuclear One on Dardanelle Reservoir, Arkansas.
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(25.4 em apart, center to center) on the canal bottom for distances of 121.9 m (completely
across), 91.4 m, 54.9 m, and 24.4 m, respectively (Fig. 2). Each pipe is drilled along the
upper surface with O.2-cm air holes, spaced 2.5 em center-to-center, apart. These air
boles are located only in the last section of each pipe. A series of control valves provides
approximately equal amounts of air pressure at each hole, thus forming one uniform
l21.9-m long air curtain across the mouth of the intake canal. Compressed air for tbe
curtain, is provided by 6 air compressors, each with a capacity 19.5 mB/min at 517.1

em of Hg.

Fig. 2. Schematic of air curtain in intake canal to Arkansas Nuclear One.
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Test Design and Analysis Methodology
Seasonal tests were conducted during the following months:

Fall: October, November
Winter: January, February
Spring: April, May
Summer: July, August

Seasonal testing of the air curtain consisted of 6 consecutive weekly periods of 3 days
"on" and 3 days "off" operation over 6 consecutive days, with 1 off day between periods.
The seventh day impingement results were not used in the analysis.

All screens were washed and all fish removed at 0800 on the first day of the 6 wk
seasonal test period and disregarded; shortly thereafter, the air curtain was put in opera­
tion. At 0800 on the 2 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
3 consecutive days of "off" testing performed, with fishes removed and processed at
0800 on each of the 3 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
6 runs. Fish collections at 0800 following each seventh day (the day between runs) were
not processed. This overall procedure provided clean screens at the beginning of each
"on" or "off" test and each run.

For the 24 hr impingement determination, the 0.9-cm wire mesh vertical traveling
screens on each forebay were rotated until all fish were removed. These fish were
separated by species, weighed to the nearest 0.05 kg and enumerated. If the total catch
was large, the entire sample was weighed, and a representative subsample taken.

Each species was then separated into size groups to determine length-frequency and
biomass composition. Total length (em) and weight (to the nearest 0.05 kg were recorded
for all fish, or in the case of large numbers a representative subsample.

To avoid selecting against size classes with few individuals in the subsample, all
large individuals in the group were measured before a subsample was taken. Percent
length-frequency distributions were calculated for the 7 most heavily impinged species.

It was proposed that fish passing through the air curtain when it was in operation
might have remained in the I.2-km long intake canal and were not impinged until the
air curtain "off" test period, and vice versa. The actual lag time between a fish's entering
the intake canal and its subsequent impingement on the plant intake screens is presently
unknown.

We assumed that:
(1) once a fish is past the air curtain and canal entrance, the lag time is inde­

pedent of air curtain status (ON-OFF); and is 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 0.9 mls velocity.

Therefore, all fish collected at 0800 at the end of a test day were recorded as having
passed through the air curtain during the previous 24 hours.

Air and water temperature, percentage cloud cover, wind direction and intensity, and
rainfall were recorded daily during all 4 seasonal air curtain test periods.

Statistical Analyses
The statistical analyses for the air curtain test was a 2 x 4 layout with 2 treatments

(on-off) in 6 blocks for each of the 4 seasonal periods.
Three analysis techniques were used to test for differences between the 2 treatments:

the paired t-test (exactly equivalent to a randomized complete block analysis of variance
F-test with 2 treatments), the Wilcoxon signed-ranks test and the Sign test. To test
for a possible relationship between impingement during air curtain testing and physical
parameters (Le., water temperature), 3 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 (1971). The parametric analysis
methods are described in Snedecor and Cochran (1967).

RESULTS AND DISCUSSION
General

Thirty-eight species of fish representing 14 families were identified from intake screen
samples taken from October 1974 through August 1975 (Table I). These numbers
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Table 1. Taxonomic list and percent frequency of occurence of fish species
impinged during air curtain t~sting at Arkansas Nuclear One, Unit 1,
1974-1975.

Fall 1974 Winter1974 Sprin~,1'i75~ummer1975

Air
Curtain

Air
Curtain

Air
Curtain

Air
Curtain

ScientiIk Clauification

L&mpr~y.-Pe trotny'l.ontidae
'[chtkyOfllyZOTl castaneu8 (Girard)

Paddlefi she s· Polyodontidae
Polyodon spathuta (Walbaum)

Ga TII- Lepi losteidae
Lepiso8teu8 08S6lJ.8 (Linnaeus)
LepisosteuB platostomt./s (RaCinesque)

Common Name

Chestnut lamprey

paddlefish

Longnose ga r
Shortnose gar

On Off QI1 Off On Off On Off

47 47

H en·lng. -Clupeidae
Dol'0801'lQ cepediaTlW'l (Lesueur)
Do1'OSO/'IlQ petenSYlS8 (Gunther)
Alosa ~hl"Y8ochloriB (Rafi nesque)

Mooneyt' 8- Hiodontidae
Hiodo" aZo8oides (RafinE'squel

Gi na rd shad
Threadfin shad
Skipjack herring

GoldeyI'

100 100 100
100 100 100

33 11- 5

100 100 100
100 100 100
II

83
100

17

100
100

ZZ

Minnows and Shiners-Cyprinidae
t;'ypNI1UB carpio (Linnaeus)

Ca1'Q8siuB QUratuB (Linnaeus)
Not8"!igol'lUB crysoleucQs (Mitchill)
Pi"lSphaZss notatus (Rafinesque)
Notl'Opis giraT'di (Hubbs &. Ortenburger)
Notropis eol"?'\.\.(f.l.ls (Mitchi.lll
Notl"Opis simus (Cope)

Sucke rs ~ Catostomidae
Ca1'poides C!arpio (Rafinesque)
Ictiobus oypril1eHws {Valenciennes}
Ietiobws b'Ubalus (RaCinesque)

European carp
Goldfish
Golden shiner
Bluntnose minnow
Arkansas river shin,er
Common shiner
Bluntnose shiner

River carpsueker
Largemouth buffalofish
Smallmouth buHalofish

ZZ II
5 0

17 33
o II

o
17

33

33 Z8

73 73

67 67 Z8 56

'0

53 Z7 17
7 0

60 40 11

Freshwater Catlish-Ictaluridae
IC!talw1"Us f'urcatlJs (LesudUrj
laotaLu1"Us punotatuB (Rahnesque)
PyZodiaotis oZivaris (RaCinesque)
laotaZUl'U8 "'slas (RaCine sque)

Blue catfish
Channel eathsh
Flathead catfish
Black bullhead

100
100

zz

100
94

83
89

67 100
78 100

Z7
11 53

100 100 100
100- 100 100
40 39 33
40

SUve r side a-Athe rinidae
Labidesthe8 sicculus (Cope)
Menidia auden8 (Hay)

Brook silverside
Mississippi silverside

o II
83 89 67 61 33 Z8 17

Temperate Wate rbaases- PI' rcichthyidae
Nerone chrysops (RaCinesque)
Marone sa:ratilis (Walbaum)

White bass
St ri ped ba sa

94 100
o 5

17 87 80 89 78
o 7 Z8 ZZ

Sunfishes-Centra rehidae
Mioroptel'UB saZl1IOides (Laeepede)
PO'llO~is nigl"O!'lG<!Ulatw8 {Le ~ueur}

PO"IO:ris annularis (Rafine sque)
ChaenobryttuB gulosus (Cuvier)
LepomiB aoyaneLZu8 (Rafinesque)
Lepomis megalotis (Rafinesque)
LePQ'lis mac7'Ochirus (Rafinesque)
Lepomis humiZis (Girard)
Lepomie microZophue (Gunther)

Percidae-PercheB
Pel'cina caprodes (RaCinesql.le)

Largemouth bass
Black cn,ppie
White crappie
Warmouth
Green sunfish
Longear sunfish
Bluegill sunfi sh
Orange spotted sunfish
Redear eunfilh

Logperch

o
II..
II
50

'8
7Z

"o

5
17

100
17

'8
'8
61

5
5

5
33

13
o

ZZ 100
33
40.,
93

'0

33
II

100 100
Z7 6
ZO 11
47 56

100 100
ZO . ZZ

6

II
6

100
ZZ

'8
39
94
o
o

Drurns-Sciaenidae
AplodinotUB gMmrziens (Rafinesque)

Ctchlids~Cichlidae

Tilapia sp.

Freshwater drum

Tilapia

100 100 50 67 100 100 100 100

33.
Percentage determined by dividing the number of Z4~hr ea.mples in which a spedeB occurred by the total number of Z4-hr
on/off teste run during a given season.

compare with a combined total of 53 species representing 18 families collected in Darda­
nelle Reservoir by all previous investigators between 1968 and 1974. Of the species pre­
viously reported but not impinged during this stildy, the majority were taken rarely by
other researchers.

Total Numbers and Biomass Impinged
A total of 9,571,922 fish comprising a biomass of 78,762 kg was impinged over the

entire 4 season (24 wk) teSt cycle (October 1974-August 1975). Of these totals, 4,930,127
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fish weighing 41,218 kg were collected during air curtain operation and 4,41.795 fish
weighing 37.544 kg were impinged when the air curtain was off.

Impingement rates rose during late October 1974. when testing begatl. through the
end of the fall test period (30 November 1974) (Fig. 3). An increase in impingement
rates during week 3 of fall testing raised numerical and biomass impingement levels from
less than 10.000 fish and 45 kg per 3 day period to more than 20.000 fish and 68 kg

10'

10'

tIGENO

NUMBER OF FISH

POUNDS Of FISH

NO NO DATA, TEST INVALIDATED

10'

II L II I II
10'

WK' 1 J 4 5 6 , 1 1 4 5 6 I 1 J 4 5 6 I 1 1 4 5 6
1914 FAll '''' WINTER SPRING SUMNlR

I 2 ) of 5 6
SUWt'£R

1 Z ) .. 5 6
SPRINC

1 2 ) 4 5 6
1975 WINTER

OfF TEST

Fig. 3

,

.
3

,

, to II II

10

10'

10

10WI( 1 2 ) 4 5 6
1914 FAll

10'

10

10

Fig. 3. Total numbers and biomass [(lbs) cumulative for 3·day test period] and length­
frequency distribution (seasonal collapse) of all fish species impinged during air
curtain testing at Arkansas Nuclear One, October 1974-August 1975.
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per 3 day period. During this week, water temperatures in Dardanelle Reservoir declined
below 18.3 C (Fig. 3). High impingement levels (> 200,000 fish and 454 kg per 3 day
period) persisted through the remainder of the fall and winter. As water temperatures
in Dardanelle Reservoir increased during the spring, both the numbers and biomass
impinged decreased to generally < 1,000 fish and 23 kg per 3 day test period.

A comparison of air curtain ON and OFF test data for fall 1974, winter 1974-75, and
summer 1975 revealed no statistically significant differences in the levels of fish impinged.
Both the Wilcoxon test (0<.. = 0.10) and Sign test (J. = 0.05) Table 2), however, revealed

Table 2. Statistical tests for difference in fish numbers impinged during On
and Off air curtain testing at Arkansas Nuclear One-Unit 1.

Fall Winter Spring Summer

Species P W 5 P W 5 P w 5 P W 5

All species - 0.803 8 4 0.254 10 3 1.151 ot 5' -0.016 9 4

Threadfin shaet - O. 975 5 5' 0.258 10 3 1.019 1.5 4 t 0.581 10 3

Gizzard shad _0.248 10 3 0.091 10 3 1.694 2 4 t .1.163 3 4

Dlue catfish 0.879 10 3 -1.020 6 3 1.682 ot 5' .0.803 6.5 4

Channel catfi.sh I. 653 3 5' 1.020 6 4 I. 555 ot 5' 0.845 6 3

Freshwater drl1ln 0.139 R 4 - 0.970 6 3 I. 105 3 3 -0.261 9 4

White crappie .1.264 H 3 - 0.550 4 3 0.970 4 4 t -1.745 1.5 4

White bas8 0.75? 9.5 3 .1.442 1C 2 1.202 2.5 4t 0.497 7 4

P Pairer! t test
W·· Wilcoxon test
S ~ SiR" test

* Si~nificant at a. ~ 0.05 level
.,. Si~nificant at a. ::: O. 10 level

Ie - Insl.1fficlent nonzero catcheS to detect any
difference between on and off tests

consistently greater numbers of fish impinged during air curtain operation in the spring.
Examination of fall, winter, and summer test data revealed no significant differences in
the biomass of fish impinged with the air curtain on or off. Spring data, also revealed
a significantly greater biomass impinged with the air curtain on (Sign Test"" = 0.05
(Table 3).

Table 3. Statistical tests for differences in fish biomass impinged during On
and Off air curtain testing at Arkansas Nuclear One-Unit 1.

Fall Winter Spring Summer

Species p W 5 P W 5 P W 5 P W 5

All species -0.990 5 5 0.285 10 3 1.268 ot 5' 0.887 6 4

:'hreadfin shad -1.323 4 5' 0.307 10 3 1.024 3 3 0.718 9 4

Gizzard shad -0.010 10 3 -0.504 10 3 I. 848 O· 5' -0.115 10 3

Blue catfish 0.703 10 4 0.070 9 4 0.529 5 4t 1.022 8 3

Channel catfillh 0.068 10 3 -0.276 10 3 I.no 1 4t -0.057 10 3

Freshwater drum 0.H6 9 3 -1.l86 6 3 1.199 3 3 0.Ol6 9 4

Whi.te crappi.e 1.517 5 4 -1.038 1 3 -0.389 5 4t -0.802 8 3

White baa. 0.376 10 3 -1.n7 IC 2 0.141 7 3 -0.914 7 4

P Pai red t test
W Wilcoxon teat
S SiliCn test

*Significant at a = 0.05 level
tSiRnificant at a = 0.10 level
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Species Composition
The species occurring most frequently during seasonal tests were threadfin shad,

gizzard shad, blue catfish, channel catfish, white bass, and freshwater drum. Occurrences
were evenly distributed between ON and OFF tests, and no overall seasonal trends could
be discerned (Table 1). White crappie, white bass, and bluegill sunfish were collected
in the great majority of test runs during fall, spring, and summer testing, but were
infrequently impinged during the winter tests.

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 (Fig. 4). Threadfin and gizzard shads contributed the greatest pro­
portion (> 95%) of impinged numbers and biomass during the fall and winter test
periods. Of these 2 species, the threadfin shad clearly dominated both numbers (> 91 %)
and biomass (> 88%) impinged during these seasons.

No distinct differences in .total species composition were discerned between ON and
OFF air curtain status during the fall or winter tests. A shift in species composition was
observed in both spring and summer tests, reflecting a noticeable decline in the numbers
and biomass of threadfin shad impinged, as well as increased impingement of gizzard
shad during the spring and freshwater drum in the spring and summer.

Thread/in Shad

Overall, more threadfin shad were impinged during air curtain operation (4,560,419
fish; 37,980 kg) than when the air curtain was off (4,290,325 fish; 34,435 kg (Fig. 5). How­
ever, the differences in impinged numbers and biomass when collapsed over the 4 season
test cycle were found to be nonsignificant at theA= 0.10 level (Paired t-test, Wilcoxon
test, Sign test).

A comparison of total numbers and biomass of threadfin shad impinged during and
without air curtain operation indicated significantly (Sign test,,,,," = 0.05 level) greater
numbers and biomass of threadfin shad impinged in the fall when the air curtain was
not in operation (Tables 2 and 3).

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,CIl = 0.05. level) (Table 2).

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 the
90-120 mm sie range as yearlings by January and February 1975 when they appeared as
the dominant size class in winter tests (Fig. 6). A relatively low number of 121-150 mm
theadfin 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 (Fig. 6).

The predominance of 9]-120 mm yearling threadfin shad impinged continued during
spring 1975 tests. Young-of-the-year (1975 year class) threadfin shad, recruited into an
impingeable size range (> 30 mm), appeared in summer test samples. The 0+ year
fish were represented by both the 30-60 mm and 60-90 mm size ranges, during summer
testing (Fig. 6). Yearling and older threadfin shad contributed only a small percentage
to impinged numbers during this season.

Comparisons of threadfin shad impinged during the 4 seasonal air curtain ON/OFF
test periods revealed no discernible differences in the size ranges of fish impinged with
or without air curtain operation (Fig. 6).

Gizzard Shad

More gizzard shad were impinged during air curtain operation (327,320) than when
the air curtain was not in operation (321,862). A greater biomass (2,595 kg was impinged,
however, during off tests than during on tests in this same time period (Fig. 7).

The only statistically significant difference in the numbers of gizzard shad impinged
over the 4 seasons occurred during spring when more gizzard shad were impinged during
air curtain operation than with the air curtain not functioning (Table 2). A comparison
of gizzar-d shad biomass impinged during these same weeks indicated statistically greater
biomass levels during air curtain ON than during air curtain OFF tests (Table 3).

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
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Fig. 5. Total numbers and biomass [(lbs) cumulative for 3-day test period] and length.
frequency distribution (seasonal collapse) of threadfin shad impinged during
air curtain testing at Arkansas Nuclear One, October 1974·August 1975.
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Fig. 6. Seasonal length-frequency distribution of threadfin shad impinged during air
curtain testing at Arkansas Nuclear One.

impinged with the air curtain off, while a greater number of larger shad (151-240 mm)
were impinged during air curtain operation (Fig. 8).

Impingement During Air Curtain Testing in Relation to Water Temperature

Within certain limits, the higher the water temperature. the more active the fish,
and vice versa. However, ambient water temperatures approaching either high or low
extremes may result in loss of equilibrium, muscular incoordination, and feeding cessation,
leading to excessive damage or death. Data from a number of researchers inclUding
Miller 1960, Domrose 1963, Strawn 1963. Coward 1963, Bodola 1966, Henley 1967, Griffith
and Tomljanovich 1976, Texas Instruments 1974 and 1975, indicate that in waterbodies
with temperature regimes similar to Dardanelle Reservoir, threadfin and gizzard shad are
living close to their lower lethal limit during late fall, winter, and early spring. A
comparison of impingement rates at 13 Tennessee Valley Authority steam electric gen­
erating stations using sample periods when minimum intake water temperatures were
below 10 C and above 10 C showed that 90-99 percent of threadfin shad impingement
occurred during the < 10 C periods at 5 of these plants (Griffith and Tomljanovich
1976). At 3 others, approximately half of the impingement occurred during < 10 C
periods and about half either immediately preceding or following these periods. Related
laboratory studies indicated that water temperatures below approximately 14 C produced

352



10
6
f: ON TES T

LEGEND

o NUMBER OF FISH

I POUNDS OF FISH

NO - NO DATA, TEST INVALI DATED

101 [II II
WK 1 2 3 4

1974 FALL
5 6 3 4 5 6

WINTER

~ IIII 51
3 4

SPRING

_ooon_~o ...on""
In518~ 118.8~8~ II~
123456

SUMMER

234 5
SUMMER

123456
SPR ING

123456
1975 WiNTER

OFF TEST

1~
r•

I

II II II II II 5' ,n~ ~,n° - ~,n-:c ~"n~ :..... :0N W _ ~ ~

10

101

WK 1 2 3 4 5 6
1974 FALL

Fig, 7. Total numbers and biomass [lbs) cumulative for 3-day testing period] and
length-frequency distribution (seasonal collapse) of gizzard shad impinged during
air curtain testing at Arkansas Nuclear One, October 1974-August 1975.

353



FAll1974 SPRING 1975

100 100

10 10

60

40

70

"'II·CURTAIN SlAIUS

--- ON (N' 558)

OFF (N • 558)

60

40

All-CURTAIN STATUS

ON (N " 372)

OFF (N • 360)

WINTER 1974.1975 SUMMERI975

ON (N '76)

OFF (N -111)

AII·CURTAIN STATUS

100 100

10 10

60 ~ Atl-CUIl"IN STATUS 60n --- ON (N "566)
40 j ·l

4.f ;1
I "

OFF (N -60S)

I ~
70 I \

70 •I. ;\ II,. ..~
1.·;.:;-..

Fig. 8. Seasonal length-frequency distribution of gizzard shad impinged during air cur­
tain testing at Arkansas Nuclear One.

stress in adult threadfin shad resulting in loss of coordination and swimming efficiency,
and leading to increased impingement and consequent mortality. The ability of thread­
fin shad to resist impingement in a test flume was even more severely impaired below
8 C. It was also noted that this laboratory induced cold stress behavior; subsequent
mortality closely paralleled that observed under natural conditions in reservoir popUla­
tions of threadfin shad during the coldest period of the year (Griffith and Tomljano­
vich 1976).

Impingement rates for all species combined, inclUding threadfin and gizzard shad,
were found to be significantly correlated with water temperatures in Dardanelle Reservoir
during fall 1974 and spring 1975. In the great majority of cases, these significant correla­
tions were negative; Le., increasing impingement was associated with decreasing tempera­
tures and vice versa. However, a small number of positive correlations were observed
for blue catfish, channel catfish, and freshwater drum during the winter and white crappie
during the spring (Tables 4 and 5). In most instances, correlations with temperature
were observed during both ON and OFF tests.

We suggest that the significant inverse correlations between impingement and water
temperatures were the result of the adverse effects of decreasing water temperatures in
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Table 4. Statistical tests for correlation between numbers of fish impinged and
water temperatures during On/Off air curtain testing at Arkansas
Nuclear One.

Air- Tan Wlnt.r Spdal .......,
Cli.tal.

S,.cl.. StAtu, P 5 K P 5 K P 5 K P • "
AU epeel.. O. _0.85.... • O.'UI _O.71~ _D.H] _0. :t14 _0.100 • O.9nl -0.100 .0.600t -0.518 -0.2,• -0.100

Off _0.6BI .0.771' .O.600t .0.507 _0.657 _0.600 t _0.69. -0.700 _0.6001' .0.009 _0.10] .O.US

Thr.adlln ....11 O. ~o. 846' .0.88)t _0.7131 .O.l" .0.)101 _0.200 .0.1"1 -0.700 .0.600t _0.617 .0...,. .0. lOOt
Off .0.6,1 .O.771 t ~O. 600'" -0.54Z .O.6S7 .0.600' .0.7S1 ·1.000" -1.000- .0. SOl .. 0.551 -0.5))

OI•••rd ,had O. .0.",6- ·0.11" _O.lUI .O.lH .0.657 _0.467 _O.'1l1 -1.000- _I, 000- _0. J:U _o.on -0.000
Off _0. ~nl -D.'" .0.667 n.4o;4 0.114 0.100 .0.8411'1' .I,OO()lll .1.0001 0.011 D.U6 o.ns

'''Ulrll/l,h O. .O.1U t _0.'1':1';' .0.I,not fl.""'" O. (.57 0.467 .O,UJlI on. ?Ilo- .0.".00- D. fl7 0.551 .....
Off ..11.""'" .0.1111"'" _0.711'" 0.740(1) n.1I4' 0.4/,7 _0.7'" .1.000- .1. 000- 0.011. 0.01'S -0.0#.7

Chann.l cattl.h O. .0.(,42 _0.&111 .0. H' n. no Q) O.hOO O. flOO <D .O.'MI'" .0.70n .0.ioOO' _1I.1'S1 • 0.0'11 .....
0(1 .0. ~ III _o.Ol' 0.Ofo7 O.MOla> 0.171 $ O. flOO CD -0.7IIZ ·0./,00 .0.400 .O.folo) .O.IIU' .0.fo67'

r,..h..t",r dJ'Qm O. .0.81'''' .0.88)'" -0.7H"" 0.774 (1) 0.5ZZ 0.400 .O.'Z" ·0.700 -G.ooa' .0.184 .0.051 .....
0(1 .0.548 .0.ll'- _O.HJII 0.477 0.4ZlJ 0.200 ·0.7.0 ·0.700 _0.600' 0.012 0.0'0 G.5))

Wbtte crappt. O. _0.1&7~ _0.7'5' _0.000' O.Sll 0.21l O.IH 0.&69 0.100 $ O. &00 (£) 0.3•• 0.464 0.400
Off .0.951"" _0.11&'" .0.7B_ _.0.011 0.030 0.000 0.86•• 0••00 • 0.100. .0.369 .0.279 .0.100

Whit. ba•• O. .0.745' .0."5' _0. &00'
IC IC lC

.0."'. • 1. 00a- 1.000- .0..... _0. BtU .0.667'
Off .0.lJ3~ .0.,43. .0.167. -0.65' .0.700 .0.600' • 0.0'5 .O.ZZ• .0.I1S
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S = Spearman'. 0 (rho) te.t
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Table 5. Statistical tests for correlation between biomass of fish impinged and
water temperature during On/Off air curtain testing at Arkansas Nuclear
One.

AI.
Spri"l Summar

Curtain
8paela. Statu, P

A.1I.,..,1., 0" _0.11." _0.1l8l_ .0.Hl'" .0.2403 _O.lI4 • 0.100 _0.9ua _1.000'" .1.00"" .0.506 .0.116 ...
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Dardanelle Reservoir. The relatively low current velocities observed in the vicinity of
the air curtain (generally 0.18 m/sec are within the range of (0.15-0.3 m/s) recommended
for most power plants (U.S. EPA 1973, Bibko et al 1974), and within the swimming
capabilities of all except the smaller or weaker fish of impingeable size at water·
temperature conditions approximating late spring, summer, and early fall in Dardanelle
Reservoir (Texas Instruments 1972. U.s. EPA 1973, Bibko et al. 1974). Length-frequency
data for the 7 most impinged species over the 4 seasonal test periods show the heaviest
impingement pressure to be on young-of-the-year fish. Consequently, the high impinge­
ment rates observed during late fall and winter may have represented impingement of
passive, and/or moribund, smaller fish which were thermally stressed by decreasing
water temperatures.

CONCLUSIONS

The air curtain did not effectively deter fish from entering the intake canal, or
substantially reduce fish impingement at Arkansas Nu~lear·One Unit-I. Although seasonal
variations in species composition of impinged fish occurred, these variations were inde­
pendent of air curtain operation. Air curtain operation did not alter the length­
frequency distribution of the species impinged.
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Impingement was significantly correlated with water temperature. Increasing im­
pingement rates were associated with declining temperatures in the fall, while decreasing
impingements were associated with rising temperatures in the spring. High impingement
rates during the late fall, winter and early spring may have represented collection of
incapacitated and/or moribund small fish thermally stressed by low « 15.5 C) reservoir
water temperatures.
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