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Director of Nuclear Reactor Regulation

ATTN: Mr. Dennis L. Ziemann, Chief
Operating Reactor Branch #2

U. S. Nuclear Regulatory Commission

Washington, D. C. 20555

: ¥
NUCLEAD REGUUATOR
u.s. CO""""“
! Section

Subject: Arkansas Power § Light Company
Arkansas Nuclear One-Unit 1
Docket No. 50-313
License No. DPR-51
Diel Changes in Impingement Levels

Gentlemen:

In compliance with Environmental Technical Specification 6.3 we hereby
submit our interpretive report on the subject study. Based on the
report's conclusions, further investigation in this direction is unwar-
ranted. Therefore, we do not plan to , ursue the matter further.

Very truly ysv
Y-
/L%w

William
Assistant Director
Power Production
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INTRODUCTION

A. environmental concern of major utilities utilizing once through
cooling . fish impingement on the intake screens. Arkansas Nuclear One
- Unit One, which became operaticnal during the latter part of 1974,
experienced a high rate of fish impingement during the subsequent fall
and winter months. The impinged species were almost all Threadfin and
Gizzard Shad. Of these the vast majority were Threadfin. During the
fall and winter months the sample weight per 24d-hour period varied from
30 pounds to over 27,000 pounds.

In view of such large quantities of fish being impinged Arkansas
Power § Light Company intensified its search to define causal relation-
ships in this observed phenomenon. Consultation with the Nuclear Regulatory
Commission resulted in a decision to perform a diel study. The objective
of this study was to ascertain if fluctuations in impingement levels cor-
2late with time of day and if so whether altering plant operational status

at certain times of day would affect impingement levels accordingly.



DESCT IPTION OF ARKANSAS NUCLEAR ONE, UNIT 1

Arkansas Nuclear One, Unit 1 is located in Pope County, Arkansas,

2 mi (3.2 km) s>utheast of the city of London on a peninsula formed by

Dardanelle Reservoir. The site encompasses approximately 1164 acres (471.4
hectare).

Unit 1 is a pressurized water reactor (PWR) with a capacity of 836
Mw. Unit 1, which is designed for once-through cooling, began commercial
operation in December 1974,

Cooling water is taken in through a 0.75-mi (1.2-km)-long intake
canal to eight forebays.

At the confluence of the intake canal and the reservoir, the
approach velocity of the intake water is < 0.3 ft/sec (0.09 m/sec). Water
velocity increases to 3.0 ft/sec (0.9 m/sec) at one point within the canal
due to reduced c.nal depth and width where bedrock was not removed. Velocities
then reduce to approximately 1.5 ft/sec (0.46 m/sec) along the remainder of
the canal up to the intake forebays.

Each of the 8 forebays 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.%-cm) wire mesh. There are no fixed screens in
front of the traveling screens. 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 screen wash pumps which dis-
charge into high-velocity Spray noziles, 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




harged in front of screen 2 where it then

material, plus water, is then disc

passes through the screen and into the Unit-1 condensers.

Unit 1's four circulating water pumps are designed with a total

capacity of 762,960 gal./min. Cooling water passes through Unit-1 condensers

and is returned to pDardanelle Reservoir via an effluent canal and g0-acre

(32.4 hectare) discharge bay.



CHARACTERIZATION OF DARDANELLE RESERVOIR

pardanelle 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, a dis-
tance of 500 miles. The reservoir surface coverage varies from 34,300
to 36,600 surface acres, and the length of the shoreline is 315 miles
at a pool elevation of 338 feet. It drains a 153,666—mi2 area. The
reservoir's maximum volume since being filled was 502,000 acre-feet on
June 5, 1974 at a pool elevation of 338.45 feet above mean sea level;
minimum volume since being filled to the bottom of the power poo! was
415,000 acre-feet on October 13, 1969 at a pool elevation of 335.8 feet.
Over the thirty-four year period extending from 1923 to 1957, the
Arkansas River at Dardanelle Reservoir produced an average daily dis-
charge of 34,260 feet3/sec. or 24,820,000 acre-feet/year. During that
period, the maximum daily discharge was 683,000 feetslsec. on May 13-14,
1943 and the minimum daily Jischarge was 400 feet3/sec. in December, 1970.
Major tributaries contributing to Dardanelle Reservoir include Six
Mile Creek, Horsehead Creek, Spadra Creek, Cane Creek, Big Shoal Creek, and
Big Piney Creek as well as Delaware Creek and the Il1linois Bayou.
pardanelle Dam (Lock and Dam 10) is 259 miles upstream from the mouth
of the Arkansas River and is the first of four dams with storage for hydro-
power. Construction of this dam was initiated in 1957 and commercial gen-

eration began in 1965.



The minimum and maximum pool elevations behind Dardanelle Dam are 336
feet and 338 feet, with a normal power generation storage capacity of
two feet. Power generation is based on mean daily inflow equaling
mean daily outflow within the 336 to 338 feet limits. The four hydro-
electric generating units at Dardanelle Dam produce a total power out-
put of 124,000 kw (124 mw).

Dardanelle Reservoir water temperatures, dissolved-oxygen levels,
and other physiochemical parameters exhibit seasonal patterns typical
of a southern (temperate) storage reservoir. Water temperatures range
from near-freezing in winter to approximately 90°F (32°C) in summer.
Dissolved oxygen levels follow a seasonal pattern inversely related to
water temperatures. The reservoir currently possesses a relatively
diverse warm-water fish community (53 species comprising 18 families)
and supports a small commercial fishery as well as a growing sport

fishery.

STUDY DESIGN

The diel study was originally planne! to begin on October 1, 1975
and continue until April 1, 1976, but due to a delay in receiving the
technical specification change and procedure development, a delay in
implementation was requested and granted (letter from Mr. B. J. Youngblood
to Mr. William Cavanaugh III, dated October 15, 1975). The revised study
was scheduled for November 1, 1975 to May 1, 197o.

The study required subdividing a regular 24-hour impingement sample
into three eight-hour samples. The following data were collected for

each sample: The date and time of the sample, the species, the number or



estimated number impinged for each specie, the maximum length (in mm) foT
each specie, the modal length (in mm) for each specie, the modal weight
(in grams) for each specie and the number of pumps operating during each
sample collection. (See tables 1-30).

The program continued as planned through March, 1976. The plant
went off line during the latter part of March and remained down during
the last month of the study period. These two missing samples should
statistically have no effect on the outcome of the study primarily be-
cause impingement had returned to the anticipated low level of late spring

and summer.

RESULTS

Total sample weights ranged from a low of 0.6 pounds and 23 individuals
occurring on November 4, 1975 in the 8:00 a.m. to 4:00 p.m. subdivision to
a high of 1923.5 pounds and 84896 individuals which occurred January 28,
1976 in the midnight to 8:00 a.m. sample. Numerically, Threadfin dominated
both samples, accounting for 65 percent and 99.9 percent of the sample
respectively.

A two way analvsis of variance (see appendix I) shows no statistical
correlation of fish impingement with time of day. The results of the
statistical analyses performed are given in tables thirty-one through
thirty-six, and discussed belc™.

It was felt that the most significant test that could be performed
on the data was a two-way analysis of varianc:. This test would indicate
any significant differences relative to the time of day and/or the date

of collection.



The test was performed using both the weight and the number of
fish obtai .ed from each sample. There were ten observations for each
of the three time-of-day readings. In each results significant dif-
ferences were shown between dates. Yet, variances relative to time of
d2v were not statistically significant. The F-ratios for the variance
between days were 19.5 for weight and 16.6 for number, significant at
the 0.95 and 0.90 confidence level respecitively. The F-ratios for the
variance between diel samples was 0.95 for weight and 1.03 for number
which is not significant at the 0.75 confidence level.

The above test was also run using only two of the three readings
for e=ch day. Again, the F-ratios were significant for the variance

between days but not within days.




CONCLUSIONS

The diel study siows no statistically significant fluctuations in im-
pingement Jevels correlatable to time of day. This conclusion is
consistent with the most probable explanation of the impingement problem
at Arkansas Nuclear One. The explanation is as follows: Threadfin Shad
exhibit a strong schooling tendency. They become stressed by cold water
temperatures and passively drift with the water currents and become

impinged on the irrake screens independent of time of day.
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ARKANSAS POWER & LIGHT COMPANY
AND SCREEN MONITORING

DIEL STuDY

_ SAMPLE TAKEN: 11-15-75 12P.~, 70
JINCLUSIVE TIME INLET VATERBOX

HAL M,

AlR CURTAIN  NUMBER OF CIRCULATING & HOUR TOTAL
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DIEL STUDY
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SPECIES NAME SPECIES A MR SPECIES A HR MAX [ MUM MODAL “ODAL
TOTAL wF [GHTILBS) TOTAL COUNT LENGTH(MM) CENGTH(MM) & * wWE IGHTIGR) » * (
THRF ADF IN SHAD 1.81 131. 110 60 TO 90 14  Sa% o 10 S be Sa% ,
G177APD S+AD Del® 3. 190 60 T0 90 1 3% o 10 5 1 3w ¢
WHITF BASS 0404 2. 100 90 T0 120 2 100% s T0 10 2 lo0% 7
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ARKANSAS POWER & LIGHT COMPANY -
ANC SCREEN MONITORING

%

OI1EL STuDY ‘
SAMPLE TAXEND 11-18-75 BA.M. TO 4P.M. -«
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ARKANSAS POWER & LIGHT COMPANY
ANC SCREEN MONITORING

OIEL STuDY

SAMPLE TA<EN:Z 11-19-75 12P,M, T0 Aa.u,
INCLUSIVE TIME INLET wATERBOX AIJR CURTAIN NUMBER OF CIRCULATING 8 HOUR TOTAL
OF SAMPLE: A MRS TEMPERATURF: S8 F STATUS: OFF PUMPS [N OPERATION: & SAMPLE COUNT:

SPE~IES NamE SHECIFS 3 wR SPECIES # wR MAX T MODAL

TOTAL ¢ [GHT (LBS) TOTAL COUNT LENGTH (MM) LENGTH(MM) &
THREADF [N SwaD .75 641, 154 60 TO 90 14
WHITE Cuapple 0,08 n 155 150 10 180 1
AROOK SILVERSINE 0.01 1. 105 90 TC 120 1
ALUEGLLL SUMF [Sw .06 1. 124 120 T0 150 1
WHITE 885S 0.09 2. 150 9 TC 120 1
SKIPJACK “HERR[4G 0.017 2e 129 120 70 150 é
ALUE CATFTSH 0.14 6o 164 S0 TO 120 4
GIZZARD SHAD 0459 19, 241 66 TO 90 14

® TOTAL SAMPLE WT. INCLUDFS 0.0 LBS OF DEUZIS ACCUMULATION.
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ARKANSAS POwER & LIGHT company

ANO SCREEN MONITORING
CIEL Stupy
SAMOLE TAKEN: 12-12-7 “PuM. 10 12p,u,
AINCLUSIVE True INLET wATERBOX AIR CURTAIN  nuMBER oF SIRCULATING & mouR ToTAL
OF SAMPLE: & upe TEMPERATIRE! 46 F  sTarues OFF  PUMPS IN OBFRATION: < SAMPLE COUNT 3
e PERL, BEee s«
THREADF [N Suap 35.94 2787, 156 60 TO 99 24
G122890 Swap 4,88 155, 252 60 T0 99 32
ECILL SUNF[su 0.05 B 80 60 T0 99
STRIPED 5ags .26 . 176 % 10 120
LARGEMOUTH Rags 0.06 L 113 % T¢ 120
FLATHEAD caif 1y 0.02 2. a9 6070 99
WISSISSIPPY SitveRsing - 0.09 8. 116 0 To 128 ¢
GREEN SuNF 15w 0410 3. 118 % To 120
FRESHMATER nayjm 0.94 22, 298 90 T 120 16
ILTE CRAPPE 0.01 i s 60 To 99 1
SKIPJACK HERR MG 0.77 14, 198 S0 To 120 “
SLUE CATF I - 0e42 Se 235 150 10 180
CHANNEL CATF T 3n  0.56 23. 195 60 T0 90 e
-BROO* SILvERSIDE 0404 5. 102 S0.T0 120 s
MrcET“T"*T“TTOF”‘ O M lli‘—’jﬁi L T

2 e,

T g, e PSR Y _.',.-‘.M_L:;._ T T . - - - -
* ToTaL SAMPLF ¥T. INCLUDES 0.0 LBS oF DEKRIS lCCU“ULlYlON.

3o

“6%

“h%

57%

S0%

100%

loos

63%

67%

73%

29%

Table 8
8 HOUR ToTAL o
IS SAMPLE werGwT:
:f?étv.cn.
o To s
o To .
0 T0 “
ST0 o
15 70 2
0 TO s
o T0 s
0 Yo 5
STo 19
0 TO B
1S 10 29
25 10 3p
0 To 5
0 To S
i 3'?5"735"'

24

‘
(
(
44,1 Las .
% (
“6%
(
“2:
fee
(
N
25 ¢
ioow
(
loos
. ¢
63
(
*
’ (
S9%
(
100% '
29% .
60% g3
6S% -

loo0%
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SAMPLE TAXENI 01-20-7% B8A.M, T0O 4P,M,
~INCLUSIVE TIME INLET WATERBOX

SPECIES ~avE SPECIES 9 WR
TOTAL wFIGHT (LBS)
THREADF [N SHAD Lafh.al
GI22ARD SHAD 4.97
SKIPJACK MFRRING .95
WHITE CRaPPIE Ne22
MISSISSIPPI SILVERSINE 0.064
BLUF CATFISwH N.12

AIR CURTAIN
OF SAMPLE: A HRS TEMPERATINE: 3G F STaTUS: OFF

ARKANSAS POWER & LIGHT COMPANY
ANC SCREEN MONITORING

SPECIES A WR

TOTAL COunT

18916,

25.

3.

3.

6.

3.

DIEL STuDY

NUMBER OF CIRCULATING
PUMPS IN OPERATION: & SAMPLE COUNT:

MAX | MUM
LENGTH (mm)
166
249

434

L&7

147

® TOTAL SAMPLE WwT. INCLUDES S,3 LBS OF DEBRIS ACCUMULATION,

- —

MOCAL
LENGTH (Mm)
S0 TCe 120
210 10 240
420 T0 450
120 ¢ 10
90 TC¢ 120
120 7¢ 150

8 HOUR TOTAL

18956

96%

75%

100%

100%

Table 13 (
(
(
B HOUR TOTAL *
SAMPLE WEIGHT: A464,.0 LBS P
MUDAL
WEIGHT (GR)  w * (
S T0 10 63 ST ¢
SS 10 1loo0 2 25% ¢
101S 0 1020 1 loo%
30 Y0 3s 1 loow
(
0 Y0 s 2 loow ;
15 70 20 1 loo% (
(
L
(
-
i
€
L8
af
3 s € —o'_ -;
Rl 3!“
i = ‘.Kii;j?l.



ARKANSAS POWER & L

Smt TAKEN: °“'20"° 4P M, 10 L2P .M.

INCLUSIVE TIME
OF SAMPLF: A HRS

SPECIES AME
[HREADF [N THaD
G122ARD SHAD
SKIPJACK HFRRING
GREEN SUNF ISH
CHANNEL CATF ISH

BLUEGILL SUNF IS

1GHT COMPANY

ANO SCREEN MONITORING : seble 14 ‘¢
.
DIEL STUDY (
(
INLET WATERBOX. AlR CURTAIN NUMBER OF CIRCULATING € HOUR TOTAL & WOUR TOTAL *
TEWPERATURE: 39 F  STATUSE OFF  PUMPS [N OPERATION: 4 SAMPLE COUNTT 23257  SAMPLE WEIGHT! 617.0 LAS ¢
SPECIES 8 MR SPECIES 8 wR VAKX MUM MODAL ~0DAL

TOTAL +#F IGHT (LBS) TOTAL COUNT LENGTH (MM) LEAGTHM(MM) @ * wEIGHTIGR) # * (
GA2.A1 23100, 155 g0 TC 120 98 93 STO 1o 49 4T "

1o24 53, 208 90 To 120 8 62% s T¢ 10 6  46%
?4.99 9n. 445 120 TO 150 s  4l1% 10 10 1S & 18% ¢
n.06 o, 7% 60 T S0 1 loo% s 10 10 1 100% ¢
0.02 P 68 60 TO 90 1 lo0% o TO 5 1 lo0% ;
1.07 “ 179 150 10 180 1 loo% 115 T0 120 1 loow ¢
e TOTAL SAMPLE WT, INCLUDES 6.7 LBS OF DEBRIS ACCUMULATION. ¢
(
(
L8
(
B . 2 ¢
“
. L v A
;2 —— DS o oo - - — T ———————— - o— . —— . — - e —— ——— —— g — - —— —— g — “
uot 18 270 e < "~
. <o -7 «C
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ARXANSAS POWER & LIGHT COMPANY
ANO SCREEN MONITORING Table 16

DIEL STuDY

SAMPLE TASEN: 01-27-74 BA.M. T0 4P.M, >
INCLUSIVE TIME INLET wATERBOX AIR CURTAIN  NUMBER OF CIRCULATING £ HOUR TOTAL ’ 8 HOUR TOTAL *
OF SAMPLF: A MRS TEMPERATIRE: 413 F STATUS: OFF PUMPS [N OPFRATION: 4 SAMPLE COUNT: 40187  SAMPLE WEIGHT!? 977.0 LBS

SPECIES NaME SPECIES A HR SPECIES 8 kR A X MM “ODAL ~ODAL

TOTAL WEIGHTILHS) TOTAL COUNT LENGTH (MM) LENGTH(MM) # . wEIGHTIGR) = ¥
THRE ADF I% SHAD 351,135 40064, 158 90 TO 120 106 95% STO 10 61 SS%
GIZZARD SHAD 6404 65, 250 60 TO 90 3 0% o 10 5 P
SKIP JACK HFRRING 11.72 33. n2 180 T0 210 2 e0% 25 10 0 2 eo0%
MISSISSIPPI SILVERSINE 0.12 20, 109 S0 TO 120 2 &% o T0 5 3 looe
GREFN SUNF [SH 0.16 7. AR 60 TO 90 1 loow S T0 10 1 loo%

® TOTAL SAMOLE WT. INCLUDES 6,8 LHS OF DEHRIS ACCUMULATION,




ARKANSAS POWER & LIGHT COMPANY .

ANO SCREEN MONITORING : Table 17
.
UIEL STuDY

SAMPLF TAXFM: D]=27-74 &P v, TO i20.,M,
INCLUSIVF TIME INLET 4ATERBOX AIR CURTAIN  NUMBER OF CTIRCULATING # HOUR TOTAL 8 HOUR TOTAL *
OF SAMPI F: 4 MRS TEMDERAT(IRF: &2 F STATUS: OFF  PUMPS [N OPERATION: & SAMPLE COUNT: 47217 SAMPLE WEIGMT: 1111.0 LA8S

SPECIES wave SPECIFS & we SFECIES A HR MAX [MUM MOC AL MODAL
TOTAL % [GMT (LHS) TCTaL COUNT LENGTH(MM) LENGTH(MM) & ¥ wEIGHTIGR) = ¥
THREBDF [ SHAD 1777.21 “7)121. 147 S0 TC 120 104 §2% s 10 10 64 S7%
(17780 SHaNn S.513 44, 279 210 1C 240 50% 0 T0 S 2 3% :
FRESHWATER NRM A4l 38, 359 90 TC 120 75% 10 To 15 P4 50%
(
GRFFN SUNF [~ 1465 15, 129 60 TO 90 S0% 5 T0 10 1 So0% D
WHITE CRAPPIF 1.99 218 210 1o 240 100% 120 T0 125 1 1loo%
> 8
® TOTAL SAMPLFE wT, INCLUDES 16,8 LAS OF DESRIS ACCUMULATION. -(
(
(
€
- &
(
2L 4
.
4 '(
% RN 3Tl W€
e I TSR o bire e e o
. : & & “ " M ! ¢
L-—-!:‘_ *5 i Rt L - i = BT S i 1

e



SAMPLE TA<EN: 0]=2R-76 |20 ,m,

INCLUSIVFE TImfF
OF SAMPLE: A MRS

SPECTES NawmF

THREADF IN SHAD

CHANNEL CATFISH

SKIP JACK HERRINAG

GIZ274RD SnaAD

INLET wATERBOR
TEMPERATURE: «] F

SPECIES ® =R
TOTAL WEIGHT (LBS)
1901.49

0.08

0.28

167

ARKANSAS PONER & LIGHT COMPANY

TO Ba.m,

® TOTAL SAMPLE WT, INCLUDES 24,5 LBS OF DEHRIS ACCUMULATION.

o i b - ————

-
AN SCRTEN MONITORING . Table 18 (
.

DIEL STuDY {

(
AlR CURTaAIN NUMBER OF CIRCULATING B HOUR TOTAL - 8 HOUR TOTAL =
STATUS: OFF PUMPS IN OPFRATION: & SAMPLE COUNT: 84896 SAMPLE WEIGHT: 1928.0 LRS ¢
SPECIFS A MR MAX [MUM MODAL MODAL

TOCTAL COuUNT LENGTH (MM) LENGTH(MM) # % WEIGHTI(GR) % U
H4RSA, 154 S0 TO 120 107 92% S T0 10 68 539% )
13. 70 60 TO S0 1 1loo0% 0 70 5 1 loo% ‘
13. 115 S0 TC 120 1 loo% S T0 10 1 loow P
13. 205 180 TCo 210 1 1loow 55 T0 €0 1 100% "
(
(

f

(
(
~

i ¢
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ARKANSAS POWER § LIGHT COMPANY 1 .
ANO SCREEN MONITORING g Tle 20 -
-
DIEL STuDY (
SAMPLE TANEN: 02-10-76 P.v, 1O 120,u, !
INCLUSTIVE Trmg IMLET wATERBOX AIR CURTAIN  NUMBER OF CIRCULATING  # Wouw ToTas 8 MOUR TOTAL
OF SAMPIE: a RS IFMPERATIRE: 44 F STATUS: oFF PUMPS 1N OPERATION: & SAMPLE COUNT: 11686 SAMPLE WEIGMNT: 303.0 LBS P
SPECIES nawg SPECIES & wp SPECIES 8 wR MAX ] MM MODAL MODAL
Tovap YEIGHT (L+g) TOTAL Counrt LENGYH(“") LENGTH (MM) L] * HEIGNT(GR) L] ¥ (
THREADF IN SHaD 290.00 11681, 160 90 TO 120 98 gz STO 10 S2 490 h
CHANNEL CATF [Sm 3.55 e 465 30 T0o 60 1 33 0 To . 2 &1 ¢
MISSISSIPRL Syt yrogng D04 “, 91 60 19 9p 1 Sso% o To 5 2 loow p
GlZzaRp SHAD 1,39 14, 222 60 TO S0 F 2S% S 10 10 2 29% ¢
® TOTAL SamePLF wy, INCLUDES A.0 LBS OF DEBRIS ACCUMULATTON. p
(
(
(
C
L
.
i
oo <€
€
. . . e § ol = NI Wty y Mg L SRR
L)
R R RIS o i i o e e °‘:"‘ w""‘"*‘"'f’”"’ﬁf' " ‘T"";J‘";‘ RN (3 4En T ey o
' F O S R i 2 LS A RS y
s - - o . - o . - .._:.‘k.‘ - =5 X :. 2 < i -~




SAMPLE TAXEN: 02-11-74 2P .,
INCLUSIVE TIME
OF SAMPI E: a wRS

TO0 Ba.M,
INLET MATERHOX
TEMPERATUIRFE ¢ 44 F

SPECIES NAVFE SPECIES & HR

TOTAL «EIGHT(LBS)

THREADF TN SHAD 193,97
G17ZARD SHAD ne1?
ALUE CATF [Sn n.15
SKIPJACK HERRING 0.23
CHANNEL CATF[SH 0.01
WISSISSIPP SILVERSINE 0410
FRESHWATER DRIM 0.04

® TO1AL SAMPLE WT. INCLUDES 15.7 LBS OF

e . B TR SR

AIR CURTAIN
STATUS: OFF

ARKANSAS POWER & LIGHT COMPANY
ANO SCREEN MONITORING

OIEL STUDY

NUMBER OF CIRCULATING
PUMPS IN OPERATION: 4

SPECIES # WR MAK [MUM MOCAL
TOTAL COUNT LENGTH (vM) LENGTH(MM) @
8286G. 159 S0 70 120 96
17. 228 60 TC 90 7
Te 204 90 10 120 2
3. 212 120 ¢ 150 1
3. 68 60 TO S0 2
8. 114 90 Ta 120 6
1. 113 %0 10 120 1

DEBRIS ACCUMULATION,

8 HOUR TOTAL
SAMPLE COUNT:

8328

BS%

S8%

0%

S0%

100%

l00%

100%

Table 21

8 MWOUR TOTAL *
SAMPLE WEIGHT!

« MODAL
WEIGHTIGR) »
5 70 10 63
0 10 S 7
S 10 10 2
15 T0 20 1
0 Y0 S 2

0 T0 5 3

10 70 15 1

211.1 LBS

S8%

Sn%

4n%

50%

100%

S0%

s Ao




SAMPLE TA®EN: 02-24-T76K RA .M,

INCLUSIVFE TIME
OF SAMPIE: A MRS

SPECIES Nauwr
GI7ZARN SwaD
STEIPEN HASS
CHANNFL CATFISH
ALV CATFISw
WHITF CRAPPIF
FRESHWATER NRUM
THREADF [N SHAN

® TOTAL SAMPLE

INLET wATERBOX
TEMPERATUREL Sn F

LA

10

SPECIES R WP

TOTAL wFIGHT (L3S)

0.59

0.03

n.32

0.06

D.04

INCLUDES 0,0 LBS OF

WP M,
AIR CURTAIN
STATUS: OFF

SPECI
TOTAL

DEBRIS

ARKANSAS POWER & LIGHT COMPANY
ANO SCREEN MONITORING

DIEL STuDY

ES R KR MAX [MUM
COUNT LENGTH(MM)
é0. 213

2 98
2. 299
Se 106
3. 95
o 121

206, 153
ACCUMULATION,
UE— e

p e
: & o
: " 0

NUMBER OF CIRCULATING
PUMPS [N OPERATION: 4

60

So

60

S0

S0

90

90

R WOUR TOTAL
SAMPLE COUNT:

MODAL
LENGTH (MM)
™0 90
0 120
0 90
e 120
T0 120
To 120
10 120

é

23

2642

55%

100%

S50%

80%

67%

S0%

85%

Table 22

8 HOUR TCTAL ®
SAMPLE WE[GMT!

“ODAL

WEIGHT (GR)
o T0 S
S 70 10
e 70 S
070 5
S 10 10
10 70 15
S T0 10

v

16

(
(
(
6.5 LAS
(
¥ (
“5%
(
100%
(
So%
(
6ne
(
67%
{
S0%
(
59%
(
(
(
A
(
’ i
(
h L
ENCESIR eyt
5 3
i e ; ﬁ(
% — |

(
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ARKANSAS POWER & LIGHT COMPANY g *
ANO SCREEN MONITORING e Tadle 24 ¢
. »
DIEL STuDY (
SAMPLE TA<ENZ 02-25-76 12P.w, 10 Ha.u, ¢
INCLUSIVE TIME INLET waTERBOX AlR CURT: IN NUMBER OF CIRCULATING B HOUR TOTAL B HOUR TOTAL *
OF SAMP| F: a Mo TEMPERATIIRE: Sn ¢ STATUS: OFF PUMPS [t OPEFRATION: 4 SAMPLE COUNT: Je? SAMPLE WEIGHT: 8.9 LRS ¢
s+ SPECIES ‘iavwr SPECIES A we SPECIES A ww MAX ] MUM MOCAL ~MODAL
TOTAL YELGHT (LRS) TOTAL COuUNT LENGTHIMM) LENGTH (MM) L] * WE IGHT /GR) " ¥ (
THREADF [ Swap 5613 223. 155 90 T0 120 22 @l STO 10 15 Se% .
CHANNEL CATF [Sw 0.07 9. 103 60 TO 90 7 78% 0 10 s 7 718w :
CHESTNUT | amoREy o7 " 295 270 T0 300 2 1o00% 60 TO 65 1 Sow i
4ISSISSIPPT Sl vEDSINE Denl 2. 9% 60 TO 90 1 So% 0 10 5 2 100+ g
ALUF CATFISw 1.25 B2, 120 90 TO 120 17 &S 0 T0 5 16 62% .
GREEN SUNF 1S4 n.0l Lo 4R 30 10 60 1 loo0% 0 T0 S 1 loog "
ARKANSAS QIVFR SHINER 0.09 7. 101 % 10 120 5 719 STO 10 s 7% :
HITF CRAMPIF D1l - 130 120 T0 1s0 2 loow 1S T0  2n 1 so¥ A
ALACK BULLHFAD CATFISH na12 1. 180 150 70 180 1 loo0% S0 TO S§ 1 loow ¢
BLUFGILL SUNFISH 0.01 Yo 58 30 T0 60 1 lo0% 0 T0 5 1 loos
G1ZZARD SHAD 1.36 2s. 245 60 TO 90 14 Ses 0 TO S 1S &0% :
FRESHWATER NRUM 0.50 L. 130 90 TO 120 15 Se% STO 10 14 52% L
| TOTAL SAMPLE wr. INCLUDFS 0,0 LBS OF DEBRIS ACCUMULAT TON. L v ;
A o i ] = , W
S — T S - A p—————————— ————— - - - -T-woos—v- - - -~ —— - - ——— . — o ———— ——-w-—-"
& o e et i ! s e
Y - " e ';:‘ . e - . b "f(
L i R cadr s s i P T e BT I ."n



ARKANSAS POWER & LICHT COMPANY
! ANO SCREEN MONITORING

VIEL STuDY

SAMPLE TawfFwn: 6 3=)0=-74
INCLUSTYs 1w
OF SampLfE: 2 umg

RBA .M, TO 4o.M
INULEY waTEQBOX
TF“PERATIRF: Se ¢

AIR CURTAIN
STATUS: OFF

NUMBER OF CIRCULATING
PUMPS IN UPERATION: 4

£ HOUR TOTAL
SAMPLE COUNT:

SPECIFS NAmE SPECIFe A mp SFECIFS A mR MAX [ MM MODAL

TATAL wFIGHT(LRS) TCUTAL COUNT LENGTH (VM) LEANGTH (MM) &

THREADF I SHAD 4,71 239, 167 S0 TC 120 4%

127880 Swan 16,73 147, 228 180 T¢ 210 |8

FRESHWATEN rQim n, 15 19, 155 S0 Te 120 s

GOLNEN SHINFW Ne03 “, - 60 1c 90 3

STRI®FN Rass 0.03 1. 102 S0 Tc 120 1

SKIPJACK HERR[Ne n.91 l. 295 270 T 300 1

RIVER SHINER 0409 54 107 % TC 120 3
MISSISSIPPT SILuragy 3 0enl be 108 S0 T° )20 1

® TOTAL SAMPLF 4T, INCLUDES172,7 LBS OF DEHRIS ACCUMULATION,

- —. - e i

411

8gs

5%

63%

1oo0%

100%

100%

60%

100%

Table 25

A WOUR TOTAL »
SAMPLE WE [GMT:

194,9 rs

71%

13%

63%

10n%

100%

1n0%

ery

100%

MODAL
wETGHT (GR)
S TO o
0 T0 5
10 10 1%
0 To s
ST0 10
315 10 220
ST0 10
0 T0 “
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INCLUSIVE TIME _
OF SAMPLE: A MRS

SPECIES Name
THRF ADF 1% §aAD
FRESHWATER HRIM
GIZ778RD <4aAD
SLUE CATF [
CHANNEL CATF[SH
WHITE CRAPPIE
STRISED BAss
RIVERSHINER _
SKIPJACK MWFRWING
CARMOUTH BASS

GOLDFN SHINER

BLUEGILL SUNF [SH

L

'(.\o. ——r o~

o ep———— e

1

SEACLE TACENL D3-18-T6 12P.M,

INLET MATERHOX
TEMPERATURE: S3 F

SPECIES » wR
TOTAL “£ [GMT(LES)
6.38

2+ 71

1r.25

0.03

0.02

Nenl

Nen 3

 ® TOTAL SAMBLE wT. [NCLUDES 0.0 LAS OF DERRIS ACCUMULAT[ON. %

.

T e -
A -, i -~

T Ve
RrRT Tyt
= ‘g ‘
- oo Y 2 .
e s - -

s e . |

TU AN,
AIR CURTAIN
STATUS: OFF

SPECIES
TOTAL COUNT

oy M

AL SN

NUMBER OF CIRCULATIN® & mOUR 107AL 8 HOUR T0T1AL *
PUMPS IN OPFRATION & SAMPLE COUNTY Y Bl SAMPLE wEloHit 21.2 LRS i
A wR MAX MUM ~ MODAL ) MOUAL '
LENGTH (M) LENGTH(MM) o g WEIGHT (GR) o 3 (
276. 187 S0 TC 120 27 100% ST0 1o 18 &7 5
5 E v 5
67, 208 S0 TO. 120 17 ss% STO 10 15 sas
118, 2% S0 T¢ 120 T 2% 510 10 A 3%
91, Jea S0 TC 120 18 #9% STO 10 16 e2e ‘e
16. 107 60 TO 90 12 7s% 0 10 S 12 7%% ;
e T 6070 9 2 so% ST0 10 2 soe (
- e % T8 120 17 1008 15 10 20 1 loow e ;
& o *
SRR - b . -
Ye i0s €0 10 90 S S6% S T0 19 5  Ses ,
i« T 120 7@ 150 £ 100% 10 TO 1% 1 1oes
&k ¥ S
S2pNg LN ) e -
1. 8s 60 10 90 ! 100 10 T0 1% 1 ines
" A . \
2. “’f?ﬁs €0 O 90 I sos B 1) 5 1 Sse 43
K5 B = ; i
Se L 60 18 90 A A0% 0 T0 S S Iesy .-(
- -3 ¥
s ;- % it
= a 3 :
e Y 4 . cee Ml
- - e - ' P ol e H RSOSSN
g a0 “ X [
RN, z % g « %
X Lari i%! b <] o



TWO-WAY ANALYSIS OF VARIANCE (ONE OBS. PER CELL) (WEIGHT)

TABLE 31
DATE OF SAMPLE
TIME OF DAY NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
h 18 2 16 20 27 10 24 10 17
8AM - LpM .6 2.1 k1.9 57.6 458.7 970.2 182.6 6.5 22.2 11.5
LPM - 12MN 1.5 8.5 b1 81.1 610.3 1094,2 295.0 13.7 49,0 33.8
12MN - B8AM 1.9 8.8 43.1 45.6 499.9 1093.5 195.4 8.9 36.7 21.2

RESULTS OF ANALYSIS

88y = 5.12 (2) °g = b2 (4)
SSg = 4.84 (3) A =2.5 (2)
B =5.25 (3) S8p = 5.26 (k)
k-1 = 2,00 n-l = 9,00
(k-l)(n-l)=18.00 nk-1 =2G,00
C=2.69 (2)
FA = +95 - F-ratio for time of day. Not significant at the .95 confidence level
FB = 19.53 - F-rstio for different dates, Significant at the .95 confidence level

(Ptrcentage points of the F-distribution given in Appendix II)
(N) = 100



TWO-WAY ANALYSTS OF VARIANCE (ONE OBS. PER CELL) (NUMBER OF FISH)
TABLE 32

DATE OF SAMPLE

TIME OF DAY NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
4 18 2 16 20 27 10 2k 10 17
8AM - LPM 26 143 2066 2310 18956 40187 7831 2l2 411 277
LPM - 12MN 9 496 3019 3409 23257 47217 11686 536 1362 1072
12MN - 8AM 111 675 3412 1916 20358 84896 8328 382 653 611

RESULTS OF ANALYSIS

SSp = 1.21 (6) B= 8.4 (2)
n-1 = 9.00 nk-1 = 29.00

A = 6.05 (5) 8sg = 8.73 (16)
88y = 9.96 (16)  (k-1)(n-1) = 13.00
k-1 = 2.00 C = 5.87 (5)
SSg = 1.06

FA = 1.03 - F-ratio for time of day. Not significant at the .90 confidence level.
FB =16.62 - F-ratiu for different dates. Significant at the .90 confidence level.
(Percentage points of the F-Distribution given in Appendix II)

(N) = 107



TWO-WAY ANALYSIS OF VARIANCE (ONE OBS. PER CELL) (WEIGHT)

TABLE 33

DATE OF SAMPLE

1iG TEMBER DECEMBER JANUARY FEBRUARY MARCH
TIME OF DAY & 18 2 16 20 27 10 2k 10 17
8aM - kpM | .6 2.1 41.9 57.6. 458.7 970.2 182.6 6.5 22.2 11.5
LPM - 12MY |1.5 8.5 L1 81.1 610.3 1 295.0 13.7 49.0 33.8

FA
FB

RESULTS OF ANALYSIS

§s, = 1.89 (2) B= 8.4 (2
n-1 = 9.00 nk-1 = 19.00
A == 1.89 (2) 88 = 7.57 (3)

Ssp = 1.24 (4) (k=1)(n=1) = 9.00
k-1 = 1.00 c= 5.21 (2)
S5 = 4.69 (3)

1.36

1.61

(Percentage points of the F-Distribution given in Appendix II)

(¥) = 107



TWO-WAY ANALYSIS OF VARIAINCE (ONE OBS. PER CELL) (WEIGKHT)

TABLE 34

DATE OF SAMPLE

NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
TIME OF DAY L 18 2 ~ 318 20 27 _10 ok 10 -
8aM - Lpu| L6 2.1 L1.9 57.6 458.7 970.2 182.€ i 22.2 1.5

12MN - BAM | 1.9 8.8 43.1 45.6 499.9 1903.5 195.4 8.9 36.7 21.2

RESULTS OF ANALYSIS
88y = 5.1 (2) B = 4.05 (3)
n-1 = 9.00 Sy = 4.09 (4)
= 5.11 (2) §8y = 3.65 (W)
= 4.28 (2) (k-1)(n-1) = 9.00
k-1 = 1.00 ak-1 = 1y.00
ssg = 3.85 (3)
FA = 1.19
FB = 9.47

(Percentage points of the F-Distribution given

10"

in Appendix IT)



TWO-WAY ANALYSIS OF VARIANCE (ONE OBS. PER CELL) (WEIGHT)

TABLE 35

DATE OF SAMPLE

T novmxamls , Dscmamlé i JANUARYQI " FEERUARYZh 2 MARCH =
LPM - 120 1.5 8.5 b1 81.1 610. 1094,2 295.0 13.7 k9.0 33.8
12MN - 8aM 1.9 8.8 43.1 45.6 499.9 1903.5 195.4 8.9 36.7 21.2
RESULTS OF ANALYSIS
Ssp = 1.42 (2) B = 4.4 (3)
a-l = 9.00 nk-1 = 19.00
A= 1.k2 (2) SSg = 4.00 (L)
SSp = 4.34k (4) (k-1)(n-1)= 9.00
k-1 = 1.00 C = 3.61 (2)
SSE = 3.25 (3)
FA = .39
FB = 12.30

(Percentage points of the F-Distribution given in Appendix II)

(N) = 100



APPENDIX I

TWO-WAY ANALYSIS OF VARIANCE
(One Observation Per Cell)

THE ANALYSIS OF VARIANCE TABLE FOR THE OBSERVATIONS:

i3

1=1,2, ..%

j=l,2,

. - L ] r

where k = number of rows and n = number of columns is given below;

1 n _ 1 Kk .- £ € x
W ay e S My, R c T &, %y R Tw iy Ty
DEGREES OF MEAN
SOURCE OF VARIATION SUM OF SQUARES FREEDOM SQUARE F
< 2 ss .
BETWEEN ROWS 88y =m & (x; -x..) % A= B Fp =A
(Time of Day) - €
< 2 SS
BETWEEN COLUMNS S8y =k % (x jx..) n-1 B= B Py =3
(Different Dates) : n-1
S8
= £% P .
ERROR 88, 13 (xi‘j xi._x-jni (k-1)(n-1) Cw
(k-1)(n-1)
£% e
TOTAL 88, = 13 (%45 -X..) nk-1

T ——




APPENDIX II

Table 4: Percentage Points of the F-Distribution (« = .05)

1, = numerator d.f.; y=denominator d. 1.

! )
% O 3 4 5 6 7 8 9 ! 10 | 12 I 15 } 20 I 24 30 40 60 120 - P
- - »--—v_i SIS IEE ---L--«-—--—»- | SER— . Pl ; } | ! » e
1 161 4 'll!m.." 2157 (2246 (2302 12340 [236.8 (2389 (240.5 2410 iu:« 82450 2450 2400 2501 L.'r.|,| 2522 Baga 2hes \
- INSL L1900 | 106 | 19.25 | 1930 | 1933 , 19.35 | 19.37 | 19.38 1940 1941/ 19.43 ! nu.'.! 1945 1946 | 1947 ] 1948 190.49] 10.50 bl
3 {1003 935 | 928 | 02| 901 | 804 | 889 | 885 | 881 8.79 | N.74] 870 wo6| woa| wez| ssel wsv| wasl wan| oa
4 7710 694 659 639 6261 616 609 | 604 | 6.00 5060 501 58G| 580 | B.37] 595 532 569 5.66 | 563) 4
5 661 570 541 519 | 505 | 4905 | 488 | 482 477 e7¢| 408) 402| a30] 453] 450| a48] 3| s40] 4
6 599! 514 476| 453 439 428 | 421] 415 4.10 406 400 04| W8T Coasal oam| 297 a7 370l am, W
7 550! 474 435 402 297| axr| 399 3.73| 368 364 B5T] 351 340 34| woan| 34| a0l 327 assl 3
¥ 5.32 ‘ 446 407 | 384 NG| JON| 350 | 344 3.39 | 335 328] 322 315 | SA21 3081 304( 301 207 203 | ~
a 512 | 426 386 3.63 348 3.37 3.29 3.23 3.18 B4 3070 30 204 200 2x86| 283 279! 2750 2m 0
1" 496 410 371 48| 333 | 322 334 307 | 302 2.0% l 201 285 297| 274 270 266 262! 2581 2540
" 484 | 398 | 359 | 336 | 320 309 301] 205| 290 285 279! 272 .'«'-."i 261 257 253| 2490| 245 240 "
12 | 475 ’ KR 349 3.26 an 3.00 2.0 2.85 2.80 295| 20| a2 .54 l 2.5 247 - 5 AN e RN (1] 12
1 N a1 2N 303 202 2N 7 2 *n7l 2 Wyl 2 ] R -4 20N .94 20 2.2h 2.2 (N
¥ (T - R ' i an 204 280 2.7 291 245 2600 208 246| 2.0 [ 2851 230 227 222 28| 243 I
I : 4.4 » 3648 329 | 3.8 290 | 2.79 271 2.64 2.59 258 24%| 240/| 223 x 220| 225 2201 26| 201 207 i
i 410 { A63 | 228 B01 | 286 | 274 | 266 | 250 | 2.54 200 2a2) ozas] zos| ozea| 2ae| 2as| 2] 2ee| 2er] e
13 A4s ] 3] 2ol 2061 2] 270 2.4 266 | 249 245 Jue| W] @ .':ui 209 2450 200 26| 2| reel| 17
I .41 305 I B0 2wy | 2797 | 266 | 258 | 2561 | 246 .41 i 24| 237 .'.ml A5 200 o6l sez! LR 12w
" TN T 1 352 N R 200 2.74 PN 2.54 248 2.42 »AN [ b e 1 R A L | =n 207 P 1N 1w 1NN "
20 440 ' b B Sn 287 an 240 .51 240 2.0 L | 0 200 202 208! 204 1ol 195 Lo 1.84 20
| 432, 347 307 2.84 2.68 2.57 2.49 2.42 2.37 2321 2. 2AN| 200! 205 201 1.9 1.92 1.87 1.51 ot
g 4.30 l 344 305 282 266 | 255 | 246 | 240 | 234 2.::0! 223 2.18| 207 f 2.n:|‘ TOR| 194 180 184 178] 22
23 420 2431 303 280 | 264 | 253 | 244 | 237] 232 227) 220 2aa] zoa! 2| aeel e | oowe| 1| 13 2
24 4260 3400 B0l | IR 262 | 240 242 206 230 22 2Nl 2| 2en| zm; L f (R I BUE N IS4 B I KO
% 42 ! aaw | zon | o276 | 2ee| 24| 240 | 2o | 2o 2. 26| 2o 2ol o1oeel teel st oas2l 117 ol s
oh a23 ] a7 2.9 2.74 2.59 2.47 2.3 2.32 2.27 2 2451 2.07 | I nu% 195 1.0 1.85 [T 1.75 (R B
27 421 | 235 296 278 257 240 237 20| 2.2 2 213 -.',m;' 1LOT] L] esN| o ast] 7ol w3l o wer| o3
b 4.20 i 3.5 2,95 2.71 2.0506 245 2.6 2.29 2.24 2 212 204 I 1.9 3 101 187 j 1K 177 ! 17, 165 : on
29 418 | 333 203 270 | 255 243 | 235 228 222 2,180 2.00| 203 194/ LA0L 1N 1M | 035 e 1es| 2o
a0 417 & 332 202 | 260 | 253 242] 233 | 227 )| 221 26| 2o 2ol RIS liml RN R “;-_'i K
| 4om ] 329 | 284 260 | 245 284 | 225 28| 242 2on 2ool o pezloeseoLIe| 0T 60 1es [ hos| 1ak] ae
He ! 400 # S35 2.76 2.53 .37 2.25 2.7 2.10 2.04 Lo a2 | 1880 L35 150 tanl 15e ! O O T 130 l iy
120 AN2 | 307 | L8| 245 | 220 207 200 | 202 Lo 191 1.s3 | 1.75 I oG 161 155 | |A.‘.u’ 1A% 1aa| 125] age
.84 | aon | 280 237 | 221 | 200 2ol 194 | 188 KR 7'-| uni LAT] 1Az e a0 :«:; (O T

From “Fubides of Peresntage Porstscol the Tuverted Boeta (F) Distobuaton,” Bometrika,
Vol 38 (1943), ppe 73 %%, by Moo Merrington and Cathorine M. Thompson. Repro

diecd by peensaon of Profesen 108 Penewon mned the Hoometrika Vroastees

Photocopied from "Introduction to Linear Models and the Design and Analysis of Experiments", William Mendenhall (1968)
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Table 3:
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‘; 3 1
1 5359 Ao N3
| 916 | 924
| 530 | 534
| 4419‘ 4.11
| 362 382
vo0 | 308
| ae [ 2o
.92 ‘ 2.x1
2 41 l 2.69
-y & 261
U 2.5
sl ‘ - L
s | 2
o I \ L
l‘ D40 | 206
i | 246 | 238
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| 242 229
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SN | 225
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l\ sl 209 \
- 2921 208
2.3 217
200 27
g | 216
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sy | 28
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2.18 2.04
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