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ARKANS AS POWER G LIGHT COMPANY
iuvaa company commme*ONDENCE

i
Arkansas Nuclear One '

'

Russellville, Arkansas
|

April 25, 1988 i

ANO-88-04380

MEMORANDUM

L
TO: Chris Longinotti

|

FROM: Richard Gillespie

SUBJECT: Arkansas Nuclear One
Oil Discharge To Lake Dardanelle
Due To Cooler Tube Leak

i

1

On April 14 operationz personnel noticed oil in the auxiliary cooling
when checking cooler flow from E-33 cooler. The p1hnt chemists were
contacted to take a' sample for oil analysis. One sample contained
41 mg/l and one sample contained 70 mg/1.

- Af "r confirming oil in the auxiliary cooling water which is discharged
tc .r.ke Dardanelle, valve ACW42 was closed preventing discharge. to the
law, and the discharge was diverted through the turbine builoing sump
to the oil and water separator.

. At approximately 7:00 .n. the discharge was surveyed for cil buildup.
No oil was visible in the immediate discharge area form shore. While
surveying thr 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
ano 25 yards wide. This sheen was very thin. Other small spots of.
sheen were west of the plant in the discharge bay. These areaa were
thin and breaking up when they were discovered, the oil sheen was
very thin and was not visible when contacting the shore ce shoreline
vegetation. No adverse environmental dan _ge was observed. It 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 Oil Spill Prevention Control and Countermeasure Plan. Please
find attached report of oil spill and notification record.

RDG:CRA:1ab

Attachments

cc: ANO-DCC
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ARKANSAS POWER & LIGHT COMPANY-

| Arkansas Nuclear One
|
I

M EPORT OF OIL SPILL 1072.05A
REV. O PC # i

REPORT OF OIL SPILL

DATE/ TIME OF NOTIFICATION 4-#-@

I. Description of Scill pg

A. Spill Dates b-.).@4<r- Q P Times DD,d
. y - -

B. General Weather Conditions:

Temperature d D 'F

Wind speed k miles /hr & / / gusty or / % / steady

Wind Direction (direction wind is from)

Lake Surface Condition (rippling, choppy, whitecapping) b m
C. Location of Spill (intat. canal, disc %rge canal, etc.)

d: s_ c-- m. o,
D. M nement of spilled material

_k k4 M b [s l ex 'S e (%r su r WK
E. Material Spilled (#2 Diesel oil, turbine lube oil, etc.) 0 '' f

%k _ Lb nq / D \.J e> > \

F. Quantity Spilled (gallons, barrels, etc.)
f*|0 di f1Abwn

Q /L

G. Source of 5 ill (barge, truck, oil cooler leak, etc.,)
L cCF cdev )u k :e- y u M

H. Operation in Progress (unloading oil, transferring oil, etc.) .

\ bkd M , N O, O V A -M. A s. r w ' nwt.

Corrective Action takent % w ) bg ) e v-I.. p

Ac% dm d. me d a ucic~
~TNrdeI O'.lhEA LOdu ScOncrJ3 M LAh k gD

i $C \[5_EfJ. Name of Pt

sonnel that discovered s\ . @ '
7a. o (cm c

.

M)
t -

K. Name of Personnel to contact at scene of spilla [w agy

!

|

_ - - _ _ _ _- _ _ _- _ _ - - - - _ - - - - - - --
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ARKANSAS POWER & LIGHT COMPANY.

r Arkansas Nuclear One
TITLEN0TIFICATION RECORD FORM NO.1072.05B

arv . <1

V 3 C Gr haf;oul Respsw C e"I*t Aefort4 9778
*

ogrg, ring
AGENCY PERSON CONTACTED PHONE CONTACTED

USCC Nationa1 Response Center E+s;.y 4 r e,u *1-800-424-8802* * * -Pl[ /0 0 5~
Je Ne Walte n /State Dept. Pollution Control A /c + / rice 562-7444 4-#4f/ /0/4& Ecology (24 Hr) 329-1201 /

Corp of Engineers 7ouA4v Sp/hcey 968-5008 1 */*N /0 28/
(Russellville) / #

/

Carts lo :nft: 753 -

+-/f' ff!/ol/AP&L ES Technical Analysis *T - Ra d: Office *3+6-8870*
!!m ^247-4836e- /

Office *370-|8874*
h>pY Ca|AP&J ES Technical Analysis * Edward I . Green *
Home +332-6115* /

753 '

AP&L ES Technical Analysis *Firdina C. Hyman* Office *3+0-8962* f-#~D //83/
Home *224-68598 .

/

For information purposes, the following numbers are provided:

U.S. Cnsst Guard (Metaphis) nee.kdays 1-901-521-3941
Emergeng-nignts , weekenda holidays 1-901-521-3912

EPA. Dallas 1-214-655-2666
24-Hour Eraergency

Corps of Engineers
(Little Rock) *378-5739'
(Russellville) 968-5008 '

Other Agencies Notified:
i

AGENCY PERSON C0h CTED PHONE
~ DATE/ TIME

CONTACTEJ |
'

|

.

!
-

|
._

Person aking Notificati. n:

L'f M ) A
- - w

|

THE MATERIAL CONTAINED WITlfIN THE SYMBOLS (*) IS DROPRIETARY OR PRIVATE INFORMATION.
|
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i U.$. Nuclear kegulatory Cometeston ~

operattone ConcerI

l_ DINT NOTITICATION WORK $MIIT
4

Septesoer 23. 1985 .

.an 1 of 2
1 N*ttitcatten Time i factitty or Orgentaattos Unit | Cs11er's Nasa a Telephone Number (for cell bact)t

W.TO Asw . !Atcansaaidc4 cone, I
i % 6 ny |(50:3 % 4 5217,

| D1XT CLA551T' JATION || YlNi DINT CATEGORY |1 NIT!ATION SIGNAL || f.AUSE OT F AILL|REI il I l_ 1 11| General ergency | | Reactor Trip /Screa || Mechanical
_ _ _ , , , ,

,
I | 5tte Area Emergency ||

1/iESTActuation | || | Liectracall_ | 4/A ti i L i| t Alert || g0 11 1 4/A
i i N/A | V . ECCS Actuatton | || | Personnet Leror11. I I I || I Nki Unusual 'v at i Safety lojection flow I I Procedurr laadequacy
11 $0.72 Non Leergency 11 | g|| l LCO Actton statement i || | Other'' his 84 *TI b I Yb I| | || 1ITr i Securtty/Sateguards || | t Other uo4 }}m ,$ cdul ll I !uht: M/A 11 1 I sysve rn.w ce r,eir <i | ||_ t

Transpor3gtonEvent |1 systees _

de st t ter || Event itse zone i Events neata | Day i
_

! 4, '"" e ||C.o.eo,
|| jar...s. cn!s'A| 8 |4 |i |4'r. 3s

!
| 1DTJef DESCRIPTION

A scall oil stMI 4e lake hide.ndle (vk ikt (lad did/g2) occuned in IIic e4<j metai.sg Mj |
kikfMyg4ftM} dd h a kfAh in kufbInf tdt' ClkCDOktf b*33. "fflM5' d * I '%)

| gu y<ders discovered nLe p(resence q cil in Ae ActJ *ide'i E 75 Ukis teolee iS checkMi

each sWH be k prpost j c ecUn N oil ItE8 bd% tr855u(t *il de le We I04 treasur !L|
I AC.L.) sidt, e\ Ng cockr\. M IS M M t 8 b D A '"5

$ ( |dt oik (lOM/ } 9g o||\ WLrt.
d(M h dt htf . Of spill (fsu.kks< IA A bin hi|s6,i.e.jan keen , ci) in 4 |0&1 ildd AIQhq} kg dischar (, (AMA) Ab OId4 id6/ *

f VObe%d af ti|fd d(t Sn4A!| 4 iS I
*

(CM4InsMth ofCfd66'f * f hot oragak g}a gh e g(g, J M Wj}} (jwh,ggggvgd,,i up j 11 0 *

j excepi de E-55 Acid discharge will *w ke boldec} bu de plad Mdage. N
,

I

Ace clida ill b <eded k 3e gl.td oil and eder 9<dee vu Ae futiAJIdig !j
Su m p , to (d} g wc.J *(p((ditn d 05\ freu AMg dbtf ko Lt diSe by|

.

V '

I ttwee ettor To Event (1):
Y|l| Did all systems function as requit 11 4 Yts i If 30. Expiata above. || l

1 | |
- ~

| Current Power or noce || Adytb1I.3 " unusual" or not understooit i NO l If YES, Lapiata above. |I 8 || | | |
- =

| Outarde Agency or Personnel ||
| Nettfled By Licenses || |

Colut1CTIVE ACTICli(*) \
bstate<e s: w,.Aa .ma;,n !! E 4100 L krb;ae kke oil coolee E-55 ks been isolded !| j"Mi*dM y; || I<om glad disc %c (* cil a4 dec uperaler vk turhi.ie build j j -

|- li pnt -
t R2.ident i vu i No i vt11 se || |.

lle6 tisaa i/ l ! || |
l| Others , , , , , , , , , _ _

I M') Wo4 || Mode of Operation T111 Correction | Esttaate Time To Restart: 1
,

11 de etM m u.a i me,h I WA Ii i '"" 8* 1"" e || i adottioast iotoraatio.oEgau Io i

(A d.S. Coad La<d Mdimal P.e. pense Cedee (Repe<+ * 4778) .,g'd
d.S. Aeq et9 of Enci,sec.a , , fM~'*dC

Aene mohTiedirnd occurred kehJten to:cs a.% and toi 3 Fa.sn. N.' 2' '

.

-

__ _ _ _ - _ _ _ _ _ _ . ._ _ __. _- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ARKANSAS POWER S. LIGHT COMPANY
INTM A COMPANY COMMESPONDENCE

Arkansas Nuclear One
Russellville, Arkansas

April 19,1984

ANO-84-4067

MEMORANDUM

TO: Dale Swindle

FROM: Richard GiHespie -

SUBJECT: Arkansas Nuclear One
Oil Solli

On April 7,1984, at approximately 6:00 a.m., oil was cbserved in
the discharge canal. The Oil Spill Team Leader was notified and
the oil containment boom was depk yed by- approximately 8:00 a.m.
The leak was found and isolated at approximately 8:20 a.m. The-

leaking component was a hydrogen ceal oi' cooler on Unit 1. The
oil (Gulferest 32, Turbine Lube Oil) ivcs leaking into cooling
water which discharges directly to the discharge flume. The
quantity of oil disc.narged was estimated at between 5 to 10 gallons.
See attached forms 1903.24A and B for weather conditions and noti-
fication record. ~~

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.
Oil on the roof was removed using oil sorbant. The ' roof drain
was flushed with water to remcve any 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 the discharge canal was ac-
! complished by using oil sorbent material specifically designed to
| absorb ca from the surface of water. See attached litt of type

and quantity of oil sorbent used. Oil sorbent was placed on water
i containing oil and left overnight and removed the next day. This
! action was repeated until oil was absorbed from water. Clean-up
i
l

e

.

. ._ . _ _ _ .. _ _- _ - _ _ _ _ . _ _ .



Dato Swindle..
'

April 19,1984
A NO- 84 -.9067

'

Pogo 2

of oil was confined to oil contained t;v the oil containment boom
and two small pockets of oil at each end of the boom, The
oil containment boom was removed from the discharge cana! on
Aoril 13,1984 at approximately 2:30 p.m. af ter clean-up opera-
tions were completed.

RDG C ' mil
Attac .oents
cc: Early Ewing

Tom Baker
Basil Baker
Edward Green, Little Rock
Sharon Tilley, Little Rock
ANO-DCC

M;g ament List

Oil Scrbent Used at ANO During Oil Clean-up in the Discharge Canci

(1) 3 boxes of Sorbent 5 Booms, 4 per box 5" x 10'
(2) ~1 Type T-126 (3M) Sweeps 17" x 100' x 3/8"
(3) 5 lis of T-100 (3M) 36" x 150' x 3/8"
(9 6 L t!es of Type T-156 sheets (3M) 18" x 18" x 3/P,100 sheets

per aale

o

e

e
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'(' ARKANSAS POWER & LIGHT COMPANY
.

.

Arkansas Nuclear Ono
mucs F *N-" m e. ., m, , , .,,,e.,,,,

---- , --_ --_
. s. is

_

REPORT OF OIL SPILL

DATE/ TIME OF NOTIFICATION f NbY/66/.7

1. Descr%, tion of Spill

A. Spill Date: M- 7- k Time: ^ d&66

B. General Weather Conditions:

Temperature 7 'F

Wind Speed b miles /hr & / / gusty or / V / steady

Wind Direction /, f' (direction wind is from)

Lake Surf ace Condition (rippli: g. choppy, whitecapping) [,

o'

C. Location of Spill (intske canal, discharpe canal, etc.)

_. N_ e n A.D t - P , % r_ n
.

-

D. Movement of spilled material-
x , ., . tux $ Y,4 st G r E l n u t o fi n . a f $ m )* *

-

O d 6&wa s2 .

E. Material Spilled ((12 iesel il, turbine lube oil, etc. -

) 7[> r nr. la(c en I
,

_,a | N - | ._, .. r Ali b ce -l' |_rA S|?ekec -v~ "' ME c(&
/~ d

F. Quantity Spilled (gallons,-barrels, etc.)
J .s pl.M .5~ (O ca(.&_ , , . . -

Q
G. Source of Spill (barge * ruck gil egoler leak, etc..)

i A M h D| f1Mkn , A$''EA. & du, i

~/ O
H. Operation in Progress (unloading oil, transferring oil, etc.)

H|t e.rrb icwe$ ---o- - . .Wn si +./En N_s . b rub Aso <*

d ,e:/ d. m s m , 9 $ 6
I. Corrective Action yak n: d /.S h /[ b ys,,,u g .3 u .,~ [c m /[o

Ya /E| $n$ Auw t d :c | Wdhs/*

e , sv sA

"W:3 2 k 3 2 2 N C 26).e ce4m 6h rf't.
06

-

J. Name of Personnel that discovered spill:M/d 7[moh #

#
~ g'~~ _ ,,; ,,

Name of Pe.rsonnel to contact at scene of spill _ y[,-W WW 3
. _ . . _ - w 3df

i~-!
K.

.h
'

-

-

1

- % .. __. ,

- _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _
.
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ARKANSAS POWER G. LIGHT COIVIPANY
WTMA COMPANY CQmmenWINosNCE

Arkansas Nuclear Ona
Russellville, Arkansas

January 28, 1985

ANO-85-01122

MEMORANDUM

# 70: J. M. Levine
W

.

.|i[yf3 ;,[g,j.FROM: , R. D. Gillespie ,
,j.g,g[g,t;fu.

'

.

.g.hjm;Qu.;i.s'aah.j,ArkansasNuclearOne . . . , . ,

,

,t..
. t .

,, 3.g g .3 39. - , . .

'

,

J.
,

? SUBJECT:
d[/,d,ThJ r e .,31 6 k, M,wdT. 'h[ Nib'.

,w. 4,

yh . ~- .'M8
.. . .' ., .

:L.@d/tYi'i j 0il Spill on January 25, 1985i

gg ':p '
'

.

y* o ;' On January 25, 1985 at 1900 while plant startup was underway (after 1R6, with
the startup boiler running) the Unit One A0s notified the control room of an

3*,3 oil spill in progress on the S/U boiler room roof. The S/U boiler, day tenk
(T-28) in the S/U boiler room was overflowing out its vent onto the S/U boiler-

". , ' room roof. The fuel oil transfer pump (P74A) used to fill T-23 from the'

diesel oil storage tank T-25 was immediately sr.opped, which in turn stopped
ar;. T-28 from overflowing on the roof.
' About an hour earlier a fire watch on 335' elevation of the auxiliary building

near the cire water flume called with notificattor. of a strong smell of
", diesel fuel. The control room dispatched the WC0 to the scene. He confirmed

the odor and notified the Aos to look around for diesel fuel oil leaks.
Shortly thereafter the A0s discovered the problem on the S/U boiler room
.cof.

]. -

S.i The problem on the S/U boiler roof was magnified by the fact that the roof
.? drains go straight tr. the cire, water flume which discharges directly to the

discharge canal and subsequently Lake Dardanelle.

The reason for the overflow of the S/U boilder day tank (T-28) was a stuck
leve) gagt. At the time, the S/U boiler was running, taking fuel from T-28,
and also P74A was running filling T-28. Tha Aos had no reason to not believe
the level gage, which read approximately 65c at the time of overflow.

The DEC was notined at 1905 and the Plant Manager at 1907. The Aos found
traces of fuel oil in the discharge canal at 1910, and the control room started
calling out the oil spill response team. At 1935 the Technical Analysis
hnager was notified, and at 1950 the Chemistry and Environmental Supervisor
was notified. At 2025 the US coast guard was notified, and at 2040 the
floating oil boom was in place across the surface of the discharge canal,
basically terminating the release of any more fuel oil to Lake Dardanelle.

.

b

. ,...a..:,: .. ~ = * . i i. . ~ ~ -- *^ ~ = -~-
'^

.. - .- _- ".. ...

_- _ _ _ - _ _ _ . _ - _ _ _ - _ _ _ _ _ _ - - _ _ _ _ - - _ - _ - - __.
. . .
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J. M. Lsvino Jenuary 28, 1985 ANO-85-01122 Paga 2"

The night time conditions prevent 9d the oil spill team from being able to take
any further action. They were released at 2230 and ask2d to return the next
morning.

On 1/26/85 at approximately 0700 the of1 spill team lea.ders and the Chemistry
and Environmental Supervisor went out on the lake to evaluate the conditions
of the spill. At that time they obsen.ed a thin layered oil slick covering an
approximate 40-acre area west of the ANO discharge canal to the main channel
of the river. A slight odor from the soilled diesel fuel could also be
detected. During their investigation of the oil spill, they observed a boat
with three fishermen in the area. The fishermen flagged the AP&L boat down
and began to question them about the oil spill. The AP&L representatives
assured the fisherman that the oil was not radioactive and that they were

going to do everything possible to clean up the oil. One of the fishermen
became very upset and made mention of the number of small fish he had seen
killed in the area and that he was going to notify the newspapers and
television about the spill. The AP&L representatives tried to explain to them

/ ~[}W g that the state people (i.e., Department of Pollution and Control and Coast
4g

k R Guard) had already been contacted. The fishermen left stating that they were '~ m

still geing to notify the newspaper and television stations.

The fish that the fishermen had seen were Threadfin shad which are killed each
year during the winter months when the lake water temperature drops to 42*F or
below. During the last week or so, the water temperature had been 36*F or
lower and a large number of these fish had been drawn into our intake canal
by the water current. When this happens, the dead fish become trapped on our
traveling intake screens. Most of the fish are removed by the screens. However,
some of 5e small fish are' sucked into the plant intake and travel through the
plant ano out the discharge canal where they float to the surface and drift to
the shoreline. Normally about 80 to 90% of the entire Threadfin shad population
on Lake Dardanelle die each yeer because of the low water temperatures. The
oil spill had nothing to do with the fish kill that the fishermen had seen.

After completin~g the evaluation of the oil spill it was decided that AP&L
would seek the aid of a professional oil spill cleanup contractor to determine
what additional effert could be done to clean up the spill. The Acme Product
Company of Tulsa, Oklahoma, was contacted around 0900 on 1/26/85 for this
pu rpose . Their company resprsentative, Mr. James G. Duncan, arrived on site
around noon and went out on the lake with the ANO Plant Manager, the Plant
Biologist and Chemistry and Environmental Supervisor to evaluate the spill.
After a very thorough investigation of the area affected by the spill and
amount of til seen, Mr. Duncan stated that there was no danger to the lake
environment from this amount of oil. He stated that the oil slick was so thin
that there was nothing available that would pick it up. He recommended that we
continue to monitor the lake shoreline for pockets of oil that might be cleaned
up later.

The Plant Biologist monitored the shoreline on 1/27/85 and 1/28/85 and have
not seen any pockets of oil that can be cleaned up. They will continue to
monitor for areas where oil might accumulate and can be cleaned up.

RDC/ cmc
cc: ANO-DCC

I
1--- - . - - -_ .-

-- - - . - . . - -.

-- - _ - _ _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ _ _ - _ -
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P1,AN 7 M AedV AL, SECTION: P90CEDUCLWORK PLAN TITLE: NO;
-
""" EMERGENCY PLAN OIL SPILL FREVENTION CONTROLh|h cem em'er s emn,3 ee .ea eper et m 1601.?4

| . . l
'

'

ARKANSAS NUCLEAR ONE (dmsma
PAGE ?? ef 22n '= o^'r a''c"n(/ i en A>.oe oAtt

--

_

. _ . _

ARKANSAS POWER fi LIGHT COMPANYgk/ma Arkansas Nuclear One
asui '

i mte. Mirvattovercern l ' 0"" " mas m
/ REV. # 3 FC e

""

(. .ap, DATE/TD E
ACEF*Y PEISON COVTACTTD PHONE 9'.TACTtD.

I f i,. .X USCG liettonal Response Cente, AU AT *i. oo 424-iso 2. ,. wm _ ,tig.. :
Q, 6: .: ., , , 's, ::

,
*

. . A Wt~
~

m L~ %-. ..

State Dept. Pollution Cont ol ,_ _ '

562 7444 - '"y , , ~ S :, " f ,

, , = /, . Ecolczy.

fj-,

5A?&L E3 Techoacal Analys * Dale L. Swindle * O tre +170 8870*.

one *455-1341*

/kAP&L ES Technical Analysts * Edward |.. Green * Office +370 8874*
) Home +332-6115*

AP&L E3 Technical Analysts *Firdina C. riy*L * Office +379 8962* A. ,

'Os Home *224 94sco
-

AP&L 43 Technical Analysts *Sharon R. Tilley* Off ce +370-8833* k
. Hon.e +776-13998

~

l

For informatten purposes, the followins nuecers are provided:,

U.S. Coast Guard (Memphis) . *l 901-521 3172*
24-Hour foergency

I?A 4411as *l-214-767 2666* -

;4 Hour Emergency, , -, , -

Corps of Engineers $378 5739'

other Agencies titified:

DATI/TI'tE
ACENCY PER$0V CDNTACTE0 PH0a T. CCGT5v

CE JAW 6 8?AY SP9-S:nl 2120
ADKt KALP 4FFr-4852t45 . -

Person 'taking hotifi6ation;

b
c:

!
' Els. .'Lil L}<I3. LW. 4 A i .'.t.t> w ! illl N fl6f M.'! Auu ( * ) la i kul k e t.f ahi un FRilAIT. lif0KLilla .

." .I s .

Ni M/A Pen ente sximece. '

G -r
. _ . _

L-.-r - E a- .. . _ . _ . _ . . . _.

-__ ___ _____ - - _ _ __ - - --

.
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Pi, ANT M ANUAL, SECTION: PROCEDURE.WOT.K PLAN TITLE: NO:
**

EMERGENC'l PLAN OIL SPILL PREVENTION CONTROLj:
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PAGE.
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ARKANSAS POWER & LIGHT COMPANY71
' '9 . Arkansas Nuclear One

' ''
'

"
|Foadmamtt

err-r+ -e -.. --. .
..

__

SIV. t, PC e ,,.y

$h '. . . .

.

. ; ,. 7 g ., u q
.

, , <.gy . . . , . .% %,..s. ,- . ;,..g
-

--$(/

. . ,

s ., . ,w
- -

M. -
.. , ,.* f k. . - *- y "i f ~

i'''pg g;* 1, ;g''',1:.A. Y Jij."!. (d :'T r,[3if (e4%4p 1N''
- b . . DATE/TI?2 OT d'JTITICATIOK

*

. ,j,, g@,,
.,.\

q c. , , ., ,,,,, gc,,, f. ,N, $'
.

f.

. +dQt 3 'f f
f(7b I$kihf4 7).*M.Descripti*n o(Spill 'g QJJM M .-

,

j' "($ .
.['

'

A. Spill Datet O _ Ti.el-f s19CO ~ ~

.

8. General Vestber Conditions:

Te mpe ra tu're 'T
.

.

b miles /hr & / gusty or / V / steadyVind Speed

Wind Direction F _ (direction ind is w
| .ake Surface Condition (rtppling, choppy, whitecapping)
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: ARKANSAS NUCLEAR ONE

( NPDES PERMIT AR0001392
HISTORY OF CHANGES AND M001FICAT10NS

September 13. 1974

EPA issues a proposed NPDES permit. This permit became effective
November 21, 1974 and expired November 20, 1979.

Nove,aber 16, 1974

EPA issues a final permit. The effective date was December 16, 1974 and the
expiration date was December 15, 1979. Changes from the proposed permit
were:

1. Once through cooling water discharge was authorized for the entire
period of the permit.

2. Free available chlorire in once theough cooling water was limited to
0.2 mg/l daily average and 0.5 mg/l daily maximum.

3. Ef fluent limitations for low-volume waste water, metal cleaning waste
water, and boiler blowdown were revised to total suspended solids of
30 mg/l daily average and 100 mg/l daily maximum; oil and grease of
15 mg/l daily average and 20 mg/l daily maximum; total iron of 1 mg/l
daily average and daily maximum; and total copper of 1 mg/l daily
average and daily maximum

4. Limitations were deleted for total suspended solids and phosphorus in
cooling tower blowdown effluents; and for total manganese, oil and
grease, and phosphorus in boiler blowdown effluents.

May 23, 1979

EPA issues a proposed permit. The effective date was December 1, 1979 and
the expiration date was September 30, 1980. Changes from the previous fiaal
permit were:

1. Renumbering of the outfalls as follows:

Outfall 001, once through cooling water
Outfall 01A, low-volume wastewater
Outfall 01B, cooling tower blowdown
Outfall 00c, teeated sanitary sewage effluents

2. A daily average flow reporting requirement was established at the low
volume wastewater outfall.

3. A daily average flow reporting requirement was established at the
cooling tower blowdown outfall.

4. A daily average flow reporting requirement was placed on treated
sanitary sewage effluent.

_ ______-___-__________-_ - _
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5. Monitoring requirements for Fecal Coliform were deleted at the treated
j sanitary sewage ef fluent outf all.
t

6. No schedule of compliance.

7. Part II of permit extended to include definition for metal cleaning
wastes and modification for the definition of flow weighted average
temperature.

July 20, 1979

EPA issues final permit. Permit ccatents are same as proposed permit
(including effective and expiratory dates) dated May 23, 1979.

June 5, 1981

EPA issues final permit. The effective date was July 6, 1981, with
expiration on July 5, 1986. Changes f rom the previous permit were:

1. For Outfall 001, the daily average flow limitation is increased to 1123
MGD.

2. For Outfall 002, totalized flow monitoring is deferred until
July 1, 1984.

3. For Outf all 004, daily average flow is changed to 0.15 MGD and daily
maximum flow is changed to 0.3 MGD. For total suspended solids the
daily average mass discharge limitation is changed to 37.5 lbs/ day and
the daily maximum mass discharge limitation is removed. For oil and
grease the daily average mass discharge limitation is changed to 18.8
lbs/ day and the daily raaximum mass discharge limitation is removed.

4. For Outfall 005, daily average flow is changed to 0.025 MGD.

5. For Outf all 001, ef fective July 1,1984, total residual chlorine limits
are changed to 0.5 mg/l daily maximum.

6. Effective July 1, 1984, no discharge of total residual chlorine is
allowed from Outfall 001, once through cooling water.

7. Effective July 1, 1984 chlorine discharge from Outfall 002, cooling
tower blowdown, is limited to 0.14 mg/l tota' residual chlorine.

February 11, 1983

EPA issues a proposed permit. The permit had no effective date, but expired
July 5, 1986. The fellowing modifications were made to the permit:

1. For Outfall 001, once through cooling water and previously monitored
ef fluents, effective July 1,1984, chlorine limits are changed to 0.2
mg/l daily maximum for total residual chlorine in accordance with BAT
(best available technology economically achievable) under Part 423.13
(b) (1) and (2). Associated mass limitations are applied at a daily
maximum flow of 1145 MGD and two hours per day of chlorination.

_ _ _ _ _ _ _ _ _ _ - - - __
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2. For outfull 002, cooling tower blowdown, effective July 1, 1984,
chlorine limits are retained at 0.2 mg/l daily average and 0,5 mg/l
daily maximum for free available chlorine in ac;ordance with BAT under
Part 423.13(d) (1) and (2). Associated mass limitations are retained
based on a daily average flow of 20 MGD, a daily maximum flow of
e3 MGD, and two hours per day of chlorination.

May 6, 1983

EPA issued a final permit. The permit became effective June 6, 1983 and
excited July 5, 1986. The following changes were made to the proposed
permit dated February 11, 1983:

1. The daily average discharge at Outfall 001, once-through cooling water
was modified to 1145 MGD. The mass limitations for FAC were revised to
159 lbs/ day daily discharge and 398 lbs/ day daily discharge maximum.

2. The PH limitations at Outfall 005, sanitary waste stream were deleted.

November 22, 1985

EPA issues proposed permit. There was no effective or expiration date. The

changes from the previously issued permit were:

1. Flow limitations were deleted from Outfall 003, 004, and 005. Mass

limitations were deleted from Outfalls 003 and 004. The free available
chlorine rass limitations for Outf all 002 were changed from 33 lb/ day
to 3 lb/ day (daily average) and from 83 lbs/ day to 7 lb/ day (daily
maximum).

January 31, 1986

EPA issues final permit. The permit became effective March 1, 1986 with
expiration on March 1, 1991. Changes were as follows:

1) A new Outfall, 006, wastewater holding pond discharge was added.

April 27, 1988

EPA issued a draft permit. There was no effective date, but expiration was
March 1, 1991. The changes from the previously issued permit were the
addition of two new outfalls: 007-metal cleaning wastewater and 008-reverse
osmosis wastewater (blowdown).

August 26, 1988

EPA issued a final permit. The effective date was August 28, 1988 with
expiration March 1,1991. Changes to the permit included:

1. Authorization to periodically discharge maintenance chemicals from the
ultra pure water processing system through either Outfall 002 (cooling
tower blowdown) or Outfall 005 (sanitary sewage discharge).

2. EDTA was added to monitoring requirements at Outtall 002.

1
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Both units intake cooling water f rom the Illinois Bayou and

discharge into a cove on the northern shore of Dardanelle

Reservoir. Unit I utilizes a once-through cooling water

system, while Unit 2 utilizes a natural draft cooling tower.
The temperature distribution survey consisted of a pre-

operational survey and a series of 13 monthly post-operational
Data was collected along a cross-section of thesurveys.

reservoir in the area of the reservoir receiving the maximum

impact of the discharge plume. This survey indicated that

plume behavior was affected by air temperature, wind and

reservoir flow-through. Analysis also showed compliance

with the water quality criteria of 95'P maximum and 5'F maxi-

mum increase.

A second, continuing program implemented in 1973,

before operation, involves monthly rhysio-chemical water

sampling at a number of locations and quarterly sampling of

benthos and plankton. Monthly water samples are collected

upstream, through the discharge area, and downstream of the

plant. These samples a.c analyzed for a wide range of para-

meters, including temperature. As expected, the cooling water

discharge does cause an increase in temperature over the ambient

temperature indicated by the upstream sampling station. Sampling

locations in the area of discharge routinely show temperatures

in excess of 90*F during the summer months of June, July, and

August. Based on monthly sampling, the highest recorded

-2-
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of ANO. Sampling is conducted at various locations to compare

unaffected areas with the discharge area. The fish population

in Dardanelle Reservoir consists of more than 50 species. The

first nine years of data has been subjected to statistical
analysis to determine the correlation of temperature in the

discharge area with the level of spawning activity. The con-

clusion of the analysis is that no significant correlation

exists. The mean weight of adult fish collected in the discharge

area was not significantly different from those collected in

other areas. The species composition in the discharge area is

not significantly different from other sample locations. In con-

clusion, the thermal discharge does not have a significant impact

on the fishery use of Dardanelle Reservoir.

AP&L has been conducting an environmental survey program

on Dardanelle Reservoir beginning prior to actual operation of

ANO, and analysis has been made of nine years of data collected

during operation. This data demonstrates that the cooling

water discharge causes a temperature increase approaching 5'F

during the colder winter months. In summer months , the maximum ,

temperature app aches 95'F. The water quality criteria of a

95*F maximum temperature and a 5'F maximum increase are indica-

tiv'e of actual conditions in Dardanelle Reservoir. Concurrent

with this temperature data, data has been collected on plankton,

benthos, and fish. Analysis has shown that the species diversity

and populations are not significantly different in the discharge

_4_
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DARDANELLE RESERVOIR-ILLINDIS BAYOU Ey.BitYIEill' SURVEY

PROGRESS REPORT NO. 26

Introduction

According to specifications of contract between the University
of Arkansas at Little Rock and Arkansas Power & Light Company,

this report is respectfully cubmitted.
Progress Report No. 21 under this title filed with AP&L in

February 1979 contains the standard field and laboratory proced-

ures for this project, and subsequent reports contain any changos

in procedure and data for the previous year. This report contains

data and a superficial analysis for the year 1982, and the reader

in referred to Report No. 21 for specific procedures.

Procedural Changes

There were no modifications of project operation during 1982.

Table 1 is a summary of our standard collection procedures, and

Figure 1 is a map of the lake with sampling stations designated.
.

Plant Ooeration

Unit I of ANO was shut down or in the process of being shut

down at trip time in April, August, November and December. These

shut-downs involved refueling and safety modifications.

1 i
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than in 1981~. .The lowest iron readings were observed i n the early

winter months, whereas the highest were in the early cummer nonths._

Chloride was too variable- to reveal any seasonal trends with the
in January. |. l'owest value occurring in Dacomber and the highest

J

|Copper test results were quito uniform throughout the year, as
\
l

were sulfate values.
During Apri.1 throuGh July, phosphate readings were highest

;

(off the scales estimated in excess of 3-mg/1). - Suspended sol-ids

were noticeably lower in September, slightly higher in May and

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

during summer and early autumn, whereas highest values were obtained
4

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

Conductivity values were lowest in. December ;

were fairly uniform.-

but otherwiseand highest in-January, corresponding to chloridn,
Tables.9-20 (Appendir. I) g3<e all'physico-chemicalrather uniform.

- .

-data for January through December, respectively.

Table 5 gives weights of plankton, while Table 6 gives numbers

and-phytoplankton/cooplankton ration. Total numbers were highest ,

'

=-in. July,but cooplankton.was most abundant in April
The largest

- .

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

April. Phytoplankton was m$re numerous at close stations in January

and April, whereas cooplankton was more numerous at close stations

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

; year showed 3 95 more phytoplankton and- 5 8% more cooplankton at

..the close stations. ,

In January, Melocira was the domirc. int phytoplankton taxon at

nine of the ten stations while Polvar+hra wan the dc aina nt

!

,
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Ta ble J 6. . Numbers of plankton '(per liter) and phy/ zoo
ratios, Lake Dardanelle, Arkansas, 1982.

,

(Total numbers are averages of atrip : count
and-field. count methods, a 2_nooplankton
numbers-are adjusted to: reflect that pro-
portion of- the averagi totals which ' the -

actual counts reflect of the strip count
total).

JANUARY APRIL _,

Station Total Zoop1. phy/ zoo Total _ ,Zoop1,. phy/ zoo.

1 M11 703 5 27' 3700 770 3 80 |
2 '4588 501 8.16 5278 1843 1.86
.3 7251- 858 7 45 5178 2555 1.03

le missing5 3467 -502 5 91
sam 561 2 74lo: 5074 811 5 26 5466 1

.

11 2968 604- 3 91 4328 1272 2.40
14- 5601 870 -5 44 3444 2583 0 33
15 3037 650 -3 67 4792 1 73 2.25
16 3280 577 4.68 5007 1o23 2.08
21 4001 362- 10.05 4907 1364 2.60

MEAN 4368 6% 5 98 '4678 1660 2.12-
>

s.D. 1343 168 2.00 708 591 2.10

JULY OCTOBER

1- _6732 940 - 6.16_ 2590 455 4.69
2- -5752 979 4.88 '3510_ 682- 4.15
3- 7140 ;1211 4.90 2952 777 2.80
5- -4968 2198 1.26 3025 638- 3 74

101 5928: 1012 4.86 3435- 1094 2.14-

11- 6845- 1678 3 08 -3386 636_ -.4 32
14 5130 1270. 3 04 2277 735 2.10
15 6914 .1332 '4.19- 2418 464 4.21
16 -7759 1031 6 52 2587 377 5 86

121 8258 908 8.09 W36 640 5 93

MEAN 6543 -1256 -4.70 -3062 650 3 99.

S.D. 1081 '406 1 96- .652- 264 1 35

.

f

. |<

)

:
-

-
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cooplankton taxon at all- ctations. In April, Cyclotella was the
'

-dominant phytoplankton taxon at five of ten stations (others variod) .

.whereas the dominant cooplankton taxon saried among Polyarthra,

Boemina_ Keratella, Diantomun and Asplanchna . In July, the

dominant phytoplankton taxon was oscillatoria.- while the dominant
:

sooplankton taxon varied among Polvarthra,- Hexarthra, Asolanchna. j

l

and Brachionus. In October, Cyclotella was the dominant phytoplankton ;

. taxon at eight of ten stations ( Ankistrodesmus at the- other two),<

whereas the dominant sooplankton taxon varied among polyarthra,
I Brachionus, Keratella_ and others. Tables 21-24.(Appendix II) |

contain complete phytoplankton data,'shereas Tables 25-28 (Appendix

,
III) give complete cooplankton data.

Table 8 is a summary 6f the abundance of benthic organisms at

close versus-distant stations. There were more Chaoborus 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 Sphaeriidao-

' were 'more abundant at ' close stations in July and |0ctober. Corbicu]a

were present only at close stations in July and October. Chironomidae- ;

was_the most abundant taxon #in. January, April and July, and Chaoborus-

was the most abundant in October. Tables 29-32 (Appendix IV) give-

complete benthic data.

4
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Four sampling areas were used. The one control area, Backwater Area A,

is -located eight miles upstream away from expected ANO 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 ANO, ,

station Channel Area D is located in the main river channel downstream of

the discharge embayment, and station Intake Area B is located in the

Illinois Bayou arm of the reservoir. This area is the least influenced 4

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 AND. Several

concerns were raised in the Final Environmental Statement issued by the |
*

United States Atemic Energy Comission (later called the United States

Nuclear Regulatory Comission). Among the concerns identified were:

(1) what affect would impingement have on the fishery and (2) what affect {t
would the thermal . discharge have on the species composition in the dis- QF.-
charge area and on the reservoir _as a whole. Would thermally-tolerant c p e ''

tu W
species of fish such as Carp, Drum, Bowfin and ' Gar assume an unreasonable , ,a ,,J

,

ye
percentage.of the population?, g ,,j !

-.

,

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 Eel, was identified (Table 1),

i
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UseCatfish species were never collected in any of the 5 urples,I areas.

of the mid-water trswl yielded Clupcidae species as the dominant species
j

as well. However, greater species diversity was noted in this type sample

gear, probably due to the larger fish it is designed to catch, and changeI

of habitat as they grow. Actual data analysis and literature searches in-

dicated that survival of larval fish was usually less than 5f., Natural

factors such as disease and predation exert a powerful influence on sur-

vival of larval fish.
-

-_

Abnomalities and parasites found on larval and juvenile fish consisted

of growths of unknown origin, Lorodosis (humpback or crooked spine).

Henneguya and Ichthyophthirus. Fish with growths were found in all the

sample areas with the least number of grcwths being found in the Discharge

Henneguya and Ichthyophthirus were found intermittently on Channe.1Area C.
!g|Catfish, Freshwater Drum, and the Clupeidae species. The incidence of
i

Lorodosis has declined to very small numbers since the use of toxaphene,

a herbicide, was banned for agricultural use.
.

_

A study of the mean length of juvenile fish caught in the mid-water trawl

over the nine-year survey period revealed that the Clupeidae species, un-

identifiable to species, ranged from ?J.1 m in Backwater Area A to 35.6 m

in Discharge Area C. Gizzard Shad juvenile mean lengths ranged from

60.5 m in Discharge Area C to 80.6 m in intake Area B. Threadfin Shad

juvenile mean lengths ranged from 50.0 m in Discharge Area C to 58.4 m

in Channel Area D.

Chanr.el Catfish ranged from 128.0 rn in Backwater Area A to 169.4 m in

. Discharge Area ; Blue Catfish ranged from 139.8 mm in Intake Area B to

_ _ _ _ _
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Pre-operational and operational rotenone data was the only informati_on

, compatible with the surve) , and was used to determine species compos'ition .

.and give a more accurate assessment of weight trends. Backwater Area A-

was sampled consecutively ft om 1973 through 1982, and uischarge Area C

from 1971 through 1982.

All-but one species of fish exhibited a tendency toward random weight
..

distribution. Threadfin Shad in Discharge Area C tended toward nonrandom )

:f/
,

$clustering (P=.0529). Mean weights tended to be somewhat higher in Dis-

charge Area C for Gizzard Shad, River Carpsucker, Channel Catfish, Warmouth
'Ii

,mb
and largemouth Bass.

,

'
.

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
j

(Table 2).p '

|
~

TheSpecies composition in the two areas (Tabia 3) showed randomness.

only exception was found in an increase in Striped Bass numbers in Back-
L _ _

Drum could be th6 onlywater Area A for. the last four years (P=.0167).

identified thennally-tolerant species to have exhibited a -significant in-

' uver', this trend'showed up prior to operation of ANO, and acrease.-

!' similar trend was seen in Backwater Area A.

Conclusion -
f

Species composition in Dardanelle Reservoir has not reached equilibrium

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

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

l'
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- Table 1. Some of the species of fish collected in Dardanelle
Reservoir from 1974 through 1982..

Lepisonteus productus Spotted Car
Lepisosteus osscos -Longnose Car
Lepisosteus platostomus Shortnose Car
Dorosoma cepedianum Ci ard Shad
Alosa chrysochloris Skipjack Harring
Dorowoma petenense Threadfin Shad
Carpiodes forbesi River Carpsucker
Ictiobus bubalua Smallmouth Buffalo
letiobus cyprinellus Bigmouth Buffalo
Ictiobus niger Black B-ffalo
Ictalurus natalis Yellow Bullhead
'Ictalurus punctatus . Channel Catfish j

Ictalurus furcatua Blue Catfish
Pylodictis olivaris Flathead Catfish
Roccus chrysops White Bass

>

L Roccus saxatilis Striped Bass
- lMicropterus punctulatus Spotted Bass

Chaenobryttus coronarius Wa rmouth !,
.

Leposis cyanellus- Green Sunfish |
'

.

.Lepomis humilis .Orangespected Sunfish

L Lepomis macrochirus Bluegill

|=
Lepomis megalotis_ Longear Sunfish )

|
Lepomis microlophus Redear Sunfish |

Micropterus salmoides largemouth Bass ;
t

i Pomoxis annularis White Crappie :

Pocoxis nigromaculatus Black Crappie -
*

Stizostedion canadense Sauger ,

Aplodinotun _ grunniens Freshwater Drum .q

Notropis lutrensis Red Shiner j

Menidia audcas Kississippi Silverside.

Labidesthes sicculus Brook Silverside .

Notemigonus crysoleucas Golden Shiner
Notropis utherinoides Emerald Shiner

! Notropis volucellus ' Mimic Shiner
Notropis venustus Elacktail Shiner

Silverband ShinerNotropis amoenus -

Pimephales vigilax Bullhead Minnow- .
,

.Cambusia affinis Mosquitofish
Ania calva Boufin

| Percina caprodes Logperch
Anguilla rostrata American Eel'

Hiodon alosoides Goldeye
Hiodon tergisus Mooneyc

, .

Moxostoma carinatus River Redhorso'

(continued)
i.

|
1 '

f

-

,

_ _ m._ ..---e.- . . . , - -,,4.-.. , ,..--r, - ,
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Table 4 Predator to prey ratio by weight for exa areas in
Dardanelle Reservoi: uslug rotenone campling data.

BACINATER DISCllAK"E

DATE AREA A AREA C

1:6.4*

1971 -

1:3.91972 -

1973 1:8.6 1 : 3.,6

1974 1:6.8 1:8.1
.

1975 1:11.7 1:10.2

1976 1:11.3 1:9.0

1977 129.7 1:9.3

1978 1:8.4 1:11.9

1979 1:11.0 1:15.1

1980 1:5.5 1:12.5

1981 1:8.2 1:3.5

1982 1:6.6 1:11.7

|

_-- - - _ - - _ _ - - _ _ _ -
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' + ? ARK ANSAS POWE A &-LIGHT COMPANY
INTHA COMPANY CORRCDRONOCNCE

cMr,' 6, 1985
.

CL-8 4171

FEMORQD3

10:- Mr. Paul N. Means

FROM: Edward L. Green g[yE/ ( tu.s cb

_ SUBJECT: Arkansas -Nuclear One Water Quality _ ~ Use Att ainabilit!

| ..

|i Attached, you will ' find an appendix to the October 30. : 1984 Summary Report of
L Environmental Impact of Thermal Discharge submitted to the Arkansas Department

,- of Pollution Centrol- and Ecology, and Environmental Protection Agency by
'

AP &L.-
|

-Mr. Larry Chatepagne. EPA coordinatar, in his letter of. January 10. 1985,-raised
a few - questicus about the data requiring an explanation. In a telephone

. converution bistween Mr. Champagne. and Ms. Sharoa - Tilley, . AP&L- Technical
Analysis, May 3 1985, Mr. Champagne was satisfied with the verbal explanation

: to his questiona, and is looking forward .t o the wrir. ten reply. He-was also
|- most cotiplimentary of AF&L's report aad data sutwaries.
!'

Please forward copies of this appendix to ADPC&E' for them to file with EPA. If
'

you have any questions, ple we let me know.
i

|-

|

| ELC/SRT/tlw

Attachment ,

..

-cc: Dr. D. L. Swindle
O Ms. t'. R,. Tilley /

[ !-

|

|

| .:

IJ
l'
.

I

'

.

& e- 9p' ec %wL e s - J- y.-u, q y. yrppe9yg-q 9 .yesaya e--pg_,4* - + -qwpggw y e%+ap map-y-,--ypgy % m--igm + .+ r mim9-g-y yqe ( y 9g m-qg 7 9 7 ==M
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This appendix to the Summnry kepart of the Environmental Impact of Thermal
D i acha r ge is being submitted to clarify several quest ions raised by the
'rnvironmental Protection Agency in their letter of January 10, 1984, to the

Arkansas Department of Pollut ion Cont rol and Ecology.

as follows:The specific questions weie

Item 4. It was unclear how affected and unaffected areas were determined
(Dardanelle Reservoir Fishery Survey). A brief explanation of the

method of delineation should he included.

It em 5. Table 3, the thetmal loading table (Dardanelle Reservoir - Illinois
Bayou Embayment Survey), is confusing. Ilow are the dat a in this table'

used to determine areas in the lake which are affected and unaffected
by the t hertnal discharge?

In respanc.c to item 4, the location of thc ;ampl in g st at ions was briefly
discussed in the report under the sect'on heading S AttP l. l HG . The attached
Figure 2 shows th* location of the four sample stations. St at ion A is thc
control station, and is located upst ream beyond influence of the thermal
discharge. Station C is located in the discharge canal, and Station D is
located downstream of the cenfluence of the thennally-heated discharge wat e r
and the main body of the reservoir. Both stations were predicted to be
impacted by the thermal plume, Station B is located near the mouth of the

\ intake c.a nal , and is a part of the study to determine impingement and
entrainment impacts. It was al o predicted in the early days of study design
that the thermal plume might spread around Bunker 11111, and loop back to the>.

intake area. This phenomenon has not been observed to occur.

Therefore, affccted areas for the fishery study were determined to be Stations
B, C, and D, and the unaffected area vould be Station A.

In cesponse to Item 5, the affected and unaffected areas of the reservoirdetermined by thermalsurvey as it relates to physicochemical parameters were
impact studies performed before plant operation, and were charactericed by
river flow at various times of the year. It was predicted that the discharge
canal, Stations 1 and 5, would receive the most significant thermal impact. At

the confluence of the discharge and the Arkansas River, it was predicted that
the plume would extend out to Stations 3, 10, and 11, and, at times, might
extend around Goose Island, Station 7 (Figure 1). Actual data supports most of

.
,

the predicted areas of impact.

The heated effluent is fairly evenly mixed in the water column at S t at.io n
1. The maximum temperature difforence between the intake water and that
discharged in 1982 was 15*F in Janus y. Actual data indicates that the
thermally-heated water rapidly rises to tne top few feet by the time it reaches
Station 5 near the mouth of the discharge bay. When mixed with the Arkansas
River, there is rapid dissipation of the plune, and it usually becomes
undefined by the time it reaches Stat ions 3, 10, and 11 (Table !) .

To clarify the question concerning Table 3, the thermal loading table,

proportions were calculated by dividing the station of interest by the intake
temperature, Station 16. The proportion could also be expressed as a

percent. For example, in January, Station 1, the immediate area o t' discharge

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _
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ARKANSAS POWER S. LIGHT COMPANY
INTMA COMPANY COMMEND 8ONDENcd

litt!c Rock. Arkansas
June 26, 1985 [ 3'

- JUN 28 ,,_ M
ARKANtAS POMR & UGHT 00

MEM0RANDUli TECHNICAL ANALYSi$ SLCil0N

TO: Mr. Charles L. Steel ,

Mr. Jack King
,

FR0ft: Ray F. Cox

SUBJECT: ANO - Lake Daru 4.le Water Quality Standards

in 1984. EPA made major evisions to the Water Quality Standards Regu-
lations. Part of these revisions required all existing exceptions tn ,

iStat.e Water Quality Standards to be re-justified, in order to use
once-through cooling water on Unit 1 at ANO, AP&L obtained a variance
to tt'e tempcrature standards for Lake Dardanelle. To ccmply with the
new regulations AP&L, and anyone else oport ting under an exception,
was required to re. justify the basis for the variance. A failure to
retain this variance would have required the constructicn of a cooling
tower at Unit 1.

AP&L and approximately 15 other businesses and municipalities made the
necessary filings to retain their variance. As indicated by--the
attached letter, EPA accepted our justification and t.pproved a continued
variance to the temperature standards on Lake Dardanelle. As a point of
interest, EPA rejected all other applications for a variance frun the
state of Arkansas.

RfC:PNM:kjs

Attachment

cc: Mr. Paul N. Means-
Ms.-Sharon Tilley
Dr. Dale Swindle-

,

9
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June 18,1985

Mr. James R. Shell
Chief. Water 01 vision
Arkansas Department allution ^

Control and Ecolo9y
8001 National Drive
_ittle Rock Arkansas 72209

Dear Mr. Sheil:

We have reviewed the Arkansas Power and Light Company's response to
our comments on their use attainability analysis (t|AA) transmitted
with your letter of May 31. 1985. The concerns stated in our letter
of January 10. 1985, have been adequately addressed, thus the UAA is
fully approved. The exception to the Arkansas Water Qua.ity Standards
in water temperature for Dardanelle Reservoir is now fully justifiable. ,

Thank you for your cooperation in this matter. If you have any
questions, please do not hesitate to contact us.

Sincerely.

ffi
-

7 Hyron 0. Knudson
Director. Water Matagement Division, 6W

1
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TEMPERATURE AND DISSOLVED OXYGLN pR0f!LES IN LAKE DARDANfLLr, 1971 1980

slohn D. 91ckett, Dept. of Diology, University of Arkansas at Little Rock,
Lit F kock, AR 72204. !

it, cv' i. <j a'
,

A variety of sampling sites were chosen in Lake Dardanelle: some would 7'' '

undoubtedly be iffected by the construction and operation of AND, Unit 1
(Arkansas Powe. ? Light Co.), other site'. would be marginally affected, while
still others would probably not be affected. Contrary to what was expected,
dissipation of the heated effluent in sumer did not require more time or lake

3

Since the plant is. regulated to a maximum ef fluent tempqature, very high / ' h,-area.
2f <. l- g'hiambient temperatures (e.g. the sunmer of 1980) f orced a partial shQ-down.

general the thennal load was confined to the upper two feet (0.61 m; orthe lake "

and dissipated within 70D0 f t (approx. 2.1 km) of tSe point of discharge. Dissolved -

oxygen content was not greatly influenced by thennal loading. Stations receiving
heated ef fluent conrnonly had slightly greater D.O. content probably because of
an elevated rate of photosynthesis. The lake never truly stratified, but a few
deeper areas revealed some stagnation and oxygen depletion. Normal seasonal
change accounted for most of the variation in D.O. content.

.

.

-

Name and AdJress for Correspondence: tienior _y,X_ or Cou cciate
Dr. John D. Rickett

Type or Projection r,quipment:
Dept. of Biology 35 m Carousel projector
University of Arkansas at Little Rock

Time needeit l'or presentn tion- 15. .

Little Rock, AR. 72204 Ulot to exceed I"> min 3

Ill0hT:.501 569-3"10 _ __ '
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ARKANSAS POWER & LIGHT COMPANY
POST OrrCE DOX 551 UULE ROCK. ARKAfSAS 72203 (DOM 37140[O

June 14, 1985

CL-B5-245

MEMORANDUM

TO: Mr. Jim LeBlanc, MSS

FROM: Mr. Edward L. Green

SUBJECT: EPA Proposed Ambient Water Quality Criteria for
Olssolved Oxygen

This letter is in response to your letter of May 16, 1985. requssting
comments on the EPA proposed ambient water quality criterla for dissolved
oxygen. A general review of the proposed criteria does m.t Indicate a =,

significant impact on the operation of AP&L's power plants. We operate
under the non-salmonid water criteria and the 5 mg/l dissolved oxygen
criteria has not changed.

9w . . . , :., ,.v . . . ,

'The State of. Arkansas standard spectfles not'., loss than 5 m9/1 dissolved7;,
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/l under natural conditions

'as well as going below the EPA proposed 3 mg/l acute mortality limit
under extrema 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 colle$tlon at' Arkmas Nuclear One -(ANO) on Dardanelle Reservoir
'

..

during the 1970's and earl, 1980's was quite extensive due to the non-
~

radiological environmertal monitoring requirements of the Nuclear Regula-
tory Consnission. 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 the dissolved oxygen
measurements over a period of years.

Figure 1 is a map of the location of the physico-chemical sample stations
located in Dardar.elle Reservoir in the vicinity of ANO. As indicated by
the dashed lines, stations 1, 3, 5, 7, 10, and 11 are areas of predicted

ewonn tecote sours uriurics avsrm
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ARKANSAS POWER S. LIGHT COMPANY
I NT s t A C O M 85 A N Y C O 61618. tA ssO N D E N C t2

August 27. 19F4

CL-84 372

MINORA!iDUM

T0: Mr. Edward L. Green
,

Tilley h Ytim t c[[hFROM: Sharon R.
3

SUBJECT: Water Temperaturen in Dardanelle Reservoir at !; elected Stations an
Eccor ded by t he University of Arkannar at Little Rock (UAl.R) for 1980
Through 1983

As you requested. I have revieved the temperature data ju Dardanelle Reservoir
for the yearc 1980 throagh 1983.

-

'i.verage water te operatures (F') were recorded f or Station S located at the mouth ; /

of the discharge bay; Stations 3, 7,10, and il located in the vicinity of the 16 [?6 8' '
discharge confluence and considered areas of potential cixing; Station 16 lo- j
cated near the intake canal; and Station 21 located upriver f rom the discharga N[ d/

d

confluence, and represents near-characteristic ambient water teroperature (ace f@ g
+1) o f blJSC $ Nan / -! sv11 ? 7Attachment A cnd Attachment B). >

y' lb 1 ,,rJ 1r cpssa
average water temperature f or the four-year period was 89.!*.t'Tne fThe highest

b"]( 2ambient water temperature at Station 21 in July, 1980, was 92.69 and was the JJ
,

It should be nbted that the.samplingi rhighest recorded for the four year period.
is perforned once a month and temperatures greater than 90* could have occurrerl.) / d. |j
during any of the years revieweri. Q L,r

All stations in the mixing zone (Stations 3, 7,10, and 11) were less t.han 3, ^"fth [i7 t.
^

abovo ambient during the four yearn with the exception of the followingt - fJ

!(fts (2 4iiI /"Station 10 5.3' February, 1980 t'

1.
'#

Station 10 4.7' . April,1980 -- -

'

:p
Station 11 4.6' May,'1981 ~*m

i

Station 10 3.1" August, 1981

As discussed with you earlier, the af fect of temperature on the condition of
fish dependa on the species of fish and the presence of toxic chemicals and
metals. It is, aino, an established fact that high water tecperatures cause

. _ _ .__- . _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Page Two

oxygen depiction. flowever, our monitoring studieb, particularly the Arkanssa i

Tech project, have not indicated any adverso affect on fish age and growth,;
~

spawning activity, species density, or dintribution. These findings were re- +

ported in the annual reports to the NRC. [
!

Based on the temperatures in the mixing zone arcan (Attachment A) for the sum-
mer months, it appears that Arkansan Nuclear One would experience no dif ficulty p|
with the 90' maximum temperature proposed by the Arkansas Departennt of Pollution '

, ,

Control and Ecology. Ilowever, this conclusion is based on once-a-conth sampling,
and ADPC6E should be inade aware that excursions could occur based on the high

ambient temperature in 1980.

-i
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Average water tempelatures (F') 4t station 1 in Datdanelle Reservoir located la
the vicintty of Arkannar Nucitar One. Lepths are 1. 2, 5, 7. and every 5 f oct

thsteafter to the bottore. Station 5 is located at the mouth of t he distbarre a
Stations 3, 7.10. and 11 are located in the reservoir ticar Qe dischart,e bay;
and Station 16 in located near the Antake c.inal in t he Illinoin Bayou aten.
St.atien 21 is lot.ated up st ream of the dischstre and should t o- P r e se*)t tiea r

ichar actet tstic a.nhicut w.it er temperat ures. See mer f or stat tun locations, i

STAi10N 61ATION SIAT'ON STAT 10N STATION STAT 10N FIA1 M
S 3 7 10 11 16 21

T U1PI R- TfMt R - TUtPIR- IDtPEk- T l.M Pl.li- T LMit K- l imi l:-

MONTH / YEAR A tt'RI ATURE ATlTT A I URI' ATURt Ni tti AttP r
,

|
'

1980 45.6 44.6 43.0 44.) 43.7 44.5 1. 5. 7January -

1980 .6." 37.7 44.6 38.9 37.8 39.3february - .

March - 1980 58.7 $0.h 47.9 49.4 eH.d 48.1 46.9
April - 1980 6 ti . 2 61.1 $8.7 b2.5 t,0.1 $$.6 57.8
May - 1980 '2.4 70.0 70.3 71.3 70.6 70.1 70.6

1960 90.1 82.9 81.2 62.5 62.0 80.6 81.9June -

1990 93.2 91.1 91.4 91.1 92.0 89.7 92.6July -

1980 92.5 88.9 87.6 B6.5 86.6 85.9 ff.9August -
j

Septtsbar - 1980 60.7 60.2 80.3 60.8 80.4 81.2 S0.2 i

Octobet - 1980 74.8 71.2 69.6 10.1 69.1 69.6 69.6 I

Nevember - 1960 60.7 E6 SL2 $5.4 55.3 53.1 $5.H |
1960 E8 52.4 30 4 53.5 $1.8 49.8 51.1 |N ec>sber -

it d 44.4 41.7 41.9 42.3 42.2 42.5 41.1January -

1961 46.3 42.8 43.2 45.3 44.9 45.3 43.9rebruary -

1991 $ 62.4 57.2 $5.9 57.0 $5.9 $$.2 '7.6 |Mrch - ,

1951 75.7 07.0 06.2 6h.0 66.1 b4.9 68.2 jApril -

1961 71.3 66.6 %.7 67.9 71.0 67.1 %.4 jMay -

1901 91.2 64.0 81.7 85.3 83.7 6).9 d2.7 .Junc -

1981 91.1 88.2 68.6 90.0 89.4 90.3 08.4July -

1931 83.8 81.4 82.1 84.3 82.0 62.9 81.2August -

September - 1981 80.9 77.1 76.9 76.7 78.9 73.3 76.9 j

1981 68.2 64.7 62.4 62.2 64.0 61.9October - .

1981 64.1 59.1 58.2 60.3 58.4 57.3 St.)Noveribe r i-

1981 51.7 44.0 42.0 43.0 42.9 41.0 41.1 |December -

January - 1982 47.2 40.9 39.9 40.9 40.6 39.1 39.1 ,

1982 54.0 4a.9 47.5 49.8 42.2 48.6 47.6February -

1987 e5.1 61.8 60.5 62.1 61.6 58.7 60,3March -

1982 57.3 55.7 55.7 56.5 E4 E2 55.1April -

1982 79.3 73.8 73.6 76.5 74.2 75.8 73.9- iMay -

Jur.e - 1982 e6.4 78.0 79.0 80.6 78.7 79.9 79.4
July - 1982 94.0 88.4 68.1 08,2 W.2 69.4 85.9

1982 8 4 . *, 85.3 85.3 85.6 10 .7 H3.4 84.0Au8ust -

September - 1982 86.7 83.5 82.b 82.5 82.2 84.6 84.0
iPS2 76.3 71.2 69.9 71.1 09.8 70.1 69.7October -

November - 1982 56.6 56.2 56.1 56.4 56.7 E3 E7
1982 4).9 46.6 46.4 46.4 46.6 47.7 46.7!?ec embe r -

January - 19bj 41.1 41.1 41.0 41.1 41.1 41.4 4!.3

1983 47.9 46.3 46.2 Abd 46.5 47.8 46.2february -

March - 198) 55.7 55.5 55.6 55.4 55.2 U.6 55.6
April - 1983 E2 54.6 54 b H.9 E6 56.2 54.9

May - 1983 69.1 06.6 66.7 66.5 67.H .
.

1983 78.8 N4 76,3 75,6 75.6 7b.5 76.8June -

19t!) 54.0 fi) . 6 84 2 BL8 63.8 84.7 63.2July -

1983 94.0 90.1 80.0 88.n 89.8 87.8 89.5Aurust -

September * 198) 8 41 . 9 E5 t13. 7 84.4 85.0 60.2 M.7

191!) 75.0 72.2 71.5 69J 69.6 74.3 11.0(,c t obe r .

19A3 62.8 $7.4 55.6 SL 7 'i 5 . 9 E7 E3tW ember -

6 83Decrueet . . . ..

., ,-
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F194 FO ttA1104 HISTCRY
for

Darcanel1e

Date O?/01/19CG 07/07/1 % 07/(0/1997 09/12/1993 07/11/1907
Lccat,2cn Ef flumt Ef f lumt Ef f lumt Effluent EHleuent

i

Bay ray ley Day ley

7s 7'.40SawJLn 7324 7%s w.

CCft134
[[(U 6IE MR[p

Larucocuth luse 9.679 9.7% 9.W2 14.154 7.475

White EOss 1.595 4.2?7 0.313 7.217 1.001

Striped Esss O.CO) 0.241 0.CVA O.101 0.042

Blue Catfish 0.462 1.399 14.147 11.276 0.226

Channel Catiish 21.109 2G.490 25.537 44.516 43.6CG :

. Flathead Catiit,h 0.415 1.066 .2.460 1.tD:s 3.352 |

White Crapple 1.461 0.673 0.125 0.fG3 0.072

Black Crappie 0.G65 0.037 0.117 0.02 0.0:0

Spotted Gar 0.0:0 0.132 0.0.0 0. 0.0 0.214

Lcngnow Gar 3.262 0.le2 0.275 0.0:0 0.44a 4

Shortnoce Cor 0.0:0 0.0:0 0.0:0 0.5'i3 0.(00

' Frostwater Drte 28.437 25.051 45.070 40.457 24.356

Skipjack Hrrring 0.393 2.212 0.O!O 1.647 0.1t0

Sauger 0.017 0.015 c.0:0 0.0C0 0.077

Green Sunfish 0.300 0.763 0.976 1.728 1.356

Warncuth 1.if0 0.639 0.968 1.982 1.G13

Orangespotted Sunfish 0.CO3 0.999 0.1CO O.C(0 0.0:0

Bluogill 12.7!6 14.670 04.671 37.646 10.061

Langear Strifish G.071 5.5a1 17.479 23.436 10.4EG

ra: dear Sunfich - 0.tXO . 0.0:0 0.023 0.0:0 0.0:0

Black Tul1inad O.CCC C.0:0 0.000 0.0:0 0.076

Yel1ow Eul1 toad O.OC0 - 0.3 5 O.012 0.273 0.159

Fathead Minnow O.0:0 0.0:0 0.C07 0.CC6 0.CCO

Dluntnose Minnew 0.000 0.000 0.0:0 0.0:0 0.279

Eulltead Minnow - 0.0:0 0.0:0 0.126 0.O'.0 0.0:0

Minncus (011d) 0.415 . O.(G3 0.0:0 0.345 0.0:0

Goldcn Shiner 0.0:0 0.0:0 0 (07 0.006 0.012

Em rald Shiner 0.000 0.0:0 0.013 0.012 0.0:0

' Gizzard Shad 121.247 73.279 75.6D:n 226.707 276.057

'Threadfin Shad 0.1::5 3.395 07.9M 39.547 29.2LT/

Topninems Maid) 0.OCO O.0:0 0.0:0 0.(G1 0.0:0

ftraquitofinh 0.0:0 0.0:0 0.0:0 0.031 0. O'O

Inlarra Silverside - 0.0:0 0.196 0.101 1.920 0.0%

Sma11ncuth Euf falo 76.461 63.506 G7.051 101.6G6 7'? 165

Bigacoth Euff alo 8. U.C 1.750 10.077 9. 0 31 12.355

filack ft.iHalo 6.310 2.073 2.014 1.741 0.000

Ccu co Carp 29.237 27.04 183 18.833- 19.579

Israeli Carp O.0:0 0.0:0 0.0:0 0.0:0 0,642
,

Spotted Suci er 0.O:0 0.159 0.0:0 0.0:0 0. <YO

Coldcn Redtorse 0.O>4 0.0:0 0.O:0 0.0:0 0.0:0

River Carpsucier 65.553 52.17e 29.9:G 23.725 28,75''

Hichfin Carpatc6 er 0.0:0 0.0:0 0.0:0 0.O'O O.101

Grass Carp O.0:0 0.0:0 1.026 2.426 0.0:0

TDTAL' 390,606 332,437 478,383 613,75t 570,507

% A yy
V

. _. ._ __ _ _ _ _ - _ . , _ . _ , . . _ _ _ _ _ _ - . _ _ _ - . _ _ - . _
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C<miparative Age, Grmstli. unil Coinlitism of Cluuinel Catfish
froin lail,e liarilanelle. Arl, ansa *

f my$- . ,.
3

,___)k'$tsjc
'

0 ,

.

s,L
DiiC 'J . : : '-'

pgAtisAS POWER & t|Gl|T C0.
1ECittilCAi AtiAL'(Sis SEC11014

Tuostas .\1. Fio:czt axo lloronn Txirst

,

I

Made its iIniteel States of Arisetu"a
llepiinted from TitAsnaioxs on ini. Kt situr Ac muir or S< in st i:

Vol. 38, Ls, 3- 4, Septemlic 1517 7
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Comimentive Age, Growth, and Comlition of Chaimel Catfish
from Lake Dardanelle, Arkansas

'Tliost As bl. Fiti:1:zi: Asn lloroito Taruxi
Department of Fisheries and Wildlife hian.yement. Arkansas l'olytecimic College,

lhmelledic, Ailansas 72 Mil

AnSIHAct
l'ectoral spines were collected f rom 112 channel taifLh Irlahann pt:nclatut liom 1. ale

Dardanelle, Arkansas, dming 1973-1975 foi purpo*n of calculatinn age and giowth of dif.
ferent year chsses. A length.-weight telatbuship, determined using the equation log W :.
-1.3297 + 2.7210 loe 1.. indicated that un average channel catfish from 1. ale Dardanelle
weighs about 165 n when it reaches a harvestable size of 255 m.a. 1.ake D.udanelle channel
catfish were characterind by a large first year's growth with greater lengths similar to those
from nearby states. Condition fat tors tended to decrease with increased are.

IN1poDUClloN is a jjoW-thlou4h leservoir eteated by the

in order to evaluate the ecological effects S. Anny Coips of Enginecrn as a part of
of the heated water effluent fnim Arkansas dur Adansas lliver navigation project. The

Arkansas lh,ver has its headwaters in the
Power and Light Company's unclear elec- Hocky hiountains of Colorado and flowstric generating plant, Aikansas u
One, on Lake Dardanelle, it was necdm earduough kansas, Walunna, and Aikansas

ary
hefent einptying into the blississippi River'

to establish haseline data on the ar,natic
fauna prior to the connnercial operati o of approgmately 150 km southwest of hiem-
the plant. A ten year study was Nitbed pns,Ienn ee. The nmir has a drain-

'
t age un- f 36 kn6 a mnservationin 1973 by Arkansas Polvtechnic #C ege

with funding from Aika'nsas Powe and poyl of 13,6S0 ha, and a shoreline length of
M Ild I" I909' the reservoirLight Company to accomplish that [ lua- "*

tion While the populations of many 'gan, is :nanaged pritnarlIy for floo.d control and

isms were sampled, this paper deldi,'with navigation (hicGee 1972),

the age, growth, and condition of 'I.ake
AI^E"1^t s ^No AhrruonsDardanelle channel catfish.

A total of 112 channel catfish spines was
AcxNowu:non:Nis colk eted from Lake Dardanelle during

1973-1975 utilizing gill nets, tranunel nets,Acknowledgments are expressed to hir. and mienone. Total lengths of the fishEdward I.. Green, Project licad; hir. Larry
*C"' """h'd I" I"Ch"S' ""d "0I hts W"T"MRider, District Biologist for the Arkansa's
incasund either in grams on dietetic scalesCame and Fish Conunission; and student
or in tenths of pmunis on suspension dialassistants: Dennis Calloway, Ron God- se les All English units of measurementsdard, Sam llenrv, Larry Sanders, and

Bruce Shackleford.
~ w convested to metric units befose com-

putation of data,
f"1 sN "cs """' d $alticuldtcdLh P C' iDI:sclueTION or Stuny Aru:A

by means of the procednie outlined by,

Lake Dardanelle (Fig.1) is an impound- Sneed (1931) and phiced in numbeied
ment cf the Arkansas River in west-central scale envelopes, As the spines wem free
Arkansas near the town of Russellville. It of all hue ewept a thin layer of din, du y

received no special treatment or presciva
iI, resent address: Dep.ntment of 13iological Sci.

tion in accordante with DeHoth (1965).
.

enees. Munay State University, Af urray, Kentucky
42071. The spines were sectioned using a small
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7-
-- p - and to the edge of the espamled posteriorr

I % radius.
| |d 1 Measmements of the pectoral spine an-

'

I d" |
nuli were uwd to calculate an aserage rate

KA5 tg of iowth utill?ing the l)dhl-l.ca dileet
% | proptution method (Cmlander 1969). This j

k% equation may be stated as: -

u __, u
! ?l L,, = ( S,, ) l s S i

k u- . /'.A wheie L., = length at annulus n. S,, = spineT |
'

;

dO i i radius at c.nnuhn u. S total spine radius,
jw pj t . o..c. e . y dLe tel bo@ ImA
h%%b ** % % mas, ),)1'NN !, The length-weight iclationship was de-
N; J4 , , - y

,y % ,n. # tennined using the funnula:

\ Log W = log a + n log LOktA

ARK AN1A$ /
.m ' 'sM where W = weight in gr.nns, L = total/ length in millimeters, and a and n me

f *55
; emhirical constants. The vahie of the con.

I ( stant n usually is above 3 0 fm larger spe-'

Tax
! eies of catfish such as the chatmel catfish

,

L^
} (Cadamler 1969).

The coefficients rf condition (K) weret- -

computed using the formula:Fm. L location of 1. ale Danlandle, an im.
poundment of the Aikamas River. . )gs ,g

where W = weight in grams and L = total
power saw on a stationary plation , similar length in millimeters. The coeffielents pro-

'

to the apparatus of Witt (1985.;. Unread- vided indeses for comparative analyses of
able sections were gro,ml by hand on a plum iness or well-being of the catfish.
fine caibmundum stone to increase their

,

Such calculations are based on the premise
transparency, that the body fann of a fish varies with the

'.

The distal end of the basal recess served cube of increasing length provided the
as a reference point to ensme consistency shape and specific gravity remain the same '

in the location of each section (Marzolf (Carlander 1969).1955, Sneed 1951). That reference point
ret alted in more readabic spine sections thcrs aso lhscussioNand pennitted comparisons wdh previous
studies utilizing the same method. One The growth of Lake Dardanelle chan-
disadvantage in its use is that the body- nel catfish, as determined by the Dahl-
spine relationship is curvilinear instead of Lea equation, and the annual lengths
linear (Delloth 1903), for the 1906-1974 year classes are shown in j

Appnnimately one-fourth of the sections Table 1. The average annual increments
were stained with aHzarin red S for 3-5 see deemased gradually from 140 nun the first .

before being rinsed with distilled water, year to 25 mm the sixth year of life and /

but the procedure was discontinued as no then gradually increased to 50 nun in the
apparent advantages iin aging the sections rdnth year. The average annual increment
were observed. for the first year is appiosimately twice

Spine sections were read with a hinocular that for any of the following years. While
irderoscope equipped with an ocular mi- it is nonnal for channel catfish to attain
erometer. Measur.ments were made f rom large per centages of their total lengths
the center of the spine lumen to the annuli during their first 2 years of life, the unusu-

-- ._ - .- . - - - - - - -
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Cll ANNI l. C All t.H IN AN AnKAN uS O hl-Frecce arni Tatum 125

TAutt 1 -CAiret.Airo 1ot At. u Ncins (un) or 112 ( nANNil. ( Alll%H lEOh! leAkt; t hen ANIL11
Anw An u,, 1973 1975

,

Ne
br Numi,rr el - -- --- - - - --- - - - - -

t iau man ninah 1 ? 3 4 5 0 7 N 9
_

_ _ _ _ - _

_- - - - . - _ _ -

t 1%0 5 121 227 292 333 379 100 114 469 533

} 1967 10 113 229 2h3 320 374 114 IS3 482

1908 13 1M 230 24, 330 378 127 110

{ 19ul 2S 139 207 209 322 355 374

1979 25 144 215 270 332 a tS

1971 14 115 220 2S9 328
1972 12 121 195 230
1973 4 90 103
1971 1 102

As enice
i .en etin 1 10 213 27 1 32h 371 390 132 477 533

.

Asenige

$1111U31

Incietnents 110 73 G1 54 43 25 30 15 50

ally large fint year's grewth has icsulted Jenkins (1951), ami age was cited by them
in greater lengths of Lake Danlanelle chan. as the reason for the below average gmwth
nel catfish than those in several nearby of channel catfish as compared to other
states for their first 4 years o.8 life (Table Oklahoma waters,
2). Af ter the fourth year af lif c, 'he growth The Lake of the Ozaiks is Iarther north
was appnnin.ately eviual to or bdow that than any of the other reservoirs and that
of catfish in the other lakes, may account for the poor growth of chan-

All of the studies in Table 2 were con- nel catfish there. Other environmental
ducted on man-made reservoirs Many of factors undiscussed by Marzolf (1951)
the 16 reservoirs that made up the Okla- such as age, imhidity, and extent of reino.
homa study are in the same watershed as dnctive success may also have acted to de-
Lake Dardanelle but are closer to the head- press the rate of gmwth,
waters of the Arkansas River. Thus, their Both Norris Lake, in the eastern moun-
location relative to the headwaters might tains of Tennessee, and Kentucky Lake,
result in their being less fertile than Lake bordering the Jackson Purchase Area of
Dardanelle. Each of those 16 reservoirs Kentucks were considerably ohler than
had been impounded nmre than 4 yeart Lake Dardanelle when they were sampled,
and was labeled as ohl by Finnell and Those conditions, plus differences in lati-

Truti. 2 -cat.ces.Ats:o TOT AL LENGilti ( MM ) of CII ANhlt. call bli l' NOM l.AKE l) A HD A N L t.l.l*, Ah*

rrurs, 1973-1915 tonernnn wnn uuA I nou onu n sivturs

y
.-- . . _ .

nl al,ac,t t .ul itnenn at end nt 3 cui

Numt,c, og -_ _ -
- -_ _ _ - .

i.m ation man uluah I ; Lt 4 5 0 7 8 0

7
_ _ _ _ . _ _ _ . . . _ _ _ _ _ _ . _ _ . _ . __ __

_

i ihrdanelle llewrvoir 112 140 213 27 1 32S 371 390 132 477 533

16 Oklahorna llewrvous 3,291 91 17S 219 303 303 417 472 531 577

(17ionell and jenkins 1931)
Nonn llewn oir. Te nn. 87 93 175 272 a23 373 124 457 5 11

( Canoll and llall 19G1)
1.ake of the Unnis, Nio. Li M 101 1 ',3 h6 231 2G1 292 310

( hiatzolf 1951) i

Kentucky 1,ake, Ky. G15 89 188 259 310 350 -101 455

( hiatthai 1972)
.

- - - - -_ -_,__m. _ _ _ - _ _ _ _ _ _ _ _ , . _ , _ _ , . , _ _ _ _ _ __ ___
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120 TnAss Kt:N recxy AcAnniv (w Sen:scr. 3S(3-1)'

.

1,Q +<,-m..-.-..-...n..* . - ~ . -
_

. , , .

43
*

i .e . / ( nassrs. cat risu as LAKr thimass t.i t , AhKAN+
:

,

s u, i on 1973-1975
| ,,.

7

'd tre b uro E,w~e.w t.*vss,s '

/ I 1.17 ,
U

/ 2 1.07
i.* / 3 0.99

[ 1 0.91
" '

/ 5 055 .

;i.2 - [ 0 0.8S

, , , , / 7 0 83
8 0.S0i

2''
- [

_ - _

9 0.82
i.. . j

.* ,

.. - / ranging froin 102 to 533 inin. This iciation-
ship can be expicswd by the equation:.. . ,

'

" '

Log W , -l.3297 + 2.7216 log L./
.e > |

/ Channel catfish from Lake DardancHea

a . / weighed appminuitely 105 g upon reach-
,, , f ing a harvestable size of 255 nun. At 380
s' inm, they weighed about 500 g and at 510m ,_ __,,,

mm approximately 1,080 g (Table 3).e in m = m a ~
= = ~ ~ ~ ' Average coefficients of condition (K) for

Fic. 2. Length-weight relationship of channel fish from Lake Dardanelle (Table 4) tendedcatfish from Lake Dardanelle. to decrease with an increase in age except
between the fifth and sixth and between

tudes, may account for some of the varia. the seventh and eighth years of life, itis
tions in length attainments. While the helieved those discrepancies are due to the
chaunt:1 catfish from Norris Lake came small sample size of older fish. The slope
from a balanced population (Finnell and in the length-weight regression was less
Jenkins 1954), the fish from Kentucky Lake than 3.0 indicating that a decrease in condi-
were stunted as evidenced by the retarda. tion should occur with an increase in length
tion in growth reported by M'atthai (1972), as observed here, since length is related to
Also, Lake Dardanelle being a very re. age (Carlander 1909),
cently fonned body of water, is e periene. In comparison, the average coefficient
ing what fishery biologists refer to as " peak of condition of channel catfish from Norris
growing conditions" due to the increased Lake was erratie, wlule that of Kentucky
fertility of the water associated with the Lake decreased with an increase in age
decay of inundated vegetation, until the third year of life and then in-

The length-weight relationship (Fig. 2) creased steadily. Average coefficients of
'

was calculated from 112 channel eatfish condition for channel catfish were not

TAbl,i. 3.-AvFPAGE TOT Al. U:NGTnS ( Mht ) AND WMCnTS (G) OF CnANNf1 CATM5n FROM LAKE DAH+ *

nAsritr. AnK AssA%, 1973-1975

^"
.

1 2 3 i s n 7 8 9

Avrrage length 102 163 230 32S 3 18 371 -110 482 533
Averate weight 12 -16 121 3P 1% 100 57) 463 1,235

|No. ot individuals 1 -1 12 11 25 25 13 10 5

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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sepoited by Finnell and Jenkins (1911) or C^nnou.. It H., Axn G. C. II Au 1908. Growth
in Nonis lleservoir. Tennem.hlarzolf (1951). "I ".th d "'sTenn Acad. Sci. 39(3);60-91,

i11: conclasjon, the channel catfisli popn- WH n, G. C. 1965. M. and guiwth studies
lation of 1.ake Danlanelle, pnur to conb of channel cathsh in westent I. ale IUlc. J.
increial operation of Aikansas Nuclear One wddl. Manage. 29(2)aso-280.

,

generatilig plant, exhibited a latge first Fissi u., J. C.. ann 11. M. J rmiss. 1951.. ,

year's growth. Other length attainnients Gamth of channel eatikh in OUahoma wa- i

'"'" . N o. 41, 3 4I904"ThI>n. OUa. Phh, lies. 1.ab.i
'

co_inparable to Mudies fioin neathy states.
Hept pp.

and conditlen factors that tetuled to de' m uniu. H. C. 10"i5. Un of pectoint spines.,

crease- with an increase in age, hi inost and settebrac for detennining age and sate
aspects, the channel catfish of 1,ake Dar- of growth of the channel catfhh. J. Wildl. f

danelle could be considered nonnal. Ilow. M anage. 19( 2 ) dl3-2 49.

I'^k" Y"""1%hcrer, it shotihl be tioted that the lengths of *"H^ ' P I- 1973- KC"l"C kY ""'" *

'"d cathdi catch analysb. Hei h y,
1,ake Dardanelle catfish tuay decicase with M.lidl. Ites., PsoJ.17011. lies la|t.und., Mnt-
the natural aging of the reservoir and the say M. Unh ~ Munay, Ky. 51. pp. !
lesultant decrease in nutrients over an ex- Mt.Gu:. J. E. 1972. Your guide to the Daida- !

tended period of tinie. nelle Hetenoir area. U. S. Anny Corps of ;

llore recent data on the alpiatic fatnia Engineers !b ochure, little Itock Dhtslet.
.

of 1 ake Dandanelle including the channel 1.ittle Hoek, Aik. 52 pp.
catfidi are being collected by hlr. Iluford Ss ti n. K. E. ' 1951. A inethod for -ealculating'

'

the growth "I can"cl rathsh. It'"I",'"' lar""Tattun.
ina punciahn. Triun. Ainer. Fhh Soc 80:

LITlatATUlu'. Cril:D 174-183.

CAh!.ANorn. K. D. 1909, llandbook of Jrc.,h- Warr,A.,jn. 1961. An unpuived instrainent to
water fishery biology, \'ol. J. lowa ht. Univ. pstion hones for are and giowth detennina- ;

Press, Arnes.. lowa. 720 pp. tion of ihh. Prog. Phh. Cult. 23(2):01-90.
~
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ZOOPLANKTON COMMUNITY STRUCTURE IN
DARDANELLE RESERVOIR, ARKANSAS, 1975-1982

JOltN D. r3tCKETT and h0!ntRT L, W ATSON
thol'>gy Department

Uruverarty of Arkenhas al Uttb Roth
LRtle Hc(k, Ar6 tant.as y2204

ADSTRACT

Zooplankton was cohocted at 10 stahonn in Dardanelle Resorvoe trom 1975 to lia82. Current data
were compared to a ttyteyear preoperatiornal stutty phase. Rotitor tara atrong'y domsiated the comrreurv-
ty. Overal abundance was hgher, venety about the same and clavorany lower than those of comparatdo
studes.1bermal diactaroes caused a dominance stoft tishveen two rotitor tana, thghtly deDreased
abundance and vene*v. CG :M achcoatdy aftee.1 v:stveralty arkt elevated the phytopinnktorWocolankton
rabo. Heated offluen* $50 r,tmaulate:1 etronoer fluctuations in abundance and vnnety. Other stud en
Indicate that M upper ne$oris of the Arkane.as Rwer drainage, enserocrustaceans dominate leke hatutate
wheveae rotsters comerve river hatutata. In s;maar northern and eastern haortata, rnectocrustact> ant, ware
genere9y domonant.

,

ItGRODUCTION E NL . , y

M fMach of the basic dncriptive work in Arkansas with moplankton Nr
was done under the auspices of the Water itesources Research Center \ (~""g V ""' , , , , ,
(Schmitt, 1974,1975,1976). Sinclair and Watson (197s) coi. ducted a \ IJNK

-

4,,,,g. g
five year survey of the rooplankton cotnmunity cor'iposition in * DIN s = QDardanelle Reservoir prior to the beginning of power generation by J' i- # g $ r,, -

tified tooplankton from two stations in the uppet llinois Bayou arm
, \h''h

%
Atiantas Nuclear One ( ANO) Unit 1. P41k o (1970) colinted and iden- #% \ O' "'

3'4 /
. s

fS %%u.U mig *C /
-of Dardanede Reservoir during the sumraer and autumn of 1969. a-

M

k *g
}j" ,(\

Numerous report i attempting to deieribe atid quantife the impacts of A 4

thermal discharges have come from other states (Carlson,1974; Ochts. 3 5 =
1974; Anderson and Lenet,191; Miller et at,1976; Ikimoridson,1963), C.m \
Analysis of the structure of anoplankton communities should receive o.. \

\' Nthuch more tenearch effort thea to the past. Tids report is a general

="dNg+h%,,% - - - --* ,
examination of data collected over an eight year period, 1973-19(2, 4
during which ANO Unit I was operative. We wiu attempt to desenbe

*
-

basic community structure and relate such to therTual discharges. Main
A potats to be addreened la this repoit are (1) seasonality or periodicity D n,'\g\'.

#f of community diversity,(2) wh6ch taas are dominant and when. (3)
thanges in abundarca anJ diversity related to season and locatmn with Figure I. Plankton arnampling stations on Dardanelle Reservoir'

N rupect to power plant dacharge, and (4) evidence of long term uends Arkansas, p?W32.
;

tr - or shifts la commusury strucsure.
.Y each taxon in turn, and N is the total number of organistas in the

E sarnple (per I.ter). Values are positive; the 'arser ones indicating greatet j
MATtRIALS AND METllODS diversity.' ' '

t - Zooplankton samples were conected in January April, July and
October of the years 1975-1982 by straining to I. of water through a RESU1.13 AND DISCUSSION
standard No. 20 Wisconsm4tyle plankton net. The water column was
simpled by taking 21. of watee each from ncas the bottom, mid-depth Table I lists the geners of tooplankton coUteted during the study

*

and 0.6 m. plus 41, from the surface. Ten statiors were sampkd quarter. pniod (escluding unidentified spnirnens,11auplii and esssh Quite of ten
(- ly and the samples preserved in Meyer's Fixative, figure 1 is a I ne map the nauplil and/or eggs counted comprised a tigrducant proportion of

of the reactvoir shouieg the locarnons of the samphns stations. Close the sampic. Twenty 41a genera representing 12 famihes in inree phyla,

stations (1,2,3 $,1(/) were *%ose affected by effluent from the power were identified. Rotatona contained 46.2 percent of ibe senern arnt 40.9
- plant as determined by tb ; armal measurements, however not all five percent of the families. Willun et al. (1977) collected 27 genua in the

stations were necessarily affected at any one time. For exasnple, a Arkansas River near Ponca City, Oklahoma (excluding unidentifled,

southeast w J teaded to move the elnunt toward Sta 2 away from - taxa). They obtained three genera of Protosca, seven of Rotatoria and
' Sta.10. Distant stations (11,14,15,16.21) were not measurahly af fected four of micro *ustacea not obtained in our study, inhereas our study

by the discharge. . obtained eight genera of Protorca. three of Rotatoria and two of
la the lab a I ml. aliquot was transfested to a Sedgwick ' after mkrocrustacca not obtained in theus. Palko (1970) reported three geners.

counting cell, and quantitative evaluation was made by counting of Protoroa (all Ciliata), one genus of Cladocera (Dia/shenaro nal and
' - randomly-spaced strips across the counting cell until approa%ately 40 11 genera of rottfers not recorded in this study.

.

' greent of the area was examined. Organtsms were identified to genus Table 2 centains mean nuinbers of organisms and taus. number per
. .. m here pouible and reported as organisms prit liter. Statisticalleocedures taxon and diversity values grouped by season Ahhough there was con-

J included calculation of the number of taxa (general, number of hi- side able fluctuation from year lo year withm a ghen season the rnews

' ,k ' diversity at the genus level. Diversity was calculated with the Shannondividuah, mean number of individuals per taxon and community show the greatest ovs'/all abundance occuited in July and the lowest

p#.. in October. That close stations had more orgwisms then distant sta.
tions in January and April was probably due to tha heettd water w hich

ladex, d -P())fn()), where rd is the number of organums in elev.sted enetahohsra aHowing them to take greater advantage of available

x
4

5 Arkansas Academy of Science Pyoceedings, Vol. XXXVil,1983 f4
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Figure 2. Mean nun.!>er of toeplankton organisrns for close vs. datant Iigure 4. Mean nurrebet of rooplankton organisms ner tason for close
stathons in chtonologkal sequence in Dardanelle Rewrvoir, At kansas, vs. datant stathins in chronologica' equence in Derdanelle Reser toir,
1975 1982. Ar k ansas. 1975 1982.
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rigure $. Diversity values of rooplankton fo. close vs.disant stations
Figure 3. Mean numbee of scoplankton taxa for close vi distant in chronokykal sequence in Dardancik Reservoir, As k heat,1975-1982.
stations la ches t.oloskal sequance in Dardancue Resesvoir, Arkansas,
IM1982'

shared daininanet in July, and Keeprelle and /vl.werthre shared in
Y dication that the warm water sumulated fluctuations or patchiness of October. Palko (1770) also gives data indicatire that toufers were strons-

diureution ly dorninant in Dardaneue.,

Figure $ shows the chronoloskal sequence of dirt.tairy val.ses. Sls W mos@ytop i n is dudy ud as My rnoa zwMon

of oght peaks at close nations occurred in April and July (three cach), is generally agreed. Thesefore, the comparative concentratkas of
whereas seven of 1L peaks (three and four. respectively) occuned in
these two months at distant stationa. Smith et al. (1979) also obtatned Table 3. Nuraber of times each tason was dorrunant, by cuarter, in

iAu4- gicatcr diversity in 1.he satamer mondit. Diversity vrjuca apparently vary Dardaneue Reservoir, Arkanses, 1975 1982,
tuote in rivers than in civerintrentvogt (Wilbm et al.,1977). Kocasiek

bit et al. (1971) obtaltsedisusfrom 2.45 to 2.61 near the dam in Keystoos I'V*hLif 1l'.Ut d'*ll*DL-l'"
;g. . Rewrvoir. Oklahoma, and Prather and Prophet (IM9) obtained values ? un dams.IL AIJ11 sht y tictry Sitit i

. fre-ra 2,17 to 3.02. Dardanctle scoplankton diversity tansed from 0.71 nlymnug 4 7 26 22 103
'

to 1,82*

10 the upper Arkansas diainage epparently rotifers doAninaic river MO I' 3# A #I
suoplankton but micrxrustaceans dominaM in takes (llynes,1972; ha ch t e. q 7 } M L3 66
Kochsiek et al.1971; Yacovino,J970,1. In the Arkar'sas Ruer v<ftbin

.

Arkansas,iotifers ese dominante in lakcs as weu as the elver sections MWh 3 0 # ' g

(Wilhams,1963). In Dardanelle Reservoir, rotifers were strongly domi- notifer sp. o 9 3 J t5
nant, Considering individaal samphng stauons quarterly dunns the study
period, Polyarthrs was dorninasit 105 times, Kervielle 70, brechsonas y,('N",,'*,y,,,,.
(4 and Asplanchna 24 (Table )). Polyarrhre was strongly dorrunint in rotuer senera) e ir 15 F1 64
January, Aeretella was dominant in April, brachionar and PolyartAra
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moved from third to first). Heated efnuent also shghtly suppressed KOCIISILK, K. A., J. L, WILilM, ano R. MORRISON_.1771. Species
overall attundance and variety but had no obvious effest on diversity. dneruty of net sooplar.hten and phynco-chernkal condmons m

4

Other studies have shown that shsht temperature increases stimulated Keystone Reservoir. Oklahoma. Ecology. Skill 9 ll25.
wop!ankton, but they dealt with commu.tities in whs.;h microcrusta,
ceans were dommant. Similar data on rotifer. dominated communines KUDO, R. I ,1966. Prorowologn Charles C. Thornas, Publ.,
were unasailable. In Dardane!!e Reservoir the P4 ratios were generally Springr, eld, IL,1814 pp.

' pecater at close stations indicating the phytoplankton was stimulated
e ~ wortankton was stepressed or both. The phytoplankton data in' MILLFR, M. C., O. R, ilA TL R. T. W. FEDERLE, and J. P. REED.
dwated both phenomena occurred. 1976. Eficcts of power. plant operation on the biota of a therrnal

discharse channet la Thermal Ecology,11, ed. by G. W. Each and
R. W. McFarlane, ERDA Symposium Series 40 pp. 251253.
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' " ~ ' ADSTRACT

'gdh A, a I @g@HI C1
a

$al and tax,on d fioc $ ations and restonVups are deSenbed for $scharge, turtudity, cNonrie. totali

ggf){ SNIk gg }ardness. conductraty and aspond6d schda over an eght year pered in Dardanelle Reservor. The
i

_

parameters t uctuated forher i sdely prunanty in response to sossonal patterna of reunfal Chbnda and
,

conductivdy were related and p. era #y fluctuated together 3$ did turtydity and suspen1ed notKla Hard
t r est appeared to vary independently of the others poor to 1979 then varied more closnvy with chlorKle

;Q after Mmch 19 79 innerent differences Detween the IWnois Dayou Wm and the main Arkansati Rver sec.
,

hons comphcated the precise identihcation of any nverallimpact of power plant oper ation No signite. ant;;
long term changes wete seen, but chbrKie dec4ned gradually whereas hardness and conductivity n
creased skghtly. SusDended sohds onNbited a 64grecant nse in 1982

l5

|
INTRODUCTION q ;; 5[;q

[''p ./[hDardanelle Reservoir is located in west <entral Arkansas on the main \ (,
O M %!:, stem of the Arkanas River near the city of Rulellville. The reservoir

was constructe_d approximalchJ.0. years ago t.y the U.S, Army Corps (b _,[ [ ) 4p
| , of E,ngmeets as a paa of the Ker 4Clrllan Arkansas River Navtga. a w.

y %a
6

!1 tion System. The take has a surface area of yproumately 13,720 ha, T, ' g
.

D

y\ /*a shorehne of $10 km, a volume of 656 milbon m' and a mean depth
%. s;t.k / }

i
;

;1 of 43 m trange to 16.5 m). The normal poollevel stands at 103.3 m
J~l'd -

The mean long term river discharts (Q) at this point is 1103 cubic EN3
J, O.7 '

A
(339 ft) abo $e MSL, and the rate of fallis approximately 0.2 m/km. .

*

metres /sec (cms) making the averaceQence Mme 6,9 dag flowever, yQ .,

during this uudy period the incrage Q was 773.4 and 770 4 cms if kg\ (4calculated from monthly mens and sample day means, respectively
(USGS 19"15-1982).The watetshed of the reservoir proper comprises ,,fd .

4approxirnately 40,000 ha and contains a variety of natural and man- s

made environments including areas of mature hardwood, coriferous % di. -U' } |

att tuned forest, row cropping, tattle iarraing, orchardt timber ND 1

^

NI, Jremoval, light industry and limited urban develop nent. .
In the late 1960's Arkansar Power end Light Company began con * Figure 1. Ourlme map of Dardanette Reservoir with key samphns sia-

uruction on a twcrunit nuclear generating facih,ty, in conjunction an go g g973.g9gy
environmental monitoring prograt was begun in 1969. Unit I, which
began commercial opersenn i_n December 1974 utiliacs an 875 megawatt1

dynamo which uses 'ce.through circulaix>n of lake water for condenser on ice and refrigerated continuously until analyzed within three days

MI cooing at 4 e9 e ceditasO;mg. The pnmary goal of this project after collection. A!! chemical tests were performed accordmg to methods -

. d was to identify t o wantify any physicochemical or biological changes, recommended by Standard Methods (1975) as adapted by Hach

: . specially thwe camed or accelerated by the operation of Unit I, Other Chembal Company.
M, . nan USGS Water Data (1% n few htcrature sources are available

that report general survey characta ics. Chittenden (1979,1980) and
Chittenden and McFadden (1978) reported on radionuclides, total RESULTS AND DISCUSSION:

j dissolved solids and selected cations in Dardanelle Reservoir.
The individual data collected during this project were too numerous

i to list in this report. After monthly means and ranges were determined
,

MIGHODS for the sit parameters, the months were ranked from highest to lowest
; by station and test, assigned a rank value frorn I to 12, and the rankj
| Although theer have been mmor chang-s in procedures over the years, values were summed (Tables 1.M. Our data compare favorably with

the general protocol of this project involved monthly sampling at sta. periodic but incompleie readmits of conductivity, turbidity a.id sue
'

tions I (discharge),5 (rnouth of discharge bay into the mam part of pended sohds reponed at the USGS gauging station immethate!y belo+
the lake),16 (intake) and 21 (upstream control) (Figure 1). The derage the Dardancite Dam.

< depths at these stations were 3 m,3 m,3.5 vn and 12 m, respectively. Discharge readings (Q) ou sampling dates from USGS (197Fl90
The water level fluctuated 0.3 m up or down in response to nmoff and data were averaged by month (Table 1). De years 1977 and 1981 &
channel dredging. Water samples from 0.6 m and near the bottom at penenced dry sprmgs and wet automns, whereas the other years folMd
each station were tested. Turbidity was meaured on site, whereas the the more expet;ted trend of wet springs and dry autumns l'erhaps the
othen were measured in the laboratory. The samples were transported most astomshir g fluctuation occurred in 1975 between June 40J

.

| 1
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" Fluctuations and Ralstionships of Sstsctsd Physicochstnical Paramsters in Dardansila Rascryoir, Arkansas

~

G E/l k 6/UL [W U
^

O ..

E
. 1able 3. Cumniain e Ranking Values for Months 1.hted f rom thghess f aNe 4 Pearnon Coirelanon Tuts on Physwhemical Data, Dardanc

_

to Loweet Physicochemical Concentrations, Dardanelle Reservmr.1 Resers oir, Arkansas. 19 6 1982. Q = disc ha rge; T = tur bidit y; -
Ar k ansas. 1973 1952. I SS = suspended whds; C1 = chloride; 11-a hardnest C -conductmty.

19?$ 59r6 3977 g im % s s. chloride nata cana
.. 64.i.e . , , - . , , . , ,

Mat 13 Ma, 64 Mar 42.) Jun 42 bep u sep 47
| Q ve T 12 .899 .0004 12 .312 .44)7 it .63% du7
8- Q vs ha &# _ .us .022: 43 .326 . 005 41 * !?9 . 30 4) Jrn al Mar Q May 40 Sep to Aug 43 Ocs f.|.

- 9 =a Ct n .$64 0278 13 .2r4 .to il in .$% .0374
' q ve a 12 .o49 .4h6 42 . lo ) .3?3% 14 .529 44SS na, 10 4rr 39 f e b 34 Aus 3A Noe 42 .N 4 14

9 vs c 12 .ito to4M 12 .ao1 . 3H 7 14 494 .Chon

f et ss 3e .442 .oont 29 .D92 .347$* - +

1 vs C1 37 . 572 .0002 % 4H .0086 12 .o lo .41% Jun 9 oct 27 oct 30 .5 NH 31 Oct 34 Jon 31
j- T we a 34 .1 36 .226o 36 .o77 .Mo II .2a) .u w t

; TvC 36 * . )4 4 .olst 36 .264 .o$$4 la .o21 .4)*4 Feb 7 Fo 21.5 M 26.$ J4 29 M 36 hav it
- sa vs C1 - - . 37 .474 .0018 32 *.ito .3190

*
- ss vs a 36 .242 .o671 32 . ole 426a* * *

,,
ss vs C - * = M 405 .0064 20 . 044 .4056 4ag S Dec 20 sep 18 tses 22 ney to Jan 24

gr ct va a 1) . .o9 h . 3D96 to .33a .2o24 32 .ste .000)
; C1 vs c As .64* .0004 60 72) .0001 28 .ssa .0004 * ' **8 U "A I'*I '"I' "" O I' il v. C 34 .2:9 .o469 40 .434 .0048 25 744 .000:

[ ,_ , _ _ Oer 3 kuw 14.S bec 13 tet 14 M.s t 13 har lo i

' f See 2 Jan in Jan ) nar to feb 12 May ' 9 )gpg 39,9 gao

a 4 we t in .6ao .olo2 II .925 . cool 12 .Fo4 .0052 oc t i set to Nov lo.1 May S.) Apr 4 Apt $

I Q we sa it .623 .0196 la .973 .o005 12 .r59 0022
o es et ti .sst .o u t il ..no2 0010 12 .oso .A)ss of 16 mg/is There was no signifkant dafference between staticus !o *e a 16 .47) .o4sa - 12 .ait 00o2 12 .su .oan

q 4 ve c 11 .6sa .o:34 n ..u4 .0001 it .40 .osos and 16 with respect to suspended Sohds. Pearson correlation analysis
~ showed a urong positive correlation between turbidity and suspended
T .. ss 34 .e4: .000s u .eto .o004 o .77: .ocol ichds (Table 4h' t we et 34 ..o4 .cos t - u . 690 . coot 44 .21: .o40s

; . .a a 43 .2a5 .o ms 47 .727 .ueot 4a .26, .o io r Chloride concentrations were highest in Ju and lowest in May but -
t we c 34 .166 .0206 42 ., na . coot es . 094 .26S1 there was touch inconsistent variation month by month. Apparently, , _

.i ss we ca 14 .t16 .nts 46 . 399 . coot 4e .313 .2230 the spring rainfall diluted the chloride concentration. whh;b quickly
; ss we a 34 .tre .issa 46 su .mo t u .22: .c63r . recovered during the nest month. There was more chloride at station

21 than 16. ci hi months out of 12 by a mean of 53.6 mg/1 There wasss we c 3 .ist .1974 42 . 673 .000: es. .. is .21sa 6- ,

y ct we a 24 .2u .oise 45 .950 . coot- es 406 .co22 no real difference between stations 16 and I: the concentration was
Nc !! $ *, fto4 I! _ $ N N N*d 'E greater at station i five months out of 12 by a mean of 13.9 Ing/1.'

i Sinclair and Watson (1978) reported a somewhat stronset correlation -
I between Q and chloride than our data, whkh show a weak positive cot.

relation in 1976 and 1981. a significant positive correlation in 1977 and, nei n
.

rero or negative correlations during the other years (Table 4). De loca.*

; e ee ? - it = .a n ..oiv 42 .5,2 .olos tion of e storm might help czplain this fluctuating corrc'ation. A locah '
; !Uc !! '.o!N *20Y

!! Nej jy Ized heavy rain in western Arkansas should dilute the tiver water giv.
4- o ,e a n 64.un 32 .3,s .ose, ing e negauve correlation. wheress a rminfaB la the major chloride source

.

- q .. c it .u6 .326) 12 .no .3601 areas of eastern and northeastern Oklahoma would result in mote
*

chloride with the heavier discharge showing a positive correlation. The

. N '.As .'. zero conciatbns would be obeetved with a generahted rainfaH w a storm -.00-

T.a as .272 .oast 44 .33s .coas located in an intermediate area. ..

[ t .. c sa .300 .oiso - as .osi .364a The greatest conductivity readangs occurred la September whereas
ss . ct -64 - . tis .tios na .202 .osta the lowest values were obtained in April with May and Matth showing -

,

a .272 - .oato 64 maos .outi very low values. Conductivity values increased tather steadily betweeni ss to a n4

j ss a c - 6e .or) .3at .se . ant .atis April and August and declined rather steadily between October and
,

ca ,e s sa . 7,4 000s sa .704 . coot March. Stetion 21 had greater conductivity than 16 only seven anonths

Uc -U N3 $ $ j$ $ - out of 12. but the mean diffetence was 109.4 micrombos. Station 16

4
had higher conductivity readings than station i during ii of 12 months . . .

t . -
. and was greater by a snean of 45.7 micrombos, Apparently the passage

Tne intemity of this layering was regulated by the volume of water through the condenser circuit removed some of the tons. Pearson cor.
~

' pumped through the plant, the direction of wind and the discharge of relation tests showed a rather strong positive correlation between chloride-

the tiver (itickett and Watson.1982). Turbidity at station 21 was greater and conductivity. (Table 4) Generauy minimurn conductivity
than at station 1610 of 12 months by a mean of 12.9 FTirs. Turbidity measurements were observed during the periods of greatest Q becau-t

1 : at station I was greater than at station 16 all months bv a mean of 3.2 of ddution, akhough the highest conductivity readings dal not necessanly;j FTU's, which was probably not caused by current dinurbance of the coincide with periods of lowest Q but occurred generally within two

. }y [ we began experiencing great difficulty obtaining a benthos sample at
bottom sediment. Shortly after the plant began commercial operation, or three months folluwing a peak Q reading.

Total hardness was aho greatest in September and lowest in April.>--
.

-? taation i because the current had scoured the loose sitt away leaving but the months between were arrayed differently than for conductivb
3 hard gray clay, ty. Station 21 showed higher values than station 16 || of 12 months
| The greatest average concentration ci suspended soikL was measured by a mean of 21.6 mg/1, dat there was no significant diffett.-a he- '

in March with May showing a close second, whereas Novcmber had tween stations I and 16. Itirstxt correlations showed a moderate posiuve
;$ the lowest (Table 1). The late winter and spring months had the higheu correlation hetween hardness and conductivity (Table 4).

values, while .he late fall and winter months had the loet Agam sta- Correlation may also t* tested non-stattsticallv using a rank matchms
tion 21 had larger values than station 1610 of 12 months by a mean technique, if two :*atasets as e positively correlated perfectly, the rank-

- -

;1
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0,ldel3 u,00000 _d.31260
211. 1952. DLJE Calf 13M--

_ . . 413. - 14/4 36tPdACA MERNING- 0,u5000 0.05W00 ~
0.01000- did 1915 3MJvtL40SE SlVW3EUs .0.01000' 0,01600*

V.us000
diu_ 19t5 13AAPsaCn MLwelwG u.10415 u,ul000 0,65000
dis tvio- anivaat< alwalus 0.uouva- u.u1000 9.33500

.. . ._ dth .19 /.7 341PJACA M(NNinG _0.1[*EB 0.01000 ,1,002bu
211 1978 341PJaCA MENMinG -0.0su44 4. wive 3 0.45000

| dio 1v/9 341PJaCA MEdNimy 0Aljbou 0.05294 0.G3760
. . - - , , d19 L.1950 3%IPJaCA MiHNING . 0.04915 U.ul661 0.2900u

2g0 1901 361PJaCK MiWWING 0,dev/3 v.00d59 -l.03090
ddi: 1952 UAIPJaCA MiNwlNG 0.117/9 u.0duoA U.63000
add =19,=. amatws3sta ssrea s 0.a133t v.vuset u.uissau,

j .- dd3 14/5 3MaLLMJuld dOFFALU IE367VU u,Jusuo d.83000
L .dde ivro maaLLnJuan esFF,atu 2.dvasv 1.oeuou d.64009

!
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staN .Elgmi_gr Eacq detCtEs at F3$g 1*vi,Gta al a%J of flan twom 19/u }HagvGs t952

)- Vdo v4 avECAE3 at4m.41 ilm.a! mes.=f

des ivir 3,4LL*Jsin sv>F.LJ z.9339u i. 3voo d...va0
dde 1415 394LL9JJIM sOFFALJ 1.00e** v.94Wov 'd.5eouu
ddl 1419 stall 9JJIM dutFALJ 1.4uyWo 1,08000 l.4#00U
dde 1950. 394LL1JJIM SuP F 4k J 2,01 59 1.4Ww00 3.10u99
dd* 1981 41ALLMasIN sVPFALJ d.Ov101 d.13000 3.30000
439 190g 394LL9JdTM duff 4LJ d . b 5 e o f, 1,19990 3,9h000
d31 tvil beul1ED san U lt990 0,1bb90 9.16999
d3d 1973- 31418&Q pas) 0,045:e W vtW9u U jeu 00

_ _ ._ .d33s 1 TD. sidAP(D bass o.09495 u.01000 t.3sowo
43W 1971 $fMtPtd dash Us#5246 9.995ou 4.96000
d3h tire 'stateto vass o.15ent v.couco d.ziouc

_ __. - __ d30 !!71-_,statPto dAsu _ o,uouv6 s.91909 u.3dsud
dai tveu stw1PEu sans o.noond .v.uwd50 9.oo999
aJe -tiei stNapio sass o.desva 0. steer 1.oses7

.______ _ , deG 1874 . ..std1PLD sass _ , , of66502 u 00$00 3,5600023v tied
TMMLAJFIN SMAD o.01250 v,90456 u.o(933

d41 197$ IMME40 FIN sNAo piollet 0.00333 W.03936
_- -_d#d_ 1976 _ 11NEA0 FIN _sMA0 . _ogVt'$36_ _u.09201-.__0.oS955._ _.

243 197? 14 DEA 0 FIN snad 0.04469 0,00d38 0.0e000
2ss .ti7e 14=En9Fl= snao 0;o0743 0.00doo- 0.01075

.285 .t if f , 1**ia0Fim_snau_ _ __9,oitse 0.00333 0.02430.___;____

des t wow . Indla0Fl= snau o.oters o.902co 9,0u000
der: -tiel f*dt40719 smAo 0io1279 v.00333 o,05u00

. __ -,d40 .tisc. 14Mf,autv snau. _ ;o,ctot2_ _0.003eo _ _9.0/090, _ _ _

d49 life flLAPla 0,d9307 0.2h105 0.33667
d50 1974- aslit nass 0403791 0.01536- u.16667
251 1jFi .amitt Bass 04:19*3 0 90450. 6,7)ovo2_._.____

~ est tv76 agile sass v.orsva v.09333 9.535u9
d53 till .a911E d&Ss 04 4100 0,00h16 1.0d000

0'dovua, .v.00011 1,136e?
_ _ _ _ .. dis - 1475. ._ a.11IE mass.. _ - - t-

256- 1980 agile Sass 0427635 U.Qu379 1.80000
_ _ ... _ _ _ . .. _ _ . 2 5 7 tjol an!IE uass_. ._ _of26303 u.0i}33 ,1,21000

d50 tved a11}E uAss o.30ve2 v.99437 1,04000
div 1914 oLysGILL sumfisn 0,0 dell 0,00ieb o.11107

w _ _ _ ...d69 _ f 47 L ,_ nLutsst u v M asm o,055d0 _ v.voden _, 9.1Savo ._ _ _

dot- 42n eLutstLL su=Fisa 0.07073 .o.90333 u,35333
dod . tait eLuistLL au=Fism 0;oeni6 0.00333 Q,2 ins 7

_ _ . _ . de) ti o elves 1LL ouwFisn_ __o.oedvs .v.Qude. u.3eovo
dos tv7, etutstLL su871sn v.01013 v.uudov 9.edoes
dos t+no. oLuistLL suweisn o.063dv v.9945o 9.29990

_ . _ _ . _ _ 490 1961 u Luis & LL . suMF ism Q.luone .U 00333 V,2itt7
der sind nLuistLL suwF154 0.os3os 0.09aan 0.usoue*

dbe 1914 ** tie CMa**1E o.056to u.093/2 U.29ddd
do9 1475 aMifE CdA# PIE- c.10043 0.09316 d,00009
s79 1 sib a,1|E CgaGPIE o.15bf7 0.00 boo 0.W5400
'dit till agile G<avPLE- o.tsuv7 v.uu30s 1.62699

.__ .did 1970 a*1lE C4&PP!E o.173id 0.01000 1.ovoou
d73 ts?Y agilt CdadP!E o.12312 0.09333 1.09044
die 1v50 agile C4APPIE 0.doluo 0.00doo d.Sjo33
dl$ tisi aattE CNAPPit D.d3717 u,uunm7 U.9409u
47o list agile CWarw1E u.indeo v ub375 V.Tv000
d71 ifl3 aa"dJJf1 4. Jut 43 V.J10Du " tGV90
to .!y/o aannJJf, v.uonot u.utuuo 0.19000

div tv7I a 4 W m J J i n' O.04035 u.stiuo v tvguo

dB0 Ifl5 andMJJf4 0.03390 0,0d/3u 0.ch0Vu
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dod 1909 aan*JulM u.03dbu 9.oluvu v.ttI49
do) 4Wo. aammaJim o.9545o v.udouo v dovuu
Jeu 19ed aamasuna 9.93145 v.ovo0u u.douou
285 A1/3 T L AWa #UL6mt&J 0.94009 v.04DwJ 4.0#090
det 49ft~ 'LLJa sJLLNtaJ 9.919u9 9.0499-1 .w.olevu
251 1415 .Ja L G M L a r? 9. cob 00 9.04ust u.lDioug
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299 19fe sLaCn surFaku 1.3o099 u.
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392 19tv 4'Lwicam ELL u.oo373 0.020u0 22500u
aos 1980 amin 1 Cam tEL o.u1000 0.01000 0.01090

~

30a _ 1981 _ 6"Ld!C** tLL _ .._ leo . 6717 e} _.lianovo. . d.50 sol- s#33
_._305 1979 3Hass PIC< THEL 0.01176 u.01176

366 19eo arvin 34RitH' O.oloou u.01000 0.01u90
.0 01333u,6129 .ogoldsoJo L . 19.s2 _ Javtd oHTM. _. u,10909 0.19990 u lovo6
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suo Ivs2 3IU4tNuuta
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315 luso sdvas s!Lvtwstat u.uo911 u.ous33 0.u29ue
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AND Entrainment
Species / Family Entrained 1982 Through 1987

Clupeidae
Gizzard Shad
Threadfin Shad
Skipjack Herring
Dorosoma Species
Carp
Striped Bass*

Morone Species
Cyprinidae

.

Catostomidae |

Freshwater Drum
Black Crappie
Pomoxis Species i

o Samilmouth Buffalo I

Brook Silverside
Atherinidae
Mississippi Silverside
Percidae
Mosquitofish
Centrarchidae
Lepomis Species
Channel Catfish

,

4

-



- .._- _ _. . . . . _ . _ __ _ _ _ _ _ _ _ __ _ . _ _

Entrainment .|
'

Total Density of Fish Entrained Per Sample Date
1984 through 1987

|
|

1984 1985 1986 1987

DQ Number Date Number Date Number Date Number

4- 8 37- 4-17 1252
4-25 53 4-29 1714 4-28 84 4-20 20 i

5- 9 18 -5-15 33472 5-13 7387 5-7 2125
,

9-2A 40344 5-30 5173 5-29 26910 5-21 21580'

-0-14 172867 6-10 38844 6-12 74825 6-2 37349
6-27 116609 6-25 2298 6-26 48637 6-23 170/9
7-10 3662 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

,

7
> a5-

5Um)
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AND Entrainment

Density By Species / Family Entrained From 1984 Through 1987

Species 1984 1985 1986 1987

Clupeidae 315312 73776 156909 189662

(Gizzard Shad 12231 1241 679 179

fThreadfinShad 1521 441 2090 2095

!-Skipjack Herring 30 185 0 19
_

Carp 0 49 16 0

Striped Bass 0 34 0 0

Cyprinidae 1304 354 427 0

Black Crappie 0 16 0 0

Catostomidae 0 655 16 111

Brook Silverside 0 17 0 0

Channel Catfish 31 0 17 0

Centrarchidae 18 0 0 0

Morone Species 261 5123 891 736

Mosquitofish 16 0 0 0

Lepomis Species 540 603 1330 718

Pomoxis Species 16 459 454 129

Freshwater Drum 2998 2610 8272 1841

Atherinidae 0 111 118 0

Mississippi Silverside 156 195 525 34

Percidae 0 0 0 20
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AQUATIC RESOURCL' QUESTIONS
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ATTACHMENT 4
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1-017-7

Dire:ter of Nuclear Reacter RegulationL

ATTN: Mr. Dennis L. ~1emann, Chief
Operating Reactors Branch F2

U. S. Nuclear Regulatory 'for.T.ission
Washington, D. C. 20555

!

Subject: Arkansas Nuc! car One-Unit 1
Docket No. 50-313
*icense No. DPR-51
August 30, 1976, Semi-Annual

!
'

Invironmental Monitoring Report
' File. 0900)

._

I Gentlemen:
3

Your Decerber 14, 1976, letter identi fied 3 so callec " abnormalities"
pointed out in the subject report ind requested addit.onal information*

I on each. In addition Jim Wilson of Mr. B. K. Crimes staf f has verbally
n requ:sted detailed discharge temperatures for startups and shutdowns

during the Spring 1976 period in relation to the sane topic.- Attached
find the requested information.

J
J Very truly yeurs,

|y, .,

Donald A. Rueter.

"

Manager, LicensinE

DAR:DHW:ay

"
Attachment

i

.

(.e.,. ~ ,,,- -.m.,< m......m .... ~ . - ~. . ~ . ~ e . ~ m m ., o ~ o s.
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' L ATTACHKENT 1
I
I

RESPONSE TO " QUESTIONS CONCERNING ABNORMALITIES
. I -- REPORTED IN ARKANSAS ' NUCLEAR CNE-1":!T 1

- - ~

> SEMI-AhNUAL ENVIRONMENTAL REPORT"
u

|I

1. On pagc 47 it is stated that "Large hydra were frund feeding on
larval fish in Area E TDischarge Ceve) during May 1976."

A. Is this uri:sual for Southern reservoirr?

i RESPONSF

!.

{ This is not ccmmon in Southern reservoirs but it is certainly not
unheard of and it i? not peculiar to Southern reservoirs. " Occasionallyg
hydras become a [ Fish] hatchery nuisance by kii:ing fish fry."1 Ilydra,

have been observed in the nest of black basses attaching to eggs and to.

hatching fry in two northern Arkansas reservoip - Zooplankton have
been observed feeding on hatchery fish larvac. ' !!ydra have been observed
in large numbers on a transient basis in an Iowa nursery lake.d This

3 is far from an exhaustive list of such ebservations.
!

B. If d': is, could the fish populations of the reservoir be3

g affected?

RESPONSE

Not applicable.
t

! C. . Is it because of plant operations?
I
} RESPONSE
!
,

When this observation was made the plant had been snutdown contin-*

I uously for about 2 months. The discharge bay is a natural hydra
habitat. Connection to plant operation is irprebable.

t

2. On page 47 it is stated that 'The June 1976 meter act samples'from all
areas of the reservoir produced 30 percent to 60 percent 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

4 if so, what plant-related factors have .aused it? If not ,

) what other factors have caused it?

! RESPONSE

1 The 30 to 60 percent figure was an estir. ate baseu cn visual observa-
tion. Actual numbers developed later by inspect ton revealed that only

I

.
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" ' 3
6.9% of all fish sampled had raised areas

. . ~.

or g rm hs over the bodyp, -.. or spinal curvature. Approximately 1/M af :!m mpled fish had spiral l

,

curvature, all restricted t o the dischar;m a r.a : . No individuals weref. affected by both abnnrealities. Therefore t he t wv.abnomalities are( considered to be complet ely independent , nere t< a possibility that
.

(, the spi?.al curvature is associated with plant operat ion since it appents -
'| t.o be a phenemenom unique to the discharge embay mnt . Ilowever, we

have been unab!c to identify any connection. is very unlikely that'-[ the growths or raised t cas are caused b;. riant . cration. The first"~

speelmen collected wi th this feature was tak en frem the control area _.
_

i

f --- upstream-of the plant i nTrFeesYed~ co'v6.~ ~
a

!~

Jim Kilson of the NRC staff has suggested the penibility of toxapheneeffects causing both these abnornalities. Thes
with texaphene poisoning 5 do not coincide with t.p ptoms identified.e abnormalities wej have identified, i.e. the raised areas or growths cannot be characterized
as hemorrhaging and the " broken back syndrome" dees not appear to cor-
respond to lordosis as identified in our report. In addition, as pre-
viously stated, no individuals exhibite. hoth features.

We of fer no explanaticn for the identified abnarmalities. We simply have
*

! not been able to identify any causes.
|

B. Is this abnormality likely to s:gnificant ly affect the popula-
tions of the reservoir?

!
RESPCSSEo

7
*

No. As indicated earlier the frequency of occurrence is much lewer than
previous visual estinates t odicated.

I
g C. Does this observation invalidato previcui analyses made by
; you concerning the impact of Unit I on !!.e reservoir?
!

-} RESPONSE

-t
. No.
I

3. On page 50 it is stated that "On almost every ollection trip frote,
'

mid-May through June, dead but not deteriorated nussels were observed
floating in every area of the reservoir".

L
i A. Is this abnormality likely to be due to plant operation, and
!, if so, what plant-related factors have caused it? If not ,I what other factors have caused it?
1

RESPONSE
''

f
,

i During the period in which the dead mussels were 2dentified the plant
g had been shut down for 2 months or more and some floating mussels were

observed upstren of the plant. Therefore, it is highly unlikely thati

| Plant operation could have affected the mussels in the manner identified.
1
i

|
;

i

i s
s

f
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' 4

No cause has been identified. The only pessibility theorised.

thus far has been suffocation due to shiftinr. sand, silt and debris1
1

'

in the wake of high water. As indicated in the August 30, 1976,
Semi-Annual Operating Report (page 31) flood level' conditions with

~

> much trash existed immediately preceding the first observat.lons of' the dead mussels. ,

i e

B. Is this abnorma.lity likely to significantly affect the
mussel populations of the resen>oir?

[ RESPONSE
t

| '!his question cannet be answered because the cu ent of the dieoff is
y not known, the population is indeterminate and whether the nussels died

in the reservoir er in tributaries is unknown. ,

C. Is this iciated to the larval fish abriormality?
i RESPONSE

We have been unab!c to postulate any relationship.
1D. Does thir observation invalidate previous analyses made by

you concerning the impact of Ur.it 1 on the reservoir?,

k
i No.

.

9

i
'!

i
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ATTACINENT 2
r'

i

kt '-
Discharge Temperature Fluctuat iuen

For Spring 1976
During Shutdoms and S:artups

. ---.-.-.--.- - - - - - ~~~

,

Cc .tinuous cperation nea- fu!! power unt il !brch 10 wi.--n shutdown.O

March 19 TIMF Op.,

i

1600 6'
170' 6'

\
$

ISO: 6.
1900 67 t,

>

'000 6ti !( 2100 f.D '

220' 57
23CC 57 % non-critical at 2217o

:brch 20 000 57I 100 57
-

200 57
300 57

Centinuously shutdown until June 19 when started up,
i
) June 19 TIME OF't

.I
1000 79
1100 79

p 1200 79'

1300 79
1400 79'% critical at 1353
1500 79
1600 79
1700 79>-
1800 79l 1900 79
2000 79

,

2100 79
2200 79

'

'L 2300 80
.6

"
. June 20 000 80l 100

I 80
200 30
300 80
400 81

+ 500 61
g 600 81
$ 700 813

S00 81
I

i

:. %

i
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F

I TIME D i; *

i '

LL 900 51

1000 80 -'

I. 1100 80 *

i 1200 81
F 1300 --- . 31 -- - --- -

1400 82

r 1500 82
1600 F4

"

4 1700 SS

1800 87
! 1900 S7

2000 86
"

2100 96
2200 86
230n 86

June 21 000 S6,

100 55-

! 200 85
L 300 86

400 86;

500 S7
,,

,

- 600 86
700 87-

- 800 Ti"~' - t ripped at 0729
900 Not availableg
1000 Not avai!ableu

1 1100 73
-I 1200 78

1300 79

1400 79
,

Continuously shutdown until June 28 when started up.
*

June 28 TIME OF*

1700 79
1800 79
1900 79
2000 79
2100 81 m

2200 83 ' -- critical at 2115o

9 2300 64

June 29 000 84
100 89
200 Not available
300 85
400 88"

i

,

* as measured in the discharge flume.f

I

r
. __-__-____-__-__ _ -__-_______ --_-____ --__--_- _ _ - _ _ _ _ _ _ --
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SUMMARY OF ENTRAINMENT
AT ,i f g[

Igi) ,vARKANSAS NUCLEAR ONE -- )
'

FROM
1977 THROUCll 1982

INTRODUCTION

Entraintnnt at Arkansas Nucicar One is defined as the passive movement of organ-

1sms in water through the plant's condenser cooling system. Of particular in-

terest are larval fish entrained, and the impact their loss has on Dardanelle

Reservoir. Mortality of these organisms is assumed to be 100% due to sudden

water temperature increases, pressure, and turbulence.

Approach velocity at the confluence of the intake canal and the reservoir is

less than or equal to 0.3 f t./sec. , and increases to 3.0 f t./sec. at the most

narrow point. It then r' duces to approximately 1.5 ft./sec along the remain-

der of the canal to the inta;a forebays. Each forebay is protected from trash,

fish, etc. by a ve.tical traveling screen constructed of 3/8" wire mesh. Very

small organisms are able to pass through the screens and enter the ANO condens-

er cooling system.

METHODS

Entrr.inment monitoring at ANO has been conducted since the spring of 1977.

Nuclear Regulatory Commission technical specifications for this monitoring re-

-quired once-a-month nampling, three times in a 24-hour period, at three deptho,

with each sample replicated. In other words, there were 18 five-minute station-

ary samples in a 24-hour period at the most narrow point in the intake canal

(Figure 1).

!
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Meter net data, obtained by Arkansas Tech University, was used for impact as-
i

l

sesament. These samples were taken in the daylight hours, at the surfaen, and ;

l

vere replict.ted. Sampling was once a' week from mid-March through June, and bi--

weekly from July through mid-September. See Figure 1 for meter net sample ar-
i

f){Yk .,-[f e [g!f ,

DATA AND DISCUSSION

Of the six years of entrainment sampling, three years met c.nimal technical

specifications (1978-1980) . The other three years vere r .mpled more frequently,
I

|Peak'spawnin, or, curred in May and Juneusually twice a month in May and June. e

in the meter net samples. Comparison of meter ne data and entrainment data ,

(Graphs 1-6) indicates that several peak spawning periods were missed when en-

trainment . sampling was performed .mcc a month. As a result, estimated entrain-
,

ment losses may have been rade.estimatei f ,r some of the years.

.

As shown by meter net data, toe datake bay area is one of the leart productive ,

areas of the four reservoir areas sampled (Table 1). The larvae in the intake

area varied 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.m., 4 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 wae as reported in past annual

reports should be carefully' applied to impact asseosment of entrainment.

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

-2-
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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 afternoon

samples were distributed throughout the water column with .69% at the surface,

2.22% at mid-depth, and 2.36% on the cottom. At night, there were 57.35% at

the surf ace,17.55% at mid-depth, and 15.33% at the bottom.

If the distribution of fish larvae in tha water column and time of day for the :

entrainmant 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 portion of'the larvae _present during a 24-hour period, probably

around .69%,

With the above entrainment percentages as a guide to calculate what might haya

been scen~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 can

The average density peQraw'Do!% & ids Suspadel?.

ver the sLx-year period for entrain-be made.

| ment and the estimated average density per trawl for meter net is found on

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

losses for_the six-year period. Approximately .07% of the estimated density of

fish' larvae in the' intake bay area were entrained.

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

trainment samples - (Table 3) . There does appear to be both a spatial and tempo- ]
)

$ _ral- distribution of fish larvae- over a- 24-hour period (top-right corner, Graphs
|

' 1-6).- However, in the sampic years 1978-1980,' where sampling was less frequent,
i

the spatial distribution was not that apparent. The surface area contained the^

i
~ greatest density of larval fish, while mid-depth and the bottom showed fewer
4

larvae, and little difference between each other.

_3
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All species of fish except carp w7re entrained in the greatest densities in the

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

The Clup_eidae species usually first appeared in the intake bay area around mid-

to-late-April, and usually first appeared lu the entrainment samples a week or

so later, from mid-April to mid-May. Peak larval density in the bay occurred

early in liay, and lasted through late June. Entrainment peaks occurred at ap-

proximately the same time. Both meter netting and entrainment indicated two

spawns 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-

nnd 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.

Entrainment 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 waa at the surface, and_the least at mid-depth and the

bottom (Graph 9). f j g 7,, /?J

Parone 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 sampics

after mid-June.

Morone species made up less than 1% to 12% of the entrainment samples, and were

more prevalent in the entrainment samples (Graphs 19-21). >2 ^~

'
4

-4-

. _ - -



- _ _ _ _ _ - _

.

Ent.rainment data showed the species to be concentrated at mid-depth and the bot-

tom in the daylight hours, and coming to the surface a;. night (Graph 7). There

appeared to be a significant spatial distribution, with the surface usually cor.-

taining the greatest density (Graph 9),
n

Pomoxi,s npecies usually first appeared in mid-April in the meter net samples,

and were usually first seen in the entrainment samples late April inte May.

Peak densities usually occurred in May, but varied from late April to mid-June.

Only two peaks were observed in the entrainment samples, in 1977 a.,d 1932.

These were in late April through early June, and mid-May, respectively. The

larvae of this species was not seen after late June in the meter net samples.

No Pomoxis specich was observed in the entrainment samples in 1979 or 1980.

Pomoxis species made up from less than 1% to 1% of the species composition in

both the veter net samples and the entrainment samples (Graphs 19-21). They

were usually found at the surface in both the daylight hours and at night. The

greatest denetty was observed at night (Graph 7). They were not observed in

the entrainment samples from 1978 through 1980. When they wer9 observed in the

other years, they were most numerous at the surfaca, and rarely observed at the

bottom (Graph 13) .

Lepomis specica usually first appeared in the meter net samples around late

April into late May. They were first observed in the' entrainment campics in

late May to early June, peak densities cccurred June through mid-Auguet in the

meter net samples, while peak entrainment occurred mid-June to mid-July. The

larvae of this species was not observed in the meter net samples af ter August.

-5-
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I Lepomis species made up f rom less than 1% to 3% of the meter net sam;1es , and

less than 1% to 4% of the entrainment samples. They we e s11r' '.y inore p. Jvn-

lent in the entrainment sattples (Grapha 19-21) .

The larvac were found exclusively at the surface during the oa) Light hours,

then mixed throughout the water column at night (Graph 7). ,They were most nu-

merous at the surface (Graph 12).

Cyprinidae species ucually first appeared in the entrainment sampics, rather

than the meter net camples. Their ifrut appearance in the entrainment namples

varied f rom late April through July; they first appeared in the meter net sam-

plot late April to June. peak densities in the meter net samples occurred in

early June. There were only two entrainment peaks, one in late diay,1978, and

late Juno through mid-July in 1980. No Cyprinidae species weru observed in the

entrainment namples in 1979.

They made up less than 1% to 1% ef the species composition in the meter net sam-

pies and the entrainment samples. They were slightly more prevalent in the en-

trainment samples (Graphs 19-21) .

Cyprinidae species were most of ten cbserved at night at the surf ace (Graph 7).

They showud great diversity of distribution throughout the water column in the

entrainment samples. In four out Of five years thv.y were observed, t. hey were

100% at some particular depth, k'ith the data available, it was impossible to

determine whether they dominated any level in the water column (Graph 13).

-6-
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Freshwater drum larvae usually first appeared in the entrainment samples around

mid-May, then were usually observed in the meter net samples in late May to

early June. They were usually observed each ~ r in the entrainment samples,

but were not observed in the meter net samples in 1978, 1980, and 1981. They

reached peak spawning densities in the meter net samples around late May W

carly June, and were present for a very short period of time. Entrainment ce a <,

densities occurred early-to-late June, s>metimen at the last of July. Larvae

of this specien were usually not seen after July in the meter nat sampleu. No

freshwater drum were observed in the entrainment samples in 1978.

Freshwater drum made up less than 1% of the meter net camples, and from less

than 1% to 7% of the entrainment samples (Graphs 19-21). They were obcerved

exclusively at mid-depth and the bottom during the daylight hours, then mixed

in t.he water column, with the greatest density at night at the surface (Graph

8). They were found 100% at the surface in 1981, and 1982.

Atherinidae specica, usually Hississippi nilversides, varied greatly in their

first appearance in the meter net samples. They were observed as early as late

April, and as late as the last of July. They first appeared in che entrainment

samples in late April to late June. No Atherinidae species were observed in

the et.trainment samples in 1978, and 1982. Peak densities in the meter net sam-

ples occurred anywhere f rom May to early August. Only two entrainment peaks ,

were observed, one in late June, 1977, and the other in mid-May, 1981. The time

at which the species was last observed in the meter not samples varied from'

early June to September.

,

-7-
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The Atherinida_e larvae made up ler,s than 1% of the species composition for both I

meter net and entrainment samples (Graphs 19-21). " hey were not observed in

the morning entrainment samples, some were observed in the af tornoon campics. |
j

and none were found at the bottom. They were most. numerous at night at the'

,

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

from the bottom (Craph 7). |
,

!

t

When entrairunent sampling was performed more than once por month. Atherinidae, ;
'

!

species were observed at the greatest densit les at the surface (Graph 15). ;

i

,

Catostomidae species were usually 1irst observed in the meter net sampics in >

r

mid-April', and as late as mid-June. When they did appear in the entrainment
.

samples, it was usually in mid-May. Peak densities occurred lato in Kiy through
;

June, while they peaked in the entrainment sampics in mid-June. No Catontomidau_ ,

species were observed in the entrainment samples in 1977,_1978, 1979, and 1981.

They were not observed in the meter not sampics af ter inid-July.

t

The Catostomidae species made up less-than 1% of the species composition of the

.entrainment samples. and from less than 1% to 7% of the mecer not, sampics. They
,

were more prevalent in the meter not samples (Grapha 19-21).
,

The larvae were observed at the bottom of the water column in the daylight hours.-4

,

|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 t.he. surface than at-

mid-depth and the bottom (Graph 17).

.

4

-8-
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Carp were never identified in the meter net sattples, and were only observed

twice in the entrainment samples, 1978, and 1982. Their first appearance was

late in May, 1978, and late June, 1982. Carp larvae were never obsersed after

June.

They made up less than 1% to 1% of the species entrained (Graphs 19-21). They

were never observed in the bottom entrainment sampico, nor were they observed

at any level in the water column in the afternoon. They were most numerous in

the morning at the surf ace, and when observed at night, they were found exclu-

sively at the surface (Graph 8). The larvae were most prevalent at the surface

(Craph 16).

Channel catiish were never observed in the meter net samples, and were only ob-

served once on June 13, 1977, in the entrainment samples. They were located at

mid-depth at night (Graphs 8 and 18).

Micropterus species were never observed in the entrainment samples, and were

not observed in the meter net campics in 1977, 1978, and 1981. The larvae first

appeared in mid-April to early May, and were present for less than a week. They

were never oboerved af ter early May.

Percidae species were never observed in any of the entraintnent samples. They

were observed in the meter net sampico every year except 1981. They usually

first appeared in mid-April. Peak densities occurred in mid-Aps a to the first

of May. They were not observed after early June.

9
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1983, a few meter net trawls were perf ormed at night at thein the surmaer or

surface at all four sample stations. The few samples conffrmed the assumption

that there were significant.ly more larvae present at night than during the day-

light hours.

1

CONCl,USION

Since the Clupeidae_ specico were-the most entrained fish larvae, and since the

opecies has been abic to reestablish itsoif in the intake area and the reservoir

each year, it does not appear that entrainment in having a significant. Impact ;

on the Clupoidae specica, nor is there any evidence that entrainment losseu have i

had.a significant impact on.the ather species of fish observed. 1

T
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TABLE 11 LIST OF LARVAL FISil CAUGilT EACll YEAR FOR tJTRAINMENT SAMPl.ES AND Tile
FOUR SAMPil' AREAS IN DARDANELLE RESERVOIR. RCPLICATES ARE COMBINED.

Y2AR ENTRAINMENT INTARE DI SCllARGE CllANNEL BACKWATER

1974 1551 3558 1975 6052

1975 3717 4496 4880 38201

1976 5774 8815 9546 23581

1977 1088 5769 4455 11970 14807

1978 1212 6318 7134 13363 102137

1979 218 6864 12027 13734 60481

1980 554 10763 9692 234896 142937

1981 836 3073 1782 15053 18681

1982 2478 29135 9492 8607 29752

f* W

2: toc 4.33
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3TABLE 2: AVERAGE NUMBER OF LARVAE /1000H FOR ENTRAlletENT SAMPLIS (1977-1982 COMBINED) AND
8Tile ESTIMATED NUMBER OF LARVAE /1000H FOR MF.TER lie'1 ''AMiLES (19fi-1987 COMB 1MED)

lll Tile INTAKE BAY AREA.

8 A.M. 4 P.M. 12 MIDNICllT
MID- MID- MID-

SURFACE DEPTil BOTTOM SURFACE DEPTil BOTTOM SURFACE DEPTil . BOTTOM _

METER NET 81575 180721 302456 86595 278611 296181 7197446 2202531 1923921

ENTRAINMENT $6 124 207 59 191 202 4955 1506 1316

PERCENT OF TOTAL .65% 1.44% 2.41% .69% 2.22% 2.36% 57.35% 17.55% 15.33%

( fl { s uosil- e'
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- TAllLE 31 I'ERCIWT OF 1ARVAL FISit DENSITIES ENTRAINED BY TIME OF DAY AND YEAR.

YEAR 8 A.M. 4 P.M 12 HIDNICl!T2
r

1977 4.11% 9.45% 86.44% i

1978 14.63% 16.93% 68.44%

1979 4.86% 1.78% 93.36%

1980 8.09% 8.31% 83.60%

1981 2.30% 1.57% 97.54% i

1982 3.95% 3.94% 92.11%

i
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U
ITABLE 4: EACH SPECIES PERCENT DENSITY DURING Ti!E Tl!REE TIME PERIODS WITilIN 24

Il0URS AVERAGED OVER Tile SIX-YEAR PERIOD OF ENTRAINMENT SAMPLING
(1977-1982).

.

SPECIES 8 A.M. 4 P.M. 12 MIDNIG11T

CLUPE1DAE SPECIES 4.5% 6.8% 88.7%

CYPRINIDAE SPECIES 6.0% 30.0% 64.0%

CllANNEL CATFISit 0.0% 0.0% 100.0%

MORONE SPECIES 12.3% 5.6% 82.1%

LEPOMIS SPECIES 4.2% 1.3% 94.5%

POM0XIS SPECIES 9.0% 2.8% 88.2%

FRESIIWATER DRUM 3.7% 2.2% 94.1%

ATilERIN1DAE SPECIES 0.0% 11.8% 88.2%

CATOSTOMIDAE SPECIES 16.5% 1.8% 81.7%

CARP 82.3% 0.0% 17.7%

- . _ . . ____ _ _ _ . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Forward

The distribution of the Arkansas Nuclear One (ANO) thermal effluent in Lake
Dardanelle is affected by a complex interaction of natural and man-made factors.
The extent of the lake provides a large fetch upon which winds can act. Reservoir

throughflow varies from a high steady flow to one that is negligible. Inflow via
lilinois Bayou, from past history, is highly irregular and for the study period
unknown. Meanwhile, the pumping rate of the ANO facility remains, for the most
part, constant. The extent and configuration of the ANO plume as these conditions
varied over a 13-month period was the subject of Geo-Marine's 14-part temperature
and dissolved oxygen survey program at Lake Dardanelle, and the findings of that
program are the subject of this report,

l. INTRODUCTION

On 25 February 1976. Geo-Marine, Inc. completed a program of three-dimensional
thermal and dissolved oxygen surveys in the vicinity of Arkansas Power and Light's
Arkansas Nuclear One power plant at Lake Dardanelle. The program, as originally
proposed, included one pre-operational survey and a series of 12 monthly post-
operational surveys. As conducted, the program consisted of a pre-operational
survey in October 1973 and 13 post-operatiunal surveys that spanned January 1975
through February 1976. Of these 13 surveys, the April 1975 survey was conducted
while the plant was shut down and the remainder were done on a monthly basis with
the following exceptions: no survey in July 1975; two surveys in August 1975; and
no survey in October 1975. This final report presents the results of the thermal
ano dissolved oxygen monitoring program in two volumes. Volume I contains a dis-

-cussion of the complete survey program. Volume 11 contains the individual survey

reports.
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11. BACKGROUND 1

l

Arkansas Nuclear One (ANO), a facility of Arkansas Power and Light, is located
near Russellville, Arkansas, on Dardanelle Reservoir (Figure 1). Occupying a head- ;

,

land that separates the submerged Arkansas River channel from Illinois Bayou, AND
intakes its cooling water from Illinois Bayou at a rate of 1700 cubic feet per

isecond and discharges the effluent into e 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 is usually less.

:

Dardanelle Reservoir is formed by the impoundment of the Arkansas River by
the U. S. Army Corps of Engineers (C0E) Lock and Dam #11, located at Arkansas River
navigation mile 205.5. The mouth of the ANO discharge cove lies at navigation mile
212 and the Arkansas River enters the upper reaches of the Lake Dardanelle regime at

| approximately mile 224.1 Upstream of Lake Dardanelle, the Arkansas River is regulated
by the COE Lc,ck and Dam #11 at Ozark, 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 consideratica given to both navigational and hydroelectric requirements. During

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,
l 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
i generation is possible while little, if 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,

l

' 1 Source: Personal concunication River Regulation Branch, COE, Vicksburg,
i 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.

l

2
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l
III. DARDANELLE RESERVOIR THROUGHFLOW

In order to better understand the behavior patterns of the themal plume as
it leaves the discharge area, the quantity of throughflow in the Dardanelle Reservoir
is examined. Throughflow for Dardanelle 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 1969 through
September 1975 were constructea.2 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 year that were equal to or below the curve. In other words,

from each six mean daily flow values (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 illustrates each of the three percentile curves for the six-year
period. These percentile curves are used as references to compare the mean daily
flow curve for the study period January 1975 through Febru3ry 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 Reservoir throughflow was relatively
high--for the most part being equal to and at times exceeding the 83-1/3 percentile
curve. By October 1975, flows are generally below the 50 percentile curve. In

January and February 1976, the daily value plot becomes generally a new low-flow
Thus during the period during which the series of surveys were performed,curve.

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
1975 to 28 February 1976 is " provisional" and subject to future revision by
USGS.

4
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B. Hourly Flows
i

Mean daily averages were presented in each survey report for a 5-day period
bracketing the survey day. As th0 average throughflow fi Jres Continued to gener-?

ally decline during the thirteen month study, a change in the plume configuration
aas noticed from month to month. As an 410 in understanding the impact of Lock
and Dam #10 releases on the reservoir, an attempt was made to differentiaie between

the actual hours and quantities of release and the hours of pooling.
.

The Corps of Engineers maintains daily operation logs for Lock and Dam #10.
Among other inforration, these logs provide a breakdown of the flow quantities
through the locks, the spillway and the turbines. With respect to the turbines,
their hours of operation are also given. Generally, when inflow is below the
threshold value of 36,000 cfs, reservoir water is released only through the tur-
bines or the locks, with the latter amount being of the same order as the estimated
leakage rate; i.e. , about 50 cfs, or negligible. From these considerations the

hourly values of throughflow can be calculated by pro-rating the quantity of water
released through each turbine against its hours of operation. More simply, the
various patterns of reservoir throughflow can be presented schematically by plotting
the number of turbines generat'.ng each hour of the survey day, as water is being
pooled when no turbines are operating. This plot is shown in Figure 3. From this

figure and the knasledge of the mean daily flows presented in the previous section,
it can be teen that Dardanelle Reservoir changes 4ts characteristics not only day

to day, but several times within a single day.

IV. ILLIN0IS BAYOU FLOWS

Illinois Bayou, near its confluence with the Arkansas River, is regulated by
two dams. About 20 miles distant is a dam at Scottsville, Arkansas. Somewhat

closer is the Russellville City water works dam, about 6 miles upstream. Since

the intake tar ANO is located on Illinois Bayou, it is desirable to know the daily
flows throughout the survey period.

,

'

6
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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 Illinois Bayou were
kept for local use only. The gauge at this site is not in current operation and
historic records remain unlocated.

Thus, quantitative information concerning Illinois 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 1967.3

V. 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 difficulty was encountered in obtaining meteorological data
from the AN0 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
i

; local meteorological factors with plume characteristics.
,

! Little Rock is appruimately 70 miles southeast of Lake Dardanelle 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 of notable
variation in conditions of which one should be aware when using meteorological data

,

from the more remote source. Examples of thir. are provided by comparison of the wind

3 Sullivan, John N. Thermal Survey cf Dardanelle Reservoir. USGS. open-file report,
p. 7.

8
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parameters and ter.;peratures for 6 August 1975. In Little Rock the wind from mid-
night to 0900 was generally out of the west and south at 4-5 mph. At the sare time,

the ANO faciitty reported winds at half that speed out of the north and east. Tem-
peratures also varied widely between the two stations, with ANO reporting 106*F at
1600 while Little Rock reported 89"F, a difference found generally throughout the

day.

Meteorological data from the ANO 10-meter reporting station appear in the
Appendix for all survey dates except for the one ir, late August 1975. For 28

August 1975 the appropriate data were unrecoverable. Also, in some cases where

10-meter wind data were unavailable 57-meter data were used and that is duly

noted.

VI. INDIVIDUAL MONTHLT SURVEYS

A. Introduction

This volume is not intended to replace the individual monthly reports but
rathe* to summarize the study and compile data which addresses applicable state

regulations. For this reason, the individual monthly survey reports, presented
in their entirety in Volume II, should be reviewed for in-depth information on a
particular survey before the corresponding portion of this section is studied. For

weather information as reported by the ANO 10-meter station for each of the survey
days, the reader is referred to the Appendix.

The new presentations of data contained in this section for each of the surveys
include two cross-sections, a determination of ambient water temperature, and the
extent of a water temperature zone in excess of ambient plus 5'F.

The two cross-sections (one for temperature, one for dissolved oxygen) are
based upon the isothermal contour charts and isopleth charts for dissolved oxygen
presented in the monthly reports. The orientation of the cross-sections is along
a line from the northeast to southwest from the mouth of the discharge cove to the

southern shore of Lake Dardanelle.

|
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The applicable criteria for water quality are aisen in the State of Arkansas,
Arkansar Department of Pollution Control and Ecology. Regulation No. 2 as amended.

Section 5 (a) state; the following:

Tenperature--D~anng any mnth of the year, heat shall not be.

added to any stream in eaccaa af the amount that vili elavate
the tempemture of the water m re than 5 F, based upon the
month'y average of the ma.rimum daily temperaturce as measured
at niid-depth or 5 feet, whichever is lesa. In lakes and
reservoira, the tenperatura shall not be raised more than 3 E
above that uhich existed before the addition of heat or artificial
origin, based upon the average of temperatureo taken from eurface .-

or from surface to thermocline, if present. The ntu~imum
to bottom,i due' ti'nhn-madi~5dGaea shall not exceedTP F in troutt&dentur
uaters, 86 F in smallmouth base uaters, or 90 F in all other uatera
eacept fer the follwing:

1. Red River - 93 F
2. Kelley Bayou - 91 F
3. Bayou Dorcheat - 91 F
4. Quachita River (state line to Bentnel Dam) - 91 F

Y l' g k
U {la5. Lake Catherina - 93 F .

-

C6. Bayou Macon - 91 F

8. Dardanelle Beacrvoir (segment 3E) _95 F trith FU * . woh i7. Arkansas River - 93 F

un }H.
t y

C"5 F m:inen increase.
9. Whit River (mouth to Lock and Dam H1) - 93 F

10. Spring River (mouth to mouth of South Fork) - 93 F
11. Little Miascuri River (mouth to mouth of Muddy Fork) - 93 F
12. McKinney Bayou - 93 F

_

Based on the above, i.he 5'F delta for each survey was determined as explained

in the next two paragraphs.

The cmbient temperature for each survey was detennined by first seeking an
area of Lake Dardanelle upstream of the discharge cove that was outside the influence

of the plume. In this area temperatures were measured for all five depths at which

the sensors were towed. Since the area of the lake receiving tne maximum impact of g
'

the plume averaged about 10-12 feet in depth and since the lowest sensor (at 9 feet)
generally describcd the lower reaches of the plume, the ambient temperature was 9
detemined as the average of the surface, 3, 5, 7 and 9-foot temperatures in the ,v,

area outside the influence of the plume,

*
f t

N' ~ '-m,h jwk? 41 h 9 'u ' ' ' ' '

lu m *^W} |V ^ ~ * ^ ^ ' '

g+ p|g
.;w f L/~rb rObd %..,/,10g

- -______ -_ ___-__--_ _ _ _ _ _ - _ __
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The presence and extent of a water temperature zone in excess of ambient
plus 5"r was also determined using the average of readings at the near-surface, /,,,,"-
3. 5, 7 and 9-foot levels. From the temperature cross-section presented for each ,1 vm

7['survey, the average at the mouth of the cove (far lef t_ hand side of the cross- !

section) wrs used to determine if such a zone was present. If it was, then the ^#

extent was determined from the near-surface through the 9-foot isothermai con-
tout charts presented as part of the original survey reports (see Volume II).

The temperature and dissolved oxygen cross-sections along with pertinent
discussion for each survey follow in this section.

B. 28 October 1973 (Pre-Operational Survey)

The conditions under which the pre-operational survey was conducted wet e as
follows: winds were generally out of the west at from 2.0-7.5 knots, air temperature
was about 47'F, and reservoir throughflow was continuous at an average rate of
84,810 cfs. Tu full report on this survey appears in Volume II.

The cross-sections for temperature (Figure 4) and dissolved oxygen (Figure 5)
show little lateral or vertical variation in values.

C. 21 January 1975

The conditions under which this survey was conducted were as follows: winds
were generally out of the east at from 5-10 knots, air temperatures ranged from
35-60*F, ANO generation was about 870 MW gross, and reservoir throughflow was
continuous at an average rate of 48,000 cfs. The full report appears in Volume II.

The temperature cross-section appears in Figure 6. Ambient temperature for

this survey was 39.9'F. Along the cross-section the zone of water temperature
exceeding ambient plus 5'F (referred to as the 5'F delta and equal to 44.9'F)
extended approximately 2480 feet out from the mouth of the discharge cove. The

arcal extent of the 5'F delta is indicated in Figure 7. The area within the shading

is about 166 acres.

11
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Figure 7. Areal extent of 5% temperature 21 January 1975.
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The cross-section of dissolved oxygen values is shown in' Figure 8, Con-

centrations vary only slightly laterally, 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 increasing speeds -up to nearly 9 knots by mid-afternoon; air temperatures ranged
from 40-64'F; ANO 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
valueforthatday(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 ll, 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 II) the levels of dissolved oxygen at the intake in Illinois 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 knots, air temperatures
ranged from 44-69'F; ANO generation was decreasing 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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The temperature cross section appears in Figure 12, and shows the plume to
be essentially confined to the upper two feet of the reservoir. Ambient tempera-

ture for this survey was 44.7'F making the 5'F delta equal to 49.7*F. The zone

of water temperatures exceeding the 5'F did not reach the mouth of the discharge

Cove.

The cross-section of dissolved oxygen appears in Figure 13. showing concentra-
tions to decrease approx.mately 2 ppm from the surface down to 9 feet. This is
fsirly representative of the trend seen throughout the vey area in Lake Dardanelle

and Illinois Bayou (refer to Volume II).

F. 16 April 1975

This survey was conducted during a period when ANO was shut down. The other
conditions under which this survey was done were as follows: winds changed from the
east to the west and south in mid-morning, increasing in speed from about 3 knots
to around 9 knots; temperatures ranged from 65-100*F. the high being reached about
1600; reservoir throughflow averaged 70,000 cfs. The full survey report appears

in Volume II.

The terperature cross +section appears in Figure 14. Ambient temperatures

for the survey was 56'Fe The cross-section for dissolved oxygen appears in Figure

15. Due to the small range of dissolved oxygen contentration, a contour interval
of 0.2 ppm is used.

G. 2*, May 1975

The t onditions under which this survey was conducted were as follows: winds
which were at 2-4 knots out of the east around midnight were out of the south by
mid-morning and continued out of that direction at 4-9 knots through the after-
noon; air te"peratures rose from 75'F to 90'F by 1500; ANO generation was about
820 + 20 MW gress; and reservoir throughflow was continuous averaging 64,500 cfs.
The full survey report appears in Volume II.
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Figure 16 shows the tenverature cross-section. Ambient temperat Jre for

the survey was 76.7'F. making the 5'F delta equal to 81.7'F. The average of

the surface. 3, 5, 7 and 9-foot temperatures at the nouth'of the discharge cove
was 82.4'F. Indicating the presence of a zone of water temperatures exceeding the
5'F delta. This zone extended approximately 1800 feet out from the mouth of the
discharge cove along the lin6 of cross-section (A-A'). The areal extent of the
5'F is shown as the shaded area in Figure 17, which represents about 113 acres.

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

H. 26 June 1975

lhis 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;
ANO generation range was 815 1 10 MW gross; and reservoir throughflow was continuous
averaging 123.000 cfs. The full survey report appears in volume !!.

Tu cross-section of tenverature from the mouth of the discharge cove to
the south shore of the lake is shown in Figure 19. Ambient temperature for the

survey was 80.5'F. making the 5'F delta 85.5'F. The average of the near-surface.
3, 5. 7 and 9-foot temperatures at the mouth of the discharge cove was 86'F.
indicating the presence of a zone of water temperature exceeding the 5'F delta,
This zone extended approximately 1580 feet out from the mouth of the discharge
covealongthelineofcrcss-section(AA'). The areal extent of the 5'F delta
is shown as the shaded area in Figure 20, which represents about 82 acres.

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

detail in the monthly report (refer to Volume II) no near-surface values for
dissolved oxygen were measured.
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I

1. 6 August 1975
.-.

The conditions under which this survey was conducted were as follows: winds
reversed direction at mid-morning, having been out of the northeast at about 2 knots
and changing to the southwest at 3-6 knots; air temperatures ranged f rom 78'F to
106*F at 1600; ANO generation was within the range of 785 1 15 MW; reservoir
throughflow, though continuous, varied considerably throughout the day (refer
to Figure 3) and averaged 20.100 cfs. The full survey report appears in Volume 11.

The cross-section of temperature is shown in Figure 22. Ambient temperature

for the survey was 85.6'F making the 5'F delta 91.6'F. The average of the near-

surface, 3, 5, 7 and 9-foot temperatures at the mouth of the discharge cove was
89'F, indicating that the zone of water temperatures exceeding the 5'F delta did

7
not extend out beyond the discharge cove, k tf 0t, y ., 3

,

,,(. c m' : .

The cross-section for dissolved oxygen appears in Figure 23.

J. 28 August 1975

This survey was conducted under the following conditions: winds at 4-5 knots
in the early morning hours that gave way to stronger southerly winds at 5-12 knots;
air temperatures ranged from 70-92*F; ANO generation ranged about 7751 0 MW; while1

the reservoir throughflow pattern was sinilar te, the 6 August pattern, continuous
but varying considerably throughout the day (Figure 3) and averaged 19,600 cfs.
The full survey report appears in Volume !!.

The cross-section of temperature is presented in Figure 24. Ambient tem-

perature for the survey was 84.5'F, giving a 5'F delt.a temperature of 89.5'F.
The average of the near-surface, 3, 5, 7 and 9-foot temperatures at the mouth
of the discharge cove was 90'F, indicating the presence of a zone of water tem-
peratures exceeding the 5'F delta. This zone extended approxinately 690 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 in Figure 25,
represents about 83 acres.

t
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1

The dissolved oxygen cross-sectict appears in Figure 26. No surface values
for dissolved oxygen were measured in the area within 2500 feet along the line of
i.he cross-section. A full explanation is included in the monthly report in Volume !!. '

K. 24 September 1975

The following conditions prevailed on the day of this survey: winds were
generally out of thn north at from 3-9 knots; air temperatures ranged from 55-6B'F;
ANO generation was 835 + 5 MW; and reservoir throughflow was 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 11.

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 line of the cross-section (A-A'). The areal extent of the
5'F delta, es 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 1975

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; air temperatures ranged

from 36-69'F; ANO generation from midnight to 1800 was 720 1 5 MW; and reservoir
throughflow was discontinuous, ranging from near-zero from midnight to 0700 to
about 8000 cfs from 0700-1600. Greater throughflow occurred in the early evening
hours, pooling again comenced at 2200, and the average discharge for the day was
about 8000 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, naking the 5'F delta 70.5'F. The average of the
surface. 3. 5, 7 and 9-foot 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 line 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 Decencer 1975

This survey was conducted under the follow ..tions: winds were 3-6 knots,

predominantly out of the north; air temperatures ra..gsd from 39-45'F. ANO generation
was 705 1 5 MW from midnight to 1400, then increased over the next several hours to
Ji012 MW from 1700 through the remainder of the day; and, unlike conditions during,

"ic previous two surveys, throughflow was essentially continuous and averaged 36,200
cfs. The full survey report appears in Volume 11.

The crost-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 .frmn 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.

I

The cross-section for dissolved oxygen appears in Figure 35.

i
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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 af ternoon ,

'
to easterly at 1-4 knots; air temperatures ranged from 21-40'F; ANO generation was

1862 + 7 MWL and reservoir throughflow was discontinuous- being near-zero from mid-
,

night to 0700. 14,000 cfs from 0700-1500, near-zero again from 1500-1700, returning
to 14,000 cfs from 1700-2200. with pooling again occurring by 2300. (Average j

throughflow for the day was 7800 cfs). The full survey report is contained in
Volume 11. ;

i
,

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 a zone of water temperatures ,

'

eveeeding the 5'F delta. Along the lina of the e oss-section this zone extended
iapproximately 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.
i

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

O, 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 0700-1300 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 figure 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 water 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 cross-section for dissolved oxygen appears in Figure 41.

VII. 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, j

the appearance and distributic.n of the plume also changed markedly. Generally,

with all other factors being equal, the most significant factor regulating De
,

extent of the plume was the reservoir throughflow.4 Once throughflow became
intermittent or low, winds became an important factor.5

There are three additional plume effects that require coment. These are

the questions of recirculation cof discharge waters up Illinois Bayou to the in-
take; depression of dissolved oxygen concentrations in the area of the discharge
cove; and an apparent anomaly in vertical profiles of dissolved oxygen for the
area- immediately northwest of the discharge cove.

Since current flow information for Illinois Bayou is not available, the
question of recirculation must'be approached by analyzing the isothermal contour
charts and by examining other pcssible explanations for the trends found on them.
This approach is complicated by the fact that the pre-operational survey indicated
that the characteristics of Illinois Bayou water differed from that of the main
body of Lake Dardanelle.6

For example, compare the isothennal contour charts (high throughflow--Figures4

6-10, pages 15-19) from the January 1975 report with those from the November
1975 report (low intermittent throughflow--Figures 7-11, pages 17-21). These
reports are in Volume II. ,

5 This is demonstrated by comparing the isothennal contour charts from September
1975 (northerly winds--Figures 6-10, pages 14-18) with those for November 1975
(winds light 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 II.

6 See paragraph 1, page 6 of the October 1973 report in Volume II.
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LThe.Fetmuary 1975 survey report stated that:

'The uaters of Illinois Bayou are varmer than ambient open
take waters at att measured depths. This temperature
elevation is as much as 5.8F at the near-surface and 1.6F ,

at a depth of 9 feet. Although ve vould eapect some re-
circulation of discharge uaters, this seems to be the case
only at the near-surface. At the 3- and 9-foot depths,
ths presence of a temperature ninimum naar uhere Ittinois

' Bayou joins the min take body suggests that these~ deeper
uaters-are moving southuard..."7

,

-' umarizedThe first- quarterly sunrnary contained in the March 19T
the findings of the first three post-operational surveys as - .

' Temperatures in Ittinois Bayou ranged frca 1-SF above the-
measured ambient in the main body of the take. Ynere are
indications in the February and March survey of some surface
recirculation, whereas, alt;aurveys at.att measured depths
shou uamer uater northeast of the intake, indicating that
flou is in a southerty direction."B

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.

.. . iThe surface temperature contour chart (Figure S) shous"

that Ittinois Bayou uater, ranging in temperature from 81.SF
to 86. 6F is generally varmer than the ' ambient open take uaters
that 'are 82F and cooter. A general:SF increase in uater tem-
perature is seen at att depths to nine feet as one moves across

-Illinois Bayou from the southeast to the northuest. Also seen

'

in this survey is the existence of nearly isotherm 1t'uater in a
vertical cottom from the surface doun to the 9-foot depth.
Recirculation of discharge uater into Ittinois Bayou appears to

~ be denied at att depths to nine feet by the existence of water
-at the Bayou mouth that is, in general, cooter than that uhich
. is apparently moving southuard (see Figures S through 9)". 9

7 February-1975 report (paragraph 3, page 4) of Volume II.

-e-Quarterly sumary and March 1975 report (paragraph 3, page 5), Vohme II.

9 June 1975 report (paragraph 5, page 3), Volume II.
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The January 1976 survey was done under low, intermittent reservoir through- I

flow conditions. As a result of that st- vey, the following observations were |
reported * l

|
|

. . . Yne near-sta~ fa - remt :ture neasured at the mouth of |
"

the intake cow "I 44F contour does extend from |.

the acucheaats.~ , ake into Illinois Bayou and j
'

the intake w v inues past the intake into
the north This seems to belic the ;~..

initial in .

^ depth, the temperaturesAt the :~f r a-
at the r cu- :ured nearly the same as~

.

the near-aw, a3 levela, unlike at the
aneralty decreased in thenear-surf r. w <

,

arca of th '

,

l

1 L. , , ccmperature in Illsnota |At the 7-foot
ake cove vere gene n tly equalBayou to the nor: h .r t

'

Bayou, though the centralto those av sne r. - ,

portion was cc- .sa . - . of touer temperaturea.

Generally, then, there it a decrease in tempenture northuard
from the mouth of Illinois Bayou touard the intake cove. Were
this the only trend obaerved, recirculation vould be indicated.
Contraindication comes from the presence of varmer vater to the
northeast of the cove that appears to be moving doun Ittinaia
Bayou touard the intake."10

The last paragraph of the above quote points up the crux of the problem
in making a definitive statement concerning recirculation. Are the con?.urs that
indicate recirculation the result of water; of a different temperature regime
moving down Illinois Bayou or a result of the mixing of recirculating discharge
water with Bayou waters? The following pattern was seen in Illinois Bayou during
the April 1975 survey which was conducted when ANO was shut down.

" Water tempentures in Illinois Bayou are varner than thoac
in the main body of the take ...

Yne tempenture pattern in Ittinois Bayou foltous closely
that of the January and March 1975 surveys. There are

10 January 1976 report, beginning with paragraph 2 of page 20 and continuing
through paragraph 1, page 21, Volume !!.
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generally varmer waters on both eheree >Ath cooler waters |
in the center. The temperature elevatwas seen in Illincia '

Bayou during this underway curvey were not os , pronounced as
on the three prior operational measurement programa. A \

eurface reconnaissance during the morning of 16 April did
- shou a sidiarity to the previous surveya, with eurface i

temeratures across the main body of the take ranging from '

SS. 7F to S7. 6F, and surface tementu"ca along Illinois |Bayou (to above the milroad bridge) mnging from SS.2F
to 60.SF. Houever, during the morning, vinda vere moderate ,

to 4 knota. In the afternoon, when the undevuay data vere |
taken, the vinde had increased to 10 knots, which enhanced
eurface cooling and mi. ring. It can 'e concluded that some !

of the tempenture elevation in Illinois Bayou seen durin |

Plant operational surveye was due to natural conditions. "g1

An explanation for this temperature elevation in Illinois Bayou may lie up- |

stream. TLe area behind the railroad bridge over Illinois Bayou upstream of the )
intake cove is wide and shallow. Water is trapped there by the causeway that

J

blocks the Bayou almost to the north shore. Bayou water may circulate slowly in ;

this area, experience solar heating, then move downstream toward the intah. This

would explain the te@erature range and distribution measured in the April Inatural
condition) survey as well as in the operational surveys.

The results of this survey program do not, therefore, provide conclusive
evidence for er 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 level 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

11 April 1975 report of Volume II (paragraphs 2 and 3 of page 3).
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ambient temperatures, calculated saturation for minimum-maximum temperatures,
and wasured minimum-maximum dissolved oxYqen.
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insert, Figure 42).12 The third plot is of the measured range of disscived oxygen |
concentrations in cross-section A-A' for each survey. i

1

Arkansas regulations prescribe that dissolved oxygen concentrations shall j

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- - i

value line. Also, except for the 28 February and 24 September surveys,- the measured
Missolved oxygen concentrations were shown to range generally right around saturation

95 not only for the temperature range of the cross-section, but also for ambient.

ADarent anomaly in the dissolved oxygen profiles for the area immediately
m J the discharge cove first appeared in the Early August survey report.13 .i

3 general decrease of dissolved oxygen concentrations with depth, values...

began increasing after a certain depth, then again showed a decreasing trend. With
little' variation, vertical _ profiles of _ dissolved oxygen for September.14 November ls
December.16 and Januaryl7 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 various
ambient' temperatures and cross-section temperatures ranges is based upon Table
218(1): " Solubility _ of Oxygen -in Water Exposed- to Water-Saturated Air" founc on
page 480 of: Standard Methods for the Examination of Water and Wastewater (13th
edition,1971). Maximum corrections for saturated water vapor pressure at a
given water temperature, for the elevation of Lake Dardanelle above sea level
and for the range of barometric pressures to be expected vary tabular values
for saturated dissolved oxygen by at most + 4 percent.

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

and V , Figure 4 page 12 of the September 1975 reportl'' VI .- Figure 2, page 10 6
in Volume II.

'

Is y5, Figure 4, page 14 and Vg, Figure 5, page 15 c# the November 1975 report in
Volume II,

5 and V , Figure 4, page 13 of the December 1975 report in- Volume II.16 V 6-

17 V , figure 3, page 4 of the January 1976 report in Volume 11.3
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Appendix i

.

This Appendix contains meteorological data from the records of the ANO 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, All temperatures are
presented here in degrees Fahrenheit. Where the original data was in Centigrade,
the-appropriate conversions were made. Various modes for the presentation of
wind parameters also used. The NWS at Little Rock reported wind direction in
10 degree increments from 0 -360' and wind speed in knots. The monthly survey

reports (Appendix A) followed this convention for the most part. Wind parameters

from the ANO station were received in two modes: (1) wind direction to the aearest
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 more
desirable, is not obtainable as each " point" describes a direction within a 22.5
arc).

Wind speeds are presented in knots. The following conversions 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 Corresponding Range i

of, Degrees

N 348-11

NNE 11-34

NE 34-56

ENE 56-78 i

E 78-101 |
ESE 101-124

SE 124-147

SSE 147-169

S 169-192

SSW 192-214

SW 214-236

WSW 236-258

W 258-282

WNW 282-304

NW 304-326

NNW 326-348
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Appendix

Meteorological Data
ANO 10-meter station *

28 October 1973

Wind Air Dew Point
~

Time Speed Temperature Temperature
Direction (kts) (F) (F)

]
1200 WNW 2 47 -

1300 W 7.5 - -

1400 W 7.0 46 -

1500 NNW 10 - -

1600 NW 15 - -

*Further data for this date is unavailable.

.
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Appendix

Meteorological Data
ANO 10-meter Station

'

21 January 1975

Time
__

Wind Air Dew foint
-

Temp (erature (F)
TemperatureSpeed

Direction (kts) F)
,

0100 ENE 5.1 35 25 j

0200 ENE 5.5 35 25 ]
0300 ENE 6.3 35 25 |

)0400 E 5.5 35 25

0500 ENE 5.5 35 25 j

0600 ~ENE' 5.5 34 25 )
0700 ENE 5.7 35 26 )
0800 E 7.3 38 30 j

|0900. ENE 6.7 42 32

1000 E .7.0 46 34

.1100 E 9.4 53 39 i

.1200 E 6.5 53 36
,

1300 E 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 '57 37

1800 ENE 3.6- 53 37
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Appendix

Meteorological vata
ANO 10-meter Station

28 February 1975

Wind Air Dew Point
fime Speed Temperature Temperature

Direction (kts) (F) (F)__

0100 ESE 1.2 43 30

0200 E 1.4 43 29

0300 NE 0.6 42 29

0400 41 30- -

0500 WSW 0.4 41 30

0600 N 0.6 41 31

0700 NW l.0 39 30

0800 NE 2.2 40 31

0900 ESE 2.3 43 34

1000 W 3.6 50 36

1100 WNW 5.9 55 38

1200 WNW 5.1 58 32

1300 W 7.0 60 30

1400 WNW 8.9 62 28

1500 WNW 8.5 63 29

1600 W 7.3 63 29

1700 W 5.1 64 29

1800 WSW 3.6 64 28
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Appendix

Meteorolo91 cal Data
AND 10-meter Station

19 March 1975
-

Wind Air Dew Poirit-

Time Speed Temperature Temperature
Direction (kts) (F) (F)

_ _

0100 WNW 4,9 49 40

0200 WNW 4.5 48 39

0300 WNW 4.5 47 38

0400 WNW 6.9 46 38

0500 WNW 5.9 46 37

0600 W 3.6 45 36

0700 WNW 5,3 44 36

0800 WNW 5.1 45 38

0900 W 5.7 49 38

1000 W 4.7 53 36

1100 W 4.5 56 37

1200 WSW 5.3 61 35

1300 WSW 3.9 63 34

1400 WSW 5.7 65 31

1500 SW 7.5 68 31

1600 hSW 6.5 69 29

1700 WSW 2.5 68 31
,.

1800 SW 1.7 68 33

* ,
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Appendix

Meteorological Data
ANO 10-meter Station

16 April 1975

Wind Air Dew Point
Temperature

Temp (erature (F)
.ime Speedi

Oirection (kts) F)
_

0100 E 5.7 73 45

0200 ENE 2.8 70 44

0300 ENE 2.5 70 43

0400 E 3.1 67 43

0500 E 4.3 66 42

0600 E 2.8 65 42

0700 E 2.2 66 44

0800 E 3.1 71 46

0900 ESE 3.7 77 48

1000 SSE 7.0 83 49

1100 SW 7.8 90 49

1200 WSW 10.6 93 45

1300 SW 9.4 94 44

1400 SSW 9.2 97 41

1500 SSW 9.0 98 41

1600 SSW 8.1 100 42

1700 S 9.9 99 43

1800 S 9.2 97 43
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Appendix *-

Meteorological Data
ANO 10-meter Station

~23 May 1975

Wind Air Dew Point
Time Speed Temperature Temperature

Direction (kts) (F) (F)

0100 E 2.5 79 64

0200 E 3.9 78 63

0300 ENE 3.5 77 63

0400 WSW 1.6 76 62

0500 E 1.9 75 62

0600 S 2.3 77 62

0700 SSE 4.7 78 63

0800 ESE 3.9 79 63

0900 SSE 4.3 81 63

1000 SSE 6.7 83 62

1100 SSE 5.5 84 62

1200 SSE 6.9 86 62

1300 S 7.7 88 61

1400 S 8.9 89 61

1500 S 7.0 90 62

1600 S 7.0 90 63

1700 SSW 6.5 89 62 1

1800 SSW 4.2 87 61
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Appendix

Meteorological Data
ANO 10-meter Station

,

26 June 1975

Wind Air Dew Point

Temp (erature (F)
TemperatureTime Speed

F)Direction (kts)
__

0100 E* 5.3* 77 67

0200 ENE* 5.3* 75 65

0300 E* 5.0* 75 65

0400 E* 6.l* 76 65

0500 E* 5.0* 75 64

0600 E* 6./* 75 64

0700 E* 4.5* 78 65

0800 ENE* 3.7* 79 66

0900 E* 3.3* 82 67

1000 ESE 3.7 86 69

1100 E* 4.7* 88 69

1200 ESE 4.7 90 69
,

1300 SE 5.0 91 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 90- 70

* 57 meter reading; 10 meter not available

11
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Appendix

Meteorological Data
ANO 10-meter Station

6 August 1975

Wind Air Dew Point
Time Speed Temperature Temperature

Direction (kts) (F) (F)
_

0100 ENE 2.2 83 63

0200 NE 1.9 82 62

0300 ENE 1.7 80 61

0400 NE 2.3 79 61

0500 NE 1.9 79 60

0600 NE 1.0 78 60

0700 NNE 1.9 80 62

0800 NNW 2.2 84 65

0900 W 1.7 89 68

1000 W 3.0 93 69

1100 WSW 3.3 98 68

1200 SW 5.0 100 64

1300 SW 4.3 102 61

1400 SW 4.5 104 64

1500 WSW 4.5 105 64

1600 WSW 5.9 106 61

1700 WSW 4.2 106 61

1800 S 2.5 103 65

N
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Appendix

Meteorological Data
ANO 10-meter Station

24 September 1975

Wind Air Dew Posnt
Time snp.d Temperature Temperature

Direction (k'cs ) (F) (F)
:

0100 W 2.7 52 50

0200 NW 2.7 56 51

0300 NW 5.4 57 52

'0400 NW 5.1 57 52

57 520500 - -

56 520600 - -

55 510700 - -

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 7.5 65 55

1300 NNE 8.5 68 56

1400 N 7.4 66 54

1500 N 7.2 67 54

1600 N 6.4 68 55

1700 N 8.7 67 53

1800 NNE 7.6 65 51

,

1
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Appendix

Meteorological Data
ANG 10-meter Station

11 November 1975

Wind Air Dew Point
Time

._

Speed Temperature Temperature
Direction (kts) (F) (F)

0.6 38 360100 -

0200 0.8 38 36-

0300 SW 1.3 37 35

0400 0.8 36 35-

0500 W 1.2 37 35

0600 WSW 1.6 36 35

0700 NNW 1.8 38 36

0800 WSW 2.0 42 38

0900 SW 3.0 49 44

1000 W 3.3 55 45

1100 WSW 2.5 59 46

1200 SW 2.6 64 48

1300 SW 4.9 66 49

1400 SSW 6.7 69 52

1500 SW 7.1 69 52

1600 SSW 6.8 68 52

1700 S 4.4 65 52

1800 SW 4.6 61 51

14
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Appendix

Meteorological Oata
ANO 10-meter Station |

7 December 1975

Wind Air Oew Point
Temperature

Temp (eratui e (F)
Time Speed

Direction (kts) F)

0100 NNE 5.9 41 37

0200 N 6.0 41 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 5.0 41 37

0900 N 4.2 42 37 j

1000 N 3.7 43 38 l

*

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 43 39

1600 N 3.3 42 39

1700 N 3.5 38 38

1800 ENE 4.5 36 37
I

.
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Appendix

Meteorological Data
ANO 10-meter Station -

27 January 1976

Wind Air Dew PointTime Speed Temperature Temperature
Direction (kts) (F) (F)

0100 NNW 5.6 27 20

0200 NNW 5.1 25 20

0300 NNW 6.3 24 19

0400 NNW 4.4 23 19

0500 NNW 4.3 23 19

0600 N 6.3 22 19

0700 NNW 6.0 21 18

0800 N 5.9 23 19

0900 N 6.1 27 20

1000 N 5.8 29 21

1100 NNE 4.6 31 21

1200 NNE 3.3 33 22

1300 NE 1.8 36 23

1400 NE 0.8 38 23

1500 ENE 1.1 40 24

1600 ENE 2.3 40 24

1700 E 3.9 37 25

1800 ESE 4.3 33 25
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Appendix

Meteorological Data
ANO 10-meter Station

25 February 1976

Wind Air Dew Point
Time Speed

Temp (erature (F)
Temperature

Direction (kts) F)

0100 SSW 7.5 51 32

0200 5 7.0 50 32

0300 S 5.5 51 33

0400 S 4.5 49 32

0500 S 5.1 49 32

0600 5 5.6 48 32

0700 5 7.4 50 33

0800 S 7.2 51 33

0900 SSW 8.3 52 34

1000 SSW 8.6 53 36

1100 S 8.5 56 36

1200 SSW 7.7 59 37

1300 SSW 8.0 61 37

1400 SW 6.6 62 37

1500 SW 6.3 61 38

1600 SW 5.8 61 39

1700 SSW 6.7 60 41

1800 SW 7.0 59 42

,
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