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ARKANSAS POWER & LIGHT COVMPANY

INTRA COMPANY CORNESPONDORNGE
Arkansas Nuclear One
Russellville, Arkansas
April 25, 1588

ANO-88-04380

MEMORANDUM

T0: Chris Langinotti
FROM: Richard Gillespie
SUBJECT: Arkansas Nuclear One

0i1 Discharge To Lake Dardanelle
Due To Cooler Tube Leak

On April 14 operation. personnel noticed oi) in the auxiliary cocling
when checking cocler flow from E-33 cooler. The plant chemists were
contacted to take a sample for oil analysis. One sample contained

41 mg/1 and one sample contained 70 mg/1.

Af ~r confirming oi1 in the auxiliary cooling water which is discharged
te &he Dardanelle, valve ACWA2 was closed preventing discharge to the

lane, and the discnarge was diverted through the turbine builuing sump

to the oil and water separator,

At approximately 7:00 « a. the discharge was surveyed for cil buildup.
No oil was visible in the immediate discharge area farm shore. While
surveying the discharge embayment by boat, an oil sheen was observed
in two areas. The area of largest concentration was northwest of the
boathouse, a sheen was visible in one spot approximately 50 yards long
ana I35 yards wide. This sheen was very thin. Other small spots of
sheen were west of the plant in the discharge bay. These area; were
thin and breaking up when they were discovered. the oil sheen was
very thin and was not visible when contacting the shore or shoreline
vegetation. No adverse environmental dam .ge was observed. [t was
determined that clean-up efforts on the sheen would not be effective.

This incident was reported as an oil spill to governmental agencies
per our 0il Spill Prevention Control and Countermeasure Plan. Please
find attached report of oil spill and notification record.
RDG:CRA: 1ab

Attachments

cc: ANO-[CC
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ARKANSAS POWER & LIGHT COMPANY
Arkansas Nuclear One

TITLENOTIFICATION RECORD FORM NO.1072.05B
_ REV.
USCG tatinal Respinse Cenitr Repor? 2 4778 DATE/TIME
AGENCY PERSON CONTACTED PHOUNE CONTACTED
JSCC National Response Center £4s.a - ®1-800-424-8802e 4vh-F} Lu?JS'
June Walltey

State Dept. Pollution Contro) A/ua Arice 562-7444 41955/ s0/%

& Ecology (26 Hr) 329-1201
Corp of Engineers JomMm v Sp,/vcer 968-5008 1/’_”’"?3 /020

(Russellville) ' SR

Chris Lo ,'Av.?ﬁ: 7?53 ro-
AP&L ES Technical Analysis O%Heed:d Office 34688700 ("_'_{;Ziog/
Home-———apaFen B SO

Jeieel Sa/l }
AP&] ES Technical Analysis oEdward I. Greene f}ICC 83170-8874e
Home *33:-6115¢ [/~

753
APEL ES Technical Analysis oFirdina C. Hyman® Office ¢330-8962¢ //7 /9 3 / 3)
Home  ¢224-6859¢

For information purposes, the following numbers 2re provided:

U.S. Coast Guard /Memohis) wee kdays 1-901-521~3941
Emerpencv-signte  waskend: holidays 1-901-521-3912
EPA, Dallas 1+214-655-2666

24~Hour Emergency

Corps of Engineers

(Little Rock) ®378-573ye
(Russeliville) 968-5008

Other Agencies Noti{ied:

DATE/TIME
AGENCY PERSON COh CTED PHONE CONTACTED

Persou Making Notxficatg n:

THE MATERIAL CONTAINED WITHIN THE SYMBOLS (®) 1S5 PROPRIETAPY OR PRIVATE INFORMATION.
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ARKANSAS POWER & LIGHT COMPANY

INTRA COMPANY CORRESPONDENGE

Arkansas Nuclear One
Russellville, Arkansas
April 19, 1984

ANO-B4-40867
MEMORANDUM
T Dale Swindle \

4
FROM: Richard Gil'espie /ﬁ%
SUBJECT: Arkansar Nuclear One

Qil_Spill

On April 7, 1984, at approximately 6:00 a.m., oil was cbserved in
the discharge canal. The Qil Spill Team Leader was notified and
the oil containment boom was dJdepicyed by approximately 8:00 a.m,
The leak was found and isolated at approximately 8:20 a.m. The
leaking component was a hydrogen seal ¢i' cooler on Unit 1. The
oil (Guifcrest 32, Turbine Lube Qil) wes leaking into cooling

water which discharges directly tc the discharge flume. The
quantity of oil discnarged was estimated at between 5 to 10 gallons.
See attached forms 1903.24A and B for weather conditions and noti-
fication record. =Lyl

On April 11, 1984, oil was discovered on the Unit 1 Turbine
Building roof near the Hydrogen Vent. There was some oil on the
roof and evidence that oil had run into the roof drain system.
Roof drains in this area discharge into the discharge fiume.

Qil on the roof was removed using oil sorbent. The roof drain
was flushed with water to remcve ary remaining oil. The oil con-
tainment boom was still deployed when the oil leak on the roof
was found.

Clean-up of oil from the surface of tne discharge canal was ac-
complished by using oil sorbent material specifically designed to
absorb o from the surface of water. See attached li‘t of type
and quantity of oil sorbeint used. Qil sorbent was placed on water
containing cil and left overnight and removed the next day. This
action was repeated until 2il was absorbed from water. Clean-..»




Dale Swindle
April 19, 1984
ANO-84-2067
Page 2

of oil was confined ta oil contained Lv the oil containment boom
and two small pockets of ¢il at each end of the boom. The

oil containment boom was removed from the discharge cana' on
April 13, 1984 at approximately 2:30 p.m, after ciean-up opera~
tions were completed.

RDG@MH
Attachfents

cc: Early Ewing
Tom Baker
Basil Baker
Edward Green, Little Rock
Sharon Tilley, Little Rock
ANO-DCC

At*acment List
Qil S¢-bent Used ot ANO During OQil Clean-up in the Discharge Canai

(1) 3 boxes of Sorbent 5 Booms, 4 per box 5" x 10'

(2) % Type T-126 (3M) Sweeps 17" x 100" x 3/8"

(3) 5 s of T-100 (3M) 36" x 150' x 3,8"

("Y 6 tes of Type T-156 sheets (3M) 18" x 18" x 3/8%, 100 sheets
per Jale
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FORM AETYLN

ARKANSAS POWER & LIGHT COMPANY

INTRA COMPFANY CORRERMINDENGS
Arkansas N

iIClear oun-s

Russe. 1ville Arkansas
January < 49885

Nuclear

Spill on January

oy Arkansas

o 1 01l

On January 25, 1965 at 1900 while plant startup was underway (after 1R6, with ,
oom of an
r day tenk
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room roors ihe fuel oil transfer pump (P74A) used to fill T-2% from the

diesel oil storage tank T-25 was immediately s*opped, whicl in turn stopped
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4 in the early

than in 1981, The lowest iron readings were obhserve

winter sonths, whereas the highesi were in the early summer monthe.

Ciiloride was teo variable to reveal any seagonal trends with the

lowest value oceurring in December and the highest in January.

Copper test results were guite uniform throughout the year, as

were sulfate values.

During April through July. phosphate readings wer
Sugpended solids

e highest

(off the scale; estimated in excess of 3 mg/l).

were noticeably lower in September, glightly higher in May and

June, but otherwise quite uniform. Lowest nitrate values were seen

during summer and sarly autumn, whereas highest values were obtained

in winter. Other than very high readings in January, nitrite values

were fairly uniferm. Conductivity values were lowest in December

and highest in January, correspending to chloride, but otherwise

rather uniform. Tahles 9-20 (Appendir I) give all phrsico-chemical

data for January through December, respectively.

Table S gives weights of plankton, while Table 6 gives numbers

and phytoplankton/zooplankton ratics. Total numbers were highest

in July.but zooplankton was most abundant in April. The largest

P/Z ratio occurred in January, whereas the lowest was seen in

April. Phytuplankton was more numerous at close stations in January

and April, whereas zooplankton was more numerous at close gtations

in January, July and October (rable 7). The combined mean for the

year showed 3.9% more phytoplankion and 9.8% more gooplankton at
the close STATIONS.
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Table 6.

¥

station

s B =

10

14
15
16
21

MEAN
S.D.

; acoplankton

Numbers of plankton (per liter) and phy/z200
ratios, lake Dardanelle, Arkansas,
{Total rumbers are averages of strip count
and field count methods,
numbers are adjusted to reflect that pro-

portion of the averag: totals which the

actual counts reflect of the strip count

1982,

total),
JANUARY
Total Zoopl. phy/zoo
411 703 5.27
4588 501 8.16
7251 358 745
ME7 502 5.91
5074 811 5.26
2968 604 3.91
5601 870 5. 44
3037 650 3.6?
2580 577 .68
01 362 10.05
4368 64k 5.98
1343 168 2.00
JULY
6732 940 6.16
5752 979 4.88
71 1211 4.90
4968 2198 1.26
5928 1012 4.856
6845 1678 3.08
5130 1270 .B.oh
6914 1332 "4.19
7759 1031 6.52
8258 908 8.09
6543 1256 k.70
1081 Lo6 1.96

APRIL
Total  Zeepl. phy/zoo
3700 770 3.80
5278 1843 1.86
5178 2555 1.03
sample missing
5466 1ﬁ61 2.74
4328 1272 Z.40
Wby 2583 0.33
ko2 i 723 2,25
5007 1623 2.08
4907 1364 2.60
4678 1660 2.12
708 591 2,10
OCTOBER
2590 455 4,69
3510 682 4.15
2952 777 2.80
3025 638 3. 7%
435 1094 2.14
3386 636 4,32
2277 735 2.10
2418 Lok 4,21
2587 377 5.86
36 640 5.93
3062 650 3.99
652 26k « 35
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i)
sooplankton taxon at all stations. In April, Qyclotella was “he -
dominant phyteplankton taxen at five of ten stations (othersvaried),

whereas the dominant zooplankton taxon saried among Poiyarthra,

Bosmina, Keratella, Diaptomus and Agplanchna. In July, the

dominant phytoplankton taxon was Qgcillatoria, while the dominant

zooplankton taxon varied among Polyarthra, Hexarthra, Asplanchna

and Brachionus. In October, (yclotella was the dominant phytoplankton
taxon at eight of ten stations (Ankistrodesmus at the cther Twa ),
whereas the dominant zooplaniton taxon varied among Polyarthra,
Brachionus, Keratella and others. Dlables 21-24 (Appendix II)
contain complete phytoplankton data, ' hereas Tables 25-28 (Appendix
I1X) give complete zooplankton data.

Tabla 8 is a summary of the abundance of benthic organisms at
close versus distant stations. There were more Chaoborug at
close stations in April and October, whereas numbers of Chironomidae
at close stations were less except in October when close and distant
stations had the same. Oligochaeta were more abundant at close
stations in January a-  April, whereas Hexagenia and Sphaerildae
were more abundant at close stations in July and October. Corbicula
were present only at close stations in July and October. Chironomidae
was the most abundant taxon in Jamuary, April and July, and Chaoborus
was the most abundant in October. Tables 29-32 (Appendix IV) give

complete benthic data.
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Sharon Tilley
Environmental and Technical Services

Arkansas Power & Light Company
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Four sampling areas werae used. Ihe one control area, Backwater Area A,
is located eight miles upstream away from expected AN) influence, The
other three areas are located in the general vicinity of ANO., Sample
station Discharge Area C is located in the discharge embayment of AND,
station Channel Area D is located in the main river channel downstream of
the discharge embayment, and station Intauke Area B is located in the
I11inois Bayou arm of the reservoir. This area is the least influenced

by the Arkansas River, and has slightly better water quality.

Data and Discussion

The fishery survey was designed to characterize the species composition
and growth of fish in Dardanelle Reservoir, Its purpose was to assess
significant impact on the fishery due to the operation of ANO, Several
concerns were raised in the Final Environmental Statement issued by the
United States Atomic Energy Commission (later called the United States
Nuclear Regulatory Commissicn). Among the concerns identified were:

(1) what affect would impingement have on the {ishery and (2) what affect
would the thermal discharge have on the species composition in the dis=
charge area and on the reservoir as a whole. Would thermally-tolerant
species of fish such as Carp, Drum, Bowfin and Gar assume an unreasonable

percentage of the population?.

Impingement affects are discussed in the impingement summary of this re-
port. Basically, it does not appear that impingement is having a signif-

icant impact on the fishery.

The fish population consists of more than 50 species., One migratory spe-

cies, the American E£el, was identified (Table 1),







-y f’

Pre-operational and operational rotenone data was the only information
compatible with the survey, and was used to determine species composition
and qive & more accurate assessment of weight trends, Backwater Area A

was saipled consecutively fiom 1973 through 1982, and uischarge Area C

from 1571 through 1982,

A1) but one species of fish exhibited a tendency toward random weight
distribution. Threadfin Shad in Discharge Area C tendad toward nonrandom
clustering (P=.0529). Mean weights tended to be somewhat higher in Dis-
charge Area ¢ for Gizzard Shad, River Carpsucker, Channel Catfish, Warmouth

and Largemouth Bass. s *’;_ 0 g

The predator-to-prey ratio by weight in both areas appeared to be randomly

distributed with the ratio in Discharge Area C higher than Backwater Area A

(Table 2).

Species compesition in the two areas (Tabie 3) showed randomness. The
only exception was found in an increase in Striped Bass numbers in Back~

water Area A for the last four years (P=.0167). ODrum could be the only

identified thermally-telerant species 1o have exhibited a significant in-

crease. - .ver, this trend showed up prior to operation of ANO, and &

similar trend was seen in Backwater Area A,

Conclusion

Species composition in nardanelle Reservoir has not reached equilibrium

in the more than 15 years of impoundment, and the data suggests that it

is unlikely to do so, The number of larval, juvenile and adult fish in




Table 1.

Some of the specles of fish collected in Dardanecllie

Reservolr from 1974 through 1982,

Lepisosteus productus
Lepisosteus osseas
Lepisosteus platostomus
Dorosom cepedianum
Alosa chrysochloris
Dorosoms petenense
Carplodes forbesi
Ictiobus bubalus
ictiobus cyprinellus
Ictiobus niger
letalurus natalis
Ictalurus punctatus
Ictalurus furcatua
Pylodictis olivaris
Roccus chrysoups

Roccus saxatilis
Micropterus punctulatus

Chaenobryttus coronarius

Lepomis cyanellus
Lepomis humilis
Lepomis macrochirus
Lepouis mepalotis
Lepomis micrelorhus
Micropterus salmoides
Pomoxis annularis
Poooxis nigromaculatus
Stizostedion canadense
Aplodinotus grunniens
Notropis lutrensis
Menidia audeas
Labidesthes sicculus
Notemigonus cryscleucas
Notropis utherinoides
Notropis volucellus
Notropls venustus
Notropis amoenus
Pimephales vigilax

Gambusia affinis

Amia calva

Percina caprodes
Anguiila rostrata
Hliodon aloscides
Hiodon tergisus
Moxostoma carinatum

{continued)

Spotted Car
Langanue Gat
thortnose Gat
Gizzard Shad
Skipjack Herring
Threadfin Shad
River Carpsucker
Smallaouth Buffalo
Bigmouth Buffalo
Black B {falo
Yellow Bullhead
Channel Catfish
Blue Catfish
Flathead Catfish
White Bass
Striped Bass
Spotted Bass
Warmouth :
Green Sunfish
Orangespctted Sunfish
Bluegill

Longear Sunfish
Redear Sunfish
Largemouth Bass
White Crapple
Black Crapple
Sauger

Freshwater Drum
Red Shiner
Mississippi Silverside
Brook Silverside
Golden Shiner
Emerald Shinerv
Mimic Shiner
Blacktail Shiner
Silverband Shiner
Bullhead Minnow
Musquitofish
Bowfin

Logperch
American Eel
Goldeye

Mooneye

River Redhorse

i e e e
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ARKANEAS POWER & LIGHT COMPANY

INTRA COMPANY CORREGPONDENTE

Mar 6, 198%

CL-8 <171
MEMOR, NDUM
% T0: Mr. Paul N, Mears
| FROM: Edward L. Green v?i{._.wgw(‘ \.,‘ e Jat
SUBJECT: Arkansas Noclear One Water Quality - Use Attainability

Attached, you will find an appendix to the Ociober 30, 1984 Summary Report of
Eavironmental Impact of Thermul Discharge submitted to the Arkansas Department
of Pocllution Cemtrol and Ecoligy, and Environmental Protection Agency by
APSL,

Mr., Larry Chanpagne, EFA courdinats>r, in his letter of January 10, 1985, raised

a few questicns about the dsta requiring an explanation. In a telephone
conversation batween M:. Chawpagne and Mas. Sharea Tilley, AP&L Technical

Analysis, May 3, 1985, M. Champagne: was satisfied with the verbal explanation .
to his questions, and is lookimg forward to che written reply. He was also

most couplimentary of AF&L's report and data swwaries.

Please forward copias of tiis appundix to ADPCGE for thewm to file with FPA. If
you have amy questions, plesve ler me koow.

ELG/SRT/tlw

Attachment |

E ec: Dr. D, L. Swindle
| Ms. U. R. Tilleyy
|
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ARKANSAS POWER & LIGHT CONVIPANY

INTHA COMBANY CORRERPONDRNGE
Little Rock, Arkansas

June 26, 1985 [Elﬁl“.b OE@
.

IUN 28 .
. ARKANSAS POWER & LIGHT (O
MEMORANDUM TECHNICAL ARALYSIS SECTION
10: Mr, Charles L, Steel

Mr. Jack King
FROM: Ray F. Cox

SUBJECT: AND - Lake Dare :.le Water Quality Standards

In 1984, EPA mzde major ~evisions to the Water Quality Standards Regu-
lations., Part of these revisions required all existing exceptions tn
State Water Quality Standards to be re-justified. In order to use
once-through cooling water on Unit 1 at ANO, APAL obtained a variance
to the temperature standards for Lake Dardanelle. To cemply with the
new regulations APSL, ané anyone else oper:ting under a; exception,
was required to re- justify the basis for the variance, A failure to
retain this variance would have raquired the constructicn of a cooling
tower at Unit 1,

APAL and approximately 15 other businesses and municipalities made the
necessary filings to retain their variance. As {ndicated by the
attached letter, EPA accepted our justification and :pproved a continuved
variance to the temperature standacds on Lake Dardanelle. As a point of
interest, EPA rejected all other applications for a variance from the

state of Arkansas, 6; {,
o S

RFC:PNM:kjs
Attachment
e¢: Mr. Paul N, Means

Mg, Sharon Tilley
Dr. Dale Swindle






TEMPERATURE AND DISSOLVED OXYGLN PROFILES IN LAKE DARDANFLLE, 1971.1980

he D, Rickett, Dept, of Biology, University of Arkansas ittl
s%m_'g 3 11 12304 ' Y a at Little Rock,

s s » 4 ¢ 4

A variety of sampling sites were chosen in Lake Dardanelle; some would ’
undoubtedly be { ffected by the construction and operation of ANO, Unit |
(Arkansas Powe: & Light Co.), other sites would be marginally affected, while
st111 others would probably not be affected. Contrary to what was expected,
dissipation of the heated effluent in summer did not require more time or lake e
area. Since the plant is regulated to a maximum effluent tempq:ature. very high,; “ ¢ e
ambient temperatures (e.g. the summer of 1980) forced a partial>shut-down, In e Ad o
general the thermal load was confined to the upper two feet (0.61 m] 61 the lake &
and dissipated within 7000 7t (approx. 2.) km) of the point of discharge. Dissolved .
oxygen content was not greatly influenced by thermal loading. Stations rveceiving
heated effluent commonly had s1ightly greater D.0. content probably because of
| an elevated rate of photosynthesis, The lake never truiy ctratified, but a few
deeper areas revealed some stagnation and oxygen depletion. Normal seasonal
change accounted for most of the variation in D.0. content,

L

Name and Address for Corrcspondence: tondor _ xX or Colleninte
Dr, John 0. Rickett

Type of Frojeetion Lquipment!
Dept. of Biology 35 mn Carousel Projector
University of Arkansas at Little Rock

Time reedon [or prasentntion 15 .
Little Pock, AR, 72204 [Hot to exceed 15 minj

FHONE 501 568:3720 . '



ARKANSA S POWER & LIGHT COMPANY
POST OFFICE BOX 581 LITILE RDCK, ARKAMEAS 72203 (501 3714000

June 1h, 1985

CL-B5-245

MEMORANDUM

T0: Mr. Jim LeBlanc, MSS

FROM; Mr. Edward L. Green

SUBJECT: EPA Proposed Ambien: Water Quality Criteria for

Dissolved Oxygen

This letter is in response "o your letter of May 16, 1985, requasting
comments on the EPA proposed ambient water quality criteria for disso'ved
oxygen. A general review cf the proposea criteria does “.t indicate a
significant Impact on the operation of APsL's powar plants, We oparate
under the non-salmonid water criteria and the § mg/! dissolved oxygen
criteria has not changed.

" WO ' #
The State of Arkansas standard specifies not less than § mg/) dissolved
oxygen except where lower values occur as a result of natural factors,
Our data from Dardanelle Reservoir on the Arkansas River Indicates that
dissolved oxygen frequently goes below 5 mg/| under natural conditions
as we!l as going below the EPA proposed 3 mg/l acute mortality limit
under extreme climatic conditions such as occurred in 1979 and 1980,
There was no evidence of significant impact on the fishery during these
extreme conditions.

Our data collection at Arks-sas Nuclear One (ANO) on Dardanelle Reservolr
during the 1970's and earl, 1980's was quite extensive due to the non*
radiological environmer<al monitcring requirements of the Nuclear Regula-
tory Commission. The sampling included all life-stages fishery monitor=
ing, physico-chemical, zoo/phytoplankton, and benthic monitoring.

You will find attached some figures, graphs and table giving the location
of sample stations for the different studies and Lhe dissolved oxygen
measurements over a period of years,

Figure | is a map of the location of the ghysico-chemical sample stations

located in Dardarelle Reservoir In the vicinity of ANO. As indicated by
the dashed 1ines, ssations 1, 3, 5, 7, 10, and 11 are areas of predicted

AMEMBES MIDOLE SOUTH UTILITIES SYSTEM
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Figure 2.
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Mr. Edward L, Green
August 27, 1984
CL=84~672

Page Twe

oxygen depletion,

However, out moultoring studies, particularly the Arkansas

Tech project, bave not indicated any adverse affect on {ish age and growth,

spawning activity, species density, or distribution,
ported In the annual reports to the NRC,

Based on the temperatures in the mixing zone areas (Attachment A) for the suw=
mer months, it appears that Arkansas Nuclear One would experience no difficulty
with the 90" maximum temperature proposed by the Arkansas Departoent of Pollution
However, this conclusion is based on once-a=wonth sampling,
and ADPCAE should be wade aware that excursions could occur based on the high

Control and Ecology.

ambient temperature in 1980,

SRT/twr
Attachments (2)

— i

These f{indings were reo~

77
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Average water temperatures (F*) at statdons in Dardanelle Resetvolt located iu
the viclnity of Arkansar Nucleat One. Uepths are 1, 2, & 7, and every 5 fser
thereatter to the bottom. Scation 5 1s Jocated at the mouth of Lhe discharge;
Stations 3, 7, (0, and 11l are located in the reservoir near yiue discharge bay,
and Station 16 is located near the intake canal in the 1iidnols Bayou eten.
Statdon 21 48 located upstrean of the discharge and ahould TEPTERETY near
characteristic ambicnt water temperatures. BSee wép for slation logations.

STACION  4TATION  STATION  STATION  STATION  sTATLION
$ ] ! W i i
TEMPER-  TEMPER-  TEMPER-  (EMPER-  TEMPER=  TEMPER-

e SNTHIYEAR LAIMRE,  ATUAE, - ATURE.  ATURE.  ATVRE. - ATVRE

Jatwury - 1980 486 b 6 3.0 “h3 3.7 44,5
Februsry = 1980 b, v any ' ah, 6 6.6 37.8
March = 1980 58,7 50.4 41.9 4%.4 LAY LAY
Aptil = 1980 LU 61,1 58.7 be.s 0.1 8.6
May ~ 1940 1.4 10.0 70,3 1.9 0.6 10.1
June - 1980 #0.1 82.9 #l.2 82,4 8.0 80.%
July - 1960 $3,2 LIS | 91,4 9.1 92,0 8%.7
w.‘ « 1980 LS L1 .’16 LU 46.6 85.9
Seplembar - 1980 80,7 80.2 80.3 0.8 #0.4 81.2
Occober = 1980 .8 1.3 Y.k W 69,1 9.6
November - [O0BD &0, ¢ 6.6 5%.2 554 35,3 Al
Jecember - LOBO 5.8 $2.4 30.4 §9.5 1.8 a8
Janyary = b b4 al? 41.9 4éd W2 &2,
Tebtuary ~ 1941 w3 “2.8 PRI 453 4s .9 45,1
Apr il - 198 5.1 67.0 60,2 66,0 bl b S
May ~ 1981 .3 6.6 be.7 uy.e 71.0 6.1
June « 15 4i.2 Ba.0 81.7 553 83.7 43.9
Augnst - 1981 3.8 8Lk 82.1 84,1 82.0 82,9
Sentember « 198] $0.9 17.1 6.9 16,7 b 3.3
Detoder  » 1981 6.2 ba. 7 62,4 62,2 ' 640
Novanber = 1981 b4 .\ 391 582 60, SE.4 $7.9
Decenber = 1981 k.7 66,0 42,0 43,0 42.9 41,0
lanwary = 1982 .2 40.9 3.9 “0.9 40,6 3.1
February - 1982 56.0 4.9 41,9 9.8 8.2 486
March - 1987 £5.1 &1.8 60.5 62,1 61.6 58,7
Aprii - 1962 57.3 §5.7 3.7 6.5 9.k 56.2
May - 1982 9.3 73.8 73,6 6.5 Th.2 75.8
Jm o g lm “c. ”oo 7’.0 30.0 7.., ”c’
hi, - lm 9‘.0 “v‘ .‘-I “0, h.ibz 0'.&
September ~ 1962 86.7 81.8 8.6 2.5 82.2 8.6
October = 1742 76.3 1.2 8.9 T vl .8 Wl
November - 1982 56.6 36.2 561 56,4 §6.7 5.3
Janusry =~ 146) ald 411 41,0 “ld Gl 1.4
February = 1981 7.9 46,3 Wb 2 46,8 “b.5 47.8
Mareh - 1983 5%.7 55.% 5.6 55,4 55.2 1.6
Aptil - 1983 Sh. 2 k.6 4.8 54,9 04,6 §6.2
Hlf - "" "ll 6.6 ™ Mu’ b6 .5 K78
June = 1983 8.8 6.4 76,9 15.6 5.6 6.5
August -~ 1983 94,0 90,1 89.0 8.8 &80 8.8
Kovambar « 1983 2.8 1.4 55,6 5L 5.9 LT
Decembar ~ 1983 . ‘ . . ' )

STATLON

M|

TEMPEN -
_ATURS

4947
1.2
LR
5.8
0.6
al.e
9.0
BP.Y
#0.2
69,6
bR
5l

&

1.4
3.8
1.

8.2
Gh.oh
827
”C‘
By.2
.9
el.y
51.5
wl

9.1
“1.6
60.3
§5.1
73,9
1%.4
‘s"
Be, 0
84.0
o7
567
Lt 7

"13
4b.2
5548
3.9

6.8
832
9.5
Bh.7
Ii;o
5¢.
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Comparative Age, Growth, and Condition of Channel Catfish
from Lake Dardanelle, Arkansas

Tuosas M Fueeze' ann Burorn Tatrusm
Department of Fisheries and Wildlife Management, Adkansas Polytechnic College,
Russadlville, Arkansas 72501

ABSTRACT

Pectoral spines were collected from 112 channel carfiy letalums penciatus from  Lake
Durdanelle, Arkansas, during 19731975 for purposce of calealating age and growth of dif.
ferent vear classes. A length-weight relationship, determinsd using the equation log W =
~4.3297 4 27216 log L, indicated that an average channel catfish from Lake Dardanelle
weighs about 165 ¢ when it reaches o harvestable size of 255 mu. Lake Dardanelle channel
catfish were characterized by a large tirst year's growth swith greater lengths similar to those
from nearby states. Condition factors tended to decrease with increased age

INniropUCTION

In order to evaluate the scological effects
of the heated water effluent from Arkansas
Power and Light Company’s vuclear elec-
tric generating plant, Arkansas  nuey car
One, on Lake Dardanelle, it was necessary
to establish baseline data on the aq atic
fauna prior to the commercial operati g1 of
the plant. A ten-year study was ‘nit@ted
in 1973 by Arkausas Polytechnic "Ce
with funding from Arkansas Powe
Light Company to accomplish that «
tion. While the ‘)nfula(iom of many
isms were sampled, this paper deal
the age, growth, and condition of Lake
Dardanelle channel catfish.
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DESCRIPTION OF Stuby AREA

Lake Dardanelle { Fig. 1) is an impound.
ment ¢! the Arkansas River in west-central
Arkansas near the town of Russellville. 1t

' Present address: Department of Biological $ci-
ences, Mutray State University, Murray, Kentucky
42071

is & tow-through reservoir created by the
L. S Army Corps of Engineers as a part of
the Arkansas River navigation project, The
Arkansas River has its headwaters in the
Rocky Mountains of Colorado and flows
through Kansas, Oklahoma, and Arkansas
befere emptying into the Mississippi River
approsimately 150 km southwest of Mem-
phis. Tennessee, The reservoir has a drain-
age area of 398000 km* a conservation
pool of 13,55 ha, and a shoraline length of
07 km. Completed in 1969, the reservoir
is managed primanly for {lood control and
navigation (MeGee 1972),

Maremiars axo Myernons

A total of 112 channel catfish spines was
collrcted  from  Lake Dardanelle during
19731975 utilizing gill nets, trammel nets,
and rotenone, Total lengths of the fish
were recorded in inchies, and weights were
measured either in grams on dietetic scales
or in tenths of pounds on suspension dial
scales.  All English units of measurements
were converted to metric units betore com-
putation of data,

Left pectoral spines were disarticnlated
by means of the procedure outlined by
Sneed (19510 and placed in numbered
scale envelopes. As the spines were free
of all tissue except a thin laver of skin, they
received no special treatment or preserva
tion in accordance with DeRoth (1965).
The spines were sectioned using a small
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Fic. 1. Location of Lake Dardanelle, an -
poundment of the Arkansas River

power saw on a stationary platfor . similar
to the apparatus of Witt (196! Upread-
able sections were gros.ad by hand on a
fine carborundum stone to iacrease their
transparency.

The distal end of the basal recess served
as a reference point to ensure consistency
in the location of each section (Marzolf
1955, Sneed 1951). That reference point
vecdited in more readable spive sections
and permitted comparisons with previous
studies utilizing the same method. One
disadvantage in its use is that the bodv-
spine relationship is curvilinear instead of
linear (DeRoth 1965),

Approximately one-fourth of the sections
were stained with alzarin ved § for 3-5 sec
before being rinsed with distilled water,
but the procedure was discontinued as no
apparcnt advantages in aging the sections
were vbserved.

Spine sections were read with a hinocular
microscope equipped with an ocular mi-
crometer. Measurcments were made from
the center of the spine lumen to the anuuli

L T e

andd to the edge of the expasded posterior
radins,

Measurements of the pectoral spine wn-
nuli were nsed to caleulate an average rate
of groweth utilizing the Dahl-Lea direct
proportion wethod (Carlander 19693, This
cquation may be stated as;

L = (8078

where L, == length at annulas u, 8, = spine
rading at sonudus o, § = total spine radius,
and L = total body length,

The length-weight relationship was de-
termined using the formula:

Log W = loga + nlog L

where W == weight in grams, L = total
length i millimeters, and a and n are
cinpirical constants. The value of the con-
stant n usually 15 above 3.0 for larger spes
cies of catfish such as the channel catfish
(Carlander 1969 ),

The coefficients «f condition (K) were
computed using the formula;

Ao 108 xOW/LY

where W = weight in grams and 1. = total
length i willimeters, The coetficients pro-
vided indexes for comparative analyses of
plum=ness or well-being of the catfish.
Such caleulations are hased on the premise
that the body form of a fish varies with the
cube of increasing length pvovided the
shape and specific gravity remain the same
( Carlander 1969 ).

Resvrts avp IDiscussion

The growth of Lake Dardanelle chan-
nel cathish, as determined by the Dahl-
Lea equation, and the annual lengths
for the 1966-1974 year classes are shown in
Table 1. The average annual increments
decreased gradually from 140 mm the first
year to 25 mm the sixth vear of life and
then gradually increased to 56 mm in the
winth vear. The average annual increment
for the first vear {s anproximately twice
that for anv of the following vears. While
it is normal for channel catfish to attain
large percentages of their total lengths
during their irst 2 vears of life, the unusu-
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reported by Finnell and Jenkius (1954) or
Marzolf (1951).

In conclusion, the clunmel catish popu-
fation of Lake Dardanelle, prior to com.
mercial operation of Arkansas Nuclear One
generating  plant, exhibited a luge first
vears growth, other length  attamments
comparable to studies from nearby states,
and condition factors that tended to de-
crease with an increase in age. o most
aspects, the channel catfish of Lake Dar.
danelle could be considered normal. How-
ever, it thould be noted that the lengths of
Lake Dardanelle catfish may decrease with
the natwal aging of the reservoir and the
resultant decrease (n nutrients over an ex-
tended period of time.

More recent data on the aquatic fauna
of Lake Dadanelle including the channel
catfish are being collected by Mr. Bulosd
Tatum,
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ZOOPLANKTON COMMUNITY STRUCTURE IN
DARDANELLE RESERVOIR, ARKANSAS, 1975-1982

JOMN D KICKETY andd RORERYT L. WATSON
Biiogy Depantment
Univertity of Arkansas &l Littke Rook
Lite Rook, Arkannes 72204

ABSTRACY

Zooplarion was colected st 10 stations in Derdanele Moscrvor from 18756 (o 1uB2 Curent date
wore COMPAred 10 § Uyl your [Yeoperational Study phase Rotiter s strongly ommnated the commuan
ty Oversl ghundanoe wis higher varaty shoul the same and diversity lowe! then haose of comparatie
Sathos. Thermal ISchaiges causnd a dominance Sl hetween two rotiter Wee, Bightly depressed
abundance and vane'y 24 00 colceably aftec! vty and elevaied 1he Dhylog@yikion z1oopiankion
Ao, Heated efflunn! 490 Clinaiated sironge Tucluahions n sbundance end vanely  Other studies
INGACalE that In UDPB Ber TONS OF the Arkaneas Fiver rnage . mMICTOoNUSIROBANS GOMWnNEte ke hatitals
whetans (oters comies 8 rver Fabiats 10 Smiliy NOrhern NG Bantern hatitsts | Mo/ DCIUSINCeR. Wi e

QEnerelly aominant
INTRODUCTION

Mook of the basic descriptiv: work in Arkensas with zooplankion
was done under the auvpices of the Water Resources Research Center
(Sehmitg, 1974, 1975, 1978). Sinclar and Watson (1978) conducied a
fiveyear survey of the zooplankion community composilion n
Dardanelie Reservoir prior 10 the beginning of power generstion by
Ariansas Nuclear One (ANOY Unit 1. Pslko (1970) collected and den
tified zooplankion from two sations in the upper Hlnois Rayou arm
of Darduncie Reservolr during the sumemer and suiumn of 1969
Numerous report: atismpting 10 describe aud guantify the impacts of
therma! discharges have come from other states (Carlson, 1974, Oehirs,
1974; Anderson and Leuat, 197%; Miller ot al., 1976, Edmondson, 1969),
Analysis of the structure of zooplankion communities should receive
much more research effort than lo ‘e past. This report is » genersl
exumination of data collected over an eight-year period, 19751982,
during which ANO Unit | was operative. We will attempt 1o describe

mwmﬁnmummammm
or shifts in community structure.

MATERIALS AND METHODS

Mhﬁlﬁntl.dmmﬂmm the bottam, mud-depth
and 0.6 m. plus 4 1. from

where possible and reporied as organsmas per liter. Swatistical procedures
included calculation of the nutaber of taxa (geners), nuinber of -
dividuals, mean number of ndividunls per taxon and community
diversity al the genus level. Diversity wan calculaied with the Shannon

Index, d = - E(:)m(:), where ni s the number of o gutsms in
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Figure | Plankion smampling stations on Dardanelle Reservolr,
Arkansas, 19751082,

each taxon in turn, and N is the (olal number of organisms i the

satnple (per Liter). Values are positive; the ‘arger ones indicating greates
diversity.

RESULTS AND DISCUSSION

Tabie | lists the geners of zooplankion collected during *he study
perios! (excluding unidentified specimens, naupli and eggs). Quite ofien
the nauplil and/or eggs counted comprised a significant proportion of
the sumple. Twenty six genera representing 22 families in three phyls
were identified. Rotalona contuined 46.2 percent of ‘he geoera and 40.9
percent of the families, Willun et al. (1977) collested 27 genera in the
Arkansas River near Ponca City, Oklahoma (exciuding unidentified
tana) They obtained three geners of Proiogos, seven of Rotetoria and
four of microrrusteces not obtained in our study, whereas our study
obtained eight genera of Prowzoa, three of Rotatora and two of
meETourustaces nod obtained in theirs. Palke (1970) repaned thrne geners
of Protosoa (all Ciliata), one genus of Cladocera (Diaphanosoma) and
11 genera of rotifers not recorded in this study.

Table 2 contamns mean nambers of organisms and taxs, number per
taxon and diversity values grouped by season. Although there was con.
sideyable Nuctuation from year 10 year within a given season, the me s
show the greatesi ove all abundance occurred in July and the lowest
in October. That close stations had mote orgunisms than distant sta
thons in January and April was ptobably due to the heated water which
clevasted metabolisr allowing thein to take greater advantage of available

Arknnsas Academy of Science Proceedings, Vol AXXVIl, 1983 6o
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chose suations ocourred in Apeil and July (three each),
(three and four respectively) occusred in
these two months &t distant station.. Smith et al. (1979) also obisined
preater diversity in the vumumer monahs. (iversity values apparently vacy
(Wil et al,, 1977). Koonsiek

i

In ihe upper Arkansas diainnge spparently rotfer: doatosie rives
zuoplankion but micracrustaceans dominate in lakes (Hynes, 1972,
Kochsiek et al., 1971, Yacovino, 1970). In the Arkursas River v ithin
Arkansas, 1otifers are dominante in Jakes &s well as the rive: sections
(Williars, 1963). 1n Dardunelle Keservoir, rotifers were strangly domi-
nant. Considering individual sampling statons quarterly dunng the study
petitd, Polyarthrg was dominaat 108 Umes, Aeraielia 70, Brachionus
66 and Asplanchng 24 (Tabie 3). Polvarthra was strongly domisant tn
Janvary, A eratelia was dominant in April, Brachionis and Polyarihra
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Figuie 4 Mean number of rooplankion organisms ner (axon for close
v distant stet/ vs in chronologion  eguence in Dardanelle Reseron,
Arbansas, 19751082
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Figure §. Diversity values of rooplankion fo. close v diswemt stations
In chronokogics! sequence in Durdanelle Reservoir, Arksasas, 19751982,

shared dominance in July, and Kerprelle and Poiverthre shared in
October. Palko (1970) also gives daw indicuting that roufers were strong:
ly dominant in Dardanelie.

That most phyioplankion is directly used as food by most zooplankion
i generslly agreed, Thesefore, the comparative concentraiicns of

Table 3. Number of times each taxon was dominant, by quarter, in
Dardanelle Reservoir, Arkansas, 19751982

e URDRL G SAmen domivant dui .
e BAOR... . dRONAEY. ARDIL . WX Gcsplber. . Tulal

Polaariiee 1] ? HL ] » 108
Keimielin 10 » i & e
braghioina 7 13 » 13 o6
Aspiuchon $ (] 2 v it
Kotifer sp. o 9 3 h) 15
Miacellanesvus

{includes oiher

rotiier genera) & i 15 131 23

S ———————ten e 1% breras v . —
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moved from third to first). Heated rfiluent also slightly suppressed
overall abundance and vaziety but had no abvious effect on diversity.
Dihee studies have shown that shight temperatute increases stimy ated
wooplankion, bul they dealt with commuaities in which microcrusia:
veans were dominant. Similar data on rotifer-dominated communities
| were unavaslable. In Dardanells Reservour the P77 ratios were generally

| wreater &t close stations indicating the phytoplankion was stimulated
‘tv woplankion was depressed or both. The phytoplankion data in-

twated both phenomena occurred.
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The mtensity of this layening was regulated by the volume of water
pumped through the plant, the direction of wind and the discharge of
the niver (Rickett and Waison, 1982). Turbidity at station 21 was grea‘er
than at station 16 10 of 12 months by a wnean of 12.9 FTU's. Turbidity
&t station | was greater than &t station 16 all months by a mean of 3.2
FTU's. which was prodably not causedt by current diswurbance of the
botiom sediment. Shartly after the plant began commercial operation,
we began experiencing great difficulty obtamning a benthos sampie at
waton | because the current had scoured (he loose silt away leaving
hard gray clay.

The greatest average concentration oF suspended solid. was im casured
tn March with May showing a close second, whergas November had
(he lowest (Table 1). The late wianter and spring moaths had the highest
vaiues, while (he late fall and winter moaths had the iov o Again sta-
ton 21 had larger values than station 16 10 of 12 moaths by a mean

100

reversed ‘---'-—4'-“"}/

e ——

—————_——n. ke a—

Tuble 4 Peanon Corretation Tests on Phvacochemical Daig, Dardanelle

Reservenr, Arkansas, 19751982 Q=discharge, 1 = turbidily,
S8 = suspended solids, O = chionide:, H o« hardaess, C = conductivily
R Ted | e oadetias | Werd  Camt
Nar 12 May WA Nat Al lyn & ep b Sep &7
n Al Mar & Hay & ep W Aug A3 s G
Hay 1D Apr % feb W Aug W sov 41 wl W
Ape 9 Jut M8 Ay M et M Jud 18 Aug
sl 8 vetr 317 et MWL Hoy 1) Det W fun 38
Feb 7 Fab 5.5 Jus 26.% el 9 Jun 26 Now W2
st & Jul 34 Jul 26.5% At 24 bee 27 Dec 1)
Ang S bee 20 Sep I8 e 13 May 20 Jae 3\
Nov & Aug o7 Aupg V1.5 Jan i1.% Jan 1Y feb 14
we A o 11,4 e 1) Fobh 14 Mar 1) Kat O
fep Jan 1} jas 1) Nar 10 fab 12 May &
vet | tep 10 Sov 10,3 Hay 5.3 Apr & Apt 8

of 7.6 mg/L There was no aigmilicant difference between staticis |
and 16 with respect 1o suspended solids, Pearson correlation analysis
showed a strong positive correlation between turbidity and suspended
sobids (Table 4)

Chlonide concentrations were highest in Jw.« and lowest in May, but
thete wal much inconsistent variation month by moath. Apparently
the spong runfall diluted the chloride concantration, which quickly
recovered during the next month. There was more chloride at station
11 than 16, eight months out of 12 by a mean of 3.6 mg/ 1. There was
wo real difference between stations 16 and |; the concentration was
greater 4t station | five months out of 12 by & mean of 139 mg/1.
Sinclar and Watson (1978) reported 8 somewhat stronger correlasion
hetween ( and chloride than our data, which show a weak positive cor-
retation n 1976 and 1981, a significant positive correlation in 1977 and
sere Or negative correlations during the other years (Tabie 4). The loca-
ton of ¢ storm might help expisin this fluctuating corre'ation. A local-
lzed heavy rain i western Arkansas should dilute the river water giv-
0y & negauve correlation, whereas 4 rainfall in the major chiorkde source
areas of eastern and northeastern Oklahoma would result m mote
chionde with the heavier discharge showing @ positive correlation. The
rero correlations woukd be observed with a genershzed rainfall or & storm
located in an intermediate area.

The greatest conductivity readings oceurred in September, whereas
e lowest values were obtained in April with May and March showing
very low values. Conductivity values increased rather steadily between
April and August and declined rather steadily between October and
March. Station 21 had greater conductivity than 16 only seven months
out of 12, but the mean difference was 109 4 micromhos. Station 16
had higher conductivity readings than station | during |1 of 12 months
and was greater by a oean of 457 micromhos. Apparently the passage
through the condenser circuit removed some of the lons. Pearson cor-
relation tests showed a rather strong positive correlation between chionide
and conductivity (Table 4). Generally minimum conductivity
measurements were observed during the penods of greatest Q becav- s
of diution, although the highest conductivity readings did not necessanly
comncide with periods of lowest § but occurred generally within two
or three months followiog a peak ) readiog.

Total hardnzss was also greatest in Septem ber and lowest in April,
bui the months between were arrayed differently than for conductivy
ty. Station 21 showed bigher values than station 16 |1 of 12 months
oy a mean of 21.6 mg/ 1, bat there was no significant diffeidi he-
tween stations | and 16, Pearson correlations showed a moderate positive
cotrelation between hardoess and conductivity (Table 4),

Corretation may also be testad non-statusticalls using u rank matching
rechnique. (1 two “atasets a & positively correlated perfectly, the rank

Arkansas Academy of Science Proceedings, Vol. XXXIX, 198!
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Clupeirdae
Gizzard Shad
Threadfin Shad
Skipjack Herring
Dorosoma Species
Carp

Striped Bass
Morone Species
Cyprinidae
Catostomidae
Freshwater Drum
Black Crappie
Pomoxis Species
SamlImouth Buffalo
Brook Silverside
Atherinidae
Mississippi Silverside
Percidae
Mosquitofish
Centrarchidae
Lepomis Species
Channel Catfish

ANO Entrainment
Species/Family Entrained 1982 Through 1987
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Entrainment
Total Pensity of Fish Entrained Per Sample Jate
1984 through 1987

1984 1985 1986 1987

Date Number Date Number Date Numbe r Date Number
4- 8 37 4-17 1252

4-25 53 4-29 1714 4-28 4 4-20 20
5 9 18 5-15 33472 5-13 7387 $-7 2125
T g 40344 5-30 5173 5-29 26910 5-21 21580
¢-14 172867 6-10 38844 6-12 74825 6-2 37349
6-27 116609 6-25 2298 6-26 48637 6-23 17079
7-10 2662 7- 9 2596 7-10 4795 7- 9 99048
7-24 503 7-31 506 7-22 4573 7+22 16183
8-14 222 8~13 207 8- 7 2395 8- 3 674
8-30 79 8-28 252 8-21 590 8-19 1072
9-10 46 9 9 647 9- 4 298 9-10 364
9-19 32 9-25 125 9-29 50
Total 334435 85871 171746 195544
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ATTACHMENT 1

RESPONSE TO "QUESTIONS CONCERNING ARNORMAL!TIES
= REPORTED IN ARKANSAS NUCLEAR ONE-ITMIT 1
SEMI-ANNUAL ENVIRONMENTAL REPORT"

-

On page 47 it is statcd that "Large hydra were frund feeding on
larval fish in Area C Discharge Cove) during May 1976."

A. Is this urusual for Southern reservoirs?
EﬁSPONSF

This is not common in Southern reservoirs but it it certainly not

unheard of and it i¢ not peculiar to Southern reservoirs., 'Occasionally
hydras become a [Fish] hatchery nuisance by hiiling fish fry."! Hydrs
have beon observed in the nest of black basscs attaching to eggs and to
hatching fry in two northern Arkansas reservoirs.~ Zooplankton have

been observed fecding on hatchery fish larvae.” Ilydra have bcsn observed
in large numbers on a transient basis in an lowa nursery lake.® This

is far from an exhaustive list of such ohscrvations.

B. If i% is, could the fish populations of the reservoir be
afiected?
RESPONSE

Not applicable.

. Is it becausec of plant operations?
RESPONSE

When this otservation was made the plant had been snutdown contin-
wously for about 2 months. The discharge bay is & natural hydra
hahatat. Connection to plant operation is imprecbable.

On page 47 it is stated that "The June 1976 meter nct samples from all
areas of the reservoir produced 30 percent to 60 porcent larval fish
with raised areas or growths over the body or spinal curvature',

A Is this abnormality likely to be due to plant operation and

if so, what plant-related factors have caused it? 1f not,
what other factors have caused it?

RESPONSE

The 30 to 60 percent figure was an cstimate hasceu on visual observa-
tion. Actuzl numbers develeped later by inspection revealed that only
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6.9% of all fish sampled had raised arcas nr frosthis over the body L

e or spinal curvature. Approximately 1/4% of )« “umpled fish had spinal
curvature, all restricted to the dischargs camal.  So individuals were
affected by both abrnormalities., Therefore *ha two.abnommalities are
considered to be complictely independont . Tiere 1e g possibility that
the spital curvature is associated with plant operation since it appenrs
*to be a phencmenom unique to the discharge robhoumont, However, we
have heen unable to idontify any connection. 't is very unlikely that
the growths or raisced ¢ -cas are caused by rilant creration. The first
specimen collected with this feature was talen from the control arca
upstream of the plant in ¥ récessed cove.

Jim Kilson of the NRC staff has suggested the peszibility of toxaphene
cffects causing both those sbnormalitics. The symptoms identified

with toxaphene poisoning® do not coincide with she abriormalities we

have identified, i.o0. tge raised arcas or prowth: cannot be characterized
as hemorrhaging and the "broken back syndrome' Joce not appear to cor-
respond to lordosis as identified in our report.  In addition, as pre-
viously stated, no individuals exhibiteu hoth features.

We orfer ne explanation for the identified inarmaiities.  We simply huve
not been able to identify any causcs.

B. Is this abnormality likely to significantly affect the popula-
tions of the reservoir?

RESPONSE

No. As indicated earlier the frequency of occurrence is much fower than
proevious visual eftimates 1.dicated.

i Does this observation iavalidate previous aralyses made by
¥YOu concerning the impact of Unit ] on the reservoir?

RESPONSE
ho.

. On page 50 it is stated that "On almost every oilection trip frow
mid-May through June, dead but not deteriorsted mussels were ohse rved
floating in every arca of the reservoir'.

A Is this abnormality likely to be due to plant operation, and
if so, what plant-related factors have caused it? 1f not,
what other factors have caused it?

|
!
s
!

RESPONSE

Suring the period in which the dead mussels were identified the plant
had been shut down for ! months or more and some floating mussels were
observed upstream of the plant. Therefore, it is nighly unlikely that
p.ant operation could have affected the mussels in the manner identified.
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ATTACHMENT 2

Discharge Temperature Fluctuat o
Far Spring 1976
During Shutdowns and Startups

SontInuouUs cperation nmeas fu1) power until March 19 o0 on shutdown.
March 19 TIME Op+

1600 67

s L g, -

d i\ g

1807 Dy

190¢ 6

< 00¢ Gt

21CC 60

2207 57

<30 G —— ron-critical at 2217
4 ,-:-& :0 0.:(‘ S“'

100 57

<00 $7

300 57

Centinuousiy shutdown urt:) June 19 when started up.

e —— WG W o Wt o
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June 19

Jjune 20

TIME

1000
1100
1200
1300
1400
1500
1600
1700
180C
1900
2000
2100
2200
2300

000
100
200
300
400
500
600
700

800

Ope
79

79
79
79

T —— critical at 1353

79
79
79
79
79
79
79
79
80

80
RO
80
80
81
81
81
81
g1
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Meter net data, obtained by Arkansas Tech University, was used for iwpact as-
sesoment. These samples were tiken in the davlight hours, at the surface, and
vere replicuated. Sampling was once a week from mid-March through June, aud bi-
weekly from July through mid-September. See Figure 1 for meter net sample ar-

>

Nl gty liffoont

DATA AND DISCUSSION

0f the six years of entrainment sampling, three years ne' m nimal techuical
specifications (1978~1980). The other three years vere r .apled more [requently,
usually twice a month in May and June. (eak spawnin, o-curred io May and June
in the meter net sawples. Comparison of meter ne. data and entrainmeut data
(Granhs 1-6) indicates that several peak spawning periods were missed when en-
trainment sampling was performe’ ..ce a month, As a result, estimated entrain-

ment losses may have been vade ;estimates fr some of the years.

As shown by meter net data, (e ‘atake bay area is one of the leart productive
areas of the four reservoir areas sampled (Table 1), The larvae in the intake
ares varisd randomly from year to year (P>.05), as did the number of larvae en-

trained.

Entrainment samples were taken three times per day (8 a.w., & p.m., and 12 mid-
night), at three depths (surface, mid-depth, and near bottom), and were repli-
cated. Therefore, meter net numbers for fish la.vae as reported in past annval

reports should be carefully applied to impact asse.sment of eutrainment.

Over the six-year period, larval densities in the entrainment samples were

greatest at night at 90.2%, 4.5% in the morning, and 5.3% in the afternoon. A

R I N = N N N N N T S T —_——— s ] [H O P —— ———— __——J



further breakdown indicates .65% of the fish larvae were at the surface in the
morning, 1.44% at mid-depth, and 2.41% at the bottom. Larvae in the afternvon
samples were distributed throughout the water colusn with .69% at the surface,

at

&8

2.22% at mid-depth, and 2.36% on the pottom, At night, there were 57.33

the surface, 17,557 at mid~depth, and 15.33% at the bottom.

If the distribution of fisih larvae in the water column and time of day for the

entrainmont samples was indicative of what one would find in the intake bay ar-
ea, then meter net fish larvae densities reported in the meter net data were an
extremely small port on of the larvae present during a 24~hour period, probably

around .69%.

With the above eatrainment percentages as a guide to calculate what might have

been seen in the meter net samples had they been taken three times per day at

three depths, an estimate of fish larvae densities for the intake bay area csn
 How are waly suspa,dal’?

be made. The average density pcn.trawfjuvor the s'x-year period for entrain-

went, and the estimated average density per trawl for meter net is found oun

Table 2. Use of these densities allows calculation of average entrainment

losses for the six-year period. Approximately .07% of the estimated demsity of

fish larvae in the intake bay area were entrained.

Night samples consistently had the greatest number of larval fish in the ea-

trainment samples (Table 3). There dees appear to be both a spatial and tempo-
ral distribution of fish larvae over a 24~hour period (top-vight corner, Graphs
1-6). However, in the sample years 1978-1980, where sampling was less frequent,
the spatial distribution was not that apparent. The surface area contained the

greatest density of larval fish, while mid-depth and the bottom showed fewer

larvae, and little difference between each other.
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All srecies of fish except carp wre entrained in the greatest densities in the

aight samples., Carp were most numerous in the morning samples (Table 4).

The Clupeidae species usuilly first appeared in the intake bay area around mid-
to-late-April, and usually first appeared iu the eotrainment samples a week or
so later, from mid-~April to mid-May. Peak larval density in the bay occurred
early in iday, and lasted through late June. Entrainment peaks occurred at ap-
proximately the same time. Both meter netting and entrainment indicaied two
spawus for the Clupeidae species in 1980; the latter one began the first of
August, and lasted into the first of September. The probable cause for the sec-
~nd spawn might have been due to an extended spawning season caused by an unusu-
ally long, hot, dry summer. No other obvious second spawn has been observed

for the Clupeidae species during the six-year period.

Entraiument data showed the species to be concentrated at mid-depth and the
bottom during the daylight hours, then coming to the surface at night (Graph 7).

The greatest density waz at the surface, and the least at mid-depth and the

bottom (Graph 9). [M JZ 7 A _;n‘r.(ﬂt\

¥-rone species, usually white bass, first appeared in the bay area around mid-
Apri! and were found in the entrainment samples in late April. The peak spawn-
ing period was mid-April through mid-June. Entrainment peaks were in late April
te late May, The larvae of this species was not seen in the meter net samples

after mid-June,

Morone species made up less than 12 to 12X of the entrainment samples, and were

more prevalent in the entrainment samples (Graphs 19-21). e 2 e

i
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The Atherinidae larvae made up less thaun 1% of the species composition tor both

meter nel and entrainment samples (Graphs 19-21), Lhey were not observed in
the morning entrainment samples, some were observed in the afterncon samples,
and none were found at the bottom., They were most numerous at night at the

surface. At anight, no larvae were observed at mid-depth, but were collected

from the bottom (Graph 7).

When entraioment sampling was performed more than once per month, Atherinidae

species were observed at the greatest densities at the surface (Graph 15).

Catostomidae specles were usually first observed In the meter net samples in

mid=April, and as late us wid-June. When they did appear in the entrainment
samples, it was usually in mid-May. Peak densities occurred late in May through
June, while they peaked in the entrainment samples in mid-June. No Catostouidae
gpecies were observed in the entrainment samples in 1977, 1978, 1979, and 1981,

They were not observed in the meter net samples after mid-July.

The Catostomidae species made up less than 12 of the species composition of che
entrainment samples, and from lees than 1% to 7% of the mecer net samples, They

wvere more prevalent in the meter net sumples (Graphs 19-21).

The larvae were observed at the bottom of the water column in the daylight hours,
and rising to the surface at night, They were most numerous at the surface at
night (Graph 8), When present, they were more prevalent at the surface than at

mid-depth and the bottom (Graph 17).
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In the summer o' 1983, o few meter net trawls were performed at night at the
: surface at all four sample stations. The few samples confirmed the assumption
that there were significantly more larvae present at night than during the day~

1ight hours.

Since the Clupeidae species were the most entrained fish larvae, and since the

species has been able to reestablish (tself in the Intake area and the reservoir |
each year, it does not appear that entralnment s having o significant impact ;
! on the Clupeidae species, nor s there any evidence that entralnment losses have ;

had a significant impact on the other species of fish observed.
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= Arkansas Power and Light

Arkansas Nuc'ear One
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FIGURE 1: MAP SHOWING LOCATION OF ENTRAINMENT SAMPLE AND THE FOUR METER NET JAMPLE AREAS.
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TABLE 1:

YiMR
1974

A975
1976
1977
1978
1979
1980
1981
1982

LIST OF LARVAL FISH CAUGHT EACH YEAR FOR ENTRAINMENT SAMPLES AND THE

FOUR SAMPLF AREAS IN DARDANELLE RESERVOIK,

ENTRAINMENT  INTAXE

1551
a7
5774
1088 5769
1212 6318
218 6864
554 10763
836 3073
2478 29115
5 (3¢
,2 * [06‘433

Ao o 14T 05 o M g

G

—— et ——

1558
4496
8815
4455
7134
12027
9692
1782
9492

CHANNEL
1975
4BBO
Y540

11970
13363
13734
£34896
15053

a607

KEPLICATES ARE COMBINED,

BACKMATER

6052
38201
23581 |
14807 |
102137 |
60481
142937
18681
20752

por
W}' .;,. o ovdad Mf‘/
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TABLE 3: PERCENT OF LARVAL FISH DENSITIES ENTRAINED BY TIME OF DAY AND YEAR.

YEAR 8 AM, 4 EM 12_MIDNIGHI
1977 4.11% 9.45% B6.44%
1978 14.63% 16,932 68.44%
1979 4.806% 1.782 93.362
1980 8,091 8.312 83.60%
1581 2.30% 1.57% 97.54%

1982 3,952 3,96 92.11%
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11. BACKGROUND

Arkansas Nuclear One (AND), a facility of Arkensas Power and Light, is located
near Russellville, Arkansas, on Dardaneile Reservoir (Figure 1). Occupying a head-
land that separates the submerged Arkansas River channel from [ilinois Bayou, AND
intakes 1ts cooling water from 111inois Bayou at a rate of 1700 cubic feet per
second and discharges the effluent into & cove on the northern shore of Lake
Dardanelle. ANO is a base-load generating facility designed for a maximum cooling
water temperature rise of 15°F across the condensers. In actual practice the tem-
perature rise across the condenser 1s usually less.

Dardanelle Reservoir is formed by the impoundment of the Arkansas River by
the U. S. Army Corps of Engineers (COE) Lock and Dam #11, located at Arkansas River
navigation mile 205.5. The mouth of the ANO discharge cove 1ies at navigation mile
212 and the Arkansas River enters the upper reaches of the Lake Dardanelle regime at
approximately mile 224.' Upstream of Lake Dardanelle, the Arkansas River is regulated
by the COE Lock and Dam #11 at Qzark, Arkansas, river mile 257.

Throughflow from Lake Dardanelle through Lock and Dam #10 is regulated so as
to provide a pool elevation that remains between 336-338 feet above mean sea level,
with consideratio: given to both navigational and hydroelectric requirements. DOuring
periods of extremely low inflow to the lake, no water may be released through turbines
or spillway and the throughflow is in the form of lock operation and leakage only,
estimated by the Corps of Engineers at 50 cfs (cubic feet per second). If inflow
is sufficient to re-establish pool elevation, power is generated at peak-load hours
only, At an inflow rate of approximately 36,000 cfs continuous, maximum power
generation is possible while little, {f any, change in pool elevation occurs. At
inflows in excess of 36,000 cfs power is continuously generated, while excess water
passes through the spillway. Thus, depending on the rate of inflow, Dardanelle
Reservoir throughflow may be essentially non-existent, occur for only a few hours,
or be essentially steady-state. The throughflow regime during each survey is taken
up in the next section.

! Source: Personal communication, River Regulation Branch, COE, Vicksburg,
Mississippi. Based on a prior river mile numbering system, Dardanelle Lock
and Dam was at 265.9 and the Arkansas River entered the upper reaches of the
Lake at mile 285, or approximately 19 miles upriver.
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Figure 1.

Location of Arkansas Nuclear One, near Russellville, Arkansas.



111. DARDANELLE RESERVOIR THROUGHFLOW

In order to better understand the behavior patterns of the thermal plume as

it leaves the discharge area, the quaniity of throughflow in the Dardanelle Reservoir

is examined. Throughflow for Dardaneile Reservoir is presented in two ways in this
report: as mean daily averages and as hourly flows,

A, Mean Daily Averages

To place the river flows during each of the 13 post-operational surveys in
perspective with historical data, percentile curves taken from the mean daily flows
for the Arkansas River at Dardanelle, Arkansas, for the period October 13969 through
September 1875 were constructed.? The curves presented are the 16-2/3, 50 and
83-1/3 percentiles with each curve representing the percent of throughflow values
for each day of the vear that were equal to or below the curve. In other words,
from each six mean daily flow vaiues (1969-1975) on a given day, the lowest, the
third highest and the fifth highest were selected which then are points on the
16-2/3, 50 and 83-1/3 percentile curves, respectively.

Figure 2 11lustrates each of the three percentile curves for the six-year
period. These percentile curves are used as references to compare the mean daily
fluw curve for the study period January 1975 through Februsry 1976 which is also
displayed in this figure. Mean daily flows for the survey dates are labeled by
dots.

A comparison of the mean daily flows with the percentile curves shows that
from January through September 1975 Dardanelle Reserveir throughflow was relatively
high--for the most part being equal to and at times exceeding the 83-1/3 percentile
curve. By October 1975, fluws are generally below the 50 percentile curve. In
January and February 1976, the daily value plot becomes generally a new Tow=fiow
curve. Thus duringthe period during which the series of surveys were performed,
measurements were made through the full spectrum of throughflow regimes.

2 River flows for this period were obtained from the U. S. Geological Survey
Water Resources Division in Little Rock, Arkansas. Flow data from 1 October
1875 to 28 February 1976 is “provisional" an¢ subject te future revision by
USGS.
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The USGS in Little Rock kept daily records from 1948-1970 on the Scottsville
gauge. After September 1970 use of that gauge was discontinued and a record of
peak flows only was made Thus, daily records for the period spanned by the surveys
covered herein were not available, although those for the period of October 1947 to
September 1970 were obtained. This flow data showed extreme variability from year
to year and as such could not be meaningfully extrapolated to the present study.

Records for the City of Russellville water works dam in I11inois Bayou were
kept for local use only. The gauge at this site is not in current operation and
historic records remain uniocated.

Thus, quantitative information concerning I11inois Bayou flows is unavailable
for the period of this survey program. Qualitatively, it can be stated that the
flows are highly variable and at times have been negligible as evidenced by the
USGS report of flows as low as 5 cfs on 22-23 August 1967.°

| WEATHER

The sources for the weather data contained in the monthly reports vary. In
the pre-operational report (October 1973) and in the first three post-operational
reports (January, February, March 1975) weather data from the ANO 10-meter reporting
station were used. When diffic 1ty was encountered in obtaining meteorological data
from the ANO facility, data fr.m the National Weather Service in Little Rock, Arkansas,
were presented in the remaining reports. Now that ANO meteorological data are again
readily recoverable, they are presented in the Appendix as a basis for comparison of
local meteorological factors with plume characteristics.

Little Rock is approsimately 70 miles southeast of Lake Dardanelie and though
in most cases there is close agreement between the Little Rock National Weather
Service meteorological data and that of the ANO facility, there are cases ¢f notable
variation in conditions of which one should be aware when using meteorological data
from the more remote source. Examples of thic are provided by comparison of the wind

3 Syllivan, John N. Thermal Survey cf Dardanelle Reservoir. USGS. open-file report,
p. 7.
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The cross-section of dissolved oxygen values is shown in Figure 8. Con-
centrations vary only slightly lateraily, while a general increase is seen vertically
from the near-surface down to seven feet.

D. 28 February 1975

This survey was conducted under the following conditions: winds were light
and variable throughout the night but by mid-morning were generally out of the west
at incressing speeds up to nearly 9 knots by mid-afterncon; air temperatures ranged
from 40-64°F, AND generation varied from 428-440 MW gross; and reservoir throughflow
was continuous at an average rate of 121,300 cfs, far above the 83-1/3 percentile
value for that day (Figure 2). The full report appears in Volume II.

The temperature cross-section appears in Figure 9. Ambient temperature for
this survey was 42.2°F, making the 5°F delta value 47.2°F. Along the cross-section,
the zone of water temperature exceeding plus 5°F extended approximately 160 feet out
from the mouth of the discharge cove. The areal extent of the 5°F delta is indicated
in Figure 10. The area within the shading is about 36 acres.

The cross-section of dissolved oxygen appears in Figure 11, and exhibits an
increase in concentrations outward from the discharge cove. It should be noted,
however, that on the isopleth charts of dissolved oxygen in the monthly report
(Volume 11) the levels of dissolved oxygen at the intake in I1linois Bayou are
the same as those at the mouth of the discharge cove.

E. 19 March 1975

The following conditions existed when this survey was conducted: from mid-
night on, winds were steady out of the west at from 4-7 knuts, air temperatures
ranged from 44-63°F; ANO generation was decrezsing from a midnight output of 493
MW gross to a 0500 value of 209 Mw gross about which it varied little until after
the survey was completed; reservoir throughflow averaged 121,000 cfs and as such
was continuous throughout the day. The full survey report appears in Volume II.
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Figure 16 shows the temperature cross-section. Ambient temperature for
the survey was 76.7°F, making the 5°F delta equal to 81.7°F. The average of
the surface, J, U, 7 and 8-foot temperatures at the mouth of the discharge cove
was B2.4°F, indicating the presence of a zone of water temgeratures exceeding the
5°F delta. This zone extended approximately 1800 feet out from the mouth of the
discharge cove a'ong ‘he line of cross-section (A-A'). The areal extent of the
5'F 15 shown as the shaded urea in Figure 17, which represents about 113 acres.

The cross-section for dissolved oxygen appears in Figure 18.

M. 26 June 197§

This survey was conducted under the following conditions: winds were out of
the east at from 3-7 knots throughout the day; air temperatures ranged from 75-92°F;
ANN generation range was 815 + 10 MW gross; and reservoir throughflow was continuous
averaging 123,000 cfs. The full survey report appears in Volume 1.

The cross-section of temperature from the mouth of the discharge cove to
the south shore of the lake 15 shown in Figure 19. Ambient temperature for the
survey was B0.5°F, making the 5°F delta B5.5°F. The average of the near-surface,
3, 5, 7 and 9-foot temperatures at the mouth of the discharge cove was B6°F,
indicating .he presence of & zone of water temperature exceeding the 5°F delta
This zone extended approximately 1580 feet out from the mouth of the discharge
cove along the 1ine of cress-section (A<A'). The areal extent of the 5°F delta
is shown &s the shaded area in Figure 20, which represents about 02 acres.

The dissolved oxygen cross-section appears in Figure 21. As explained in

detai] in the monthly report (refer to Volume 11), no near-surface values for
dissolved oxygen were measured,

'
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Figure 17. Areal extent of 573 temperature, 23 May 197S.
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Figure 20. Areal extent of 574 temperature, 26 Jun> 1975.
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The dissolved oxygen cross-sectics appears in Figure 26. No surface values
for dissolved oxygen were measured in the area within 2500 feet along the line of
Lhe Cruss-section. A full explanation 1s included in the monthly report in Volume 1.

K. 284 September 1975

The followiing conditions prevailed on the day of this survey: winds were
generally out of the north at from 3-9 knots; air temperatures ranged frum 55-68°F,
ANO generation was 835 + § MW; and reservoir throughflow wis discontinuous, ranging
from near-zero from midnight to 0400 to about 40,000 cfs most of the remainder of
the day, the average being 29,800 cfs. This survey was the first of this program
that was conducted when pooling had occurred for part of the survey day. The full
survey report appears in Volume 1.

The temperature cross-section appears in Figure 27. Ambient temperature
for the survey was 68°F, making the 5°F delta 73°F. The average of the near-
surface, 3, 5, 7 and 9-foot temperatures at the mouth of the discharge cove was
74.6°F, indicating the presence of a zone of water temperature exceeding the 5°F
delta. This zone extended approximately 630 feet out from the mouth of the dis-
charge cove along the 1ine of the cross-section (A-A'). The areal extent of the
5°F delta, 25 shown by the shaded area of Figure 28, represents about 10 acres.

The cross-section for dissolved oxygen appears in Figure 29.

L. 11 November 197§

On the day of the survey the following conditions prevailed: winds during the
early hours of the day were generally out of the west ranging from calm to 3 knots,
but by afternoon became more southerly at from 3-7 knots; afr temperatures ranged
from 36-69°F; ANO generation from midnight to 1800 was 720 + § MW; and reservoir
throughflow was discontinuous, ranging from near-zero from mignight to 0700 to
about 8000 cfs from 0700-1600. Greater throughflow occurred in the early evening
hours, pooling &gain commenced &t 2200, and the average discharge for the day was
about BO0O cfs. The full survey report appears in Volume 11,
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The temperature cross-section appears in Figure 30. Ambient temperature
for the survey was 65.5°F, making the 5°F delta 70.5°F. The average of the
surface, 3, 5, 7 and 9-fooct temperatures at the mouth of the discharge cove was
71.2°F, indicating the presence of a zone of water temperature exceeding the 5°F
delta. This zone extended approximately 370 feet out from the mouth of the dis-
charge cove along the 1ine of the cross-section (A-A'). The areal extent of the
5°F delta, as shown in Figure 31 by shading, represents approximately 14 acres.

The dissolved oxygen cross-section appears as Figure 32.

M. 7 December 1975

This survey was conducted under the follow ations: winds were 3-6 knots,
predominantly out of the north; air temperatures ra..g.d from 39-45°F, ANO generation
was 705 + & Mw from midnight to 1400, then increased over the next several hours to
w24 2 MW from 1700 through the remainder of the day; and, unlike conditions during
“he previous two surveys, throughflow was essentially continuous and averaged 36,200
cfs. The full survey report appears in Volume 11,

The crosc-section of temperature is presented in Figure 33, Ambient tem-
perature for the survey was 47.9°F, giving a 5°F delta temperature of 52.9°F.
The average of the near-surface, 3, 5, 7 and 9-foot temperatures at the mouth
of the discharge cove was 56.6°F, indicating the presence of a zone of water
temperature exceeding the 5°F delta. This zone extended approximately 2100 feet
out from the mouth of the discharge cove along the line of the cross-section (A-A').
The areal extent of the 5°F delta, as shown by the shaded area of Figure 34, was
about 171 acres.

The cross-section for dissolved oxygen appears in Figure 35.
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N. 27 January 1976

The following conditions prevailed on the day of the January survey: winds
throughout the morning hours were northerly at 4-7 knots, shifting in the afternoon
to eesterly at 1-4 knots; air temperatures rargea from 21-40°F; ANO generation was
862 + 7 MW, and reservoir throughflow was discontinuous--being near-zero from mid-
night to 0700, 14,000 ¢fs from 07u0-1500, near-zero again from 1500-1700, returning
to 14,000 cfs from 17002200, with pooling again occurring by 2300. (Average
throughflow for the day was 7800 cfs). The full survey report is contained in
Volume 11.

The cross-section of temperature is presented in Figure 36. Ambient tem-
perature for the survey was 41°F, giving a 5°F delta temperature of 46°F. The
average of the near-surface, 3, 5, 7 and 9-foot temperatures at the mouth of the
discharge cove was 52°F, indicating the presence of 2 zone of water temperatures
evceeding the 5°F delta. Along the line of the . oss-section this zone extended
approximately 4170 feet out from the mouth of the discharge cove, which the areal
extent, as shown by the shaded area in Figure 37, was about 525 acres.

The cross-section for dissolved oxygen appears in Figure 38.

0. 25 February 1976

On the day of the survey, the following conditions prevailed: southerly winds
at 5-10 knots throughout the day; air temperatures from 48-62°F, ANO generation
at 862 + 7 MW, and discontinuous reservoir throughflow, with releases occurring
between the hours of 07001300 and again from 1700-2100 at a rate of 16,400 cfs,
while flow was near-zero the remainder of the day. The full survey report appears
in Volume 11.

The temperature cross-section appears in Figur~ 39, Ambient temperature for
the survey was 51.6°F, giving a 5°F delta temperature of 56.6°F. The average of
the near-surface, 3, 5, 7 and 9-foot temperatures at the mouth of the discharge
cove was 64°F, indicating the presence of a zone of waler temperatures exceeding
the 5°F delta. Along the line of the cross-section this zone extended approximately
2900 feet out from the mouth of the discharge cove, while its areal extent, as shown
by the shaded area in Figure 40, was about 573 acres.
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The crose-section for dissolved oxygen appears in Figure 41,

Vvil. SUMMARY

The conditions of Lake Dardanelle and the generation of the ANO facility
varied considerably throughout the course of this survey program. As a result,
the appearance and distributicn of the plume also changed markedly. Generally,
with all other factors being equal, the most significant factor regulating i“e
extent of the plume was the reservoir throughflow.“ Once throughflow becane
intermittent or low, winds became an important factor.®

There are three additional plume effects that require comment. Theue are
the questions of recirculation of discharge waters up !11inois Bayou to the in-
take, depression of dissolved oxygen concentrations in the area of the dis harge
cove;, and an apparent anomaly in vertical profiles of dissolved oxygen for the
area immediately northwest of the discharge cove.

Since current flow information tor I11inois Bayou is not availabie, the
question of recirculation must be approached by analyzing the isothermal contour
charts and by examining other pcssible exnlanations for the trends found on them,
This approach is complicated by the fact that the pre-operational survey indicated
that the characteristics of 111inois Bayou water differed from that of the main
body of Lake Dardanelle.®

“ For examp'e, compare the isothermal contour charts (high throughflow--Figures
6-10, pages 15-19) from “ne January 1975 report with those from the November
1975 report (low intermittent throughflow--Figures /<11, pages 17-21). These
reports are in Volume II.

5 This is demonstrated by comparing the isothermal contour charts from September
1975 (northerly winds--Figures 6-10, pages 14-18) with thase for November 1975
{winds 1ight and variable--Figures 7-11, pages 17-21), and with those for
February 1976 (strong, steady winds--Figures 6-10, pages 13-17). These individual
survey reports are contained in Volume Il

6 See paragraph 1, page 6 of the October 1973 report in Volume 1I.
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The Febryary 1975 survey report stated that:

"The watere of Iliinoils Bayou are warmer than ambient open
lake waters at all measwred depths. Ihis temperature
elevation 18 as mwh as §.8F at the near-swurface and 1.6F
at g depth o § feet. Although we would expect eome re-
eiroulatiom of discharge watere, thie seeme to be the case
only at the near-swrface. At the 3- and §-foot depthes,
the presence of a temperature mintmem near where Illincie
Bayou joins the main lake body auggeau that these deeper
waters are moving eouthuard..

The first quarterly summary contained in the March 197 ‘ummarized
the findings of the first three post-operational surveys as

"Temperatures in Illinote Bayou ranged from 1-§F above the
measured ambient in the main body of the lake. Ihere are
indications in the February and March survey of some eurface
reciroulation, whereas, all swrveys ut all measwured depths
show warmer water northeast of the intake, indicating that
flow i8 in a southerly directiom."®

These post-operational surveys were conducted under conditions of relatively
high, continuous reservoir throughflow and seemed to indicate a possibility of
some recirculation in the upper few feet. The survey in June was done under
similar reservoir throughflow conditions but seemed to indicate that no re-

circulation was occurring.

" .. The swrface temperature contowr chart (Figure §) shows
that Illinoie Bayou water, ranging in temperature from §1.5F
to 86.6F is gemerally warmer than the ambient open lake watere
that are 82F and cooler. A general SF increase in water tem-
perature te eseen at all depths to nine feet as one moves acroee
Jllinole Bayou from the southeast to the northweet. Also seeén
in thie survey 18 the eristence of nearly isothermal water in a
vertical colum from the surface dowm to the §-foot depth.
Reeiroulation of discharge water into Illinote Bayou appears to
be denied at all depthe to nine feet by the existence of water
at the Bayou mouth that is, in general, cooler than that uhwh
18 apparently moving southward (eee Figuree § through sV

7 February 1975 report (paragraph 3, page 4) of Volume II.
8 Quarterly summary and March 1975 report (paragraph 3, page 5), Vo'.me II.

9 June 1975 report (paragraph 5, page 3), Volume II.



The January 1976 survey was done under low, intermittent reservoir through-
flow conditions. As a result of that s: vey, the following observations were
reported:

".v. The near-swrfa = temt - 1ture measured at the mouth of
the irtake oo . - "+ 44F oomtour does extend from
the southeaste. - " . wake into Illinoie Bayou and
the tntake a. - 7 tnues past the intake into
the north g < This seeme to belie the
inttial ir

At the 2-f a “ depth, the temperatures
at the row 1 “ured nearly the same as
the near-sw. - 42 levels, wnlike at the
near-aurf. « v merally decreased in the
area of t#. :

At the ?-foot oen, cempercture in Illinots
Bayou toc “he wor:» .. .« ake cove were generally equal
to those &4 tne v - Bayou, though the central
portion was 00  &a - .« 0f lower temperatures.

Generally, then, there 1: a decrease in temperature northward
from the mouth of Illinote Bayou toward the intake cove. Were
thig the omly trend obeerved, recireulation would be indicated.
Contraindication comea from the presence of wamer water to the
northeast of the cove that appcau to be moving down Illinote
Bayou toward the intake."!®

The last paragraph of the above quote points up the crux of the problem
in making a definitive statement concerning recirculation. Are the cor wrs that
indicate recirculation the result of water, of a different temperature regime
moving down [11inois Bayou or a result of the mixing of recircuiating discharge
water with Bayou waters? The following pattern was seen in [11inois Bayou during
the April 1875 survey which was conducted when ANO was shut down.

"Water temperatures in Illinote Bayou are warmer than thoee
in the main body of the lake .

The temparature patterm in Illinois Bayou followe closely
that of the Jan.ary and March 1975 eurveye. There are

10 January 1976 report, beginning with paragraph 2 of page 20 and continuing
through paragraph 1, page 21, Volume II.
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generally warmer waters on both shcres 'Ath cooler waters
in the center. The temperatige elevations seen in Illinoie
Bayou during this wnderway survey were not a8 promownced as
on the three prior operatiomal measwurement programs. A
eurface reoonnateeance dwring the morming of 16 April did
show a eim'larity to the previous surveys, with swurface
temperatures acrose the main body of the lake ranging from
§6.7F to §7.8F, and surface temperatures alomg Ilitnots
Bayou (to above the railroad bridge) ranging from §5.28F

to 60.6F. Bowever, during the morming, windes were moderate
to 4 knots, Im the aftermoon, when the wnderuay data were
taken, the winds had increased to 10 knote, which enhanoced
surface cooling and mxing., It can e coneluded that some
of the temperature elevatiom in Illincis Bayou seen dur:'nq
plant cperational swweye was due to natural conditions.’'!

An e«planation for this temperature 2levation in I11inois Bayou may lie up~
stream. The area behind the railroad bridge over I11incis Bayou upstream of the
intake cove is wide and shallow. Water is tranped there by the causeway that
blocks the layou 2Imost to the north shore. Bayou water may circulate slowly in
this area, experience solar heating, then move downstream toward the intakn. This
would explain the temperature range and distribution measured in the April ‘natural
condition) survey as well as in the operational surveys.

The results of this survey program do not, therefore, provide conzlusive
evidence for c¢r against recirculation.

The effects of the ANO discharge on the levels of dissolved oxygen in Lake
Dardanelle are summarized in Figure 42. In this figure, three individual dissolved
oxygen concentration plots appear for each survey. The first plot presents the
calculated saturation leve! for the ambient temperature of the survey The second
plot presents the calculated saturation values for the range of temperatures in
cross-section A-A', the same cross-section from the mouth of the discharge cove to
the southern shore of Lake Dardanelle as has been used throughout this report (see

‘1 April 1975 report of Volume I1 (paragraphs 2 and 3 of page 3).
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Figure 42. Dissolved oxygen levels along cross-section A'-A for calculated saturition at
ambient temperatures, caiculated saturation for minimum-maximur temperatures,
and meacured minimum-maximum dissnived nxyaen.



insert, Figure 42).'2 The third plot is of the measured range of dissclved oxygen
concentrations in cross-section A-A' for each survey.

Arkansas regulations prescribe that dissolved oxygen concentrations shall
not be artifically depressed below 5 ppm. In Figure 42 the 5 ppm ordinate has
been enhanced and labeled for comparison with the levels measured during the
various surveys. All measured concentrations are seen to be above this minimum-
value l1ine. Also, except for the 28 February and 24 September surveys, the measured
“i¢s50lved oxygen concentrations were shown to range generally right around saturation
5 not only for the temperature range of the cross-section, but also for ambient.

warent anomaly in the dissolved oxygen profiles for the area immediately
" the discharge cove first appeared in the Early August survey report.'’
goneral decrease of dissolved oxygen concentrations with depth, values
began incroasing after a certain depth, then again showed a decreasing trend. With
little variation, vertical profiles of dissolved oxygen for September,'“ November,'®
December,'® and January!” showed the same anomaly. The fact that the anomaly showed
up repeatedly in the same limited area and nowhere else throughout the survey area
suggests that it is indeed real and the result of some highly localized phenomenon.
No source for it was located during the surveys, and no comprehensive explanation
can be offered for the repeated appearance of this anomaly.

12 The determination of saturation concentrations of dissolved oxygen at the varinus
ambient temperatures and cross-section temperatures ranges is based upon Table
218(1): “Solubility of Oxygen in Water Exposed to Water-Saturated Air" founa on
page 480 of Standard Methods for the Examination of Water and Wastewater (13th
edition, 1971). Maximwuin corrections for saturated water vapor pressure at a
given water temperature, for the elevation of Lake Dardanelle above sea level
and for the range ot barometric pressures to be expected vary tabular velues
for saturated dis:olved oxygen by at most + 4 percent.

13 See dissolved oxygen vertical profile for Vy, Figure 2, page 11 of the Early
August 1975 report in Volume I[I.

1% yy, Figure 2, page 10 and Vg, Figure 4, page 12 of the September 1975 report
in Volume II.

'S Vg, Figure 4, page 14 and Vg, Figure 5, page 15 ¢ the November 1975 report in
Volume I1.

6 vg and Vg, Figure 4, page 13 of the December 1975 report in Volume [I.

1?7

V3, Figure 3, page 4 of the January 1976 report in Volume II.
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Appendix

This Appendix contains meteorclogical data from the records of the AND 10-meter
reporting station. In cases where 10-meter wind records were missing, 57-meter
readings were used and are so indicated.

Mention must be made concerning the units in which the various meteorological
parameters were recorded by different weather stations. A1l temperatures are
presented her¢ in degrees Fahrenheit. Where the original data was in Centigrade,
the appropriate conversions were made. Virious modes for the presentation of

wind parameters also used. The NWS at Littls Rock reported wind direction in

10 degree increments from O -360 and wind speed in knots. The monthly survey
reports (Appendix A) followed this convention for the most part. Wind parameters
from the AND station were received in two moces: (1) wind direction to the .earest
0.1 and wind speed in meters per second; and (2) wind direction expressed as the
16 points of the compass (N, NNE, NE, . . ., NNW) and wind speed in miles per hour,
For consistancy throughout this appendix, all wind directions are presented with
reference to the 16 points of the compass (presentation in degrees, though wore
desirable, is not obtainable as each "point" describes a direction within a 22.%5
arc).

Wind speeds are presented in knots. The following coaversions were used in pre-
paring the Appendix:

1 meter per second = 2.24 miles per hour
1 knot = 1 nautical mile per hour = 1.15 statute mile per hour
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Compass Point

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

NW
NNW

Correspunding Range

of Degrees
348-1
11-34
34-56
56-78
78-101
101-124
124-147
147-169
169-192
192-214
214-236
236-258
258-282
282-304
304-326
326-348






Appendix

Metevrological Data
ANO 10-meter Station

21 January 1975

Time i‘nq;“ied 1 Temétv;ture TQ%Seﬁgzcgc
| ______W_Dl:_e‘c_ti_c_’l\_]__?gtﬂ (F) (F)
0100 ENE 5.1 35 25
0200 ENE 5.8 35 25
0300 ENE 6.3 35 25
0400 3 5.5 3% 25
0500 ENE $.5 35 25
0600 ENE §.5 34 25
0700 ENE 8.7 35 26
0800 E 1.3 38 30
0500 ENE 6.7 42 32
1000 3 7.0 46 34
1100 E 9.4 53 39
1200 3 6.5 53 36
1300 3 5.9 56 37
1400 E 6.7 58 37
1500 ESE 5.0 60 36
1600 E 4.7 59 35
1700 ENE 4.3 87 37
1800 ENE 3.6 53 37




Appendix

Meteorological uvata
AND 10-meter Station
28 February 1875

[ ime

0100
0200
0300
0400
0500
0600
0700
0800
0800
1000
1100
1200
1300
1400
1500
1600
1700
1800

wind

Uirection

ESE
E
NE

WSW

NE

ESE

WNA
WNW

cc§fe

WEW

]

1.2
1.4
0.6
0.4
0.6
1.0
o8
2.3
3.6
5.9
5.1
7.0
8.9
8.5
7.3
5.1
3.6

Air Dew Point 1
Temperature Temperature
(F) (F) -
43 30
43 29
a2 29
4] 30
4) 30
4] Nn
39 30
40 3
43 34
50 36
55 38
58 32
60 30
62 28
£3 29
63 29
64 29
64 28
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Appendix

Meteorological Data
ANO 10-meter Station

26 June 1975

Wind Air Dew Point

Time ee Temperature Temperature

Agjissfion % ts (F) (F)
0100 3 $.3¢ 77 67
0200 ENE®* $. 3¢ 75 65
0300 £ 5.0% 75 65
0400 i 8.1+ 76 65
0500 ' 5.0* 75 64
0600 g 6./* 75 64
0700 £ 4.5% 78 65
0800 ENE®* 3.7 79 66
0800 &Y 3.3¢ 82 67
1000 ESE 3.7 86 69
1100 g 4.7 88 63
1200 ESE 4.7 %0 69
1300 SE 5.0 9 68
1400 ESE 6.9 92 68
1500 S 6.3 87 66
1600 SW 3.1 87 68
1700 SSE 1.9 88 68
1800 ESE 2.3 30 70

* 57 meter reading; 10 meter

n

not available




o

-

@&
- .
-3
w==fpar

«
b
@~
 Fo 8 |
W E

1

S

3] b
=
) i
| S <
o~ - L
- <L =~ §
g Ca
< » 5 |
o -4
’ Q
sl v
i
- - -T b |

<X QW
QL+

™ 4

X X

3 O
Ll

(Y

L L

. -

& L

& z

NNE

NNW

Y ' 4 s -7 ~— < =32 -
£ L o W O < < -
y v X N - -
v v . 2] P < ) o)
, y o~ W i o
vy o~ w -r < - o

¢ O 0O O 0O Q 9O 9
- o ' 3 ) »
. y < u r

D
O

—

',

Ié

"o



Appendix

Meteorological Data
ANO 10-mater Station
24 September 1975

Tine [ WL—;’E‘;T‘ Temperature | Tempergture
rection o) | (F) (F)
0100 W 2.7 52 50
000 Nw 2.7 56 5
0300 NW 5.4 57 52
0400 NW 5.1 57 52
0500 - - 57 52
0600 - - 56 52
0700 - - 58 51
0800 N 5.9 57 52
0900 NNW 5.6 59 53
1000 N 6.3 60 54
1100 N 6.5 63 54
1200 NNE 7.9 65 55
1300 NNE 8.5 68 56
1400 N 7.4 66 54
1500 \ 7.2 67 54
1600 N 6.4 68 55
1700 N 8.7 67 53
1800 NNE 7.6 65 51

n







Appendix

Metesrological Data
ANO 10-meter Station
7 December 1975

wind Air Dew Point
Time Sl ig::? Temﬁﬁarture Tempz;; ure
™ =
0100 NNE 5.9 41 37
0200 N 6.0 4] 35
0300 N 4.5 41 35
0400 N 5.6 40 35
0500 ENE 5.4 40 35
0600 ENE 4.7 39 35
0700 N 4.9 40 36
0800 NNE §.0 4] 37
0900 N ' 4.2 42 37
1000 N 3.7 a3 38
1100 NNE 4.3 45 39
1200 N 4.2 45 39
1300 ENE 2.8 44 39
1400 N 2.5 43 39
1500 ENE 3.0 a2 39
1600 N 3.3 ¥ 39
1700 N 3.8 38 38
1800 ENE 4.5 36 37
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~ppendix

Meteorological Data
ANO 10-meter Station

27 January 1976

wind

Time
Direction

0100 NNW
0200 NNW
0300 NNW
0400 NNW
0500 NNW
0600 N
0700 NNW
0800 N
0900 N
1000 N
1100 NNE
1200 NNE
1300 NE
1400 NE
1500 ENE
1600 ENE
1700 E
1800 ESE

‘ Air Deu Point
‘?EI"?"* Tem%iﬁrture empz;;ture
1
5.6 ‘7_; 27 20
5.1 25 20
6.3 24 19
4.4 23 19
4.3 23 19
6.3 22 19
6.0 21 18
5.9 23 19
6.1 27 20
5.8 29 21
4.6 3 21
‘33 33 22
1.8 36 23
0.8 38 23
1.1 40 24
2.3 40 24
3.9 37 25
4.3 33 25

T8




Appendix

Meteorological Data
ANO 10-meter Station

25 February 1976

Time

0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800

win
Direction (E::?
SSW 7.8
S 7.0
S 5.5
S 4.5
S 5.1
S 5.6
S 7.4
S
SSW 8.3
SSW 8.6
S 8.5
SSW : %
SSW 8.0
SW 6.6
SW 6.3
SW 5.8
SSW 6.7
SW 7.0

Alr
Tempiruture

Dew Point

Temperature

(F)

.

k¥4
32
33
2
32

L)

-

33
33
34
36
36
7
37
37
38
39
41
42

n



