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accumulations were not noted. Dead fish (al:wives and perch discarded by
fishermen) and fecal pellets were seen occasionally, but accumulations of dead
alewives on the bottom, even during the annual die-off period, have never beern
observed.

In 1980-1982, 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 1980-1982. Peak
lengths of periphyton were attained during Jume-August. Periphyten growth on
top of the south intake was minimal in 1982. Macrophytes were not observed.
Attached invertebrates (sponge, bryozoans and Hydra) increased steadily in
numbers during 1973-1976, but numbers of sponge and bryozoan colonics appeared
to plateau during 1977 and have declined subsequently. During 1980-1982, the
rate of decline in numbers of sponge colonies appeared to slow somewhat. Hydra
remained extremely abundant. Numbere (concentrations) of snails decreased
dramatically during 1977-1978; snails were not observed during 1979-1982.
Density of crayfish in the riprap area during 1978-1982 was less than one-half
that estimated during 1975 (the year of maximum abundance). Riprap
macroinvertebrates showed a predictable pattern of oppurtunistic colonization
followed by peaking and then by declining numbers of species and individuals in
accordance with initial niche exploitation, saturation and subsequent change
(decline) in resource availability.

Alewife, perch and possibly spottail shiner and/o¢ carp eggs were noted
during 1982 (as in previous years), documenting continued minor (excluding
alewife) spawning in the vicinity of Cook Plant. Eggs were observed attached to

periphyton, entangled in loose algae and lying loose on the sand.



Eleven species of fish were observed during the reporting period. Listed
in descending frequency of observation they were: alewife, yellow perch, trout-
perch, sculpin (Cottus spp.), johnny darter, spottail shiner, carp, rainbow
smelt, burbot, redhorse (Mosvstoma spp.), and chub (Coregonus spp.). Carp were
observed primarily in the discharge area. Young-of-the-year (YOY) alewife were
very abundant during September-October, a pattern previously documented. Yellow
perch YOY were obsarved in large numbers during the August 1982 night dive.
Relative to numbers observed in control areas, fish congregated near the
structures (alewife, spottail shiner, yellow perch) and in riprap areas
(demersal species, e.g., johnny darter and sculpin). Numbers, diversity, and
activity of fish were highest at night and during summer months. The majority
of fish species impinged and field-caught at Cook 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. Abundance and seasonal
observation of major species (e.g., alewife, perch, etc.) and 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 attracts 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.



II1I1.2 Ice Studies

A. Ice Conditions
(Specifications 2.1.1 and 2.1.2)

In the winter of 1981-82 the first ice at Cook Plant formed during the
night of January 6-7 and, the weather turning much colder, built up rapidly.
The mature ice complex which developed consisted of an icefoot, a first lagoon,
a first ice ridge, & -econd lagoon, a second ice ridge, a third lagoon, and a
third ridge. Outside the third ridge open water alternated with an extensive
field of ice floes that moved in response to wind.

In front of the plant the third ridge was only semi-permanent. When the
ridge was present the melt-hole from discharged water was outside the second
ridge in the third lagoon. When the third ridge was breached or absent, the
third lagoon tended to be filled with loose floes in which a melt-hole seldom
developed. -

From first ice until mid-February the winter was colder than usual and the
ice complex stayed well developed. Ir mid-February there was a warm spell and
the ice underwent melting. During this period an influx of warmer air over the
snow-covered ground produced a period of foggy days in which our charter-flight
pilots refused to fly our ice-survey overflight. When flight conditions became
acceptable, melting of the shore was well along.

On 25 February 1982 the shore ice of Lake Michigan from Michigan City,
Indiana, tc Grand Haven, Michigan was overflown during melting conditions and
easterly winds. Broken ice extended an estimated 3-10 miles from shore while

along shore the ice complex showed the remains of a normal well-developed

3-ridge and 3-lagoon structure.



Despite melting in front of the plant, there always remained sufficient
shore ice to protect the plant site from wave action.
Final melting took place on 1 April.

For further information, see Appendix D.

II1.2.B Circulating Water Chlorination

(Specification 2.1.3)
No chlorination of the circulating water was done during 1981. No

periods of chlorine experimentations took place in 1982Z.



III.3

AQUATIC STUDIES

(Specifications 2.1.6 and 2.1.7)

A. Zooplankton Studies

i, Lake Surveys

Lake survey data from May to November 1982 are discussed in this
report. Normal temporal succession patterns were observed in the
numerically dominant taxa. As in previous ye.rs, there was no strong
evidence suggesting that power plant operation had an ecologically
significant disruptive effect on zooplankton populations in the vicinity
of the plant.

Zooplankton mean abundances in the operational period were compared
with their abundances in the preoperational years. Analyses (Mann-
Whitney U test) of the numerically dominant taxa were made by month and
by zone. Seven years of operational July and October data (1975 to
1981) were used in these analyses. For each cruise-month analysis,
several taxa occurred in significancly (a=0,05) different preoperational
and operational zone mean concentrations. Differences in the inshore
plume zone were of most interest.

In the statistical analyses of July zone 2 data, calanoid copepods,
immature and adult Diaptomus spp., and adult Cyclops spp. were
significantly (a=0,05) less abundant in the operational period while
Daphnia spp. and Asplanchna spp. were more abundant. Asplanchna spp.
was very abundant in 1981, resulting in a higher operational than
preoperational mean, the reverse of earlier analyses employing the 1975

to 1980 operational data set. While Bosmina longirostris and total

zooplankton tended to be more abundant in the operational period, such



differences were not statistically significant.
In October, total zooplankton were significantly (a=0.05) more
abundant in the operational period than in the preoperational period.

Nauplii, calanoid copepods, immature Cyclops spp., Bosmina loqgipo.trts,

and Eubosmina toregoni were significantly (a=0.05) more abundant while

adult Cyclops spp. and Daphnia spp. were less abundant.

Mesocyclops edax, a cyclopoid which occurred in relatively high

concentrations in the survey area in the autumn of 1978 continues to
occur in concentrations similar to those observed in previous years.

However, Daphnia pulex, a cladoceran first observed in 1978, continues

to be commonly observed in the zooplankton. A second species, Daphnia
schloderi, recently was detected in the zooplankton. During a seperate
study in 1982, it was observed throughout most of the year at a station
20 km offshore of Grand Haven. These new Daphnia occurrences provide
further evidence that southeastern Lake Michigan is undergoing a gradual
change in zooplankton community structure.

In order to further investigate long~term changes in zooplankton
community struture, we have conducted a series of analyses comparing
taxa abundances by zone and by year for each of the three inshore zones.
We conclude that while the three zones differ in zooplankton abundance,
such differences are not consistent and are smaller than differences
between years. Since we are most interested in comparing zooplankton
populations between years, we have combined all three zones into a
single larger zone (ignoring the small differences between zones) and
conducted a second series of preoperational versus operational
comparisons. Such tests have confirmed that zooplankton populatic 3

between the 5-m and 10-m depth contours and along the 23 kilometers of
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shoreline are significantly (a=0.05) different between preoperational
and operational years.

We also have conducted a series of preliminary analyses to
investigate causal factors affecting zooplankton population dynamics and
their mode of operation (synergistic or antagonistic). These studies
have shown possible interactions between al:wife and Cyclops species,
between Cyclops adults and rotifers, and between rotifer and cladoceran
grazers and flagellates,

We discuss the results of studies examining sources of variation in
zooplankton population estimates. Such knowledge is essential for
understanding the overall statistical sensitivity and the strengths and
weaknesses of our study design. We have concluded that our laboratory
procedures (subsampling) and statistical approaches to investigate
temporal and spatial changes are efficient. Moreover, we have
quantified the statistical limitations of various comparisions (time and
space) of our data sets.

Finally, we provide an update on our epibenthic and benthic study
of crustacezrs in the vicinity of the power plant. Many taxa occurred
in significantly higher abundances in sediment troughs where organic
matter accumulates (Dorr, underwater observations section), than in
crests. Some taxa varied in abundance with respect to depth, while
other taxa occurred in higher densities in the plume zone than in
control zones. No evidence of gross disruptions in the epibenthic and

benthic communities which warrant environmental concern were detected.

;i- Condenser Passage Studies

This report discusses mortality data collected from May to December
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1981. 1In addition it dircusses biomass and numbers of zooplankton
entrained for the August 1980 to December 1981 period.

Zooplankton mortalities generally were low, averaging 11.5 % in the
intake waters, 12.6 Z in Unit 1 discharge waters, and 11.9 % in Unit 2
discharge waters. Statistical differences between intake and discharge
mortalites of nine zooplankton taxa were examined using the Smirnov one-
sided two-sample test. For the O-hour incubation, the only
statistically significant (a=0.05) difference between intake and
discharge mortalities was for nauplii in September 1981. During this
collection period, AT was 10.2 C° and discharge waters from both Units
ecceeded 32 °C. No significant differential mortality was detected in
the 6-hour incubation samples. Immature Diaptomus spp. and Cyclcps spp.
copepodites had significantly higher discharge than intake mortalities
in June and in September 1981 for the 24 hour incubation period.

For the August 1980 to December 1981 period, the numbers of
200, lankton entrained ranged from a February 1981 low of 820 billion to
an August 1980 high of 16,600 billion. The monthly biomass of
zooplankton entrained ranged from a May 1981 low of 1,020 kg dry weight
to a November 1981 high of 22,000 kg dry weight. Estimated maximum
losses with both units operating were similar to those observed in
previous years.

Statistical analyses of zooplankton abundance estimates as
determined from intake sampling have demonstrated that this samnling
location provides representative estimates of taxa abundances in the
inshore region (zones 1, 2, and 3). We report the results of
preliminary studies using time series analyses *o investigate long-term

changes in zooplankton populations in the inshore region based on
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entrainment sampling. Nauplii densities show a trend of increasing
abundances from 1975 to 1978. A leveling off or slight decline appears
to have occurred in subsequent years. However, minimum concentrations
in winter have increased from 17/-3 in January 1975 to an estimated 294/
n3 in December 1980.

For further information, see Appendix B-1l.
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B. Phytoplankton Studies

i. Lake Phytoplankton

The phytoplankton community in the Cook Plant vicinity has in 1981 con-
tinued an overall trend toward decreased abundance which began after a high in
1978. Declires in diatom abundances (attributed to reduced nutrieact loading to
the lake) have outweighed variations in the other categories and affected the
totals. Coccoid blue-greens in 1981 continued to be low in abundance in spring
and summer but to have abundance peaks in fall (attributed to late summer and
fr'l depletion of silica in the epilimnetic water). Flagellates decreased in
1979 and 1980 but returned to their 1978 level in 1981. The remaining cate-
gories of phytoplankton have exhibited little variation in abundances over the
twelve years of the study. Abundance changes at both inner and outer stations
hhave generally been in the same directions and are considered to reflect changes
in the lake, not any clear effect of Cook operation.

Statistically significant differences between mean abundances of phyto-
plankton categories at inner and outer stations have been low during the period
of study (5.25% of the comparisons overall, 5.71%Z in preoperational years, and
4.97% in operational years). Except for the inner station group of depth
zone 2, the distributions of significant differences between preoperational
and operational years appear to be within the normal range of variation.

The increase in numbers of differences in zone 2 inner in operational years may
possibly be an effect of plant operation on blue-green algae densities in that
area, but of the 563 paired comparisons in operational years it is a minute

(2.30%) effect.
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Mean diversity indices have varied somewhat from season to season and from
year to year during the twelve years of the study. The annual curves of
diversity indices indicate, in each depth zone and station group, a gradual
trend toward higher indices from 1970 through 1976 followed in subsequent years
by a slow trend toward lower levels. In all depth zones and both station
groups, species diversities indicated by the indices continue to be higher than
in the preoperational years. These analyses show no adverse effect of Cook
Plant operation.

In 1979, phytoplankton redundancy values rose to preoperational levels
after a period of slowly diminishing values from 1973 through 1978; they have
remained at preoperational levels in 1980 and 198l. There is nothing in this
analysis of phytoplankton to indicate that operation of Cook Plant has had any

adverse impact on the local phytoplankton community.



ii- Entrained Phytoplankton

During the period of December 1981 through May 1982, all samples for both
enumeration and viability studies were collected. Because of loss during
analysis, the number of replicates on October 13, 198] number less than the
three required.

Comparison of phytoplankton major group mean concentrations for 1975
through 1980 gave the following general observations: 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, and
centric diatoms were least abundant in 1977; 4) other algae were most abundant
in 1978; 5) filamentous green algae were most abundant in 1976; and 6) pennate
diatoms and total algae were least abundant in 1979. Low abundances in 1979 may
result from the absence of June samples, & time when abundances are usually
high. Therefore, the 1979 abundances may be low-biased.

The number of forms of phytoplankton was relatively high in 1976 and 1978,
redundancy was highest in 1977, and diversity was relatively high 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.
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With the exception of 1977 when the character of the entrained phyto-
plankton community was such that a relatively large negative impact or viability
was noted, no consistent long-term statistically significant alteration in
viability based on chlorophyll concentrations has been observed that can be
attributed to the plant. Using chlorophyll a intake/discharge comparisons,
there is a greater occurrence of viability decreases in all years except 1975
and 1979.

Viability based on primary productivity showed a large reduction in
the discharge water ranging from 16%Z to 80X as compared to the intake water.
The cause of this reduction can be directly attributed to the passage of the
water through the condenser cooling system. However, the level of reduction
is not observed when comparing the discharge plume to ambient lake water.

The factors causing this reduction are not yet clear. Based on the experiments
conducted, inhibition from heat or microelements are the most plausible
explanation for this reduction.

For further information, see Appendix B-2.

17



C. Benthos Studies

i. Lake Surveys

The single 1982 seasonal survey occurred in April. Four replicate Ponar
grabs were collected at each of 10 stations shallower than 8 m, and two
replicates were collected at each of 20 stations at greater depths. The 30
stations are divided into three depth zones: 0-8 m (Zone 0), 6-16 m (Zone 1) and
16-24 m (Zone 2). For each zone, there are five stations within 1.6 km of the
plant (Inner area) and five reference stations 3.2-11 km away from the plant
(Outer area).

Eighteen statistical tests were performed on the April 1971-1982 density
data, with one t-test yielding a significant result at 0.02 < P < 0.05. The

significant test involved Inner-Outer area differences for Pontoporeia hoyi

density at Zone 2. Trends in the past have indicated Pontoporeia to be
generally more numerous in the Outer than in the Inner region, particularly in
Zone 2. Given the inherent variability associated with Pontoporeia populations
in the vicinity of the Cook Plant, the duration of trends from year to year is
suspect at P > 0.02. Were probabilities found at the 0.0l level we would be
more inclined to assign importance to observed results. At P < 0.0l annual
population fluctuations likely would be of little consequence in changing the

significance of the test.
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ii. Entrainment Studies

Concentrations of the four major species of malacostracans, Pontoporeia

hoyi, Mysis relicta, Gammarus sp. and Asellus sp. 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
from Jenuary through May 1982. On sampling dates, collections were made during
four consecutive approximately 6-hour periods (depending on the season of the
year) corresponding to midnight-sunrise, sunrise-noon, noon-sunset and sunset-
midnight.

The 1982 concentrations of the four major crustraceans in entrainment
samples were at levels similar to one or more of the previous operational years.
Both the seasonal pattern and average annual abundance of M. relicta in the
entrainment were most similar to those of 1975 and 1980. Densities of Gammarus
sp. ware similar to levels recorded during most previous years. Asellus sp.
occurs in such small numbers that year to year comparisons are difficult;
however, average annual abundances have shown virtually no change since the
earliest years. Large numbers of Asellus entrained in December 1981 were
attributed to storm activity. No effect of plant operation has been detected on
lake populations of P. hoyi. The causes of yearly fluctuations of M. relicta,
Gammarus sp. and Asellus sp. populations are not known as our collection methods

are not designed to sample their lake populations with assurance.
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iii. Impingement Studies

The total impingement of the crayfish Orconectes propinquus for 1981

(29 kg) is less than 1980 (48 kg) but similar to 1978 (33 kg) and considerably
less than previous operational years (1975, 90 kg; 1976, 92 kg; and 1977,

70 kg)+. The average weight per individual in 1981 (7.4 gm) was considerably
greater than that observed for previous years 1975-1980 (5.5-6.8 gm). The
effect of impingement and other plant operations on crayfish populations is
unknown. Crayfish were rare in the area of the plant until the riprap was

established.

iv. Corbicula Studies

In an attempt to monitor for Corbicula fluminea (the Asiatic clam)

entrainment samples from May, August and October were microscopically examined
for veliger larvae and small clams. No larvae were found. No adult Corbicula
were collected in the April Benthos surveys. Two beach walks were made
(September and October) at the D. C. Cook Plant and at the mouth of the

St. Joseph River to see if specimens had washed up. Again, no Corbicula were
collected. At this time, Corbicula does not seem to have become established

either near the D. C. Cook Plant or at any other location in Lake Michigan.

For further details, see Appendix B-3.
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D. Periphyton Studies

The Cook Plant's underwater intake and discharg structures plus the
associated riprap field constitute an artificial reef, providing shelter and
solid substrates in a region naturally devoid of them.

After their completions, the underwater installations underwent a period of
modifications of surfaces followed by colonization with periphytic algal and
animal species. The single preoperational year, 1974, was insufficient for the
installations to become fully colonized. Valid pre- vs post-operational
comparisons of periphyte abundances and constituent taxa cannot be made because
of additional colonization and changes due to natural ecological succession
which took place after 1974.

This study uses diver-collected periphyton samples from the underwater
installations to determine the taxa living there, and it examines intake
entrainment samples for these taxa 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: in 1975, 97;
1976, 67; 1977, 97; 1978, 117; 1979, 131; and in 1980, 141. Of the 1980 taxa
list there were 39 that were present in each of the six years of the study;

13 that were present in five of the six years; 1l that were present in four of
the six; 15 that were present in three of the six; 25 present in two of the six;
and 38 that were present in 1980 only.

Dominant periphyte taxa in 1980 were: the green, Cladophora sp., the blue-

green, Oscillatoria sp., the green, Scenedesmus quadricauda, and diatoms of the

genera Amphora, Fragilaria, Navicula, Nitzschia, and Stephanodiscus. Nineteen

seventy nine and 1980 were the first two years in which the divers did not
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collect Cladophora and Oscillatoria in each month of the diving season; the

diatom genera were diver-collected in each month of the season, but only one,

Navicula tripunctata, was present in all the their samples. Increased numbers

of taxa and decreased abundances are characteristics of the post-pioneer stages
of ecological succession.

With capture rates in intake entrainment sampling ranging from 74% to 89%
of the resident offshore taxa, intake entrainment sampling is considered
adequate to monitor the periphyton community in months when diving is not
possible.

The changes observed in the periphyton community are consistent with
advancing stages of "artifical reef” ecological succession, not with any effect

of Cook Plant operation.

For further information, see Appendix R-4.
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E. Fish Studies

Data on field distribution and abundance 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. One of the main features of
the 1982 impingement data set was the reduced water flow through the plant
because of unit shutdowns; reduced flows apparently caused impingement losses to
be considerably lower than 198l values. Based on data collected through August,
alewife populations continued their decline in our catches, undoubtedly a
reflection of lake-wide changes. Entrainment losses reached a record high in
1981 even though water flow through the condenser cooling system at the plant
was reduced during months of greatest larval fish abundance.

Results of field larvae ANOVAs (analysis of variance) of beach stations for
1973 to 1980 showed alewives were most abundant in 1973 (3,342/1000 m3) and
least abundant in 1980 (38/1000 m3). A complete ANOVA for 1973-1982 is planned
when 1982 data have been entered on disk files. From 1973 to 1980, alewife
larvae abundance continually declined in the study areas, but in 1981 they were

moderately abundant. Highest monthly field larvae abundance of alewives for all
years combined occurred in July. No plant impact on beach zone larval alewives
was observed. A similar result, no differences in densities between Cook and

Warren Dunes, was found for open water larval alewives, based on 1973-1980

ANOVAs .,

The ANOVAs for larval spottail shiners (1973-1980) showed mean catches were

significantly different for Month and Year, a demonstration of the variable
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nature of spottail recruitment. No plant effects, however, were documented.
Yelluw perch in open water were equally distributed at Cook and Warren Dunes.

A number of other species were collected, including common carp, which was 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 1981, almost 140 million fish larvae and one billion fish eggs were
entrained at the Cook Plant. Eleven species of fish larvae were represented.
This year's loss was the highest of all the sampling years. The next highest
larval fish entrainment loss (137 million) occurred in 1979. Among larvae
entrained, alewife comprised 80% (111.5 million) of the total annual loss. June
was the peak month (61%) for larval alewife entrainment. Spottail shiner was
the second-most often entrained species (7.3 million), followed by rainbow smelt
(2.6 million), yellow perch (2.5 million), and slimy sculpin (1.0 million).
Trout-perch, quillback, common carp, ninespine stickleback, and johnny darter
were other species entrained in low numbers.

Inspection of the forebay to monitor presence of fish occurred monthly
during 1982 as it has in previocus years. Twelve live fish were observed,
including three alewives, three salmonids, and six common carp.

Qur previous ANOVAs for 1973-1981 catches of adult and juvenile alewives
indicate that the Cook Plant has had no long-term detectable effect on south-
eastern Lake Michigan alewife populations. Most statistical interactions can be
associated with large, possibly lakewide, annual changes in alewife abundance.
Our data indicate that the alewife decline begun in 1975 has continued through
1981. Catches of alewife in January-August 1982 continued this trend because

they were the lowest ever recorded. All age-groups seem to be affected.
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Factors acting to reduce alewife populations includ: salmonid predation and
competition from bloaters; water intakes also account for a small percentage of
this loss.

The bloater population in the study areas has shown a dramatic increase
since 1977. The 1981 total catch was more than three times greater than in any
previous study year, making bloater the fifth-most abundant species in 1981.
These population changes reflect a lake-wide increase which is not related to
plant operation. However, in recent years, smaller trawl catches at the Cook
Plant compared with Warren Dunes may be related to plant operation. Bloater
catch in January-August 1982 was 1,423 fish, a considerable decline from the
9,912 fish caught during all of 198l. A possible plant effect was again noted
with preliminary 1982 data, as smaller trawl catches were consistently observed
at the Cook Plant when compared with Warren Dunes.

Rainbow sm2lt ANOVAs for 1973-1981 indicate that most statistical inter=
actions were indicative of successful spawning in 1980, and a continued trend of
increasing abundance since 1976. Low numbers of young-of-the-year in field
catches from August to October suggest that 1981 spawning was not as productive
as the two previous years. Changes in the distribution and abundance of smelt
over the years appear to be unrelated to plant operation and are most likely due
to natural shifts in smelt abundance and utilization of the study area. Datc
for 1982 nfirm these conclus.ons. Total catch through August, when compared
with 1981 data, showed that the Lake Michigan smelt population may be declining
after its 1981 peak.

Spottail shiner ANOVAs for 1973-1981 indicate that most statistical inter-
actions were associated with the complex interrelationships of year-class varia-

bility, seasonal behavior patterns and gear selectivity. Year-class variability
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and behavioral characteristics of the species appear to overshadow any influence
of plant operation upon local spottail populations. During 1982, January-August
catch was the lowest of any year. Reduced seine catches due to construction
activity on the discharge pipes may have disrupted normal beach zone nursery
areas.

Trout-perch catch data for 1982 were consistent with patterns established
in eariier years. Population fluctuations indicated by the 1973-1981 ANOVAs
probably reflect natural changes in trout-perch abundance in southeastern Lake
Michigan, rather than the effects of plant operation. In 1982, catch through
August was only 211 fish, the lowest of any year to date. Apparently the
population in 1982 was at a low level. Fluctuations similar to this have
occurred in the past and are considered normal for lLake Michigan. No impact of
the plant on trout-perch was observed.

The 1981 total standard series catch of yellow perch was more than twice as
large as any previous year's catch, mostly due to large numbers of yearlings
from an exceptionally large 1980 year class. ANOVA results gave ambiguous evi-
dence of possible plant effects, but there was an indication that large perch
are being attracted to the Cook Plant area. Many yellow perch were impinged in
1980 and 1981, and future field data should be examined for evidence that
impingement may be locally depleting numbers of perch. In 1982, yellow perch
catch was still high but down from peak levels in 1980. The 1980 year class was
still a dominant part of 1982 catches.

Among the common species, both common carp and gizzard shad have become
more abundant at Coock Plant stations but not Warren Dunes, suggesting that they
are attracted to the warm water of the plant discharge. Addition of the Unit 2

discharge in 1979 did not substantially increase this attraction. Common carp
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spawned at the Cook Plant in operational years but not in preoperational years.
Slimy sculpin population fluctuations appear to be natural rather than plant-
related, though larger numbers at Cook stations compared with Warren Dunes show
that sculpins are attracted to the riprap around the intake and discharge
structures. Lake trout have increased somewhat in number at Warren Dunes
stations since the plant began operation, remained the same at Cook 9-m
stations, and decreased at Cook 6-m stations. This may indicate that lake trout
are avoiding the plume area. Johnny darters were more abundant at Cook 6-m
stations than at Warren Dunes because this species is attracted to the plant's
riprap. Longnose sucker and white sucker were more abundant at Warren Dunes
than at Cook during all sample years. These two sucker species may be repelled
from the Cook area because of construction activities and the discharge
currents. Catch data on other common species: brown trout, chinook salmon, coho
salmon, emerald shiner, longnose dace, ninespine stickleback, and rainbow trout
showed no changes which could be directly attributed to plant operation.
Estimated weight and number of fish !mpinged at the Cook Plant (1975-1982)
were recalculated using a new method which determines species composition from
fourth-day samples, then incorporates the weight of fish impinged on non-sample
days into total weight and estimates total number of fish impinged each month.
The most dramatic changes were in estimates of numbers of fish impinged during
periods of two-unit operation. An estimated 2,307,101 fish were impinged in
1980, 2,052,964 were impinged in 1981, and from January through August 1982,
an estimated 886,183 were impinged on the Cook Plant screens. Species composi-
tion of the 1982 impingement losses was similar to that recorded for previous
years, except alewife comprised a higher than normal percentage (92% by number,

6l%Z by weight) of the total. Fewer than 100 bloaters were impinged in 1982;

27



previous year's totals ranged to over 22,000 fish. Coho salmon (519) and lake
trout (215) were impinged in unusually high numbers in 1982, more than any
previous year for the same January to August period. Most were adults which was
also cortrary to previous year's trends when mostly newly planted individuals
appeared in impingement samples.

For further information, see Appendix B-5.
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111.4. Consistency Requirements

A. Plant Design and Operation

(Specification 3.1)

Approximately 1100 ft. of the D. C. Cook Plant's Unit 1 and
Unit 2 circulating water system discharge pipe lengths were covered with
riprap. Approximately 40,000 cubic yards of sand was excavated from
around the existing pipes. Twenty thousand (20,000) square yards of
filter cloth, 13,000 tons of mattress stone, and 15,000 tons of cover
stone were placed in the manner shown on the following documents.
Excavation of sand around the pipes began on August 1, 1982. As of the
end of this reporting period, the project has been 100% completed. The
riprap will stabilize the pipe sections, which up until this time have
shown a tendency to flex during storm conditions.

The State of Michigan DNR and Corps of Engineers Permits, Corps
of Engineers Joint Public Notice, and the results of studies required by
these permits are included (See Appendix C-1), Item #11 in the Corps of
Engineers Joint Public Notice states in effect that the permit request
was for remedial work, therefore, no Environmental Impact Statement was
necessary

B. Reporting Related to the N.P.D.E.S. Permits and State

Certifications

(Specification 3.2)

Violations of the N,P.D.E.S. Permit and State Certification for
1982 are included in the following section under Special Reports. There
were two violations for 1982.

N.P.D,E.S. Permit No. MI 0005827 expired in October of 1979. A
final draft proposal of the permit was not issued by the State of Michigan
Department of Natural Resources until December of 1982. A copy of this
draft permit is included as per the requirements of this specification
(See Appendix C-2).
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I11.6 Nonroutine Reports

(Specification 5.4.2)

The following is a list of nonroutine reports for 1982:

DATE DOCKET NO. AEQ NO. OCCURRENCES
1/19/82 50-316 82-001/04T-0 During de-icing, the Circulating

Water System Discharge
temperature exceeded the Appendix
B Technical Specification limit
of 560F on several occasions.

1/25/82 50-315 82/003/04T-0 Unplanned gas release was
detected by an elevated Unit Vent
Radiation Monitor R-26 reading.
The release was within Technical
Specification limits.

3/19/82 50-315 82/010/04T-0 Unplanned gas release occurred
without the sampling and
analytical requirements. The
release was within Technical
Specification limits.

3/19/82 50-316 82-015/04L-0 Flow indicator SFR-201 for Turbine
Gland Seal Leakoff failed.
Instrumentation was declared
inoperable. Continuous flow
measurement is rzquired by
Technical Specification.

4/12/82 50-316 82-020/04T-0 Unplanned gas release occurred without
sampling requirements. The
release was within Technical
Specification limits.

4/25/82 50-316 82-028/04L-0 Flow indicator SFR-201 for
Turbine Gland Seal Leakoff failed
high. Instrumentation was
declared inoperable. Continuous
flow measurement is required by
Technical Specification.

6/1/82 50-315 82-030/04L-0 During normal operation, flow
indicator for SFR-20! Turbine
Gland Seal Leakoff failed low.
Instrumentation was declared
inoperable. Continuous flow
measurement is required by
Technical Specification.
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DATE

DOCKET NO.

AEQ NO.

OCCURRENCES

9/24/82

10/12/82

50-315

50-315

82-078/03L-0

82-084/04L-0

An unplanned gas release was
occurred without the sampling
and analytical requirements. The
release was within Technical
Specification limits.

An unplanned gas release was
detected by an elevated R-26
reading. Release was occurred
without the sampling and analytical
requirements. The release was
within Technical Specification
limits.



IV. Radiological Environmental Operation Report

See Appendix E.



V. CONCLUSIONS

In accordance with the objective of our Appendix B Environmental
Technical Specifications, the operation of Units 1 and 2 of the Donald C. Cook
Nuclear Plant had no detrimental impact on the surrounding ecological
environment during 1982.

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 environmental 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



VISUAL INSPECTIONS

INTRODUCTION

The underwater observation program has been designed to facilitate visual
monitoring of the study area. The program enables divers to assess macroscopic
physicai and biological conditions of locations within one half kilometer of the
intake and discharge structures. Observational methodologies have been designed
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 operations.

Prior to June 1982, the Technical Specifications required a schedule which
included five dives each month (April-October), weather permitting, at standard
locations. These locations and dive times were: one day dive in the area of
the discharge structures, one day dive in the area of the intake structures, one
night dive at a depth of 9 m (30 ft) to compare day and night observations, and
two day dives in control areas outside the plume. As a result of seven
circulation pump operation, dangerously strong currents were produced in the
discharge area. Safe diver—entry into the discharge area was not possible
except during periods when one cr both units were shut-down. During periods of
circulation pump shut-down, dives were made to examine the areas surrounding the
discharge structures. The reduced envirommental schedule enacted during June
1982 required two divee per month, April-October: one day and one night dive in
the area of the intake structures. During periods of circulation pump shutdown,

dives were made to examine the areas surrounding the discharge structures.



A total of 20 dives were performed during 1982 in the vicinity of the study
area (Tables 1 and 2). Required dives completed (Table 3) were: four in April
and May, two in June, three in July and August, and two in September and
October. Dangerousg currents prohibited dives in April-June and September-
October in the discharge area. The control dives were performed April-May in
areas north and south of the riprap field, in line with the discharge structures
and at locations within and outside of areas immediate to the plume.

Dis_ussion of observations is presented in previously utilized categorical

format: scour, sediment, turbidity, current, inorganic debris, organic

detritus, periphyton, loose aigae, macrophytes, invertebrates (attached

invertebrates, molluscs, crayfish, others), fish, eggs, fish and other
observations. Discussion integrates data from preceding years with 1982
observations, notes significant preoperational/operational changes (if any) and

describes any diver-observed plant effects.

RESULTS AND DISCUSSIONS

Examination of riprap areas directly in the flowpath of high velocity water
discharge has been limited (1975 - one dive, 1976 - one dive, 1979 - one dive,
1980 - three dives, 1981 - three dives, 1982 - two dives) because of diver
inability to enter the areas during pumping. Displacement of some riprap
immediately adjacent to the north discharge structure prior to placement of the
concrete scour pad in 1979 has been discussed previously. The north scour pad
was examined twice (July and August) during 1982 and appeared relatively free of
sediment, periphytcn and invertebrates. The top and sides of the pad were

intact and evidenced minor pitting, scouring or disintegration - no major change



Table 1. Summary of January through December 1982 diving activities near the
Donald C. Cook Nuclear Plant.

Day Under- No.

Dive Depth or Start  water of

no. Date Location (m) night time time divers
1 Apr 28 N. reference stations 4-6 D 1700 10 2
2 Apr 28 S. reference stations 4-6 D 1720 10 2
3 Apr 28 S. intake structure 3-9 D 1745 30 2
4 Apr 28 S. intake structure 3-9 N 1900 10 Z
5 May 19 N. reference stations 4-6 D 1700 10 2
6 May 19 S. reference stations 4-6 D 1722 10 2
7 May 19 S. intake structure 3-9 D 1755 30 2
8 May 19 S. intake structure 3-9 N 2020 30 2
9 Jun 17 S. intake structure 3-9 D 1900 30 2
10 Jua 17 3. intake structure 3-9 N 2130 30 2
11 Jul 27 N. discharge structure 3-6 D 1845 25 2
12 Jul 27 S. intake structure 399 D 1915 20 2
13 Jul 27 S. intake structure 3-9 N 2030 30 2
14  Aug 30 N. discharge structure 3-6 D 1745 15 2
15 Aug 30 S. intake structure 3-9 D 1810 3C 2
16  Aug 30 5. intake structure 3-9 N 1930 30 2
17 Sep 28 S. intake structure 3-9 D 1805 30 2
18 Sep 28 S. intake structure 3-9 N 2010 30 3
19 Oct 25 3. intake structure 3-9 D 1739 16 3
20 Oct 25 5. intake structure 3=9 N 2115 20 2




Table 2. Summary of underwater time accrued during January through December
1982 diving activities near the Donald C. Cook Nuclear Plant.

Daylight Night Total
Time Time Time
Month No. dives (min) No. dives (min) No. dives (min)
April 3 50 1 10 4 60
May 3 50 1 30 - 80
June 1 30 1 30 2 60
July 2 45 1 30 3 75
August 2 45 1 30 3 75
September 1 30 1 30 2 80
October 1 i6 - 20 2 36
Total 13 266 7 180 20 446
Table 3. Record of completion of 1982 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 9 m
Month area area area area (30 ft)
April 3 * 1 2 4
May 7 * 5 6 8
June 9 *® Lt *% 10
July 12 11 *k *k 13
August S 14 *k k% 16
September 17 * *k *k 18
October 19 * *k k% 20

* Strong currents did not permit safe diver-entry into the discharge area.
**Stations not required in reduced monitoring plan effective June 1982,



in its appearance was noted between 1979 and 1982. Riprap scour adjacent to the
south discharge structure was noted and discussed in previous reports. In 1981,
the concrete scour pad placed in the flowpath of the south discharge structure
was examined during April. Sediment, periphyton and invertebrates were not
observed on the pad. Only minor evidence of scour or pad disintegration was
noted; extensive scour adjacent to the sides or back of the structure was not
observed. The south discharge pad and area were not examined during 1982. Both
scour pads have shown some undercutting of the pad on the lakeward side (the
side opposite the discharge points). But this undercutting appears to have been
stabilized by placement of additional concrete. Diving and observations in
other areas of the discharge zone were not conducted during 1982. Scour has
never been observed in the vicinity of the intake structures and observations
made during 1978-1982 indicate that the southwest sand/riprap interface is
relatively stable. Ice or wave scour has never been observed, but extensive ice
damage to all three intake structure ice guards has been noted periodically

during 1977-1980. The intake structure had little evidence of over-winter

damage when examined in April 1981 and April 1982.

Sediment

Encroachment of sand onto the riprap in the discharge area has been
documented previously. Limited observations during 1982 in the vicinity of the
discharge structures revealed no noticeable changes in sand encroachment in this
area. Observations in the riprap area between the intake and discharge
structures were made in previous years but not during 1982. Previous reports
have documented suspension and traneport of floc (loose accumulation of

sediment, some periphyton and loose algae, diatomaceous material, and organic



detritus) in the area. Fluc iayers during 1974-1982 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 structure).
Reference stations south of Cook Plant typically were relatively free of floc.
Discharge areas examined were devoid of floc.

As in some previous years, occasional depressions 5-10 m across containing
silt 20-40 cm thick overlying sand were encountered during 1982 in the north
reference station area. Lumps of clay 5-10 cm in diameter were noted about
100 m north of the discharge riprap field during 1979 and 1981 but not during
1982.

As in previous years, ripple marks were frequently observed in sandy
sediments. Generation usually appeared to have occurred from the northwest or
southwest. Although usually small (wavelength less than 15 cm, amplitude less
than 5 cm, length along crests less than 100 cm), occasional large ripple marks
(wavelength 1 m, amplitude 0.3 m, length 10 m or more) were observed during
1974-1982. These large ripple marks were observed exclusively in very coarse
sand; pebbles were often present in the troughs. Large riprple marks were
observed primarily north of Cook Plant. Ripple marks in areas observed south of

Cook Plant were usually absent or small and assymetric in shape and pattern.

Current

Dives were made in the discharge area only when one of the units was not
circulating water and currents were minimal. At reference (control) stations
100 @ north and south of the discharges, currents (about 30 cm/sec) were

noticeable but were variable in direction; occasionally, current was directed



toward the discharges. At stations more thar 300 m from the discharges, weak
currents were occasionally noted, but no directional pattern was established.
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 fr-om 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 often discernible
40 m southwest of the south structure. As previously noted, fish in the
vicinity of the south intake often exhibited pronounced positive rheotaxis and
some position-holding. Pelagic fish (e.g., alewife, yellow perch) were most

often observed in areas where currents were weakest in the vicinity of the south

intake.

Inorganic Debris

Input of debris by fishermen continued to be observed. But most debris was
tackle or related fishing and boating gear. Little trash (e.g., food and

beverage packaging materials) was observed during 1982. Some large debris

persists from the construction period.

Organic Detritus and Dead Animals

Organic detritus (primarily terrestrial vegetation and dead algae) and dead
animals (crayfish and fish) were observed occasionally during 1982, as in
previous years. Appreciable accumulations or patterns of distribution were mnot
evident. In contrast with some preceding vears, few large sections of trees

(branches, logs, trurks) were noted in the riprap area during 1982. But tree
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trunks were occasionally encountered adjacent to the north discharge structure.
Comparison of ob:zervations within and outside the riprap area suggested that the
rough substrate tends to trap organic detritus. Large sections of trees were
also encountered during swims in the reference (control) areas in previous
years, but not during 1982. Accumulation of large detritus an' damage to in-
lake structures is probably correlated with the severity of spring and fall
storms, and development and movement of inshore ice. Large debris may be
uncovered or transported onshore during severe inshore processes (currents, wave
action, ice scour and movement).

Occasionally, fecal 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 1980-1962; dead alewives were
occasionally seen in riprap and sand bottom areas. A few dead perch were noted
but usually appeared to have been caught by fishermen and returned to the lake.

Dead crayfish were occasionally noted.

Turbidity

Regions of reduced visibility (i.e., turbid water masses) were encountered
during 1979-1982 immediate to the south intake structure and at the southwest
edge of the sand/riprap interface. Visibility was often reduced 25-50%. Abrupt
decreases in temperature were often associated with these turbid water masses.
Presence of warm, less turbid water masses suggests some possible recirculation

of water, particularly during 7-pump circulation.



Periphyton
Periphyton, predominately the filamentous greeu alga, Cladophora, attained

peak lengths (50-60 mm, average 1975-198l) on top of the south intake structure
and surrounding riprap during July. In 1981, peak length (100 mm) of periphyton
on the structure top occurred during June. Periphyton was practically absent on
the structure tup in 1982. During the past few years, about 25-50% of the
structure top surface area had supported periphyton. Mechanical (buoy line,
construction-diver activity) and ice-scouring reduced periphytic growth during
the summer and winter, respectively. Occurrence of scour was evidenced in that
maximum length of Cladophora on top of the structure occurred in protected areas

(crevices, oblique surfaces). Maximum length of Cladophora on riprap

surrounding the south intake structure was 60 mm during July 1980, 15 mm during
June 1981, and 30-50 mm in August 1982. About 50% of the upper surfaces of the
riprap supported periphyton. Periphytic growth on riprap appeared to be less
extensive during 1980-1982 compared with maximum length (150 mm) and percentage
(nearly 100) of riprap supporting periphyton in earlier years. As previously
noted, luxuriant growth was confined to riprap located within 5 m of the
structure. More distant riprap supported notably reduced periphytic growth,
possibly as a function of increased depth (reduced light penetration) and
decreased current velocity (a cleaning or silt removal mechanism).

Limited observations during 1981-1982 at the north discharge structures
revealed that periphyton grew on top of the structure to lengths of 80-100 mm.
But riprap adjacent to the structure was devoid of noticeable periphytic growth.

Since 1973, periphyton growing on the intake structures and riprap have
provided a substrate for fish spawning (alewife and spottail shiner).

ceriphyton have provided an expanded, but probably minor, habitat for fish



spawning (Jude et al. 1979) that would not be present if the structures and
riprap were absent. Riprap continued to provide suitable substrate for
periphyton but the top of the intake structures has supported less periphyton in
the past few years, perhaps the result of aging (e.g., rusting, slime formation)

and abrasion to the surface.

Loose Algae and Macrophytes

Small clumps (10~ to 50-mm diameter) of loose algae were observed
occasionally in the control areas (densities ranged from zeroc 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 transport along the lake bottom. Large accumulations (i.e., masses or mats)
of algae were not observed. Random occurrence of algae clumps has been observed
regularly during 1974-1182. Dead algae appeared to be the major constituent of
most clumps, and fish eggs were often entangled in them. Macrophytes have never

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

Invertebrates

As previously documented, numbers of attached 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 1980-1982,
numbers of bryozoan colonies observed remained low, but there appeared to be a

slightly noticeable increase in numbers of sponge coclonies attached to riprap.



During 1980-1982, finger-like extensions (1l 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 algel growth combined with a flocculent overburden may preclude growth of
attached invertebrates; the slight reduction in algal growth observed on the
riprap in 1980-1982 may have permitted increased growth (size and numbers) of
sponge colonies.

Numbers of unattached invertebrates remained greatly reduced relative to
earlier years (1973-1975). Live snails were not observed during 1979-1982.
Observance of empty and fragmented mollusc shells (sphaeriids, pisids, and
gastropods) was common in sand substrate (reference station) areas; shells were
rarely observed in riprapped areas except in sandy areas immediately adjacent to
the discharge structures where shells appeared to have accumulated perhaps as a
result of (eddy) current transport.

Abundance of crayfish has followed a pattern similar to that observed for
snails; one of increasing, peaking, and subsequent declining abundance.

In 1975, maximum density (no./10 w? + S.E.) of crayfish attained during July in
the intake area was 27 + 15. During 198l crayfish were observed every month but
June and October; five in April, tem in May, four in July, one in August, and
one in September. Numbers of crayfish (and density) seen in 1982 paralleled
numbers seen in 1979-1981, 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-

1962 (see Benthos section).
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Causes of declining abundance of freshwater sponge, bryozoans, snails and
crayfish are probably related to changes in habitat and predation. Ageing of
the riprap "reef” has resulted in increased periphytic growth (primarily
Cladophora) and accumulation of flocculent material. Plugging of interstices by
algae or flocculent material may have reduced water circulation and/or increased
biological oxygen demand at the substrate/water interface. Changes in
microenvironmental conditions may have resulted in a shift in diversity and
abundance of biota associated with the riprap area. Succession of predators
(sculpin, yellow perch) as they initially encounter, inhabit, and exploit the
reef's resources (habitat, prey - snails, crayfish, demersal fish) may also
account for the cbserved shift in biotic composition of the reef over time.
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, spottail shiner, yeliow perch, sculpin

(Cottus bairdi or Cottus cognatus), and johnny darter has been documented

previously. During June 1982, eggs of alewife and possibly spottail shiner
and/or carp were observed attached to periphyton growing on the riprap
surrounding the south intake structure. Numbers and densities of observed eggs
were high but not noticeably different from numbers and densities noted during

previous years.



Fish
Eleven species of fish were observed during 1981 and listed in descending

frequency of sightings (measured as presence or absence, not as numbers of fish)
within and across dives were: alewife, yellow perch, sculpin (Cottus spp.),
johnny darter, spottail shiner, carp, rainbow smelt, trout-perch, burbot,
redhorse (Moxostoma spp.), and chub (Coregonus spp.). As in previous years,
multiple sightings of the first four species often o>curred during a dive;
numbers of fish seen were usually less than ten. Adult alewife and perch were
observed commonly in schools (10 - perch, 10-50 - zlewife) during early summer,
and schools of hundreds of YOY alewife were seen during September and October.
Only incidental sightings of other species occurred.

Several generalizations related to fish may be made based upon observations
made over the period 1973-1982 (Table 4): alewife, spottail shiner, yellow
perch, sculpin and johnny darter were the most frequently (occasions and ‘
numbers) observed species. Trout-perch, smelt and carp were often but not
regularly observed in the discharge area only. Alewife, spottail shiner, and
yellow perch in particular were sighted primarily during warm-water months (late
May through October). Thousands of adult alewives, sighted in previous years
during the May-June spawning season, were not observed in 1980-1982. 1In
general, fewer alewives were seen in 1980-1982 than in previous years. Sculpin
and darters were locally abundant on the riprap and were conspicucus because of
their demersal nature. Numbers of sculpin and darters observed during 1979
declined relative to previous years and have fluctuated for 1980-1982.
Observations of alewife, spottail shiner, and yellow perch generally followed

patterns documented in previous Environmental Uperating Reports. Dorr and Jude

(1980) presented additional analysis and discussion of fish abundance and




Table 4. Rank abundances of fish observed by divers in southeastern
Lake Michigan in the vicinity of the D. C. Cook Nuclear Plant, 1973-19821,

Species 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Alewife

Johnny darter
Cottus spp.2
Yellow perch
Spottail shiner
Trout-perch
Carp

Rainbow smelt
Emerald shiner
Burbot

White sucker
Longnose sucker 10

Lake trout 8 11 9
Moxostoma spp.3 11 10
Brown trout 10

Black bullhead 8

Channel catfish 8

Walleye 10

Smallmouth bass 4

Largemouth bass 10

Coregonus spp.“ 11
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1 Rank of species (ranked by year in descending order of numbers of fish

observed by divers).

Cottus bairdi (mottled sculpin) or C. cognatus (slimy eculpin).

One of several possible species of redhorse (see Fisheries section for
documentation of species occurrence).

Probably Coregonus hoyi (bloater) but possibly C. artedii

(cisco or lake herring).
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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 low
numbers and incidental occurrence of these species in the study area. Species
of fish commonly field-caught (alewife, spottail shiner, yellow per-h, rainbow
smelt, and trout-perch) and impinged (previous species plus sculpin and darters)
were also frequently observed by divers. Seasonal occurrence of young-of-the-
year (YOY) fish in field and impingement catches was paralleled by diver
observations. Demersal fish such as sculpin and darters concentrated in the
riprap area (relative to the surrounding sand-bottom areas) and consequently
were observed and impinged in relatively high numbers.

The remaining species were observed infrequently during 1973-1982; little
can be inferred from data related to the incidental sightings of these species.
Large fish such as salmonids, burbot and suckers were rarely seen in the study
area, probably because they detect diver presence and flee the area unnoticed.

As in previous years, carp continued to be observed in the vicinity of the
discharge structures. Carp were also seen in the south intake area during May
(three fish) and August (six fish) 1982. Comparison of preoperational and
operational data (1973-1981) indicate that carp are attracted to and are more
abundant in the vicinity of the discharge structures. An explanation for the
attr action of carp to the discharge area was not readily available. Visual
observations suggest that carp may be attracted to the warmer water rather than
associated turbulence because fish were seldom observed at reference stations
within the plume but outside the area of noticeably elevated temperature.
However , Cook Plant was never at full circulation capacity (i.e., maximum

discharge of heated wacer) during dives in the area. Elevated c~ncentrations of




macroinvertebrates (prey or potential food items) were not observed within the
plume. Carp appeared to concentrate in the discharge area and wander to
neighboring areas. Gill net data also suggest concentration of carp near the
discharges but document concurrent incidental presence elsewhere in the study
area.

Fish were observed in greater numbers and species diversity at night than
during the day. Fish abundance and diversity was highest during June-August
1982. 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 observed 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 1978-1982, a night station was
examined irn a sand area near the irtake 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 stations but far
less than numbers of fish 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, spottail
shiner, perch, and carp. Young-of-the-year alewife, smelt, and perch also
exhibited schooling behavirc. Alewife and perch schooled more tightly during
the day; schooling was rarely observed at night. Numbers of alewife per school
ranged from '0 to 100 for adults and to several hundred for YOY. Spottail
shiner schooling was loose and observed infrequently. Carp were rarely observed

at night, and were always solitary.
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Large schools of young-of-the-yz2ar alewife were observed in September-
October 1982 as in previous years. Young-of-the-year perch were observed in

great abundance during the August night dive.

Other Observations

Reduction of floc and periphyton in the immediate flowpath of discharge
water, heightened nocturnal abundance, diversity and activity of biota, uneven
(patchy) distribution of biota, seasonal trends in biological activity and
diversity, and attraction of biota to riprapped areas were biological pattern

documented in earlier Environmental Operating Reports that were observed again

during 1982.

Shifts (declines) in numbers and/or frequency of observations of various
invertebrates (snails, crayfish, bryozoans, freshwater sponge) indicate con-
tinued but stabilizing ecological succession in the riprapped area. Species
richness and abundance of invertebrates appears to have peaked prior to 1978 and
subsequently declined. Operations of Cook Plant during 1982 have had n., major
diver-observed physical or biological effects that have not been roted in pre-
vious reports. Data analysis to date 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 of riprap.
These changes will probably be subtle and too small and variable to be reliably
detected and defined through diver observations. Also, the interaction of plant

effects and natural variation and change will confound interpretation of eco-

logical change in the area.




SUMMARY

Twenty dives were performed during the reporting period: four in April and
May, two in June, three in July and August, and two in September and October.

Placement of the concrete scour pads in front of the discharges appears to
have alleviated scour adjacent to the structures. Examination of the scour pads
revealed no significant pitting, scoring or disintegration of these structures.
The riprap surrounding the south intake structure was undisturbed; the
sand/riprap interface surrounding the intake structures appeared stable.
Accumulations of floc typically ranged from 1 to 5 mm thick. Large depressions
in the bottom (10 m across by | m deep and containing a silt overburden 20-40 cm
thick) were cncountered occasicnally during 1982 as in some previous years at
reference stations nortl. of the Cook Plant.

Both uni-directional and eddy current patterns were detectable throughout
the water column within 100 m of the discharges; at stations more than 300 m
from the discharges weak currents were occasionally noted, but no directioual
pattern was established. Variable current speeds were encountered at the south
intake structure, but current was strongest adjacent to the base of the struc-
ture on the north and east sides. Increased current and possibie recirculation
of water were noted at the south intake structure during 7-pump operation.

Trash (primarily from fishermen) was observed in decreasing quantities
during 1979-1982. Rcduction in numbers of beverage cortainers was particularly
noticeable. Relative to concentrations in control (sand substrate) areas,
organic debris (algae and terrestrial vegetation) was concentrated in the riprap
zone by the trapping action of the uneven substrate, but appreciable

accumulations were not noted. Dead fish (alewives and perch discarded by
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fishermen) and fecal pellets were seen occasionally, but accumulations of dead

alewives on the bottom, even during the annual die-off period, have never been

observed.

In 1980-1982, periphyton growth remained reduced on top of the south intake
structure, reclative to earlier years. During 1979, periphyton growth was quite
luxuriant within 5 m of the base, but growth was reduced during 1980-1982. Peak
lengths of periphyton were attained during June-August. Periphyton growth on
top of the south intake was minimal in 1982. Macrophytes were not observed.
Attached invertebrates (sponge, bryozoans and Hydra) increased steadily in
numbers during 1973-1976, but numbers of sponge and bryozoan colonies appeared
to plateau during 1977 and have declined subsequently. During 1980-1982, the
rate of decline in numbers of sponge colonies appeared to slow somewhat. Hydra
remained extremely abundanc. Numbers (concentrations) of snails decreased
dramatically during 1977-1978; snails were not observed during 1979-1982.
Density of crayfish in the riprap area during 1978-1982 was less than one-half
that estimated during 1975 (the year of maximum abundance). Riprap
macroinvertebrates showed a predictable pattern of opportunistic colonizatior
followed by peaking and then by declining numbers of species and individuals in
accordance with initial niche exploitation, saturation and subsequent change
(decline) in resource availability.

Alewife, perch and possibly spottail shiner and/or carp eggs were noted
during 1982 (as in previous years), documenting continued minor (excluding
alewife) spawning in the vicinity of Cook Plant. Eggs were observed attached to

periphyton, entangled in loose algae and lying loose on the sand.



Eleven species of fish were observed during the reporting period. Listed
in descending frequency of observation they were: alewife, yellow perch, trout-
perch, sculpin (Cottus spp.), johnny darter, spottail shiner, carp, rainbow
smelt, burbot, redhorse (Mosostoma spp.), and chub (Coregonus spp.). Carp were
observed primarily in the discharge area. Young-of-the-year (YOY) alowife were
very abundant during September-October, a pattern previously documented. Yellow
perch YOY were observed in large numbers during the August 1982 night dive.
Relative to numbers observed in control areas, fish congregated near the
structures (alewife, spottail shiner, yellow perch) and in riprap areas
(demersal species, e.g., johnny darter and sculpin). Numbers, diversity, and
activiry of fish were highest at night and during summer months. The majority
of fish species impinged and field-caught at Cook 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. Abundance and seasonal
observation of major species (e.g., alewife, perch, etc.) and 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 attracts and concentrates biota which
follow a predictable successional par.ern. Diver-observed effects of plant
operation upon the local environment were minimal. Barring a large change in
Cook Plant operation, future diver obse:vation of major or significant

ecological changes in the study area are not anticipated.



LITERATURE CITED

Dorr III, J.A. and D.J. Jude. 1980. SCUBA assessment of abundance, spawning,
and behavior of fishes in southeastern Lake Michigan near the Donald C.
Cook Nuclear Plant, 1975-1978. Mich. Acad. 12(3):345-364.

Jude, D.J., F.J. Tesar, J.C. Tomlinson, T.J. Miller, N.J. Thurber, G.G. Godun
and J.A. Dorr III. 1979. inshore Lake Michigan fish populations near the
D. C. Cook Nuclear Plant during preoperational years - 1973, 1974. Spec.
Rep. No. 71. Great Lakes Res. Div., Univ. Mich., Ann Arbor, Mich. 529 pp.

Smith, G. 1978. The development of fish communities. Pages 32-33 in D.Y.
Asha (ed.). Artificial reefs in Florida. Rep. No. 24, Florida Sea Grant

Program. Gainesville, Florida.



APPENDIX B-1

ZOOPLANKTON LAKE SURVFYS AT

THE DONALD C. COOK NUCLEAR PLANT



ZOOPLANKTON, JANUARY TO DECEMBER 1981

ZOOPLANKTON LAKE SURVEYS

Introduction

Prior to 1982, lake surveys were conducted once per month from
April through November. Technical Specifications required that three
major surveys and five short surveys be conducted. Major surveys (30
stations) were conducted in April, July, and October and provided
detailed information on zooplankton spatial distributions over the 250
knz area of the survey grid during spring, summer, and autumn. Short
surveys (14 stations) were conducted in the remaining months to provide
information on zooplankton temporal succession patterns and long-term
population trends.

In early 1982 zooplankton monitoring studies were discontinued.
Consequently, lake survey cruises were conducted only in April and May
of 1982. A total of 88 of the required 88 samples were collected.

In late 1981 and early 1982, our emphasis in conducting the
zooplankton investigations shifted somewhat. In earlier Environmental
Operating Reports and in the Great Lakes Research Division Special
Reports (Evans et al. 1978, 1982), we focussed our efforts on
determining species abundance and composition and on evaluating plant
effects by considering changes in the abundances of the dominant taxa.
On the basis of these studies, we concluded that the operation of the
Donald C. Cook Nuclear Power Plant had no significant adverse effect on
the biota. This conclusion remains unchanged. However, we now are
expanding our research efforts. One investigation includes the

evaluation of our overall study design. We were interested in
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quantifying the sensitivity of our study plan to detect shifts in
zooplankton populations. In addition, we have critically examined
laboratory and field procedures and are obtaining more precise estimates
of sources of variability in our various data sets. The results of
these studies are included in this report.

In addition to these methodological studies, we have concentrated
more of our efforts into investigating the ecology of the survey area.
The last such study was conducted by Stewart (1974) who summarized, for
most of the preoperaticnal period, the distributional ecology of the
major zooplankton crustaceans: this summarization was based on abundance
estimates, some sex-ratio data, and some copepod instar data. However,
no attempt was made at that time to interrelate zooplankton with other
components of the aquatic community.

The operational studies at the Donald C. Cook plant have provided
strong evidence that zooplankton populations in the vicinity of the
plant differ in many respects from populations in the preoperational
period. We have indicated that these changes most likely are related to
eutrophication and/or changes in fish standing stocks. However, we have
not investigated this hypothesis and thus are unable to support such
claims. Therefore, in order to better understand why zooplankton
populations in the vicinity of the power plant differ between the
operational and preoperational periods, we have initiated studies
investigating zooplankton ecology. The results of these preliminary
studies are included in this report.

Statistical analyses of the preoperational and operational data
base continue. As has been discussed in previous reports, the survey

grid has been divided into eight zones: three inner, three middle, and
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two offshore zones (Fig. 1). Preoperational versus operational zone
mean comparisons for the numerically dominant taxa during each major
survey cruise continue to be performed using the Mann-Whitney U test.
Such comparisons have been made for seven years of operational July and
October (1975 to 1981) data: examination of the 1982 April cruise
samples is not complete, and these comparisons were not made. In
addition to these tests, we have conducted parametric tests combining
the three inner zones and then analyzing for preoperational versus

operational differences for the entire area within the 10-m depth

contour.

Examination of long-term seasonal trends in the abundance of major
taxa in the inshore plume zone (Fig l: zone 2) is continuing. In
addition, in the Entrainment section of this report, we discuss our
evaluation of using power plant intake sampling as a representative
'sampling location' for the inshore region. On the basis of such
sampling, we are investigating long-term trends in zooplankton
populations through the use of various mathematical models. The
distribution of rare taxa collected during lake surveys continues to be
considered, although such data have not been subject to the same
intensity of statistical analyses as the numerical dominants. New
species occurences and shifts in abundances of these taxa are of
particular interest because they may be more sensitive indicators of

change than the more ubiguitous dominant taxa.

LAKE SURVEY RESULTS AND DISCUSSIONS

In 1982, two lake surveys were conducted: a major (30 station)

survey in April, and a short “14 station) survey in May. No other
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surveys were conducted after May when the sampling program was ended.
Ail of the required samples were collected, but none as yet have been
examined. Samples collected in May through November 1981 have been
examined and the data analyzed.

For the statistical analyses of the preoperational and operational
data base, the 250 km2 survey grid was divided into 8 zones: three
inner, three middle, and two offshore zones (Fig.l). Mann-Whitney U
tests were performed to compare preoperational and operational means of
major zooplankton taxa during major cruises in each of the zones. These
comparisons have been made fur seven years of operational data (1975 to
1981). Long term seasonal trends in abundance of major taxa in the
inshore plume zone (zone 2) are also examined as are new occurances and
shifts in abundances of rare taxa. These rare taxa are especially

important since they may be more sensitive indicators of environmental

changes than the more dominant taxa.

Physical Data (April and May 1982)

Ambient surface water temperatures on 15 April 1982 ranged from
1.7 °C to 7.0 °C. The thermal bar was located 1.5 km to 2.5 km
offshore. The surface temperatures were 2 C° to 3 C° less than the
April 1981 temperatures. The thermal plume was small and located within
1/2 to 1 km of the discharge jets. The temperature over the discharge
jets was about 4 °C above the ambient inshore temperatures,

Surface water temperatures increased to 7.9 °C to 13.3 °C by 12 May
1982. These temperatures were 4 C° to 5 C° warmer than those in May
1981. There was no observable thermal plume. Temperatures over the

discharge jets (13.0 C°) were within the range of ambient 1lake
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temperatures. Thermal stratification of the lake had begun but was not
well developed.

Secchi disc depths for April 1982 ranged from 1.0 m to 5.6 m and
increased to 3.9 m to 6.3 m in May 1982. April 1982 depths generally

were less than April 1981 depths while May 1982 depths were greater than

May 1981 depths. The secchi disc depths were similar in the plume and

control stations for both months, suggesting that suspended particulates

were similar in plume and ambient waters.

Zooplankton Data (May to November 1981)

The May inshore zooplankton population was dominated by copepod

nauplii and by the cladoceran Bosmina longirostris. Immature Diaptomus

spp. copepodites were of secondary impurtance. 1In the offshore regions,
immature Diaptomus spp. copepodites were the dominant taxa, and copepod
nauplii also were abundant. Also common were immature Cyclops spp.

copepodites and Limnocalanus macrurus copepodites. The density of total

zooplankton generally was lower inshore (A,OOO/m3 to 8,000/m3) than

offshore (21,000/m3 to 31.000/m3). There was no evidence of gross

alterations of zooplankton distributions in the vicinity of the plant.
In June, the inshore zooplankton community was composed primarily

of Bosmina longirostris (about 80 % by numbers). Copepod nauplii,

immature Cyclops spp. and Diaptomus spp. copepodites, and the rotifer
Asplanchna spp. also were numerically important. Offshore, immature
Diaptomus spp. copepodites were the major taxa. Copepod nauplii,

immature Cyclops spp. copepodites, adult Cyclops bicuspidatus thomasi,

adult Diaptomus spp. (mainly D. ashlandi), Bosmina longirostris, and

Daphnia spp. were of secondary abundance. Total densities were slightly
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greater inshore and averaged 32.000/m3. There were no indications of
gross alterations of zooplankton distributicn in the vicinity of the

plume.

The July inshore zooplankton were composed mainly of Bosmina
longirostris and Asplanchna species. Although Asplanchna spp. was not a
dominant taxon in the past, it comprised between 3 % and 79 % of the
inshore area zooplankton and averaged 29 %Z. There was no clear
distributional pattern, but Asplanchna generally comprised a greater
portion of the population south of the plant. Directly over the
discharge jets (DC-1) Asplanchna spp. percent compositon was low (7 %).
Other taxa which were abundant inshore were copepod nauplii, immature

Cyclops spp. copepodites, and Eurytemora affinis copepodites. Offshore,

the zooplankton community was composed primarily of Bosmina longirostris

and immature Diaptomus spp. copepodites. Also abundant were copepod

nauplii, immature Cyclops spp. copepodites, adult Cyclops bicuspidatus

thomasi, and adult Diaptomus spp. (mainly D. ashlandi). Densities of

total zooplankton were less than lOO,OOO/m3 in the inshore and offshore
zones. Higher densities (lOO,OOO/m3 to 300,000/m3) were “ound in the
middle zones, especially in a region about lkm offshore of the plant.

In August, the zooplankton community was numerically dominated by

Bosmina longirostris and by copepod nauplii. Immature Diaptomus spp.,

Eurytemora affinis and Epischura lacustrus copepodites also were common.

The offshore dominant taxa were immature Diaptomus spp. and Cyclops spp.
copepodites with copepod nauplii, Daphnia spp. (especially D,

Egtrocurva), and Bosmina longirostris . Total zooplankton densities

3 = . i
generally were between 20,000/m™ and 30,000/m  over the entire survey

area, There was no indication of gross disruptions in zooplankton
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ijensities in the vicinity of the plant.

In September, Bosmina longirostris, and immature Diaptomus spp.

copepodites were the primary components of the inshore zooplankton

community. Copepod nauplii also were abundant. Immature Diaptomus spp.

copepodites were the main component of the offshore population. Also
common were copepod nauplii, immature Cyclops spp. copepodites,

ropocyclops prasinus mexicanus, adult Diaptomus spp. (mainly D.

minutus), Bosmina longirostris, and Daphnia spp. (primarily D. galeata

. - 1 ank r > 11y war
of total zooplankton generally were greater

Densities
There were no indications
vicinity of the

The

longirostris and

Cyclops spp. copepodites were

dominant offshore taxa.

were abundant.




inshore populations (115,000 versus 25,000/m3). There was no evidence

of major disruptions in zooplankton distributions in the vicinity of the

plume.

Species Shifts

In the autumns of 1978 and 1979, we observed increases in the

abundance of the predaceous cyclopoid Mesocyclops edax which we

attributed to a combination of changes in planktivorous fish and algal
standing stocks. In 1981, the copepod was observed in low numbers (10/
mz) in September, October, and November. The species was sporadic in
occurrence and tended to occur in the deeper (>20 m) regions of the

survey grid. These data suggest that Mesocyclops edax is not exhibiting

a consistent trend of population increase.

Daphnia pulex, a cladoceran, first was observed in the survey area

in 1978 and 1979. The species continues to be observed, although in low

numbers. Two new Daphnia species occurrences have been noted.
Beginning in 1978, we encountered low numbers of Daphnia spp. which were

not any of the three species (D. galeata mendotae, D.longiremis, D.

retrocurva) previously observed in the study area. In 1981, we
collected a sufficient number of specimens to identify these Daphnia as

members of D. schodleri. In 1980 and 1981, specimens were collected

primarily in the autumn. Independent zooplankton collections made in
1982 (April to November) at a station 20 km offshore of Grand Haven
confirm that D, schodleri has recently become an important component of
the Daphnia community in offshore waters (100 m) of southeastern Lake
Michigan. A second new species to be recognized in the Cook study area

is D. catawba. This species was collected in December (intake sampling)
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and, unlike D. pu' - and D. schodleri, probably occurs only incidentally

in the plankton. Daphnia parvula, a species first opserved in May 1979,

was observed in a few intake samples in September 1978. 1Its occurrence

in lake collections probably is incidental as well.

General Features of Statistical Comparisons between Preoperational and

Operational Abundances

Statistical comparisons of zooplankton abundances in the
preoperational and operational time periods have been based on non-
parametric statistical analyses of the eight zones comprising the survey
grid. Such analyses have shown and continue to to show that zooplankton
abundances in the vicinity of the powér plant are statistically
different between the two time periods. Since zooplankton abundances in
control zones located to north and south of the inshore and offshore
plume zones (Fig. 1) show similar trends, we conclude that such
preoperational-operational differences probably are not directly due to
power plant operation.

In order to investigate long-term changes in zooplankton
populations in the survey area, particularly in the inshore region (<10
m), we conducted analyses to determine whether or not the three zones
comprising the inshore region were statistically different in terms of
the abundances of the major taxa in April, July, and in October. A two-
way (Year x Zone) analysis of variance was performed for each of the
taxa of interest in a given major survey month: a fixed-effects model
was used. Such analyses were performed for the preoperational and for
the operational period using log-transformed data (density + 1). A

third series of analyses ware performed for the entire study period.
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For April analyses, both year and zcne were statistically
significant (a=0.05) main effects for most taxa, indicating chat
zooplankton densities varied significantly among the three zones and
among years. However, variance due to years generally was substantially
larger than variance due to spatial effects. In addition, the
interaction term generally was not statistically significant and
accounted for a small component of the total variance. Similiar results
were obtained for July analyses. In July and in April, zone differences
were detected more frequently in the preoperational than in the
operational period. Dredging in the vicinity of the power plant may
have been an important factor contributing to this observation. In
October, significant differences in the three zones were confined to the
operational period (either alone or in combination with the
preoperational data set).

Overall, these analyses show that zooplankton vary in abundance
both between the three inshore zones and between years. We are in the
process of investigating what factors may produce zone differences in
zooplankton abundance. However, it is important to note that these
zones were not derived on the basis of ecological differences in the
region but on the basis of proximity to the plant. Differences may be
related to water mass movement through the area, localized events such
as upwellings and stream inflow, and small differences in station depth.

A second point is that while zooplankton vary in abundance between
zones, such variation is less than the variation in zooplankton
abundance between years for a given cruise month. Since we are
interested in investigating long-term changes in zooplankton populations

in the nearshore region of southeastern Lake Michigan, such small




spatial differences are of less concern. By including all stations

between the 5-m and 10-m depth contours in various time series analyses,

we have a more powerful capability to investigate causal factors. We
are in the process of investigating the possible interactions between
zooplankton abundances and the abundances of various phytoplankton taxa
and fish species. Some of these preliminary analyses are discussed

later in this report.

this section, we report the results of the Mann-Whitney U tests

) &

of taxa abundances by major survey cruise and for each of the eight

zones. In addition, we report the results of combining the three

inshore zones (Fig 1: zones 1 to 3) and then using the parametric

Student's t-test to determine whether or not zoopl ankton populations

within the 10-m depth contour differ between the preoperational and

operational period.

‘tatistical Comparisons of July Preoperational

1981) Abundances

examined for preoperati




Table 1. Results of the Mann-Whitney U tests comparing July preoperational
and operational densities of thirteen zooplankton taxa in each of eight zones.
The preoperational period is 1971-74 or a subset ending in 1974, and the
operational period is 1975-8l1. In column 1, results shown are from student's
t-test analysis (p < 0.05) of the 3 inshore zones combined.

Taxon Zone Period
Order and Suborder Level 1-3 1 2 3 4 5 6 7 8

Cladocerans NS NS NS NS NS NS NS NS * 71-81

Copepod nauplii NS * NS NS NS NS NS NS NS 72-81

Cyclopoids (C1-Cé6) NS NS * NS NS NS NS NS * 71-81

Calanoids (C1-C6) * NS * NS NS NS NS NS NS 71-81

Genus, species, or developmental stage

Bosmina longirostris NS NS NS NS NS NS NS NS * 72-81

Daphnia spp. * ® % % * & & % & 71-81

Cyclopoids (CI1-C5) NS NS * NS NS NS NS NS NS 73-81

Cyclops spp. C6 * NS * NS NS NS NS NS * 73-81

Diaptomus spp. (C1-C5) * NS * * NS NS NS NS NS 73-81

Diaptomus spp. C6 * NS * * & * NS NS NS 73-81

Eurytemora affinis (C1-C6) NS NS NS NS NS NS NS NS NS 73-81
Asplanchna spp. * NS * # NS * * * NS 71-81
Total zooplankton NS NS NS NS NS NS NS NS * 72-81

*significant difference, a = 0.05.
NS not significant.
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Among the crustaceans, nauplii densities (Fig. 2) were

significantly (a=0.05) higher in the operational period than in the
preoperational period only in zone 1, the southern inshore control zone.
Operational densities were three times preoperational densities.
Elsewhere, nauplii tended to be less abundant in the operational period
than in the preoperational period, although such differences were not
statistically significant.

Immature copepodites showed no consistent trends in change
throughout the survey area (Fig. 2). Decreases in abundance occurred in
approximately half of the zones of the survey grid. Only one contrast
was statistically (a=0.05) significant: this occurred in the inshore
plume zone 2. Statistically significant operational decreases (by a
factor of about two) in abundanée of Cyclops spp. adults (primarily'gl

bicuspidatus thomasi) were obseived in the inshore plume zone (zone 2)

and the outer offshore zone (zone 8). All o:her zone abundances
generally were similar between the two time periods.

Immature Diaptomus spp. copepodites (Fig. 2) were less abundant in
the operational period than in the preoperational period in seven of the
eight survey area zones. The outer offshore zone was the only
exception. Of these decreases, declines were statistically significant
(2=0,05) only in the plume and northern inshore zones. In both of these
zones, immature diaptomids were approximately half as abundant in the
operational period as in the preoperational period. A similar trend was
observed for Diaptomus spp. adults. Adults were significantly (a=0.05)
less abundant in the operational period than in the preoperational
period in the inshore plume and northern zones (by a factor of two to
three), and in the middle plume and southern zones (by a factor of less

J
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than one).

Bosmina longirostris, the major cladoceran species of the July

zooplankton assemblage, tended to be more abundant (by a factor of less
than one) in the operational period than in the preoperational period in
most zones of the survey grid: exceptions were the inshore northern zone
and the inner and outer offshore zones (Fig. 2). Differences were
statistically significant (a=0.05) only in the outer offshore zone
(Table 1) where preoperational densities were approximately three times
greater than operaticnal densities.

Daphnia spp., the second most abundant cladoceran taxon, occurred
in significantly (a=0.05) higher densities in the operational period
(Fig. 2) than in the preoperational period in all eight zones of the
survey grid. Differences were large, ranging from a factor of about
four to more than twenty.

The only rotifer taxon analyzed was the predaceous Asplanchna.
With the exception of the southern inshore zone, abundances were less in
the operational period than in the preoperational period (Fig. 2).
Statistically significant (a=0.05) differences were detected in the
inshore plume and northern zones, the middle plume and northern zones,
and in the outer offshore zone. Differences in abundance ranged from a
factor of less than one to nearly four.

Results of th= parametric Student's t-test using the combined
inshore zone (zones 1, 2, and 3) data confirmed the results (Table 1) of
the non-parametric analyses by individual zone. Calanoid copepods
(immature and adult Diaptomus spp. copepodites) and adult Cyclops spp.
were significantly (a=0.05) less abundant in the operational period,

while Daphnia spp. were more abundant. Higher operational Asplanchna
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abundances were due to extremely high 1981 concentrations in zone 1.
These combined analyses further suggest that the entire study area
between the 5-m and 10-m depth contours differs in the abundance of the
numerically dominant taxa between the preoperational and operational
periods. This provides further circumstantial evidence that
preoperational versus operational differences in zooplankton abundance
in the inshore plume zone (zone 2) were most strongly related to wide-
scale events and were not a direct result of power plant activity.
Since similar preoperational versus operational zone mean differences
were observed in at least one of the control zones in addition to the
plume zone, there is no strong evidence that power plant activity has
had a significant (i.e. deteccable) effect on July zooplankton

populations occurring in the thermal discharge area.

Staristical Comparison of October Preoperational with Operational

(1975-1981) Abundances

A total of twelve taxa were analyzed for preoperational and
operational density differences (Table 2). Nine of the twelve taxa
examined exhibited statistically (4=0.05) significant difierences
between preoperational and operational zone mean densities. Only
immature and adult Diaptomus spp. copepodites and cladocerans exhibited
similar preoperational and operational densities. However, at the genus
level, cladocerans did vary significantly in abundance between the two
time perinds.

Total zooplankton were more abundant (by less than a factor of two)

in the operational period than in the preoperational period with the

exception of the outer offshore zone (Fig., 3). Surh differences were




statistically significant only for the northern middle zone (zone 6).
Nauplii were up to twice as abundant in the operational period
(Fig. 3) than in the preoperational period. However, differences were
statistically significant only for the inshore plume zone, the middle
plume and middle northern zones, and the inner offshore zone. Similar
magnitudes of change were observed in plume and contrcl zones.
Although immature Cyclops spp. copepodites were less abundant in
October 1981 than in previous operational years (Fig. 3), operational
zone means (1975-1981) were greater than preoperational: differences
were less than a factor of two. Statistically significant (a=0.05)
differences were detected in the southern and plume middle zones (Table

2). Cyclops bicuspidatus thomasi adults were less abundant in the

operational period (by less than a factor of two) with the exception of
the northern inshore zone. However, it was only in the inshore plume
zone that these differences were statistically significant.

The cladoceran Bosmina longirostris occurred in higher densities

(by factors ranging from less than one to more than three) in the
operational than in the preoperational period (Fig. 3). Differences
were statistically significant in the inshore plume zone, the middle
plume and northern zones, and the inner offshore zone (Table 2).

Despite such preoperational-operational differences, B, longirosttis

abundances in 1981 were lower than in other operational years.

Daphnia spp. occurred in relatively low densities (Fig. 3) in 1981.
With the exception of the northern middle zone and the inner offshore
zone, densities were lower (generally less than a factor of two) in the
operational period than in the preoperational period. Differences were

statistically significant (a=0.05) only for the inshare plume and
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Table 2. Results of the Mann-Whitney U tests comparing October preoperational
and operational densities of twelve zooplankton taxa in each of eight zones.

The preoperational period is 1572-74 or a subset ending in 1974, and the

operational period is 1975-81. Stations in zone § were not sampled in 1975

or 1976 (see text). In column 1, results shown are from student's t-test

analysis (p < 0.05) of the 3 inshore zones combined.

Taxon Zone Period
Order and Suborder Level 1-3 1 2 3 4 2 6 7 8
Cladocerans NS NS NS NS NS NS NS NS NS 72-81
Copepod nauplii * NS ®* NS NS * % % NS 72-81
Cyclopoids (C1-C6) NS NS NS NS NS * NS NS NS 72-81
Calanoids (C1-C6) * * NS NS NS NS NS NS NS 72-81
Genus, species, or developmental stage
Bosmina longicostris * NS * NS NS * * * NS 72-81
Eubosmina cor=goni * NS * NS NS NS NS NS = 72-81
Daphnia spp. * NS * * NS * NS NS NS 72-81
Cyclopoids (Cl1-C5) * NS NS NS * * NS NS NS 73-81
Cyclops spp. C6 * NS * NS NS NS NS NS NS 73-81
Diaptomus spp. (C1-CS5) NS NS NS NS NS NS NS NS NS 73-81
Diaptomus spp. C6 NS NS NS NS NS N5 NS NS NS 73-81
* NS NS NS NS NS = NS NS 72-81

Total zooplankton

*gignificant difference, a = 0.05.
NS not significant.
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northern zones (Table 2) with the greatest magnitude of change occurring
in the plume zone.
With the exceptions of the northern inshore zone, the southern

middle zone, and the outer offshore zone, Eubosaina coregoni was more

abundant in the operational period than in the preoperational period
(Fig. 3). Differences were statistically significant for the three
inshore zones, the middle plume zone, and the outer offshore zone.
Preoperational versus operational differences in zone mean
concentrations in the two plume zones were similar in magnitude to those
observed in at least one control zone.

Analysis of the combined inshore zones (Table 3) confirms that the
numerically dominant zooplankton taxa differ in preoperational and
operational mean concentrations. Calanoid copepods, nauplii, immature

Cyclops spp. copepodites, Bosmina longirostris, Eubosmina coregoni, and

total zooplankton tended to be more abundant in the operational period
while adult Cyclops spp. and Daphnia spp. were less abundant in the
operational periocd. Such differences further support the hypothesis
that the inshore region of southeastern Lake Michigan has undergone
change over the last several years and thus contributes to
preoperational versus operational differences observed in zooplankton

densities in the plume zone.

Seasonal Cycles of Zooplankton in the Inshore Plume Zone (Zone 2)

Seasonal cycles 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
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autunn and winter.

Copepod nauplii, cyclopoid copepodites, immature calanoid

copepodites, adult Diaptomus spp., and Eurytemora affinis exhibited

similar preoperational and operatiomal seasonal cycles with plant
operation apparently neither advancing nor retarding developmental

cycles (Fig. 4). Cladocerans (Bosmina longirostris, Eubosmina coregoni,

and Daphnia spp.) exhibited similar cycles in the preoperational and

operational periods as did the rotifer Asplanchna.

We have been conducting an ertensive series of analyses to
investigate time series trends in zooplankton populations in the inshore
region. While these analyses are still being conducted, results to date
indicate that the entire inshore region, i.e. zones 1, 2, and 3, can be
combined to investigate long-term trends. At present, because the field
survey program does not include the entire twelve month period of each
year, such analyses are being based on the entrainment data. The

results of these preliminary analyses are presented in the entrainment

section.

Sampling and Subsampling Studies

As discussed in the last Environmental Operating Report, we have
been conducting studies to investigate the accuracy and precision of our
field and iaboratory programs. One such study consisted of the
statistical analysis of subsampling and an evaluation of the Folsom
plankton splitter. This study recently has been published (Sell and

Evans 1982) in Hydrobiologia. As reported before, we concluded that

while the Folsom plankton splitter does not always provide truly random

samples, departures from randomness are such that it is necessary to
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sampling is 15.1 %, while the mean coefficient of variation between
stations on a given cruise is 39.0 %. For a given station and year, the
mean coefficient between years (eg. station DC-1 in July for the 1975 to
1981 period) is 73.4 %Z. For a single station in a given cruise season,
the between-month (eg April to November, 1978) coefficient of variation
averages 95.1 %Z. Since the ability to detect differences in population
means (plume zone versus control in a given month or preoperational
versus operational for a given zone) is a function of the inherent
variability of the data set (in addition to sample size), spatial
differences in population means are more readily detected than temporal
differences in population means.

We concluded that, with a mean between-station coefficient of
variation of about 40 % and with approximately five stations in the
plume region and five in the control regions (major survey cruises), our
study is sensitive enough to detect a 100 % to 150 % change in
population means: smaller differences are below our detection limits.

As we have reported previously (Evans et al. 1982), we believe that the
true loss of zooplankton in the vicinity of the plant is less than 10 %,
a loss now shown to be below detection limits.

We also concluded that for a given month, with a he*ween-year
coefficient of variation of about 70 %, four years of preoperational and
four years of operational sampling, our study is sensitive enough to
detect a population shift of about 150 % between the two time periods.
This has been substantiated in our preoperational versus operational
comparisons vwhere most significant differences have been at least by a
factor of two. Smaller differ2nces which have been noted were not of

statistical significance.



We also concluded that we are employing the most efficient approach
to detect spatial and temporal alterations resulting from power plant
activity. Spatial alterations are most efficiently detected by
considering data on a cruise by cruise basis while temporal events are
most efficiently examined by considering differences in population means
for a given month across years. The current combination of major survey
cruises (providing information on spatial distributions) and short
survey cruises (providing information on tempora' events) is ideal.
Since spatial variability accounts for less variance than temporal and
because the goal is the detection of temporal trends, sampling effort is
best expended in frequent temporal sampling rather than in intensive
spatial sampling. In order to obtain more precise information on
temporal trends, sampling should be conducted more frequently within a
year because the seasonal component of variability is relatively large.
As is discussed in the entrainment section, intake sampling represents
an effective way for obtaining such detailed information. Such a
conclusion is not surprising. Many of the studies reporting long-term
changes in phytoplankton populations have been based on intake sampling
(Damann 1960; Davis 1964; Nicholls et al. 1977; Danforth and Ginsburg
1980). To our knowledge, ours is the first study to demonstrate the

effectiveness of intake sampling for monitoring long-term changes in

zooplankton populations.

Epibenthic and Benthic Microcrustacean Study

1n our last Environmental Operating Report, we discussed the
results of a July 1980 study investigating the distribucion of

epibenthic and benthic microcrustaceans in the vicinity of the power
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plant, This eftudy was similar to a study conducted in 1974 (Evans and

Stewart 1977). While we have not completed all stages of the July 1980
study it is appropiate at this time to provide an update of the progress
of this investigation.

This study was conducted 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 thus resulting in a localized increase in
standing stock, particularly of detritivores.

Three basic statistical analyses were performed. First, we were
interested in determining whether or not benthic and epibenthic
organisms were more abundant in sediment troughs, where organic matter
is assumed to accumulate (see Dorr for direct observations), than in
crests. Secondly, we were interested in determining whether or not taxa
varied in abundance with water depth. Finally, we analyzed the data to
determine if epibenthic and benthic taxa were more or less abundant in
the plume zone than in control zones.

A number of taxa differed significantly in abundance between trough

and crest samples. These included chirconomids, Cyclops bicuspidatus

thomasi, C. vernalis, Eucyclops agilis, E. prionophorus, Eurycercus

lamellatus, Leydigia sp., Alona affinis, and Alona guttata. All species

have strong benthic affinities. Tara abundances were significantly
(a=0,05) higher in sediment troughs than in crests.
Nineteen of the 79 taxa analyzed exhibited significant (a=0.05)

differences in abundance with respect to depth., The depth region (2-6

m, 6=11 m, >11 m) of maximum abundance varied with the taxon.




Several taxa occurred in statistically significant (a=0.05)

different densities in plume and control regions. Eurytemora affinis,

Disparalona rostrata, chironomids, and total animals were more abundant

in the plume zone than in the control zone. Conversely, Daphnia

retrocurva, Alona guttata, and Pontoporeia hoyi were less abundant in

the plume region.

In order to complete this study, we are in the process of
determining organic carbon and nitrogen concentrations in a single
sediment sample collected from each of the twenty-six stations. This
will allow us to determine if organic matter varies in concentration as
a function of depth or proximity to the power plant (but not between

sediment troughs and crests).

As we concluded in our last Environmental Operating Report, this
study continues to suggest that the power plant may exert subtle effects
on the benthic and epibenthic community in cthe vicinity of the discharge
jets. Certain taxa may occur in enhanced densities in regionz impacted
by the peripheral plume (where plume velocities and water temperatures
are close to ambient). No evidence of gross disruptions in the
epibenthic and benthic communities were detected which warrant
environmental concern. Final laboratory analyses will be directed at

investigating the probable factors producing localized alterations in

populations.

Copepod Population Dynamics: Sex Ratios and Instar Analysis

To begin investigating why certain changes in zooplankton community
structure have occurred in the study area, we have conducted a series of

studies investigating copepod community structure. The last such study
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was conducted in the preoperational period and was reported by Stewart

(1974).

As a first step, we have examined sex ratio data and absolute
abundance data (based on intake and lake sampling) of the numerically
dominant adult copepod species. Abundances and sex ratios were then
correlated with water temperature, density of algae, chlorophyll
concentration, and the abundances of various planktivorus fish species
in order to investigate factors affecting the adult copepod population.
Similar correlations were conducted for combined immature copepodites of
the various genera of interest. These correlation analyses are
providing us with information on the number of population pulses per
year of the various taxa of interest. Preliminary analyses suggest that
adult sex ratios are not strongly affected by food levels, predation, or
water temperature. This is contrary to the results of studies reported
in the literature. While such factors have an important effect on the
abundance and sex ratios of adult copepods, more sophisticated
statistical analyses may be required to separate out the synergistic or
antagonistic effects of food availability, fish predation, and

temperature.

IRotifer Studies

We have conducted a small study (May to November 1979, 5 to 7
stations per cruise) of rotifer community structure in the study area.
Such a study was deemed essential because rotifers are a significant
component of the zooplankton of all the Great Lakes. 1In highly
eutrophic areas, abundances may exceed l,ﬁw”,fﬂﬂfni. Rotifers have

relatively short life cycles (in comparison to crustaceans) and probably
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have more rapid responses to changes in environmental conditions.
Historically, the zooplankton study has not included rotifer analyses,
yet we feel it is essential to obtain an understanding of these
organisms in the study area.

Rotifers ranged in abundance from a low of l.386/m3 (DC-6, May) to
a high of 325,616/m3 (DC-5, July). 1In the inshore region (DC-1, DC-2),
abundances were high in May ()180,000/m3), declined slightly in June,
increased in July to (170,000/m3) and then declined through the summer
and autumn. In the offshore region (DC-5, DC-6), abundances were low in
May (5,500/m3) increased through June to reach a July maximum of
256,000/m3. and then declined through the summer and autumn. The soft-
bodied rotifer Synchaeta spp. was numerically important in May while

Keratella cochlearis cochlearis, Kellicottia longispina, Conochilus

unicornis, and Polyarthra vulgaris were numerically important summer

species. Keratella cochlearis cochlearis and Polyarthra vulgaris

continued as important November species.

In terms of abundance and species composition, rotifer population
characteristics were more similar to those of the eastern and central

basins of Lake Erie, and Lake Ontario (Nauwerck 1978). These lakes are

considered mesotrophic. Rotifer standing stocks were not as low as in

the main body of Lake Huron (Evans, in press), a lake which has suffered
less from nutrient loading over the last few decades (Patalas 1972).
Low numbers of species considered indicators of eutrophic conditions
(primarily Brachionus) were observed further suggesting that the study

area is experiencing some impact (although not quantified as vet) from

external nutrient loading.

These data were further analyzed by a Ph.D. graduate student who
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tested his laboratory hypotheses with our field data. This student has
now graduated and is working on a manuscript of these results in
collaboration with us. Essentially, Dr. Stemberger was interested in
investigating the effects of cyclopoid predation on rotifer community
structure. These analyses show that cyclopoids apparently have a
significant controlling effect on rotifer community structure in the
inshore region. Further analyses have determined that flagellate algae
apparently have a significant effect on the abundance and fecundity of
certain rotifer taxa. In addition, rotifer and cladoceran grazing
appears to be a major factor accounting for the summer decline in
flagellates. Alewives appear to have a significant effect on the
abundance of cyclopoid copepods in the nearshore region in the summer.
These studies, while not complete, are providing fruitful insight into
some of the factors affecting zooplankton (in addition the phytoplankren
and fish) community structure in the survey area. Such insight should
allow us to determine what are the causal factors and pathways which
have resulted in long-term changes in zooplankton populations in the

study area.

SUMMARY

The results of the 1981 and 1982 studies are similar to those of
previous years. Differences were observed between preoperational and
operational abundances of the numerically dominant taxa in the immediate
vicinity of the power plant (inshore plume zone, zone 2; middle plume
zone, zone 5). Many of these differences were statistically significant
at the a=0,05 level. However, we do not interpret these differences as

resulting from localized, direct, and environmentally significant
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predicting that power plant operation will result in detectable
losses in the zooplankton community given the small percentage of
dead zooplankton (less than 10 %) and the physical nature of the
plume. Such low losses are below the detection limits of our study.
Preoperational-operational differences which have been detected have
been at least 100 % and more often 200 % or greater. Such changes
have consisted of increases or decreases on scales which are beyond
any direct plant effect.

The results of our studies indicate that zooplankton populations
have undergone changes over the course of our study. By dividing the
survey data into two time periods (preoperational and operational), we
are able to document these changes. However, there is no evidence that
these changes began in 1975, Rather, the data suggest that zooplankton
populations in the early half of the decade diffar from populations in
the latter half. The time trends of these changes have not been analyzed
to determine when the changes first began, the rates of changes, or how
these rate changes have varied with time.

July zooplankton standing stocks have changed over the course of
the decade. While total zooplankton standing stocks tend to be larger
in the operational period, such differences are not of statistical
significance (a=0.05). Calanoid copepods, immature and adult Diaptomus
spp., and adult Cyclops spp. were significantly (@=0.05) less abundant
in the operational period while Daphnia spp. and Asplanchna spp. were
more abundant. Asplanchna was very abundant in 1981, resulting in a
higher operational mean than preoperational, the reverse of the analysaes

employing the 1975 to 1980 data set. While Bosmina longirostris tended

to be more abundant in the operational period, such differences woere not
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statistically significant.

In October, total zooplankton were more abundant in the

operational period than in the preoperational period. Nauplil, calanoid

copepods, immature Cyclops spp., Bosmina longirostris, and Eubosmina

coregoni were significantly (a=0.05) more abundant while adult Cyclops

spp., and Daphnia spp. were less abundant.
Mesocyclops edax, a cyclopoid which occurred in relatively high

concentrations in the survey area in the autumn of 1978, continues to
occur in lower concentrations more similar to those observed in earlier

years. However, Daphknia pulex, a cladoceran first observed in 1978, is

cormonly observed in the zooplankton. Both species are abundant in the
eutrophic waters of Green Bay (Gannon 1972) and are particularly

susceptible to fish predation (Galbraith 1967; Wells 1970). A second

Daphnia species, D. schloderi recently has been detected in the study

area in addition to more offshore locations and provides confirmation

that southern Lake Michigan is undergoing gradual change in its
zooplankton community structure. Two other new species, D. catawba and

D. parvula appear to be less consistent in their occurrence in the

plankton. Their occurrence probably is incidental and related to

shoreline inputs from rivers and streams.

In general, the lake survey studies have shown that while long-
term changes have occurred in the inshore region, they are small in
magnitude and apparently do not follow a consistent trend of increase or

decrease. The lack of such a consistent trend may be related to study

design. A sufficient number of time intervals were not sampled during a

given month to provide a precise estimate of mean population levels for

that time period. Alternately, there are a number of facters producing



changes but these factors are synergistic or antagonistic in nature.

For example, increases in algal abundance may result in increased
zooplankton productivity but an increase in fish predators may
counteract this, resulting in only a slight increase in standing stocks.
Moreover, each of these regulating factors may vary independently in
importance from year to year resulting in yearly variations in the
srrength of effects produced. Time series analyses and ecological
studies involving higher and lower trophic levels should resolve some of
these ambiquities.

Although our data provide a clear indication that southeastern Lake
Michigan has undergone subtle changes with respect to zooplankton
populations over the course of the last ten years, we have not
determined what are the significant causal factors. Such changes
probably are related to a combination of changes in the algal community
and in planktivorus fish predators. For example, while summer
phytoplankton populations have increased, there has been a
proportionately greater increase in blue green algae (Ayers 1978; Ayers
and Wiley 1979; Chang et al. 1981). We are conducting ecological
studies to investigate various causal factors and their mode of
operation. Preliminary studies have shown apparently important
interactions between alewife and Cyclops species, between Cyclops adults

and rotifers, and between rotifer and cladoceran grazers on flagellates.
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CONDENSER PASSAGE STUDIES

INTRODUCTION

Mechanical and thermal stresses have the potential to kill a

significant percentage of the zooplankton passing through the

condensers. Studies were conducted to evaluate the severity of such

mortalities.

Zooplankton were collected monthly from the intake and discharge
forebays of the operating units of the power plant in compliance with
the Technical Specifications. The last collection period was May 1982,
Because Unit 1 and Unit 2 discharges have different operating

characteristics (water temperature, flow rate, AT), zooplankton

mortalities were estimated at each location. Four samples were

collected from each location within an hour or two of sunrise.
Collection duration was two minutes. Each sample was divided into
subsamples, each containing a few hundred organisms. Subsamples were
visually examined for dead zooplankters which were identified and

enumerated O, 6, and 24 hours after collection at intake temperatures.

For the January 1982 to May 1982 period, when the sampling program

was discontinued, 68 samples were collected (204 subsamples). Unit 1
was not operational in February, and 68 rather than the possible 72
samples were collected.

In this report, we present mortality data collected from May 1981 to

December 1981 which were not included in the last report. We also

report biomass and number of zooplankton passing through the plant for

the August 1980 to December 1981 period. Analyses of the 1982 samples

has not been completed.
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RESULTS AND DISCUSSIONS

Temperature and Flow Rate

Intake temperatures ranged from a low of 6.2 °C in December 1981 to
a high of 23.7 °C in August and September 198l. Unit 1 discharge water
temperatures ranged from 17.1 °C in December to 34 °C in September 1981.
Unit 1 ATs ranged from 7.7 C° in August to 10.9 C° in October and
December with a mean of 9.7 C°. Minimum flow rate for Unit 1 occurred
in December 1981 (1.08 X 109 gallons/day) and the maximum was recorded
in October 1981 (1.19 X 109 gallons/day). Unit 1 mean flow rate for the
May to December 1981 period was 1.154 X lO9 gallons/day. Unit 2
discharge water temperatures ranged from 15.6 °C in December 1981 to
34.0 °C in August 1981. Unit 2 ATs ranged from 5.8 C° in July 1981 to
10.2 C° in August 198l1. Mean AT for Unit 2 was 8.7 C°. Unit 2 flow
9

rates averaged 1.51 X 109 gallons/day and ranged from 1.37 X 10

gallons/day in July 1981 to 1.63 X 109 gallons/day in November 1981,

Mortalities

Total zooplankton mortalities generally were low (Fig. 5) at
initial collection times (O-hour), averaging 11.5 % in the intake water,
12.6 % in Unit 1 discharge water, and 11.9 for Unit 2 discharge water.
Total zcoplankton minimum intake mortality (5.9 %) occurred in July 1981
and maximum mortality (18.2 %) was observed in September !981. Total
zooplankton mortalities for Unit 1 discharge ranged from 5.9 % in June

19681 to 18.2 % in September 1981 and Unit 2 discharge ranged from 8.3 %
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Figure 5. Total zooplankton mean mortality (%) immediately

following collection (0
collected in the intake
Unit 2 discharge bays.

hour count) for zooplankton
forebay (MTRI-5) and both Unit 1 and
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Figure 5 continued. The mean mortality (% dead) immediately
following collection (0 hour count) and relative density (%
composition) for zooplankton collected in the intake forebay
(MTRIS) and both Unit 1 and Unit 2 discharge bays, a)
copepod nauplii,
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Figure 5 continued. £) Bosmina longirostris
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Table 3. Results of the Smirnov one-sided two-sample tests comparing dis-—
charge and intake O- to 24-hour sample mortalities for nine zooplankton taxa
categories by month of collection (198l1). A -- indicates insufficient data
for the test, NS indicates discharge mortalities were not significantly

(p > 0.05) higher than intake values, and * indicates discharge mortalities
were significantly (p < 0.05) higher than intake values.

May Jun Jul Aug Sep Oct Nov Deac

0 Hour

Copepod naunlii NS NS NS NS * — NS NS
Crclops spp. C1-CS NS NS NS NS KRS —— NS NS
Cycloys =pp. Co NS NS NS S N3 - NS NS
Diaptomus spp. .1-C5 NS NS — NS NS - NS NS
Disptouus spr. Cé 4 -— e NS NS - NS NS
Bosmina lonzirostris NS NS NS NS NS e NE -
Eubosaina coregordi - - i - e wo NS NS
vapania spp. e s — —— NS s . —-—
Total NS NS NS NS NS -_ N& |98
‘{ doux

Copepod nauplii NS NS NS NS NS NS NS NS
~yc.iops spp. C1-C5 NS * NS N§ NS NS NS NS
Cyclers spp. C6 NS NS - —— NS — NS NS
Diaptcmus spp. Cl-C5 NS NS -— NS NS NS NS NS
Diaptomus spp. C6b = - - NS — —r NS NS
Bosmina longirostris NS NS NS NS NS NS NS NS
Eubosmina coregoni o =" o s e e NS NS
Daphnia spp. S NS e s NS S NS -
Total NS - NS NS NS NS NS NS
24 Hour

Copepod nauplii NS NS NS NS NS NS NS NS
Cyclops spp. C1-C5 NS * NS NS NS * NS NS
Cyclops spp. Cb NS NS —— - = — NS NS
Diaptomus spp. Cl1-C5 NS * e - NS * NS NS
Diaptomus spp. Cé6 ales — - NS e - NS NS
Bosmina longirostris NS NS NS NS NS NS NS o
Eubosmina coregoni e e e = e NS NS NS
Daphnia spp. v NS NS s NS s A -
Total NS NS NS NS NS NS NS N§
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August 1980 to December 1981 period ranged from a low of 1,020 kg dry
weight in May 1981 to a high of 22,000 kg dry weight in November 1981.
Maximum loss estimates were lowest in October 1981 (70 kg dry weight)
and highest in December 1981 (2,200 kg dry weight). Maximum loss
estimates generally followed the dry weight entrained curve.

The biomass of zooplankton passing through the plant did not always
follow the same temporal pattern as the numbers through the plant.
Highest values for dry weight eatrained occurred in colder months. This
was because the mean dry weight of the zcoplankters was 3 to 7 ug/
individual in these cooier months, while in the warmer wmonths, when
zonplankton were somewhat more numerous, they were dominated by smaller

animals with mean dry weights of 1 to 2 ;g/individual.

Intake Sampling as a Representative Sampling Location for Lake

Population Estimates

As we bave discussed in previous Great Lakes Research Division
Reports (Evans et al. 1578, 1982), zooplankton populations in the
nearshore region are highly seasonal in abundance. A more definitive
discussion of such seasonality is presented in Evans and Sell (In
press). As a consequence of such variability, population estimates for
a given month lack a high degree of precision. In order to investigate
how representative a single sampling time within a month is of mean
population levels for that month, we have supplemented monthly
entrainment sampling with a more frequent sampling effort. Weekly
samples have been collected during the warmer summer and autumn months

and biweekly samples during the cooler winter and spring months. As

reported in Evans et al. (1978, 1982), we have determined that
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zooplankton frequently exhibit as much variation in abundance between
successive weeks as between successive months. This indicates that
population highs observed in one year and lows in another year (for the
same month) may be related to small (a matter of days) differences in
population cycles between years. Slightly warmer waters, long periods
of calm lake conditions, an earlier algal bloom, a small shift in fish
distributions as well as natural spatial variability (patchiness) all
aay result in swall diff.rences in zooplanktor populations over the
course of a fews days. Such differcnces necessitate caution in comparing
population levels across years. Moreover, with infrequent sampling
within 2 vear, this seasonal variability can confound the detection of
long-term (years) populatien trends.

Sampling with the use of espensive research vessels which are
restrictel by lake conditions to cectain time periods, is not the most
effective way of obtaining detailed information on inshore plankton
populations. Intake sampling provides a realistic alternative for
obtaining information on nearshore zooplankton ecology. Many of the
long-term changes in Great Lakes phytoplankton populations have been
documented through such sampling (Damann 1960; Davis 1964; Nicholls et
al. 1977; Danforth and Ginsburg 1980).

We have been conducting a series of analyses to determine how
representative intake sampling is as an estimator of zooplankton
populations in the nearshore region. Such determinations allow us to
use our more temporally-detailed intake population estimates to more
fully understand long-term changes in zooplankton populations in the
nearshore region, i.e., between the 5 and 10-m depth contours. In

addition, our understanding of zooplankton winter population

Bl-64



characteristics is derived entirely from intake sampling. It is

essential that we determine the correspondance between lake and
entrainment sampling before interpreting winter events.
As a first step in investigating the correspondance between lake

and entrainment sampling, we conducted a series of correlations of

abundance estimates for the two locations. Lake population estimates

wer: based on the mean abundance of zooplankton in zones 1, 2, and 3

(between the 5 ani 10-m depth contours). Such analyses were conducted

for the pumerically dominant taxa and for the entire 1975 to 1980 period

(Fig. 10). #1]1 such correlations were stacistically (a=0.05)

gignificant (Table 4). Correlation coefficients ranged from a low cf

+0.40 for Cyclops spp. adults to +0.93 for Daphnia spp. and Bosmina

lorgircstris. While the abundance of the soft-bodied nauplii and

Asplanchna tended to te underestimated in intake sampling (possibly
because these animals were forced through the net by the flow velocities

of the diaphragm pump) and the abundances of epibenthic taxa such as

Cyclops spp. and Eurytemora affinis tended to be overestimated, these

differences generally averaged less than 50 % (Table 4). Since larger

magnitudes of abundance shifts occur through seasonal events, we

conclude that entrainment sampling does provide a reliable estimate of

zooplankton abundances in the inshore region. This is further shown in

Figure 8 where zooplankton abundance estimates as determined from lake
and entrainment sampling are presented on the same graph. The
correspondance between lake and entrainment population estimates was
excellent.

Entrainment sampling, because of the relatively low collection

costs and the feasibility of sampling during ice cover or the worst of
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Table 4. Comparison of density data for selected zooplankton taxa from

entrainment abundance and inshore field survey samples.
coefficients (4), their significance, significance of the median test (M), and

Correlation

the geometric mean of the ratio of densities (field survey/entrainment) for
n = 32 sampling dates during 1975-1980,

ns indicates not significantly different at p < 0.05,
* indicates significance at the 0.05 level, and
** at the 0.0l level.

Copepod nauplii
Immature Cyclopoids

Cyclops C6
Tropocyclops Cl-Cé

Diaptomus Cl1-C3

Diaptomus Cb
Epischura Ci-Cé6

Eurytemora Cl1-C6
Limnocalanus Cl-C6
Bosmina

Daphnia

Eubosmina
Asplanchna

Total Zooplankton

L 59%%
YA
A

«B3R%

6] %%

«85%%

«35%%

o 87 %%

s 9300

« SIRR

+O5**

o 83 %%

ns

ns

* A

ns

ns

ns

ns

ns

ns

ns

ns

1.4

.8

1.0

.9

1.1

l.U

«6

1.0

o

1.1

1.4

.9
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autumn storms, provides an ideal cpportunity to investigate long-term

population trends. We have begun a series of analyses utilizing 1975 to

1980 data to investigate such trends in the numerically dominant
zooplankton. One such approach has been to use a deterministic time
series model (Box and Jenkins 1976). This approach incorporates
seasona’ change in addition to identifying long-term trends.

We have examined population trends in the abundance of cop=pod
nauplii for the 1975 to 1980 period (/ig. 9}, This taxon was sele~ted
because it appears to be increasing in abundance in the inshore region
in all the maior survey months. In addition, it is found in high
numbers in the 2znoplankton during all months of the year, unlike taxa
such as cladocerans which are more seasonal in occurrence., The time
series model explained 62 % of the varianility in nauplii density and
was sctatistically significant (p<0.001). “ne model shows that while
scasunal changes have remained constant within a year, a long-term trend

ir nauplii densities also occurred. Summer nauplii densities increased

annually from 1975 to reach a peak in 1978. A leveling cff »r slight

decline appears to have occurred in subsequent years. However, winter

lows appear to have increased in magnitude from year to year from a

January 1975 estimate of 17/m3 to a December 1980 estimate of 294/m3.

SUMMARY

Results of the entrainment studies indicate that mortalities
averaged 11.5 % in intake waters, 12.6 %Z in Unit 1 discharge waters, and
11,9 % in Unit 2 discharge waters. As has been discussed in previous

reports, intake mortalities do not reflect true mortalities in inflowing

waters but rather mortalities induced by sample collection. Mortalities
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Figure 9. Log of nauplii densities together with densities
as predicted by a deterministic time series model. (After
Box and Jenkins 1976). Data were obtained from entraiinment

samples taken on a monthly basis from January 1975 to
December 1980.
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1980. Field sampling was conducted monthly from April to
November (or December) and entrainment sampling was
conducted monthly, twelve months per year.




due to plant passage can be estimated in three ways. The first is to
use the absolute value of the discharge mortality estimate as an upper
estimate of mortalities due to plant passage and discharge back into the
lake: thus mortalities are estimated as ranging from 11.9 % (Unit 2) to
12.6 % (Unit 1). A second estimate is based on subtracting intake
mortality from discharge mortality: thus mortalities are estimated as
ranging from 0.4 Z (Unit 2) to 1.1 %Z (Unit 1).

The chird 2stimate corrects for mortalities in intake wators and
ther considers “ae¢ additional mortality io discharge sampies. The
actual formula is:

Vp=(d-M1) ¥ 100
1 CO=-ML
where:
Md= parcent mortality in the discharge
Mi= perceat mertalicy in the intake

Mp= mortality due to p &nt Hassage

Usirg this apprnach, the conservat.ve estimites for Intake mortality are
0.4 % for Unit 2 and 1.1 Z for Unit 1.

Exact causes of mortality during plant passage are not known but
are the result of a combination of thermal and mechanical stresses.
Mechanical stresses probably are a major cause of mortality under
current operating conditions. On the basis of previous literature
reviews (see Evans et al. 1982), we conclude that 35 °C approaches the
upper lethal temperature for short-term exposures. If discharge
temperatures remain below 35 °C and AT's do not rise substantially above
10 €° to 12 C°, it is expected that zooplankton mortalities will remain

low. The highest 1981 mortalites occurred when these conditions were
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approached.

The ecological significance of the loss of zooplankton due to plant
passage remains unknown. Such losses cannot be detected in the lake
because of the low magnitude of change relative to the inherent
variability in the system. In addition, not enough is known about
zooplankton population dynamics to predict effects. While detrital
zooplankton settling frocm the plume may affect benthic community
structure by providing additional food materials, our study »f
epitenthic and benthic animals in the vicinity of the thermal discharge
indicates that such effects are not large.

Our studies show that entrairmment sampling does provide a reliable
estimate of zooplarktcn pupulations in the inshore region of the study
As a result, w2 have begun to construct mathematical models to

area.

investigate long-term eveats in this region oi tre lake. Such studies

will provide a vaiuable supplement to the lake survey program.
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APPENDIX P-2

PART I

PHYTOPLANKTCOH LAKE SURVEYS

AT THE DONALD C

“e

CCOX NNCLEAR PLANT






In accordance with the Technical Specifications requirement to report
summaries, interpretationms, and statistical analyses, the great bulk of the
new raw data from 1981 are not presented here; they will be reported later.

The strategy for detecting changes in the phytoplankton community near Cook
Plant involves comparisons of phytoplankton parameters at stations in three
depth zones near the plant (inner stations, less than 2 miles N or S of the
plant) to the same parameters at stations in the same depth zones two miles or
more away from the plant (ocuter statiors). In any one survey these comparisors
are spatial, but, repeated vver .ime, the; ali w temporal couparisons as well.
The temporal comparisons coasist prirarily oi comparing gpreo;arati nal condi-
tions to corditions in cperationai years. Cordiiiscs in precperationa’ veart
provide a measure »f tatural variation against vbich voriations in operatisral
years may be compared to detect porsitl: plant-related percurbaticons.

This repcrt continues through 138l cur saalyses of poasgible plant =2frects
on the phytoplarkton according to the stratezy ovtlined avov:.

Phytoplanktcn samples i al? surveys are collectzd 2! trear @ accord ng to
the techniques reported in the (o) k Plant Envirormertal Op:rating Peport for
1977, pages B2-58 thrcugh 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 wich 1974,



RESULTS AND DISCUSSIONS

In this section, the results obtained and discussions of those results have

not been separated. We believe that thethe reader will have no difficulty in
distinguishing between our objective presentation of the results and our

subjective discussions of the results,

Inner-Outer CGraphical Comparisons: Phytoplanktcn Abundances by Algal

Catrgories
Thie section applies the {nner-outer grephical analysis method co vha
abundances (in cells per mL) of ten major categories of phytoolankton and

extends previously reported tszbulations, fig ree, »ud discussions *c¢ iaciude the

seasonal surveys of 196l. Three water-depth zones are uvsea: zome 0 ((-8 w),

zone 1 (8-1€ m), and zone %2 {!16-24 m).
The phytoplankton categorles used are: votal algae, coccoié blue-greens,

filamentous blue-greens, coccoid greens, filame: tous greens, "lagellates,

rentric diatoms, pennate diatoms, desmids, and other algae. The use of majcr
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 funccions in the ecosystem.

Table | presents, for the seasonal surveys of 1981, the means, standard
errors, and numbers of observations of abundances of total 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 preceding years in Figure l.

Desmids (Fig. 1A) have shown almost no variation in abundance during the

entire twelve years of the study.



Table 1. Means, standard errors, and numbers of observations of phytoplankron abundances by seasons, depth
Units are cells per mL.

zones, and inner and outer station groups in Cook Plant major survays during 1981.

B-G = blue-greens, Filam. = filamentous.
Zone Inner Coccoid Filam. Coccoid
Outer B-G B-G greens
10 APRIL 1981
0 Inner
Mean 389.09 17.69 88.98
S. E. 112.01 3.80 19.87
N 12 12 12
Quter
Mean &27.13 28.28 1005.45
8.x8: 189.31 £.14 949,54
N 10 10 16
w 1 Inner
1 Mean 445.47 11.03 27,63
So Eo 322-06 ’..83 19.5.)
N 3 3 3
Quter
Mean 248.73 9.53 28.563
S. E. 188.33 3.98 16.37
N 4 4 4
2 Inner
Mean 0 26.50 41.45
8. E. 0 19.90 34.85
N 2 2 2
OQuter
Mean 4.15 4.55 24,86
B By 4.15 0.79 17.48
N 4 4 4

Filam.
Breens

Flagel- Centric Pennate Desmids
lates diatoms diatoms
1632,91 702.74 1603.33 0.83
121.78 14,43 201.58 0.59
12 12 12 12
2159.63 552.45 1267.42 1.98
€23.51 47.86 5.14 1.12
in 10 10 10
1620,47 312.83 603.53 0
205.54 61.40 144,35 0
3 3 3 3
1427.60 313.38 518.55 1.65
206 7 49,79 110.70 1.65
& 4 4 4
1219.50 165.7¢ 408.70 1.65
7.50 6.6 72.10 1.65
? 2 2
1464 .90 2L5.80 248.73 0.43
76.51 16.51 68.51 0.43
/ 4 4 4

Other
algae

232.13
33.29
12

1380.65
1195.76
10

123.80
10.55
3

98.65
13.64

73.80
14.10

88.30
41.17
4

Total
algae

4668.28
352.68
12

6830.73
2785.42
10

3165.83
570.72
3

2647.13
474.48
4

1966.45
132.65
2

2081.70
208.71
4



Table 1 continued.

Zone

Inner

Outer

8 JULY 1981

0

Tnner
Mean

8 E.

N

Outer
Mean

S. E.

N

Inner
Mean

5. E,

N

Outer
Mean

-

N

Inner
Mcan

5. E.

N

Outer
Mean

S A

N

Coccoid Filam.
B-G B-G
42.83 977.02
42.83 350.139
12 12

155.86 1510.83
138.07 466.55
10 10
7.20 434 .43
7.20 205.27
3 3
26.53 456.18
24 .38 194,70
4 4
0 803.30
0 682. 30
2 2
0 1232.78
0 865.01
4 4

Coeceoid

grecns

Filam,

Brec nE

1.93
1.19
12

Ny
. =
[ ]
oS

rS W
- -
-~y

&

Flagei-
lates

540,68
1€%.07
12

1484,79
324,35

1%

1094 .57
3“9 . 2:':
3

1176.290
213.57
4

980 15
97.65

-~

1637, 38
528.25
4

Centric
diatems

76.13
24.62
12

57.36
t7.14
10

4£2.27
26.69

115.23

15.68
4

88.70
2.50

179.08
76.93

Tennate Desmids
diatoms
593.87 0.14
185.10 0.14
12 12
379.69 0
130.40 0
10 10
247.03 0.57
133.15 0.57
3 3
202.90 1.45
47.88 0.71
4 4
211.80 0
76.70 0
2 2
254.50 2.50
88.60 1.45
4 4

Other
algae

32.47
6.97
12

13.09
5.27
10

27.10
13.57

19.88
5.79

17.85
12.85

64.68
39.02
4

Total
-algae

2821.13
506.90
12

3717.37
888.37
10

1970.33
571.84
3

2080.05
289.10
4

2130.65
669.85
2

3666.80
1693.37
4



9=74

Table 1 continued.

Zone Inner Coccoid Filam. Cocoaid Filam, rlagel- Centric Pennate Desmids Other Total
Outer  B-G B-G greens  greens  lates  diatoms diatoms algae _algae

14 OCTOBER 1981

0 Inner
Mean 2062. 34 35.07 197.63 3.45 2125.63 824,20 613.63 2.35 174.68 6020.98
S ‘B, 355.84 19.20 44.74 1.16 163.95 102.26 64.45 1.36 19.32 548.55
N 12 12 12 12 12 12 12 12 12 12
Outer
Mean 1394.76 133.95 250.70 1.82 1675.417 742.15 487.81 1.16 381.39 4773.73
S Be 419,44 125.22 52.23 0.71 154.48 87.34 73.98 0.70 189.34 613.83
N 10 10 10 10 10 10 10 10 10 10
1 Inner
Mean 1460.29 72.93 259,80 0.57 1805.60 767.13 436.97 1.10 138.13 5017.30
S. E. 669. 39 71.29 12%4.6 0.57 83.06 205.68 172.30 1.10 12.7% 987.61
N 3 3 3 3 3 3 3 3 3 3
Outer
Mean 1311.95 12.43 142 .60 0.93 i602.13 676.88 361.85 0 130,58 4239.25
S. E, 376.35 12.43 50, 20 N.R3 264,54 130.8] 100.92 0 62.62 837.01
N 4 4 % A 4 4 4 4 4 4
2 Toner
Mean 958. 35 24 .85 285.75 H.6° 2038.060 542.20 768.50 1.65 199.80 4829.95
5 484,15 18.25 35.05 £.65 In4h .60 97.80 422.00 1.65 95.30 1291.65
N 2 2 2 2 2 2 2 2 2 2
Outer
Mean 1402.30 1295 129.75 2 139983 309.65 189.83 0 89.95 3522.55
8. Es 53537 0.79 45.4% 0 237.98 57.33 58.44 0 23.33 940.52
N 4 4 i 4 4 A 4 4 4 4
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Filamentous green algae (Fig. 1B), which in April 1976 had somewhat in-
creased abundances in both station groups and all three depth 2zones, returned to
preoperational levels in July of that year and have remained there ever since.

Other algae (Fig. IC), after increased abundances in July and October of
1978, diminished in 1980 to levels comparable to other operational years.

The anomalously high mean at zone O outer stations in April 1981 was due to a
one-sample collection of 12,137 cells/mL at station SDC-2-0; with that station
omitted the mean becomes 185.50 + 4.8l cells/mL, otherwise the abundance of
these algae in 1981 was comparahle to those of preceding years.

Filamentous blus-green aigse (Fig. 1D) genarally shkowed elevated summer
abundances in 1975 thruagh 197%9; in 1980 their abundences in all threse seascns,
both station groups, and all threse cdepth zcnes were ameng the .owest mascared Iin
the operational years. FElevated summer abundunce. were again present in 19381,

Coccoid dlue-greens (Fig. 1E), which had besn recorded ir smell nuwkols
during most of the precperational surveys, increased nctably in October '%74
(cdue iz part to a change in countiig methed that year, snd this peitern has beeun
characteristic in the years since. The incre2ase:s “aa'2 _Laker place in both inne:
and outer stations. but act in 2z consistent marner. This crortinued in 19 ..

Coccoid green algae (Fig. 1F) have been preseut in all depth zones and Soth
station groups in variable abundances of about 500 cells per mL in each survey
of the study area. An unusually high mean abundance at zone 0 outer stations in
April 1981 was due to a single-sample collection of 9,550 cells/mL at station
SDC-2-0; with this sample omitted, the mean became 56.01 + 15.53 cells/mL,
otherwise their asbundances in 1981 were comparable to those of the preceding

years.

B2-8
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Flagellates (Fig. 1G), after slowing increasing abundances from 1970
through 1978, were somewhat less abundant in 1979 and 1980, but in 1981 they
returned to their 1978 levels in zone 0 and attained their greatest recorded

abundances in zones 1 and 2.

Pennate diatoms (Fig. IH) in zone 0 showed summer abundance peaks (believed
due to sampling during upwellings) that diminished from 1978 through 1980. In
all three depth zones in 1981 the pennates returned to having the more typical
summer abundance minima. The general impression from 1978 through 1981 is that
pennates in all zones and both station grouvps have been diminishing in
abundance.

Centric diatoms (Figs. 1I, 1J, 1K) in 1981 exhibited summer abundance
minima in both station groups and in all three depth zones. In depth zone 0
the abundance of centrics has decreased drastically during 1978 through 1981;
in zone | there has been a modest decrease during 1978-81; in zone 2 their
diminution is less plain but 1981 is definitely less than 1978.

Total algae (Figs. 1L, 1M, IN) in both station groups of zones 0 and 1|
showed decreasing abundances from 1978 through 1981 after increasing from 1974
to 1978, Zone 2 showed these trends (but less clearly due to poor parallelism
in the annual curves of 1977, 1978, 1979, and 1981), indeced, the rising trend in
the early years appears to begin with 1971. 1In 1981 the curves for zone 0 and
zone 1 exhibit summer abundance minima with higher abundances in spring and
fall; the curves for zone 2 show abundance peaks in tall (inner stations) and
summer (outer stations). The early-years rise and later-years decrease in total
algae may be parts of a natural cycle of abundance, but it is interesting to

note that the Great Lakes Water Quality Board (1981, p. 43) has reported to the

B2-14
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During the period July 1970 through October 1981, 913 paired comparisons of

inner vs. outer station group cell density means have been possible; 350 were
from preoperational years and 563 were from operational years. During the
entire period there have been a total of 47 cases .f significant differences in

mean cell densities between inner and outer station groups; these amount to

5.25% of the possible comparisons. In preoperational years there were 20 cases

of significant differences out of 350 paired comparisons, amounting to 5.71% of

the possible comparisons. In operational years there have been 28 cases out of

563 comparisons, amounting to 4.97% of the comparisons.

The following tabulation summarizes the distribution of the cases wherein
there were significant (at the .05 or .0l levels) differences between mean
densities of phytoplankton categories at inner vs. outer station groups.

In 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.

Coccoid blue-greens 75,22 ,Fsa,1 78,22 ,8u.1 79,20,S8p,0

Filamentous blue-greens 75,Z1,8u,0 75,22,Fa,l 76,22 ,8u,1 77,22,.8u,1

Coccoid greens 70,22,8u,1 71,22,5%5u,1 75,20,Fa,0 76,22 ,Fa,l
77,22,8u,l

Filamentous greens None

Flagellates /71.,21,8u,0 72,22,5p,0 73,21,Fa 0 74 ,22 ,Fa ,0
76,22 ,Fa,l 77,21 ,$u,0 77,2),Fa,0 79,22,Fa,0
80,20,Sp,0 80,Z1,Su,l

Centric diatoms 72,21,8p,0 712,21,¥Fa,1 75,20,Fa,l 15,22 ,Fa,l
80,22,5p,0

Pennate diatoms 70,Z1,8u,0 71,22,Su,0 73,21,8p,0 73,22 .Fa,1
79,21,Fa,l

Desmids 71,21,8u,0 71,22,8u;1

Other algae 71,21,5p,0 73,20,8p,1 73.21.8u,1 73,22 ,Fa,l
74,22,8p,1 77,22,Fa,1 80,Z1,8p,0 81,20,5u,1

Total algae 72,20,8p,0 712,22,5p,0 i6,41.5p,u 1722 50,1
78,22,54,0 79,22,5u,l
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Inner-Outer Graphical Comparisons: Diversity Indices

Cook Plant species diversity data for the years 1971 through 1975 have been

presented by Ayers, Southwick, and Robinson (1977), Ayers (1978) extended them

to include 1970 and 1976, Ayers and Wiley (1979) added 1977, Ayers and Feldt
(1982) added 1978-79, and Ayers and Feldt (in preparation) will cover 1980-8l.
This section adds 1981 to previous EOR reports.

As was done in the reports cited above, the diversity index data have been
stratified by three depth zones and by inner (treatment) stations near the plant
and by outer (reference or control) stations away from the plant.

The Environmental Operating Report for 1977 presents the depth intervals used in
each depth zone and the stations which comprise the inner and outer station
groups in each depth zone.

The diversity index used is, as previously, that of Wilhm and Dorris

(1968):

S
d=-%L (ng/n)logy (ng/n)
i=1

where S is the number of species, n is the total number of phytoplankton in
cells/ml, ny is the number of phytoplankton of the jth species.

Mean diversity indices and associated standard errors for each depth-zone-
station-group combination in the major surveys of 1981 are given in Table 3.
In Figure 2 the surveys of 1981 have been added at the end of the time plots of
diversity indices and standard errors which were presented previously.

In Figure 2 the annual curves of mean diversity generally show substantial
degrees of parallelism between inner and outer station groups, though paral-

lelism was poor in all zones in 1971 and 1972, in zone 0 in 1574, in zone 1l in



Table 3. Means, standard

diversity indices by

errors, and

seasons, de ‘»t?‘ zones ,
Cook it major surveys during operational
hm and Dorris (1968) based on 1l
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Redundancy is a measure of the dominance of one or a few species within a
given population. As presented by Wilhm and Dorris (1968) it is:
i;ax &
Eiax gi ahin

where d is the observed diversity as calculated above, dpax is the maximum
diversity for a particular community, and Eﬁin is the minimum possible diversity
for a particular community. E;ax is calculated using the following equation:
dpax = (1/n)(logs n! - s logy [n/S]!)
and 5;1n is calculated using the equation:
dpia = (1/n)(logy n! - s logy [n-(S-1)]1)
The values of r range between O and 1. An r equal to O implies that the species
encountered in a community each have the same number of cells. An r equal to 1
implies that one species dominates the community of phytoplankton.

Redundancy values for the phytoplankton collections of 1970-1976 have been
reportea by Ayers (1978); those for 1977 by Ayers and Wiley (1979); those for
1978-79 by Ayers and Feldt (1982); and those for 1980-81 will be reported by
Ayers and Feldt (in preparatiomn).

Table 4 presents the means, standard errors, and numbers of redundancy
observations for the phytoplankton collections at inuner and outor station groups
in three depth zones during the seasonal surveys of 198l. The means and
standard errors for the years 1970 through 1981 are plotted on a time axis in
Figure 3.

In 1979 redundancy values rose to preoperational levels after a period of
slowly diminishing values from 1973 through 1978; they have remained at

preoperational levels in 1980 and 198l.
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zone 2, the distributions of significant differences between precperational

and operational years appear to be within the normal range of variation.

The increase in numbers of differences in zone 2 inner in operational years may
possibly be an effect of plant operation on blue-green algae densities in that
area, but of the 563 paired comparisons in operational years it is a minute
(2.30%) effect.

Mean diversity indices have varied somewhat from season to season and from
year to year during the twelve years of the study. The annual curves of
diversity indices indicate, in each depth zone and station group, a gradual
trend toward higher indices from 1970 through 1976 followed in subsequent years
by a slow trend toward lower levels. In all depth zones and both station
groups, species diversities indicated by the indices continue to be higher than
in the preoperational years. These analyses show no adverse effect of Cook
Plant operation.

In 1979, phytoplankton redundancy values rose to preoperational levels
after a period of slowly diminishing values from 1973 through 1978; they have
remained at preoperational levels in 1930 and 1981. There is nothing in this
analysis of phytoplankton redundancies o indicate that operation of Cook Plant

has had any adverse impact on the local phytoplankton community.
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INTRODUCTICN

Technical Specification Requirements

The Envirommental Technical Specifications for the Donald C. Cook Nuclear
Plant require an assessment of phytoplankton abundance, viability, and species

a

composition to be made on a monthly basis on samples collected in early morning,

at mid-day, and in late evening. To this d, samples are collected at morning

twilight, noon, and evening twilight from intake and discharge forebays.

Samples for microscopic counting are c cted in licate and those for
viability studies in quintuplicate. Thi eport iiscussion of

results of microscopic counting for 1975 through | » results
5

studies based on chlorophylls for 1975 through May 1982 he summary

viability studies based on primary productivity (C*%) between March 198
] 3 . )




Disposition of Samples Collected

In the Envirommental Operating Report for 1981, a table which listed the
disposition of all samples for microscopic counting was included. Table 1 is a
continuation of that table. Of the 102 required samples for the period December
1981 through May 1982, all were collected. All samples through January 1981
have been counted.

Of the 480 samples required for viability analysis, 480 were collected for
the period of September 1981 through May 1982. These include samples collected
to give five replicates rather than the three rec "'red replicates. These
additional samples were collected to decrease the detectable difference between
intake and discharge that can be measured at the 0.05 level of significance. At
the time of preparation of this report, analyses of all samples were complete.
Because of loss during analysis, the number of replicates on October 13, 1981

numbered less than the three required.

Temperature at Time of Collection

A summary of intake and discharge temperatures is present in Table 2 for
the periods when phytoplankton entrainment samples were collected. Upwelling of
colder bottom water along the eastern shore of Lake Michigan took place the week
preceding the July 1981 entrainment collection. Upwelling transperts colder
bottom water rich in nutrients and containing its own phytoplankton assemblage
to nearshore regions of the lake. Any mixing of these hypolimnetic and
epilimnetic waters yields a water mass having characteristics of each and
results in increased sampling variability. The increased heterogeneity is

particularly important if upwelling occurs during sampling periods.
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Table 1. Status of Phytoplankton Enumeration Samples.

SAMPLE STATUS!

Counted But
Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available

for Discussion

Complete

June 1978
Evening Twilight

Morning Twilight

Noon

July 1978
Evening Twilight

Morning Twilight

vening Twilight
Morning Twilight

Noon

September 1978

Morning

Noon

October 1978
Evening Twilight

Morning Twilight

Noon

\
Vil

(Bl ol o BN o BN o o
B b= PO bt N
o> >

(continued

B are replicate designat
Intake

is Discharge

is Discharge




Table 1 (continued)

Counted But
Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available Complete

for Discussion

November 1978
Evening Twilight

IA 1B DIA
DIB D2A D2B
Morning Twilight IA IB DlA
D1B D2A D2B
Noon IA IB DIA
D1B D2A D2B

December 1978
Evening Twilight IA IB DIA
DIB D2A D2B
Morning Twilight IA IB DIlA
D1B D2A D2B
Noon IA iB DIA
D1B D2A D2B

January 1979
Evening Twilight IA IB DIA
DIB D2A D2B
Morning Twilight IA IB DlA
D1B D2A D2B
Noon IA 1B DIA
D1B D2A D2B

February 1979
Evening Twilight IA IB DIlA
DIB D2A D2B
Morning Twilight IA 1B DI1A
D1B D2A D2B
Noon IA IB DIlA
D1B D2A D2B

March 1979

Evening Twilight IA 1B DIA
DIB D2A D2B
Morning Twilight IA IB DIA
D1B D2A D2B
Noon IA IB DlA
D1B D2A D2B
(continued)

lA and B are replicate designations
I is Intake

Dl is Discharge Unit #1
D2 is Discharge Unit #2
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Table 1| fcontinued)

Counted But
Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available Complete
for Discussion

April 1979

Evening
Morning
Noon

May 1978
Evening

Morning

Twilight

Twilight

Twilight

Twilight

Noon

June 1979 Plant not Operational

July 1976
Evening Twilight

Morning Twilight
Noon

August 1979
Evening Twilight
DIB D2A
Morning Twilight IA IB
D1B D2A
Noon IA IB
D1B D2A D2B
September 1979
Evening Twilight DIA DIB IA IB
D2A DZ2B
Morning Twilight IA IB DIA
DIB DZ2A D2B
Noon IA IB DIA
DIB D2A D2B

(continued)

] »
‘A and B are replicate designations

I is Intake
Dl is Discharge Unit #]
D2 is Discharge Unit




Table 1 (continued)

Counted But

Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available Complete
for Discussion

October 1979
Evening Twilight IA 1B DI1A
DiB D2A D2B
Morning Twilight IA IB DI1A
D1B D2A D2B
Noon IA IB DI1A
DIB D2A D2B

November 1979
Evening Twilight IA IB
D1A DIB
Morning Twilight IA IB
D1A DIB
Noon IA 1B
D1A DI1B

December 1979
Evening Twilight 1A IB
DiIA DIB
Morning Twilight IA 1B
DIA DIB
Noon IA 1B
D1A DIB

January 1980

Evening Twilight IA IB DlA
D1B D2A D2B
Morning Twilight IA IB Dl1A
DIB D2A D2B
Noon IA IB DIA
DIB D2A D2B

February 1980
Evening Twilight IA IB DI1A
D1B D2A D2B
Morning Twilight IA IB DIA
D1B D2A D2B
Noon IA IB DlA
D1B D2A D2B
(continued)

IA and B are replicate designations
I is Intake

Dl is Discharge Unit #1
D2 is Discharge Unit #2
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Table 1 (continued)

Month and Sample

Not
Collected

Lost

Not Yet
Counted

Counted But
Not Yet
Available

for Discussion

Complete

March 1980
Evening

Morni ng

Noon

April 1980
Evening

Morning

Noon

May 198l
Evening

Morning

Noon

June 198(
Evening

Morning

Noon

July 1980
Evening

Morning

Noon

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

LA

D2B

(continued)

lA and B are replicate designations

I is Intake
N

Dl is Discharge Unit #]
D2 is Discharge Unit #2




Table 1 (continued)

Counted But
Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available Complete
for Discussion

August 1980
Evening Twilight IA IB DIA
DIB D2A D2B
Morning Twilight IA IB DlA
D1B D2A D2B
Noon IA IB DIlA
D1B D2A D2B

September 1980

Evening Twilight IA IB DIA
D1B D2A D2B
Morning Twilight 1A IB DIA
D1B D2A D2B
Noon IA IB DIA
DIB D2A D2B

October 1980
Evening Twilight IA IB DI1A
DIB D2A D2B
Morning Twilight IA IB DIA
DIB D2A D2B
Noon IA IB DIA
D1B D2A D2B

November 1980
Evening Twilight IA IB DIA
DIB
Morning Twilight IA IB DIA
DIB
Noon IA IB DI1A
D1B

December 1980
Evening Twilight IA IB DIlA
DIB
Morning Twilight IA IB DIlA
D1B
Noon IA 1B DI1A
D1B
(continued)

1o and B are replicate designations
I is Intake

Dl is Discharge Unit #]
D2 is Discharge Unit #2
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Table | (continued)

Counted But
Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available Complete
for Discussion

January 198l
Evening Twilight IA IB DIA
DIB D2A D2B
Morning Twilight [A IB DIA
DIB D2A D2B
Noon IA IB DIlA
DIB D2A DZB
February 198l
Evening Twilight

Morning Twilight
DIB D2A

Noon IA IB DIA
DIB D2A D2B

March 1981

Evening Twilight IA IB DIA
DIB

Morning Twilight IA IB DIA
DIB

Noon IA IB DIA
DIB

April 198l
Evening

Morning

Noon

IA IB DIA
DIB
IA IB DIA
DIB

Noon IA IB DIA

DIB

and B are replicate designations
is Intake
is Discharge Unit #1

is Discharge Unit #2




Table 1 (continued)

Counted But
Not Not Yet Not Yet
Month and Sample Collected Lost Counted Available Complete
for Discussion
June 1981
Evening Twilight IA IB D2A
D2B
Morning Twilight IA IB D2A
D2B
Noon IA IB D2A
D2B
July 1981
Evening Twilight IA IB D2A
D2B
Morning Twilight IA IB DzA
D2B
Noon IA IB D2A
D2B
August 981
Evening Twilight IA 1B DIA
D1B D2A D2B
Morning Twilight IA IB DIA
D1B D2A D2B
Noon IA 1B DlA
D1B D2A D2B
September 1981
Evening Twilight IA IB DIA
D1B D2A D2B
Morning Twilight IA IB DIA
DIB D2A D2B
Noon IA IB DlA
D1B D2A D2B
October 1981
Evening Twilight IA IB DlA
DIB
Morning Twilight IA IB DI1A
DIB
Noon IA IB DIA
DIB
November 1981
Evening Twilight IA IB D2A
D2B
Morning Twilight IA 1B D2A
D2B
Noon IA IB D2A
D2B
lA and B are replicate designations (continued)
I is Intake
Dl is Discharge Unit #1
D2 is Discharge Unit #2 B2-50



Table 1 (continued)

Month and Sample

Not
Collected

Lost

Counted But
Not Yet
Available
for Discussion

Not Yet

Counted

Complete

December 1981

Evening

Twilight

Morning Twilight

Noon

January 1982

Evening
Morning

Noon

Twilight

Twilight

February 1982

Evening
Morning

Noon

March 1982

Evening
Morning

Noon

April 1982
Evening

rmorning

Noon

May 1982
Evening

Morning

Noon

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

Twilight

IA IB DIA
DIB D2A D2B
IA IB DI1A
D1B D2A DZ2B
IA IB DIA
D1B D2A DZ2B

IA IB DIlA
DIB DZA D2B
IA IB DIA
DIB D2A D2
IA IB DI1A
D1IB D2A DZB

IA Ib D2A

DZ2B

IA IB D2A
2B

IA IB D2A

D2B

IA IB DIA
D1B D2A DZB
IA IB DIA
D1B DZ2A D2B
IA 1B DIA
DIB DZ2A DZ2B

lA and B are

I is

Intake

Dl is Discharge
D2 is Discharge

replicate designations




Table 2. Entrainment temperatures for 1978 through 1980.

Discharge Discharge
Date Time #1, °C #2, °C
January 10, 1978 Morning Twilight 3.0 13.5 -1
11 Noon 2.8 14,0 -
11 Evening Twilight 5.6 17.0 -
February 6, 1978 Evening Twilight 0.8 10.6 -
7 Morning Twilight 0.8 10.9 -
7 Noon 0.8 10.2 -
March 6, 1978 Evening Twilight -
7 Morning Twilight 12.1 -
7 Noon 1.6 -
April 10, 1978 Evening Twilight > 8.7
11 Morning Twilight - 8.1
11 Noon - 10.2
May 9, 1978 Evening Twilight - 17.6
10 Morning Twilight - 18.8
10 Noon - 17.8
June 12, 1978 Evening Twilight - 26.3
13 Morning Twilight - 25.8
13 Noon = 11.0
July 10, 1978 Evening Twilight 21.5 15.2
11 Morning Twilight 21.5 16.4
11 Noon 22.2 17.7
August 7, 1978 Evening Twilight 31.0 28.2
8 Morning Twilight 32,2 30.0
8 Noon 32.6 29.9
September 11, 1978 Evening Twilight 36.5 35.1
12 Morning Twilight 36.0 35.1
12 Noon 36.0 35.0
October 9, 1978 Evening Twilight 25.0
10 Morning Twilight 26.0 23.2
10 Noon 26.7 25.0
November 13, 1978 Evening Twilight 22.0
14 Morning Twilight 21.8
14 Noon 21.6
December 4, 1978 Evening Twilight 4.8 15.2 13.3
5 Morning Twilight 4.8 15.6 14.0
5 Noon 4.8 14.8 13.9

(continued)
l pashes appear when a unit was not operating. Blanks are for missing data.
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Table 2 (continued)

Int ake, Discharge Discharge
Date Time e Fl. “C )

January 8, 19 Evening Twilight
Morning Twilight

S Noon
February 12, 1979 Evening Twilight
] Morning Twilight

Noon
Evening Twilight
Morning Twilight

Noon

Evening

light

wi
Morning Twilight

Noon
Evening Twilight
Morning Twilight
Noon
Evening Twilight
Morning Twilight
Noon
August b6, Evening Twilight
/ Morning light
Noon

September 197 venin iligh ‘ J ¢ 1 pump

Evening
Morning
Noon
November 1 79 Evening
] Morning
Noon
Evening
Morning
Noon

(continued)
Dashes appear when ini not cperating Blanks are for missing data.




Table 2 (continued)

Intake, Discharge Discharge

Date Time 5 #l, °C #2, °C
January 21, 1980 Evening Twilight 0.2 12.0 6.6
22 Morning Twilight -0.3 12.0 0.5
22 Noon -0.3 12.0 6.5
February 4, 1980 Evening Twilight 0.6 12.2 12.4
5 Morning Twilight 3.2 14.5 119
5 Noon 2.4 14.5 14.3
March 10, 1980 Evening Twilight 5.5 172 14.0
11 Morning Twilight 6.3 17.8 15.1
11 Noon 6.0 17.2 14.0
April 7, 1980 Evening Twilight 3.8 15.6 13.2
8 Morning Twilight 7.3 8.3 15.4
8 Noon 6.1 7.6 15.2
May 12, 1980 Evening Twilight 11.9 23.0 21.4
13 Morning Twilight 12.5 23.8 22.2
13 Noon 12.5 24.0 22.4
June 9, 1980 Evening Twilight 14.7 - 24,1
10 Morning Twilight 14.0 - 25.5
10 Noon 13.9 - 23.1
July 14, 1980 Evening Twilight 22.5 - 3.3
15 Morning Twilight 22,3 a 31.8
15 Noon 23.6 - 32.8
August 11, 1980 Evening Twilight 23.8 31.1 33.5
12 Morning Twilight 24,2 31.9 34.0
12 Noon 23.0 31.1 33.0
September 8, 1980 Evening Twilight 20.1 29.3 29.5
9 Morning Twilight 22.9 31.5 31.0
9 Noon 22.5 33.2 32.2
October 13, 1980 Evening Twilight 16.0 26.2 24.6
14 Morning Twilight 14.0 25.1 22.9
14 Noon 15.2 25.4 23.7
November 10, 1980 Evening Twilight 10.5 20.6 -
11 Morning Twilight 9.2 19.5 -
11 Noon 9.3 19.5 -
December 8, 198C Evening Twilight 6.4 16.9 -
9 Morning Twilight 7.7 17.9 -
9 Noon 6.8 16.0 -

(continued)
! pashes appear when a unit was not operating. Blanks are for missing data.
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(continued )

Discharge charge
Date Time - g1, “C it 2 C

Evening Twilight
Morning Twilight
Noon

February 9, 3 Evening
Morning

January

1( Noon

March 981 Evening Twilight
Morning Twilight
Noon

Evening Twilight
Morning Twilight
Noon

Evening

Morning

Noon

Evening

o

Morning

NN

[

Noon
Evening

14 Morning Twilight

14 Noon
August 10 1981 Evening Twilight
’ Morning Twilight

Noon
Evening Twilight
Morning Twilight

Noon

5
6
9

» W
ro

w

g
W W

NN WbDLY D L
(N (W L8
) U L

[

Evening Twilight
Morning Twilight
Noon

Evening

Morning

N\/Q[‘.

ntinued)
! Dashes appear when a )t operatin Blank or missing data.




Table 2 (continued)

Date

December 7, 1981
8
8
January 12, 1982
13
13
February 8, 1982
9
9
March 8, 1982
9
9
April 12, 1982
13
13
May 10, 1982
11
11

Time

Evening
Morning
Noon
Evening
Morning
Noon
Evening
Morning
Noon
Evening
Morning
Noon
Evening
Morning
Noon
Evening
Morning
Noon

Twilight
Twilight

Twilight
Twilight

Twilight
Twilight

Twilight
Twilight

Twilight
Twilight

Twilight
Twilight

Intake, Discharge Discharge
o - #l, °C #2. °C
9.1 21.0 18.5
6.0 15.7 17.7
5.2 14.9 16.8
9.8 21.0 19.3
10.3 19.8 20.0
10.1 20.6 19.7
1.2 = 10,2
1.8 - 11.0
1.4 - 10.8
1.0 11.0 12.0
1.0 11.8 10.4
0.2 11.3 10.2
7.9 19.7 17.2
3.6 16.0 14.9
3.8 15.4 13.9

13.2 22.3 24,2
13.1 24.4 22.9
14.8 29.0 23.7

! pashes appear when a unit was not operating.
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RESULTS AND DISCUSSION

Variation of Major Phytoplankton Groups

For the purpose of contrasting changes in abundance and in species
diversity, comparisons between phytoplankton assemblages from 1975 through 198!
are made. The phytoplankton assemblages are divided into nine major groups.
These groups are filamentous blue-green, coccoid blue-green, filamentous green,
coccoid green, flagellates, centric diatoms, pennate diatoms, desmids, and other
algae. Other algae are those not belonging to the other major groups. M
group abundances (cells/mlL) are tabulated monthly for each year. The annual
means, for those years for which the counts are complete, are included in this
tabulation.

Coccoid blue-green algae were least abundant in 1976 (Table
then, the abundance of coccoid blue-green algae increased for 1977 and 1978,
decreased for 1979, and increased again for 1980, n 1980, the highest coccoid
blue-green abundances in entrained monthly samples occurred between August and
December. In general, this time of peak abundance has occurred in all years.

Filamentous blue-green algae were less abundant in
but they were more abundant than in 77 / 1979
peak abundances were reached in

Coccoid green algae were less abundant in

but they were more abundant than in 1977, 1978, and 197 Ta 5) This may be

attributed to the natural variability in the phytoplankton population

the nearshore of Lake Michigan. In 1980, peak concentrations occurred from July

through September.
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Table 3. Monthly variation of coccoid blue-green algae from 1975 through 1980 (cells/mL).

Month 1975 1976 1977" 1978" 1979 1980
January 461.(149.) 296.(91.9) 275.(44.5) 501.(143.)
February 109.(59.7) 254.(71.7) 95.0(50.0) 120.(24.3) 130(19.1)
March 257.(186.) 347.(110.) 137.(57.2) 28.7(12.6) 209.(43.8) 102.(37.2)
April 312.(125.) 143.(63.6) 110.(76.2) 78.8(30.7) 30.(27.6) 132.(34.6)
May 689.(169.) 87.1(46.6) 47.3(27.3) 142.(54.6) 171.(137.) 18.4(12.9)
June 235.(155.) 33.6(25.1) 114(45.6) 521.(166.) 311.(110.)
July 1050.(155.) 57.8(26.5) 133.(28.5) 244 ,(75.7) 117.(27.6) 313.(63.7)
August 286.(53.2) 439.(93.8) 1210.(254.) 149.(35.4) 376.(53.1) 1513.(240.)
September 1220.(169.) 339.(118.) 917.(93.6) 660.(80.4) 845.(138.) 1103.(191.)
October 945.(212.) 560.(196.) 727.(145.) 2353.(365.) 1209.(142.) 1832.(243.)
November 600.(166.) 422.(121.) 1320.(289.) 1992.(278) 1013.(119.) 1668.(213.)
December 176.(106.) 275.(73.4) 872.(124.) 3642.(363.) 1282.(174.) 1321.(319.)
Yearly Mean 535.(117.) 285.(50.1) 599.(159.) 850.(134.) 513.(144.) 745.(199.)

'Mean is followed by the standard error.



lable

7
4.

Monthly variation of

filamentous

blue-green algae

from

1975 through

1980 (cells/mlL).

Month

1975

1980

January

February

Marcl
April
May
June

July

August

September

October

November

December

Yearly

ran

Mean

is

28.2(8.10)
‘u‘) . / ( 1 / - t‘ }
27.6(5.40)
103.(37.0)
314.(38.1)
95:1025:3)
8.90(2.70)
17.3(9.20)
98.8(34.0)

21.6(17.8)

15.4(7.70)

71.8(26.5)

followed by the

22.0(8.06)
16.4(3.53)
13.4(2.53)
57.9(5.16)
457.(52.8)
8l1.1(16.1)
72.1€12.7)
9.24(3.08)
46.8(15.8)
45.9(23.8)

6.35(4.31)

standard

16.7(3.19)
110.(76.2)
17.5(4.09)
24.3(8.29)
59.9(14.3)
17.6(6.37)
25.0(8.84)

21.4(7.61)

15.2(5.61)
6.22(2.46)
3.60(.921)
2.63(.919)
14.4(4.53)
111.{51.9)
65.0(12.6)
111.(26.5)
8.89(2.68)
87.0(18.9)
82.9(18.7)
67.9(1 5.‘))_

48.0(13.3)

7.91(1.33)
3.78(0.60)
4.57(0.86)

3.58(1.71)

201.(29.3)
20.1(5.09)
41.8(5.81)
115.(18.2)

38.3(9.60)

41.5(18.7)

9.16(2.61)
5.10(1.02)
lel13C1:35)
3.3/7(0.86)
54.5(15.3)
312.(110.)
211.(65.1)
62.1(18.7)
26.4(5.94)
50.7(19.0)
69.9(23.3)
14.9(8.17)

68 9(", .H)
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Table 5. Monthly variation of coccoid green algae from 1975 through 1980 (cells/mL).

Month 1975' 1976" 1977 1978 1979 1980
January 42.2(12.2) 56.8(17.4) 39.6(4.87) 70.5(32.9)
February 39.3(14.2) 29.5(11.1) 10.7(2.57) 18.5(3.53) 24.3(5.37)
March 55.2(24.7) 22.9(7.63) 21.1(4.43) 16.6(4.54) 79.4(43.5) 50.6(10.4)
April 49.7(14.8) 57.9(12.3) 51.4(8.31) 108.(25.2) 69.9(22.5) 48.3(6.90)
May 47.1(19.7) 145.(30.6) 15.3(4.89) 145.(23.6) 125.(18.1) 86.2(33.6)
June 141.(23.2) 98.4(26.9) 39.2(15.8) 150.(45.3) 111.(31.9)
July 1000.(107.) 689.(123.) 152.(19.2) 103.(36.0) 54.9(15.2) 443.(35.2)
August 197.(37.1) 494,(46.8) 115.(16.5) 166.(33.0) 153.(21.6) 407.(63.9)
September 176.(24.2) 755.(129.) 54.4(8.31) 174.(24.1) 95.6(19.6) 433.(66.8)
October 116.(16.1) 242.(37.1) 232.(85.4) 256.(26.9) 132.(12.9) 146.(23.9)
November 138.(66.9) 134.(36.1) 65.i(18.2) 159.(18.1) 77.9(15.0) 159.(41.6)
December 110.(47.8) 240.(54.4) 49.5(11.4) 194.(15.1) 133.(29.9) 62.6(14.5)
Yearly Mean 188.(82.8) 246.(74.6) 79.5(21.5) 128.(22.6) 89.0(12.9) 170.(46.2)

'Mean is followed by the standard error.



For the years 1975 through 1980, filamentous green algae were least
abundant in 1980 (Table 6). In 1980, the primary peak abundances were reached
during May and September.

Flagellates showed no marked variation in abundance from 1975 to 1977
(Table 7), but they exhibited a decrease in abundance in 1978, 1979, and 1980.
The 1979 yearly average of abundance was unduly low due to the absence of June
samples, which were often high. During 1980, peak abundances occurred during
April and July.

Centric diatoms showed a marked reduction in population density during
1977 compared to the previous years (Table 8) but increased during 1978, 1979,
and 1980 compared to 1977. Even the 1979 yvearly average represents an increase
compared tc the value for 1977. The 1979 yearly average may be unduly
because no June sample was collected that year, and the June abundance is
usually large for centric diatoms. The 1980 yearly average abundance was
markedly higher than that c 197 The 1980 peak abundance in May is thie second
highest concentration observed for centric diatoms in the monthly samp.es since
1976. The highest concentraticn occurred in June of 197 population

density peaks occurred in April, May, and September. Peak concentrations of

this group of diatoms usually occur in the spring. The population density

reduction in 1977 can be attributed to the natural long-term variation of the
phytoplankton community.
Pennate diatoms occurreu in reduced numbers in 1980 compared to 1975 anc
a greater abundance compared to 1977, 1978, and 1979 (Table 9).
The 1979 yearly average may be unduly low. In 1980, peak abundance was reached
in May and June with a secondary peak in Oct« and November. The reason

the low counts in 1979 may be the absence of June samples, when the
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Table 6. Monthly variation of filamentous green algae from 1975 through 1980 (cells/ml).

Month 1975 1976" 1977° 1978 1979 1980
January 31.6(17.4) 2.26(1.35) 2.49(0.89) 1.46(0.85)
February 18.0(9.70) 2.00(1.20) .350(.241) 0.278(0.260) 0.0(0.0)
March 34.8(12.6) 16.4(6.62) 6.63(4.37) 3.04(1.82) 0.600(0.330) 0.550(0.40)
April 0.0(0.0) 18.1(10.5) 18.2(12.3) 2.21(1.70) 0.00(0.00) 0.094(0.09)
May 1.50(1.50) 57.8(23.0) 4.63(2.32) 1.70(1.15) 0.00(0.0) 8.66(3.55)
June 29.5(20.6) 55.0(14.0) LA17(.417) 2.62(1.03) 1.37(0.75)
July 0.3(0.3) 37.3(11.1) 22.9(4.79) 11.2(2.82) 4.34(1.40) 0.0(0.0)
August 0.8(0.6) 4.28(2.52) 0.0(0.0) 8.15(2.83) .228(0.228) 2.94(1.04)
September 0.2(0.2) 13.7(6.13) 1.86(.888) 1.12(.401) .700(0.523) 5.57(2.55)
October 2.8(1.1) 9.67(2.47) 6.63(4.02) 8.19(2.16) 5.53(1.61) 1.93(0.85)
November 1.5(1.2) 6.35(5.48) 26.8(6.92) 18.4(4.37) 0.0(0.0) 0.275(0.27)
De “ember 14.4(7.3) 5.52(2.39) 14.0(6.97) 35.4(4.55) 12.3(7.81) 3.04(1.30)
Yearly Mean 9.44(3.87) 21.5(5.64) 10.2(3.06) 7.92(2.03) 2.41(1.14) 2.16(0.76)

'Mean is followed by the standard error.



Table 7.

Monthly variation of flagellated algae from 1975 through 1980 (cells/mL).

Month

1977

January
February
March
Aplll
May
June

July
August
September
October
November

December

Yearly Mean 527.(69.0)

"Mean 1is

110.(18.7) 156.(44.0)

90.8(20.8) 252.(32.1) 109.(21.7)

272.(56.6) 268.(25.5) 628.(60.2) 97.5(24.6)

857.(190.) 351.(36.6) 10U10.(116,) 435.(69.9)

641.(82.3) 1350.(220.) 1200.(160.) 728.(153.)

802.(148.) 633.(70.5) 235.(30.6) 2840.(275.)

561.(94.6) 452.(31.6) 267.(33.9) 195, (

504.(56.7) 482.(86.6) 376.(31.9) 191.(

587.(71.6) 426.(70.3) 302.(57.8) 75.7(

696.(85.4) 559.(91.7) 550.(91.8) 108.(

417.(51.9) 524.(47.6) 7564,(156.) 52.0(12.4)

261 .(88.,0)

454.(68.9)

415.(84.2)

}hh‘.(‘)‘}."*) 78.9(19.3)

485.(89.0) 540.(114.)

followed by the standard error.

&‘/‘/’.(‘)'..")
242.(46.7)
392.4(37.1)
379.(44.4)

'!;‘)-(h;'-{))

51.4)
34.9)
(38.7)
249.(34.9)

4644 ,(29.4)

486.(66.0)

446.(69.4)
264.(21.0)
291.(25.5)
7175.(59.5)
499.(66.8)
313.(79.5)
635.(63.2)
494.(52.7)
422.(99.5)
113.(26.7)

127.(36.7)

66.0(13.2)

387.(63.2)
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Table 8. Montl. , variation of centric diatoms from 1975 through 1980 (cells/mlL).

Month 1975 1976" 1977 1978 1979 1980
January 1810.(191.) 310.(46.7) 193.(11.8) 253.(23.7)
February 1040.(130.) 560.(45.0) 125.(12.8) 169.(8.96) 205.(11.9)
March 1290.(111.) 807.(56.8) 463.(57.7) 423.(37.8) 352.(22.2) 337.(28.8)
April 2550.(427.) 930.(51.1) 779.(83.9) 592.(74.5) 2590.(199.) 310.(17.7)
May 1190.(170.) 1400,(189.) 139.(23.1) 1800.(168.) 428.(28.4) 2334.(176.)
June 817.(64.3) 212.(18.3) 451 (91.5) 1450.(141.) 1802.(163.)
July 914.(108.) 3370.(361.) 967.(65.9) 1100.(99.6) 76.8(6.89) 146.(12.1)
August 132.(23.9) 272.(25.9) 175.(12.0) 200.0(30.0) 96.3(9.88) 547.(92.9)
September 69.2(8.3) 1060.(157.) 183.(14.8) 225.(40.5) 247.(28.2) 1876.(101.)
October 286.(21.2) 644.(50.9) 140.(18.1) 904.(88.7) 511.(53.0) 806.(40.1)
November 404.(64.5) 1090.(69.4) 194.(24.2) 195.(21.3) 240.(14.3) 527.(74.1)
December 1700.(132.) 503.(58.8) 165.(18.5) 160.(9.63) 368.(.34.1) 578.(58.5)
Yearly Mean 945.(224.) 1050.(249.) 366.(93.7) 623.(64.0) 479.(214.) 810.(217.)

'Mean is followed by the standard error.
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Table 11. Monthly variation of other algae from 1975 through 1980 (cells/mL).
Month 1975 1576' 1977 1978" 1979 1980
January 62.4(18.1) 50.8(11.2) 84.4(9.25) 64.4(13.2)
February 7.0(3.2) 58.3(30.4) 53.9(8.07) 9% .4(9.4) 76.9(11.6)
March 29.4(4.4) 39.9(5.93) 16.7(5.49) 66.2(7.79) 92.0(13.9) 92.2(12.7)
April 70.0(16.9) 91.1(42.8) 167.(20.8) 57.6(10.9) 29.8(6.58) 46.9(6.30)
May 84.0(17.2) 148.(27.8) 55.6(10.5) 104.(11.3) 111.(30.5) 106.(18.6)
June 148.(29.0) 104.(12.1) 37.9(7.65) 400.(44.3) 204.(32.5)
July 480.(57.1) 361.(52.3) 193.(22.0) 514.(63.9) 40.8(6.97) 200.(25.2)
August 55.0(22.1) 192.(19.8) 206.(26.7) 119.(23.4) 114.(11.7) 333.(54.0)
September 31.6(6.2) 481.(54.7) 62.0(7.15) 86.6(10.3) 91.(10.6) 399.(61.0)
October 44.0(5.0) 166.(23.7) 183.(21.4) 245.(23.7) 179.(18.4) 149.(15.4)
November 65.7(13.0) 84.7(14.5) 119.(15.6) 112.(18.5) 93.3(9.22) 152.(42.2)
December 71.0(13.1) 42.0(7.67) 63.4(15.1) 124.(15.0) 96.9(10.5) 66.6(15.9)
98.7(39.7) 153.(39.5) 110.(22.6) 161.(20.3) 93.3(11.7) 157.(32.0)

Yearly Mean

‘Mean is followed by the standard error.




of total algae from 1975 through 1980 (cells/ml

August

September

1840.(18Y9.) 5060.(414,)

o1 228.) 3000.(272




where S is the number of species, n is the total number of phytoplankton in
cells/mL, and ny is the number of phytoplankton of the i,y species. Since not
all forms encountered can be identified to the species level, the diversity
index presented may differ somewhat from the true diversity.

Redundancy is a measure of the dominance of one or a few species within

population assemblages. As presented by Wilhm and Dorris (1968), it is:

dpax - d

aﬁax - aiin

r-

where d is the diversity of a community as calculated above, E,,,, is the maximum
diversity for the community, and 5;1n is the minimum diversity for the

community. dgax and dyip are computed as follows:

E;ax = (1/n)(logy n! - Slogy [n/S]!)

dpin = (1/n)(logy n! - Slogy [n/S-1]1)

The possible values of r vary in a range between O and l. When an r equals O,
it indicates that all the species encountered in a community have the same
abundance, whereas when an r equals |, it implies that one species dominates a
community. As shown in the formula, the value is derived from the measures of
species number, abundance and diversity.

For the period between 1975 and 1980, the number of forms of phytoplankton
was lowest in 1975 (Table 13). The number of forms in 1980 is the second lowest
in the six years of observation. Because of the absence of June data when the
number of forms is usually high, the mean number of forms for 1979 may be unduly

low.
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Comparison of the number of forms of phytoplankton for the years 1975 through 1980.
Standard errors are included in the first set of parentheses and sample size is shown

in the second set of parentheses.

Month

January 62.9(2.47)(11) 59.7(3.03)(18) 46.8(2.07

February 48.9(1.01)(12) 46.6(1.37)(18) 43.8(1.26

Mar ch 3 { ) : (12) b VA .36)(12) 40.3(1.16)(12) %6.7(1.80)(18) 44.2(1.15

April 48.3( 38 ) ( 55.5(3.37 )( 55.1(3.24)( 1 44.8(1.97)(12) 48.3(1.453

May 1 )12 > ¥ i8.8(1.39)(12) 44.1(1.2

59)(12) : 953.2(2.02)(

JLLITE

july 51 92 )(1 87.3(3,.7 ) 7.7(2.64)(12 2 1.35)(12 40.6(2.03

August 26 )( { ) ) l1.88)( 55:.5(5.463 )

September «e75)(12) / 3.75)( 69.9(2.39
October 24 . ] y 77)(12 2£.3(d.00 )( ) /18.2(3.02)( 7.4(1.92)( 58.2(2.40

November 5 ) ) 7.2(1.74)(12 L 85 )( 72.6(3.47 )( 56.5(1.95)( 52.8(2.22

Decembel Ai‘ o /4 )(11) 6 .5(1.81)(12) 56 .4 «22)(1 ) S‘).l‘f.lg)( 61.0(2.87)( 51.4(1.94)

.969) )3 . Z 53.9(1.92) 63.9(2.50) 52.4(3.36) 50.7(2.33)

Samples were not collected where dashes appear. Samples have not et been analyzed where blanks appear.
I I y P




Though no trend is apparent in diversity, 1976 diversities
1978, 1979, and 1980 (Table 14).
may in part be due to upwelling and mixing events which enri

nearshore region with nutrients and a different phytoplankton communi
The mean yearly diver: for 1980 was high compared to that of
those for 1975, 1976, 1978, and equal to the 1979 average.
average of diversity in 1980 reached a peak

Redundancy varia during 1975 through 30 shows no dist
Table > ) Though hi 3 197 ! ifference between the
redundancies does no ary greatly from t difference between any other two
years.

All phytopl ton cell counts ar 1ei 4 ommunity

at this time, indicate ar va '-: : i pact.

oplankton Viabil

Because th haeophytin

hanges in 11 ¥ *hl data are

Rossmann

ng

nanges




Comparison of phytoplankton form diversities for the years 1975 through 1980. Standard errors are

included n firs of parentheses and sample size is shown 1in the second set of parentheses.

February

Marct 066 ) (

April /8)(12
/14)(12

4.16(

3.8/ (!

August « 58 (

September 4 . 00(1

tober

ishes appear. amples ot ye n analyzed where blanks appe




Comparison of phytoplankton redundancies for the y )75 through 1980. Standard errors are included

in the first set of parentheses and sample size . ! the second set of parentheses.

«J18(0.

january

February 286((

+UL& )

August (e ¢ 318(0.014 )(

ptemb Ld . f { ) ) L4170 . ) ¢ &22(0.,012)(

tober 317(0,.016)(18)

348(0.011)(C12)

345(0.011)(12)

appear. Samples not y en analyzed where blanks appea




Viability based on Chlorophylls

During the period

screase exceeded

1creases, and

ccurrences

viability

rom Tables
18 bet

decreases was greater than

egative plan on phyt

ases {

were
method

discharge




Changes in viability noted by comparison of chlo 11l data from
the intake with those from the discharges.

Percent f Comparisons Percent « Comparisons

Showing Increase Showing Decrease
»




Table 17. Percent occurrence of statistically significant | U5 level of

significance) changes in viability (chlorophyll a) between the

intake and discharge.

Decrease In

Non-incubated Nen-incubated
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TABLE 18 MEAN CHLOROPHYLL A CONCENTRATIONS (MILLIGRAMS PER CUBIC & TER) WITH STANDARD ERRORS AND

COMPARISON OF MEANS USING ONE-WAY ANALYSIS Of VARIANCE THE INC COLUMN IS SAMPLE TYPE (T1=MTR1-1,
[3=MTR1-3 IS=MTR1-5 [6=MTR1-6 D=DISCHARGE ) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED

STANDARD
ME AN ERROR COMPARISON BETWEEN ISTIC SIGNIF ICANCE

858¢ O BASE

B37E+O 878E INTAKE V 1 SCHARGE ). 140E
B77¢ 0. 129¢

BBOFE +( Y ANOE ; INTAKE VS DISCH 0O S598F
689t 0O B99E

625¢ ) ). 146E+00 INTAKE ! CHARGE 0O . 68B0OF
T14E+0O 0.662¢F

623E+0 137¢€ ) INTAKE DISCHARGE O3 691§
182FE +( O.388¢ O

1BAE+OL O 198E +( INTAKE CHARGE 718E
190F 4 O.253¢

1BBE +¢ 0.220E+00 INTAKE V CHARGE 0.51 499¢F
18BE+O ( 136E +(

182E+0O 193F X INTAKE ‘ CHARGE ( 6550 0 IBRBE
213¢ 446F

211E ). 2B6E+00 INTAKE y DISCHARGE O.7T11E
401 ]145F )

377E+0O 0O.951E ) INTAKE 1 CHARGE

136E iSTE

335¢F 1O6E INTAKE < )1 SCHARGE

436¢ ). 210F -

404E 237E +( INTAKE S DI HAR

IS TE +( B865F -0

32 3¢ 197E+00 INTAKE /S DISCHARI

O

S18E+00O ). 345¢ 0 INTAKE VS DISCHARG

906k 164¢

124¢ ) .996E-0 INTAKE DISCHAR

162E+0 D T7T91E

192¢ ) ). 121E ) INTAKE /e SCHAR(

158¢ Y 97G¢F

159F +( 11SE +OX INTAKE V HAR(

@ ®

o B e e s e R R QR R -l R

s SRR

2]
81
3
B
81
8
2]
81
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TABLE 18 MEAN CHLOROPHYLL A CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH STANDARD ERRORS AND
COMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE THE INC. COLUMN IS SAMPLE TYPE (I1=MTR1-1,
13=MTR1-3, I5=MTR1-5, 16=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD

DATE TIME INC. SAMPLES MEAN ERROR COMPARISON BETWEEN  F-STATISTIC SIGNIFICANCE
08/10/81 2200 15 O a 0.203E+01 0. 125E+00
08/10/81 2212 D1 O 3 0.210E+01 0. 125€E+00
08/10/81 2147 D2 O 5 0.206E+01 O.140E+00  INTAKE VS DISCHARGE O 660E-O1 0.932€+00
08/10/81 220C 15 36 5 0. 127E+01 0. 104E+00
08/10/81 2212 DY 36 4 0. 164E+01 0 _497€E-01
08/10/81 2147 D2 36 5 0 141E+01 0 765E-01 INTAKE VS DISCHARGE O 47BE+O1 0.331E-01
08/11/81 0435 1S O 4 0.236E+01 0.696E-01
o8/11/81 0428 D1 O 5 0.231E+01 0. 106E+00
08/11/81 0426 D2 O 4 0.209E+01 0.914E-01 INTAKE VS DISCHARGE O.228E+01 0. ‘S4E+00
o8/11/81 1108 1S O 5 0.249E+01 O 111E+00
o8/11/81 1123 D1 O 4 0.247E+01 0 103E+00
08/11/81 1105 D2 O 4 0.240E+01 0O 7B1E-O1 INTAKE VS DISCHARGE ©O.200E+00 0 B1BE+00
09/14/81 2116 14 O 5 0.361E+01 0.232€+00
09/14/81 2058 DY O 5 0.421E+01 0.860E-01
09/14/81 2129 D2 ©O 5 0.340E+01 0.970E-01 INTAKE VS DISCHARGE O.756E+01 0 B83%E-02
09/14/81 2116 14 35 4 0.323E+01 0 111E+00
09/14/81 2058 D1 35 4 0.378BE+0O1 0 1276400
09/14/81 2129 D2 35 3 0.340E+01 0.200E-01 INTAKE VS DISCHARGE O.725E+01 0.173E-01
09/15/81 0514 14 O 5 0.391E+01 0 15TE+00
09/15/81 0501 DY O 4 0.373E+01 0. 4B4E-01
09/15/81 0522 D2 O 4 0.453E+01 0.696E-01 INTAKE VS DISCHARGE O.122E+02 0.277€-02
09/15/81 1208 14 O 5 0.375E+01 0.204E+00
09/15/81 1155 D1 O 4 0.350E+01 0. 155E+00
09/15/81 1219 D2 © 5 0.340E+01 0.713E-01 INTAKE VS DISCHARGE O.147E+O1 0.274E+00
10/12/81 1952 I5 O 4 0.4326+01 0. 117E400
10/12/81 2000 DY O 4 0 454E+01 0.960E-01 INTAKE VS DISCHARGE O.203E+O1 0.205€+00
10/12/81 1952 1S5 38 4 0.454E+01 0.929€-01
i0/12/81 2000 DY 38 5 0.399E+01 0. 44BE-01 INTAKE VS DISCHARGE ©0.362E+02 0.102E-02
1 1 0516 15 © 5 0.411E+01 0 147E+00
:35135:1 gsza Pt O 2 0.406E+01 O 160E+00 INTAKE VS DISCHARGE O.368E-O1 0.B41E+00
5 0 5 0.393E+01 0.314E-01
185135:: }283 ;‘ o ) 0.367E+01 0 699E-01 INTAKE VS DISCHARGE O.110E+02 0. 114€E-01




TABLE 18 MEAN CHLOROPHYLL A CONCENTRATIONS (MILLIGRAMS PER UBIC METER) WITH STANDARD ERRORS AND
OMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE THE INC OLUMN IS SAMPLE TYPE (11=MTR1-1
J=MTR1-3 I5=MTR1-5 I6=MTR1-6. D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED

STANDARI
ERROR COMPARISON BETWEEN

2B 1E
O 187E+0C INTAKE )ISCHARGE
). 252 )
JOIE +( INTAKE yCHARGE
17 9E )
166¢E ) INTAKE V DISCHARGE
302t
184¢ O INTAKE /IS [ CHARGE
408E
109E + 0O
545E ! )1 SCHARGE
B25E
1 !F
299¢
BaBE
136¢
135§
232¢
13BE
132¢ X INTAKE I SCHARGE O 199¢

PO 2o ®
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TABLE 19. MEAN CHLOROPHYLL B CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH STANDARD ERRORS AND
COMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE. THE INC. COLUMN IS SAMPLE TYPF (T1=MTR1-1,
13=MTR1-3, I5=MTR1-5, 16=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD
DATE TIME INC. SAMPLES ME AN ERROR COMPARISON BETWEEN  F-STAUISTIC SIGNIFICANCE

01/12/81 2020 15 O 4 0.0 00
01/12/81 2027 DY O 5 0.0 00
01/12/81 2033 D2 O 5 0. 105E-01 0.597€-02 INTAKE VS DISCHARGE O.276E+01 0. 108E+00
01/12/81 2020 15 37 - 0.0 0.0
01/12/81 2027 DY 37 S 0.344E-03 0. 344E-03
01/12/81 2033 D2 37 5 0.651E-02 0.562€-02 INTAKE VS DISCHARGE O.111E+01 0.364E+00
01/13/81 0635 I5 O 5 0.209E-01 0. 131E-01
01/13/81 0642 DI O 4 0.455€E-01 0.17BE-O1
01/13/81 0650 D2 © S 0.964E-02 0.964E-02 INTAKE VS DISCHARGE CO.177E+01 0.217€+00
01/13/81 1222 1S © 5 0.245E-01 0. 166E-01
01/13/81 1227 DY O 5 0. 1B4E-0O1 0. 184E-01
01/13/81 1233 D2 ©O 5 v.378E-01 0. 165E-01 INTAKE VS DISCHARGE O 331E+00 0.725E+00
02/09/81 1931 15 O 5 0.442€E-01 0.984E-02
02/09/81 1937 DY O 5 0.602€-01 0. 152€-01
02/09/81 1932 D2 ©O 5 0.385E-01 0.587€-02 INTAKE VS DISCHARGE O.10SE+01 0.382E+00
02/09/81 1931 15 37 B 0. 116E+00 0. 109E-01
02/09/81 1937 DV 37 S 0.801E-01 0. 155E-01
02/09/81 1932 D2 37 5 0.BO7E-O1 0. 170E-01 INTAKE VS DISCHARGE O.169E+01 0.229€+00
02/10/81 0642 1S 0 S 0.479E-01 O.134E-01
02/10/81 0637 DY O 5 0.943€-01 0. 271E-01
02/10/81 0637 D2 O 5 0.S0SE-O1 0.835E-02 INTAKE VS DISCHARGE O.208E+01 0. 169E+00
02/10/81 1212 15 O - 0. 1)2E+00 0.284E-01
02/10/81 1213 D1 O 3 0.694E-01 0.205E-01
02/10/81 1221 D2 O K 0.211E-01 0. 116E-01 INTAKE VS DISCHARGE 0.326E+01 0.B77E-O1
03/16/81 2055 I5 O 5 0.678BE-02 0.678E-02
03/16/81 2050 DY O El 0.0 0.0 INTAKE VS DISCHARGE 0. 778E+00 0 410E+00
03/16/81 2055 15 35 - O 489E-01 0. 338E-0O1
03/16/81 2050 DY 35 3 0. 142E-01 0 142E-01 INTAKE VS DISCHARGE O .561E+00 0.486E+00
03/17/81 0537 18 O Rl 0.0 0.0
03/17/81 0543 D1 O S 0.247E-01 O 1B7E-O1 INTAKE VS DISCHARGE O.136E+01 0.282E+00

17/81 12 Is O 4 0.486E-01 0.301E-01
835175:1 '2?3 Dt O 5 0.0 0.0 INTAKE VS DISCHARGE 0.33BE+O! O 109E+00
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TABLE 19. MEAN CHLOROPHYLL B CONCENTRATIONS (MILLIGRAMS PER
COMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE .

CUBIC METER) WITH STANDARD ERRORS AND
I3=MTR1-3, I5=MTR1-5, I6=MTR1-6, D=DISCHARGE )

THE INC. COLUMN IS SAMPLE TYPE (T1=MTR1-1,
AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD
DATE TIME INC. SAMPLES ME AN ERROR COMPARISON BETWEEN F-STATISTIC SIGNIF ICANCE
04/06/81 2117 IS 0O 4 0.0 0.0
04/06/81 2115 ©Y © 5 0. 114E-01 0. 114€-01 INTAKE VS DISCHARGE O 778E+00 0 410E+00
04/06/81 2117 15 36 5 0.0 0.0
04/06/81 2115 D1 36 2 0.500E -06 0 S500E -06 INTAKE VS DISCHARGE O.3ST7E+01 0. 11BE+00
04/07/81 0448 15 O 5 0.0 0.0
04/07/81 0449 D1 © 4 0. 115€-01 0.9576-02 INTAKE VS DISCHARGE O.1B9E+01 0.212E+00
04/07/81 1204 15 O 5 c.0 0.0
04/07/81 1203 DY © 5 0.826E-02 0.826E-02 INTAKE VS DISCHARGE ©. 100E401 0.348E+00
05/11/81 2127 1S 0 5 0.249E+00 0.825E-01
05/11/81 2124 D1 © 5 0.291E+00 0.629E-01 INTAKE VS DISCHARGE O.161E+00 0.696E+00
05/11/81 2127 15 35 5 0. 189E+00 0.391E-01
05/11/81 2124 D1 35 5 0. 176E+00 0.910E-01 INTAKE VS DISCHARGE O 176E-01 0.884E+00
05/12/81 0342 15 0O 5 0. 176E+00 0.BOBE-01
05/12/81 0339 D1 © 4 0.755E+00 O.463E+00  INTAKE VS DISCHARGE O.193E+01 0. 207€E+00
05/12/81 1216 15 O 5 0.797E-01 0.469E-01
05/12/81 1217 Dt O 5 0.495E+00 O.144E+00  INTAKE VS DISCHARGE O.753E+01 0.259E-01
06/08/81 2235 15 O 5 0.0 0.0
06/08/81 2221 D2 O 5 0.377€E-01 0.260E-01 INTAKE VS DISCHARGE O.210E+01 0. 1B85E+00
06/08/81 2235 15 3% 4 0.927E-01 0.604E-01
06/08/81 2221 D2 35 4 0.652E-01 0. 186E-01 INTAKE VS DISCHARGE 0. 190E+00 0.675E+00
06/09/81 0248 15 O 5 0. 156E-01 0 156E-01
06/09/81 0255 D2 O 5 0. 124E+00 0.961E-01 INTAKE VS DISCHARGE O.124E+01 0. 299€+00
06/09/81 1153 15 O 5 0.351E-01 0.206E-01
06/09/81 1144 D2 © 5 0.382€-01 0. 232€E-01 INTAKE VS DISCHARGE O 101E-01 0.910E+00
07/13/81 2232 15 © 4 0.875E-02 0.513E-02
07/13/81 2248 D2 O 5 0.506E-02 0.506E-02 INTAKE VS DISCHARGE 0.2S6E+00 0.629E+00
7/13/81 2232 15 36 5 0.660E-01 0.323E-01
37513501 2248 D2 36 5 0.441E-01 0.2126-01 INTAKE VS DISCHARGE 0.320E+00 0 S89E+00
1 S 0.636E-01 0.660E-02
g:i::;:: ggzg ég g s 0.300E-01 0. 160E-01 INTAKE VS DISCHARGE O 376E+01 O BBSE-O1
1 1205 15 O 5 0.339E-01 0.174€-01
315::5:' 12?0 D2 © 5 0.289E-01 0 137E-01 INTAKE VS DISCHARGE O.S511E-01 0.B14E+400




TABLE 19 MEAN CHLOROPHYLL B CONCENTRATIONS (MILLIGRAMS ER CUBIC METER) WITH STANDARD ERRORS AND
IMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE THE INC COLUMN IS SAMPLE TYPE (I1=MTR1-1
[3=MTR1-3 IS=MTR1-5 I6=MTR1-6 D=DISCHARGE ) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED

STANDARD
SAMPLES | ERROR COMPARISON BETWEEN STATISTIC SIGNIFICANCE

166¢
2 18E
TATE -0% INTAKE DISCHARGE 646E+00 ). 549E+00
234¢

®

INTAKE ( O .443E+01 ( 199§

109€ +00 )
132E+00 ) INTAKE VS DIS 0.S33E+01
152€-02

1BBE-O1 (

676E 0 ) INTAKE /S ) CHARGE 0O 979E+01
324¢ )
B20¢
100F
677E
1318 +0X
175E -0 ( 0 INTAKE VS DISCHARGE 0.342E+01
546E

O )

249F -0 ) o1 INTAKE VS | yCHARGE 0.254E+01

s I e e B R R R

® ¢

115401

S544¢
L]t“»}

7TSBE -( ) { INTAKE S HARGE ). 249E+00
250¢
INTAKE s DISCHARGE ( 100FE+01
INTAKE sCHARGE O.77BE+00

INTAKE VS DISCHARGE O.357E+01

INTAKE VS DISCHARGE 136E-0O1 ) +00

DO ODOPDODPODODODE®




TER) WITH STANDARD ERROR
UMN 5 SAMPLE TYPE (11
TER LECTION IT WAS

(M1 [GRAMS PER BIC ME

HYLL B ONCENTRATIONS
ANALYSIS 1 VARIANCE THE I N( C(
DI HARGFE ) AND NUMBER OF HOURS Af¥

MFEAN CHLORODF
MEANS USING ONE-WAY
=MTR1-5., 16=MTR1-6

STANDARD
FRROR OMPARISON
INTAKE
INTAKE
INTAKE

INTAKE




MEAN CHLOROPHYLL C CONCENTRATIONS (M) IGRAMS PER 81 METER) WITH STANDARD ERRORS AND

ON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE THE IN( OLUMN 1S SAMPLE TYPE (11=MTR1-1
3 IS=MTR1-5 I6=MTR1-6 )*DISCHARGE ) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATEI

TANDARD
SAMPLES ERROR MPARISON
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TABLE 20. MEAN CHLOROPHYLL C CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH STANDARD

. ERRORS A
COMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE. THE INC. COLUMN IS SAMPLE TYPE (li-'?li'-‘:,
I13=MTR1-3, I5=MTR1-5, 16=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD
DATE  TIME INC. SAMPLES  MEAN ERROR COMPARISON BETWEEN  F-STATISTIC SIGNIFICANCE
08/10/81 2200 15 0 4 0 319€+00 O 598E-0°
08/10/81 2212 D1 O 3 0.4266+00  0.603E-O1
08/10/81 2147 D2 O S 0.505E+00 0.392€-01 INTAKE VS DISCHARGE O .361E+01 0.720€-01
08/10/81 2200 15 36 5 0.314E400 O 606E-O1
08/10/81 2212 D1 36 4 0.0 0.0 .
08/10/81 2147 D2 36 5 0.0 0.0 INTAKE VS DISCHARGE O 237E+02  0.293E-03
08/11/81 0435 15 0 4 0.521E+00  0.554E-01
08/11/81 0428 DY O S 0.790E+00 0. 60BE-O1
0B/11/81 0426 D2 O 4 0.616E+00 O .671E-O1  INTAKE VS DISCHARGE O0.512E+01 O 3J06E-O1
o8/11/81 1108 15 O 5 0.247E+00 0.624E-01
08/11/81 1123 D1 O 4 0.202E+00 O 16SE+00
o 08/11/81 1105 D2 0 4 0.482E+00 O A78E-O1 INTAKE VS DISCHARGE O.179€+01  0.21BE+00
N 09/14/81 2116 14 O 5 0.3266400 O 974E-01
A 09/14/81 2058 DY O S 0.504E+00  0.614E-01
® 09/14/81 2129 D2 O 5 0 664E+00 O 104E+00 INTAKE VS DISCHARGE O0.3S7E+01  0.620€-01
09/14/81 2116 14 35 1 0.394E400 O 125E+400
09/14/81 2058 D1 35 4 0 646E+00 O 384E-O1
09/14/81 2129 D2 3% 3 0 26BE+00 O 7S1E-O1  INTAKE VS DISCHARGE 0. 443E+01 0 524€-O1
09/15/81 0514 14 O S 0 2296400 O 933E-O1
09/15/81 0501 D1 O 4 0. 104E+00 O 104E+00
09/15/81 0522 D2 0 4 0 374E+00 O 347€-01  INTAKE VS DISCHARGE 0.228E+01 0. 155E400
09/15/81 1208 14 O S 0.599€+00 O 126E+00
09/15,31 1155 D1 O 4 0.SS8E+00 O 872€-01
09/15/81 1219 02 O 5 0 5976400 O B7TE-O1  INTAKE VS DISCHARGE 0 435€-01 O 954E+00
10/12/81 1952 15 O 4 0.397€+00  O.799E-01
10/12/81 2000 DY O B 0 .4iBE+00 O 143E-01 INTAKE VS DISCHARGE O 701E-O% 0O.788E+00
10/12/81 “952 15 38 a 0.561E400 0 634E-O1
10/12/81 2000 D1 38 5 0 S526+00 O 356E-O1 INTAKE VS DISCHARGE 0. 147E-01 0 B93E+00
10/13/81 0516 1S O S 0.547€+00 O 3ISOE-O1
10/13/81 0523 D1 O 2 0 471E+00  ©0.530E-01 INTAKE VS DISCHARGE 0.137€401  0.295€400
10/13/81 1202 15 0 S5 0.646E+00 O SO1E-O1
10/13/81 1209 Dt O S 0 €BOE+00 0 457E-O1  INTAKE VS DISCHARGE 0 2606400 0 625€400
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TABLE 21 MEAN PHAEOPHYTIN A CONCENTRATIONS (MILLIGRAMS PER CUBI( METER) WITH STANDARD ERROR AND

COMPARISON OF MEANS USING ONE-WAY ANLAYSIS OF VARIANCE THE TN( COLUMN IS SAMPLE TYPE (T11=MTR1-1,
[3=MTR1-3, IS=MTR1-5 I6=MTR1-6 D=DISCHARGE ) AND NUMBER OF HOURS AFTER COLLECTION IT WAS IN UBATED

STANDARD
T IME SAMPLES ERROR COMPARISON BETWEEN

81 1907 ( ) 0.172 1 108§
81 1915 D . { O . B19F { INTAKE
81 1907 ] ) ( 7 0. 102¢
81 1915 ; é b ). 130E + INTAKE
81 0610 ) ( ( 158¢F
81 0620 5 0 ( 198¢ ( INTAKE
81 1212 15 ) 0. 7( 0O ). 216¢
81 1228 { 5 00 16 1E INTAKE
B1 195¢ . { IS9E
1 1942 [ 0. 130¢
1 1910 ) 00 174E+0 INTAKE
1 1956 ) 5 9] ( 177¢ )
1942 ) { 175¢
1910 5 ) 273E+X INTAKE ( 0O 267E+01
0632 O { 144¢€
0645 0 g ( O ). 234¢
0659 D ) 4 0 ( 245E+00 INTAKE
1229 0 y ) 00 ). 290¢
1242 ) 0 O.145¢
81 1255 ) - : 3¢ 989¢




TABLE 22. MEAN PHAEOPHYTIN A TO C'..OROPHYLL A RATIO WITH STANDARD ERRORS AND CONPARISON OF M

EANS
USING ONE-WAY ANALYSIS OF VARIANCE. THE INC COLUMN IS SAMPLE TYPE (I1=MTR1-1, 13=MTR1-3, I5=MTR1-§,
16=MTR1-6. D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION I7 WAS INCUBATED.

STVANDARD
DATE TIME INC. SAMPLES MEAN ERROR COMPARISON BETWEEN F-STAYISTIC SIGNIFICANCE

01/12/81 2020 1S © 4 0.589E-01 0.387E-01
01/12/81 2027 DY O 5 0.516E-01 0.207€-01
01/12/81 2033 D2 © ) 0.610E-01 0.389E-01 INTAKE VS DISCHARGE ©0.235E-01 0.974E+00
01/12/81 2020 15 37 4 0.39BE-01 0. 269E-01
01/12/81 2027 Dt 37 5 0.0 00
01/12/81 2033 D2 37 5 0. 100E-01 0. 100E-01 INTAKE VS DISCHARGE O 191E+01 0. 195E+00
01/13/81 0635 15 O 5 0.139E-01 0.139€E-01
01/13/81 0642 DI O 4 0.295E-01 0.269E-01
01/13/81 0650 D2 O 5 0.443E-CG1 0 234E-01 INTAKE VS DISCHARGE O.541E+00 0.599E+00
01/13/81 1222 IS ©O 5 0.226E-01 0. 134E-01
01/13/81 1227 D1 O 5 0.621E-01 0.268E-01
01/13/81 1233 D2 O 5 0.812E-01 0.313E-01 INTAKE VS DISCHARGE O. 143E+01 0.27BE+00
g 02/09/81 1931 15 O 5 0.121E+00 O 737e-01
1 02/09/81 1837 Dt O 5 0.0 0.0
A 02/09/81 1932 D2 © 5 0.0 0.0 INTAKE VS DISCHARGE O.269E+01 0. 109E+00
02/09/81 1931 15 37 4 0.0 0.0
02/09/81 1937 D1 37 5 0.852€-02 0.645E-02
02/09/81 1932 D2 37 5 0. 157€E-01 0 157E-01 INTAKE VS DISCHARGE 0.523E+00 0.609E+00
02/10/81 0642 15 O 5 0.284E-01 0. 284E-01
02/10/81 0637 DY O 5 0.181E-01 0. 118E-01
02/10/81 0637 D2 O 5 0.0 0.0 INTAKE VS DISCHARGE 0. .656E+00 0.539E+00
02/10/81 1212 15 O -] 0.0 0.0
02/10/81 1213 D1 O 3 0.0 0.0
02/10/81 1221 D2 O 4 0.317€E-01 0. 236E-01 INTAKE VS DISCHARGE O.1BOE+O1 0.222€E+00
03/16/81 2055 15 O 5 0.497E-01 0 152E-01
03/16/81 2050 D1 O 4 0.540€-03 0.540E-03 INTAKE VS DISCHARGE O BO9E+O1 0.257€-01
03/16/81 2055 15 35 5 0.696E-02 0. 696E-02
03/16/81 2050 DY 35 3 0. 119E+00 0 63BE-0O1 INTAKE VS DISCHARGE O.560E+01 0.566E-01
17/81 37 15 O 4 0.157E-01 0 157E-01
82;11;:1 ggaa Dt O 5 0.308E-01 0. 188E-01 INTAKE VS DISCHARGE O.351E+00 0.575E+00
1 1 4 0. 145E-01 0.852E-02
33?135:: 12?3 o? 8 5 0. 169E-01 0.167E-01 INTAKE VS DISCHARGE O.140E-01 0 .BIGE+00




TABLE 22. MEAN PHAEOPHYTIN A TO CHLOROPHYLL A RATIO WITH ¢ ) ERRORS AND COMPARISON OF ME
ING ONE-WAY ANALYSIS OF VARIANCE THE INC. COLUMN IS ° LE (I1=MTR1-1, I3=MTR1-3, It
[6=MTR1-6. D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLE I 5 INCUBATED

5 TANDARD
T IME SAMPLES f ERROR COMPARISON BE STATISTI > | ICANCE

2117 S ( ) ( 630E -0

1115 ) ) ( 153¢ )2 IN £E VS DISCHARGE
2117 5 36 -, 0.2 ) 117E
2115 ). 0O

0448 . ( 5 O O.178E
149 { ( 0.357€E-0 CHARGE

HARGE

1204 0 S ) ). 316¢
1203 D O ) ) 191E ) SCHARGE
2127 < ). 265 O 283t

2124 y )7 O ( 189§ ) Vs D HARGE
2127 ) O 336E

2124 y 0 )4 ¢ / SCHARGE
)342
139

1216
1217 ( ( ( ) CE \ ) I SCHARGE
2 )

HARGE

2235 ( > { {

¥ 4 c ) ( ) \ HAR(
2235
2221
0248
255 D O & { 00 { 27 VS DISCHAR(
1153
1144
2232
2248

HAR

8
B
81
8
81
8
81
8
8
B8
8
2]
81
e
8
B1
81
8
2]
R
]
8
]
8

HAR(

SCHAR(

>

2232 )

2248 ’ ) E+0Q0 ) yCHARGE
0315 O { {

0327 , 8 ) DISCHARGE

1205

. )

1218 HARGE
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TABLE 22. MEAN PHAEOPHYTIN A TO CHLOROPHYLL A RATIO WITH STANDARD ERRORS AND COMPARISON OF MEANS
USING ONE-WAY ANALYSIS OF VARIANCE THE INC. COLUMN IS SAMPLE TYPE (I1=MTR1-1, I3=MTR1-3, I5=MTR1-5,
16=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD
DATE TIME INC. SAMPLES MEAN ERROR COMPARISON BETWEEN  F-STATISTIC SIGNIFICANCE

08/10/81 2200 15 O 4 0O.B40E-01 O.B40E-01
08/10/81 2212 D1 O 3 0.467E-01 0.467E-01

08/10/81 2147 D2 O 5 0. 406E -01 0.406E-01 INTAKE VS DISCHARGE O.15BE+00 0.852E+00
08/10/81 2200 15 36 5 0.280E+00 O 106E+00

08/10/81 2212 D1 36 4 0.0 0.0

08/10/81 2147 D2 36 5 0.0 0.0 INTAKE VS DISCHARGE O.611E+01 0.174E-01
0o8/11/81 0435 15 O 4 0. 125E-01 0. 125E-01
0o8/11/81 0428 DY O 5 0. 109E+00 0. 598E-01

08/11/81 0426 D2 O 4 0 B35E-01 0 373E-01 INTAKE VS DISCHARGE O.120E+01 0.344E+00
o8/11/81 1108 IS O 5 0.780E-01 0.520E-01
0o8/11/81 1123 D1 O 4 0.470E-01 0.470E-01

o8/11/81 1105 D2 O 4 0.816E-01 0 S19E-01 INTAKE VS DISCHARGE O 132E+00 0.873E+00
09/14/81 2116 14 O 5 0.233E+00 0. 102E+00
09/14/81 2058 DI O 5 0. 150E+00 0. 315E-01

09/14/81 2129 D2 O 5 0.400E+00 0.493€-01 INTAKE VS DISCHARGE O 351E+O1 0 643E-01
09/14/81 2116 14 35 4 0.337E+00 0 354E-01
09/14/81 2058 D1 35 4 0. 197E+00 0 383E-01

09/14/81 2129 D2 35 3 0. 140E+00 0 207€E-01 INTAKE VS DISCHARGE O.B850E+01 0.117€-01
09/15/81 0514 14 O 5 0.240E+00 0. S37E-01
09/15/81 0501 DY O 4 0. 160E+00 0 211E-01

09/15/81 0522 D2 C 4 0. 137E+00 0 293E-01 INTAKE VS DISCHARGE O.1B2E+O1 0.213E+00
09/15/81 1208 14 O 5 0.954E-01 0.673E-01
09/15/81 1155 D1 O 4 0.197£+00 0. 103E+00

09/15/81 1219 D2 O -] 0. 179E+00 0 422E-01 INTAKE VS DISCHARGE 0O.601E+00 0 56BE+00
10/12/81 1952 15 O 4 0.250E-06 0. 250E-06

10/12/81 . "0 D1 O 4 0.0 0.0 INTAKE VS DISCHARGE O 100E+O1 0 358E+00
1 192 15 38 4 0.103E-01 0. 103E-01

:35:25:1 2003 o? a8 5 0.0 0.0 INTAKE VS DISCHARGE O.130E+01 0.293E+00
5 0.714E-01 0.296E-01

:8;:3;:: g:;g ;3 g 2 0.0 0.0 INTAKE VS DISCHARGE O 208E+O1 0.210E+00
5 5 0.753E-01 0.275E-01

:8;:35:: ::g; ;' 8 5 0.346E-01 0.215E-01 INTAKE VS DISCHARGE O 136E+0f1 0.278BE+00




TABLE 22 MEAN PHAEOPHYTIN A TO CHLOROPHYLL A RATIOD WITH STANDARD ERRORS AND COMPARISON OF MEANS

USING ONE-WAY ANALYSIS OF VARIANCE THE TMN( COLUMN 1S SAMPLE TYPE (I1=MTR1-1 [3=MTR1-3 IS=MTR1-5§,
I6=MTR1-6 D=DISCHARGE ) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED

STANDARD
TIME ( | ! ERROR COMPARISON BETWEEN F-STATISTI( SIGNIFICANCE

1907 D ) : 3 00 ). 320F

1915 C 0.5 ) O AO1E INTAKE / ) I SCHARGE
07 , c O 94F ) RI96GE -

1915 7 03¢ 123E INTAKE VS DI HARGE
6 10 ( ) 0 O 187¢

0620 ) ) £E-O 235E€ INTAKE 5 I SCHARGE
212 0 ) ) 4 9] 233

1228 0O 0. 4 > ) ). 165E -0 INTAKE V¢ ) CHARGE
1956 ¢ 5 ( ) 0O G668E

1942 { ¢ O »9E +00 0. 214E

1810 D2 O 5 ( E - 0.270E ~( INTAKE

1956 3 ) ) 27 3¢

1942 B ( ) ( 3 19€

19 1¢ ) ) O O S36E ~( INTAKE < )] € { 0. 30 { BB 3F

632 5 ) . ) ) 217E
645 D 5 ( 20E+00 ). 378BE ~(
0659 0 : ). 396E ~( INTAKE

1229 O 29E +OA ). 435¢
1242 O 0 00 274¢
1255 ) > 0 00 ). 197E
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TABLF 23. MEAN CHLOROPHYLL A CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH STANDARD ERRORS AND
COMPARISON OF MEANS USING ONE-WAY ANALYSTS OF VARIANCE. THE INC. COLUMN IS SAMPLE TYPE (I1=MTR1-1,
13=MTR1-3, I5=MTR1-5, I6=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD
DATE  TIME INC. SAMPLES ME AN ERROR COMPARISON BETWEEN  F-STATISTIC SIGNIFICANCE
01/12/82 1936 15 O 5 0.283E+01 0. 179E+00
01/12/82 1950 D1 © 5 0.264E+01 0.938E-01
01/12/82 2000 D2 © 5 0. 282E+01 0.271E+00  INTAKE VS DISCHARGE O.297E+00 0.748E+00
01/12/82 1936 15 37 4 0.270E+0" 0. 145E+00
01/12/82 1950 D1 37 5 0.287E+01 0. 176E+00
01/12/82 2000 D2 37 4 0. 276E+01 0.147E+00  INTAKE VS DISCHARGE 0.313E+00 0.738E+00
01/13/82 0634 15 O ) 0.285E+01 0 159E+00
01/13/82 0648 D1 O 5 0.262E+01 0. 146E+00
01/13/82 0701 D2 © 5 0.253E+01 O 157TE+00 INTAKE VS DISCHARGE 0. 116E+O1 0. 349E+00
01/13/82 1210 15 O 4 0.208E+01 0.429E-01
01/13/82 1223 D1 O 4 0. 22BE+01 0.735E-01
01/13/82 1233 D2 © 4 0.223E+01 0 675E-01  INTAKE VS DISCHARGE 0. 2B1E+O1 0. 115E+00
02/08/82 1951 1S O 4 0.313E+01 0. 191E+00
02/08/82 1938 D2 O 5 O 301E+01 O 988F -01 INTAKE VS DISCHARGE ©O.373E+00 0. .S563E+00
02/08/82 1951 15 36 5 0.310E+01 0.122E+00
02/08/82 1938 D2 36 4 0. 314E+01 O 166E+00 INTAKE VS DISCHARGE 0.427E-01 0 B29E400
02/09/82 0648 15 O 5 0.323E+01 0.167E+00
02/09/82 0638 D2 © 5 0.277E+01 O 11SE+00 INTAKE VS DISCHARGE O .527E+01 0.510E-01
02/09/82 1223 15 O 5 0.293E+01 0. 119E+00
02/09/82 1226 D2 O 5 0.283E+01 0 130E+00  INTAKE V. NISCHARGE 0.283E+00 0 611E+00
03/08/82 2041 15 O 4 0. 398E+01 0 'ogz*gg
4 0.403E+01 0 127E+
g:ﬁg:;:g :?502 g; (o) 5 0.354E+01 0. 10SE+00 INTAKE VS DISCHARGE O.611E+01 0. 196E-01
03/08/82 2041 15 36 4 0.372€+01 0 1235032
0.371E+01 0. 160E+
gg;g:;:; g?g: g; g: 2 0.359E+01 O 101E+00 INTAKE VS DISCHARGE 0.282E+00 0.759E+00
03/09/82 0535 15 O 4 0.371E+01 o.1;;:‘gg
4 0 442E+01 0.229E+
835835:3 8:;§ g; g 4 0.441E+01 0.900E-01 INTAKE VS DISCHARGE 0.672E+01 0. 175E-01
03/09/82 1211 15 © 5 0.398E401 g ':;:ogg
4 0.400E+01 _149E+
83;825:2 }§§§ g; g 4 0.403E+01 0. 999E-01  INTAKE VS DISCHARGE 0.439E-01 0.953E+00




TABLE 23.
COMPARISON OF MEANS USING ONE-WAY

MEAN CHLOROPHYLL A CONCENTR

ATIONS (MILLIGRAM
ANALYSIS OF VARIANCE .

S PER CUBIC METER) WITH

STANDARD ERRORS AND
THE INC. COLUMN IS SAMPLE TyP

E (I1=MTR1-1,
I3=MTR1-3, I5=MTR1-5, 16=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.
STANDARD
DATE TIME INC. SAMPLES ME AN ERROR COMPARISON BETWEEN F-STATISTIC SIGNIFICANCE
04/12/82 2110 1S 0 1 0. 102E+02 0.311E+00
04/12/82 2120 D1 © 4 0. 108E+02 0. 132€+00
04/12/82 2120 D2 © 5 0. 106E+02 0. 140E+00 INTAKE VS DISCHARGE 0.243E+01 0. 139€+00
04/12/82 2110 15 35 5 0. 106E+02 0.206E+00
04/12/82 2420 DY 35 Rl C.107€E+02 0.233E+00
04/12/82 2120 D2 35 5 0. 109€E+02 0.289E+00 INTAKE VS DISCHARGE 0.294E+00 0.750£+00
04/13/82 0432 15 © 4 0. 106E+02 0.913E-01
04/13/82 0444 DY O 3 O.111E+02 0. 300E+00
04/13/82 0447 D2 O© 3 0.918E+01 O 132E+00 INTAKE VS DISCHARGE 0.282E+02 0.969€E-03
04/13/82 1212 15 © 5 0.8B61E+01 0. 121E+00
04/13/82 1237 D1 O 4 0.866E+01 0. 197E+00
04/13/82 1225 D2 0O 5 0.901E+01 0.257€E+00 INTAKE VS DISCHARGE 0O.120E+01 0.33BE+00
05/10/82 2140 i1 © 4 0.614E+01 O 191E+00
05/10/82 2153 D1 © 5 0.586c+u1 0.237€+00
05/10/82 2207 D2 © S 0 SB82E+01 O.B11E-O1 INTAKE VS DISCHARGE 0O.841E+00 0. 460E+00
05/10/82 2140 15 36 4 0.539E+01 0. 142E+00
05/10/82 2153 D1 36 R O.S77E+01 0 .691E-01
05/10/82 2207 D2 36 3 O.514E+01 0.633E-01 INTAKE VS DISCHARGE O.860€+01 0. 114E-0O1
05/11/82 0347 15 © S O.311E+01 0. BOGE-O1
05/11/82 0406 DY O 5 0.324E+01 O.793E-01
05/11/82 0353 D2 O 5 0.328E+01 0.621E-01 INTAKE VS DISCHARGE O.139€+01 0.288E+00
05/11/82 1207 15 © 5 O.388BE+01 0 109508?
05/11/82 1226 DY O S 0.342E+01 0.662E-
055'1502 1216 D2 O 4 0.360E+01 O 641E-01 INTAKE VS DISCHARGE O 788E+01 0.8B42€E-02
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TABLE 24
COMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE.
13=MTR1-3, I5=MTR1-5, 16=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

MEAN CHLOROPHYLL B CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH STANDARD ERRORS AND

THE INC. COLUMN IS SAMPLE TYPE (I1=MTR1-1,

STANDARD
DATE TIME INC. SAMPLES MEAN ERROR COMPARISON BETWEEN  F-STATISTIC SIGNIFICANCE

01/12/82 1936 15 ©O 5 0. 325E+00 0. 727E-01
01/12/82 1950 Dt O 5 0 529E+00 0 595E-01
01/12/82 2000 D2 O 5 0 551E+00 0.648E-01 INTAKE VS DISCHARGE O 358E+01 0.614E-01
01/12/82 1936 15 37 4 0. 40BE+00 0 S49E-01
01/12/82 1950 D1 37 5 0.434E+00 0.595E-01
01/12/82 2000 D2 37 a 0.310E+00 0.584E-01 INTAKE VS DISCHARGE 0. 123E+01 0.335E+00
01/13/82 0634 15 O 5 0.271E+00 0. 130E+00
01/13/82 0648 D1 O s 0. 100E+00 0 100E+00
01/13/82 0771 D2 O 5 0.247E+00 0.893E-01 INTAKE VS DISCHARGE O.72BE+00 0.506E+00
01/13/82 1210 15 O 4 00 0.0
01/13/82 1223 DY O 4 0.445E-02 0.445E-02
01/13/82 1233 D2 O 4 0.285E-01 0 285E-01 INTAKE VS DISCHARGE O .B48E+00 0 462E+00
02/08/82 1951 15 O 4 0.0 0.0
02/08/82 1938 D2 O 5 0.252€-01 0.252E-01 INTAKE VS DISCHARGE O.77BE+00 0.410E+00
02/08/82 1951 15 36 5 0.0 0.0
02/08/82 1938 D2 36 4 0.250E-06 0.250€E-06 INTAKE VS DISCHARGE O.130E+O1 0.293E+00
02/09/82 0648 15 O 5 0. 191E-01 0 191E-01
02/09/82 0638 D2 O 5 0.0 0.0 INTAKE VS DISCHARGE ©O.100E+01 0. 34BE+00
02/09/82 1223 15 O 5 0.200€E -06 0.200E-06
02/09/82 1226 D2 O 5 0.0 0.0 INTAKE VS DISCHARGE O.100E+O1 0 34BE+00
03/08/82 2041 15 O 4 0.0 0.0
03/08/82 2052 DY O ] 0.0 0.0
03/08/82 2106 D2 O 5 0.379€-01 0 29BE-O1 INTAKE VS DISCHARGE O.124E+0O1 0.331E+00
03/08/82 2041 15 36 4 0.0 8 2015 -
03/08/82 2052 D1 36 5 0.445E-01 = -
03/08/82 2106 D2 36 4 0.777E-01 O.778E-01 INTAKE VS DISCHARGE 0.756E+00 0 .497E+00
03/09/82 0535 15 O 4 0.285E-01 0. 27BE-O1

82 0546 D1 O 4 0.0 0.0
gg;g:;az 0555 D2 O 4 0.0 0.0 INTAKE VS DISCHARGE O.10SE+Of 0. 392E+00
03/09/82 1211 1§ O 5 0. 200E -06 g.gooe‘os

1225 D1 © 4 0.0 ]

ggﬁg:;:g 1235 D2 O 4 0.0 0.0 INTAKE VS DISCHARGE O.769E+00 0.491E+00




MEAN CHLOROPHYLL B CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH TANDARD ERRORS AND

COMPARISON OF MEANS USING ONE-WAY ANALYSIS Of VARIANCE THE TN( COLUMN IS SAMPLE TYPE (I1=MTR1-1

3 15sMTR1-5. 16=MTR1-6, D=DiSCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED

STANDARD
FERROR COMPARISON BETWEEN

2110

2120 )

)y 120 y RQ?2 ) 0 £-0O { y DI HARGE
2110 - 4 (

120

2120

)4 32

Q444

0447

1212

1237 ( 4 . O 0

1225 ) ) ) 0.0 ) INT V DISCHARGE
“;C’

2153

2207

2140

2153

2207 D ) ) ( ITAK S DISCHARGE
0347
106

0353

T
120

1226

1216 D2
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TABLE 25. MEAN CHLOROPHYLL C CONCENTRATIONS (MILLIGRAMS PER C
COMPARISON OF MEANS USING ONE-WAY ANALYSIS OF VARIANCE .

UBIC METER) WITH STANDARD ERRORS AND
I3=MTR1-3, 15=MTR1-5,

THE INC. COLUMN IS SAMPLE TYPE (T1=MTR1-9,
I6=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD
DATE  TIME INC. SAMPLES ME AN ERROR COMPARISON BETWEEN  F-STATISTIC SIGNIFICANCE
04/12/82 2110 15 0 4 0. 1156401 0. 109E+00
04/12/82 2120 D1 (o] 4 O. . 10BE+O1 0.340E-01
04/12/82 2120 D2 © 5 0. 111E+01 0.943E-01  INTAKE VS DISCHARGE O.135E+00 0.B70E+00
04/12/82 2110 15 3% 5 O.139E+01 0 206E+00
04/12/82 2120 D1 3% a 0. 109E+01 0O 26BE-01
04/12/82 2120 D2 35 5 0. 108E+01 O.111E-01  INTAKE VS DISCHARGE O.191E+01 0. 196E+00
04/13/82 0432 15 © 1 0. 119E401 Q.474E-01
04/13/82 0444 D1 O 3 0. 113E+01 0.132E+00
04/13/82 0447 D2 © 3 0. 106E+01 0. 693E-01  INTAKE VS CISCHARGE O.595E -00 0.579E+00
04/13/82 1212 15 0 ] O.141E+01 0.129€E+00
04/13/82 1237 DY © 4 0. 111E+01 0. 114E+00
04/13/82 1225 D2 O© 5 O 117E+0O1 0 .556E-01 INTAKE VS DISCHARGE 0.247E+01 O.131E+00
05/10/82 2140 15 © " 0.726E+00 0 998 -01
05/10/82 2152 D1 0O 5 0.6675+00 0.S79E-01
05/10/82 2207 D2 © 5 0.657E+00 0.352E-01  INTAKE VS DISCHARGE 0.306E+00 0.742E+00
05/10/82 2140 15 36 4 0.624E+00 0.419€-01
05/10/82 2153 D1 36 1 0.945E+00 0.699E-01
05/10/82 2207 D2 36 3 0.803E+00 0.374E-01  INTAKE VS DISCHARGE O.943E+01 0.903E-02
05/11/82 0347 15 O 5 0.352E+00 0.425€E-01
05/11/82 0406 D1 © 5 0.762E+00 0. 128E+00
05/11/82 0353 D2 O 5 0 425E+00 0. 148E+00 INTAKE VS DISCHARGE 0O 355FE+01 0.627€-01
05/11/82 1207 15 © 5 0.344E+00 0. 525E-01
05/11/82 1226 D1 © 5 0.341E+00 0.472E-01
05/14/82 1216 D2 O “ 0.328E+00 O.183E-01 INTAKE VS DISCHARGE (. 304E-01 0.967E+00
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TABLE 26. MEAN PHAEOPHYTIN A CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH STANDARD ERRORS AND
CEHPARISON OF MEANS USING ONE-WAY ANLAYSIS OF VARIANCE. THE INC. COLUMN IS SAMPLE TYPE (I1=MTR1-1,
[2=MTR1-3, 15=MTR1-5, [6=MTR1-6, D=DISCHARGE) AND NUMBER OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD

DATE TIME INC. SAMPLES MEAN ERROR COMPARISON BETWEEN F-STATISTIC SIGNIFICANCE

01/12/82 1936 1S O S 0.520E+00 0 242E+00
01/12/82 1950 DY O 5 0. 118E+O1 0.208BE+00
01/12/82 2000 D2 O 5 0. 10BE+O1 0. 303E+00 INTAKE VS DISCHARGE O.198E+O1 0.182E+00
01/12/82 1936 15 37 a 0.593E+00 0.264E+00
01/12/82 1950 D1 37 5 0.230E+00 0. 125E+00
01/12/82 2000 D2 37 4 0. 183E+00 0 926E-01 INTAKE VS DISCHARGE O.16SE+O1 0.241E+00
01/13/82 0634 15 O 5 0. 181E+00 0. 161E+00
01/13/82 0648 D1 O 5 0.201E+00 0.123E+00
01/13/82 0701 D2 O 5 0.443E+00 0.151E+00 INTAKE VS DISCHARGE 0.999E+00 0.399E+00
01/13/82 1210 1§ O R 0.3B4E+00 0. 129€+00
01/13/82 1223 DY O 4 0. 400E-02 0.400E-02
01/13/82 1233 D2 O 4 0.587E-01 0.415E-01 INTAKE VS DISCHARGE O.686E+O1 0.166E-01
02/08/82 1951 15 O 1 0.464E+00 0.312€+00
02/08/82 1938 D2 O 5 0.898E-01 0.637E-01 INTAKE VS DISCHARGE O 174E+O1 0.228E+00
02/08/82 1951 15 36 5 0.172€E+00 0.682€E-01
02/08/82 1938 D2 36 4 0.0 0.0 INTAKE VS DISCHARGE O 495E+01 0.619E-01
02/09/82 0648 15 O 5 0.128E+00 0.791E-01
02/09/82 0638 D2 O 5 0.249E+00 0. 104E+00 INTAKE VS DISCHARGE O.BSSE+00 0.385E+00
02/09/82 1223 15 O L 0.58BE-O1 0.326E-01
02/09/82 1226 D2 O 5 0. 124€+00 0.638E-01 NTAKE VS DISCHARGE 0.B824E+00 0.394E+00
03/08/82 2041 15 O 4 0.694E-01 0.479€E-01
03/08/82 2052 DY O B 0.0 00
03/08/82 2106 D2 O S 0.428E-01 0.428BE-01 INTAKE VS DISCHARGE O 768E+00 0.492E+00
03/08/82 2041 15 36 Bl 0.284E+00 0.997€E-01
03/08/82 2052 D1 36 S 0. 17T1E-0O1 0.171E-01
03/08/82 2106 D2 36 Bl 0. 139E+00 0.969E-01 INTAKE VS DISCHARGE O 334E+O1 0.789E-01
03/09/82 0535 15 O 4 0.782E+00 0. 191E+00

1 4 0.2926-01 0.292E-01
g;;gg;:; g:;g 32 g 4 0. 164E+00 0.152E+00 INTAKE VS DISCHARGE 0.BO2E+O1 0. 111E-0O1
03/09/82 1211 I5 O 5 0.259E+00 g.;zg:*g?

1 4 0.127E+00 - -
8358:;:: :3;: 32 g Rl 0. 105E+00 0. 10SE+00 INTAKE VS DISCHARGE 0.613E+00 0.563E+00




TABLE 26 MEAN PHAEOPHYTIN A CONCENTRATIONS (MILLIGRAMS PER CUBIC METER) WITH TANDARD ERRORS AND
COMPARISON OF MEANS USING ONE-WAY ANLAYSIS OF VARIANCE THE 1Nt COLUMN IS SAMPLE TYPE (I1=MTR1-1
i3=MTR1-3 IS=MTR1-5 I6=MTR1-6 D=DISCHARGE ) AND NUMBER OF HOURS AFTER COLLEC TION 1T WAS INCUBATED

STANDARD
INC SAMPLES ERROR COMPARISON BE F-STATISTI

INTAKE

IMTAKE

HARGE

INTAKE y DISCHARGE

INTAKE




TABLE 27. MEAN PHAEOPHYTIN A TO CHLOROPHYLL A RATIO WITH STANDARD ERRORS AND COMPARISON OF MEANS
USING ONE-WAY ANALYSIS OF VARIANCE. THE INC COLUMN IS SAMPLE TYPE (I1=MTR1-1, I3=MTR1-3, I5=MTR1-5,
16=MTR1-6, D=DISCHARGE) AND NUMRFR OF HOURS AFTER COLLECTION IT WAS INCUBATED.

STANDARD

DATE INC. SAMPLES W aw ERROR COMPARISON BETWEEN F-STATISTIC SIGNIFICANCE

. Y02E+00
91BE-O1
1S9E+00 INTAKE U ISCHARGE .134E+01 29BE+00
111E+00
497€-01
340E-01 INTAKE Di1SCHARGE . 163E+01 244E+00
.839€E-01
$12E-01
693E-01 INTAKE D1SCHARGE . 126E+01 .320E+00
654E-01
183€-02
205€E-01 INTAKE DISCHARGE .64TE+O1 183E-01

118E+00
228E-O1 INTAKE DI1SCHARGE . 161E+01 .245E+00

234E-01
INTAKE DISCHARGE .493E+01 621E-01

20BE+OC
.458E+00
.445E+0C
.236E+00
8S0E-01
.6B4E-01
.603E-01
.B10E-O1
183E+00
. 18BE+00
183E-02
.2B1E-01
168E+00
321E-O1
588E-01
.0

426E-01
.9S1E-01
.203€E-01
.4BOE -O1
175E-01
.0

121E-01
.T67E-01
.534E-02
.404E 01
.215E+00
.765E-02
.393E-01
.67S5E-0O1
. 338E-01
,267E-01

01/12/82 15 0
01/12/82 Dt O
01/12/82 p2 o
01/12/82 15 37
01/12/82 01 37
01/12/82 D2 37
01/13/82 15
01/13/82 D1
01/13/82
01/13/82
01/13/82
01/13/82
02/08/82
02/08/82
02/08/82
02/08/82
02/09/82
02/09/82
02/09/82
02/09/82
03/08/82
03/08/82
03/08/82
03/08/82
03/08/82
03/08/82
03/09/82
03/09/82
03/09/82
03/09/82
03/09/82
03/09/82

W W

Www
Q00000 INO0O00O00C0O0NNOO0O0DO0D00

0
278E-01
403E-0O1 INTAKE DISCHARGE . 118E+01 .316E+00

111E-01
251€E-01 INTAKE DISCHARGE . 103E+01 .342E+00

118E-01
?2'5-01 INTAKE DISCHARGE . TO2E+00 .521E+00
255E-01

534E-02

288BE-O1 INTAKE DISCHARGE
562E-01

765E-02

366E-0O1 INTAKE DISCHARGE .B23E+01 104E-01
333€-01

. 198E-0O1
267€E-01 INTAKE DISCHARGE .614E+00 .562E+00

310E+0O1 .912E-01

AAUabbaavasAIOOVAVOSLLAANONANDEOOWN
0000000000000 0000000000000000000
0000000000000 0000000000000000000
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Table 28. Comparison of primary productivity (C-14 fixation) between the
intake and discharge waters (™8C/L/hr).

Date

Intake

Discharge D/I ratio
March 20, 1980 1.50 + 0.15 0.63 + 0.06 0.42
April 08, 1980 4.40 + 0.26 2.97 + 0.11 0.68
May 20, 1980 11.59 + 1.42 6.64 + 0.24 0.57
June 10, 1980 7.03 + 0.24 3.63 + 0.22 0.52
July 16, 1980 4.22 + 0.76 2.28 + 0.30 0.54
August 06, 1980 1.70 + 0.31 0.56 + 0.18 0.33
August 13, 1980 5.20 + 0.51 2.72 + 0.35 0.52
September 13, 1980 4.12 + 0.22 1.59 + 0.32 0.39
October 17, 1980 7.05 + 0.24 2.03 + 0.50 0.29
October 22, 1980 6.26 + 0.72 1.25 + 0.24 0.20
November 11, 1980 12.49 + 0.65 3.40 + 0.08 0.27
December 16, 1980 9.48 + 0.83 6.00 + 0.27 0.63
January 13, 1981 3.79 + 0.19 2.26 + 0.25 0.60
February 10, 198l 2.62 + 0.01 1.35 + 0.05 0.52
March 19, 1981 6.05 + 0.43 4.12 + 0.07 0.68
May 12, 1981 6.93 + 0.37 2.27 *+ 0.10 0.33
June 9, 1981 2.55 + 0.10 1.60 + 0.04 0.63
July 16, 1981 4.49 + 0.27 2.32 + 0.11 0.52
August 11, 1981 3.79 + 0.31 1.25 + 0.07 0.33
September 18, 1981 7.39 + 0.61 3.85 + 0.22 0.52
October 14, 1981 8.79 + 0.87 3.37 + 0.07 0.38
November 11, 1981 10.500 + 0.14 4.47 + 0.66 0.43
November 13, 1981 10.12 + 0.229 .44 + 0,24 0.44
December 9, 1981 8.20 + 0.57 4.87 + 0.15 0.59
January 14, 1982 1.19 + 0.11 0.89 + 0.42 0.75
February 9, 1982 3.32 + 0.07 1.05 + 0.31 0.32
March 10, 1982 4.62 + 0.29 3.87 + 0.23 0.84
April 3, 1982 14.89 + 0.49 10.60 + 0.86 0.71
Aay 11, 1982 3.27 + 0.03 1.45 + 0.26 0.44
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Figure 1. The relationship between the rate of primary
productivity (C14) in mgC/m® and the percent
discharge water in the culture mixture.
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Table 29.

Productivity/Chlorophyll a ratio.

Intake

Discharge 1/0 Ratio
lst Day 0.93 + 0.01 0.36 + 0.15 2.58
2nd Day 0.44 + 0.13 0.23 + 0.12 1.91
lst/2nd 2.11 1.57
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Viability based on primary productivity showed a large reduction in the
discharge water ranging from 16% to 80% as compared to the intake water. The
cause of this reduction can be directly attributed to the passage of the water
through the condenser cooling system. However, the level of reduction is not
observed when comparing the discharge plume to ambient lake water. The factors
causing this reduction are not yet clear. Based on the experiments conducted,
inhibition from heat or microelements are the most plausible explanation for

this reduction.
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Table 1. Mean density (number m'z) of major benthic taxa in April, 1982. The standard
error (S E) is given in each case. The number of Inner and Quter stations in each zone
for which data were available is given in parentheses following the Total Animals entry.

Taxocn Region Zone 0 (0-8 m) Zone 1 (B8-16 m) Zone 2 (16-24 m)
Mean S E Mean S E Mean S E
Pontoporeia INNER 0.0 0.0 1133.2 542.0 1605.9 161.%
oyl OUTER 13.1 12.1 424.2 213.6 1363.5 713.4
Tubificidae INNER 12.1 i2.1 2193.7 1249.1 4708.6 4083.5
QUTER 6.1 6.1 484.8 152.1 2448.2 1409.6
Naididae INNER 6.1 3.7 181.8 127.5 60.6 21.4
OUTER 0.0 0.0 48.5 18.2 24.2 b
Stylodrilus INNER 3.0 3.0 54.5 20.1 563.6 345.2
heringianus OUTER 0.0 0.0 97.0 $3.7 1872.5 836.7
Sphaerium INNER 0.0 0.0 0.0 0.0 109.1 109.1
nitidum OUTER 0.0 0.0 0.0 0.0 90.9 76.7
Sphaerium INNER 0.0 0.0 6.1 6.1 0.0 0.0
striatinum OUTER 0.0 0.0 0.0 0.0 12.1 7.4
Pisidium INNER 0.0 0.0 151.§ 108.0 1145.3 815.4
OUTER 3.0 3.0 90.9 41.8 2702.8 1679.0
Chironomidae INNER 33.3 11.1 163.6 87.1 363.6 139.8
QUTER 45.4 19.8 193.9 58.8 254.5 96.1
Hirudinea INNER 0.0 0.0 0.0 0.0 60.6 60.6
QUTER 0.0 0.0 6.1 6.1 36.4 223
Operculata INNER 0.0 0.0 6.1 6.1 60.6 46.0
OUTER 0.0 0.0 0.0 0.0 72.7 9.2
Pulmonata INNER 0.0 0.0 0.0 0.0 6.1 6.1
OUTER 0.0 0.0 0.0 0.0 6.1 6.1
Other INNER 84.8 52.2 66.7 33.7 31%5:1 277.8
OUTER 18.2 18.2 97.0 46.4 127.3 57.0
Total Animals INNER 139.4 56.0(5) 3963.2 2075.5(5) 9017.3 5641.2(5)
OUTER 84.8 20.7(5) 1442.3 226.5(5) 9035.5 3887.7(5)

B3-2
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FIGURE 1.

Density (animals m-?') of Pontoporeia hoyi in the Inner and Outer regions of Zone 0 (0-8 m depth),
vertical bars are standard errors, vertical dotted 1ine indicates

the start of plant operation. For April
1982, Inner given at left, Outer at right.
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FICURE 4. Density (animals m ~) of Stvlodrilus heringianus in the Inner and Outer regions of Zone 0 (0-8

depth), vertical bars are standard errors, vertical dotted line indicates the start of plant operation. For
April 1982, Inner given at left, Outer at right,




FIGURE 5 Density (animals m ) of Stylo 18 heringianus in the Inner and Outer regions of Zone (8-16
depth), vertical bars are standard errors, vertical dotted line indicates the start of plant operation.

Outer at right.

»

April 1982, Inner given at left




Density (animals m of viodr s heringianus in the Inner and Quter regions of Zone 2 (16-24 m
B

vertical bars are standare rrors, vertical dotted line indicates the start of plant operation. For
82, Inner given left, Outer at right.




IGURE 7. Density (animals m ) of Pisidium spp. in the Inner and Outer regions of Zone 0 (0-8 m depth)

vertical bars are standard errors, vertical dotted line indicates the start of plant operation. For April

Q9

182, Inner given at left, Outer at right.
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9. Density (animals m ) of Pisidium spp. in the Inner and Outer regions of Zone 2 (16-24 m depth)

»
vertical bars are standard errors, vertical dotted line indicates the start of plant operation. For April
1982, Inner given at left, Outer at right.




FIGURE 10, Density (animals m ) of Tubificidae in the Inner and Outer regions of Zone 0 (0-8 m depth),
vertical bars are standard errors, vertical dotted line indicates the start of plant operation, For April

1982, Inner given at left, Outer at right.




FIGURE 11. Density (animals m ) of Tubificidae in the Inner and Quter regions of Zone 1 (8-16 m depth),
vertical bars are standard errors, vertical dotted line indicates the start of plant operation. For April
1982, Inner given at left, Outer at right.
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FIGURE 13. Density (animals m °) of Chironomidae in the Inner and Outer regions of Zone 0 (0-8 m depth),

vertical bars are standard errors, vertical dotted line indecates the start of plant operation. For April
1982, Inner given at left, Outer at right.
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FIGURE 14. Density (animals n-z) of Chironomidae in the Inner and Outer regions of Zone 1 (8-16 m depth),
vertical bars are standard errors, vertical dotted line indicates the start of plant operations. For April
1982, Inner given at left, Outer at right.




ICURE 15 Density (animals m ) of Chironomidae in the Inner and Quter regions of Zone 2 (16-24 m depth),
vertical bars are standard errors, vertical dotted line indicates the start of plant operation, For April

1982, Inner given at left, Outer at right,
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AN
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vertical bars are standard errors, v.rtical dotted line indicates the start of plant operation. For April

1982, Inner given at left, Outer at right.
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FIGURE 17. Density (animals .-2) of Total Animals in the Inner and Outer regions of Zone 1 (8-16 m depth),
vertical bars are standard errors, vertical dotted line indicates the start of plant operation. For April
1982, Inner given at left, Outer at right.
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FIGURE 18. Density (animals m ~) of Total Animals in the Inner and Outer regions of Zone 2 (16-24 m depth),
vertical bars are standard errors, vertical dotted line indicates the start of

plant operation. For April
1982, Inner given at left, Quter at right.
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TABLE 2. Logarithms of ratios of Inner to Outer mean population densities for Pontoporeia hoyi by year,
month and depth zone. The value of Student's t is shown for each season and depth zone. The vertical
dotted line indicates the start of plant operation. An asterisk (*) indicates that the ratio was
significantly different after the start of plant operation (p < .05), NS = no significance, ND = no data.

Year

Depth Sig-
Month Jone Stu- nifi-
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 dent's t cance

April 0 0.38 -0.26 0.48 -0.30 -0.04 0.00 1.49 0.95 1.03 -0.29 -0.23 ~-l.11 0.33 NS
1 -0.67 -0.06 -0.27 =-0.15 =-0.20 0.11 -0.19 0.00 -0.05 0.15 -0.18 0.43 2.07 NS

2 -0. 7[. -O. 77 -(lo 39 -0017 00 33 0;0! -0'03 -0005 _'0057 -0.21 -0027 OQ07 2-56 *

July 0 -0.82 -0.41 =-1.56 0.32 -0.39 0.18 -0.10 0.58 1.07 0.23 0.45 ND 2.42 *

l Ooog Oo 36 0.03 '0008 -0019 0.!7 _0010 —0.52 -0022 —0026 -0.31 "D 2.39 *

2 -0.65 -0.09 -0.10 -0.21 =-0.17 =0.07 -0.16 -0.13 -0.28 0.02 -0.43 ND 0.73 NS

October 0 e 0.28 -0.11 =11 0.39 0.27 -1.20 0.29 0.25 0.01 0.43 ND 0.90 NS
1 e -0.6i -0.18 =0.28 -0.31 =-0.37 -0.57 -0.73 -0.67 -0.68 -0.59 ND 1.65 ES

ND 2.38

2 - -0.13 -0.06 -0.13 =-0,17 -0.16 -0.22 -0.29 -0.35 -0.38 -0.54
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TABLE 4.

Logarithms of ratios of Inner to Outer mean population densities for Pisidium spp. by year,

month and depth zone.

dotted line indicates the start of plant opardfion.

The value of Student's * is shown for each season and depth zone.
An asterisk (*) indicates that the ratio was

The vertical

significantly different after the start of plant operation (p < .05), NS = no significance, ND = no data.

Year

Depth Sig-
Month Zone Stu- nifi-
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 dent's t cance

April 0 0.38 06.30 0.83 -0.60 -0.36 -0.74 1.69 -0.70 1,02 =0.51 0.24 -0.60 0.44 NS
1 -0.05 0.17 -0.18 -0.02 -0.83 0.19 0.10 -0.78 -0.51 -0.16 0.40 0.22 0.6! NS

y - 0.3 -0.57 -0.44 -0.09 -0.07 -0.61 -0.27 0.27 -0.53 -0.78 -0.10 -0.37 0.31 NS

July 0 -1.53 -0.42 -1.82 0,20 -0.87 -0.27 0.09 1.28 0,10 -0.29 0.09 ND 1.90 NS
1 0.72 -0.23 -0.01 0.3% -0.21 -0.15 0.41 -0.25 -0.18 0.13 -0.01 ND 1.25 NS

2 -0.7] 0.3 -0.03 -0.71 -0.41 -0.16 -0.04 -0.50 -0.58 =0.47 -0.75 ND 0.61 NS

October O - 0.29 -0.10 0.11 =0.12 0.26 -0.68 0.69 -0.05 =-0.46 0.25 ND 0.40 NS
l —— _O. 58 0. 31 0. 15 -0008 OQM 0. 30 -Oo Ol ‘0.0l -0-01 —0.28 "D 0017 NS

2 o —Oo 30 ‘0.1‘0 0.17 -0.09 0.01 _0019 -0064 .0'21 '0.56 -0.33 ND l-lg NS
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TABLE 8.

Benthos entrainment data, November-December 198] and January-

May 1982: Pontoporeia hoyi, number m3, 1= intake, D = discharge,
* = based on one intake sample, -- = missing data.
SAMPLE PERIOD
Sampling MIDN---=->SUNR SUNR=-===>NOON NOON---->SUNS SUNS===->MIDN
Date I D 1 D D 1 D
Nov. 9-10 0.078 0.013 0 0 0.020 0 0,127 0.034
Nov. 23-24 0 0 0 0 0 0 0.030 0
Dec. 7- 8 0.088 0.053 0.033 0.083 0.185 0.019 0 0.050
Dec. 15 0 0 0 0 0 0 - 0.014
Jll‘l. 12-l3 0.618 - W T— 0.080 .y 00619 0.699
Jan. 20-21 0.324 0.094 0.179 - 0.026 - 0.309 -
Feb. 23-24 0.009 0O 0 0 0 0.027 0.018 0.029
Mar. 8-9 0.015 0 0 0.018 0 0 0 0
Mar. 24-25 0O 0 0 0 0 0 0 0 |
Apr. 12-13 0 0 0 0 0 0 0 0
Apr. 26-27 0.711 0.451 0.279 0.079 0.191 0.124 1.229 0.609
May 10-11 0 0 0 0 0 0 0 0
May 25-26 0 0 0 0 0 0 0 0
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that the great bulk of the population occurs far offshore in deep water.
Inspection of the November and December 1981 and the January through May 19&2
M. relicta entrainment data revealed no unique trends compared with previous
years.

Entraimment of Gammarus sp. during the last two months of 1981 and the
first five months of 1982 followed a pa*tern similar to that for all previous
years (Table 10). The majority of individuals were entrained from Junme through
December, with few entrained prior to Jume. Overall, entrainment of Gammarus
sp. during 1982 was very similar to that of previous years.

Entrainment of Asellus sp. always is sporadic but generally greater from
June through October (Table 11). The large numbers of Asellus entrained in
December 1981 were linked with storm activity. Wave action from the storm can
strip individuals from the riprap or import them along shore from another
locality.

Neither Gammarus sp. nor Asellus so. are taxa of the open lake, and
originally they were rare in the survey area. Present populatious are
associated with the riprap, and variation in entraimment reflects population
dynamics occurring there but not on the lake bottom. While entrainment of

Pontoporeia hoyi, Mysis relicta, Gammarus sp., and Asellus sp. shows year to

vear variation, numbers in general remain fairly consistent. Lake population
trends as influenced by the entrainment for the latter three species cannot be
predicted by our sampling regimen. Thus we simply present the data at this

time.
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TABLE 11. Benthos entrainment data, November-December 1981 and January-

May 1982: Asellus, number m™2, I = intake, D = discharge, * = based on
one intake sample,-- = missing data.

SAMPLE PERIOD

Sampling MIDN---->SUNR SUNR=---->NOON NOON-===>SUNS SUNS---->MIDN
Date I D 1 D 1 D | D
Nov. 9-10 0 0 0 0 0 0 0.019 0
Nov. 23-24 0 0 0 0 0 0 0 0
Dec. 15 0.011 0 0.024 0.035 0 0 - 0
Jan. 12-13 0 - - - 0 - 0.035 0
Jan. 20-21 0 0 0 - 0 - 0 -
Feb. 8-9 0 0 0 0 0 0 0 0
Feb. 23-24 09 0 0 0 0 0 0 0
Mar. 8-9 0 0 0 0 0 0 0 0
Mar. 24-25 0 0 0 0 0 0 0 0
Apr. 12-13 0 0 0 0 0 0 0 0
Apr. 26-27 0 0.017 0 0 0 0 1 0
May 10-11  0© 0 0 0 0 0 0 0
May 25-26 0 0 0 0 0 0 0 0
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TABLE 12.

Numbers and weights of crayfish (Orconectes propinquus) impinged

on the traveiling screens of the Donald C. Cook Nuclear Plant in 1981.
The number of 24-hour samples processed for crayfish from each period is
A = sampled quantities.

given in parentheses.

B = estimated totals.

INCLUSIVE

B
DATES NUMBER WEIGHT (kg) NUMBER WEIGHT (kg)
January 1-16 (4) 32 0.23 128 0.94
17-31 (4) 30 Ds17 113 0.64
February 1-14 (2) 13 0.14 91 0.96
15-28 (2) 11 0.09 77 0.62
March 1-16 (5) 92 0.71 294 2.26
17-31 (4) 23 0.20 86 0.77
April 1-15 (3) 109 0.93 545 4,66
16-30 (4) 9 0.06 34 0.24
May 1-16 (0) 0 0 0 0
17-31 (0) 0 0 0 0
June 1-15 (%) 14 0.08 210 1.25
16-30 (1) 3 0.01 45 0.21
17-31 (4) 123 0.89 461 3.35
August 1-16 (4) 176 1.37 704 5435
17 31 (3) 59 1.41 295 207
September 1-15 (2) 17 0.12 128 0.89
16-30 (3) 17 0.09 85 0.46
October 1-16 (7) 11 0.07 25 0.16
17=31 (1) 1 0.01 15 0.06
November 1-15 (1) 8 0.05 120 0.79
16-30 (3) 7 0.06 35 0.28
December 1=16 (3) F 0.04 37 0.21
17-31 (3) 8 0.05 40 0.25
TOTAL 3,877 28.53
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veligers or pediveligers (nmon-motile, planktonic larvae) as originally thought
but as small clams. The small clams attach to the surface of the tubes even in
ext "emely fast flow situations; and, as densities increase, discharge through
the tubes is reduced. Complete blockage may occur. It is speculated that
Corbicula presently could not survive in the nearshore areas of Lake Erie or
Michigan because of winter freezing and ice scour. However, if specimens did
exist in deeper waters or nearby rivers, they most likely would survive and
eventually could caiuse damage to water intakes.

The reproductive cycle is triggered by temperatures near 10°C , and,
depending on the annual temperature cycle, more than one generation may be
produced per year. At the 4°C year around bottom temperatures of Lake Michigan,
Corbicula should not survive; or, if introduced larvae have developed into
clams, they should not be capable of reproduction. It cannot be discounted that
over several generations, a population may develop that will be capable of
existence and reproduction in the Great Lakes. Further, it would not be
unlikely for thermal effluents from power plants located along the Great Lakes
to provide year around temperatures that would permit establishment of a
Corbicula population. If either of the latter does occur, then problems may
exist.

The lake area around the D. C. Cook Plant needs to be monitored (pussibly
several times each year) for Corbicula so that appropriate control methods will
be implemented if a population is noted. Under conditions favorable for
Corbicula, populations can become quite derse in a fairly short period of time
(possibly less than one year, White 1979)

No Corbicula has been detected in the regular benthic surveys from

1971-1982. As this porticn of the biological studies at the D. C. Cook Plant
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CCNCLUSIONS

Lake Surveys

Of the 18 statistical tests performed on species distributions, only the

difference between Inner and Outer densities of Pontoporeia hoyi in Zone 2 had a

t-test probability less than 0.05 but greater than 0.0l. While not ignoring
that the result of the test was significant, interpretive caution should be
applied given the inherent variability associated with Lake Michigan benthos.
Pontoporeia in the Outer region of Zone 2 consistently has occurred in greater
densities than in the Inner region. Annual fluctuations in population densities
make tentative the acceptance of significant density differences at
probabilities greater than the 0.0l level. If test statistics were supporting
probabilities less than 0.0l, it would likely negate the effect of annual
population fluctuations and would lead to a firm conclusion about differences

observed.

Entrainment Studies

From January through May 1982, entraimment of Pontoporeia hoyi was very

similar to that observed for previous years. Average annual density Mysis
relicta was less than several other years and the seasonal entrainmment pattern
was most similar to that observed during 1975 and 1980. ‘lhere were no unique
distribution patterns or abundances attributable to 1982 entrained Mysis.
Entrainment densities of Gammarus sp. during 1982 were very similar to the low
densities observed during the same months of previous years. Generally,
greatest numbers of entrained Gammarus sp. have been o“served during the latter
half of the year. Asellus sp. remained rare in entrainment samples during 19862.

Except for the large number entrained during December 1981, which was
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Newly placed underwater installations undergo periods of surface
modifications (rusting, slime formation) before they become colonized by
periphyton and subsequently by animal organisms. Our diving records show that
1974 was the first field season when the Cook Plant underwater installations
were complete; 1974 was the last preoperational year; and at that time the
installations were being colonized rapidly by periphyton, snails, bryozoa,
freshwater sponges, and crayfish, but the numbers of periphyte taxa in June and
October were low (8 green algae, 1 blue-green, and 30 diatoms). The one
preoperational year was insufficient for the installations to become fully
colonized; additional colonization and ecological succession changes since 1974
have rendered pre- vs post-operational comparisons of periphyton abundances and
species compositions invalid.

Periphyton sauples are collected underwater by scraping the substrate with
a putty knife and gently transferring the scrapings into a widemouth plastic
bottle. After surfacing, the diver disperses the scrapings by gentle stirring
and preserves the sample with 5% buffered formalin.

In the laboratory a subsample from each sample of scrapings is removed for
wet-mounting in water for species identification at 400-600X on a Leitz-Wetzlar
Ortholux microscope. Species identified in the wet mounts of the diver-
collected samples taken during April-October become the yearly list of
periphyton taxa.

Entrainment sampling is carried out in the intake forebay of the plant
screenhouse. Duplicate samples are pumped by nominal 80 gpm diaphragm pumps
from 18 feet below the water surface at each of morning twilight, noon, and
evening twilight. Samples are one liter each, taken in plastic bottles,

preserved with Lugol's fixative, and taken to the laboratory where a permanent
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RESULTS AND DISCUSSIONS

Table 1 lists the taxa that were collected by our divers in periphyton
samples from the Cook Plant underwater installations during the diving season of
1980 and gives the abundances of these taxa in cells per mL in intake
entrainment samples each month.

Ninety-seven periphyte taxa were diver-collected in each of 1975 and 1977,
67 were taken in 1976, 117 in 1978, 131 in 1979, and 141 were taken in 1980.
These numbers are substantially higher than the 33 that were collected in
preoperational 1974, They indicate that the underwater installations were not
fully colonized during 1974, and that valid pre- vs post-operational comparisons
cannot be made for Cook Plant periphyton.

The diver-collected periphyton show increasing numbers of taxa (diversity)
and decreasing numbers of dominant forms. 1In 1977, eight of 97 taxa occurred in
all the divers' samples; in 1978, three of 117 taxa were present in all their
samples; in 1979, no taxon was present in all the samples; and in 1980, only one
taxon was present in all their samples. These are expectable characteristics of
ecological succession.

In the periphyton samples collected from the underwater installations,
there have been (of the 1980 taxa list):

39 taxa that have been present in each of the years 1975-1980 inclusive,

13 were present in five of the six years,

11 were present in four of the six years,

15 were present in three of the six years,

25 were present in two of the six years, and

38 were present in 1980 only.
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Successive comparisons of yearly periphyte lists to a cumulative master

list show that:

20 taxa were new in 1975,

1l taxon was new in 1976,

34 taxa were new in 1977,

43 taxa were new in 1978,

45 taxa were new in 1979, and

38 taxa were new in 1980.

These figures bespeak the presence in each year of substantial numbers of rare

taxa on the underwater installations; that some of them have become established

is indicated by the above numbers of taxa that have been present in two, three,

four, and

five years of the six years' study.

On the basis of theit'frequencies of occurrence in the diver-collected

periphyton samples, the doninant periphytes on the underwater installations have

been:

1975

1976

1977

Oscillator’s sp. (blue-green)
Cladophora sp. (ireen)
Diatoms of the g2nera Cymbella, Diatoma, Fragilaria,

Navicula, Nitzschia, Stephanodiscus, Synedra,
and Tabellaria

Oscillatoria sp.

Cladophora sp.
Diatoms of the genera Cymbella, Navicula, and Tabellaria

Phormidium sp. (blue-green)

Cladophora sp.

Dinobryon spp. (golden brown)

Diatoms of the genera Asterionella, Amphora, Cymbella,
Fragilaria, Melosira, Navicula, Nitzschia,
Stephanodiscus, Synedra, and Tabellaria.
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year. Intake entrainment in 1980 caught 78% of that year's resident taxa.
Intake entrainment sampling is considered an adequate means of monitoring the

periphyton community during the months when diving is not feasible.

CONCLUSIONS

The Cook Plant's underwater intake and discharge structures plus the
associated riprap field constitute an artifical reef, providing shelter and
solid substrates in a region naturally devoid of them.

After their completions, the underwater installations underwent a period of
modifications of surfaces followed by colonization by periphytic algal and
animal species. The single pre-operational year, 1974, was insufficient for the
installations to become fully colonized. Valid pre- vs post-operational
comparisons of periphyton abundances and constituent taxa cannot be made because
of additional colonization and changes due to natural ecological succession
which took place after 1974,

This study uses diver-collected periphyton samples from the underwater
installations to determine the taxa living there, and it examines intake
entrainment samples for these taxa as 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; 1979, 131; and 1980, 141. Of the 1980 taxa list,
there have been 39 that were present in each of the six years; 14 that were
present in five of the six; 11 that were present in four of the six; 15 that
were present in three of the six; 25 that were piesent in two of the six; and 38

that were present in 1980 only.
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were used to determine if variation in fish abundance and distribution was the
result of plant operation. Abundance and distribution data cn species commonly
caught in 1982 and in previous years were also examined.

Only one unit was operating for extended periods in spring and summer 1982,
which probably contributed to the lower number of fish impinged in 1982 compared
with 1980 and 198l. However, the 886,183 fish impinged through August 1982 was
still high relative to impingement rates prior to 1980, an increase we attribute

to two-unit operation.
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RESULTS AND DISCUSSION
Alewife
Introduction -- The most abundant larval fish in Cook Plant study areas is

alewife, which normally occurs from June through August or September in both

beach and open water zones. Both zones were analyzed for plant impact by

applying ANOVA to transformed data.

Beach Zone =-- Analysis of alewife density data included 9 yr (1973-1981), 3 mo

(June-August), three stations (A, north Cook; B, south Cook; and F, Warren

Dunes), and two diel periods (day and night) (Table 1). Data from 198l gener-

ally confirmed ANOVA results from 1973-1980 (Table 2). Mean abundance of larval

alewives in the beach zone varied significantly from year to year. Geometric
means of density + | showed 1973 to be the year of highest abundance (3,343
larvae /1000 n3), while 1980 was the vear of lowest abundance (38 larvae/l1000 m3).
Geometric means of density + 1 from 1973 to 1980 (respectively) were 3,343, 182,
498, 327, 190, 273, 39, and 38, while arithmetic mean density in 1981 was 406.
The intermediate level of density found in 1981 breaks the 8-yr trend of

population declines of larval alewives in the Cook Flant study areas.

Highest densities of larval alewives were most often observed in July
(1973, 1977, 1979, and 1980), and less often in June (1974, 1975 and 1976).

During 1978 and again in 1981, larvae were abundant in both July and August,

with lower densities in June. The differences among years are not surprising,

because peak spawning periods vary from year to year with seasonal water

temperatures and weather conditions. More larval alewives were caught at night

than during the day (P = 0,0056), though the reverse was true in 1973, 1977, and

again in 1981.
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Larval alewives were more abundant at the 6-m contour than at the 9-m
contour in every year except 198l. In that year mean densities were greater at
9 m at both Cook and Warren Dunes statfons, though August mean densities at both
9-m stations (D and H) exceed those at 6-m stations (C and G).

Two of the most important factors in evaluating plant impact, Area and Year
X Area, were not significant. A third-order interaction involving Area (Year
x Month x Area) was significant but appeared to be caused by different peak
monthly abundances during various years rather than differences between areas
during any year.

In summary, the Cook Plant had no effect on the distribution of larval ale-
wives in either the beach zone (stations A, north Cook and B, south Cook) or the
open water zoxe C (6 m, south Cook) and D (2 m, south Cook), as concluded from
ANOVA results. An apparent population decline of larval alewives from 1973 to
1980 in both study areas was reversed in 1981. Future analysis of variance

including station R (6 m, north Cook) will help to confirm these conclusions.

Spottail Shiner

Beach Zone -- The data set used in the analysis of spottail shiner larvae in the
beach zone included 9 yr (1973-1981), 3 mo (June, July, August) and three
stations (A, north Cook; B, south Cook; and F, Warren Dunes), with duplicate
tows taken at each station (Table 1). Only nighttime sampling data were used
because daytime samples too often contained no spottail shiner larvae. Never-
theless, zero catches still comprised 25% of the night data set.

Densities of spottail shiner larvae in the Cook Plant study areas differed
significantly among years (Tabic 4). Geometric mean densities (no./1000 m3) for

1973~-1980 were, respectively, 41, 1142, 518, 177, 41, 36, 487, and 126.
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Arithmetic mean density in 1981 was 766. These results suggest a highly

variable yearly recruitment for this species. However, it is also possible that
our once-a-month sampling efforts only occasionally sampled the period of peak
abundance of spottail shiner larvae.

The Month factor was also significant. This effect stems from the brief
spawning peak of this species, which produces a peak month of fish larvae
abundance. Furthermore, the Year x Month interaction term was significant,
because the month of highest fish larvae density varied among years. June
samples had the greatest number of spottail shiner larvae in 1973, 1975, 1976,
1978, and 1981, while July was the peak month in 1974, 1977, 1979, and 1980.

Station was not a significant factor, nor did it enter any significant
interactions in the ANOVA based on 1973-1980 data. However, in every month of
1981, mean densities were greater at stations A and B (Cook) than at station F
(Warren Dunes). Our tentative conclusion is that no significant plant effects
could be detected between densities of spottail shiner larvae at Cook Plant and

Warren Dunes beach stations.

Yellow Perch

Open Water Zone -- Because low numbers of perch larvae were caught at most times
and stations, an ANOVA was performed for only part of the open water larval
yellow perch data. For the years considered in this report, only in 1973, 1974,
and 1977-1980 were larval yellow perch caught in sufficient numbers to analyze
with ANOVA, and then only in June. Thus, the ANOVA data set consisted of 6 yr,
1 mo, two areas (Cook, Warren Dunes), two depth-stations (6 m, 9 m) and two

times (day, night) (Table 1).
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Table 5. Analysis of variance summary for log(density + 1) of larval yellow
perch. Larvae were netted in the open water during June, 1973-1974 and
1977-1980 at Cook Plant study areas, southeastern Lake Michigan.

Source of Attained
significance

variation df# mean square+ F-statistic level
Year 5 5.3209 6.1707 C.0000**
Area 1 0.3948 0.4579 0.4995
Depth 1 1.2838 1.45689 0.2241
Time 1 1.1055 1.2821 0.2591
Yx A 5 1.1157 1.2939 0.2690
TxD 5 0.2030 0.2354 0.9464
AxD 1 0.0848 0.0983 0.7541
YT 5 0.8043 0.9328 0.4612
AxT 1 0.2558 0.2966 0.5867
Dx T 1 2.0349 2.3599 0.1264
Yx AxD 5 0.7454 0.8644 0.,5063
YxAXxT 5 1.2841 1.4892 0.1960
Y2 Dx T 5 1.1114 1.2889 0.2711
AxDxT 1 1.4539 1.6861 0.1959
YEARILT S 0.4504 0.5223 0.7590
Within cell

error 163 0.8623

# Twenty nine degrees of freedom were subtracted from the error term to cor-
rect for 29 missing observations where cell means were substituted.

+ Mean squares were multiplied by harmonic mean cell size/maximum cell size
(nh/n = 0.8662) to correct for 29 missing observations where cell means

were substituted.
**Highly significant (P < 0.001).
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FISH LARVAE - ENTRAINMENT

INTRODUCTION

Mortality caused by the entrainment of fish eggs and larvae in the once-
through cooiing system at the Cook Plant could represent an important biological
impact on local Lake Michigan fishes by reducing the reproductive potential of
important forage 'r game fish populations. To determine the significance of
potential plant impacts, species and estimated numbers of fish larvae and eggs

entrained at the plant have been documented.

METHODS

Species and numbers of larvae and eggs entrained at the Cook Plant were
documented using standardized sampling in 198l. Samples were collected twice
per month, except in June, July and August when sampling was done twice per week
to coincide with peak abundance of larvae. Samples were collected for a 24-h
period. Each period was partitioned into four diel divisions (noon-sunset,
sunset-midnight , midnight-sunrise, sunrise-noon) which varied from 4 to 8 h
depending on division and day length. Sixteen samples, four replicates (three
intake, one discharge) per division, were collected for each 24-h period.
Larvae were identified to species when possible, otherwise to the lowest
taxonomic group (Table 6). All fish eggs were counted. When large numbers of
eggs were found, estimates were made using a volumetric subsampling technique
(Jude et al. 1975). Additional details of entrainment sample regimes may be
found in previous Environmental Operating Reports and Jude et al. (1979).

Numbers of fish eggs and larvae entrained per diel division were estimated

by calculating the mean number of fish eggs and larvae entrained per unit volume
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sampled. Standardized mean densities of fish larvae and eggs represent a

conversion of number per volume sampled (th.. amount of water pumped through the
plankton net) to number per standardized volume (1000 m3). Then, the mean
number of fish eggs and larvae were expanded to the volume of water circulated
by the plant during that diel sample division. Sample period estimates of the
number of fish eggs and larvae and the volume of circulating water used by the
plant were computed by totaling estimates from each diel sample division during
a sample period. Non-overlapping, contiguous time intervals (usually 1-2 wk)
were established such that the sampling date was the approximate midpoint of the
interval. Entraimment densities determined over a sampling period were assumed
to be representative of fish egg and larvae abundance per unit volume of
circulating water used during the 1-2 wk sample interval. The estimated number
of fish eggs and larvae entrained was expanded accordingly. These data were
totaled for each month and then yearly estimates computed.

All these estimates are preliminary. As a result of continuous application
of new taxonomic information, some larvae identifications will be reevaluated,
reassignments made and our estimates revised. For the most part, taxonomic
changes will cause some changes in individual species estimates but should not

substantially affect total entrainment estimates in any given year.

RESULTS AND DISCUSSION

General Trends, 1975-1981

An estimated 440 million fish larvae and almost 15 billion fish eggs were
entrained in the condenser circulating water system at the Cook Plant from 1975
to 1980 (Table 7). Thirteen species were identified in entrainment samples:

alewife (Alosa pseudoharengus), spottail shiner (Notropis hudsonius), rainbow
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smelt (Osmerus mordax), yellow perch (Perca flavescens), trout-perch (Peicopsis

omiscomaycus), johnny darter (Etheostoma nigrum), slimy sculpin (Cottus

cognatus), common carp (Cyprinus carpio), ninespine stickleback (Pungitius

pungitius), mottled scuipin (Cottus bairdi), deepwater sculpin (Myoxocephalus

thompsoni), burbot (Lota lota) and quillback (Carpiodes cyprinus).

Additionally, there were four groups which could not be categorized to species
including minnows, sculpins, coregonids and darters.

Fifteen ichthyoplankton species/groups were identified in Cook Plant
entrainment samples collected in 1981. Almost 140 million fish larvae
comprising 11 taxonomic categories and almost 1 billion fish eggs were entrained
(Table 8). Alewives comprised 80.1% of all entrained larvae. Remaining species
listed in order of decreasing abundance were: spottail shiner (5.2%), rainbow
smelt (1.9%), yellow perch (1.8%), slimy sculpin (0.7%), trout-perch (0,4%),
quillback (0.4%), common carp (0.13%), ninespine stickleback (0.11%), johnny
darter (0.11%) and mottled sculpin (0.1%Z). Two other groups could not be
identified to species: cottids and minnows. Approximately 8.5% of all larvae

could not be identified as a result of their poor condition.

Alewife

Alewife was the most abundant species entrained and they accounted for
almost 80% (351 million) of the total number of larval fish entrained from 1975
to 1980 (Table 7). Entrainment estimates ranged from 27 million in 1977 to 126
million in 1979. Alewife was entrained in almost every month from early April

(1977), May (1975, 1976 and 1978) or June (1979 and 1980) to late September

(1975, 1977 and 1980), October (1976), or November (1978 and 1979). Entrainment

peaks occurred in June (1975) or July (1976-1980).

B5=-20






During 1981, alewife was the most common species entrained accounting for
80% (111.5 million larvae) of the total estimated annual entrainment loss.
Alewives appeared in entrainment samples from early June to late September 1981,
Most (61%) alewife entraimment occurred during June and densities peaked during
the 15-16 June sampling. Sample means (number per 1000 m3) for each diel period
were 1,723 (dusk-midnight), 1,000 (midnight-dawn), 1,705 (dawn-noon) and 1,282

(noon-dusk) with an overall month period sample mean of 1,437,

Spottail Shiner

Spottail shiner was the second-most abundant larva entrained at the Cook
Plant. From 1975 to 1980, over 31 million (7% of total) were entrained ranging
from less than | million in 1976 to 21 million in 1980 (Table 7). Spottails
were entrained as early as late May (1979) or June (1975-1978, 1980) to July
(1977, 1980), August (1975, 1978, and 1979) and occasionally as late as October
(1976). Spottail entrainment rates were usually greatest in June and July of
most years.

During 1981, spottail shiner represented 5.2% (7.3 million) of the total
estimated larvae entrainment loss (Table 8). Spottail shiners appeared in
entrainment samples from mid-May to late August in 1981, Maximum densities
occurred in our 15-16 June sampling and coincided with peak alewife larvae
abundance. Sample means (mumber per 1000 m3) for each diel period were 60
(dusk-midnight), 356 (midnight-dawn), 57 (dawn-noon) and 41 (noon-dusk) with an

overall month period sample mean of 134,
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Sculpins

Sculpins (slimy, mottled, deepwater and unidentified) have been entrained

consistently at the Cook Plant since 1975 (Table 7). One million slimy, 0.5
million mottled, 0.2 deepwater and 1.3 million unidentified sculpins were
entrained from 1975 to 1980. They comprised less than 0.7% of total entrainment
losses over that period. Slimy sculpins were present in all years but 1979,
mottled sculpins in all years but 1978 and 1980, and deepwater sculpins were
only present in 1978 and 1979. Slimy sculpins were usually found in entrainment
samples as early as late May (1977) to early August (1975). Mottled sculpins
followed a similar pattern, but were usually absent after mid-June. Deepwater
sculpins were only present during two sample periods: late March, 1978 and in
early June, 1979.

Slimy sculpin larvae accounted for 0.7% (1.0 mrllion) of the totail
estimated fish larvae entrainment during 1981 (Table 8). Slimy sculpin larvae
were present in late-May to mid-June samples. Mottled sculpin larvae were 0.1%
of the 1981 entrainment loss and were found from early to mid=June. Unidentified

Cottus specimens may be either slimy or mottled sculpins. The poor condition of

these larvae did not permit identification to species.

Trout-perch

Trout-perch have been a consistent but minor component of entraimment
during 1975-1980 (Table 7) and have averaged less than 0.4 million larvae per
year during the period. They are usually collected in entrainment samples
starting in June (1975, 1977 and 1980) or July (1976 and 1978) and are present
throughout most of the summer months and occasionally into the fall (November

1976 and October 1979). Trout-perch were noted in entrainment samples from mid-
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Johnny Darter

Johnny darters have been taken in entrainment samples in all years except
1980 and have accounted for 0.6% (2.5 million larvae) of entraimment totals from
1975 to 1980 (Table 7). Johnny darters were usually entrained in June, July and
August of most years with peak entraimment occurring in the month of their first
appearance. In 1981 they accounted for 0.15 million entrained larvae and were

collected from mid-June to early July.

Unidentified minnows

Unidentified minnows accounted for 0,12% (0.6 million) of 1981 entrainment
losses. This category probably represents the occasional occurrence of minnow
species rarely taken in the Cook Plant area, or they could be damaged carp or

spottail larvae.

Poor Condition Larvae

Undoubtedly, many of the larvae reported as being in poor condition were
physically damaged alewives. Peak abundance of larvae in poor condition coin~-

cided with peak larval alewife and spottail entrainment rates.

Fish Eggs
Almost 1 billion fish eggs passed throught the Cook Plant during 1981

(Table 8). Fish eggs were entrained in every month except September and October

1981. Egg densities for 1981 peaked during our 13-14 July sampling date.
Sample means (number per 1000 m3) for each diel period were 1,927 (noon-dusk),
6,430 (dusk-midnight), 48,545 (midnight-dawn) and 6,974 (dawn-noon) with an

overall month period sample mean of 15,962,
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Table 8. Total water flow (in millions of cubic meters) through
the condenser circulating water system of the Cook Plant,
southeastern Lake Michigan in 1981,

2

Month Unit 1 Unit 2 Total Total
January 109.0 161.8 270.8 9.8
February 120.4 162.1 282.5 10.3
March 132.6 81.0 213.6 7.8
April 128.8 0 128.8 L.7
May 131.4 65.1 196.5 72l
June 0 165.0 165.0 6.0
July 1.7 130.7 162.4 5.2
August 120.8 169.8 290.6 10.6
September 135.0 170.0 305.0 5 W
October 139.6 L2.8 182.4 6.6
November 83.5 181.8 265.3 9.6
December 11§.1 191.1 310.2 1.5
Total 1232. 1521. 2753.







ADULT AND JUVENILE FISH - FIELD

INTRODUCTION

Standard series trawl, gill net, and seine catch data on abundant and com-
mon species of adult and juvenile fish are analyzed in this section.
Major emphasis is placed on examining 1982 data and comparing them with those
for 1973 through 19861. Due to time constraints, only April through August catch
data were available. No statistical analyses were performed because of the
incomplete data set. Instead, the 1982 data were examined for differences and
similarities with previous years' results. Sampling was also reduced after May
1982 by eliminating trawling and gillnetting at north Cook stations R (6 m) and
Q (9 m). Therefore, no detailed comparisons were made with the north Cook area.

Analyses are an attempt to document and establish plant operational effects
on the local fish populations. Examinations :.  interpretations are
preliminary; comprehensive analyses must wait until a complete year's data with

statistical tests and limnological and meteorolngical data are available.

SAMPLING METHODS
Adult and juvenile fish were collected at stations located north and south
of the Cook Plant and at Warren Dunes State Park (Fig. 1). For details of
materials and methods, see the 1978 Envirommental Operating Report and Jude
et al. (1975, 1979). Standard series fish effort from 1973 to 1982 is presented
in Table 10. After May 1982, no samples were collected at north Cook stations R
(6 m) and Q (9 m); no other 'hanges in sampling methodology occurred from

January to August 1982,
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RESULTS AND DISCUSSION

Abundant Species

Alewife -- Except for 1980, alewife has been the most abundant species in the
study areas. Alewife catches have fluctuated consi”:rably from 1973 to 1981,
with a maximum of 148,451 fish in 1973 and a low of 16,452 fish in 1980 (Tables
11-19). Since 1979, abundance has been low, and the April to August 1982 catch
of only 5,251 fish indicates this trend is continuing (Table 20). The 1982
total catch was the lowest ever found during April to August (mean catch of
36,815 fish for the 10-yr period from 1973 to 1982). Catches from all three
gear types have also shown the recent decline in alewife abundance (Tables
21-50). This suggests that all alewife age-groups, as opposed to one or two
weak year classes, are declining in southeastern Lake Michigan.

ANOVA of 1973-1981 trawl data (see 1982 Environmental Operating Report)
showed no variation attributable to plant effects, and spring and summer catch
data for 1982 appear to substantiate this conclusion. Total trawl catches
(April to August) were similar between areas in 1982. The total catch of 624
fish at south Cook 6-m station C was larger than at Warren Dunes 6-m station G
(258 fish), but the south Cook 9-m station D catch of 532 fish was smaller than
the 768 fish caught at the Warren Dunes 9-m station H (Tables 51-54). The 25
fish caught at north Cook 6-m station R during April and May (Table 55) was also
similar to the catches at 6-m stations C and G, 27 and 23 fish, respectively.

Like trawl results, ANOVA on 1973-1981 gill net catch data (see 1981 Envi-
rommental Operating Report) showed no variation in year or area catches attribu-
table to plant operation. Gill net catch data for spring and summer 1982 did
not refute this conclusion. More alewives were caught at south Cook area

stations (826 fish) than at Warren Dunes (400 fish) (Tables 56-59). The April
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