LAKE MICHIGAN
ENTRATVMENT STUDIES
BIG ROCK NUCLEAR POVER PLANT
ESCANABA POYWER PLANT
NOVEMBER-DECEMBER 1971

Grosse Ile Laboratory
Environmental Protection Agency

Office of Research & lMonitoring
9311 Groh Road

Grosse Ile, Michigan 48138

ES3

- », [T hd o ns
Rezglen ¥y Librapwy
A I v Docvborn Streot
e v S o

e

January 1972

Grosse Ile Laboratory
Working Report No. 1



TR TInNTYT AT, PrOTROTION ACENCY



Take Michigzn
mtrainment Studies
Bigz Rocli Nuclear Power Plant
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HNovemver-December, 1971

Purvose: To determine if whitefish or lake trout eggs are drawn in with
the cooling water of power plants and if phytoplankton productivity and
zooplankton viability are affected by the cooling systens.

Background: In the outlining of possible detrimental effects of power plants
the possibility of the passage of fish eggs through condensers has been
indicated. The fluctuating Tish population makes it necessary to examine
all conditions that might have detrimental effects on valuable fish
stocks. Whitefish and lake trout are known to spawn on the rocky shores
of Lake Michigan. Many of the power plants intakes extend into Lake
Michigan a sufficient distance to be near these rocky areas. The
possibility exists that fish eggs could be drawn in with the cooling
wvater.

Scope: Two power plants were selected on the basis of their proximity to
whitelish spawning areas. The intake of Big Rock Nuclear Plant near
Charlevoix, Michigan extends 2000 feet offshore into 30 feet of water.
The plant draws 50,000 gallons of cooling water per minute through a
36-inch pipe to a forebay containing trash rocks. At the time of this
study, many ripe male lake trout were taken from the forebay indicating
presence of spawning fish around the inteke. Large populations of
whitefish are known to inhablt Traverse Bay to the south and the Beaver
Islands to the north.

The second test site was the Escanaba Power Plant at Escanaba,
Michigan. This plant has a shore intake in Little Bay De Noc. Little
Bay De Noc supports a large population of whitefish; however, the exact
location of spawning sites is not knoim. The Escanaba Power Plant pumps
approximately 8,000 gallons of cooling water per minute.

During the fish egg entrainment study, it was possible to conduct
vhytoplankton-zooplankton entrainment studies. These studies were conducted
on samples collected from the forebay end effluent channel of the Big Rock
Ifuclear Plant and sawples from the open water in front of the intake of
the Escanaba Power Plant and from the discharge pipe.

Methods: To separate fish eggs from the intake water a specially constructed
fish egg pump on loan from the State of Ohio was utilized. This device
has a large 20 mesh-to-the-inch screen inside a drum on the suction side
of a 3-inch pump. The egg pump strains 20,000 gallons per hour.

The effects of entrainment of the phytoplankton iwere measured by
estimating primary pioduction with a radioactive tracer, Carbon 1k. The
effects of entrainment of zooplankton were measured by determining the
ratio of live to dead zooplenkton at the time of collection and after
holding the plankters in a water bath for 24 hours at inlet water temper-
atures. The samples were collected by passing 10 gallons of water throuch



a No. 10 mesh net. The net was nearly submerged to avoid dawmaging the
organisms. After counting, the samples were preserved for future
identification and enumeiration.

Results and Discussion: Big Rock Ifuclear Plant
Fisn :pg Tntrainment

Hours Total Watero
Date Pumped Hours Temp ¥ Number of Eggs Misc
11/9 0900-2400 13 52 0
10 0100-2400 24 52 0 1 Sucker
2 Chubs
11 0001-2400 ok 52 0
12 0001-2400 2L 52 o] 1 Sucker
1 Crayfish
13 0001-1200 12 52 0
1k 1600-2400 8 52 0
15 0001 -0800
1800-2400 1k 52 0
16 0001-0800
1800-2L00 1k 52 0
17 0001 -0800
1800-2400 1L 53 0
18 0001.-0800
1800-2400 14 52 0
19 0001 -0800
0800-2400 1k 50 0
20 0001-0800 ® 8 Lt 0
21 1800-2400 6 L7 0
22 0001 -0800
1800-2400 1k 46 0
23 0001 -1800 18 bt 0
ol 1600-2400 3 L7 0

25 1700-2L00 7 g 0



Hours Total Wateg

Date Pumped Houvrs Temp ¥ lumber of Eggs IMisc
26 1730-2400 6.5 L7 0
27 1730-2400 6.5 L6 0
28 1700-2400 7 L5
Total 256
255 hr. x 20,000 gph = 5,120,000 gallons pumped
Escanaba Power Plant
Hours Total Water
Date Pumped Hours Temp Op Number of Eggs Misc
11/30%  1600-2400 8 36 clump of small 37 smelt
brown eggs 1 chub
12/1 ¥  0015-0800 2 smelt
1600-2400 16 36 1 crayfish
12/2 %% 0015-0800
1600-2400 16 35 no eggs
12/3 #* 0001-0830
1600-2400 16 35 no eggs
12/4 %% 0015-0300
1600-2400 16 35 cluster of
. small eggs
Total T2

¥Inlet outside of screans
**¥Tnlet inside of 1/2 inch screens

72 hr. x 20,000 gph = 1,440,000 gallons purped

As indicated by the pumping of over 6 million gallons of intake water
at the two power plants, the passage of vhitefish and lake trout eggs
through these plants is insignificant. Two explanations can be put forth on
the lack of fish eggs in the inteke water. The Tirst is that the eggs were
not present around the intake areas. Very Tew female lake trout were cap-
tured by the biologists from the State of lMichigan indicating thet perhans
the spawming population was small. Tns second possibility is that the eggs
were devpasited on the roclily bottom and were not resuspended although egg



Hours Total YVater

Date Pumped Fours Temp O% Thuricer of Eggs Iisc
26 1730-2400 6.5 L7 0
27 1730-2400 6.5 Lg 0
28 1700-2400 7 L5
Total 256
256 hr. x 20,000 gph = 5,120,000 gallons pumped
Escanaba Power Plant
Hours Total Water
Date Pumped Hours Temp O Number of FEggs Mise
11/30%  1600-2400 8 36 clump of small 37 smelt
browm eggs 1 chub
12/1 %*  0015-0800 2 smelt
1600-2400 15 36 1 crayfish
12/2 %% 0015-0800
1600-2400 16 T3 no eggs
12/3 %% 0001L-0830
1600-2400 16 35 no eggs
12/L %% 0015-0800
1600-2400 16 35 cluster of
' small eggs

Total T2

¥Inlet outside of screens
%*¥Inlet inside of 1y/2 inch screens

72 hr. x 20,000 gph = 1,440,000 gallons pumped

As indicated by the pumoing of over 6 million gallons of intakxe water
at the two power plants, the passage of whitefish and lake trout eggs
through these plants is insignificant. Two explangtions can be put forth on
the lack of fish eggs in the inteake water. The first is that the eggs were
not present around the intake areas. Very few female lalie trout werc cap-
tured by the biologists from the State of lMichigan indicating that perhaps
the spawming population was small. Tae second possibility is that the eggs
were deposited on the rocky bottom and were not resuspended although esg



vumping operations were conducted throiga a severe storm during waich large
quantities of fine sand were trapped in the egg pump indicating wave currents
wera reaching the botton.

Phytoplankton and Zooplankton

Primary production of the intake water was less than the accuracy
of Carbon 1l test. The amount of sunlight available during the test period
was extremely low. Additional tests will have to be made when more phyto-
plankton are present.

Representative zooplankton samples were very difficult to obtain even
with exact timing of intake and discharge samples. The sampling difficulty
resulted from the uneven distribution of zooplankton.

The ratio of the number of 1live zooplankton to the number of dead
plankters provides the best indication of the condition of the zooplankton
population. Most populations have some dead organisms resulting from natural
reproduction, growth and death. However, additional stress to the population
will result in a lower than natural live/dead ratio.

The zooplankton population during the survey was comprised mainly of
copepods (CGyclops and Diaptomus) and averaged 17.4 and 10.9 plankters per
liter in the inlet and discharge, respectiively. These samples were held
in a water bath for 24 hours at inlet terperatures prior to preservation.

The low live/dead zooplankton ratio of the Big Rock Plant inlet
indicates that zooplankton were damaged while being drawm through the
inlet pipe or the population was adversely affected by severe storms
vhich occurred during the sampling period. The lower ratio of the number
of live gooplankton verses the number of dead plankters in the discharge
water indicates that the passage of the zooplankton through the pumps and
condenser tubes resulted in further mortality to zooplankton. It is not
possible to separate the degree of detrimental effects other than the effect
o passage of zooplankton through the intake pipe. The mechanical and thermal
damage through the plant is not separable. The difference in the 1ive/dead
ratios belween the inlet and outlet is equivalent to a 55 percent mortality
at the population sizes observed. The mortality would be 29 percent if the
discharge live/dead ratio is applied to the intake population. Regardless
of whether the mortality is 29 or 55 percent, there appears to be significant
zooplankton mortality. The mortality is higher than has been reported in the
literature for laboratory experiments. There are many possible reasons for
the high rortality, however, it might be more realistic to wait until data is
avalilable from other seasons, especially -/hen the cladoceran Bosmina is the
predominate zooplankter.

The 1i—e/dead zooplaniton ratios obtained at the T
were mweh higner than were obsarved at Big Rock. The h
have resulted from shoreline intake. Taere was a morta
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they vassed through the Iscanakba Plan
effluent sample. The difference in
inles is equivalent to a T percent morte
iation in the intake and discharge topul
oa in the live/dead ratio.
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In summary, the passage of wvhite fish and lake trout eggs througn the

Big Rock NHuclear Plant
significant.
power plants.

¥

and the DIscanaba Power Plant does not appear to be
There is mortality of zooplanton as they pass through the
There is the additional possibility of mortality resulting

from the organisms passing through the 2220 ©t. intake pipe at the Big Rock

Plant.
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Lare
11-15-33
11371
t1-135-71
H-l.-18
it-16-71
ii-lh-71
11-21-2%
-1 n
1l-i2-7)
11-22-71
11-22-71
1i-24-71
1-23-1
11-23-11
11-23-71

13-23-11

1i-2%-11
11-24-71

1i-23-71

11-27-71

11-37-1%
1i-2a-71

31-2%-71

ia-1-71

12-1

12-2-21
i1-2-71
i2-3-11
12-3-71
12-6-71

121-4-71

Tize
L7/
1064
[ PL]
1530
H1n9
0120
1330
1810
0343
009
3830

153

1645
1539
1600
1560
1700
Y50
1500
- 1600

Zuoplankion DIta
Grpanisma per liter
Big Hock Nuelear Plaat, Charlvols, Michigsa
prenerved aftec holding 24 heurs

Tenp. Intake Disch, Cyelnpa .e.-xnoac- n”w““”s- Dapinla Bosmina Hacrothrix nrumuu:.. =ebmnw» npnuumn"-=- >=m»-=n==-. Trichocerca Chironosidse Xellicotiis  Keratells liydrs  Total
50 x 8.1 10.3 18.5 5.2 2.1 , . 6.3 : ' ' 26.8
51,3 x 2.2 13.1 15,3 [ 2.2 : 5.6 21.9
52 x T e 19.0 23,3 0 : 5.3
53 H 5.6 9.3+ 14.9 3.1 ——— 3.7 . 18.¢
51 z TR 1.1 5.0 1.2 2.4 1.6 8.6
53 X 9.0 13.1 2.1 1.0 1.0 2.0 X 5.9
a7 x 13.7 3.9 17.6 5.9 5.9 . . . . 1.5
58 X s 1.2 1.7 .o 0.9 : ’ 0.5 12.6
m x 4.0 5.3 9.3 1.3 1.1 2.6 11.9
2 x 2.3 10,7 20.2 1.2 1.2 ' 2.4 2.6
46 x 4.2 2.1 6.3 1.1 1.1 7.4
H ] X 2 .2 4 .03 05 ‘ B 3 : 0.08 ’ .51
1y x 1.9 3.8 5.7 1.9 1.9 7.6
37 1 WS 2.6 7.1 1.3 s 1.3 9.0
47 x 8.3 2.8 11 0.9 ’ ~ 0.9 12.0
50 x 7.0 1.6 18.6 23 2.3 H 6.6 3.2
7 x 16.% 27.8 44,3 2.0 2.0 #. 4.0 48.3

x .1 4.8 13.9 2.2 _ 3.2 19.1
a7 x 6.2 4.2 8.4 11 1.1 . ‘2.2 : 0.6
3 X 1.3 12.2 18.5 1.3 “ 1.3 19.8
a7 x 8.2 5.3 10.5 2.1 2.1 12.6
5% X 4.0 6.6 10.6 0.7 . 0.7 ’ 11.3
6 x 12.6 12,6 5.2 1.3 1.3 C e RN
58 x 0.6 0.6 ) : "o 0.6
I3 x 1.1 6.1 35.2 5.6 3.7 ' 3.3

5% x 3.7 5.9 ! 0.8 0.8 - 6.5

Escanaba Power Plant
Escanabs, Michigan
Preaesved 20 pinutes after neuunnn»Jn

.

13 x 5.9 - 6.9 4.0 1.6 1.3 ! 7.9 1.3 2.8 69.7
[1 3 R1B - 55.2 16.9 9.2 3.3 7.6 ’ ) B8
4 x 3.3 5.8 39.3 o4 1.3 5.9 45.2
30 x 9.8 - 59.6 124 13.4 ’ 24 15.4
33 x 30.4 23.0 52,4 N 2.4 4.8 3.7 T 61.9
3 z 2.0 3.9 2.8 1.0 8.6 . 9.6 34
37 x 28.6 12.7 1.3 6.3 6.3 126 - 3.9
50 x e 23 1.2 18.7 16.2 . 349 1.8 104,6

-

AR £
LivesTead
0 heur 34 hout
1. 1.6
.51 50
.82 -
5 -
.33 .19
B .16
€ Y
A T4
.08 39
1.1 Rl
1.4 314
1.2) N3}
1 1.12
W43 .9
.51 -
a2
.tk 18
.4 .13
101 -
) -
2.6 -
.8 -
vab -
.57 -




