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I. SUMMARY

The objective of this study has been to determine the effect the

* thermal discharge from the Davis-Besse Nuclear Power Station will have

on the,fisheryqreSOnge of the surrounding area. The temperature pref-
erences of as many fish as possible were obtained during all seasons
so that attraction to or repu]Sion from the plume could be predicted.
The maximum change in the p]ume 15°20.0 F (11.1 C). The effect that
this temperature change would have on the fish was also to be determined.
A horizontal temperature gradient with 28 compartments each 0,5-1.0
1nDQCQwarWEE;eﬁﬁncthe previous one was used to determine the fish's
temperature preference. They were placed in the gradient and allowed
to swim freely and choose the temperature of their choice.
A1T fish except Notrepis atheriniodes (emera]d shiner)-preferred
water warmer than ambient during all seasons. - The emera]d preferred
ceo]er water in the summer (Barans, 1922), Many fish had a preference

very close to ambient during the summer. Therefore, all fish will be



attracted to the plume in the winter and repelled- from the center of
it in the summer,,a1though many fish will be attracted the periphery
in the summer.

Hot shocks, an increase of ZOZba%, were conducted by taking a fish
from -ambient “lake temperature and placing it in a tank 20,0°F above
ambient lake temperature. The fish was observed for -one hour and then
the temperature was gradually increased to the Critical Thermal Max imum
(C.T.M. -temperature at which the fTSh~1oses,10com0tor control).

Cold shqck tests were conducted by taking a fish from water 20.0°F
above ambient and pTacing it at ambient lTake temperature.

The tests which caused the most prob}ems for the fish were summer
hot shocks and winter cold shocks. Therefore, the temperature extremes
were more important than the 20.0°F change.

The exact effect these results will have on the fish is hard to
determine for it is dependent on the swimming speed and stamina of each

fish. -
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ITI. - BACKGROUND

Toledo Edison and The Cleveland Electric IT1ﬂm1nating-Co. are
currently building the Davis-Besse Nuclear Power Station: on the south
shore of Lake Erie at Locust Point. This plant will use water from -
Lake Erie as cooling water, and then pump the water back into the lake
at a maximum of 20.0°F (11.1°C) above the ambjent lake temperature. .
The objective of this project has been té determine the effect of this
warmed water on individual fish and entire fish populations.

Project F-41-R-3 worked on obtaining the above information for
Micropterus dolomieui (smallmouth bass), Perca flavescens (yellow
perch) ,Morone chrysops (white bass), and Notropis atherinoides (emerald
shiner). The objective of project F-41-R-4 has been to gather as much
data as possible on as many species as possible in an attempt to get a
complete overview of the poténtial benefits or harms due to the Davis-
Besse Nuclear Power Station before the plant goes into operation.

To accomplish this goal I have changed the sudden temperature chage
testing prodedure as explained in the procedure section. = Barans (1972)
developed out'gradient'apparatus for use in F-41-R-3,

A horizonta] temperature gradient approximately 24 m in length and
25 cm 1in-depth was established within a wooden tank 8.72 m-long, 79,0 cm
wide and 50 cm high. . Asystem of alternating transverse baffles each
56 cm long, formed a series of 28 virtually identical compaftments.-
This arrangement does not greatly restrict the movements of the fish,
Fi]tered lake water was passgd'thrqugh % 1inch Tygon tubing at a rate of

approximately 2 Titers per minute into the cold end of the gradient.



To lower the water temperature during spring, fall, and summer, the
water was first routed through copper pipe in a cooling reservoir.
Examination of the water qulaity in the intake Tine and in the gradient
indicated no significant increase in the ]eve]'of‘copper'in the water
due to this cooling system. The water was then heated progressikely
higher in each of the 28 compartments as it f}Owed”to a standpipe at

the opposite end of the t&rough.

A Vicore 500 watt heater, ARC static relay, and corresponding Juno
thermogregu]ator maintained a relatively constant water temperature in
the.center of each compartment. By adjusting the thermal regulators
a change of 0.5-1.0°C could be developed between compartments. Each
seasonaa different temperature rangeiwas'established within the gradient.
The gradient‘ranged.frdm a low of several degrees below ambient lake
temperature (late spring, summer, and early fall) or sTightly above
ambient (winter), to a high of 15-28°C above ambient.

Aerétion'from three air stones in each compartment greatly
reduced vertical temperature stratification and held dissolved oxygen
at nearly saturation 1eve]S'in all compariments. The water temperature
at the center of every other compartment was measured with- probes from .

a YSI‘multi-channe1'te]othgrmometer, By moving these probes temperatureS*
could be obtaingd for every compartmeht.
Iv. OBJECTIVES

To determine the temperature preferences of Lake Erie fishes, and

to determine the Tethal Timits of fishes subjected to sudden thermal



shocks and the,effects of various rates.-of temperature change on
these Tethal 1imits. Table 1 is a listing of the species found in the
Locust Point area. Data on-all species is desirable.
V. PROCEDURES

Fish for these experiments were caught with a Fyke net near Stone
Laboratory on South Bass IsTand. Fish for winter testing were caught
in November and early December and’he1d’1n large holding tanks at lake
temperature until ready for testing. During all other seasons fish
were tested as soon as posSib1e after -capture. Fish were maintained
and- tested under normal seasonal photoperiods. Natural 1lighting from
windows in the north and ‘east walls was adequate for most observations.

Preference Testing: In order to aquaint the fish with the gradient

apparatus, 24-48 hours prior to testing they were placed in an acclimat’
mation tank half as long as the gradient and with‘thé same system of
baffles as the gradient, but with no heaters or thermoregulators. The
water was kept as near ambient lake temperature as possible. The fish
were then placed in the gradient éompartment'with the temperature
closest to ambient lake temperature. Fish Tocation and behavior were
" observed at .two hour 1ntervals.‘ The number of fish in each compart-
ment and the temperature of ‘that compartment were recorded and averaged
to give a mean‘temperature:preference forVeach observation.‘

The number of fish per tgstvvaried from one for large Micropterus
dolomien (smallmouth bass) to .25 for Notropis atheriniodes (emerald
shiner). The duration of the test varied from 1-2 days in summer to

3-4 days in winter. Barricades were necessary in late fall, winter,



SPECIES FOUND IN THE LOCUST POINT AREA 1963-1972

Alewife

American smelt
Black crappie
Bowfin

Brown bulThead
Bigmouth Buffa]o fish
Carp

Channel ,catfish
Coho salmon

Common emerald shiner
Common white sucker
Freshwater drum
Gizzard shad

Golden redhorse
Goldfish

Green sunfish
Largemouth bass
Logperch

Longnose gar’
Northern pike
Orangespotted sunfish
Quillback

Rock bass

Silver chub
Smallmouth bass
Spotted sucker:
Spottail shiner
Stonecat

Walleye

White bass

White crappie
Yellow perch

Alosa pseudoharengus
Osmerus . eperlanus mordax
Pomoxis nigromaculatus.
Amia calva.

Ietalurus nebulosus
Tetiobus. cyprtneuus
Cryprinus . corpio
Ictalurus punetatus
Oncorhynchus -kisutch .
Nortropis atherinoides
Catostomus commersont
Aplodinotus grunniens
Dorosoma cepedianum
Moxostoma erythrurum
Carassius auratus
Lepomis cyanellus
Micropterus s. salmoides
Percina caprodes
Lepissosteus osseus
Esox lucius

Lepomis humilis
Carpiodes cyprinus
Ambloplites rupestris
Hybopsis storeriana .
Micropterus d. dolomieui
Minytrema melanops
Notropis': spilopterus
Notropis hudsonius
Noturus flavus
Stizostedion v, vitreum
Morone chrysops

" Pomoxis annularis
Perca flavescens

OTHER SPECIES TO BE
Northern:bluegill gunfish

Golden shiner .
Silver Lamprey
Pumpkinseed sunfish
Troutperch

YeTTow pullhead

TESTED

Lepomas macrochirus
Notemigonus crysoleucas'
‘Ibthyomyzon unicuspis
Lepomis gibbosus
Percopsis omiscomaycus
TIctalyrus natalis



and early spring to keep the fish from entering warm water too fast
“and being killed. It was found that all species tested would exceed
their Critica1 Thermal Maximum (C.T.M.-the’temperature at which the
fish Toses locomotor control) if barricades were not present. The
barricades were gradually moved along as the fish became actlimated
to warmer water. Fish were left in the gradient until the mean tem-
perature preference had remained nearly constant for»ﬁpproximately 24
hours. -

Tests prior to November 10, 1972 were conducted by Sharon Dugol.
They were.not standardized but were similar to those above.

Sudden Temperature Change Testing: Prior to December 1972, there was

no set procedure for hot and cold shock testing. I have developed the
folTowing procedures sd that the data will give a better estimate of
fish response to sudden temperatufe change due to the Davis-Besse
Nuclear Power Station, and so that the daté-can be more readily programmed.
Since December hot shock tests were conducted in a 190 Titer (50
gal.) glass aquarium equipped with' two air stones, a Vicore 500 watt
emersion heater, ARC static switch, and corresponding. Juno thermo-
regulater. The temperature in the tank was maintained 11.1°C above
ambient lake temperature. Theoretically this is the Targest change’
that would occur in-Lake Erie-due to the heated discharge from the
Davis-Besse Nuclear Power Station :(Atomic Energy.Commission, 1973).
Fish were taken directly from'ambient 1ak¢.temperature water and
placed into the hot shock tank. They were observed for one hour, and,

if normal at the end of this observation period, the heater was started
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and the water was warmed to tﬁe C.T.M. By varying the heaters and the
number of heaters used the rate of temperature change could be varied.
which (Krenkel; and Parker;, '1969), should effect the C.T.M. of the fish,

Cold shock tests were conducted in a wire cage 19f x18" x12f Towered
into a holding tank at ambient lake temperature. Fish were either taken
directly from their pfeference compartments and placed in the cold shock
cage or taken from a holding tank 11.1°C above ambient Take temperature
and placed in the cold shock cage. Fish were observed for at least 24
hours in cold shock becuase acclimation to cold water appears to be
slower than acclimation to warm water (Krenkel and Parker,‘1969),

Few hot or cold shock tests were conducted prior to November 10,
1972, and those that were done were done with a 15.0°C temperature change
with fish taken from fiheir temperature preferences.

VI. FINDINGS
Preferences: My results on 22 species (Table 2) and the results of
Barans (1972) indicate that fish willbbe attracted to the plume during
all seasons, but the isotherm to which they are attracted will vary.
During the winter, all species " be attracted to isotherms near the
center of the plume,. bin sepmer}lall apecies will be repelled from the
center of the plume, but many will be attracted to the outer jsotherms.
Notropis atherinoides (emeraﬂd%shﬁ@ﬁr)WWi]] be repelled by all isotherms
during the summer (Barans,'1972).

Itttakes 1-2 days longer for fish to reach a stable preference in
the winter than in summer. This 1é'to be expected since differerces
between seasonal preferences are small compared to differences between

seasonal Take temperature.
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$i.- Some fish,‘IctaZurus nebulosis (brown bullhead) and Pomoxis
nigromaculatus (black crappie), exhibit an extremely variablé‘pref-
erence, whereas the preference of others, Notemigonus erysoleucas
(golden shiner) is quite constant.

Results indicate that, if allowed, fish will swim into warm water
during -the winter faster than they can acc1imate to it. In the summer,
although a fish-may prefer a temperature abovevambient,'it will not
swim past TtS'Critica1 Thermal Maximum (C.T.M.), the temperature at
which a fish loses locomotor control. This is as expected, for it is
logical that a fish will swim inFo warm water faster when it is 20.0¢°C
below its preference than when it is at its preference orvs1ight1y
below it. This is not great}y significant to Davis-Besse for fish will
not be harmed in winter even if they swim-into.the 20.0°F isotherm,
but this could be quite important to a plant that allowed a temper-
ature change greater than 20.0°F in the winter.

Effects of Sudden Temperature Changes‘pn Lake Erie Fishes: ' Hot and

cold shock tests are done to simulate a fish swimning in or out of
the plume. Twenty-seven species were tested in hot shock and 14 in
cold shotk (Tables 3 and 4).

This past year I have been probing to locate problem areas, I
have found that the 20,0°F (11.1°C) temperature change is not as im-
portant as the temperature extremes to which the fish is subjected.
(A fish in the area of the plume could be subjected to temperatures
ranging from‘32;0-100.0°F each year.) Neither a hot shock nor a cold
shock in spring or fall appears to cause harm. The greatest possibility

of harm will come from a summer hot shock or a winter cold shock.



~13-

febng uoJeys

" (pazipJdepuels 30u)

vﬁgommoomvm;a A Aq wmpo:wcou $1S9] %

822 ey'e [eusou  G°21 G'1 0°8¢ 1 oxdavo snuzadfy €/-0T-1
9€°¢ [euMOU  8*¥T - 8°€ 668 1 o1dawo snuzadhy  21-G-21
X
lewdou  €°GZ €6 822 1 sngvane. sniesvany  ¢L-Tlx
SNEDIND * SNLESDID)
X
[euMou  T°vZ2  0°6 2'8¢ 1 ogdavo snuzadhy  ZL-llx
¥°62 - 19°¢ fewaou 0T 0sgE G'¥T 1 wosasuod ) €/-22-1
passad1s  6°62  £°¥1 0°1Z 1 2uosaoumoo "o snwo3sov)  2L-0Tx
2°8z  9g¢ [ewdou - £°¢T AN €98 1 snuzadho sepordav)  2[-v-21
9°t¢ 81'¢ [ewdou  G°GZ 9T G'GZ 1 sngpanp -9 €L-1-9
L 12 69" [ewdou /6T - /'8 6 1 sngoanoe % €/-02-
262 9L Leudou  8°€1 2°¢ 6°1T-0°0T 0°'TT ¢ sngoany 9 . €L-8-2
leuwdou  €°GT  £°6 €8T 1 sngoany 9 2L-Tlx
fewdou  1°y2 0064 y'0z2 1 sngpano snssvav)  ZL-Tlx
passadls  1°¥¢ 0°6 0'62 1  suspuunab. 'y 2L-TTx
paatdxe G Q¢ 6°81 0°61-0"€1 £ susruunab sngourpoldy 2L-8x
0°62 8G°¢ [eudou  2°gg  0°21 6°L8 1 pagvo vy  €L-[1-§
2°1¢ b€ [ewdou  G°G2 9° %1 9°0z 1 gragsedna 'y €/-1-9
0°L2 p0€'€  leudou Q8°1Z  G'OI 6°8T I syrgsednt 'y €[-G2-
8 92 87 ¥ [euMou  9°9T 9°G< €'eT 1 suagsodna 'y €/~08-¢
G'v2 11°¢ [eumou  9°€T 62 €02 1 spagsedna 'y €/-yT1-¢
Leufou  T°GE 1°42 ‘ 1 s1aq80dns §99.27do]quy 2L-1Lx
G°82 ¥g:z pessedls  €°/g €91 LPLT-L°%T 9T 6 snbusavyopnasd v g/-[-9
6°L2  TL'T pouldxe g 6/  G'9T .€°/T1-0°GT ¥°9T § _snbusavyopnesd Y €[-9-9
.07 padldxe T -G6°/2 - §°9T G°6I-0°9T T°AT § snbusavyopnesd vsoly  £[-G-9
“dH/Do . T FSOL . i ,m
Jo *out d924Y 200Us Ua Lquiy abuey uesp 1S9]
‘W19 -dwsl uoliLpuo) Jdo .wsmp (wo) y3bueT up *oN palsal SaLoads a1eQ

HNILSIL MIOHS LOH 40 SLINSId

€ 37avl



~14~

* (pozLpJepuels jou) _mmsn uoJdeys “Jossadspadd Aw Ag ps1onNpuod S31S8x

062 82°¢ [ewdou 8°2T ~ 9'T - -0°1¢ T snavyf W -2/=-21-21
0°92 69°€ [eudou 8°21 9°1 : G 61 1 - snavgfrsngyizon  €/-21-21
6°/2 08°¢ [euwdou G°1Z2  0°0T G'2i-L'6 0°11 01 susngfospryzeNl  €L-1-G
012 [8°¢ Leuwdou 8°97 8'G 1°21-L°0T G°1T 8 snguospny.- N €/-C1-¥
0°/2 G6°€ feuwdou  /°91 9°'G6  8°€I-1°"11 €21 L snguospny N _€/-21-¥
912 FAREY [eudou 9°97 0'9 6°21-6°01 1°21 G- ~snguospny ‘N €[-T11-¥
9°92 £2°¢ [ewJdou G°1z.  G'0T G'P-6°€ 0°% A gopIOULIDYIO ‘N §[-E-G
[L2  Tv'Y Leudou  9°1g #°01 G°¢-8'2 0°¢ 01 soproulaay1v ‘N €1-2-9
G°02 96/ . padldxe ¢ 9°¢l 9°2 9°6-2'8 0°6 G . sepgoutasyqe. ‘I €/-8-¢
0°¥2 [b'8 feuwou 0721 01 G'0I-€°8 1°6 L soprouzaayI ‘N E£[-1-€
€'v2 - [2°L PoALAXP3] g G'1 G°0I-1°6 L°6 G goprougaayqv ‘N €/-82-2
0°¥2 [§°€ padldxe T 1721 1°1 1°6-0'8 0°6 9 - sgprouzgayy spdoagof  €/-€1-2
G*0¢ ge°e leudou  G°Gg A} 0°22-%'02 2°12 2 snonagoshio. snuobuuzaof  €/-1€-G
2°92 o9y € Leudou - 0°€1 0'¢ 1°02-€°L1 £°81 g snonggoshao ‘N Z/-8-21
paJdLdxs {°¥E 9°6T 9°/1-6'6 0°¥I G suonsposhzo snuobruedof  2/-0Tx
9°62 82°¢ jeudou  G°GZ 9°y1 G'¢c1 T sdoshayo oUCIOH c/-1-9
0°82 00"t [euMou  0°97 3t 0°61-8°8T 6°81 2 MaUOYop snaeddoaolyl  €/~63-€
0°92 25" ‘leuou 99T - 9°G - 9°6T T spqaumy 7T g/-0E-€
paJdidxs 6'§€ 6°0¢ 0°01 £ snsoqqib 1 2/-01x
pealdxs g§ e G'22 8°/1-9°vT ¥ snsoqqib sawode] 2L-8%
9°'1¢  ¥6°6 - {ewJou - G*gT G G0¢ 1 szdsnogun uozfwoliyor  ¢/-81-1
[ewou £°GZ £'6 0°¥2 ¥ sngogound ‘I 2[-TIx
pauLdxpa.gdye 6°0Z 1°62-6'G 691 G sngogound °T 2L~0Tx
pessedls g 6 €91 1°62-6'G G°91 AN smavgound T 2/-0Tx
G €€ 02°¢ Leudou - T°/2 0°971 0°€2-v°61 -¥°12 ¥ snsogngau ‘I €/-h-9
0'1€  6¥°€ ‘leuwdou  G*GZ  -G'HI 0 $E-Gr08 8 1€ € sngognqeu I  £/-0€-§
8'1¢  G0°'¢ feumou - £°9¢ 2°¢1 1°62-2°€2 1°¥2 £ -snsogngou ‘I . £/-$2-G
6'12 €2°L Lewdou -z2°21 2'1 G'81 T snsoqngeu ‘I  ¢[-G-¢
[eUMOU | P68 0° 6T € 6l-v'¥T 6°91 €. snsopngeu °I 2L-6x
padidxa 0Q°Gg L 61 8°92-9'¥T €8T i - 82709DU SVANIDIOT . 7/ -6
£'82 65°€ leuwdou  /°8T £'g 0°L€ 1 . ordavo *H  £[-61-¥
g'o¢e ge*¢ Leudou  0°/1 0'9 7°9¢ T oxdavo ) . €l-6-¥
0'62 * 9¥°¢ Lewdou - T°1T 11 2°9¢ 1 oxdavo *p  £/-21-2
§°9Z2  £%°¢ [euou G- 21 01 %28 Ti ordavo 9 g[-[-2
*JUH/90 1881 . :
% *out 814y  O0YS  jusLquy - obuey - uedly 3s’L
CCWRL9 o cdwel  uoL3Lpuo) % ‘dwdj (wo) . yabus ur *on po3sal saloads 21e(

(*3u0d) € I8Vl




-15-

' (pazLpJepuels 30u) |eAng uodeys °40Ssad8pad7Aul- A ;poLONPUOD SISl

(*2u00) ¢ 3I74VL

0°8¢ €e'e ‘[ewdou - 9°9¢ KA v°'€2-1L"2¢ 0°E¢ € sngoinovuosbEu *d  €[-G1-G
0°6Z -6G9°¢ pessadls 6°¢g¢ 1°¢1 L°6E T sngvynovuoabiu *d  €[-¥1-§
G'ee 98¢ €11 €11 ¢ L1-2°91T G°'91 G snap)noDUOIbIU *d €/[-G-¢
G'€e¢ -88°¢ lewdou - 8°¢T 8¢ 1°91-G°6T 861 P4 snqvnovUoIb I - *d €L-1-¢
7'€¢ 29°¢ [eudou -0*qGT G'¢ G197 LT s¥° LT I - sngvynevwoabyu d  €/-T€-1
G'6T - L9°C jewou Q' T 0°¢ 0°'9T T snavynovworbiu .°d  £/-G2-1
¥'é¢ 89°¢ lewaou /2T 0°'1 8'6T-7°LT 9°8I1 4 sngoynovwoabiu . °d eL-€-1
1°€¢ 66°¢€ lewou ¢ T 7€ 1°[=2¢°9 - L°9 b4 sngpvynovuorbiu *d  ¢[-02-21
€'¥e 89°'¢ Lewdou {1 7'e G'6-1'6 €°6 £ sngvjnovuoabiu *d  2/-02-21
Jewtou 267 €°6 2°2¢2-2°81 2°0¢ € sngpvraouoIbiu. *d 2L TIx
feumou  T°y2 0'6 [°8T-6'9T1T - €°/1 L sn9]BonUgELIR *d CL T~
0°/l¢ €672 Lewou ; = e7 121 £°¢2-6'0¢ T'¢¢ g sgapjnuub *q  £/[-91-G
0°¢g 06°¢ lewdou 0°91 0°¢ 0°9¢-6°7¢ 6G°G¢ b4 I e BUUD: €.-9-¢
paqldxe 6°¥€ 6°0¢ G 2T+210T~ut € m&ﬁ@msﬁﬁm.msamsem 2L-0Tx
8'12 70" ¥ ‘Leuuou Q°/LT 0'9 7'6-2°'6 £°6. € ;.mm@c@@mowmwmﬁmwgsm eL-c1
6°2¢ 96°¢ leuwou Q2T L°1 €°'11-6°8 1701 2 snhvuoosgueoseadodass 7/-G1-21
['62 2L lewdou  0°G¢ 8°¢l G'12-0°61T €°0¢ 1% sugosaavyf ‘d  €/-82-§
g'G6e - 00'% jewJou 8°6T 0°6 G'9¢-0°€¢ 8'¥¢ b4 sugoseavlf *d  €l-v2-v
G €¢ L2°'9 lewaou  9*€l 9'¢ G'8T-2'¥1 £°91 £ susosaavyf °d €/-8-¢
0*¥¢ 09°/ [ewaou  Z€T 2°e € L1-2' LT E£°L1 é susoseavlf *d el-[-¢
€'v¢ - 08'L lewdou  g°g1 9°'1 ¢°'81-6"LT ¢°81 é sugoseavyf °d €/-9-¢
L°G¢ 00°1 Lewtey  0iZI STOL 6°02-1°02 #°0¢ - € sugosoavlf ‘4  €L-¥1-2
L' 62 ¢1°0 [euvou - 0°2T 0°1 I*61-€°/T +°'81 € suposoavif ‘4 €/.-9-¢
€62 60°¢ jeuwdou  G'gT G 1 L*6T-9°6T L°61 I susoseavlf ‘d  £[-[1-1
¥°9¢ 88°6 [ewdou  9°7Z% G'1 G'02-9°61 1/ susosaanyf ‘d . €/-91-1
0°9¢ 00°6 fewdou  /°2T 9°1 7'1¢-6°61 G'0¢ € “susosaavyf ‘4  £/-T1-1
0°9¢ €9'¢ lewdou  T°2T 0°1 G Gg-9°¢€d € sueosealf *d €L-G-T
¥'6¢ €9'¢ jewdou G 71 ¢'1 0°9¢-L°€2 G°¥¢ € sueoseav]f *d €L~v-1
0'62 16°¢ [euwou  /*2T 0'T , .0°9¢ T ‘sugosaavyf *d el-¢-1
0°9¢ €8°¢ [ewuou  2°2T 0'T - /L°12-9°/L1 6§61 1% susoseavlf pvoaag €L-2-1
m.._wN - Om.m _..mELOC H .N.._” O.m N..._NH H WSQSN&N&Q SNA2US() MNIOHI#
“JIH/Jo 1sal .
Y% *ouf A921Y Jo0ys quaLquy abuey ueap 1s9]
W L9 ‘due] uOL3LpUO) Y% "dwej (wo). yabus ur - "oN po1sal saloadg aae(




-16-

*{pazlpJepuels pocv

[ebng uodeys cuaossadspadd Aw Ag palonpuod S3S9]x

leudou 0591 0°0F 9°9¢2  6°¢¢-9'G1 ‘8°/1 [ sngvihovwoabiu *d eL-v-9
lewdou ;-G8 0208 0'6F ¢°€2-9°91 0°0¢ & sngoprovwoabiu *d  ¢/-GZ~t
Lewaou €8 0°v9 0'6T ¥°¥2-6°91 0°12 01 sngopnovuoabyu *d  €/-61-¥
‘leuuou 0'v G'TL 0°GT 0°€2-2°L1 0'61 § sngopnovuwoabiu d  £/-21-2
Leuou 0'¢ 0'1¢ 0°€T 1°91-°69T 8°91 ¢ sngognovuoabiu *J €L-¢-¢
vmgFaxm 8 0'1 0’91 G621 2'61-¢2°ST 89T OT sngpynovwoabiu g £/-0€-1
Lewuou €6 0°89 G'0¢ 6G'Ge¢~L°12 T1°¢€e 9 sraognuup *d  ¢/-£2-%
padLdxe 1 0°1 G'6¢e 0°¢l ¢°/[1-¢°91 L[°91 ¢ sravInUUb srxoulod  ¢/-G1-¢
Leuiou 0P 0:0v 0°6T 8°12-0'%T ¢°81T 91 susosaavif 1d 2/-62-21
jewgod  08E 0° 0% ¢'T¢ 2°12-8'81 6°6T O sugosaavyf *‘d 2/[-12-21
| ewiou 0°¢ 0°0§ 0°/T 0°92-G6°¢€¢ 9'¥¢ L - suposaavyf voaed g[-21-21
Lewsou 0°G 0°0L 0°9T 0°22-0°8T G'8¢ ¥ susosoavyf voasd  Z[-G-21
lewou G 11 0°2L G'1Z2 2°21-9°01T G°'I1T L szhuospry- *ff . €L-V-G
jewaou 9°'1 G'18 021 G°21-€°01 2°TI1 %1 sinuospny - €L-G-€
Leuuou 0°¢ 0°61 o 71 8°01-¢'8 ¢€°6 01 saproutaayqry ‘N gl-y2-1
Lewiou 6°¢ 0*41 0°TT-1'8 1'6 ¥¢ - saprouzasygp sidoxgoll  €/-81-1
Leusou 12T L761-2°0T +°ST & svongloshio snuobrueqoN 2L-6x
Leuiou 0°T 0°99 0°61-8°8T 68 2 Moo 0p shaoidoaoyl  €[~2-€
jewiou 9°'2 0°2¥e € ¥1-2°€1T  L°€ % SNILYD0AODU - ] €[-8-¢€
“leumou  £0ZZT 0°0L €' v1-2°¢1 L°¢ 9 snayoozovw 7 £/-9¢-¢
paJdLdxs ¢ 0°1 0" t¥l *€1-6'8 0°¢ % snaiyooaovu 7 g[-92~¢
leuwdou 0221 0°0F 0°¢ 0T snayoodoow swwode]  €£/~02-2
Lewdou  ©G°9 0’¢e 6’ N 9 snsoqqb suuwodeT £L-9-¥
LeWMOU  GGREZ TSI 1 sngvqound SNangvIOT 2L I
| ewiou G ¢e e . NSO NqoU SNANIDELOT 2L Ix
|ewiou A% 0'82 i sidsnoun uozfuoliygyosr  2L-1-21
feurou ¥ 3G3F7 0 85 1 ordavo *p  €/-G2-9
| ewiou 72 0°8¢ L T ordavo 9  £/-82-€
Leuliou 0°§ 0°001 0°02 - [°2€-5°92 9°62 2 ozdaveo snuzadhy  §/-[2-€
pa4tdxe 21 0'e . ...0'99 0've 6°/2-8'61 2°€2 21 _8ngpanb snissvab)  e/-y1-1
JPoys ) ("s4H) ‘ o ‘
4974y ‘duwl - qusLquy 9, dwsl abuey ueal 1S9l
UOL3Lpuo) . O0YgE  Uf BWll  JusLquy (wo) yabuaq ur - "oN pa3sal seloads a3e(

HNILSAL MIO0HS @702 40 SLINSIY

7 314yt

i
|
!
|
!



-17=~

Cold shocks do not become a problem until ambient Take temperature

is down to approximately 3 or 4°C.” In almost all cases, the fish were
stressed upon entry into water this cold. - Many more tests are needed
to give dependable data for all species, but now that this problem area
is jsolated, plans can be made for a much more thorough testing pro-
cedure during the coming winter. I need cold shock results from fish -
which had not been acclimated to water more than 20.0°F &bove ambient.

From the C.T.M. testing one can see that hot shocks would cause a
problem during the summer for, as the lake warms, the C.T.M. rises,
but Take temperature increases much faster than the C.T.M. of ‘the fish
increases. Therefore, as one would expect, the C.T.M. of some fish is
surpassed by an.increase of 20.0°F -during the warmest weater (4Zosa
pseudoharengus) .

Each species has its own characteristiq safety range (lowest cold
shock tolerable to highest hot shock tolerable). The size of the
safety range varies inversely with the length of time each year that
the fish could be in danger.

It is interesting that the C.T.M. of Perca flavescens (yellow
perch) and Notropis atherinoides (emerald shiner) decreases in-March.
It appears that spawning preparations may cause this in perch."

The results verify the previously supposed facts that acclimation -
to warm water is fast while to cold water is slow, but Toss of accli-
mation to hot water is slow and to cold water it is fast (Krenk}e and

Parkers; 1969).
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An interesting ‘test was conducted on Perca flavescens during the
winter. It is reported that a fish can reach a much higher C.T.M. when
the rate of temperature increase is 1.0°F/hr than when it is 2.0°F/hr
(KrenkeI and Pafker, 1969). I was using a temperature increass of"
approximately 4.00°C/hrvon perch. I dincreased the rate of increase
to 9.00°C/hr ‘expecting the C.T.M. to be reduced. It was not. In fact
there was no change in the C.T.M. of perch when the rate of “increase’
was varied from 1.0°C to 9.88°C/hr. However. the C.T.M. was raised’
when the rate of increase was reduced to 0.12°C/hr. Therefore, there
is a break-off point somewhere between 0.12°C/hr and 1.00°C/hr above
which a further increase in the rate of increase up to 9.88°C/hr makes
no difference in the wintér C.T.M. of perch. This could be important
when a plant starts again after refueling.

It is difficult to relate the significance of these laboratory
results to the field situation for in the laboratory no restrictions
are placed on the movements of the fish. In the field each fish would
have to swim dgainst‘a 200 cm/sec current in order to stay in the
cenfer of the plume. Assuming that the fish could reach the center-
in the winter when the attraction is the strongest, it wou]d have to
stay there for approximately 24 hours (safe estimate) in order for the
cold shock upon leaving to cause a problem. During this time the fish
would have to swim the equivalent of approximately 100 mi]és.

Some fish- could possibly reach the speed of 200 cm/sec for fish
have been reported to-have‘burSt speeds of up to 10 Body Lengths (B.L.)/

sec (Blaxter, 1969), but this is more a question of endurance than
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burst speeds. Little work has been done in the area of endurance of .
fish, but it has been fouhd that some fish can cruise at up to 4
B.L./sec for one hour (Blaxter, 1969). Therefore, no fi;ﬁ lesss than.
20 cm long could reach the speed of 200 cm/sec, no fish Tess than 50
cm could maintain the speed for 1 hour, ‘and probably no fish at all
could maintain the speed for 24 hours.

As stated previously, fish seem to be able to avoid dangerous
temperatures better in summer than winter. Therefore, it is doubtful
that a fish would expend the required energy to swim beyond its C.T.M.
in the summer. If, however, a fish was pulled into the center of the
plume from the shore side of the outlet and lost Tocomotor control,
it would be carried by the current‘to cooler and safer waters. My
results indicate that a -fish Tives if it is placed back into ambient
temperature water after losing locomotor control at its C.T.M.

VII. RECOMMENDATIONS

More work is needed to give current results greater accuracy, to
obtain data on species not yet tested, and to develop definite safety
ranges for all species. Now that summer hot shocks and winter cold
shocks have been found to be problem areas work should be done to
define the extent of the problem,

It appears that fishing around the periphery of the plume will be
excellent.

An area which is extremely importapf~ to investigate is that of

fish stamina or endurance. Not much work has been done in this area,
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and ‘as stated-earlier it is much more important than maximum burst
speed. No true picture of fish response to the plume can be developed
until it is known how far the fish can swim into the plume, and, once
there, how Tong it can maintain position. Most studies have been
based on endurange of 1 hour or less (Blaxter, 1969). Studies of 24
hours would probably be more valid in the case of any discharge from

a large power plant.

A spawning study is also important. What different temperatures
can eggs tolerate, and what temperatures give the most successful hatch?
Many of these tests could be done with only slight modifications of .
our current equipment.

A relatively few tests on "sick" or parasitized individuals have
indicated that they can withstand less stress than normal individuals.
Is this always the case? Will diseased fish be attracted to or repelled
from the plume? Is it possible that the plume will kill the diseased
fish and, therefore, reduce disease in fish populations?

These are all important points which: warrant-much-attention.
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