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I. Introduction

Section 5.4 of the Appendix B Environmental Technical
Specifications requires that an annual report be submitted to the NRC
which details the results and findings of ongoing environmental radio-
logical and non - radiological surveillance programs. This report
serves to fulfill these requirements and represents the Annual Environ-
mental Operating Report for Unit Nos. 1 and 2 of the Donald C. Cook
Nuclear Plant for the reporting period ending December 31, 1980.

During this reporting period Unit No. 1 generated 6,698,320
(Mwh) gross of electrical energy. Monthly-Operating Reports indicate
that this unit was operating at a Unit -Service Factor of 73.7%, at an
average Unit Capacity Factor of 70.5%.

Unit No. 2 generated a total of 6,937,420 (Mwh).gross of
electrical energy. Monthly Operating Reports indicate that this unit,
was operating at a Unit Service Factor of 74.4%, at an average Unit
Capacity Factor of 70.4%



II. Abnormal Environmental Occurrences

{

The following abnormal occurrences were reported during the year 1980:

Date -

2/26/80

2/27/80

[

3/24/80

Docket. No.

50-316

50-315 &

50-316

50-315 &
50-316

" AEO No.
" 80-001/04X-0

80-001/04%-0
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;80-002/o4x-0
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Occurrence

Unplanned release of radio-
active steam from #4 steam
generator on Unit #2.

During the preparation of -
the 1979 Annual Environmental
Operating Report, it was
discovered that the maxi-
mum quantity of detergent
discharged to the lake, -~
Specification 4.1.1.7.2,
Table 4.1-1 of 5,000 1bs.
per year, was exceeded by
360 1bs.

Unplanned release of radio-
active gas from the Unit
#1 vent stack.
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III. Changes to the Environmental Technical Specifications

On August 29, 1980, the NRC issued Amendments 40 and 23 to
Operating Licenses for Units 1 and 2 respectively making the following
changes to the Appendix B Environmental Technical Specifications:

1. Section 4.1.1.2 was deleted since all the requirements
under this section have been completed.

2. Section 4.1.1.4 was revised to reflect the recent
modifications to the discharge scour bed.



!
P

|

IV. NON-RADIOLOGICAL ENVIRONMENTAL
OPERATING REPORT

:
¢
]

i

I

1 [




w

-1.PHYSICAL_OBSERVATIOMS .-

c—AA.s-Speciffbation*4:1;ZlJiufu-Vﬁsua?*Observation of the Intake and

Discharge Structure Areas

N
Thirty-four dives were perf;rmed during the reporting period: four during
April and May, five during June and July, six during August, %our during
Seﬁcamber, an& six during October. ‘
Placement of the concrete scour pads in frog£ of the discharges appears éo

»

have alleviated scour adjacent to the structures. Examination of the scour
pads revealed no significant pitting, scoring.or disintegration o{'the
structures. The riprap surroundiné the south intake stru;ture was undisturbed;
the sand/riprap interface surrounding the intake structures appeared stable.
Accumulations of floc typically ranged from 1 to 5-mm thick. Lafge depressions
in the bottom (10 m across by 1 ﬁ deep and containing a silt ove;Surden
20~40 cm thick) that were encountered occasiénally during previous years were
not observed during 1980.

Both uni-directional and eddy current patterns were detectable throughout
the water column within 100 m of the discharges; at stations more than 360 m .
frop the discharges weak currents were occasionally noted, but no directional
pattern was established. Variable current speéds were encountered at the south
intake structure, but current was strongest adjacent to the base of the strxuc-
ture on the north and east sides. Increased current and p;;sible recirculation
of water were noted at the south intake structure during 7-pump operation.

Trash (primarily from fishermen) was observed in decreasing quantities
during 1979-1986. Reduction in numbers of beverage containers was particularly

noticeable. Relative to concentrations in control (sand substrate) areas, or-

ganic debris (algae and terrestrial vegetation) was concentrated in the riprap



zone by the trapping action of the uneven substrate, but appreciable accumula-
tions were not noted. Dead fish“alewives and perch discarded by fishermen)
and fecal peilets were seen occasionally, but accumulations of dead alewives on
the bottom, even during the annual die;off period, have never been observed.

In‘1980j periphyton growth remained reduced on top of the south intake
structure, relative to earlier years. During 1979, periphyton growth was quite
luxuriant within 5 m of the base, but growth was reduced during 1980. Peak
lengths of periphyton were attained. during June—August. Macrophytes were not
observed. IAttached invertebrates (;ponge, bryozoans and _zdsg) increased
steadily in numbers during 1973-1976 but numbers of sponge and bryozoan
colonies appeared to plateau during 1977 and have declined subsequently.

During 1980 the rate of decline in numbers of sponge colonies appeared to slow
somewhat. EZEE& remained extremely ‘abundant. Numbers (concentrations) of
snails decreased dramatically during:1977-1978' snails were not observed during
1979-1980. " 'Density of crayfish in the riprap area during 1978-1980 was less
than one—halé that estimated during,1975 (the year of maximum abundance).
Riprap macéoinvertebrates showed a' predictable pattern of opportunistic
colonization followed by peakidg‘ard then by declining numbers of species and
individualewin accordance with iditial niche exploitation, saturation and
subsequent‘ehange (decline) in resodrce avallability.

Alewife, perch and oossiblyzépottail shiner and/or carp eégs were noted
during 19Sd (as in previous yearé?; documenting continued minor (excluding
alewife) ebawning in the vicinit;lof book Plant. Eggs were observed attached
to periphyton, entangled in loose‘algae and lying loose on the sand.

Twelve species of fish were observed during the reporting period. Listed

in descending frequency of observation they were: sculpin (Cottus spp.),

" -
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johnny. dar;er, alewife, yellow perch, rainbow smelt, spottall shiner,

' trout-perch, carp, burbot, browm trout, lake trout and sucker (Catostomus

SpPPe)e Carp‘were observed almoét exclusively in the di;charge area (nowﬁere
else in 1980). You;g-of—the-year alewife were very abundant during April and
October 'in 1950, a pattern previously documented. Relative to numbers observed
in control a;;;s, fish congregated near the structures (algwife, spottail
shiner; &ellow perch) and in riprap areas (demersal species, e.g., johnny
darter and sculpin). Numbers, diversity, and activity of f£ish were highest#at
night and during summer months. The majority of fish species impinged and
field-caught at Cooé Plant were not observed by divers which was partly a
reflection of the relatively incidental occurrence (low numbers) of many
species in the study area. But, abundance and seasonal observation of majar
species (e.g., alewife, perch, etc.) ang YOY fish documented by divers usually
paralleled occurrence in the study area documented by fishery studies. ’

Presence of Cook Plant structures and riprap has created an atypical, more
sheltered and more diverse habitat that att;acts and concentrates biota which
follow a predictable successional pattern. Diver—observed effects of plant
operation upon the local environment were minimal. Barring a large change in
Cook Plant operation, future diver observation of major or.significant

ecological changes in the study area are not anticipated.

For further details, see Appendix A.
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B. SPECIFICATION 4.1.1.4 - SCOUR STUDIES

Concrete scour bed pads were constructed in front of the Unit #1 and
Unit #2 discharges. The Unit #1 scour bed pour was completed in May of
1979 and Unit #2's completed in July of 1980. Due to a change in this
specification, stating that scour studies will be performed at approxi-
mately six month intervals for at least one full year after major repairs
or modifications to the scour bed, the first of two planned scour studies
was completed on 11/7/80 to meet the above requirement. Given below are
the details 'of the required scour studies: .

The first of two Take bottom contour measurements was completed November 7th
1980. The second contour measurement is scheduled to be completed in April

of 1981. The November 7th contour was taken in an East-West pattern beginning
approximately 500 meters north of the East-West plant axis and proceeding
south at approximately 50 meter increments until 500 meters south of the
East-West plant axis.

The contour data was reduced and plotted by computer into a topographical
representation (Figure 1A). Three sections were taken from the plot to show
graphically, on Figure 2 the Take bottom topography for this survey. Figure 2
was compared with the Figure 2 sections made from previous surveys completed
June 20th and October 20th of 1978 and July 7th and September 22nd of 1977.
There has been Tittle change in the three sections since 1977.

IR

Data Acquisition

The system used to acquire the lake bottom contour data consisted of the Vidar
Autodata Eight data acquisition device, the Signet Mk71 D3D digital depth
sounder and: the Motorola Mini-Ranger III system with two fixed transponders

on shore to provide a triangulated location of the boat. The Vidar would poll
the Signet for a depth reading and the Min-Ranger for location coordinates.
This combined information was recorded on the Facit Paper Tape unit and
printed on the Vidar tape for monitoring and verification of meaningful data.

Data Reducfion

- The computer program developed for, plotting the temperature measurements
during the ‘thermal plume study was utilized for reduction of the depth data.
The program converted the Mini-Ranger readings to x-y coordinates and the
corresponding depth measurements were corrected for the depth sounder trans-
ducer depth. The computer plotted the depth on a diagram of the plant dis-
charge and intake structures and the lines of constant depth were drawn by hand
on these plots. Cross sections of the lake bottom profile were then prepared

for the three transects near the qischarge and intake structures.

P
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C. SPECIFICATION 4.1.1.5 - Groundwater Monitoring

Groundwater movement or the hydraulic properties of groundwater studies
viere not requ1red in 1980. The last groundwater movement study was
performed in 1979, (see Annual Environmental Operating Report for 1979)
theqefore, this once every two year study requirement was not performed
in 1980.

As required by Specification 4.1.1.5, chemical analyses of -groundwater
samples taken from shallow groundwater wells in the vicinity of the on-site

absorption pond were performed in 1980 to determine the following parameters:

Sodium Conductivity
Sulfate Nitrate
Phosphate Iron

pH . Copper

Samples from wells 1A, 8, 11 and 12 were tested for the above parameters,
as were samples of lake water free from chlorination. Also, groundwater
levels were reported with each sample report for each well. Samples were
taken during the months of March and September and the resu]ts of the
analyses are as follows:

11




IV.2.A.

ii.

CHEMICAL DISCHARGE

Actual quantities of chemical released to the lake or absorption field
during 1980 are listed below arranged according to the relevant Technical
Specification:

4.1.1.6.2' Corrosion and Depositionylnhibitors

Amount ﬁischarged - 1bs.

a. Phosphate 79.2 (heating boiler blowdown)

b. Ammonium 235.1 ‘
hydroxide "

4.1.1.7.2 Other Chemical Dischargés»té Lake and Absorption Field

i

Ly Amt. Discharged  Discharged To

W

a. Sodium Sulfate P 212.5 tons absorption field
b. Boron : : 293.5 1bs. Lake
c. Detergent - decontamination f ‘ 4505.0 1bs. Lake
d. =Detergént - condenser leaks 495.0 1bs. Lake
4
12
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The majority of the detergents used for decontamination of the Auxiliary
Building were processed through the waste disposal system. Values reported
are based on inventory control of the detergents with the assumption that
all that was used was discharged to the lake. The materials used in 1980
were Spartan DC-13, Syntech Rad-ex.and By-Pas. The above cleaning compounds
have the following active ingredients:

SPARTAN DC-13

Sodium Nitrite Less than 0.5 %
Phosphate 0.7 %
Alkylaryl Polyethelene 10 %
Glycol Ether . .
Potassium Hydroxide Less than 0.1 %
Perfume 0.1 %
Rhodamine B Dye 3 ppm
Basic (Violet #10)
SYNTECH RAD-EX
Caustic Soda 1%
Metailicate 0.5 %
NTA . 0.15%
Non Ionic ' 0.15%
Amphotenic Surfactant 0.15%
Water Balance
BY-PAS

Ar503 . . ” 2 ppm
Lead ‘ 1 ppm
Chiorine 10 ppm
NA,O 51 %

2 .465%
S$i0, Phenamine brilliant
Dye blue GB conc.33-3-30

Lot #46687
13




The detergent used for condenser leak detection is discharged through the

circulating water system. Values reported are based on inventory control of the

detergent with the assumption that all used was discharged to the lake.

material presently in use is the LGS formula 64 sudsing agent has the following

active ingredients:

Sodium Nitrate
Sodium Silicate
Sodium Phosphate

iii. 4.1.1.7.2 Other Chemical Discharges to‘Absotption Field

a'

Turbine Room Sump composite data

Sodium 186,533.0 1bs.
Calcium 44,938.2 1bs.
Magnesium 19,162.8 1bs.
Sulfate 287,487.2 1bs.
Chloride 15,888.3 1bs.
Total Solids 720,679.6 1bs.

pH values on sump discharge

Low High .
5.6 8.9

Chemicals discharged to absorptﬁon pond other than spent regenerates.

Rhodamine B Dye used for condenser leak detection was discharged to
absorption pond. Four pounds were used in 1980.

14
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Iv.2.8.

Circulating Water Chlorination

Specification 2.2.1.2

No chlorination of the.circulating water system was done during

1980. No periods of chlorine experimentations took place in 1980.

15



iv.

)

3 AQUATIC STUDIES

- a

A. Specification 4.1.2.1.1.1 - Zooplankton Studies,
i. Lake Surveys : L

L L Pa—

Lake survey data from August to November 1978 and April and
May 1979 are discussed in this report. Normal temporal
succession patterns were observed for the numerically dominant
taxa. There was no strong evidence suggesting that power plant
operation had an ecologically significant disruptive effect on
zooplankton populations in the vicinity of the power plant.

Zooplankton mean abundances in the operational years were
compared with their abundances in the preoperational years.
Analyses (Mann-Whitney U test) were made by month and by zone for
the numerically dominant taxa. Five years of operational October
data (1975 to 1979) and six years of operational April data (1975
to 1980) were used in these analyses. For each cruise-month
analysis, several taxa occurred in statistically significant ( «
=,05) different preoperational and operational zone mean
concentrations. Differences in the two plume zones (zones 2 and
5) were of most interest. 1In October, total zooplankton,
immature cyclopoid copepods, Bosmina longirostris and Eubosmina
coregoni were significantly more abundant in zone 2 while adult
Cyclops spp. and Daphnia spp. were significantly less abundant in
the operational than in the preoperational period. 1In zone 5,
immature cyclopoid copepods were significantly more abundant in
the operational period than in the preoperational period. Most
differences were about a factor'of two. In April in zone 2,
total zooplankton, nauplii, adult Diaptomus spp. .and Limnocalanus

macrurus copepodites were significantly more abundant in the
operational period than in the preoperational period. In zone 5,
Limnocalanus macrurus were also more abundant in the operational
period. Preoperational-operational differences ranged from a
factor of two for total zooplankton to more than twenty for
Limnocalanus macrurus. In zone 2, immature cyclopoid copepods.
were significantly less abundant (by a factor of less than two)
in the operational period in comparison to their abundance in the
preoperational period.

Zooplankton tended to be more abundant over the survey area
in the operational period than in the preoperational period.
These differences probably are associated with increased
eutrophication of the southern basin. Daphnia pulex, a
cladoceran which was observed in the survey area for the first
time in autumn 1978 was again observed a year later. Mesocyclops

edax, while not as abundant as in autumn 1978, was more common in
the autumn 1979 than in previous years. Increased occurrences of
these species may be related to eutrophication or to alterations
in the standing stock of planktivorous fish. . -

Preliminary studies have investigated the filtering

16




effectiveness of the #10 (156 ¥m) mesh net used in the.lake
studies. As suspected, a significant number of the smaller

. copepods and cladocerans are lost through the meshes of the net,

producing underestimates in population size. We have also
conducted some baseline studies of rotifers to determine
abundance and composition. Preliminary information indicates
that rotifers account for up to 50% of the zooplankton collected
by a 76 ¥m mesh net.

The effects ofi the thermal plume on the epibenthic and benthic
microcrustacean community were investigated in July 1980.
Preliminary data workup indicates that an area of high densities
of epibenthic copepods and cladocerans is located offshore of the
power plant. The significance of this observation has not been
fully evaluated.

A study was conducted to investigate the possibility that
fish in the vicinity of the power plant feed selectively on
larger organisms killed by plant passage and/or entrained in the
plume. This study was not successful (not enough fish were
collected) and no further sample workup is planned. -

ii. Condenser Passage Studies

A

This repert discusses data collected from August 1979 to
July 1980.

Zooplankton mortalities were generally low, averaging 14.4%
in the intake waters, 15.5% in the discharge waters of Unit 2 and
17.8% in the discharge waters of Unit 1. Average mortalities
were higher than in previous years. One period of particularly
high mortality was August 1979 when the temperature of the
discharge waters of Unit 1 approached 35°C. As we demonstrated
in the last report, these high temperatures approach the upper
lethal limit for short—term exposures (minutes) for most
zooplankton., Other periods of high mortality could not be
associated with any particular operating characteristic of the
power plant.

Numbers of zooplankton entrained ranged from a low of 400
billion in February 1980 to a high of 15,000 billion in October
1979. The monthly biomass entrained ranged from a low of 2,000
kg dry weight in January 1980 to a high of 21,000 kg dry weight
in October 1979. BEstimated maximum biomass loss ranged from a
February 1980 low of 613 kg dry weight to an October 1879 high of
2,300 kg dry weight. Estimated maximum losses were similar to
those observed in previous years with both units operating.

For further information see Appendix B-1.

17



B. Specification 4.1.2.1.1.2 - Phytoplankton Studies
i.. Lake Phytop]ankton

- wm % e @ 3 ww - -

Of the ten categories of phytoplankton, four (desmids, fiiamentous'greens,
coccoid greens, and "other algae”) have shown essentially no changes in
abundances during the ten years of the study.

Four other categories (flagellates, pennate diatoms, centric diatoms, and

total algae) have in shallow zone 0 exhibited steadily increasing trends since
1970. These eetegories, in zones 1 and 2, showed increasing trends from 1970
through 1978 eut had lower abundances in 1979. The abundance changes took place
in both inner and outer stations.

Blue—green algae have increased in abundance during the period of the
study. First indications of increase were minor rises in 1972 with substan-
tially highe;'levels of coccoid blue—-greens appearing in the fall of 1274 and
being an autuﬁn characteristic in later years. Occurring in all three depth
zones and in both inner and outer station groups the fall increases are
attributed to late summer—autumn depletions of silica in the epilimnetic water.
Filamentous blue-greens exhibiting summer peak abundances have increased since
1974; occurring in all three depth zones and in both inner and outer statioms
the cause of these abundance variations is adjudged to be something in the lake.

In the ten years of the study, there have been 767 paired comparisons of
iener VS. oeter station group cell density means. These have been compared by a
two—sample e-test for significant differences of the means. During the entire
period there have been 42 cases of significant differences between the means;
these amoune,to 5.5% of ;he comparisons. The cases of differences are spread
through nine of the ten categories of phytoplankton and fall within the natural
range of variation; the significant differences are attributed to normal
| ‘ accidents of sampling, no evidence of plant operation effects are shown by these

analyses.

18



Phytoplankton diversities, as indicated by diversity indices, were not
quite so high in zones O and 1 in 1979 as they had been in earlier operational
years; in zone 2 the diversities for 1979 were not noticeably different from
those of preceding years. In all zones diversities remain higher than in pre-
operational years prior to 1974. There is no evidence that operatiom of Cook
Plant has simplified (lowered the diversity of) thé phytoplankton community.

Phytoplankton redundancy is a measure of the dominance of one or a few
species within a given population. Redundanc)® values range from O to 1, with a
value of 1 implying that oﬁe species dominates the community. In 1979 re-
dundancy Qalues rose to the-levels of preoperational years after a perlod of
steady-or slowly, diminishing values from 1973 through 1978. We tentatively
ascribe the 1979 condition to increased relative dominance of blue-green algae

vhen flagellates and diatoms decreased in abundance in that year.

19
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~ii. Entrained Phytoplankton.

During the period of November 1979 through October 1980, most samples for
both enumeration and viability studies were collected. During viability
analysis, omne ﬁovember 1979 evening replicate from the unit #1 discharge, one
November 1979hincubated evening replicate from the discharge of unit #1, one
November 1979 ,hgnorning twilight replicate from the unit #1 discharge, one
January 1980 evening twilight replicate from the d;scharge of unit #1, one
March 1979 noon replicate from both the discharger of unit #2 and the intake,
one April 1980 evening replicate from both discharges, one April 1980 evening
incubated replicate from the discharge at unit #2, one April 1980 morning
twilight relicate from the unit #2 discharge, one April 1980 noon replicate
from unit #Z‘Aischarge,!one May 1980 incubated evening replicate from the
intake, omne 3;1y 1980 noon replicate from the intake, one August 1980 evening
replicate from the unit #2 discharge, one August 1980 morning twilight
replicate from the unit #2 discharge, one September 1980 evening replicate from
the unit #1 discharge and, one October 1979 noon replicate from both discharges
were lost. At no time did the number of replicates number less Fhan the three
required. .

Comparison of phytoplankton major group mean concentrations for 1975
through 1978 gave the following general observatioms: 1) coccoid blue-green
algae and desmids were least abundant during 1976; 2) flagellates were most
abundant during 1977; 3) filamentous blue—-green algae, coccoid green algae,
centric diatoms, pennate diatoms, and total algae were least abundant in 1977,
other algaé;showed an increase in 1978, and filamentous green algae were most

abundant in 1976.

20



The number of forms of phytoplankton was highest in 1976 and 1978,
redundancy was highest in 1977, and diversity was highest in 1976 and 1978 and
lowest in 1977. These changes in community structure statistics mimic changes
noted in the major groups, especially for 1977. Decreases in filamentous
blue-green algae, coccoid green algae, centric diatoms, pennate diatoms, and
total algae in 1977, the increased redundancy in 1977, and the decreased
diversity in 1977 describe a phytoplankton community considerably different
from those of 1975, 1976, and 1978. )

With the exception of 1977 when the character of the entrained
phytoplankton community was such that a negative impact on viability was noted,
no consistent long~term viability increase or decrease has been observed that

®

can be attributed to the plant.

For further information see Appendix B-2.

21



C. Specification 4.1.2.1.1.3 - Benthos Studies

1.“3Lake Surveys

;ﬁ§1980, three seasonal surveys (April, July and
October) were taken with four replicates at each of 10
stations shallower than 8 m and two replicates at each of 20

ﬂ I
stations at greater depths. The stations are divided into
] .

i
threegepth ranges; 0~8 m (Zone 0), 8-16 m (Zone 1), and
16-24 m (Zone 2). In each depth range or zone, there are
five stations within 1.6 km of the plant (Inner area) and
five réference stations 3.2-11 km away from the piant (Outer
area).

Fifty~four statistical tests were performed on the

1971-1980 data. Of these, only Pontoporeia hoyi in the

October surveys of Zone 2 shows significant Inner/Outer t-
test differences at the 0,05 level. Observed trends

indicate Pontoporeia to be decreasing in density at the -

inner Zone 2 while those of the Outer Zone 2 are increasing.

At pcésent, the observed significant differences in Inner/

Outérfratios for Pontoporeia hoyi in October Zone 2 surveys
cann&t be associated with plant operation. Results most

likely are to be attributed to naturally occurring physical

22




and biological processes and patterns.

ii. Entrainment Studies

Concentrations of the four major species of

malacostracans, Pontoporeia hoyi, Mysis relicta, Gammarus,

and Asellus were measured in the intake and discharge
forebays of the cooling water which circulates through the
Cook Plant. Samples were taken in the intake and discharge
forebays twice monthly except §n June, July, and August when
samples sets were collected four times monthly. On sampling
dates, collections were made during four consecutive
approx;mately 6-hour periods (depending on the.season of the
year) corresponding to midnight-sunrise, sunrise-noon, noon-
sunset, and sunset-midnight.

The 1980 concentrations of the four major crustraceans
in entrainment samples were at levels similar to one or %ore
of the previous operational years, with the exceptions of
P. hoyi densities which were slightly greater than those
recorded for previous years. Although the seasonal
entrainment pattern was most_similar to that of 1978,

M. relicta densities were somewhat lower than during 1978.
Densities of Gammarus were most similar to levels recorded
during 1979 and lower than the peak year of 1977. Asellus
occurred in’such small numbers that year to year comparisons

were difficult; however, consistently fewer have been

23
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entrained from 1978-1980 than in years prior to 1978. No
effect of plant operation has been detected on lake
populations of P. hoyi. The causes of yearly fluctuations of

M. relicta, Gammarus, and Asellus populations are not known

as our collection methods are not designed to sample their

lake populations with assurance.

g

iii.  Impingement Studies

The projected total impingement of the crayfish

Orconectes propinguus for 1980 (57 kg) is greater than the

impingéﬁent level for the revised 1979 estimate (17 kg) and
1978 (53 kg) but considerably less than previous operational
years‘$1975, 90 kg; 197%, 892 kg, and 1977, 70 kg). The
averége weight per specimen in 1979 (6.7 gm remained
unchanged from the projected average weight and along with
the 1980 projected average weight (6.8 gm) were slightly
greater than observed for previous years 1975-1978 (5:5-6.5
gm). The effect of impingement. and other plant operations
on crayfisﬁ‘populations is unknown. Crayfish were rare in

the aféa of the plant until the riprap was established.
ﬁér further details see Appendix B-3.

B
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D. Specification 4.1.2.1.71.4 - Periphyton Studies

The Cook Plant's underwater intake and discharge structures and their
assoclated riprap field constitute an artificial reef, providing shelter and
solid substrates in a region napurally devoid of them.

After their éamplecion the installations underwent a period of modifica-
tions of surfaces followed by colonization by periphytic algae and animal
specles. We consider that the single preoperational year, 1974, was insuffi-
cient for the installations to become fully colonized and that pre~ vs.
post-operational comparisons of periphyton abundances and species compositions
are not valid‘;ue to additional coloni;ation and to natural succession which
took place after 1974.

This study uses diver—collected periphyton samples from the underwater
installations to determine the taxa liv;gg there, and examines intake
entrainment samples for theseltaxa as a means of assessing the efficiency of
entrainment as a monitor of the offshore periphyton community.

' The numbers of periphyte taxa taken by the divers have been: 1975, 97;

— 1976, 67; 1977, 97; 1978, 117; and 1979, 131. Of the taxa taken in 1978,
' Qp (29.dia:oms, 10 green algae, and 1 blue-green) have been taken in every year
of the study. Another 16 (10 diatoms, 3 greens, 1 chrysophyte, and 2
blue-greens were taken in four of the five years. It appears safe to consider
that these 56 taxa, with the addition of Cladophora which i§ almost never
entrained, probably constitute the basic periphyte communityﬁthat-is
embroidered with about 60 rarer taxa that are taken much less frequently.

On the basis of sampleé through September 1979, the dominant periphytes
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were: diatoms of tﬁe‘genéfa Asterionella, Cycloteilé, Cymbella, Didtoma,

Fragilaria, Melosira, Navicula, Nitzschia, Stephanodiscus, Synedra, and

Tabellaria all of which occurred in more. than 50% of the samples; the green

algae, Scenedesmus quadricauda, which occurred in 47% of the samples; and

blue—-green aigae of the genus Schizothriz occurred in 42%. There were 48 rare
taxa that were present'in 1979 only.

With capture rates ranging from 74% to 89% of the resident periphytes,
intake entrainment sampling is considered adequate to momitor éﬁe periphyte
community in months when diving is not possible.

The changes observed in the periphyton community are consistent with

advancing stages of the "artificial reef” ecological succession, not with any

effect of Cook Plant éperation.

For further “information see Appendix B-4.
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E. Specification 4.1.2.1.1.5 - Fish Studies

<

Data on field distributions of larval, juvenile and adult fish were
evaluated to detect any possible effect of operation of the D. C. Cook Plant
on these life forms. Entrainment and impingement data provide estimates of
direct impact of the plant on fish populations.

Results of field larvae ANOVAs showed alewives were most abundant in
1973 (3342/1000 m3) and least abundant in 1979 (39/1000 m3). Alewife larvae
appear to be declining in the study area. However, in 1979, adults were abundant
during the spawning season, young-of-the-year were abundant in the fall and
larvae were entrained in large numbers. Thus we feel we missed peak 1979
larval abundance in larval field sampling. Highest monthly field larvae
abundance of alewives For all years combined was in July. No plant impact
on beach zone alewives was observed. A similar result, no differences in
densities between Cook and Warren Dunes, was found for open water larval
alewives.

For larval spottail ANOVAs, Month and Year were significant, showing
the variable nature of spottail recruitment. No plant effects, however, were
documented. Yellow perch in open water (1977-1979) were equally distributed
at Cook and Warren Dunes showing no Area effect. A number of other speciles
were collected including carp, which were only observed. at Cook Plant stations.
Results of larval fish sampling as well as adult sampling have documented carp
reproduction and attraction exclusively to the Cook Plant area.

In 1979, the estimated rate of fish larvae entrainment reached the
highest level since monitoring began in 1974,  Almost all ichthyoplankton
categories experienced dramatic increases. A full year of two-unit operation
in 1979, when cooling water volume doubled over previous years, accounted for
some of the increased larvae entrainment. Additionally, substantial 1979 year
classes of alewives, spottail shiners and smelt probably resulted in their
increased abundance in entrainment samples.

No fish were observed in the plant's forebay from January to May and
during August 1980. However, on 21-22 June many spottail shiners, a few yellow
perch and many unidentified small fish were swimming in the forebay. On 25-26
June one unidentified salmonid and many unidentified small fish were also
observed. On 17 July, 35 dead alewives, 10 dead yellow perch and 2 dead white
suckers were floating in forebay surface waters.

ANOVAs have already been calculated for field catch data on abundant
adult and juvenile fish for the years 1973-1979 and discussed in the 1978 and
1979 Environmental Operating Reports. Since only April through August 1980
data were available for this report, ANOVAs were not recalculated with 1980 data,
which were subjectively compared with previous years' data to detarmine possible
plant effects.
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Analyseé showed the Cook Plant has had no long-term detectable effects
on southeastern Lake Michigan alewife populations. Most significant statistical
interactions can be associated with the characteristic, large annual oscillations
in alewife population densities. Data indicate that the long-temm decline is
continuing in 1980. ,

Bloaters have exhibited a spectacular increase in our catches starting
in 1978; they are now one of our abundant species. Trawl catches were similar
at Cook and ,reference stations from 1973 to 1977. In 1978 and 1979 more were
caught at Warren Dunes than Cook; in 1980 this pattern was similar at 6-m
stations, but. reversed at 9~m stations. A plant effect is possible, since
large numbers were impinged during 1978-1980.

» ) :’r;ki

The 1980 trawl and seine catches revealed increased abundance of young-
of-the-year and yearling rainbow smelt, indicating that.1979 and 1980 spawmings
were quite successful, which continues a trend of increasing smelt abundance
since 1976~1977. Numbers of adult smelt caught in gill nets in 1980 were comparable -
to numbers taken in 1979. Changes in spatial distribution of smelt over the
years appear to be unrelated to plant operation and are most likely due to
natural shifts in smelt abundance and patchy distribution of smelt in the study
areas. : :

Spottail shiner populations in southeastern Lake Michigan appear robust.
They periodically produce large year classes (1977, 1979 and possibly 1980),
which will maintain spottail. catches at high levels for the next several years.
Year class variability and the behavioral characteristics of this species appear
to be the main reasons for distributional patterns, rather than any effect of
plant operapion.

Trout-perch were the sixth-most abundant species collected in 1980. Trawl
and seine catches.were large, portending a peak year for trout-perch populations
in 1980. Trawl ANOVAs for 1973-1979 data resulted in a highly significant Area
main effect, with more caught at Warren Dunes, even in preoperational years.

In 1980, the trend was reversed, which may cause a significant Year x Area
interaction. £ill net ANOVA for 1973-1979 revealed no significant differences
between Areas, although higher catches at the Cook Plant in 1979 contributed

to a significant Year x Area interaction. Cook Plant gill net catches exceeded
Warren Dunes catches again in 1980. It is felt these findings were reflective
of natural changes in trout-perch populations, rather than plant effects.

Yellow perch had a good year class in 1979 which resulted in very high
catches in 1980. The ANOVA applied to 1973-1979 trawl data showed Year, Month
and Time were significant; factors of interest to detect impact (Area and Year x
Area) were not significant. In 1979 we found that the plume and riprap were
probably attracting large yellow perch to Cook Plant stations. The 1980 data
confounded this conclusion since more perch were gillnetted at the Warren Dunes
6-m station than at Cook 6-m stations.

Among common species, carp were definitely attracted to Cook Plant stations
as shown Qy field catches of adults and larvae and SCUBA observations. Johnny
darters and sculpins were apparently attracted to Cook Plant riprap, as they were
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caught in larger numbers at Cook than at reference statioms. Gizzard shad
also appear to be attracted to the Cook Plant's thermal plume and discharge
currents and possibly the Cladophora growth on the underwater structures and
riprap. More longnose dace were caught at Cook than Warren Dunes, but we felt
that was related to more gravel near Cook beach stations. Longnose and

white suckers also showed a preoperational and operational proclivity for
Warren Dunes stations which we felt was a natural preference.

Impingement of fish at the Cook Plant increased dramatically in 1980.
From 1975 to 1979, number of fish impinged varied from 50,080 in 1977 to
735,334 in 1979. In 1980 (January-August) an estimated 3,522,989 fish were
impinged by the plant. Alewives were the most frequently impinged £ish;
trout-perch, yellow perch, spottail shiner and rainbow smelt were other species
comprising most of the total impingement collections. Lake trout made up a
significant portion of the total weight of fish impinged, especially from 1977
to 1979. Large numbers of yellow perch and alewives were impinged in September
1979 which was attributed to an upwelling and storm which apparently affected
fish behavior. Another impingement event was documented in April 1980. Warm
inshore water, which caused alewives to concentrate inshore, was thought to
be the major reason for the high rate of impingement recorded. The number
of chinook salmon impinged has also increased in 1979 and 1980.

For further information see Appendix B-5. . - -
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- -« SPECIFICATION  .2,1.3.- ICE STUDIES
A. Ice Conditions .

Ice conditions during the past winter were studied by airplane overflights
on 18 February and 12 March, by personal visits (16 January, 23 January, 15
February, 20 March, 21 March, and 2 April), by ‘stereo time lapse photography
looking north from the office building, and by single-camera time lapse
photography looking west from the office building toward Fhe melthole resulting
from the plant's waste heat. u

Our program of stereo time lapse photography of ice condition was almost
completely negated because one of the cameras suffered a series of mostly non-
recurrent mechanical and electrical failures which resulted in very few usable
pictures in its output. Judging fgom the output of the second camera, this
series of failures is not considered disastrous because the positions of
breaking wave zones and ice ridges aﬁpearlpo be the same as found in previous
years.

The winter of 1979-1980 was slow in developing a shore—ice complex. A
small complex formed temporarily on 8 January; substantial ice formed on 24
January and lasted until 30 March when it was wrecked by surf. The last ice
melted on 4 April. '

The aerial overflights and the more extensive of our shore visits showed
normal shore ice extending for miles north and south of.che plant. This ice and
the extensive lake icefield protected the beach from winter wave erosion. Even
in front of the plant, loose floes from the lake icefield drifting across the
melthole repeatedly re~established protective nearshore ice formations that

prevented erosion.

Our ice studies during the past winter showed no clear effect of a leak in
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the south discharge pipe which was evident during the preceding winter, although

“the fact that melting in the first ice Tagoon was more extensive in front of the

plant and south of the plant would be consistent with some leakage from the pipe.
For further information, see Appendix d.
B. Deicing Operation - Specificatioh 2.1.1.2.3
i. Circulating Water Pump #13 was removed from service during the period from
11/18/80 to 11/27/80 due to malfunction.
Circulating Water Pump #21 was removed from service during the period 12/27/80
to 174/81 due to malfunction.
Specification 2.1.3.2.2

ii. The deicing mode of operation was utilized from 2/25/80, to 2/27/80.
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V. RADIOLOGICAL ENVIRONMENTAL

OPERATING REPORT
(SEE APPENDIX E)
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VI. 'CONCLUSIONS

In accordance with the objective of our Appendix B Environ-
mental Technical Specifications, the operation of Units 1 and 2 of the
Donald C. Cook Nuclear Plant had no detrimental impact on the surround-
1ng ecological environment during 1980.

Data from the environmental radiological monitoring program
during this year were within their respective expected normal ranges.
None of the samples contained radioactivity that could be attributed
to operation of the Cook Plant. The results of the data analysis show
no .abnormal environmental conditions that will cause adverse environ-
mental effects from the operation of the Plant.
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APPENDIX A
ENVIRONMENTAL OPERATING REPORT
UNDERWATER OBSERVATIONS AT THE DONALD C. COOK NUCLEAR PLANT
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. VISUAL INSPECTIONS

The underwater observation program has been designed to facilitate visual
monitoring of the study area. The progrém enables divers to assess macroscopic
physical and biological conditions of locations within one half kilometer of
the intake and discharge structures. Observational meghodologies‘have been
desgigned to'allow divers to observe previously itemized conditions which, by

changing, might indicate alteration of the ecological system at the monitoring

locations. Data‘gathered during the dives and analysis of samples collected

¥

are used to write reports on underwater Qperacious.

The Techniéai Specifications req;ipe a schedule which includes five dives
each month, weather perm%:t;ng, at standard locations. These locﬁtions agd
dive times are: omne day dive in the area of tﬁe discharge structures, one‘day
dive in the area of the intake structures, ome night dive at a depth of 9 m
(30 £t) to compare day and night observacions, and two dayhdives in control
areas outside the plume. As a;result of seven circulation pump operation,
dangerously sérong curreﬁﬁs were produced in the discharge area. Safe
diver—-entry into the discharge area was not possible except during periods when
one or bothgunits were shut—~down. During periods of circulation pump
shut-down, dives were made ;o examine the‘areas surrounding the discharge
structures. A total of 34 dives were performed during 1980 in the vicinity of
the study area (Tables 1 and 2); 31 required dives and seven subplementary
dives. Required dives completed (Table 3) were: four in kpril and May, five
in June and July, four in August and September,';nd fi&e in October. Dangerous
currents prohibited dives in April, May, August, and September in the discharge

area. The control dives were performed in areas.--north and south of the riprap



field, in line with the discharge structures and at locations within and
outside of aéeas immediate to Ehe plume.

Discuss;;n of observations is presented in previously utilized categorical
format: scouf,“sediment, turbidity, current, inerganic“debris, organic
detritus;, periphyton, loose algae, macrophytes, invertebrates (attached
invertebrates, molluscs, crayfish, others), fish, eggs, fish and other
observatiops# ‘Discussion integrates data from preceding years with 1980
observationgH ﬁOCes significant preoperational/operational changes (if any) and
describes §h§ dlver-observed plant effects.

i
. ‘,uh
Sewr ¢

Examinetion of riprap areas directly in the flowpach of high velocity
water discheyge has been limited (1975 - one dive, 1978 - one dive, 1979 - one
dive, 1980 ; three dives) because of diver inability to enter the areas during
pﬁmping. lDiéplacement of some riprap immediately adjacent to the north
discharge séructure prior to placement of the concrete scour pad in 1979 has
been discussed previously. The north scour pad was examined twice (June and
July) during 1980 and appeared relatively free of sediment, periphyton and
invertebrates. The top and sides of the pad were intact and evidenced ‘little
pitting, scering or disintegration - no change in its appearance was noted
between 1979 and 1980. Riprap scour adjacent to the south discharge structure
was noted %nd discussed previously. 1In 1980, the concrete scour pad placed in
the flowpaﬁh oﬁ the”sogth discharge structure was examined during October.
Visibilityﬁwas poor and observations were limited to the top of the pad.

Sediment, periphyton and invertebrates were not observed on the pad. No

evidence of scour or pad disintegration was noted, nor was extensive scour

’
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noted adjacent to the sides and back of the structure. Diving and observations

in other areas of the discharge zone were not conducted during 1980. Scour has

1

never been observed in the vicinity of the intake structures and observations
made during 1978-1980 indicate that the southwest sand/riprap interface is
relatively stable. Ice or wdve scour has never been observed, but extensive

ice damage to all three intake structure ice guards has been noted periodically

during 1977-1980. .

r N

Sediment

Encroachment of sand onto the riprap iﬁ'the discharge area has been
documented previously. Limited observations during 1980 in the vicinity of the
discharge structures revealed no noticeable shanges in sand‘ensroachment in
this area. Some observations in the riprap area between the intake and
discharge structures and surrounding the intake structures were made =

"

noticeable encroachment of sand over-riprap was not observed. Previous reports

have documented suspension and transport of floc (1oose accumulation of
sediment, some periphyton and loose algae, diatomaceous material, and organic
detritus) in the area. Floc layers during 1974-1980 usually ranged from a
trace (discernible, but not measurable to 5 mm in thickness; 2-3 mm was
typical. Depressions (e.g., ripple mark troughs and riprap interstices
contained more floc than did elevated surfaces (e.g., ripple mark crests, tops
of structurei. Reference stations south of éook Plant typically were
relatively free of floc. Discharge areas‘sxamined were devoid of floc.

Quring previous years, depressions 5-10 m across containing silt 20-40 cm
thick overlying sand were occasionally encountered; none was encountered during

'

1980. A few 5~10 cm diameter lumps of clay were noted about 100 m south of the



discharge riprap field; their occurrence was noted during 1979 north of the -

discharge riprap field and remains unexplained.
" As in previous years, ripple marks were frequently observed in saﬂdy

sediments. Generation usually appeared to have occurred from the northwest or
i

southwest. Although usually small (wavelength less than 15 cm, amplitude less
A . ' :

than 5 cm, length along crests less than 100 cm), occasional large ripple marks
(wavelengthii‘m, amplicﬁde 0.3 m, length 10 m or more) were observed'during-
1974-1980. fThese larée ripple marks wera observed exclusively in very coarse
sand; pebbléé were often present in the cr9ughs. Large ripple marks were
observed pri?arily north of Cook. Ripple marks in areas observed south of Cook

were usuélly?small or assymetric in shape and pattern.
. | ' ’

Current ',/ Y

Y L

During’ 1980, dives were made in the discharge area only when oné of the
units was n&t circulating water and currents were minimal. At reference

(control) sﬁacions 100 ‘'m north and south of the discharges, currents (about 30

oA u

cm/sec)‘weré noticeable but were variable in direction; occasionally, current
was directed toward the discharges. At stations more than 300 m from the

discharges, weak currents were occasionally noted, but no directional pattern
Y
was established.
" , e °'(
At the south intake structure, current was noticeably stronger during
\

7-pump circulation than when fewer pumps were operating during a unit outage.
Current was most evident along the top edge of the structure. Intake current
was directed toward the south intake structure from all directions at 5 m or

less from the structure base. But the strength of the current varied depending

upon (compass) position. Currents were strongest at the base on the north and

¥




east sides and weakest on the south side. Intake current was usually
discernible 40 m southwest of the south structure. As previously noted, fish
in the vicinity of the south intake often exhibited pronounced pgéicive

rheotaxis and some positionrholding.

Inorganic debris

Inpu? of debris by fishermen continued to be observed. But most debris
was tackle or related f£ishing and Soating gear. Less trash (i.e., primarily
food and beverage packaging materials) was observed during 1980 than in

previous years.

Organic detritus and dead animals

Organic detritus (primarily terrestrial vegetation and dead algae) and
dead animals (crayfish and fish) were observed occasionally during 1980, as in
previous years. Appreciable accumulations or p;c:erns of distribution were not
evident. Fewer large sections of trees (branches, logs, trunks) were noted in
the riprap area during 1980. Comparison of observations within and‘oucside the
riprap area suggested that the fough substrate tends to trap organic detritus
to a certain extent. Large sections of trees were also encountered during
swims in the reference (control) areas. Occasionally, fecél pellets of fish
(alewife and carp) were observed in great abundance, primarily during the
summer on sand substrate areas. Surprisingly few dead fish were observed
during 1980; dead alewives were occasionally seen in riprap and sand bottom
areas. An occasional dead perch was noted but usually appeared to have'béen

caught by fishermen and returned to the lake.



Turbidity

Reduced Qisibility within the Cook Plant plumes was not encountered during
1980. As reported in 1979, regloms of reduced visibility (i.e., turbid water
masses) were;gncountered immediate to the south intake structure and at the
southwest edgé of the sand/riprap interface. Visib{lity was often reduced
25-50%. - Abr#pc éhanges (decreases) in temperature were often associated with
these turbid?ﬁater masses. These observations suggest some possible

I .
recirculatipd of water, particularly during 7-pump circulation.

i p %

Periphyton
Periphy?on, predominately the filamentous green alga, Cladophora, has been

I

previously dbcumenﬁed to attain peak lengths on top of the south intake
structure aﬁd surrounding riprap during July-August. Peak length of periphytoﬁ
on the struétqre top was 30-40 mm (June-Aqust). About 25-50% of the structure
top surfaceharga supported periphyton. Mech;nical (buéy line, éonstruction
' divers) and‘ice-scouriﬁg reduced periphytic growth during the summer and
winter, reséectively. Occurrence of scour was evidenced in.that maximum length
of Cladophora on top of the structure oecurred in protected areas (crevices,
oblique surfaces). Maximum length of Cladophora on riprap surrounding the
south intake structure was 60“mm during July; about 50% of the upper surfaces
of the ripfap sﬁppo;ted periphyton. Periphytic growth.on riprap appeared to b;
less extenéive during 1980 compared with maximum length (150 mm) and percentage
'(nearlyAIOO) of riprap supporting periphyton in 1979. Aé previously noted,
luxurant growth was confined to riprap located within 5 m of the structure.

More distant riprap suppofted notably reduced peiiphytic growth, possibly as a

function of increased depth (reduced light penetration) and”decreased current
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velocity (a cleaning or silt removal mechanism).

Limited observations during 1980 at the north and south discharge
structures revealed that periphyton grew on top of the structure to lengths of
10-20 am. But riprap adjacent to the structure was devoid of noticeable
periphytic growth.

éince 1573, periphyton growing on the intake structures and riprap have
provided a substrate for fish spat:ming (alewife and spottail shiner).
Periphyton have provided an expanded; but probably minor, habitat for fish
spavning (Jude et al. 1979) that would not be present Lf the structures and

riprap were absent.

Loose algae and macrophytes

Small clumps (10~ to 50-mm diameter) of loose algae were observed
occasionally in the control areas (densities ranged from zero to 10 clumps/mz).
and less frequently in riprapped areas. Loose algae appeared to be concentrated

along the edge of the sand/riprap interface, particularly in the vicinity of the

intake structures. The observed concentration of algae along this interface was

probably the result of trapping action of the rough substrate acting upon algae
in transgport along chellake bottom. Large accumulations (i.e., masses or mats)
of algae were not obse;ved. Random occurrence of algae clumps has been observed
regularly duringul974~1980. Dead algae appeared to be the major consituent of
most clumps, and fish eggs were often entangled in them. Macrophytes havg never

been observed during underwater observations in the vicinity of Cook Plant.
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Invertebrates

.

As previously documented, numbers oé ?ttach;d invertebrates (Hydra,
bryozoans, and freshwater sponge) increased steadily during 1973-1976. During
1977-1978, rate of increase slowed, and in 1979 numbers of bryozoan and
freshwater sponge colonies appeared to decrease, particularly in areas of heavy
Cladophora growth adjacent to the south intake structure. During 1950, numbers
of bryozoan ;olonies observed remained low, but there appeared to be a slightly
noticeable increase in numbers of sponge colonies attached to riprap. ‘Forathe
first time, finger—like gxcensionsl(l cm long) of sponge were observed
occasionally. Hydra continued to be observed in tremendous numbers,
particularly on riprap lateral and undersides where algal growth was reduced.
Heavy algal growth may preclude growth of attached invertebrates; the élighc
reduction in algal growth observed on the‘riprap in 1980 may have permitted
increased gro%th (size and numbers) of sponge colonies.

Unattached invertebrates were also present during 1980, but numbers
remained greatly reduced relative to earlier years (1973-1975). Live snails
were not observed during 1979-1980. Observance of empty and fragmented mollusc
shells (sphaeriids, pisids, and gastropods) was com;on in sand substrate
(reference station) areas; shells were ra:ely observed in riprapped areas
except in sandy areas immediately adjacent to the discharge structures where
shells appeared to have éccumulatéd perhaps as a result o; (eddy) current
transport.

Abundance of crayfish has followed a pattern similar to that observed for
snails; one of increasing, peaking, and subsequent declini;g abundance. During
1975, maximum density (no./10 m? + S.E.) of crayfish attained during July in

the intake area was 27 + 15. During 1980 crayfish were observed every month;
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one in April and May, two in June, five in July, oné in August, five in
September, and one 13 October. Craéfish were observed exclusively at night
except during September: Numbers of crayfish (and density) seen in 1980
paralléled numbers seen in 1979, reflecting the continued depressed population
size relative to earlier years. Decline in crayfish abundance has been further
documented by pronounced reduction in numbers of crayfish impinged during
1979-1980 (339 Benthos section). .

Causes of dec}ining abundance of freshwater sponge, bryozoans, snails and
crayfiéh have not been firmly established, but may be related to changes in
habiFat'and predation. Aéeing of the riprap "reef"” has resulted in increased
periphytic growth (prigarily Clédoghora) and accumulation of flocculent

material. Plugging of inceré%ices by algae or flocculent material may have

'peduced water circulation and/or increased biological oxygen demand at the

substrate/water interface. Changes in microenvironmental conditions may have
resulﬁed in a shift in diversity and abundance of biota associated with the
riprap area. Initially high exploitation followed by subsequent successional
decline in.species "richness” have been documented for marine artificial reefs
(Smith 1978), possibly as a result of competition and/or a decline in available

resources (e.g., food and suitable habitat).

Fish eggs

Presence of fertile eggs of alewife, sppccaii shiner, yellow perch,

sculpin (Cottus bairdi or Cottus cognatus), and johnny darter has been
documented previously. During June 1980, eggs of alewlife and possibly spottail
shiner and/or carp were observed attached to periphyton growing on the south

intake structure and surrounding riprap and to periphyton growing on the top of



the north diséharge structure. Eégs were noted loose and entangled in a}gae at
reference stations north and south of Cook Plant duriné June, Numbers and
densities of observed eggs were high, but not noticeably different ﬁrom nunbers
and densities noted duting previous years. But eggs were seen over a shorter
(6ne month) period during 1980 than in some‘previous years. Five strands of
yellow perch;eggs were seen and sampled on riprap near the south intake
structure onlJune 1 (during a non—-projéct dive); most of the eggs were viable,

"and a few.of“}he eyed eggs hatched during subsequent laboratory incubation.

b

1

Fish . t

Twelve species of fish were obs;rved during 1980 and listed in descending
freqdech,of sightings (measured as presence or absence, not as numbers of
fish) withii and ;cross dives were: sculpin (Cottus spp.), johnny darter,
alewifé, yellow perch, rainbow smelt, spottail shiner, trout-perch, carp,
burbot, browﬁ trout, lake trout and sucker (Catoséomus spp.). As in previous
years, nmultiple sightings of the first five specles often occurred during a
dive; numbers seen were usually less than ten. But adult alewife and perch
were observed commonly in schools (10 - perch, 10-50 - alewife) during early
summer, and schools of hundreds of YOY alewife were seen during April ;nd
October. Only one fish each of the last four species was seen during 1980.

Several generalizations related to fish may be made based upon .
observations made over the period 1974-1980: alewife, spottail shiner, yellow
perch, sculpin and johnny darter were the most frequently (occasions and
numbers) observed species. Trout-perch, smelt and carp (in the discharge area
ouly) were often but not regularly observed. Alewife, spottail shiner, and (in

particular) yellow perch were sighted primarily during warm-water months (late
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May Ehrough October). Thousands of adult-alewives, sighted in previous years
duriné spawning season (May-Junel, were not observed in 1980. In general,
fewer alewives were seen in 1980 than in previous years. Sculpins and darters
were locally abundant on the riprap and were comspicuous because of their v
demersal nature. Numbers of sculpin and darters obser;;d during 1979 declined
relative to previous years but ;ppearek to increase slightly during 1980.
Observations of alewife, spottail shiner, and yellow perch generally followed
patterns documented ih4the 1978 Enviroumental Operatiﬁg Report. Dorr and Jude
(1980) preéented additional analysis and discussion of fish abundance and
behavior in the vicinity of Cook Plant during 1975-1978.

The majority of fish species impinged and field-caught at Cook Plant were
not observed by divers. This is partly a, reflection of the generally
incidental occurrence élow numbers) of these species in the study area. But
speclies of fish commonly field-caught (alewife, spottgil shiner, yellow perch,
rainbow smelt, and trout-perch) and impinged (previous species plus sculpin ‘and
darters) were also frequently observed by divers. Seasonal occurrence of YOY
fish in field énd impingement catches was paralleled by diver observationms.
Demersal fish (sculpin and darters) concentrated in the riprap area (relative
to the surrounding sand-bottom areas) and consequently ﬁere obéerved ayd
impinged in relatively high numbers.

The remaining species were observed infrequently during 1980; little can
be inferred from data related to the incidental sightings of these species.
Large fish (sélmonids, burbot and suckers) were rarely seen in the study area,
probably because they detect diver preéence and flee the area unnoticed.

Carp were observed in June (about 50 fish) and October (10-50 fish) 1980

during dives in the viecinity of the discharge structures, but not during July.
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They were not observed in other areas. Comparison of preoperational and
operational data (1974-1980) indicate that carp are attracted to and are mor;
abundant in the viciﬁity‘of the discharge structures. An explanation for the
attraction of carp to the discharge area‘was not readily available. Visual
observacions'suggeét that carp may be actraccedlto the warmer water rather than
associated turbulence since fish were seldom observed at reference stationms
within the plume but outside the area of noticeably elevated temperature. But
Cook Plant was never at full circulation capacity (i.e., maximum discharge of
heéced waterj during dives in the area. Elevated concentrations of
macroinvertebrates (prey or potential food items) were not gbserved within the
plume. Carp appeared to concentrate in the &ischarge area and wander to
neighboring areas. Gill net data also suggest concentration of carp near the
discharges but document concurrent incidental presence elsgwhere in the study
area.

Fish were observed in greater numbers and species diversity at night than
during the day. As in previous, years, fish abundance and diversity was highest
during June. Activity levels were also higher at night (only perch appeared to
be,consistently less active at night) with fish concentrating near the bottom
or absent in‘the area during daytime. ‘- Numbers of fish observed within riprap
areas were much higher than numbers obgserved in control areas. Daytime
observations of fish in sand-bottom reference areas were very infrequent, often
equalling less than five sightings per year and usually as schools of adult or
YOY alewives or a solitary darter or sculpin: During 1978-1980, a night
station was e§amined in a sand area near the intake structures; fish (sculpin,

spottail shiner, alewife, trout-perch, johnny darter, smelt and burbot) were

sighted in numbers much larger than numbers observed at daytime reference
o

P

A-12

I
l
i
lw
'
I
1
l
I
1
:
I
I
1
I
I
1
i
I

4



.

stations but far less than numﬁers observed within the riprap area. Species
observed at the night sand station were also observed in riprapped areas.
Schooling was manifested by several species including: alewife, spottails
shiner, perch, and carp. foung—of-:he-year alewife and smelt also exhibited
schooling behavior. Alewife and perch schooled more tightly during the day;
schooling was rarely observed at night. Numbers of alewife per school ranged
from 10 to 100 for adults and to several hundred for YOY. Spottail shiner
schooling was loose and observed inféequently. Carp were observed rarely at

night, but were always solitary.

Other observations

Reduction of floc and periphyton in the immediate flowpath of discharge
water, heighceneé nocturnal abundance, diversity and activity of biota, uneven
(patchy) distribution of biota, ;easonal trends in biological activity and
diversity, and attraction of biota to riprapped areas were blological patteras
documented in the 1978 Environmental Operation Report that were observed again
during 1979 and 1980.

Shifts (declineg) in numbers and/or frequency of observations of various
invertebrates (snails, crayfish, bryozoans, freshwater sponge) indicate
continued, but stabilizing ecological succession in the riprapped area.

Species richness and abundance of invertebrates appears to have peaked prior to
1978 and subsequently decllned. Operations of Cook Plant during 1980 have had
no major diver—~observed physical or biological effects that have not been noted
in previous reports. Data analysis to dage suggests that, barring a major

change in Cook Plant operation, future changes in study area ecology may occur

on a small scale, relative to changes observed immediately following deposition
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of riprap. But these changes will probably be too small and variable to be
reliably detected and defined through diver observations. Also, the "
interaction of plant effects and natural variatign‘and change will confound

interpretation of(ecological change in the area.
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Table 1. Summary of 1980 diving activities near the Donald C. Cook Nuclear
Plant. January through November.

Day No.
Dive Depth or Start Under of

no. Date Location . (m) night time time divers
1 Apr 21 N. reference statioms 4-6 D 1430 17 2
2 Apr 21 S. reference stations 4-6 D 1500 '10 2
3 Apr 21 S. intake structure 3-9 D 1608 37 2
4 Apr 21 S. intake structure 3-9 N 2300 45 2
5 May 28 S. intake structure 3-9 D 1559 80 2
6 May 28 S. reference stations 4-6 D 1804 20 2
7 May 28 N. reference stations 4-6 D 1842 15 2
8 May 28 S. intake structure 3-9 N 2045 45 2
9 Jun 24 ' N. reference stations 4-6 D 1605 15 2
10 June 24 S. reference stations 4-6 D 1632 15 2
11 ‘Jun 24 S. intake structure 3-9 D 1710 45 2
12 Jun 24 N. discharge structure 6 D 1923 30 2
13 Jun 24 S. intake structure 3-9 N 2045 - 45 2
14 Jul 28 S. intake structure 3-9 N 0400 30 2
15 Jul 28 S. intake structure 3-9 D 0615 30 2
16 Jul 28 S. reference stations 4~6 D 0715 20 2
17 Jul 28 N. reference stations 4=6 D 0800 20 2
18 Jul 28- N. discharge structure 6 D 0900 20 2
19 Aug 18 S. intake structure 3-9 D 1806 45 2
20 Aug 18 S. intake structure 3-9 N 2020 30 2
21 Aug 19 N. reference stations 4-6 D 1120 25 2
22 Aug 19 S. reference stations 4-6 D 1150 25 2
23*%  Aug 19 S. intake structure 9 D 1220 30 2
24%  Aug 19 3 km N. of Cook 6 D 1330 22 2
25 Sep 11 N. reference stations 4~6 D 1630 . 15 2
26 Sep 11 S. reference stations 4-6 D 1700 16 2
27 Sep 11 -S. intake structure 3-9 D 1730 32 3
28 Sep 11 S. intake structure 3-9 N 2045 75 S
29 Oct 20 S. intake structure 3-9 N 1935 40 2
30 Oct 22 S. intake structure 3-9 D 1030 25 2
31 Oct 22 S. discharge structure € D 1112 13 2
32 Oct 22 N. reference stations 4-6 D 1135 10 1
33 Oct 22 S. reference stations 4-6 D 1205 10 1
34%  QOct 22 New Buffalo Shoals 15 D 1300 | 5 1

* Supplementary dive not required by the technical specificationms.
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Table 2. Summary of underwater time accrued during 1980 diving activities
near the Donald C. Cook Nuclear Plant. January through November.

Daylight Night ) + Total
Time Time Time
Month No. dives (min) No. dives (min) No. dives (min)
April 3 64 1 45 4 109
May 3 115 1 45 4 160
June 4 105 1 45 5 150
July 4 90 1 30 5 120
August 5 147 1 30 6 177
September 3 63 1 75 4 138
October S 63 1 40 6 103
Total 27 647 7 310 34 957
o
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Table 3. Recérd of completion of 1980 dives required by the technical
specifications. (given favorable weather conditions). The number of each
dive from Table 1 is shown. :

Daylight Night
First Second

Intake Discharge control control 9m

Month area area area area (30 £t)
April 3 * 1 2 4
May 5 * 7 6 8
June 11 12 9 10 13
July 15 18 17 16 14
August 19 * 21 22 20
September 27 * 25 26 28
October 30 31 32 33 29

* Strong currents did not permit safe diver-entry into the discharge area.

«
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APPENDIX B-1
ZOOPLANKTON COLLECTED AT THE DONALD C. COOK NUCLEAR PLANT



.....

Intfoéuction

Lake surveys are conducted April through November once a
month. Technical Specifications require that three major surveys
and five short surveys be conducted. Major surveys (30 stations)
are conducted in April, July, and October and provide detailed
information on zooplankton spatial distributions over the 250 km?
area of the survey grid during.spring, summer, and autumn. Short
surveys (14 stations) are conducted in the remaining months to
provide information on zooplankton temporal succession patterns
and long-term population trends.

For the period April through November 1980, a total of 320
of the required 320 samples were collected. Samples up to and
including May have been examined at the time of this writing. 1In
addition, samples collected in 1979 during the August, September,
October, and November cruises have been examined and the data
analyzed.

Statistical analyses of the preoperational and operational
data base continues. As has been discussed in previous reports,
for these analyses, the survey grid has been divided in eight
zones:’ three inner, three middle and two outer zones (Fig.l).
Preoperational versus operational zone mean comparisons for the
major taxa during each major survey cruise continue to be
performed using the Mann-Whitney U test. Such comparisons have
been made for five years of operational October data (1975 to
1979) and six years of operational April data (1975 to 1980).
Examination of long-term seasonal trends in the abundance of
major zooplankton in the inshore plume zone (zone 2) is
continuing. The distribution of the rare taxa is considered.
New occurrences and shifts in abundances of these taxa are of
particular intereést since they may be more sensitive indicators
of change than the more ubiguitous dominant taxa.

Physical Data (April to November 1980)

April 10 surface water temperatures ranged from 2 to 6 °C.
The thermal bar was located within 1.5 kilometers of shore.
Temperatures on May 14 had increased to 11 to 16 °C while June 12
surface temperatures were 15 to 18 °C. Surface temperatures
continued to increase through July 9 (18 to 21 °C) and reached 21
to 22 °C by August 13. There was some evidence of an upwelling
on September 12 as surface temperatures ranged from 15°C to 20°C
and were lowest closest to shore. Surface temperatures declined
to 12 to 15°C on October 15 and 7 to 9 °C on November 12. The
lake was thermally stratified from May to October.
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The thermal plume was generally small and, located within a
kilometer of the discharge jets. Temperatures measured over the
discharge jets averaged 2 to 3 C° above ambient lake
temperatures.

Secchi disc depths followed the typical seasonal pattern but

were slightly lower than 1979 depths. Depths ranged from 1 m to
just under 6 m in April, 1 to 5 m in May, 2 to 6 m in June, 3 to
7 m in July, 2 to 6 m in August, 2 to 5 m in September, 1 to 5 m
in October, and 1 to 6 m in November. Secchi disc depths were
similar in the plume and in control stations suggesting that the
suspended particulates were similar in the plume and ambient
water. '

August to November 1879 Zooplankton Data

The August inshore zooplankton population was numerically
dominated by the cladoceran Bosmina longirostris. Copepod
nauplii were secondary in abundance. Immature Cyclops ‘
spp. copepodites, immature Diaptomus spp. copepodites and
Daphnia spp. (mainly D retrocurva) were also common inshore. In
the offshore regions, the zooplankton population was composed
mainly of immature Diaptomus spp., Cyclops spp. copepodites and
Daphnia spp. (primarily D. galeata mendotae). There was no
evidence of gross alterations in the zooplankton distribution in
the plume area. ‘ ’

In September, the zooplankton community in the middle and
inshore areas was numerically dominated by Bosmina longirostris.
Immature Cyclops spp. and immature Diaptomus spp. copepodites
were the dominant taxa offshore and were of secondary abundance
inshore. Daphnia spp. were numerous at several stations
throughout the survey area. There were no indications of gross
disruptions in zooplankton distributions in the vicinity of the
plume. ) .

The October zooplankton community was dominated by Bosmina
longirostris, immature Cyclops spp. copepodites, immature
Diaptomus copepcdites, and Daphnia spp. (primarily
D. retrocurva). B. longirostris was especially abundant in the
middle and inshore areas where it generally made up 40 to 77% of
the zooplankton. Daphnia pulex, which was first-observed in the
survey area in October 1977, was again found at several stations
in low concentrations (less than 50/m?). Mesocyclops edax was

also common at several stations. Prior to 1978, this species was

extremely rare., As discussed in the previous report, increased
occurrences of Daphnia pulex and Mesocyclops edax may be related,

to eutrophication and/or a decline 1n planktivorous fish standing

stocks. There was no evidence of gross alterations in
zooplankton:distributions in the plume area.

In November, the dominant zooplankton in the middle and
inshore zones were immature Cyclops spp. copepodites and Bosmina
longirostris. Immature Diaptomus spp. were of secondary
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abundance in theserareas. In the offshore zones, immature
Cyclops spp. and immature Diaptomus spp. copepodites dominated.
There was no evidence of unusual occurrences in the plume area.

April to May 1980 Zooplankton Data

The April zooplankton population was dominated by copepod
nauplii which were between 40 and 60% of the zooplankton in the
survey area. Adult Diaptomus spp. (especially D. ashlandi) and
adult Limnocalanus macrurus copepodites were also important.
Zooplankton concentrations were lower than in April 1879. There
were no indications of changes in zooplankton distributions in
the immediate vicinity of the power plant.

In May, copepod nauplii again dominated the zooplankton
community, especially in the inshore areas where they were 50 to
75% of the zooplankton. Immature Diaptomus spp. copepodites were,
of secondary abundance, while immature Cyclops spp. and immature
Limnocalanus macrurus were also abundant. There was no evidence
of gross alterations in the zooplankton distributions in the
vicinity of the plume.

Statistical Comparison of October Preoperational with Operational
(1875-1979) Abundances :

The preoperational and operational abundances of twelve taxa
were examined for each of eight zones (Fig. 1) of the survey
grid. All taxa occurred in statistically significant ( a=0.05)
different concentrations (Table 1) between the preoperational and
operational periods in at least one zone.

Total zooplankton mean densities were higher during the
operational period (by less than 50%) in all zones (Fig. 2)
except the outer offshore zone. These differences were ,
significant ( o=0.05) for the plume inshore zone, the north and
south middle zones, and the inner offshore zone. Copepod nauplii
wvere more abundant (by less than 50%) during the operational
period in all zones with the only statistically significant
difference in the southern inshore zone.

Cyclopoid copepodites were also more abundant (by
approximately 30%) during operational years in all zones. These
differences were significant for the southern inshore zone and
the three middle zones. Immature cyclopoid copepodites were
significantly more abundant (a factor of up to two) in all zones
except the outer offshore zone and the northern middle zone. On
the other hand, adult cyclopoids had statistically similar
preoperational and operational densities in all zones except the
plume inshore zone where operational abundances were
significantly higher (by a factor of two) than the preoperational
values.

Calanoid copepodites had stat§§tically similar densities
during preoperational and operational periods in all zones except
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the southern inshore zone, where operat10na1 abundances were
higher by a factor of two. Immature Diaptomus spp. copepodites
had higher operational densities in all zones except the outer
offshore zone. These dlfferences were significant for only the
northern middle and the inner offshore zones. Adult Diaptomus
spp. were also generally more abundant durzng the operational
perlod but this trend was szgnlflcant only in the southern middle
and inner offshore zones. .

Cladocerans were significantly more abundant (by factors of
more than two) during the operational perzod in the northern
middle and inner offshore, zones and had h;gher operatlonal mean
densities in all other zones as well, Bosmina longirostris had
higher operatlonal densities in all zones, but only the two-fold
difference in'density displayed in the plumé€ inshore zone was
statistically significant. Eubosmina coregon1 was significantly
more abundant during the operational period in the plume and
northern inshore zones and was significantly less abundant, during
the same period in the outer offshore zone. Daphnia spp. had
significantly lower operatlonal densities in the plume inshore
zone and significantly higher abundances in the northern inshore
zone for the same period.

i

Statistical Comparisons of April Preoperational with Operational
(1975-1980) Abundances

The preoperational and operat;onal abundances of nine
zooplankton taxa were examined in each of the elght zones of the
survey grid. All taxa, with the exception of immature Diaptomus
spp. copepodites, occurred in significantly ( « =0.05) different
concentrations (Table 2) between the preoperational and
operat1onal perlods in at least one zone.

Total zooplankton mean densities (Fig. 3) were higher during
the operational perlod in the inner and middle zones. The only
statistically significant (a =0.05) difference in mean densities
was for the inshore plume zone. April preoperational mean
densities for all three inshore zones were about one half the
operational densities.

Mean densities of copepod nauplii were higher (by factors of
up to two) during the operational period in all zones, but these
differences were statistically significant in only the southern
and plume inshore zones. .

Cyclopoid copepodites were generally less abundant during
the operational years. Operational mean densities were
significantly lower for all three middle zones and for the two
offshore zones. Immature cyclopoid copepodites were
significantly less abundant (by fractions as small as 1/3) during
operational yeéars in all zones except the southern inshore zone.
Adult cyclopoids had higher operational mean densities (by
factors up to 5) in the inshoxe and middle zones but had
significantly lower (by fractions of 1/2) operational densities
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in the two offshore zones.

Calanoid copepodites had higher operational mean densities
in all eight zones. These differences were statistically
significant in the three inshore zones and the plume and northern
middle zones. Preoperational and operational mean densities of
immature Diaptomus copepodites were statistically similar in all
zones., In contrast, Diaptomus spp. adults were more abundant
during operational years in all zones except the outer offshore
zone. These differences were significant ( ¢=0.05) for the three
inshore zones, where densities were up to five times greater
during the operational period, and for the northern middle zone.
Limnocalanus copepodites were significantly more abundant during
operational years in all six inshore and middle. zones. ‘
Limnocalanus was from seven to over 100 times more abundant in
the inner and middle zones during the operational years.

Seasonal Cycles of Zooplankton in the Inshore Plume Zone

Seasonal plots of zooplankton abundances in the inshore
plume zone (Fig. 4) generally were similar in the preoperational
and operational periods. Total zooplankton occurred in low
numbers in the spring, increased in abundance through the summer,
and declined over the late autumn and winter.

Copepod nauplii., cyclopoid copepods, immature calanoid
copepodites, adult Diaptomus spp., and Eurytemora affinis
exhibited similar preoperational and operational seasonal cycles
with plant operation apparently neither advancing nor retarding
developmental periods. Cladocerans (Bosmina longirostris,
Eubosmina coregoni, and Daphnia spp.) exhibited similar cycles
in the preoperational and operational periods as did the rotifer
Asplanchna spp. ’ : :

{
Estimates of Net Collection Effectiveness and Rotifer

Distribution )

Prior to 1979, we collected three replicate samples at each’
lake station, examining the first two replicates and saving the
third as a spare. This spare was to be used if a sample were
lost or if there were poor agreement between the first and second
replicates. In practice, this occurred on less than two
occasions each year.

In 1979, we began collecting the third sample (not in the
current Technical Specifications) with a finer-meshed (76 um
versus 156 um) net. We initiated these collections for two
reasons:

l) We were concerned about the loss of small copepods and

cladocerans through the meshes of our 156 um mesh net.
Such a loss produces an underestimate in zooplankton
biomass and abundance. We believe that it was necessary
to obtain an indication of the magnitude of the'loss,
particularly in view of the fact that a reviewer of one
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of our recent publications required such a statement
concerning net loss. '

2) We were concerned that our study has obtained no
information on rotifers, a group of small zooplankton

~which, with the exception of Asplanchna, are not

effectively captured by the 156 um mesh net. Since most
surveillance studies on the Great Lakes include
rotifers, we believe that it was essential to obtain at
least some information on’this group of organisms.

Beginning in May 1979, a single sample was collected at each
station with a 76 um mesh net in addition to the reguired two
samples with the 156 um mesh net. A subset of these samples has
been examined. Preliminary data indicate that up to 50% of the
smaller nauplii and immature copepodites are lost through the
156 m meshgnet. Losses for the larger zooplankton are neglible.

Rotifers have been identified at a similar subset of
stations. Preliminary analyses indicate that rotifers account
for up to 50% of the zooplankton on a numerical basis. Data have
not been further analyzed to interpret the spatial and temporal
distribution characteristics of these organisms.

Epibenthic and Benthic Microcrustacean Study

In July 1980, we conducted a study to investigate the
distribution of epibenthic and benthic microcrustaceans in the
vicinity of the power plant. In addition, we studied the
macrobenthos. This study in the operational period provides a
contrast to a study conducted in the preoperational period (Evans
and Stewart 1976). The purpose of this study was to investigate
whether or not plant operation produced localized alterations in
the abundances of epibenthic and benthic organisms. Of
particular interest was the possibility that dead organisms
settling from the plume provide an additional food source to the
benthic community.

Preliminary data on the ,epibenthic community (organisms
living above the sediments) suggest that an area of high animal
density occurs directly offshore of the power plant (Fig. 5).
Further interpretation of the data is required. The most
valuable information on sediment type, quantitative measures of
detritus, etc. will be obtained from the examination of the
sediment samples.

Fish-feeding Study

In August 1980, we conducted a study to test the hypothesis
that fish in the vicinity of the plume are selectively feeding on
large organisms killed by plant passage and/or entrained in the
plume. An insufficient number of fish were collected, possibly
because the .study was conducted too late in the year. The study
is considered to have been unsuccessful and no further workup-of
the samples is planned.




PR Discussion

The results of the 1979 and 1980 studies are similar to
those of previous years. Differences were observed between
preoperational and operational abundances for the numerically
dominant zooplankton in the immediate vicinity of the power plant
(inshore plume zone, zone 2): many of these differences were
statistically significant at the ¢=0.05 level. However, we do
not interpret these differences as resulting from localized,
direct, and environmentally significant effects of power plant
activity. The reasons are as follows:

1) Operational versus preoperational differences in
zooplankton zone mean abundances were not restricted to
the inshore plume zone but occurred over most of the
survey area. : :

2) Similar magnitudes of change were observed in plume and
control zones.

3) Results of our entrainment studies (next section)
indicate that plant passage is lethal only to a small
percentage of zooplankton. Mortality in the plume has
not been measured but, on the basis of literature
reviews, is expected to be low. We have no basis for
predicting that power plant operation will provide
detectable losses in the zooplankton community given the
small percentage of dead zooplankton and the physical
nature of the plume. ‘

It is evident that zooplankton populations are changing over
the survey area. Zooplankton tend to be more abundant in the
operational period than in the preoperational period. There is
continued evidence of change in zooplankton populations at the
species level. As was discussed in the previous report, Daphnia
pulex was first observed in the survey area in the autumn of
1978. We again observed this species in the autumn of 1879,
Mesocyclops edax has been more common in the autumn plankton both
in 1978 and 1979. This suggests that this species is increasing
in abundance in the survey area. )

Increased abundances of zooplankton and increased
occurrences of particular species could occur for several
reasons. One factor could be related to increased phytoplankton
standing stocks in the survey area: zooplankton standing stocks
typically increase with increased standing stocks of
phytoplankton (Patalas 1972). Mesocyclops edax and Daphnia pulex
are both common species in the eutrophic waters of Green Bay
(Gannon 1972). Some changes at the species level also could be
related to declines in planktivorous fish stocks. 1t previously
has been shown that both'D. pulex and M. edax can be eliminated
or severely reduced in numbers 1in certain waters by planktivorous
fish (Galbraith 1967 ; Wells 1970). A decline in planktivorous
fish abundances in the southern basin could lead to increased
abundances of their prey. Further research is required to
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investigate these alternate mechanisms.
CONDENSER PASSAGE STUDIES

Introduction

Mechanical and thermal stresses can kill up to 100% of the
zooplankton passing through the condensers. "Mortality studies
are conducted to evaluate the severity of these stresses.

Zooplankton are collected monthly from the intake and
discharge forebays of the power plant in compliance with the
Technical Specifications. 2ooplankton mortality due to plant
condenser passage must be estimated at both Unit 1 and Unit 2
discharges since they have different operating characteristics
(water temperature, flow rate, AT). Four samples are collected
from each location within an hour or two of sunrise. Sample
duration is two minutes. Each sample is divided into subsamples,
each containing a few hundred organisms. The subsamples are
visually examined for dead zooplankton at' 0, 6, and 24 hours
after collection. .

For the January to November 1980 period, 124 samples were
collected and 372 subsamples were examined. If both units had
been running at all times it would have been possible to collect
132 samples. . However, in June and July 1980, Unit 1 discharge
was not operating and in November 1980, Unit 2 was in an outage.
Due to equipment failure in January 1880, Units 1l and 2 were not
sampled simultaneously. The intake and Unit 1 discharge were
sampled the week of January 21, and the sampling series was
repeated with Unit 2 the following week. Data up to and
including July 1980 have been examined and are included in this
report. In addition, data collected from August to December 1979
which were not included in the last report are presented here.

Results

Temperature

, Intake temperatures ranged from a low of 0.3 °C on January
22, 1980 to a high of 24.0 °C in July 1980. High intake
temperatures in February (5.8 °C) indicate that the plant was

- recirculating water through the intake. Unit 1 discharge water
temperatures ranged from a high of 34.9 °C in August 1979 to a
low of. 9.2 °C in April 1980. The AT's for Unit 1 averaged 9.9 C°
and ranged from 2.5 C° in April 1980 to 12.5 C° in December 1979.
Flow rates for Unit 1 ranged from a high of 4.69 x 10’ km?/day in
October 1979 to a low of 3.54 x 10 km?/day in December 1979 and
averaged 4.38 x 10’ km?®/day. Discharge water temperatures for
Unit 2 ranged from 10.1 °C in April 1980 to 31.8 °C in July 1980.
The AT's ranged from 3.4 C° in April 1980 to 9.5 C° in June 1980
and averaged 8.6 C°. Flow rates averaged 5.81 x 10 km’/day and
ranged from 5.23 x 10’ km?/day in July 1980 to 6.15 x 107 km?®/day
in September 1979. ) ‘ ]
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Mortalities

Total zooplankton mortalities were generally low at initial
collection times (Fig. 6), averaging 14.4% in the intake water,
17.8% for Unit 1 discharge water, and 15.5% for Unit 2 discharge
water. Intake mortalities ranged from a low of 4.3% in July 1980
to a high of 34.6% in May 1980. Mortalities for Unit 1 ranged
from 6.1% in April 1980 to 31.8% in August 1979. Unit 2
mortalities.ranged from 7.4% in July 1980 to 32.8% on January 28,
1980. The numerically dominant taxa accounted for most of the

~ dead zooplankton in these months.  These included immature

Diaptomus spp. copepodites , immature Cyclops spp. copepodites
and adult Limnocalanus macrurus (Fig. 7;.

There were several periods when discharge mortalities were
several percent greater than intake mortalities. 1In August 1978,
when discharge Unit 1 water temperature approached 35 °C,
discharge mortalities were more than twice intake mortalities
(31.8% versus 12.8%). It has been previously reported that 35 °C
is an upper critical temperature for short-term exposure to high
temperature. There were four other periods of high relative
mortality. High mortalities occurred in the discharge waters of
Unit 1 in September 1979 (mainly immature Diaptomus
spp. copepodites) and on January 22, 1980 (primarily immature -
Cyclops copepodites). High mortalities in the discharge waters
of Unit 2 occurred on January 29, 1980 (mainly immature Cyclops
spp. copepodites) and in March 1980 (primarily adult Limnocalanus
macrurus). During these periods water temperatures did not
approach the upper critical temperature and AT's were moderate.
Flow rates were moderate and water was not recirculated. The
reasons for these relatively high mortalities are unknown.

Entrainment Abundance

Zooplankton samples were collected monthly from the intake
and discharge forebays of the power plant. Generally, samples
were not collected from a discharge forebay if that unit was in
an outage,

Two five-minute samples were collected from each of two or
three locations at sunset, midnight, sunrise, and noon to give a
total of 16 (one unit) or 24 (two-unit operation) samples for a
complete series., Data from these samples provide information on
the concentration and composition.of zooplankton passing through
the power plant. Further, mortality data allow the estimation of
the maximum loss of zooplankton due to plant passage.

A total of 248 samples were collected for the period January
to November 1980. No samples were collected from the Unit 1l
discharge in November, and no samples were collected from the

‘Unit 2 discharge during June and July.

T The concentration of zooplankton in the cooling waters

peaked. at 73,000/m* in October 1979 and declined to a winter low
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of 2,000/m* in February 1980. Numbers of zooplankton passing
through the plant (Fig. 8) were a function of zooplankton
concentration and pumping rates and ranged from a high of 15,000
billion in October to a low of 400 billion in February 1980.
Relatively low values in November and December reflect the fact
that Unit 2 was in an outage for most of these two months.
Maximum estimated numerical loss generally followed the numbers
entrained curve. The maximum estimated loss value for August
does not include losses due to Unit 2 operation because mortality
data are not available for that unit and month. 1If Unit 2
mortalities were similar to Unit 1 in August, the maximum loss
value for Unit 2 would be expected to be 1.5 times the Unit 1
loss, as the total volume of water pumped by Unit 2 was ‘
approximately-1.5 times that of Unit 1 in August.

A

Biomass

The seasonal cycle of zooplankton biomass passing through the
plant (Fig. 9) was not always similar to the seasonal cycle of
zooplankton numbers passing through the plant. This is because
the summer zooplankton, while numerous, tend to be dominated by
relatively small animals (mean dry weights of 1 to 2 ug/
individual). On the other hand, the winter zooplankton are less
abundant but are dominated by anlmals that average dry weights of
3 to 6 pg/individual. The monthly biomass of zooplankton
entrained ranged from an October high of 21,000 kg dry weight to
a January low of 2,000 kg dry weight. Maximum biomass loss
ranged from an October h1gh of 2,300 kg dry weight to a low of
613 kg in February.

Discussion

Results of the entrainment studies indicate that mortalities
averaged 14.4% in the intake waters, 15.5% in the discharge
waters of Unit 2, and 17.8% in the discharge waters of Unit 1.

As has been discussed in prevxous reports, intake mortalities do
not reflect true mortalities in inflowing lake waters but rather
mortalities after sample collection. Most of the observed
mortality probably is due to mechanical stresses inflicted on the
zooplankton during sample collection. Mortalities due to plant
passage are a result of thermal and mechanical stresses. We have
no evidence that mortalities due to mechanical stresses in sample
collection and plant passage are additive., Consequently, we have
used mortality estimates 'in the discharge waters to estimate the
maximum loss during plant. passage. We estimate their losses as
ranging from 15.5% for Unit 2 to 17.8% for Unit 1.

A more conservative estimate for mortality losses is based
on the unproven assumption that mortalities due to the two
mechanical stresses are additive. 1In this case, we estimate
mortality due to plant passage (Mp) as:

»
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Mp.= Md - Mi

.) 100 - Mi
where: ,
Md = percent mortality in discharge
Mi = percent mortality in intake

A conservative estimate for average mortality due to plant
passage is 1.29% for Unit 2 and 3.97% for Unit 1. .

Exact causes of mortality durlng plant passage are not known
but are the result of a combination of thermal and mechanical
stresses. Mechanical stresses probably are the major cause of
mortality under current operating conditions. We have noted.only
two occasions when high discharge mortalities could be directly
attributed to thermal effects. Both occasions occurred when the
power plant heated discharge waters to 35°C. On the basis of a
previous zooplankton literature review, we concluded that 35°C
approaches the upper lethal temperature for short-term exposures
(minutes). This has been confirmed by actual observation. Thus,
if discharge water temperatures remain below 35°C and the AT's do
not rise substantially above 10-12C°, it is expected that
zooplankton mortalities will remain low.

The ecological significance of the loss of zooplankten due
to plant passage is unknown. Such losses cannot be detected in
the lake and not enough is known about the zooplankton production
dynamics to predict effects. It is possible that detrital
zooplankton settling from the thermal plume will alter the
benthic community by providing additional food material. We
designed a study to investigate this possibility and, in the
previous section, reported on preliminary results.
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e) Diaptomus spp. C1-C5 1973-74 and 1975-79. f) Diaptomus
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Table 1.

and the operational period is 1975-79.

differences (0¢=0.05).

Stars indicate significant

Results of Mann-Whithéy U tests comparing’ October 1972-1979
preoperational and operational densities of 12 taxa in each of 8 zones.
The preoperational period is 1972-74 or a subset of years ending in 1974,

Taxa Zone . Period
1 2 3 4 5 6 7 8
Composite categories
Cyclopoid C1-C6 * ns ns % * * ns ns 1972-79
Calanoid C1-C6 * ns ns @ns ns 0ns ns ns 1972-79
Cladoceran ns ns ns =ns ns % % ns 1972-79
Total zooplankton ns * ng * ns * * ns 1972-79
Genus, species, or
developmental stage
Copepod nauplii * . ms ns ns ®ws ns ns ns 1972-79 ,
Cyclopoid C1-C5 * * * * * ns * ns 1973-79
Cyclops spp. C6 ns * ns ns ns ns n§ Bs 1973-79
Diaptomus spp. Cl-C5 ns ns ns uns ns % * ns 1973-79
Diaptomus spp. C6 ns ns ns ¥ ns uns * ns 1973-79
Bosmina longirostris ns * ns ns ns =ns @ns ns 1972-79
Eubosmina coregoni ns * * ns ns ns ns ¥ 1972-79
Daphnia spp. ns * * ns ns ns ns ns 1972-79
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Table 2. 'Results of Mann-Whitney U tests comparing April 1971-1980

preoperational and operational densities of 9 taxa in each of 8 zomes.
The preoperational period is 1971-74 or a subset of years ending in 1974,

and the operational period is 1975-80.

»

differences (a=0.05).

Stars indicate significant

Taxa ’ Zone Period
1 2 3 4 S 6 7 8
Composite categories
Cyclopoid Cl-Cé6 ns ns ns * * * * * 1971-80
Calanoid C1-C6 * * * ns * * ns ns 1971-80
Total zooplankton ns * ns ns ns ns ns ns 1972-80
Genus, species, or
developmental stage
Copepod nauplii * *' ns =ns ns @ns ns ns 1972-80
Cyclopoid C1l-C5 ns * * * * % * ns 1973-80
Cyclops spp. C6 ns ns ns =ns =ns ns * * 1973-80
Diaptomus spp. Cl-C5 s @ns ns @nSs ns ns ns ns 1973-80
Diaptomus spp. C6 * * * ns ns * ns ns 1973-80
Limnocalanus macrurus ‘
C1-Cb * * * * * * ns as 1973-80
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APPENDIX B-2

PART I
PHYTOPLANKTON LAKE SURVEY






INTRODUCTION

The Technical Specifications require that phytoplankton in the Cook Plant
region be sampled monthly from April through November, with major surveys over
the 36~station sampling grid in April, July, and October and with short surveys
over a reduced ll-station grid in the intervening months.

The phytoplankton surveys are designed to provide a broad background of
phytoplankton numbers in spring, summer, and fall. They also provide species
compositions, numbers of forms, diversities,(and reduﬁaancies under
preoperational conditions against which the same parameters from surveys
similarly conducted under operationgl conditions may be contrasted to determine
long~term éhanges that may be attributable to Cook Plant operation.

The short surveys give a continuum between major surveys and provide a
means of better watching temporal changes that might be missed or only partially
covered by the major seasonal surveys. y

November is notorious for storms on Lake Michigan and November surveys in
1973, 1974, 1975, and 1976 were missed for this reason.

Phytoplankton sampling at station SDC-4~1 was accidentally omitted in the
survey of July 1977.

The phytoplankton samples of 1980 are still being worked up and are not yet
available for analysis. -

This repért extends our reporting of the in-lake phytoplankton by adding
the surveys of 1979. The phytoplankton surveys of previous years are given by
Ayers et. al. (1979), Ayers, Mozley, and Roth (1973), Ayers, Mozley, and Stewart
*(1974), Ayers (1975), Ayers, Southwick, and Robinson (1977), Ayers (1978), and

Ayers and Wiley (1979).
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In accordance with the Technical Specifications requirement to report
summaries, interpretations, and statistical analyses, the great bulk of the new
raw data from 1979 are not presented here; they are given in Ayers, Feldt, and
Wiley (in preparation). |

The strategy for detecting changes in the phytoplankton community near Cook
Plant involves comﬁarisons of phyéoplanktdn:parameters at stations in three
depth zones near the plant to the same parameters at stations in the same. depth
zones two miles or more away from the plant. In any one survey these
comparisons are spatial, bgt, repeated over ; time, they allow temporal
comparison as well. The temporal comparisons consist primarily of comparing
preoperational conditions to conditions in operational years. Conditioms in
preoperational years provide a measure of natural variation agains£ which
variations }n operational years may be compared to detect possible plant—-related
perturbations.

This reporﬁ continues through 1979 our analyses of possible plant effects
on the phytdplankton according to the strategy outlined aﬂove. ‘

Phytoplankton sampleé in all surveys are collected and treated according to
the techniques reported in the Cook Plant Envirommental Operating Report for
1977, pages B2-58 through B2-60. Beginning with the samples of 1974 the
individual cells of nearly all blue-green algae have been counted; prior to
that, colonies were counted as one organism. The counting change resulted in an

apparent increase in blue~greens beginning with 1974.
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Inner-Quter Graphical Comparisons: Phytoplankton Abundances by Algal

Categories

This secgion applies the inner-guter graphical analysis method to the
abundances (in cells per ml) of ten major categories of phytoplankton and
extends previously reported tabulations, figures, and discussions to include the
seasonal surveys of 1979. Earlier years have been reportgd by Ayers, Southwick,
and Robinson (1977), ‘Ayers (;978), and Ayers and Wiley (1979).

The phytoplankton categories used are: total algae, coccoid blue-~greemns,
filamentous blue—-greens, coccoid greens, filamentous greens, flagellates,
centric diatoms, pennate diatoms, desmids, and other algae. The use of major
algal groups bypasses difficulties stemming from inability to always identify to
species, and it is justifiable on the basis that members of each category have
more or less similar functions in the ecosystem.

Table 1 presents, for the seasonal surveys of 1979, the means, staundard
errors, and numbers of observations of abundances of toal algae and the nine
major groups of planktonic algae in the three depth zones and the inner and
outer stations‘groups. These are graphed with the precediﬁg years in Figure 1.

The phytoplankton collections of July 1978 took place during an upwelling
event, and inspection of the temperature records from the plant intake forebay
suggests that upwellings also had occurred in the weeks prior to the July
survey. Since upwellings bring in water from the hypolimnion tﬁat is richer in
nutrients, it is probable that the inshore water had been for some days more
nutrient-rich than usual for midsummer. Forms capable of responding quickly to
increased nutrients might, then, be expected to show greater numbérs near shore
under this condition; other algae, flagellates, pennate diatoms, and centric

diatoms (especially the smaller forms of each) are considered capable of quick
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response, and their increased abundances near shore in Figure 1 are probably

responses to more nutrients there. Numbers of forms and total algae apparently
also reflect this, but i& ways somewhat blurred by the variations of other taxa.

Desmids (Fig. 1lA) have shown almost no variation in abundance over the
entire ten years of the study.

Filamentous green algae (Fig. 1B), which in April 1976 had somewhat
increased in abundance iq both station groups and all three depth zones,
returned to preoperational levels in July of that year and have remained there
ever since.

Other algae (Fig. 1C) increased in abundance in all depth zones and both
station groups in 1976 and 1977, but similar abundances had been observed in
preoperational years. In 1978 this categorx_exhibiced, in both station groups
of zone 0, increases to numbers higher than previously found. In zones 1 and 2
high densities of this category were present only in summer, with £all
abundances falling back to the range of numbers found in earlier years. In 1579
this category, in both station groups and all zones, returned to the range of
numbers previously observed.

Filamentous blue—green algae (Fig. 1D) have in general been more abundant
in the study area since plant startup in 1975 than they were in preoperational
years. In zone.0 during the ten years of study their abundances at inner and
outer stations have been closely similar. Except in 1978, zone 1 July densities
of these algae were higher at the inner stations in 1976, 1977, and 1979. No
reason for the 1978 reversal in summer abundances in zones 1 and 2 can be given.

Coccoid blue~greens (Fig. 1lE), which had been recorded in small numbers

during most of the preoperational surveys, increased notably in October 1974

(due in part to a change in counting method that year) and this pattern has been

B2-4

<

»

¥




characteristic ingthe years since, not so pronounced in 1976 but ver& pronounced
iy 1977 and 1978. The increases took place in both the inner and outer
stations.

Coccoid green algae (Fig. 1F) have been present in both station groups in
variable abundances of a few hundred cells per ml in each survey of the study

area. In all but one of the operational surveys the abundances of these algae-

- were at levels which had been observed in the preoperational years; the

exception was at the inner station group of zone 2 in July 1977 when abundances
were somewhat higher than previousl§ seen. These being off-shore stations where
the plant plume is not expected, the high of that month is attributed to some
lake effect, not plant operation.

Flagellates (Fig. 1G) in both station groups of zone O ;ontinued in 1979
the trend of steadily increasing abundances that had been going on since 1971.
In zones 1 and 2, however, these organisms decreased in abundance, in both inner
and outer stations, to about the levels they had occupied in 1976. At present
we can give no reason for the declines in 1979.

Pennate diatoms (Fig. 1H), -like flagellates, in both station groups of
zones 1 and 2, decreased in abundance in 1979 to about the levels of 1976. 1In
zone 0 a summef increase to 2270 + 764 cells per ml at the inner stations was
not matched at the outer stations (788 + 317 cells per ml); the reason for this
is not known at present.

Centric’diatoms (Figs. 1I, 1J, 1K) have varied widely during the period of
study. Agundance variations at inner and outer stations have been directionally
simi;ar within each year. The expected summer mihima of numbers did not occur
in any zone in 1977 nor in zones 0 or 1l in 1973; these are attributed to

temporary nutrient enrichments by upwellings of hypolimnion water. There was no

»
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summer minimum in zone O in 1978, probably for the same reason. Cell densities
4in zones 1 and 2 in 1979 had the same shapes of annual curves and abundance
levels as in 1975.

Total algae (Figs. 1L, 1M, 1N) had, with the exception of zone 2 inner
stations in 1978, exhibited steadily rising trends of abundance since 1974.
These trends were not continued in 1979; although abundances remained high they
were below those of 1978. Declines in abundances of flagellates, pennate
diatoms, and centric diatoms not completely offset by continuing increases in

.

blue—éreen algae are considered the reason for lower abundances in 1979.

' »

Inner-Outer Statistical Comparisons: Phytoplankton Abundances by Algal

Categories.

In the Envirommental Operating Report for 1977 we reported statistical
tests for significant differences in abundances of ten algal categories at inner
vs. outer stations in three depth zones during three sea;ons of each year from
1971 through 1977; the two availble seasons of 1970 were also reported. The EOR
for 1978 extended the égsting through 1978; this section extends the tests
through 1979.

The strategy was that if plant-causeéd effects on the phytoplankton Qere
present they could be expected to show as consistent significant differences in
cell densities between the inner and outer stations. Corollary to this was the
possibility that plant operation might differently affect ph}toplangters ia
the affected zone but not in the others. Another corollary was that plant
operation might selectively act upon only one or a few of the ten categories of
algae, producing consistent significant differences in densities of the affected

categories between inner and outer station groups.
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For these tests spring was defined as April; summer as July; and fall as
October. For each season in fach depth zone all available abundances of each
algalucategory were averaged to give seasonal mean abundances at the inner and
outer stations of each depth zone, and comparisons were madetbetween inner and
outer mean abundances of each category in each depth zone.

Table 2 summarizes the means, variance, numbers of observations, and t-test
of significance for each algal category in each season, station group, and depth
zone dﬁring 1979. ﬂ

During the period from July 1970 through October 1979, 767 paired
comparisons ofyinner vs. outer station group cell density means have been
possible; of‘these 350 were from preoperational years and 417 were from
operational years. During the entire period there have been a total of 42 cases
of signifiqant differences of mean densities between inner and outer station
groups; these amount to‘S.SZ of the possible comparisons.

The following tabulation summarizes the distribution of the cases wherein
there were significant (at the .05 or .0l levels) differeqces between mean
densities of phytoplankton cateéories in inner and outer station groups. 1In
each case the order of the abbreviations is: year, depth zone, season (Sp, Su,

Fa), and I or O indicating which station group had the greater mean density of

cells; cases in operational years are underlined.
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Coccoid blue—-greens

75,22,Fa,I 78,22,Su,I  79,20,5p,0

Filamentous blue-greens 75,Z1,Su,0 75,Z22,Fa,I 76,Z2,Su,l 77,22 ,Su,l

Coccoid greens 70,22,Sau,1 71,Z2,54,1 76,Z22,Fa,I 77,22,Su,l

Filamentous greens None

Flagellates 71,21,S.,0 72,Z2,Sp,0 73,Z1,Fa,0 74,Z2,Fa,0
76,22,Fa,I 77,21,S4,0 77,Z1,Fa,0 79,Z2,Fa,0

Centric diatoms 72,21,S8p,0 72,Z1,Fa,I 75,21,Fa,l 75,22,Fa,l

Pennate diatoms 70,21,84,0 71,Z2,S4,0} 73,Z1,Sp,0 75,Z2,Fa,l
79,Z1,Fa,l i

Desmids 71,Z1,S54,0 71,Z2,Su,I

Other algae 71,21,Sp,0 73,20,Sp,1 73,21,Sp,I 73,Z2,Fa,l
74,22,sp,1 77,22,Fa,l

Total algae 72,z0,8p,0 72,22,Sp,0 76,21,8p,0 77,22,S5u,l
78,22,81,0 79,22,Su,l

Summarized by years the cases of significant differences were:

1970 (2 seasons) 2 cases 1975 6 cases
1971 6 1976 4
1972 5 1977 [
1973 5 1978 2
1974 2 1979 4

It is no;ed that the six cases of difference in operational 1975 and 1977
are not greater than the six that occurred in preoperational 1971; it is also
noted that the fours in operational 1976 and 1979 are less than the fives that
occurred in preoperationaf 1972 and 1973. The numbers of cases by years appear
to be within the natural range of variation, and no effect of plant operation is
evident.

Summarized by depth zones, with the station group having the greatest
density of algae indicated, and with operational year cases underlined, the
cases of significant difference were: |

Zone 0O Zone 'l Zone 2

Inner greater Inner greater Inner greater 6 + 13

1+0 0+3 + 13
Outer greater 1 + 1 Outer greater 7 + 4 Outer greater 4 + 2

In zone O the cases of significant difference in abundances at inner and

outer stations have been almost equally divided between preoperational and

B2-8

.
‘ l




-

v

I
!
l

operational years. No evidence of plant operation effects show in these data.

With the plant's thermal plume in zone 1 most of the time, the
significantly greatef abundances in this zone have been at the outer stations in
11 of 14 cases. In the preoperational years all seven cases were of greater
abundances at the outer stations; greater abundances at the outer stations
appear to be a natural feature of this depth zone. In outer stations, which
does not gainsay greater abundances at these stations as a natural feature of
the zone. »

In zone 2 during the preoperational years six of ten cases of significant
differences involved higher me