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ABSTRACT

This study was undertaken to determine the environmental effects on
Lake Michigan of a long-existent thermal discharge from the Oak Creek
Power Plant (1760 MW) of the Wisconsin Electric Power Company.

Monthly sampling for temperature, chemicals, zooplankton, and
phytoplankton was conducted near the plant and in a reference area. Cluster
and factor analyses of plankton data indicate the thermal discharge had little
effect on plankton distribution. Differences between inshore and offshore
stations were much greater than differences between study areas. The
primary variable was distance from shore. Analyses of chemical data did
not produce any useful relationships and none were related to those estab-
lished for plankton.

Results of two extensive synoptic and four near-plant surveys showed
that water quality in the vicinity of the plant was a consequence of outflow
from Milwaukee Harbor, sewage outfalls, and other point sources. These
discharges resulted in high concentrations of chemicals nearshore, e.g.
phosphorus was as much as 30 times greater nearshore than previously
reported for the open lake. The power plant had no obvious influence on
water quality or chlorophyll a distributions.

Uptake of C-14 was measured in intake and discharge water of the power
plant and various dilutions of the two to simulate effect of entrainment on phy -
toplankton productivity. Net entrainment, i.e. the difference in uptake rates
between discharge and intake samples, resulted in a 64% increase in uptake.
Increased temperatures and mechanical stress resulted in 24% and 9% increases

in uptake.



INTRODUCTION

Much attention has been directed toward the study of thermal discharges
and their potential environmental impact in the Great Lakes region. While
a good deal of information concerning this subject is presently available,
much of the work which has been reported, or is presently underway, has
concerned itself with power generating stations yet to begin operation or
those that have only recently come on-line. The present study was undertaken
in an attempt to assess the environmental effects of a long-existent thermal
discharge of a large power generating station. It was hoped that the results
of such a study would aid in answering the critical question, what are the

long -term effects of a large, thermal discharge into Lake Michigan ?

Description of Wisconsin Electric Power Company
Oak Creek Plant

The site chosen for study was Wisconsin Electric Power Company's Oak
Creek,Wisconsin Plant. This coal-fired plant, which began operation in 1953,
has a generating capacity of 1760 MW. It is situated on the western shore of
Lake Michigan, about 20 km south of the main entrance to the harbor of the
City of Milwaukee. The plant has an on-shore intake and discharge. At
capacity, discharge rates can equal 5700 cubic meters per minute (1.5 million
gallons per minute). The temperature rise from intake to discharge ranges
from 2 to 7 C, depending upon operating conditions and seasonal factors. The
discharge water is released from five separate points with a 150 m distance.
Each discharge is deflected south, the direction of the predominant currents

along this shore.

Experimental Design

Original emphasis was placed on a monthly sampling routine along several
experimental and control transects in the vicinity of the power plant. After
some preliminary investigations, four such transects were chosen (Fig. 1,

Table 1). The most northern transect, including stations 9, 10, 11, 12, and
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13, was chosen to represent a control area removed not only from the effects
of a thermal discharge, but also from the effects of the City of Milwaukee.
The transect just north of the Oak Creek facility, including stations 1, 2, and
3, was chosen to represent a control area probably affected by discharges
from the City of Milwaukee but not by a thermal discharge. The transect just
south of the power plant, including stations 4, 5, and 6, was chosen to repre-
sent the prime experimental area -- that area where, if thermal effects were
to exist, they would be most likely to occur. The two transects in the vicinity
of the power plant shared two offshore stations, 7 and 8. The most southern
transect, including stations 14, 15, 16, and 17, was chosen to represent the
secondary experimental area -- that area where, if thermal effects were to
exist, the extent of their down-current effects could be assessed. At each of
these stations temperature and several chemical parameters were measured.
In addition, the zooplankton and phytoplankton populations were sampled.
Sampling began in September, 1971.

After following the sampling routine described above for six months,
several modifications were made in the overall strategy being followed. It
was decided to shift from monthly to seasonal sampling along these four tran-
sects. This decision was based on the quantity and quality of the information
being gathered, as well as on the apparent need to investigate other problems
directly related to answering the original question.

Two additional projects were initiated at that time. First, two synoptic
chemical surveys were carried out in the vicinity of Milwaikee Harbor (Fig. 2).
These surveys were undertaken to assess the extent to which other point source
discharges in the study area, as well as the outflow of Milwaukee Harbor,
could be detected in the vicinity of the Oak Creek Plant. The second project
was a series of chemical and biological surveys of the area immediately
surrounding the power plant (Figs. 3 and 4). This work was designed to give
a more complete picture of the water quality near the power plant than was
possible by sampling on the four original transects.

Included in the original experimental design was also the investigation
of primary production rates in areas affected and unaffected by the thermal

discharge. After encountering many logistical problems dealing with severe
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weather and incubator construction, a fundamental change in stratigy was
formulated. It was decided to do all the incubation work on shore and use only
intake and discharge water, collected at the plant, for primary production
rate analysis. This change allowed data to be more easily collected, while
still obtaining the same basic information.

The last experimental work which was carried out and will be discussed
in this report involved periodic evaluations of chemical differences between
intake and discharge water. This work was done in conjunction with the

primary production measurements.

MATERIALS AND METHODS

Monthly Sampling

The stations shown in Figure 1 were sampled on the dates indicated in
Table 2. The most northern transect was usually sampled on a separate day
than the remaining stations. All sampling was conducted from the R/V
NEESKAY.

Temperature measurements were made using a 30 m bathythermograph
when stratification was evident. The only exception to this was September,
1971, when, because of equipment failure, only surface temperature measure-
ments were made. When it became evident that the water column was homo-
thermous at all stations, which was the case in January, February, and April,
1972, only surface temperatures were recorded.

Water chemistry samples were taken with a 9-1 van Dorn bottle. A
single sample from each station was collected at a 2 m depth. From this
9-1 sample, 1-1 was saved for subsequent analyses. On each sample, total
phosphorus (Schmid and Ambuhl 1965), soluble reactive phosphrous (Ambuhl
and Schmid 1965), nitrate-nitrogen (Muller and Widemann 1955), silica (AAWA
1965, heteropoly blue method), sulfate (AAWA 1965, turbidi matrix), chloride
(AAWA 1965), and conductivity were measured. Only sulfate and chloride
determinations were made on the September 1971 samples. Sulfate deter-

minations were not made on November 1971 samples. Conductivity was not
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determined on the April 1972 samples. For those analyses which required
filtered water, boiled 0.45 micron, HA, Millipore filters were used. Filtering
took place 2 to 6 hours after sample collection.

On 28 November 1972 samples were collected to determine the degree
of variability in the chemical results. At each of two locations east of
Milwaukee, 1/4 and 10 miles offshore, ten replicate Van Dorn samples were
collected. Each sample was processed like the single samples collected
during the regular sampling p rogram. Determinations of variability in results
were made for these inshore and offshore waters (Table 3). Statistical methods
used were those described by Sokal and Rohlf (1969).

Phytoplankton samples were collected from the same 2 m Van Dorn
sample on which water chemistry determinations were made. One liter was
collected and preserved in Uttermohl's preservative. This volume was then
allowed to settle for 48 hours, after which time the cell-free supernatant was
removed. Approximately 100 ml of concentrate remained. From this con-
centrate, two subsamples were removed with a micropipette; one 25 ml and
one 10 ml. Both subsamples were allowed to settle in the counting cells for
no less than 8 hours prior to counting.

Phytoplankton counts were made on a Zeiss inverted microscope. To
count the 10 ml subsample, 320 X was used. For the 25 ml subsample, 1000 X
was used. A variable transect method was used to determine the percentage
of the subsample counted. Counting would cease for a particular organism when
the number counted reached 100, at which point the length of the transect
traversed would be recorded, or when the end of the 40 mm transect was
reached. This method had the effect of making the error in the total concen-
trations reported for the various groups more equal to one another. Thirty -
two taxonomic groups were identified from the samples using this method
(Table 4).

Phytoplankton samples from six stations were not counted because they
were lost or they failed to settle properly: November, 1971, station 10;
December, 1971, station 7; February, 1972, station 8; and April, 1972,
stations 4, 11, and 17.
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In addition to this counting method, a separate method was used to more
precisely identify the diatom portion of the phytoplankton population. This
work is still underway and will be reported on in a subsequent report.

Zooplankton samples were collected at each station with a 1/2 m
diameter, 153 micron (No. 10 mesh) plankton net towed vertically from the
bottom to the surface with a 15 kg weight attached to the cod end. These
samples were preserved in 10% formalin.

Prior to counting, each zooplankton sample was concentrated to 100 ml.
From this volume, a 5 ml subsample was taken with a wide-mouth, pre-
calibrated, automatic pipette. Two entire 5 ml subsamples were counted
for each sample. These counts were averaged and converted to number of
individuals per cubic meter. Thirty-five taxonomic groups were identified
from the samples (Table 5). Two samples were lost: November, 1971,
station 5; and February, 1972, station 7.

Two experiments to assess the reliability of the counting methods for
the zooplankton were conducted. The first was simply to take five replicate
subsamples of the same sample and determine the variability of each reported
mean. The results of this experiment appear in Table 6. The second was to
determine whether the counts were changed by increasing the percent of the
total volume counted. Several samples from stations 1/4 mile from shore
were counted. The results of these counts appear in Table 7. A paired t-test
(Sokal and Rohlf 1969) was used to determine whether these counts produced
significantly different totals. None of the counts were significantly different
from one another at the 95 percent confidence level.

Computer assisted data reduction methods were used to analyze the
chemical, phytoplankton, and zooplankton data. Cluster and factor analysis
were used on each type of data to detect relative similarities between the
stations. The clustering routine was taken from Ward (1963) and Veldman
(1967) by the Social Science Research Facility, The University of Wisconsin--
Milwaukee, and made available for use in this study. The factor analysis
used was the image factoring procedure (Guttman 1953, Horst 1965, and
Kaiser 1963) which is available as part of STATJOB, a statistical package
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made available by the Madison Academic Computing Center, The University

of Wisconsin--Madison.

Primary Production Measurements

The effect of entrainment on the primary production rates of the near-
shore phytoplankton population of Lake Michigan was examined through
periodic comparative measurements of C-14 uptake by samples collected
near the intake and discharge sources at the Oak Creek Plant. The intake
samples were collected on the pressurized side of the pumps. The discharge
samples were collected at the surface near the first of five discharge points
with a 4-liter plastic bucket. Enough water was collected at each collection
site to fill a single 19-liter carboy. Temperature measurements were made
immediately. The carboys were then transported to a laboratory where
incubations were begun immediately. ’

The incubations were carried out in 125 ml glass-stoppered bottles.
The standard C-14, light-dark bottle method was followed (Strickland and
Parsons 1968). Incubation bottles were placed in two Percival light and
temperature controlled incubators. For each sample incubated at a single
temperature, three 125 ml bottles were filled and inoculated with C-14, one
dark and two light. Each bottle was inoculated with about 10 uC of previously
standardized C-14. Incubations were for two hours. All samples incubated
at the same time were removed from the incubator simultaneously and kept
in the dark while the filtrations were taking place. Fifty ml of each sample
was filtered through a 47 mm diameter Millipore HA filter. Following filtra-
tion, each filter was fumed over concentrated HCl for approximately three
minutes. The filters were then placed in a liquid scintillation vial with 10 ml
of Aquasol and put aside until counting was conducted. The counts were sub-
sequently converted to mg C fixed/cubic meter/hour.

Additional measurements made on each sample consisted of determin-
ations of the following parameters: total phosphorus, soluble reactive phos-
phorus, silica, nitrate-nitrogen, conductivity, and chlorophyll a (Yentsch and
Menzel 1963). Methods used, except for chlorophyll a, were the same as

those for the monthly samples.
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On five of the sampling dates (Table 8), five types of samples were
prepared for incubation. They were the following: 100% discharge; 67%
discharge and 33% intake; 50% discharge and 50% intake; 33% discharge and
67% intake; and 100% intake. On the remaining sampling dates (Table 9), only
100% discharge and 100% intake samples were prepared. Each type of sample
was incubated at both intake and discharge temperature, as measured at the
time the samples were collected.

The 100% discharge and intake samples were used in a comparative way
to assess various effects of the pumped entrainment process (Table 10). The
mixed discharge-intake samples were compared to the intake samples incubated
at intake temperature (the base-line primary production rate) to assess the
down-current impact of entrainment on the phytoplankton production rates.
Mixing of the samples was used to approximate the mixing process that occurs
as the plume is discharged into the lake. The t-tests were used to make the
necessary comparisons between two means, each of which was based on dupli-

cate determinations.

Intake/Discharge Chemistry

On ten sampling dates (Table 11) intake and discharge waters were com-
pared chemically. Sampling was conducted in the same manner as for the
watler for the primary production studies. Sulfate was measured on two of
these dates; soluble reactive phosphorus, silica, nitrate-nitrogen, and
chlorophyll a on eight; conductivity on six; and total phosphorus was measured
on nine. Methods of determination were the same as those described above for

the monthly samples.

Synoptic Surveys

The two synoptic surveys of the Milwaukee Harbor area were conducted
on 12-14 April and 28 June 1972. On 12-14 April, a series of 101 stations
north of Milwaukee and a series of 148 stations south of Milwaukee were
sampled in addition to the harbor (Fig. 2). On 28 June only 148 stations

south of Milwaukee were sampled. The distances from shore of the stations
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ranged from 1/4 mile to 5 miles. For the first two miles from shore on
each transect, stations were 1/4 mile apart. The remaining stations on the
transects were 1/2 mile apart.

Sampling was conducted from the R/V NEESKAY while underway. Sea
chest samples were taken when the proper position was reached. The sea
chest has its intake at 2 m and was continuously flushed to insure a rapid
rate of exchange with the water of the immediate sampling location.

At each station, a 4 oz polyethylene bottle was filled for conductivity
analysis. In addition, at all stations along several transects an additional
1-liter of water was collected for analysis of total phosphorus, soluble
reactive phosphorus, silica, sulfate, nitrate-nitrogen, and chloride.
Methods of analysis were identical to those described above for the monthly
sampling routine. These complete analyses were used to determine the
relationship between conductivity and other chemical parameters of interest.
The conductivity results were then contour plotted in an attempt to show the
extent to which Milwaukee Harbor water may flow into the sampling areas

investigated in the course of this study.

Near-Field Surveys

Chemical and biological surveys of Lake Michigan in the immediate
vicinity of the Oak Creek Plant were conducted on four occasions in the fall
and winter of 1972-73. The four sampling dates were the following: 10
October 1972, 9 November 1972, 25 January 1973, and 28 February 1973. On
the first two dates, 27 stations were sampled on three transects each three
miles in length (Fig. 3). On the last two dates, 20 stations were sampled
along four transects each three miles in length (Fig. 4).

At each station a 4-liter bucket was used to sample surface water.
From this sample, temperature, chlorophyll a, total phosphorus, soluble
reactive phosphorus, silica, nitrate-nitrogen, conductivity, and chloride
were measured. Chlorophyll a was measured using the same method
described for the primary production work. The other methods of deter -

mination were the same as those described for the monthly sampling routine.
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The results of these determinations were then contour plotted to show the
primary water quality characteristics of Lake Michigan in the immediate
vicinity of the Oak Creek Plant.

RESULTS AND DISCUSSION

Monthly Sampling

Analysis of Figures 5-8 and Table 12 show that some differences in
the temperature structure of the water columns did exist between the various
stations on the four transects. Inshore-offshore seasonal variations are
evident in Figures 5-8, since they all represent times of cooling or warming.
In general, the offshore temperatures were higher during the colder months,
whereas nearshore temperatures were highest in April and June. Some near-
surface warming of the inshore stations was present near the power plant.
This was usually the case for station 4, and occasionally at station 14. Pre-
sumably, these higher temperatures were due to the thermal discharge from
the Oak Creek Plant and indicate that the thermal plume could be detected
5 miles from the Plant. During the remaining months, when homothermous
conditions existed (Table 12), surface temperatures at stations 4 and 14 were
the same or closely similar to those elsewhere near shore.

The concentrations of the zooplankton species and groupings, the phyto-
plankton species and groupings, the chemical parameters measured, as well
as explanations for all the abbreviations used can be found in Tables 4, 5,
and 13-17.

The results of the cluster analysis for the zooplankton and the phyto-
plankton collected during four months in 1971 and four months in 1972 are
shown in Figures 9-10, 11, and 12, respectively. Throughout both of these
sets of analyses, three types of stations usually clustered together. They
are group A (statioris 1, 4, 9, and 14) -- a predominantly inshore aggregation;
group B (stations 7, 8, 11, 12, 13, and 17) -- a predominantly offshore
aggregation; and group C (stations 2, 3, 5, and 6) -- an aggregation of sta-

tions an intermediate distance from shore. These groupings are indicated
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on each of the dendrograms in these figures except for the January and April
phytoplankton, where the aggregations were unrelated to this pattern. The
total make-up of these three groups was not constant. A few stations,
especially 10, 15, and 16, tended to shift from one group to another from
month to month. The general make-up of the groups, however, and the type

of hydrographic conditions they represented, tended to be remarkably constant.
While the statistical significance of these groupings has not been determined,
the consistency of the patterns makes them quite credible.

Factor analysis of the zooplankton and phytoplankton data tended to pro-
duce results somewhat more difficult to interpret than those from the cluster
analysis. In no case were contradictory patterns produced. In Figure 13,
the first four zooplankton and phytoplankton factors produced by the
November 1971 data are plotted in a fashion similar to that used by Hughes,
et al. (1972). The first four factors account for 93 and 86 percent of the
variability for the zooplankton and the phytoplankton for this month, respec-
tively. In this figure the similarity to the cluster analysis grouping is quite
striking.

Cluster and factor analysis of the chemical data did not produce any
meaningful patterns. The patterns that emerged had no relationship to the
zooplankton and phytoplankton patterns. In addition, they had no apparent
relationship to the hydrographic conditions the various stations represent.

Two possible explanations exist for the nature of the chemical results.
First, only seven chemical parameters were measured at each station, as
compared to 35 and 32 for the zooplankton and phytoplankton, respectively.
This fact affects not only the apparent reliability of the results, but also
affects the numerical reliability of some of the mathematical manipulations
used in both methods of analysis. Second, two types of chemical parameters
were measured, those that are usually related to and those that are not
highly correlated to biological factors. The first type would include total
phosphorus, soluble reactive phosphorus, silica and nitrate-nitrogen.
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The second type included conductivity and conservative ions such as sulfate
and chloride. The different patterns produced by these two types of para-
meters could have obscured the final results.

The conclusion that can be drawn from the results of the zooplankton
and phytoplankton analyses is that the primary variable affecting these
organisms is the distance from shore. In all cases, all groups of stations
clustered by both methods included stations from experimental and control
transects. This is strong evidence that within the areas studied, little or
no effect of the thermal discharge upon planktonic populations can be
observed. Some differences between the area north of Milwaukee and that
around the Oak Creek Plant was noticeable. For example, stations an
intermediate distance from shore north of Milwaukee tended to be more
similar Lo offshore stations in the Oak Creek vicinily than to stations a
similar distance offshore on other transects. The differences between
inshore stations and offshore stations, however, was in all cases much
greater that this difference between study areas.

Representative plots of several major species of phytoplankton and
zooplankton tend to substantiate this conslusion. In Figures 14-19, the con-
centrations of 11 major species of zooplankton and one juvenile group are
plotted from two transects sampled in December, 1971. All show pronounced
inshore -offshore trends and relative similarity between the two transects.
Plot of eight phytoplankton groups (Figs. 20-23), show the same inshore-
offshore trends. The inshore-offshore trends for both study areas are
closely similar with the greatest concentrations inshore, except for certain
groups. Although the trends are similar, in general, much higher concen-
trations usually occurred nearshore on the southern transect. This greater'
abundance of plankton probably is due to the greater nutrient concentrations
rather than any effect of the power plant.

Some representative plots of the chemical data indicate the same
patterns (Figs. 24-26). Concentrations of phosphorus were much higher
nearshore at the northern as well as the southern stations. Chloride and

sulfate concentrations showed no pronounced inshore-offshore trend on the
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northern transect, but both ions were much higher near shore on the southern
transect. This may reflect the flow of water from Milwaukee Harbor and the
South Milwaukee sewage treatment plant. The lower silica near shore on the
southern transect may represent increased diatom growth at this particular

sampling time.

Primary Production Rates

The abbreviations used to denote the various types of samples and their
incubation temperatures are listed in Tables 8 and 9. The results of the
100% intake and discharge samples, along with the appropriate comparisons
(Table 10), appear in Table 9, Figure 27. The results of the mixed intake
and discharge samples, along with comparisons of these rates with that
from the IL sample from that same date, appear in Table 8, Figure 28.

The only consistent effect of pumped entrainment on primary production
rates was observed in the net entrainment determinations (Table 10). This
term is used to represent the difference between the rates of the DH and the
IL samples. The average net entrainment effect was a 64% increase in the
primary production rate (Table 9, Fig. 29). In eight of the nine determinations
made, net entrainment was significant at the 95% confidence level. The
effects of thermal elevation and mechanical stress alone were significant on
only two occasions. The average effect of thermal elevation was a 24%
increase in production rates, while that for mechanical stress was a 9%
increase.

The fact that net entrainment was usually significant, while the indi-
vidual effects that together should equal net entrainment are not significant,
tends to indicate that it is not appropriate to term the IL-DH difference net
entrainment. It is highly possible that retaining a parcel of water at dis-
charge temperatures for two hours is not representative of ambient conditions.
This would tend to overestimate the effects of entrainment. Until more
details are known of the discharge plume and more reliable statistical com-
parisons can be made with this type of data, no firm conclusions can be

drawn.
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The same limitations apply to the down-current determinations of
entrainment effects, which in most cases were limited to those samples
which were incubated at discharge temperatures (Table 8). In general, those
samples containing the larger properties of discharge water had significant
uptakes of C-14, when incubated at discharge temperatures (Fig. 28). A
decision as to the meaning of this finding will also have to await the detailed

description of the discharge characteristics of this plant.

Intake-Discharge Chemistry
The results of the chemical comparisons of intake and discharge

waters appear in Table 11. The sample design did not allow for any statistical
comparison of the results. To give some indication of the relative size of

the differences found, they were compared to the 95% confidence limits
determined for inshore measurements (Table 3). Those differences in

Table 11 which are greater than the appropriate confidence limit are marked
with an asterisk.

In general, all the parameters, except silica and soluble reactive
phosphorus, showed less than a 5% change. The average difference in the
silica concentrations was +9%, with five of the eight determinations made
showing differences greater than the 95% confidence limits for this determin-
ation. The average difference in the soluble reactive phosphorus concentra-
tions was -14%, with four of the eight determinations made showing differences
greater than the 95% confidence limits for this determination. The reasons
for the significance of these differences is unknown. A possible explanation
is that mechanical and thermal stress on the phytoplankton population was
responsible. Mechanical agitation could damage diatom frustules, thus
releasing silica. Increased temperatures may have induced increased

phosphorus uptake. At this point, however, such suggestions are speculation.
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Synoptic Surveys

Survey of April 12-14, 1972 -- Temperatures ranged from 2.3 to 4.3 C
from the Milwaukee Harbor north (Fig. 29). Both the lowest and highest
temperatures occurred about 15 miles north of the harbor. The maximum
temperatures were in nearshore waters and the lowest temperatures occurred
3 miles offshore.

South of the transect extending eastward from the harbor, temperatures
ranged from 3.0 to 4.9 C. The 3 C water occurred offshore 6 miles NE and
4.5 miles SE of the Oak Creek Power Plant.

Both north and south of the harbor the warmest water occurred near-
shore, although the warm waters extended further from shore south of the
harbor. The presence of warm water nearshore was probably due primarily
to natural warming of these shallow waters. The presence of warmer waters
south of the harbor suggests thermal inputs from the various outfalls. These
ou falls may have made minor contributions but this evidently had little effect
as indicated by temperatures near the Oak Creek Power Plant where tempera-
tures were 3.5 C. Also, it appears that outflow from the harbor would have
contributed little warm water since temperatures in the harbor were 3.2 C
on April 12 and 3.7 C on April 14 in the harbor.

Conditions were suitable for development of a thermal bar, since tem-
peratures were less than 4 C offshore and greater than 4 C at several locations
nearshore (Fig. 29).

The significant differences and variability in distribution of temperatures
within short distances, from South Milwaukee southward, suggests an area of
extensive mixing. It should be noted, however, that stations were more
closely spaced in this area and the variability in temperatures may represent
a condition that was also present north and south of the harbor.

Conductivity of water samples collected from the Milwaukee Harbor area
and north ranged from 263.3 to 352.2 pmhos/cm (Fig. 30). The lowest value
was from station 69 (Fig. 2) 5 miles offshore. The highest value was from
the main harbor entrance. Most of the values (74%) were in the range of
266-271 pmhos. Only 12% were higher than 271 pmhos.
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Conductivity of samples from the area south of the harbor ranged from
262.4 to 437.1 pmhos/cm. The maximum lake value was at the harbor
entrance. Figure 30 does not show this high value, since both the north and
south surveys commenced with the common transect originating at the harbor
entrance and results of only the north survey were plotted for this transect.
Results were closely similar for stations on this transect sampled on April
12 (north survey) and April 14 (south survey), except for the two stations
closest to the harbor entrance. The lowest value (262.4 Kmhos) was at the
furthest offshore station on this transect and also was not plotted. Whereas
most of the values fell in a narrow range north of the harbor, this was not
the situation south of the harbor. Only 36% of the values were in the range
266-271 umhos and 61% of the conductivities were greater than 271 g mhos.
Samples with very high conductivities, i.e. greater than 280 umhos, were
common and made up 24% of the samples. Only 3% of the samples from the
north survey had values greater than 280 umhos. The high conductivities so
common south of the harbor undoubtedly reflect the altered chemical charac-
teristics of lake water due to the discharge of industrial and municipal wastes
into the harbor and directly to the lake south of the harbor.

The conductivity of the harbor sample was 357 #mhos on April 12 and
722.5 pmhos on April 14. Extreme changes of this magnitude are evidently
due to extensive exchange between the harbor and the lake as a result of wind-
driven currents and seiches. Changes in currents within the harbor could
also result in movements of waters of very different characteristics in and out
of a sampling site. Three rivers, Milwaukee's Jones Island Sewage Treatment
Plant, and numerous other outfalls all enter Milwaukee Harbor.

The highest conductivities occurred nearshore both north and south of
the harbor. The inshore-offshore gradient in conductivity was pronounced
from the harbor southward. This was evidently due to the inputs of high con-
ductivity waters in this area. Nearshore values were only 7 to 8 units higher
nearshore than offshore north of the harbor. The water closest to the dis-
charge of the Oak Creek Power Plant had a conductivity of 318 wmhos, whereas
the nearshore waters north of the plant had values of 310 pmhos. The highest
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value may be a consequence of sampling closer to shore at the power plant,
since it appears that the highest conductivity water was close to shore.
Regardless, the distribution of conductivity does not show a unique situation
at the Oak Creek Power Plant and suggests that water quality in this area was
a function of inputs from Milwaukee Harbor and the outfalls north of the power
plant.

Concentrations of chloride, sulfate, silica, nitrate, total phosphorus,
and soluble reactive phosphorus were only determined for water samples
collected on three transects (Figs. 31-36). For this reason the contoured
distributions do not show the detail and variability shown by conductivity.
Nevertheless, the results substantiate the conclusion based on the distribution
of conductivity, i.e. the water quality in the vicinity of the Oak Creek Power
Plant was a consequence of outflow from Milwaukee Harbor and discharges
from sewer outfalls south of Milwaukee.

The highest chloride and sulfate concentrations occurred at the sampling
points closest to shore. Chloride values were 9 mg/ 1 nearshore and decreased
to 4.5 mg/1 offshore (Fig. 31). Sulfate was 23 mg/1 nearshore and 19 to 20
mg/1 offshore (Fig. 32).

Nitrates (Fig. 33) had a similar distribution to that of chloride and
sulfate in the vicinity of the Oak Creek Power Plant, with the highest nitrate
values nearshore. Some high nitrate values occurred offshore to the NE,
however.

The highest concentrations of total (Fig. 34) and soluble reactive phos-
phorus (Fig. 35) were also nearshore. The fact that the highest concentrations
occurred at station 81 (Fig. 2) north of the Oak Creek Power Plant suggests
that the two sewer outfalls further north resulted in these unusually high phos-
phorus levels. As with theabove chemicals, phosphorus decreased lakeward,
but the magnitude of decrease was significantly greater for phosphorus than
the other chemicals. Total phosphorus ranged from 65 wgP/1 nearshore to
10 pgP/1 offshore. Soluble reactive phosphorus decreased from 21 ugP/1 near-
shore to 1.5 p.gP/l offshore. The nearshore phosphorus concentrations were

within the range usually reported for Lake Erie and Green Bay.
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Silica showed only slight inshore-offshore differences and ranged
from 0.9 to 1.2 mg/1 (Fig. 36). The highest value was nearshore.

Survey of June 28, 1972 -- Temperatures ranged from 12.6 to 17.2 C

(Fig. 37). The lowest temperature was recorded at station 24 (Fig. 2). The
maximum lake temperature was at the harbor entrance. The high temperature
undoubtedly represented harbor water entering the lake, since the temperature
of water in the harbor was 17.5 C.

Warm waters occurred nearshore from the harbor southward to the
vicinity of South Milwaukee. Waters offshore were 13 to 14 C south of South
Milwaukee. The lowest temperatures (13 C) were nearshore and the highest
temperatures (16.5 C) were offshore. Sampling evidently was not close
enough to the discharge of the Oak Creek Power Plant to detect any effect
on the lake temperatures.

The warm waters extending from the harbor southward probably repre-
sent a situation that exists most of the time. Contrawise the low temperatures
nearshore probably occur infrequently and may indicate upwelling.

Conductivity ranged from a high of 372.3 pmhos/cm at the hafbor
entrance to a low of 261.6 at station 47 (Fig. 2), 5 miles east of South
Milwaukee (Fig. 38). The range values were less than observed on the April
12 survey south of the harbor, primarily because of the lower conductivity at
the harbor entrance. The water sample from inside the harbor had a conduc-
tivity of 417.9 pmbhos.

More of the samples had conductivity within the range of 266-271 ymhos
(49%) as compared to April (36%); but only 32% of the samples had a conductivity
greater than 271 ymhos -- in April 61% were above this value. Eleven percent
had conductivities greater than 280 ymhos.

Nearshore waters north of South Milwaukee were generally in the highest
conductivity range, i.e. values greater than 280 umhos. South of South
Milwaukee low conductivity water, 262 to 268 umhos, was closest to shore
and separated from offshore water by at least three distinct masses of water
with conductivities between 270 and 283 ymhos (Fig. 38).
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In general, the distribution of conductivity was closely similar to
that of temperatures suggesting a movement of harbor water south to South
Milwaukee and upwelling south of South Milwaukee.

Analyses for chloride, sulfate, nitrate, silica, total and soluble reactive
phosphorus were made on water samples collected in the harbor and transects
1-15, 36-48, 71-83, and 108-120 (Fig. 2). Consequently, the same detail
as shown in the distribution of conductivity (Fig. 38) is not possible in the plots
of these chemicals.

Chloride concentrations ranged from 3.5 to 13 mg/1. The lowest con-
centrations were all offshore and the highest occurred at the harbor entrance
(Fig. 39) indicating outflow of harbor water, since chloride at the harbor
station was 16 mg/1. Chloride values nearshore off the power plant were 1.5
mg/1 lower than nearshore values off Cudahy.

The distribution of sulfate was similar to that of chloride. The lowest
concentrations (18 mg/1) were offshore and the highest (42 mg/1) was at the
harbor entrance. The harbor value was 54 mg/1 (Fig. 40). Sulfate concen-
trations were higher nearshore off of Cudahy than near the power plant.

The distribution of nitrate (Fig. 41) and silica (Fig. 42) showed some
similarities in that the lowest concentrations occurred nearshore. The low
nitrate values (0.12-0.13 mg/1) occurred nearshore off Cudahy and extended
to just north of the power plant. The lowest silica values (0.2 mg/1) probably
occurred nearshore from Milwaukee Harbor to north of the power plant. Off-
shore nitrate and silica concentrations were 0.18 and 0.7 mg/1. The highest
nitrate value (0.29 mg/1) was at the harbor entrance. The high silica value
(1.3 mg/1) occurred at the harbor station.

The distributions of total and soluble reactive phosphorus were closely
similar (Figs. 43, 44). The lowest total (3 pg/1) and SRP (0.5 wg/1) values
were offshore. Although concentrations of total (174 ug/1) and SRP (75 ug/1)
were high at the harbor station, a mass of high phosphorus current water
occurred off Cudahy (total P 99 and SRP 40 ug/1). Nitrate and conductivity
values were relatively high in this same area (Figs. 41 and 38). Total phos-
phorus concentrations near the power plant ranged from 6 to 24 pe/1, SRP

concentrations were 1.5 to 2 ug/l.
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The distributions of these various chemicals did not closely reflect that
of conductivity and therefore did not substantiate speculation on upwelling near the
power plant. The low silica and nitrate concentrations nearshore were probably
the result of uptake by diatoms and not caused by upwelling. Nevertheless,
the conductivity reflects the concentrations of other chemicals in addition to
those measured and the observed concentrations chloride, sulfate, and phos-
phorus, which are part of the sewage discharge, may have been low because
of upwelling. In any case, the power plant had no obvious influence on water

quality.

Near Field Surveys
Survey of October 10, 1972 -- Surface temperatures ranged from 10 C

everywhere sampled, except at stations near the Oak Creek Plant and near-
shore south of the plant (Fig. 45). The maximum temperature (16 C) was
observed 0. 5 mile south of the plant. Although this maximum temperature
did not occur at the nearest sampling point to the plant, the distribution of
temperatures indicates that the thermal plume extended over 1 mile offshore
and at least 3 miles south of the plant.

The distribution of chloride was similar to that of temperature with the
greatest concentrations (5.9 mg/1) nearshore south of the Oak Creek Plant
(Fig. 46). The lowest concentrations (4 mg/1) were north and northwest of
the plant. The low concentration, like the low temp eratures, were nearshore
north of the plant, but 1 to 2.5 miles offshore south of the plant.

Distributions of nitrate, sulfate, and total phosphorus were closely
similar, and differed from that of chloride since the highest concentrations
appeared to extend lakeward from a nearshore area about 1. 5 miles south of
the Oak Creek Plant (Figs. 47-49). Like chloride, concentrations of nitrate,
sulfate, and total phosphorus were lower nearshore north of the plant than south
of the plant. Nitrate concentrations ranged from 0.25 mg/l immediately
north of the plant to a high of 0.30 mg/1 south of the plant. The lowest sulfate
concentration (17 mg/1) was offshore and the highest of 24 mg/1 was nearshore
south of the plant. Total phosphorus concentrations ranged from 50 w g/1
north of the plant to a high of 290 ng/1 south of the plant. Some relatively
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high phosphorus concentrations (100 ug/1) occurred near the sewer outfall.
The reason for the very high phosphorus concentrations south of the plant is
unknown, although, since concentrations of 250 g/l or greater were all 1.5
to 2.5 miles from the plant, it appears the high values were not caused by
the plant.

Silica concentrations ranged from 1.1 mg/1 north and east of the plant,
to 1.4 mg/1, 2.5 miles south of the plant (Fig. 50). The occurrence of the
maximum value this distance south of the plant is similar to that of total
phosphorus, but other aspects of the silica distribution are not closely similar
to that of phosphorus.

Soluble reactive phosphorus (SRP) concentrated ranged from a low of
6 wg/1 to a maximum of 30 ug/1 (Fig. 51). The low value was from the
furthest offshore sampling site. The high value was from nearshore 2 miles
south of the plant. The highest soluble reactive phosphorus values also
appeared to extend lakeward from the same area as for total phosphorus.
Concentrations of SRP immediately north of and in the discharge water of the
plant were closely similar. The lowest SRP concentrations north of the plant
were nearshore and apparently increased offshore, although this is uncertain
because only nearshore stations were sampled north of the plant.

The distribution of chlorophyll a (Fig. 52) appeared to resemble quite
closely that of soluble reactive phosphorus (Fig. 51), but this resemblance
was superficial, at least south of the power plant where chlorophyll a increased
from shore lakeward and SRP decreased. North of the plant both chlorophyll a
and SRP increased lakeward.

Total phosphorus (Fig. 49) and chlorophyll a had an inverse distribution
both north and south of the plant. Chlorophyll a decreased from the shore
lakeward and total phosphorus increased.

Maximum chlorophyll a concerrations (10.5 pg/1) occurred east of the
plant. None of the chemical concentrations or temperatures were especially
high in this area, which was at the edge of the thermal plume. Plots of all
the chemical data, except chlorophyll a, indicate maximum concentrations near-

shore about 2 miles south of the plant. The reason for this is uncertain,
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although a small stream enters the lake in this area. If this stream was the
cause of‘ the higher chemical concentrations, especially total phosphorus and
SRP which are about 30 times greater than mid-hke values, the inflowing water
must have had a temperature very close to that of nearshore waters as it had no
apparent effect on distribution of temperatures. Chlorophyll a concentrations

were low in this area, but this may be due to a diluting effect of inflowing water.

Survey of November 9, 1972 -- The distribution of surface temperatures

(Fig. 53) was closely similar to that observed on October 10, 1972, and indicated
the thermal plume from the plant fanned out and extended 3 miles or more from
the plant. The lowest temperatures (8 C) were north and east of the plant. The
highest temperature (14 C) was nearshore south of the phnt.

Analyses of chloride, chlorophyll a, nitrate, total and soluble reactive
phosphorus were made on all samples. No sulfate determinations were made.
Silica was determined for one-third of the stations and were not plotted. These
few values ranged from 0.5 to 0.9 mg/1.

The distribution of all the chemicals were not like that of temperature,
but they were similar to each other since all, except chlorophyll a, had areas
of high concentrations about 3 miles north and south of the Oak Creek Plant.
Concentrations at the power plant were lower than at the aforementioned north
and south locations. It appeared that offshore waters came closest to shore in
the vicinity of the plant.

Chloride concentrations ranged from 7 mg/1 offshore to 11. 5 mg/1 near
the northern sewer outfall and 3 miles south of the plant (Fig. 54). Concentra-
tions in the vicinity of the power plant intake and discharge were approximately
10 mg/1.

The distributions of nitrate, total phosphorus, and soluble reactive phos-
phorus (Figs. 55-57), were closely similar. Nitrate concentrations ranged from
a low of 0.24 mg/1, about 1 mile east of the plant, to 0.34 near the sewer outfall.
Concentrations in the immediate vicinity of the plant were 0. 27 mg/l. The lowest
concentrations of total phosphorus (30 ug/1) and SRP (10 ug/1) were about 1 miles
east of the plant. The highest concentrations of total phosphorus (180 ug/1) was
3 miles south of the plant -- SRP was 29 ug/l. The maximum SRP (45 pg/1)
occurred near the sewer outfall. Total phosphorus was 90-100 ug/l1 immediately
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north of the plant and 75-80 pg/l in the discharge area. SRP concentrations
were around 25 pg/1 at the plant.

The reasons for the observed distributions of chemicals north of and
in the vicinity of the plant are obvious. It is uncertain as to why high concen-
trations occurred 3 miles south of the plant. It is possible for high chemical
content waters from the Root River and Racine to move northward around Wind
Point. Lack of more sampling locations near Wind Point precludes verification
of this possibility.

The distribution of chlorophyll a (Fig. 58) differed from the above
chemicals in that the lowest concentrations were nearshore. The lowest con-
centration (1.6 pg/l1) occurred 2 miles south of the plant. Highest concentrations
(5.75 ug/1) were over 1 mile east of the plant. Low concentrations occurred
nearshore where concentrations of the above chemicals were high. The reason
is unknown, although a greater turbidity nearshore would supress algal growth
and result in higher concentrations of chemicals.

Survey of January 25, 1973 -- Surface temperatures ranged from 0.8C

at the outside stations, approximately one-half mile from shore, to 9 C in the
discharge plume (Fig. 59). The highest temperatures were all in the vicinity of
the discharge. Temperatures were 2C or less, 1 mile from the plant indicating
that the plume was sinking as it cooled to 4C. Nearshore temperatures north
and south of the plant did not exceed 1.5C. ‘

The distributions of chloride, nitrate, and silica were closely similar
and did not indicate any influence of discharge from the plant on the nearshore
waters (Figs. 60-62). The discharge waters could not be detected by the dis-
tributions of any of these. Lowest concentrations were offshore and concentra-
tions were higher at the nearshore stations. Maximum concentrations all
occurred in the vicinity of the sewer outfall.

Total phosphorus and SRP distributions showed slightly higher concen-
trations than expected, based on phosphorus content of adjacent nearshore waters,
in the vicinity of the plant discharge (Figs. 63, 64). The lowest total phosphorus
values (20 pg/1) were offshore. Nearshore concentrations ranged from 55 to

170 ug/1. The high concentrations were in the vicinity of the sewer outfall.
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Chlorophyll a concentrations ranged from 3.5 to 8.75 ug/1 (Fig. 65).
The lowest concentration coincided with the maximum concentrations of all the
chemicals just north of the sewer outfall. The maximum chlorophyll a occurred
where concentrations of other chemicals were not especially low or high.
Chlorophyll a content in water from the immediate vicinity of the plant showed

no unusual levels that would indicate any effect of the plant.

Survey of February 28, 1973 -- The distribution of surface temper-

atures (Fig. 66) was similar to that of January. The lowest temperatures
(0.2C) were at the outside stations. Nearshore temperatures ranged from 0.5
to 1.2C, except in the thermal plume where the maximum temperature was
7C. The plume was sinking below the surface within one-half mile of the plant,
since temperatures had decreased to 3 C at station 2.

The distributions of the chemicals did not indicate the presence of
the thermal plume or any influence of the plant on the water quality. Consid-
erable variability existed in the distributions and only for major features was
there agreement among the distributions. In general, the highest concentrations
were in the vicinity of the sewer outfall and concentrations were low in the
vicinity of the power plant and southward.

Chloride concentrations ranged from a low of 7 mg/1 nearshore north
of the plant to a high of 19 mg/1, also nearshore only 1 mile further north (Fig.
67). Chloride levels were lower at the furthest north outside stations, whereas
the reverse occurred just north of the plant. The chloride content of samples
taken near the plant and to the south was around 10 mg/1.

Nitrate concentrations ranged from 0. 26 to 0.40 mg/1 (Fig. 68). The
maximum concentrations were near the sewer outfall and decreased lakeward
and toward the power plant. Near and south of the plant the lowest concentrations
(0. 27 mg/1) were nearshore and increased to 0.30 mg/1 offshore.

Total phosphorus concentrations ranged from 38 ug/1, at the farthest
south station, to 94 ug/1 the first station south of the sewer outfall (Fig. 69).
North of the power plant phosphorus decreased from shore lakeward. A similar
situation existed one-half mile south of the plant. Two miles south of the plant
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low phosphorus concentrations were nearest shore and increased offshore.
Nitrate distribution was similar in this area. Phosphorus in the thermal plume
was lower than in adjacent waters.

The distribution of SRP was similar to nitrate, since the maximum
concentration (33.6 ug/1) was near the sewer outfall (Fig. 70). Concentrations
decreased toward the plant and lakeward to a low of 5 ug/1. Near the plant
and southward SRP was 6 pg/1 nearshore and 5 ug/1 offshore.

Silica concentrations varied little from station to station and ranged
from a low of 1 mg/1 at the furthest southern outside station, to a high of 1.2
mg/1 near the sewer outfall (Fig. T1).

Chlorophyll a concentrations were 3 pg/1 in the thermal plume and
1 mile north nearshore (Fig. 72). The highest concentrations (4 ug/1) were
offshore near the plant and nearshore at stations north and south. Any trend

in chlorophyll a values in relationship to other chemical data was not apparent.
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Table 1. Station coordinates from far-field survey of Lake Michigan in

the vicinity of Wisconsin Electric Power Company's Oak Creek, Wisconsin

power generating station.

Station Number

Latitude, N.

Longitude, W.

1

© ®©® I O U b W DN

e T e T S S S U G U O
- O O WD = O

42° 51' 36"
42° 51' 42"
42° 52' 06"
42° 50" 12"
42° 50' 18"
42° 50" 42"
42° 52' 00"
42° 53' 06"
43° 15' 12"
43°15' 12"
43°15' 12"
43° 15' 06"
43° 14" 48"
42° 48' 37"
42° 48' 42"
42° 49' 06"
42° 50" 06"

87° 49' 07"
87° 49' 02"
87° 47 03"
87° 49' 00"
87° 48' 05"
87° 47" 02"
87° 43' 09"
87° 38' 01"
87° 54' 03"
87° 53' 05"
87° 52' 02"
87° 48' 06"
87°42' Q7"
87° 47" 04"
87° 47" 03"
87° 45' 09"
87° 42' 02"




Table 2. Dates on which monthly sampling took place, 1971-72.

Month Days
September 13, 14
October 4, 5
November 3, 8
December 6, 7
January 19, 31
February 21, 24
April 12, 13

June 26, 27




Table 3. Results of chemical and chlorophyll variability analysis.

Parameters

measured are shown with their respective means, standard deviations (S.D.),

coefficients of variation (C.V.), and 95 percent confidence limits (+.95) for

both inshore (1/4 mile east of Milwaukee) and offshore (10 miles east of

Milwaukee) locations. Ten replicate samples collected on 28 November, 1972

were used to determine each mean.

INSHORE
Parameter Units Mean S.D. C.V.(%9  +.95(%
total phosphorus pg P/1 16.82 3.66 21.8 15.6
soluble reactive phosphorus ug P/1 4.85 1.38 28.4 20.0
nitrate nitrogen mg N/1 0.25 0.01 4.3 4.0
silica mg Si0,/1 0.99 0.06 6.4 5.6
sulfate mg S0 71 18.40  0.77 4.2 2.9
chloride : mg C1-/1 9.38 0.93 9.9 7.0
conductivity pmhos/cm  272.10  5.02 1.8 1.4
chlorophyll a mg chlorophyll &/m® 2.66  0.42 15.7 10.9
OFFSHORE
Parameter Units Mean S.D. C.V.(%)  £.95(%)
total phosphorus peg P/1 7.82 3.22 41.1 29.5
soluble reactive phosphorus ug P/1 1.61  1.27 79.1 55.9
nitrate nitrogen mg N/1 0.23 0.01 4.1 4.3
silica mg SiOZ/l 0.89 0.07 8.3 5.6
sulfate mg SO4/1 17.70 1.09 6.1 4.4
chloride mg C1-/1 7.06 1.99 28.2 20.1
conductivity pmhos/em 259.51  5.92 2.3 1.6
chlorophyll a mg chlorophyll gl_,/ma 1.76 0.31 17.9 13.1




the taxonomic categories they represent.

Table 4. Phytoplankton group abbreviations used in Table 14 and the names of

ABBREVIATION TAXONOMIC NAME

ANKIST Ankistrodesmus spp.

CHLLIK Chlorella spp.

CLOSTE Closterium spp.

COSMAR Cosmarium spp.

CRUCGI Crucigenia spp.

GREFIL Green filaments

COLENK Colenkinia spp.

OCYSTA Oocystis sp. A

OCYSTB Oocystis sp. B

PEDIAS , Pediastrum spp.

SCENED Scenedesmus spp.

SELENA Selenastrum spp.

STARAS Starastrum spp.

TETRAS Tetrastrum spp.

TETRAE Tetraedron spp.

ANABAE Anabaena spp.

CHROOC Chroococcus spp.

COLONY Blue green colonies

BGRFIL Blue green filaments

CHRYSO Chrysochromulina spp.

DINOBR Dinobryon spp.

MALLOM Mallomonas spp.

CRYPTO Cryptomonas spp.

RHODOM Rhodomonas spp.

CERATM Ceratium spp.

GYMNOD Gymnodinium spp.

ASTFOR Asterionella formosa

CENTRI Centrics other than Melosira spp.

MELOSI Melosira spp.

NEEDLE Needle shaped diatoms (Fragilaria, Synedra)

OTHPEN Other Pennales (Achnanthes, Cocconeis,
Amphipora)

TABELL Tabellaria spp.



Table 5. Zooplankton group abbreviations used in Tables 6, 7, and 13 and the

names of the taxonomic categories they represent.

ABBREVIATION TAXONOMIC NAME _
ALOAFF Alona affinis

BOSMIN Bosmina longirostris
CERLAC Ceriodaphnia lacustris
CERQUA Ceriodaphnia quadrangula
CHYSPH Chydorus sphaericus
DAPGAL Daphnia galeata-mendotae
DAPLON Daphnia longiremis
DAPRET Daphnia retrocurva
DAPSCH Daphnia schodleri

DIAL EU Diaphanosoma leuchtenbergianum
EUBOSM Eubosmina coregoni
HOLGIB Holopedium gibberum
LEPTKI Leptodora kindtii
POLYPE Polyphemus pediculus
CANTRO Canthocamptus robertcokeri
COPNAU Copepoda nauplii

CYCBIC Cyclops bicuspidatus
CYCIMM immature Cyclops spp.
DIAASH Diaptomus ashlandi
DIAIMM immature Diaptomus spp.
DIAMIN Diaptomus minutus
DIAORG Diaptomus oregonensis
DIASIC Diaptomus sicilis
EPILAC Epischura lacustris
EURAFF Eurytemora affinis
1IMCAL 1 imnocalanus macrurus
MESEDA Mesocyclops edax
SENGAL Senecella calanoides




Table 5 (continued).

ABBREVIATION TAXONOMIC NAME
TROPRA Tropocyclops prasinus
HYDRAS Hydra spp.

INSECT Insecta

MYSREL Mysis relicta
NEMTOD Nematoda

OLIGCH Oligochaeta

OSTRAC Ostracoda



Table 6. Variability of zooplankton counts from five, five-percent subsamples (sub 1-sub 5) from a
zooplankton sample taken at station 1 (Fig. 1) on 8 November 1971, with standard deviation
’S.D.), the coefficient of variation (C.V.), and the 95 percent confidence limits (+.95),
shown for each taxonomic group. Refer to Table 5 for abbreviations for taxonomic groups.

Taxonomic Number of Individuals/Cubic Meter
Group subl sub2 sub3 sub4 subb mean S.D. C.V. (D +.95%

ALOAFF 20 21 41 0 0 16 17 107 133
BOSMIN 6630 6569 5712 77172 7242 6785 7473 110 137
CHYSPH 41 82 61 82 41 61 20 33 41
DAPRET 1326 1714 1326 1469 1448 1457 159 11 14
EUBOSM 816 1204 816 1367 1183 1077 249 23 29
HOLGIB 20 143 122 224 163 134 74 55 69
CYCBIC 12,791 11,914 11,954 14,851 12,587 12,819 1199 9 12
CYCIMM 245 163 204 0 0 122 115 95 117
DIAASH 449 408 408 469 571 461 489 106 132
DIAIMM 122 82 122 0 82 82 50 61 76
DIAMIN 0 82 61 143 102 78 53 68 84
DIAORG 367 224 245 327 306 294 59 20 25
DIASIC 61 41 20 143 82 70 47 67 83
EPILAC 0 82 20 0 0 20 36 178 223
EURAFF 102 0 0 0 0 20 46 228 285
LIMCAL 0 0 0 0 41 8 18 229 279
NEMTOD 41 0 0 0 0 8 18 229 279




Table 7. Concentrations of zooplankton produced byduplicate counts of five
samples, all collected at stations one-quarter mile from shore, with the
percentage of the sample counted indicated above each column. Refer to

Table 5 for abbreviations for taxonomic groups.

Station 4 Station 1 Station 4 Station 14  Station 9
Taxonomic September December December April June
Group 1971 1971 1971 1972 1972
10% 5% 107% 5% 107 5% 10% 570 10% 5%
BOSMIN 10,931 12,172 453 599 551 734 17 17
CERLAC 34 51
CHYSPH 9 34 10
DAPGAL 17 29 112 102
DAPLON 1 61
DAPRET 248 2091 358 263 235 490
EUBOSM 748 969 504 496 1724 918
HOLGIB 476 408 10
LEPTKI 9
POLYPE 119 17
CANTRO 9 10 2
COPNAU 1420 124 194 428 442
CYCBIC 9217 1530 3708 4935 6824 9241 46 84 9
CYCIMM 1275 1904 883 58 1601 592 1134 1173
DIAASH 51 119 737 876 734 898 1
DIAIMM 1122 1122 394 490 61 995 680
DIAMIN 9 161 131 133 41
DIAORG 17 34 358 409 163 245
DIASIC 175 10 82
EPILAC 9 22 15 10 41
EURAFF 26 102 22 15 51 41
MESEDA 102
TROPRA 26 124 88 143 102 9 17
INSECT 9 17




Table 8. Primary production rates of intake water incubated at intake temperature (IL) and various combinations of
intake and discharge water incubated at intake and discharge temperatures on the indicated sampling dates with the
comparisons between the mixed samples and the IL sample shown. The averages of each comparison are shown at the
bottom of the column. Differences are expressed as percent deviations from IL. The intake and discharge temperature
are in Table 9. Asterisks indicate the percent deviation is significant at the 95% confidence level.

L 2/i-H 2/1-L 1/1-H 1/1-L 1/2-H 1/2-L ‘“%dev. 7dev. 7dev. 7dev. Tcdev. Tcdev.

DATE mg C fixed/cubic meter/hour IL- IL - IL- IL- IL- IL-
2/1-H 2/1-L. 1/1-H 1/1-L. 1/2-H 1/2-L
24 Nov. 72 3.63 4.96 4,22 5.80  4.57 5.36 5.30 37* 16 60* 26 48* 46%*
31Jan. 73  4.82 17.43 5.04 10.50 3.83 7.08 8.08 54 6 118% -21 417 68*
27 Feb. 73 2.09 3.55 2.55 2.93 2.55 2.85 2.28 70* 22 40 22 36 9
28 Mar. 73 5.17 5.38 5.57 6.12 6.04 5.97 4.58 4 8 18% 17* 15 -11%*
30 May 73 8.94 12.97 10.05 13.44 8.86 11.37 11.31 45* 12* 50* -1 27* 27
Average = 42 13 57 9 35 28
Abbreviation Meaning
IL Intake sample incubated at intake (or low) temperature.
H Intake sample incubated at discharge (or high) temperature.
DL Discharge sample incubated at intake (or low) temperature.
DH Discharge sample incubated at discharge (or high) temperature.
2/1-H Sample composition = 2 parts discharge water; 1 part intake water; incubated at discharge (or high
temperature.
2/1-L Sample composition = 2 parts discharge water; 1 part intake water; incubated at intake (or low)
temperature.
1/1-H Sample composition = 1 part discharge water; 1 part intake water; incubated at discharge (or high)
' temperature. .
1/1-L Sample composition = 1 part discharge water; 1 part intake water; incubated at intake (or low)
temperature.
1/2-H Sample composition = 1 part discharge water; 2 parts intake water; incubated at discharge (or high)
temperature.
1/2-L Sample composition = 1 part discharge water; 2 parts intake water; incubated at intake (or low)

temperature.



Table 9. Primary production rates of intake and discharge waters incubated at intake and discharge
temperatures on the indicated sampling dates. Table 10 presents the comparisons used to assess power
plant impact. The averages of each comparison are shown at the bottom of the column. Differences are
expressed as percent deviations from the production rate of intake water incubated at intake temperature
(IL). Asterisks indicate the percent deviation is significant at the 95% confidence level.

Intake Discharge IL “IH - DL DH IL-IH IL-DH 1IL-DL

Date temp (°C) temp (°C) mg C fixed/cubic meter/hour %dev. %dev. % dev.
18 Oct. T2 9.0 14.0 9.69 10. 55 9
24 Oct. 72 11.0 14.0 5.48 6.36 ' 15.19 16 177*
30 Oct. 72 9.2 13.4 10.02 11.37 10.63 12.55 13 25% 6
24 Nov. 72 6.5 10.2 3.63 4.96 4,29 4.69 37* 29%* 18*
18 Dec. 72 2.5 5.5 2.62 3.71 2.57 4.25 42%* 62%* -2
13 Jan. 73 5.9 10.0 4,82 6.43 4,36 10. 17 33 111%* -10
22 Feb. 73 2.5 5.5 2.09 2.75 2.56 3.74 32 T9* 22
28 Mar. 73 8.0 11.0 5.17 6.66 5.70 7.00 29 35% 10
30 Mar. 73 11.6 15.5 8.94 8.32 10. 56 13.39 =7 50* 18*

Average = 24 64 9




Table 10. Explanation of sample manipulations and comparisons used to assess the effects of the
power plant on rates of primary production (adapted from Brooks 1972).

Effect Sample Incubation Compared Sample Incubation
Measured Collected at Temperature with Collected at Temp erature

Net entrain-
ment Intake Intake = ----- Discharge Discharge

(temp. , (IL) (DH)
pressure,

pumps, tur-

bulence)

Mechanical Intake Intake @ =0 0—---- Discharge Intake

(pumping, (IL) (DL)
pressure,
turbulence)

Temperature Intake Intake @ = o—---- Intake Discharge

(thermal (IL) (IH)

elevation)




Table 11. Results of chemical and chlorophyll analysis of intake and discharge waters on ten sampling dates indicated with
the percent deviation (dev. %) of the discharge (D) from the intake (I) water shown for each parameter measured. Asterisks
near the percent deviation figures indicate that the deviation is greater than the inshore 95% confidence limit determined for

that parameter (Table 3).

16 November 71 30 November 71
I D dev(% 1 D

24 Oct ober 72
dev(%) I D dev(%

30 October 72
I D dev(%) I D

24 November 72

dev(%)

total
phosphorus

(ug P/1)

soluble
reactive
phosphorus

(ug P/1)
nitrate-
nitrogen
(mg N/1)
silica

(mg S8i09/1)
conductivity
(smhos/cm)

46 50 10 139 114 -18* 428 428 0

2.1 0.7 -67* 19 14 -26*

0.29 0.29 0

0.37 0.37 0

0.8

0.8 0 1.4 1.5

331.8 330.0

sulfate
(mg S04/1)

chlorophyll a
(mg/m)

87 88 1

21.5 16 -26*

0.29 0.29 0

0.8 0.7 -13*

291.9 296.4 2%

3.67 4.01 9 2.68 2.53



Table 11. Continued

18 December (2 31 January 12 211 February 12 28 March 72 30 May (3

I D dev(% I D dev(% I D dev(% I D dev(%) I D dev(%)
total
phosphorus
(ng P/1) 42 45 T 295 340 15 85 83.5 -2 50 51 2 231 231 0
soluble
reactive
phosphorus .
(ng P/) 8.1 8.1 0 14.8 21 42* 12.3 9.8 =20 7 6.4 -9 7.2 8.1 13
nitrate-
nitrogen
(mg N/1) 0.25 0.24 -4 0.32 0.33 3 0.23 0.24 4 0.27 0.27 O 0.4 0.4 0
silica
(mg SiOz/l) 1.1 1.1 0 0.7 0.7 0 1.0 1.1 10 0.7 0.8 14 0.2 0.3 50%*
conductivity
(umhos/cm) 275.5 277 1 302 307.5 2* 266 267.5 1 -- - - -- -- --
chlorophyll a
(mg/m) 3.65 3.62 -1 12.9 8.98 -30* 4.41 3.96 -10 5.6 5.38 -4 14.28 13.84 -3




Table 12. Surface temperatures (°C) on sampling dates when bathythermograph
was not used.

September January February April

Station 1971 1972 1972 1972
1 19.5 1.5 0.2 4.8
2 19.9 1.7 0.2 4.1
3 19.4 1.5 0.2 3.3
4 - 2.0 0.2 4.4
5 19.7 1.6 0.2 4.6
6 19.5 2.5 0.2 3.6
7 19.6 1.5 0.2 2.1
8 19.2 2.0 0.5 2.5
9 18.8 1.5 2.0 3.2
10 18.7 1.8 0.6 2.8
11 19.0 3.8 1.0 2.5
12 19.0 4.5 1.0 2.6
13 19.3 5.5 1.3 2.7
14 -— 1.3 0.2 4.0
15 —— 1.3 0.2 5.0
16 —— 1.3 0.2 3.5
17 —— 1.5 0.5 2.7




LOCATIONS OF STATIONS ARF TNDICATED IN FIGURE 1
MEANINGS OF SPECTES ARBREVIATIONS ARE INDICATED IN TVABLE 5.

Table 13.
SPECIES
ABBREVIATIONS
1 2 3
ALOAFF 20 a6 0
BOSMIN 23882 S150 1643
CERLAC 82 65 32
CERQUA o o 6
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Table 13. Z0OPLANKTON CONCENTRATIONS FROM OAK CREEKe WISCONSIN POWER PLANY STUDY
¢ NUMBER OF YNDIVIDUALS / CUBIC METER )
LOCATIONS OF STATTONS ARE INDICATED IN FIGURE 1
MEANINGS OF SPCCIES ASAREVIATINNS ARE INDICATED IN TABLE O.

ACTO08TRe 1971

SPECIES )
ABBREVIATIONS STATION NUM3ERS :
1 2 3 [} L] € 7 L] 9 10 11 12 13 18 18 1€ 17
ALO NFF 20 (] 0 (4] o 4] c o 0 (4] 0 (4] 0 ] L] 4] [\]
BOSMIN 4218 8189 3708 3810 8642 s1<sg 11€9 89 815 817 641 191 283 A8W2 1231, 3318 712
CERLAC )] 4] 7 0 9 (3 c c Cc o] [} 0 2 29 0 L] o
CERQUA 4] 0 0 [ 38§ o} 0 c of 0 o} C o 4] 1] (4] o e
CHYSPH 0 rd ] 29 82 28 132 12 2 o 9 13 8 15 0 8 8 ]
DAPGAL 0 28 22 o c C 27 o c 9 0 2 7 0 17 e o
DAPLON 61 37 ) 2 0 o c [} 2 c o] 4] o 1 )] (] J 13
DAPRET 3057 1751 155C 2201 1287 17sC 17ac q1¢ 73 33 1019 731 250 20828 2768 799 1562
DAPSCH 0 (4] ] 0 v} c c c c 0 c o Q (o] o o ]
DIALEY 5] 4] 29 o] o} c 4 11 c o c s 2 15 8 1€ T
EUBOSH 1867 797 1253 408 817 732 602 121 262 398 233 2848 490 262 $3% 588 82
HCLGIB 82 9 22 51 q 19 31 24 s} 4] C (1} 8 0 8 28 8
LEPTKI 0 28 7 o} s} c 9 4 c 9 8 L) 2 1] o 8 13
POLYPE ] L] 0 0 0 ] C 0 c o 0 0 ] . 0 0 (4] ]
CANTRO o] (4] ] 0 o} C c C o] 4] c 0 0 (4] L] 0 [}
COPNAU 0 4946 183% c 1454 3382 381 271 c 1315 819 851 32 183y 1138 1€77 93
cYCBIC 252847 1037 €680 3292¢ 1751 712 Ths 11¢ 770C 1121 3icC 222 166 €8s 2820 66T 1265
C YC IMM 4198 11068 6885 1792 11811 85C7 84 9¢€ 20C7 131C 4631 3124 380¢€ 1182 23535 8806 $27¢ e839
D IA ASH 10881 (11 178 2221 185 153 172 10C 1194 157 115 180 36 15 327 188 2%0
D TAIMM 1977 10a9s 767C 1019 9197 7838 3378 2917 146 8C3C 4534 8730 618 2052 712 7T17° [ 1411
DTAMIN 81 [ 4] 245 c [o Q 2 29 i} c 0 1 0 o n (]
DIAORSG 795 120 1s 346 78 X2 13 7T 116 28 (o] 82 8 15 17 28 s1
DIASIC 571 (13 73 224 [1 32 89 3@ 1s 74 98 s8 13 0 ?2¢ (13 178
EPILAC [} 28 26 20 28 (1) RY 24 c 9 21 38 2 [ 1] 76 T 81
EURAFF 0 4] (1} o] 28 13 12 o 8] 4] [} o] ] 15 0 (4] 4]
LIMCAL 0 o 0 o o} o c §r c 0 55 7 €0 0 0 [ o
MESEDA 0 4] 0 o 4] c c 2 o} 0 c (4] o] 0 n (4] L]
SENCAL 0 (o] 0 c ] c c c 0 0 o} o} 1 0 W) [ 0
TROPRA 1752 1223 1237 1039 389 936 1378 sa 509 T8 191 571 87 3246 833 580 391
HYDRAS 0 L] ] 0 o 6 c c o} 0 c o ] 0 8 8 o}
INSECT o] (4] ] 0 [} c o o o} 4] 4] c 0 0 o (4} 0
MYSREL o o 0 4} o o] c o o 0 o c 0 15 0 c ]
NEMTOD 0 0 0 0 g c c n c (] c 0 o o n c o
OLYGCH 0 0 c 0 0 i c C c o] c (o] (1] 0 n 0 e
OSTRAC 0 1] o] ] 0 o c y c 0 Lo} 4] ] 0 o (] L}

- A4 e & S



Table 13. ZOOPLANKTON CONCENTRATIONS FROM OAK CREEKe WISCONSIN POWER PLANT STUDY
{ NUMRER OF INDIVIDUALS / CUBIC METYER )
LOCATIONS OF STATTONS ARE INDYCATED IN FIGURE 1
MEANINGS OF SPECTIES ABOREVTATIONS ARE YNDTCATED IN TABLE 5,

NOVEMBFR, 1971

SPECIES
ABBREVIATIONS STYATION NUMBERS :
1 2 3 . s 3 7 8 9 10 11 12 13 18 1s 16 17
’ -— . b ceecadeceeoacama oo oo - - . w -, G S — — - . G G . T G —— W — — S — G—
ALONF 20 o 7 () ) 0 o 0 0 4 o ) 0 0 0 0 )
BOSMIN 83SS  SaTa 771 19780 c 2023 219 170 7820 1111 1167 228 153 €979 €363 1295  3A0
CERLAC o 0 o 0 o 0 0 5 c 0 o 0 0 0 0 ) o
CERQUA 0 0 o e 0 0 o o 0 ) c 0 o 51 o 0 n
CHYSPH s €5 22 87 0 51 20 15 ¢ c . ) . 17 37 22 10
DAPEAL 0 93 560 73 o e 2ecC 7€ c 130 25 cC 112 3 s6  19¢  S68
DAPLON o 19 1s o e 0 2= 10 0 0 c 1 5 0 19 36 58
DAPRE T 1752 3575 3820 902 0 1652 678 8S6e 815 1334  62C 719 372 3813 1936 2271 1213
DAPSCH o o n e 0 c 0 0 c 0 c 0 0 0 o o 0
DIALEU 0 9 ) c c 7 s B c o 0 1 1 0 0 7 1S
EUBOSH 1100 2575 2809 2795 0 1616 1528  137s 204 x98 170 578 391 391 1852 2009 1921
HOL GIB 183 111 218 466 0 128 194 2 153 120 38 a0 53 » 102 186 227
LEPTKI o 9 0 ) o c ¢ c c 9 c . 2 17 9 18 s
POLYPE c 0 0 0 o 0 c c ¢ c 0 0 n 0 0 o 0
CANTRO 0 o o 0 0 o c c c 0 o 0 0 0 0 o o
COPNAU 0 s09 786 0 o aas 302 338 0 95 189 309 52 0 3a3 160 n
cvcsrc 15388 2680 1033 3741 o 968 382 1ce 733 21C3 467 163 333 33096 852 735 sos
CYC Inx 503 7669 11076  2C& 0 811a 1227 3326 2725 6928 4801 109 860 2887 STaT 725 1232
DTAASH 306 176 611 291 o 2% 683 230 c 157 148 106 75 1783 398 33 776
D YA IMM €32 2985 &593 306 C 2802 5283 3399 178 1945 1286 1658 1182  &75 2689  3S3C  620S
DYAMIN 20 x7 29 o o 73 1c 7 c 19 » 9 s o 139 51 28
D TAORG 183  a08 502 « c 153 214 99 25 189 187 76 101 119 611  a37 291
DYASIC 61 0 15 15 o 32 "7 32 c 65 38 37 36 208 19 15 188
EPTLAC a1 78 182 58 0 58 10 15 0 56 17 12 2 68 28 o 58
EURAFF 20 ’s 7 160 o 0 1c 0 o c 17 0 0 L 28 o s
LINCAL 0 0 7 15 0 c < 5 c o c a6 8o 0 o o s
MESED A 0 0 ) 0 0 o c 0 0 0 c o n o 0 o 0
SENCAL c 0 0 c 0 c c c c e e 0 0 o o 0 0
TROPRA 265 65 619 189 0 815  sTC 212 25 93 36 118 87 2802 287 &80 398
HYDRAS o 9 e ] 0 c c c c c 0 c 0 0 0 o 0
INSECT 0 o 0 ] o c 0 o ¢ 0 c 0 0 0 e 0 0
NYSREL o 0 0 0 0 7 ¢ c c ) G c 0 0 0 0 o
NEMTOD 0 o 0 0 0 c o e c o c 0 o 0 0 o 0
OLIGCH 0 o C o o 0 0 c ) e o 0 a o o o 0
OSTRAC o o 0 0 0 0 c c c 0 c c 0 o o 0 0



Table 13. ZO0OGPLANKTON CONCENTRATIONS FROM OAK CREEKe WISCONSIN POWER PLANY STUDY

¢t NUMSER OF TYNDIVYDUALS 7/ CUEBTYC METER )
LOCATIONS OF STATYONS ARF INDICATED IN FIGURE 1
MEANINGS OF SPECIES ABRREVIATIONS ARE INOYCATED IN TABLE 5,

DECEMBER, 1971

SPECIES
ABBREVIATIONS STATION NMUMBERS
1 2 3 [ 3 s 6 7 8 3 1c 11 12 13 18 1S 1€ 17
. - -— -l —- ol - - - W W e D G S —— - —— — - ——— ——— — — -— —-—
ALONFF 1] /] o ] 0 0 4] c o} 0 o o [} 0 ) () o
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DAPLON )] 9 L] o] T4 G c 9 c 0 o] c o o €S [4] [}
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DAPSCH 0 0 L] 0 28 e c 0 o] [ 0 ] 0o 0 o (4] 1)
DIALEV o 0 L] o] ] 4] o} o] C 0 c 4 0 0 L} [4] o
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LEPTKI 0 9 0 0 [s] c c 0 s} c Y] 0 0 0 0 (4] L]
POLYPE o] 4] ] 0 [} Y] o} C c o] (o] 4} L] L] L] [ (4]
CANTRO o] o] o] (o 0 c c c 8] 0 0 C 4] (4] 0 [ 0
COPNAU 1] 56 823 s} 2412 400 174 1C8 s} 176 381 110 152 0 176 361 208
CYCBIC 8920 1584 1097 9231 2705 329 188 7 591 204 84 95 123 8527 797 €39 193
CYC IMM 58 2899 84820 531 €965 2868 1995 148 8%6 1189 1183 1223 1027 12859 8214 $70€ 1879
D YA ASH 8713 1297 1019 837 769 627 611 82¢ 285 324 86S [ 114 89S 1266 1028 1019 327
DTAIMM [+] 883 5§72 61 10%6 Xng 327 3I7s 102 83 133 SeM 637 o] €11 963 818
DIAMIN 131 T8 189 81 65 &7 g L 3] 81 37 aC 2C 25 287 10 L} 32
DYAORS 808 sC0 2483 245 102 118 32 L] 611 250 62 52 38 815 185 185 (1)
DIASIC 178 19 87 82 28 63 aC 61 61 9 a0 99 72 116 €S 120 3s
EPTLAC 1s 9 16 31 9 16 5 1= 102 L] 18 3 1 [ 1) o 9 (4]
EURAFF 1s 19 o 81 1} 16 o] c C 28 L} 2 0 ?9 9 9 1]
LIMCAL 0 3} ] C 9 24 k-] 27 c 37 9 5 32 0 9 9 11
MESEDA o] 0 o] 0 o} C c c o] o} ] 0 )] 4] o n e
SENCAL a o] ] o 0 C o} c c o} o] o] (4] 0 4] o n
TROPRA 87 111 98 102 111 L1 21 17 81 28 22 1€ 38 131 139 188 3e
HYDRAS ] 9 ] 0 0 [\ 0 ] c 0 [ 0 0 0 9 9 ]
INSECT )} 0 o] 0 0 4] 0 C o 4] 0 c o 0 ] 4] o
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OLYGCH 0 o ] (1] ] (o] c [ c 0 (o] 0 ] 0 (4] o o
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SPECIES
ABBREVIATIONS

ALONFF
BOSMIN
CERLAC
CERQUA
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MYSREL
NEMTOD
OLIGCH
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Table 13. ZOOPLANKTON CONCENTRATIONS FROM OAK CREEKe WISCONSIN POWER PLANT STUDY
¢ NUMBER OF TNDIVIDUALS / CUBIC METER )
LOCATIONS OF STATTONS ART INDICATED YN FIGURE 1
MEANINGS OF SPECIES ARSREVTATIONS ARE INDICATED IN TABLE 5,

FEBRUARY, 1972

SPECIES
ABBREVIATIONS : STATINN NUM3ERS
. 1 2 3 L} s 6 7 8 9 1c 11 12 13 16 18 16 17
. - —‘—------d'----—-—---—--..---—.-—---——————--————-—-—.——._——.——.— —-— —
ALONFF ] 4] o] 0 ] 0 s} c Cc c [+] [¢] 4] o (L] o o
BOSMIN o 0 0 ] 0 o 0 Y 0 o o 4 Q 0 0 ) o
CERLAC L] 4] ¢ o] y] c c [ [ [ 0 0 ] (1] ) ) o
CERGUA V] o] o] (4] ] o C C c o] 4] 0 4] 0 (4] o o
CHYSPH o 0 o} o] i} ] c o c i} o 0 0 0 0 0 P
DAPGAL 0 0 c 4] o} ) c o c c ] (4] 0 4] 4] [\ o
DAPLON 0 0 o o o c o o ] c o c o o o 0 o
DAPRE T )] 0 o 0 o C s} c c s} C 4] (L] 0 o ] 0
DAPSCH 4] 0 o] o} o] o o} 0 c 0 o} 1] V] 4] n 4} o
DIALEV [} 0 o 4] a c c o] c c c c ] 0 o o 0
€8 OSM o] c e o o] 3] c o c ] o] ¢} 0 L] n 4 o
HOLGIB 0 0 o} c a G c o o 4] 0 c V] ] n o [\
LEPTKI ] 0 o 0 0 0 ) 0 c o o 0 0 o 0 ) o
POLYPE ] o] o] 0 ] 4} o} c [ 0 o] 4] 4] 4] 4] (4] n
CANTRO 82 [ 3§ 36 102 28 22 ] c 306 9 o] o 1] 119 €1 109 [
COPNAV g c c c L1 29 c s& [ o} 204 57 T 4] 4] € [ 3
cycBsIcC 183 112 262 306 86 103 c 37 245 352 150 32 132 543 2% 15 1%
CYC IMM 61 226 6aC 127 1260 888 C 180€ 143 €93 1674 1672 1095 509 1766 123C 1538
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Table 13. Z00PLANKTON CONCENTRATIONS TROM OAK CREEKs WISCONSIN POMER PLANY STUDY
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LOCATIONS OF STATTONS ARF INDICATED IN FIGURE 1
MEANINGS OF SPECIES ABPREVTATIONS ARE INDICATED IN TABLE 5.
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Table 14. PHYTOPLANKTON CONCENTRATIONS FROM OAX CREEKs WISCONSIN POWER PLANT STUDY
{ NUMBFR OF CELLS 7 ML ) .
LOCATIONS OF STATIONS ART INDICATED IN FIGURE 1
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LOCATYONS OF STATTONS ARF INDICATED IN FIGURE 1

MEANINGS OF SPECIES ABTREVTIATINNS ARE YNDICATED IN TABLE 4
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SPECIES

Table 14.

ABBREVIATIONS
1

N

PHYTOPL ANKTON CONCENTRATIONS FROM OAX CREEKe WISCONSIN POWER PLANT STUDY
CFLLS 7 ML Y
LOCATYONS OF STATTONS ARF INDYCATEC IN FIGURE 1

MEANINGS OF SPECIES ASTREVIATIONS ARE INDYCATED IN TABLE 4
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SPECIES

Table i4.

ABBREVIATIONS
1

~N

PHYTOPLANKTON CONCENTRATIONS FROM OAX CREEKe WISCONSIN POWER PLANT STUDY
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Table 15. Concentrations of chemical parameters from Oak Creek, Wisconsin
Power Plant Study. Locations of stations are indicated in Figure 1. *

' NOVEMBERe 19712
PARANETER

ABBREVIATIONS STATYON NUMBERS
1 2 3 [ s 6 7 8 S 10 11 12 13 18 18 16 17
' e e @ T @ T > - W °n W - - T T > T G - O — —— ——— — e -—
TOPHOS 2%.,3C 17.00 130,70 22,10 7.70 12,20 7.7C 8., 3C 10,3C 9,9€C 9.30 7. 80 6.70 20.60 16.80 11.80 8.10
SRPHOS 1.60 1,30 1.40 1,90 1,70 1.4C 1,40 1,20 1,90 1,30 1.3C 1.10 1.10 1.60 1.30C 1.20 «80
STLICA +60 <80 -8C «60 <60 <60 1.1C 1,20 1,70 1.€0 1,90 .90 « 70 «60 «S0 «€0 1.00
SULFAT .00 «00 «00 .00 - .00 .CC .00 .0C .CC .CC »00 .00 «00 -00 «00 «00 00
NITRATY 20 «19 19 .19 .19 19 «20 «23 25 «26 .26 -19 .19 19 .19 «20 21
CONDUC 238.10 283,80 262.20 264,40 264,20 26C,70 263.70 259,90 21,20 264,0C 2€3.70 258,00 255,70 268.00 263.%0 258.10 2€3.8C
CHLORI 18,00 11,00 7.80 7.0C T.00 T.80 6,50 7.80 6620 8.60 7.20 6.80 6.50 6.10 6s10 6«10 [ %1
DECFMBER s 1971
PARAMNETER
ABBREVIATIONS STATYON NUMBERS
1 2 z [} 5 6 7 8 9 1c 11 12 13 18 15 16 17
-— e e B @ o D W w o w A w - - - - - ——— . . ——— . — D W G P — -— = o -—

TOPHOS §7.40 36.00 13.20 69.60 32,00 16,00 11,80 €.,1C 32,00 33.8C 17.30 6,00 7.50 63.00 36.00 20.00 10.00
SRPMOS 1.70 1. 30 «90 2,20 1,50 «9C 1.10 1,20 2.,CC 1.3C 1,20 1.640 1.80 2.10 1.70 1.10 1.50
SILICA «70 «70 1.10 «70 .70 1.2C 1.20 1.1¢C 1.10C 1.1C 1,20 1.10 1.00 <60 <60 «90 1.10
SULFAT 23.50 20.50 19.50 25,00 28,50 19,50 19,5 23.CC 19,CC 19.0C 19.00 19,00 19.50 22,50 26.00 21.C0 19.0C
NITRAT 27 27 23 27 27 o<5 «26 «26 «25 «26 .28 «23 .23 «26 28 «?3 PS4
CONDuUC 268.10 266.60 2%8.10 271,50 265,8C 261,80 254,20 .00 264,30 264,00 259,10 <00 +ND 27080 261.20 258.%0 258,60
CHLORY 6.70 € 80 6.00 6.00 6.40 .50 5,20 5,20 5.5C 5.20 5.20 .50 5.20 6.70 6.00 6.00 S.20

*Chemical parameter abbreviations: :
Abbreviation. Full Name Units

TOPHOS v total phosphorus pg p/l
SRPHOS soluble reactive phosphorus ugp/l1 -
SILICA silica mg Si0y/1
SULFAT . sulfate mg S0,/1
NITRAT . nitrate-nitrogen mg N/*
CONDUC conductivity pmhos/cm

CHLORI chloride ' mg Cl-/1




Table 15. Concentrations of chemical parameters from Oak Creek, Wisconsin
Power Plant Study. Locations of stations are indicated in Figure 1.*

SEPTFMBER. 1971

P ARANETER .
ASSREVIATIONS . © STATION NUMIERS
1 2 3 . < 3 7 (]
¢ eoeceoscde eos ~ - BB ®E®m B S w o S - S -
TOPHOS .00 .00 .00 .00 .00 .00 .co  .0C
SRPHDS .00 .00 .00 .00 .C0 .00 .cc  .0C
SILICA .00 .00 .00 .00 .0 .Co .cc .00
SULFAT 18.00 18.50 18.C0 18,5C 17,5C 16,50 19,00 17.0C
NITRAT .00 .CO .00 .CO .CO .ce .00 .CC
CONDUC .00 .00 .00  .CO .C0 .0C .CO .00
CHLORT 3.70 .20 8.90 9,30 8.4C B8.,3C 8,60 8,60
ncToare, 1971
PARANETER
ABBREVIATIONS STATTON NUMSERS
1 2 3 . 5 6 7 8 ) 10
. - - = - ade - - Y .- - T W an  w a w a S
TOPHOS 21.50 8,30 3.0 7,00 %,2€ 2,70 8,10 9,10 8,10 9.6C
SRPHOS 1.0C .68 .80 .8C .60 .50 1.2C .2C 1.2C  1,1C
SILICA 2.60 1,90 a0 1.50 1.40 1,50 1.1C 1,20 1,8C 1,9C
SULFAT 38.0C 18.50 19.00 13.50 1%,00 18,5C 18.0C 19.CC 13,CC 19.5C
NITRAT 26 +2% «20 .26 .25 .23 .22 .2¢C .27 .28
CONDUC 2€2.80 262.30 262.10 268,00 2€3.80 261,50 26C.1C 262.CC 263,20 259.10
2.00 8.00 7.20 7,20 7.60 6,80 7.60 7.80  7.2C

CHLORI 8.80

*Chemical parameter abbreviations:

Abbreviation
TOPHOS
SRPHOS
SILICA
SULFAT
NILTRAT
CONDUC
CHLORI

Full Name

total phosphorus

soluble reactive phosphorus
silica

sulfate

nitrate-nitrogen
conductivity

chloride

11

mg Cl-/1

) 10 12 13
00 .00 .00 .00 .00
00 00 .00 .00 .00
.00 .00 .00 .00 00
16.50 1£.50 15.50 15.50 17.00
.00  .CC  .C0 <00 <00
.C0 .00 .00 .00 00
9.00 8.30 8.60 7.60 7T.60
11 12 13 18 15 16 17
15.70 9.00 , 2.70 6.00 9.10 3.80 5.00
.80 .80 .80 1.00 1.00 1.80 1.30
18.50 18.00 18.50 18.50 18.00 18.00 18.00
227 .15 .12 ° 425 o6 <22  e1®
226.C0 259,80 256.10 268,10 264.50 263.00 26280
7.20 6.60 6.80 8.00 7.70 7.60 8.00
Units
ug p/l
pg D/l
mg Si0y/1
mg SO/4/1
mg N/1
pmhos/cm



Table 15. Concentrations of chemical parameters from Oak Creek, Wisconsin Power
Plant Study. Locations of stations are indicated in Figure 1.*

JANUARYe 1972

PARANMETER .
ABBREVIATIONS STATTON NUMBERS
1 2 3 L) s 6 T 8 9 10 11 12 13 18 15 1€ 27
A -l weoeoeoee evcdeecsccde e G D Ay T D W e G —— P A . P — E—— —— S — T— —— — -— -—
TOPHOS 35,50 24,80 15,20 46,50 23,50 13,80 9,0C 9,80 2€.8C 12,80 11,10 8,70 7.00 17.10 11.80 10.10 8,80
SRPHOS s.00 8,00 2,00 630 3.30 .20 2,20 1,20 2.6C 1,90 2,00 2,00 2.40 1.70 2.00 1.50 -8
SNLICA 1.80 1.60 1.7C 1,70 1.7C 1,70 1.4C 1.4C 1.4C 1,680 1.50 1.80 1.30 1.30 1.80 1.80 1 .40
SULFAT 22.00 22,00 20.00 21,50 21,50 19,00 18,5C 19,50 2C,5C 18,50 19,50 19,50 18,50 19.00 20.00 18.5C 17.5C
NITRAT «3C 28 27 .31 .28 26 24 .24 «2€ «28 «28 28 o248 26 25 P ) 28
CONDUC .00 285,00 273.00 288,50 2#3,00 27€,C0 2€4.00 261,5C 213,50 21%¥,0C 2€5,00 2€3,00 265.00 268.00 270,00 263.50 265.0C
CHLORX 6.20 6. 20 5,80 642C 5.8C £.3C S.CC 4,eC Se3C 8,80 S.0C 5,00 5.00 5.60 S.60 SeTC 500
FEBRUARYs 1972
PARAMETER
ABBREVIATIONS STATION NUMBERS
1 2 3 L} S 6 7 8 9 1¢C 11 12 13 18 15 16 17
. - - A—.o..-—-‘.o--‘.-.-’...——.-.-'......—....—_—--—.--—-----.—.-.—..-—-.--o...—.‘--..—---_-—...---

TOPHOS 79.60 S$%.20 13,50 87,30 35,20 13.5C S.R0 4,9C 28.,CC 11,50 7.80 6,00 S.80 67.20 8§1.8%0 17.40 7T.80
SRPHOS 18,50 S.10 1.20 11,20 2,5C 1,30 1,40 20 2.7C 1,70 1.30 1,20 1.10 5«50 ?.60 1.%0 1.0"
SILICA 1.40 1,20 1.40 1,40 1,50 1,50 1.50 1.6C 1.40 1.,7C 1,60 1.40 1.60 1.60 1.60 1.60 100
SWFAT 22.50 21,00 26.00 19,50 22,00 18.C0 19.,CC 19,00 19,5C 19.,0C 19.00 18,50 18.50 21.00 20.50 19.%0 19.00
NITRAT 26 29 .28 30 .28 26 25 «2€ e 27 «26 .27 26 26 .29 «2€ «?S 28
ConNDuC 30€.20 292.00 275,70 300,00 282,50 267,10 262.20 263,1C 274,20 265.8C 262.40 262,50 262,00 287.80 275.80 268.%0 262.20
CHLORY - 8.60 Te 70 6.C0 7.70 8,60 €.GC §,7C 8,20 8, 2C 8,20 4,20 3,80 4.20 6.00 5.00 8,20 820

*Chemical parameter abbreviations:

Abbreviation Full Name Units
TOPHOS total phosphorus ug p/1
SRPHOS , . soluble reactive phosphorus ug p/1
SILICA - silica mg Si0y/1
SULFAT sulfate : mg S04/1
NITRAT nitrate-nitrogen v mg N/1
CONDUC ~ conductivity umhos/cm
CHLORI ' chloride mg C1-/1




Table 15. Concentrations of chemical parameters from Oak Creek, Wisconsin
Power Plant Study. Locations of stations are indicated in Figure 1.*

APRTILs 1972
P ARANETER
ABBREVIATIONS STATTON NUMSERS
1 2 3 . 5 s 7 s 9 10 11 12 13 18 15 16 17
- el o ae ool e e oeae - o e — . G T C— W W — -—
TOPHOS 87.20 85,60 17.60 121,00 107.5C 20,90 12,00 18,70 48,20 13.,1C 16,20 10,10 9.80 98,00 62.80 29.00 13.50
SRPHOS 11.30 2.70 1.70 16,50 11.5C 2,20 3.6C 2.7C 6.80C 2,60 2,90 9.40 2,00 12.20 10.90 2.50 300
SILICA 1030 1,10 1.30 1.80 1.5C 1.20 1,16 1,2C 1,30 1,10 1,00 1,20 1,80 1.00 1.70 1.10  1.20
SWFAT 24,80 25.50 19.00 23.50 27,00 18,5C 13,50 20,00 20,C0 19,00 17.50 19,00 19,50 20.00 21,50 15.0C 18.50
NITRAY o33 «30 21 «3C +3C 022 .22 021 25 «23 o2h 22 23 «26 28 28 23
CONDUC +00 «00 «00 .C0 .00 «00 .00 +0C .00 «0C .00 .00 «00 <00 «00 « 00 -0
CHLORI 14000 10050 €.50 11.50 11.00 6.80 6.5C 5,60 5,30 5.6C  5.60 S.€0 5,60 Te60 T.60  €.50  S.90
JUNFs 1972
P ARAMETER
ABBREVIATIONS STATTON NUMBERS
1 2 3 L) S 6 7 f 9 1C. 11 12 13 18 15 16 17
: . - o e —- e eeee oo - - - - - - S e e G D - D T S E . = - — -~ e e
TOPHOS 13.10  9.80  §.60 25.20 11,20 9,80 8,90 5.60 13,20 9,80 5,70 4.30 6,00 42.a0 35.20 13.80  3.30
SRPHOS 2.80  3.10  1.90  8.10 2.10 2.40 1,30 1.8C 2,8C 2,9C 1,30 1,30 1,60 3.00 3.00 1.70 1.0
SILIC‘ ..D .50 050 .30 o‘u 'Sc 070 o’c 050 oen oso .70 .10 010 ) on .!O .7"
SULFAT 20.80 19.50 18.50 21.00 20.00 19.50 19.00 26.5C 20,50 2C.50 20.50 21.00 20.00 23.50 22.50 21.50 20.00
NITRAT 13 <16 o186 18 «15 «16 .18 «1l8 «16 16 16 18 22 o198 'S 54 1% 18
CONDUC 269-30 266,20 267.70 275.0C 269.00 267,20 255,50 263.9C 265,70 263.7C 265.50 264,20 264,00 279.80 277.50 272.10 26%.77
CHLORT 600 850  3.90  8.20  3.90  3.7C 3.70 3.7C 3.7C  3.7C 3,70 3.50  3.50 8.70 S.80 8.fe 3.7C
*Chemical parameter abbreviations:
Abbreviation Full Name ' Units
TOPHOS . total phosphorus ug p/l
SRPHOS | soluble reactive phosphorus _ pg p/1
SILICA silica mg Si0s/1
SULFAT sulfate mg S04/1
NITRAT nitrate-nitrogen mg N/%
CONDUC conductivity v pmhos/cm

CHLORI - chloride mg Cl1-/1



- Table 16.  roraL ANG MAJOR GROUP CONCENTRATION; OF 2OOPLANKTON FR0M OAK CREEKe WISCONSIN POWER PLANT STUDY
‘ { NUMBER OF INDIVICUALS s CUEBIC METER ) N
LOCATIONS OF STATIONS ARE INDICATYED TN FIGURE }
NOVEMEERe 1971
GROUP
ABSREVIATIONS STATION NUMEERS
1 2 3 . 5 € 1 8 ) 1 11 12 13 16 15 16 17
ToTALS 28792 270C8 27288 29126 C 19180 11778 103€8 12¢p8% 158E11l S15¢€ 5336 39C6 52370 21871 189% %€ 14336
cLADOC 11811 11930 7822 264103 0 5509 2959 2593 89392 3102 2020 1670 1093 1C93% 10378 5897  &3S3
COFEPO 17381 1S0€9 198¢6  5C23 C 1328 8819  777C  2€€2 127C9 7136 3666 2813 81434 11087 12999 9983
NONCRU 0 9 b} 0 0 7 2 c 0 v] 0 G 0 1] 0 c o
DAPHNI 1752 3687 3985 978 0 1€88 8997 sS4l g 15 18€% [1 1 810 489 38087 2C11 2503 183
BOSMNI 9355  30%9 3580 22575 3 3533 177 1535 8Tls 1509 1337 806 S8 7370 8215 3308 2281
CYCLPO 16118 10878 12728 8138 o} 9897 213°¢ 1Y) 3INg9 9124 £298 1371 128C 3878S 68 82 8471 24838
CAL ANO 1263 365386 5952 889 0 3232 0332 37187 223 2631 1689 1986 1881 26 49 3372 4368 7588
DIAPTO 1202 35e6 5756 65€ 0 317« 8217 37e7 703 2575  165% 1678 1399 25647 3816 4368  IeS8C
CECEMBERe 1971
GROUP
ABEREVIATIONS STATION NUMEIRS
1 2 3 3 H ) 7 8 . 9 10 11 12 13 18 15 16 17
IDTALS 8036 10Csé SICO0 13578 180682 $136 35C1 2711 3220 2528 2871 2€62 2€S3 22837 SC68 3838 2923
! CLADOC 135% 2676 612 22%2 1982 189 1€ 3 530 297 30 22 57 3203 1696 1111 sS
COPEPO 6682 7811  B%88 11332 120ED  4S47 3885 2677 270 2631 2881  2C80 2636 19634 7363 3282 2068
NONCRU a 9 ] 0 0 0 al 0 o] 0 0 0 o V] 9 9 c
DAPHNT 262 685 165 591 278 71 . 17 218 130 . 6 13 1136 i 112 11
BOSMNI 1092 1982 839 1651 1695 113 11 15 285 167 26 16 (1) 2C3s8 1297 863 a3
: CYCLPO 5C65 8528 6011 9924 e7el 352 22Cs 1513 18¢8 1381 1289 1338 1188 17117 5150 6493 177C
i CAL ANO 1617 2761 2058 13C8 2338 1295 1147 1060 1232 1C7¢ 1 1196 1300 351 2037 2383 830
i DIAPTO 1587 2733 2030 1326 2c2C 1238 11Cn etg 11(0 9¢3 780C 118¢ 12617 26484 2019 23€1 .74 ]
*Zooplankton grouping abbreviations:
ABBREVIATION TAXONOMIC GROUP NAME
CLADOC Cladocera
COPEPO Copepoda
NONCRU non-crustaceans
DAPHNI Daphnidae
BOSMI Bosminidae
CYCLPO Cyclopoida
CALANO Calanoida
DIAPTO Diaptomus spp.
TOTALS total of all groups




e m

Table 16.

TOTAL AND MAJOR GROUP CONCENTIATIONS OF ZOOPLANKTON FRIM OAK CREEKe

BROUP

ABBREV IATIONS

1
TOTALS 38350
CLADOC 27632
COPEPO 10718
NONCRU 0
DAPHNI 2160
BOSMNI 25003
CYCLPO 9210
CAL ANO 1508
DIAPTO 15C8

GROUP
ABBREVIATIONS

1 2 3
TOTALS 58368 36283 25155
cLADOC 8305 6827 6636
COPEPO N5863 29807 18529
NONCRU 0 9 0
DAPHNI 3118. 1816 1579
BOSMNI 5685 L1173 89€3
CYCLPO 31197 13323 8632
CAL ANO 18266 11133 8013
DIAPTO 18225 11108 7933

. pa————_t

2

23599
11173
12393
28
3112
69%¢6
8614
2913
2711C

860819
6583
39836
0
2201
8218
35761
8075
%053

2

32798
1512%
17eeC
c
as5717
sces
7520
Insl
90¢8

28553
8575
19970
8
2785
17€E
1125¢
1t 73
97

*Zooplankton grouping abbreviations:

( NUMBER OF INDIVILUALS /s CUBIC METER )
LOCATIONS OF STATIONS ARE INCICATED IN FIGURE 1%

WISCONSIN PONER ‘L ANT STUDY

SEPTYEMBERs 1971
STATION NUMSERS
4 5 3 7 8 3 10 11 12 13
20€50C 19€48 28885 11€27 5758 85157 37216 9849 25713 $ICS
15782 1239% 10556 5259 1073 27000 20997 8239 603 1513
$9Ccs8 725C 183¢6 cces 4680 18157 16218 521C 19608 8109
3] r 27 o] [o] 4] ] 0 c 3
2106 3419 S7sC 1833 a35 1101 2612 1130 189 678
13126 3aCE 2111 2°F %0 2% 2573€ 17783 2617 371 601
£32 37Cs 171917 2818 2282 15C38 9837 3158 1236 19 %%
137s 2937 95717 387198 2076 3118 %270 1751 611 2208
1¢7% 2712 9577 I8 71 20€1 3118 8270 1786 6C% 216C
0CTO3ER. 1371
STATION NUMEBERS
(% 7 6 e 1C 11 12 13 18 15 16 17
34955 28515 19480 6258 12169 1661% 11189 11330 3218 39317 208512 23366
10392 7278 3600 €71 1150 117% 1918 1265 1Ce 0 17962 AT 2789
24563 21231 153830 5587 11019 15439 9271 1CCsS 2158 31440 1S73C 20ST?
o] € q] 0 0 [¢] 4] [|] c 15 8 C
1237 1332 17172 %20 73 3N2 1019 733 258 28 2% 807 157S
9(5%9% 5880 1771 210 1017 81s% 87s 875 773 5C98 3903 1158
13531 10155 13878 21433 9519 582686 3625 599 133 27865 6838 1Ca9%S
F15-Y:) 1732 4318 3123 1500 8238 N827 5C1S% 731 2181 158S 91438
9502 1635 9222 3151 1500 3239 w782 3970 668 2082 7877 30867
ABBREVIATION TAXONOMIC GROUP NAME
CLADOC Cladocera
COPEPO Copepoda
NONCRU non-crustaceans
DAPHNI Daphnidae
BOSMI Bosminidae
CYCLPO Cyclopoida
CALANO ~ Calanoida
DIAPTO Diaptomus spp.
TOTALS total of all groups



Table 16. TOTAL AND MAJOR GROUP CONCENTRATIONS OF ZCOPLANKTON FRCM OAK CREEKs WISCONSIN POWER PLANT STUDY
( NUMBER OF INDIVIDUALS s CU3IC METER )

LOCATIONS OF STATIONS ARE INCICATED IN FICURE 1*

LT XY R YL TR L LT Y L L Y ittt T [ A Yy,

GROUP
ABBREVIATIONS
1 2 3 L} 5

TOTALS 2886 1667 3395 2282 1121
CLADOC o] 0 8 2 7
COPEPO 2986 1667 3387 2282 1C74
NONCRYU 1] 0 0 0 0
DAPHNI 0 0 0 b} o}
BOSMNI e 0 8 0 W7
CYCLPO 1936 993 1862 16938 611
CAL AND 510 67% 1545 11 827
DIAPTO 510 S88 1827 aTE Ze8

GROUP

ABBREVIATIONS

1 2 3 ] 5

TOTALS 870 1009 1643 992 272
CLADOC 0 0 c 0 [
COPEPO 870 1009 163 992 2728
NONCRU 0 o 0 4] 0
DAPHNI 0 0 0 2 c
BOSMNT 0 0 0 0 0
cYcLpPO 208 386 917 433 1328
CALAND | 188 €02 €90 L33 132¢
DIAPTO 183 830 523 355 NS5

*Zooplan kton grouping abbreviations:

JANUARY, 1872
" STATION NUMEF RS
6 ? 8 9 10 11 12 13 18 15 16 17
1632 2137 4asl 239 1C3S 2096 3888 2311 1800 1693 3819 4333
0 1 9 n 0 10 S L ] o [ [ c
1032 27%2 N 22 2€9 1C8% 2086 3839 2307 1800 1633 3819 4333
0 n 8] s} 0 o] 0 4] -0 o C ]
0 - o] 0 0 5 3 1 Cc 4] 4} c
0 € 7 0 o] € 2 3 C [} [ 4 e
346 1825 2333 136 696 1082 1951 1135 1358 1019 2018 2552
3117 7152 195% 153 233 902 1830 1139 482 531 128C 1597
£%0 72¢ 1888 (1) 2€9 810 1811 1136 425 8sC 1C9%8 1558
FEBRUARYe 1972
STATION NUMEBFRS
; 7 8 ° 10 11 12 13 14 15 16 17
1331 J 3369 2131 1333 4035 2933 2558 1783 3638 2263 3383
0 c c o] 9] 0 4] 4] 0 4] C ]
1317 0 33613 2120 197y €085 2933 2558 1783 3838 2249 33s3
14 c C €1 9 [d o 0 (] [ 18 c
o] o o] 0 0 o] 1] 4] 4] 1] 1} ]
8] o o] 0 0 0 1] [ v} ] o} c
€33 c 1876 849 973 1887 1783 1250 1052 1798 12€C 1766
£33 c 1429 17¢5 892 1998 1133 1238 612 1588 8ES 1519
332 a 1822 1283 327 1907 1114 1216 527 1223 778 1SCs
ABBREVIATION TAXONOMIC GROUP NAME
CLADOC Cladocera
COPEPO Copepoda
NONCRU non-crustaceans
DAPHNI Daphnidae
BOSMI Bosminidae
CYCLPO Cyclopoida
CALANO Calanoida
DIAPTO Diaptomus spp.
TOTALS total of all groups



Table 16.

GROUP
ABBREVIATIONS
1
TOTALS W78
cLapoOC o]
COPEPO 8178
NONCRU o]
DAPHNI 0
BOSHNI 0
cYcLPO 510
CAL ANO 3627
DIAPTO 3505
GROUP
ABBREV!AIION?
TOTALS 10250
cLADOC 1]
COPEPO 10208
NONCRU L 3%
DAPHNI 0
BISMNI Y]
CYCLPO 3872
CAL AND 2608
DIAPTO 2608

2 3 L}
3282 8063 W3l
0 0 0
3282 $063 S38l
0 0 0
o 0 o
0 0 0
805 15%¢ 6E82
2877 2256 3688
2836 2229 3eC7
2 3 L}
25776 20318 7193
83 69 0
25683 202»8 7152
0 o L 3
0 6 c
83 63 o
10628 11233 3729
9585 9015 1528
9586 9016 1528

*Zooplankton grouping abbreviations:

TOTAL AND MAJOR GROUP CONCENTIATIONS

LOCATIONS OF

OF ZCOPLANKTON FROM OAK CREEKe WISCONSIN PONER PLANT STUDY
( NUMEER CF INCIVIDUALS / CUBIC METER )

STATIONS ARE INOYCATED IN FIGURE 1¥

APRIL, 1972

STATION NUMBERS

18

5 ¢ 7 8 e 10 11 12 13 18 16 17
3257 353% 3217 3S3 2758 $752 32%% 3028 1609 a7 36065 332¢ 8918
0 1l o o 0 2 1 [\ o 9 (]
3057 35 8% 3212 %48S 27338 4752 328 3026 1608 a7 3868 3317 8918
0 0 o s [¢] 0] 0 0 C 0 4] C c
0 0 c 3 o o 0 2 0 4] Y] g c
0 0 5 [ o] 0 0 1] 1 c c L ] g
520 15%6 1398 22C¢ 11¢€1 139 10173 1608& 557 87 961 L LH] 296C
2380 1300 1631 215% 317 2483 1857 1228 990 o 2358 21SC 1828
2303 1600 162°¢ 211€ 826 2827 1880 1213 987 C 2329 2C57 179
JUNEs 1972
STATICN NUMEE RS
5 > 7 8 e 10 11 12 13 18 15 16 17
36€29 28195 33318 11€2%8 228 8212 25831 9663 9021 2215 11856 1‘817 1569
83 28 23 2 17 n 15 6 0 28 57 L 1 L)
38529 28167 33291 11€22 2310 8181 25816 637 9C21 2190 11333 16772 15€SC
17 o] 2 0 1?7 [} o] o e 0 0] c o
8 7 c 2 0 4] C 3 4] C C 4] C
59 21 27 c 17 n 15 3 0 25 57 (1 [}
19791 12701 18239 9693 1189 2578 14701 3339 15217 942 7788 79C2 6C6Y
12178 12391 10607 207 3719 1905 8932 8218 3305 688 2513 86SS 5652
12157 12%%81 10652 8228. €18 1505 8932 8206 3278 688 2513 4655 5652
ABBREVIATION TAXONOMIC GROUP NAME
CLADOC Cladocera
COPEPO Copepoda
NONCRU non-crustaceans
DAPHNI Daphnidae
BOSMI Bosminidae
CYCLPO Cyclopoida
CALANO Calanoida
DIAPTO Diaptomus spp.
TOTALS total of all groups



Table 17.

( NUMBER OF CELLS 7 ML )

LOCATIONS OF STATIONS ARE INDICATED IN FIGURE 3
MEANINGS OF GROUP ABBREVIATIONS ARE INDICATED IN TABLE ¢ ¥

*Phytoplankton grouping abbreviations:

ABBREVIATION

GREENS
BLGREN
CHRSPH
CRYTPH
PYRPHY
DIATOM
TOTALS

NOVEMEER, 1871
gROUP

ABBREVIATIONS STATION NUMEERS

1 2 3 8 H 8 ? 8 9
GREENS 7 L1} 198 89 218 €28 16l 112 £S5
* BLGREW 167 110 200 196 3 V63 141 106 136
CHRSPH 158 2C3 359 93 86 367 18€ 98 $0
CRYTPH 308 680 603 17 322 £16 251 210 148
P YRPHY 0 0 2 0 1 3 1 0 0
DIATOM €81 08 §s1 637 L¥:1) 459 120 153 223
TOTALS 1363 2186 1853 118¢ 1059 2436 83% 699 3

CECEMBERs 1971

GROUP

ABBREVIATIONS STAT ION NUMEERS

: 1 2 3 L} s € 7 8 3
GREENS 13 138 126 1 29 1186 0 161 S
BLGREN 90 3 18 28 L] 12 r 23 "9
CHRSPH 2 8 98 1 4 72 C 123 3
CRYIPH 16 122 256 11 L4 229 e 286 32
P YRPHY 0 1] 2 0 0 2 0 8 1]
DIATONM 728 19 T2% 6E7 1151 566 & 186 185
TOTALS 88S 1990 122% 70% 1235 9N r 107 230

TOTAL AND MAJOR CGROUP CONCENTRATIONS OF PHYTOPLANKTON FROM OAK CREEKe WISCONSIN

PONER PLANTY STUDY

11 12 13 18 1S 16 17
127 106 156 131 118 266 164
28 132 158 190 18 173 [ 3]
36 217 210 180 26 (11 158
18€ 83 317 292 108 619 169
0 1] 4] ] c 3 3
91 100 165 968 258 (11} 2C6
N28 (1% 1066 1721 a9s 218$ 768

11 12 13 16 15 16 17
187 7% 87 17 129 76 113
22 0 20 57 8 27 26
63 60 56 1. 1 s7 L 1]
388 287 2Cy ic icc 272 223
o 0 1 1 3 1 L]
222 109 118 867 1543 11 ) s81
812 $90 862 973 1803 982 104885

TAXONOMIC GROUP NAME

Chlorophyta

Cyanophyta

Chrysophyta
Cryptophyta
Pyrrhophyta

Diatoms
total of all groups



'If,able 17.

GROUP .

ABBREV IATIONS

1
GREENS 85
BLGREN 60
CHRSPH 99
) CRYTPH 593
PYRPHY 1
DIATOM 888
TOTALS 17286

GROUP
ABSREVIAT IONS

1 2 3
GREENS 137 100 189
BL GREN 137 288 s
CHRSPH 62 €8 190
CRYTPH 43S S8l 263
PYRPHY 0 3
pYATOM 251 810 211
TOTALS 1022 1851 1169

TOTAL AND MAJOR GROUP CONCENTRIATIONS OF PHYTOPLANKTON FROW 0
¢ NUMEER OF CCLLS / ML )

LOCATIONS OF STATYONS ARE INDYCATED IN FIGURE 1

MEANINGS OF EROUP ABBREVIATIONS ARL INDICATED IN TABLE 6 *

*Phytoplankton grouping abbreviations:

SEPTEMBERe 1971

STATION NUMSERS

AK CREEKe WISCONSIN PONER PLANY STUOY

2 3 . 5 3 7 8 ] 10 11 12 13

282 703 180 eze 329 €55 867 19¢ 529 $71S 423 (113

128 392 20 1ce 218 213 2C1 205 188 358 363 998

181 99 274 335 56 120 a7 243 215 119 265 63

391 . 210 L1 )] 38¢ L E] 887 351 190 881 262 189S 206

3 1 1 2 2 S S N 1 8 1 2
168 S8 1C23 sce 73 1e3 202 292 216 180 150 66
1785 15C3 1907 2529 137 1583 1719 1130 1586 145% 1397 1125
CCYOSER, 1€71
STATION NUMEERS .

L) 5 ¢ 7 [ ° 1C 11 12 13 14 15 16 17
97 122 118 23¢E 297 98 10 .08 27 187 as 187 230 829
58 11 206 187 328 €9 L]:] 78 618 320 86 199 139 13C
38 10 55 362 897 L1} 3 (L) 526 111 128 L1} 33¢C 221

276 .71 161 3 739 (31 80 212 352 191 s 186S €70 63C

0 € 2 1 1 1 1 1 2 3 L} 3 e 4]
38C 357 339 378 sCS 1¢6 71 223 822 89 L11) 288 297 286
BNl 1037 1031 1537 2363 w3 173 967 2388 899 1328 2543 1666 1756

ABBREVIATION TAXONOMIC GROUP NAME
.GREENS Chlorophyta

BLGREN Cyanophyta

CHRSPH Chrysophyta

CRYTPH Cryptophyta

PYRPHY Pyrrhophyta

DIATOM Diatoms

TOTALS total of all groups



Table 17. T0TAL AND WAJOR GROUP CONCENTRATIONS

GROU?P
ABBREVIATIONS
1 2 3

GREENS 109 118 126
BL GREN 76 L] 30
CHRSPH 99 63 83
CRYTPH 165 369 L3398
PYRPHY 2 8 2
DIATOM 588 637 71
TOTALS 1036 1185 9223

GROUP

ABBREVIATIONS

1 2 3

GREENS 2% T 39
BL GREN 1 0 0
CHRSPH 5 i8 16
CRYTPH 27 87 52
PYRPHY ¢] o} 0
DIATOM 185 739 780
JOTALS 202 938 837

MEAN INGS OF GROUP ABBRIEVIATIONS ARL INDICATY

L

91l
87
121
129
0
609
1087

L]

16}
0

38
137
0
699
1012

OF PHYTOPLANKTON FROM OAK CREEKs WISCONSIN POWER PLANTY STUDY

t NUMBER OF CELLS /7 ML )

LOCATIONS OF STATICNS ARE INCYCATED IN FIGURE 1

*Phytoplankton grouping abbreviations:

JANUARYs 1872

STATION NUMEE RS

ED IN TABLE 6%

5 5 7 8 9 10 11 12 13 18 18 16 17
109 68 36 103 113 113 127 1] 15 189 100 78 7
12 7 3¢ 5N 6 13 3 7 12 4] L 13 23 c
68 35 39 36 88 116 57 82 20 127 39 37 SO
273 202 278 2CC 189 379 286 L1 75 282 283 232 119
1 2 1 9] 1 1] 0 0 C 1 1 3 1
2C3 257 132 169 323 179 167 9 66 879 220 161 166
€6€ 571 6¢1 SC? 740 800 6C0 €11 188 998 6439 531 373
FEBRUARYe 1972
STATION NUMEBERS
S € 7 8 9 10 11 12 13 14 15 16 17
175 126 135 B - 20- 136 - 99 88 97 3 L 1) 71 89
c 0 1 0 2 ] [ 3 0 37 o 1 0 11
50 91 EL e ¢} 1 617 107 78 i1Ce o 6 29 S
200 302 203 0 19 166 185 251 238 7 61 188 1%
c L] 8 o] 0 3 2 2 2 1 C 8 2
558 311 25€ c 112 371 223 253 131 138 629 316 169
983 83% 693 o} 15% 783 602 613 609 209 782 S6s $gC
ABBREVIATION TAXONOMIC GROUP NAME
GREENS Chlorophyta
BLGREN Cyanophyta
- CHRSPH Chrysophyta
CRYTPH Cryptophyta
PYRPHY Pyrrhophyta
DIATOM Diatoms
TOTALS total of all groups



Table 17.

ey e P L LY L DR LR L L Ll L Ll d

GROUP
ABBREVIATIONS
1
GREENS 36
BLGREN 3
CHRSPH 3
CRYTPH 197
P YRPHY 0
pIATOM 1086
TOTALS 1325
GROUP
ABBREVIATIONS
3
GREENS 667
BLGREN 17
CHRSPH 72
CRYTIPH 158
PYRPHY - 1]
DIATOMN 673
1T1ALS 1587

2

76

1

L1
280
3
1125
1530

2

308
3
21
86

]

26%

nz7

3

L1
1
16
136
S
198
392

3

e
37
39
55

9

115

7173

[N o RoNol-Nol]

583
8

29
213
8
1552
2863

*Phytoplankton grouping abbreviations:

5 o 7 8 ° 10 11 12 13 18 15 16 17
9e 617 13 127 0 75 4] 21 70 107 82 63 o
0 1 1 b 0 0 0 0 2 o} s ] [} o
s 21 82 €1 L} 21 C¢ 20 30 28 32 23 c
383 2617 2¢ee 37 186 28% o 101 152 264 S1% 205 c
2 2 3 c n 0 0 1 2 ] 3 c [
1881 886 308 8C7 €Ls €59 0 113 2Cs 1019 1368 11%C c
2399 3% 739 929 Q5 999 0 262 (11 1418 1995 1881 g
L]
JUNE. 1972
A STATION NUMET S
s € 7 8 e 1C 11 12 13 18 15 16 17
211 626 187 22€ 869 626 260 278 91 368 66% 1588 333
71 26 45 52 0 60 . 128 182 288 [} o +] 82
28 52 129 223 11 158 181 280 . 86 14 29 88 139
12% 102 12 87 21% 378 71 157 63 1sC 3398 389 S2
3 S 1e 3 5 3 5 10 12 1 1 7 ]
370 653 207 258 2711 3 227 316 393 1900 2267 1083 202
8ce 1864 6C8 8se 1151 1599 832 1181 933 247C 3361 3072 776
ABBREVIATION TAXONOMIC GROUP NAME
GREENS Chlorophyta
BLGREN Cyanophyta .
CHRSPH Chrysophyta
CRYTPH Cryptophyta
PYRPHY Pyrrhophyta
DIATOM Diatoms
TOTALS total of all groups

i ——— R g =

( NUMBER OF CELLS 7 ML )
LOCATIONS OF STATIONS ARE INDICATED IN FIGURE 1
MEAN INGS OF GROUP AB3SREVIATIONS ARL INDICATED IN TYABLE e*

APRILe 1972

STATION NUMEFERS

TOTAL AND MAJOR CROUP CONCENTRAT IONS OF PHYTOPLANKTCN FROM OAK CREEKs WISCONSIN POWER PLANTY STUDY

i e SvRRYer e WA R aan e



MILWAUKEE

WISCONSIN ELECTRIC
POWER PLANT —niif

Vo9 12 3 4 5 6 7 8 9 l0SWATUTEMILES B
) 4

CONTOURS IN METERS

M

Figure 1. Sampling locations for Oak Creek, Wisconsin power plant study. For
station coordinates see Table 1.
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Figure 2. Sampling locations for synoptic surveys, April and June
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Figure 3. Sampling locations for near-plant surveys, October and

November 1972.
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Figure 4. Sampling locations for near -plant surveys, January and
February 1972.
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Figure 5.

Temperature profiles for stations sampled in October, 1971.
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Figure 6.

Temperature profiles for stations sampled in November, 1971.
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Figure 7. Temperature profiles for stations sampled in December, 1971.
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Figure 8. Temperature profiles for stations sampled in June, 1972.
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Figure 9. Zooplankton dendrograms for September through December, 1971,
showing relative similarity of groups of stations.
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Figure 10, Zooplankton dendrograms for January, February., April and June,
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Figure 14. Concentrations of Daphnia galeata-mendotae and D. retrocurva
as a function of distance from shore.
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Figure 15. Concentrations of Bosmina longirostris and Eubosmina
coregoni as a function of distance from shore.
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Figure 16. Concentrations of Copepod nauplii and Cyclops bicuspidatus
as a function of distance from shore.
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Figure 17. Concentrations of Diaptomus ashlandi and D. minutus
as a function of distance from shore.
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Figure 18. Concentrations of Diaptomus oregonensis and D. sicilis as
a function of distance from shore.
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Figure 19. Concentrations of Limnocalanus macrurus and Tropocyclops
prasinus as a function of distance from shore.
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Figure 20. Concentrations of blue-green filaments and Chrysochromulina
spp. as a function of distance from shore.
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Figure 21. Concentrations of Cryptomonas spp. and Rhodomonas spp.
as a function of distance from shore.
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Figure 22. Concentration of non-melosira centric diatoms and Melosira
spp. as a function of distance from shore.
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Figure 23. Concentrations of Synedra and Fragilaria spp. and Tabellaria
flocculosa as a function of distance from shore.
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Figure 24. Concentrations of total and soluble reactive phosphorus
(kg/1) as a function of distance from shore.
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Figure 25. Concentrations of silica and sulfate (mg/1) as a function of
distance from shore.
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Figure 26. Concentrations of nitrate-nitrogen and chloride (mg/1) as
a function of distance from shore.
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Figure 29. Distribution of surface temperatures (°C) on April 12-14, 1972.
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Figure 30. Distribution of specific conductance (umhos/cm) on April 12-14, 1972,
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Distribution of chloride (mg/1) on April 14, 1972.
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Figure 32. Distribution of sulfate (mg/1) on April 14, 1972.
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Figure 33. Distribution of nitrate (mg/1) on April 14, 1972.
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Figure 38. Distribution of specific conductance (umhos/cm) on June 28, 1972.
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Figure 39. Distribution of chloride (mg/1) on June 28, 1972.
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Figure 40. Distribution of sulfate (mg/1) on June 28, 1972.



28 June 1972
NITRATE

i
/MILWAU%
L

* SEWAGE DISPOSAL PLANT

(OUTFALL) “
)
SEWER 25
SEWER
\ \
WISCONSIN ELECTRI/C‘ POWER o

/ /PLANT

0.1

—Z -

WISCONSIN ELECTRIC POWER CO.

(PLANT)
SCALE
10 | 2 3 4 5 MILES
(- LI e §

I 0 1 2 3 4 5 6 7 KLOMETERS

Figure 41. Distribution of nitrate (mg/1) on June 28, 1972.
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Figure 42. Distribution of silica (mg/1) on June 28, 1972,



Y

MILWAUKEE

/ .
//// /;35 | .
SEWAGE DISPOSAL PLANT 9
(OUTFALL) ) 0 2%
%
N
SEWeR@KL/(/ T o
. SEWERGA\W & &

ISCONSIN_ ELECTRIC, POWER C
L L APLAND

80—

170
16.0
o

15

CUDAH

—z>

SOUTH
AV A
MILWAU

SEWE

SEWER

OAK CREEK

WISCONSIN ELECTRIC POWER CCOl
(PLANT)

5

7 KILOMETERS

-\

(=]
b 4

6 MILES

28 June 1972
TOTAL PHOSPHORUS
/JgP/l

\

i 9
o

13.0

Figure 43. Distribution of total phosphorus (ug/1) on June 28, 1972.
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Figure 44. Distribution of soluble reactive phosphorus (ug/1) on June 28, 1972.
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Figure 45. Distribution of surface temperatures (°C) on October 10, 1972.
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Figure 46. Distribution of chloride (mg/1) on October 10, 1972.
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Figure 47. Distribution of nitrate (mg/1) on October 10, 1972.
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Figure 48. Distribution of sulfate (mg/1) on October 10, 1972.
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Figure 49. Distribution of total phosphorus (ug/1) on October 10, 1972.
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Figure 50. Distribution of silica (mg/1) on October 10, 1972.
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Figure 51. Distribution of soluble reactive phosphorus (1g/1) on
October 10, 1972.



—z—>»|

OAK CREEK

IO October 1972
CHLOROPHYLL a

S = \ }Jg /l

Wisconsin Elect
\P;uev Plant

| . L

Tic

SCALE
) 05 0 ! - 2 Miles
[_om —gn - B - 3 - |
1 0 1 2 3 Kilometers

HHEH A H ey e

Figure 52. Distribution of chlorophyll a (pg/1) on October 10, 1972.
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Figure 53. Distribution of surface temperatures (°C), November 9, 1972.
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Figure 54. Distribution of chloride (mg/1) on November 9, 1972.
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Figure 55. Distribution of nitrate (mg/1) on November 9, 1972.
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Figure 56. Distribution of total phosphorus (pg/1) on November 9, 1972.
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Figure 57. Distribution of soluble reactive phosphorus (Hg/l) on
November 9, 1972.



9 November 1972

%f\)
—=..q//| . CHLOROPHYLL a
n pg /|

i

OAK CREEK
L__

X
07.

T

Wisconsin Electric
Power Plant

Figure 58. Distribution of chlorophyll a (ug/1) on November 9, 1972
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Figure 59. Distribution of surface temperatures (°C) on January 25, 1973.
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Figure 60. Distribution of chloride (mg/1) on January 25, 1973.
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Figure 61. Distribution of nitrate (mg/1) on January 25, 1973.
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Figure 62. Distribution of silica (mg/1) on January 25, 1973.
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Figure 63. Distribution of total phosphorus (ug/1) on January 25, 1 973.
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Figure 64. Distribution of soluble reactive phosphorus (ug/1) on
January 25, 1973.
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Figure 65.

Distribution of chlorophyll a (ug/1) on January 25, 1973.
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Figure 66. Distribution of surface temperatures (°C) on February 28,
1973.
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Figure 67. Distribution of chloride (mg/1) on February 28, 1973.
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Figure 68. Distribution of nitrate (mg/1) on February 28, 1973.
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Figure 69. Distribution of total phosphorus (ug/1) on February 28, 1973.



28 February 1973
SOLUBLE REACTIVE PHOSPHORUS
/ - MgP/I
J /’ /

Wisconsin Electric
[ Power Plant

Figure 70. Distribution of soluble reactive phosphorus (kg/1) on
February 28, 1973.
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Figure T1. Distribution of silica (mg/1) on February 28, 1973.
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Figure 72. Distribution of chlorophyll a (ug/1) on February 28, 1973.
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