v —-DEMY _!‘_ J
o . “ i

0189

g002 110’778



D-B

APPENDIX 2D
LIMNCLOGY PROGRAM
TABLE OF CONTENTS

Page
Introduction and Summary 2D=1
Lake Study Program for the D-B NPS 2D=-1
I Purpose 2D-1
b Scope 2D-1
III Schedule 2D=-2
Iv Outline of Study 2D=-2 5
v Study 2D-2
Part I General Studies 2D-3
The General Area 2D=5
Bottom Sediments 2D-6
Possible Shore Erosion 2D-8
Water Depths 2D-9
Temperature Profiles 2D-13 8
Part II Currents and Dilution 2D=-31 :
Current Studies 2D-33
Dye Dilution Studies 2D-T6
Source Release Computations 2D-80
Part III Biological and Radiological Studies 2D-87 5
Scope ana Status of Studies 2D-89
Summary Statement 2D-92
Phytoplankton Population 2D-96
Primary Zooplankton Counts ‘ 2D-108

0150

2D-i Amendment No. 8



D-B

Page
Benthos Data 2D-111
Fish and Fisheries 2D-122
Radiological Analyses 2D-131

Qi9l

Amendment No. 5 2D-ii



D-B

APPENDIX 2D
LIMNOLOGY PROGRAM
FOR DAVIS-BESSE NUCLEAR POWER STATION

The lake study program as outlined in this appendix is being conducted under

the direction of The Toledc Edison Company and the Great Lakes Research Division,
Institute of Science and Technology of The University of Michigan was retained
by Toledo Edison in 1968 to conduct this study. Dr. John C. Ayers, Research
Oceanographer, of the Great Lakes Research Division is in charge of this

study.

At our request, a meeting was held in the fall of 1968 with representatives
of the Division of Wildlife, Ohio Department of Natural Resources to review
the study outline so that all areas of concern to this State Agency could

be taken into account nd for us to gain the benefit of any State sponsored
studies that had been done or that were projected. Since this meeting,

other State and Federal agencies have expressed an interest in the study

and as a result there will be participation by some of these agencies.

While the full degree of participation of each agency has not been finalized,
the results of several meetings have indicated that a joint program will
follow resulting in a very satisfactory arrangement.

The report covering parts I, II, and III are being submitted with this
Amendment No. 5.

Sampling for parts III (Ecology and Radionuclide Reconstruction) was begun
in June 1969. Further sampling will be carried out in May 1970 and will be
continued prior to station operation to identify any trends in radiocactivity
levels or biological populations in the lake environment.

In summary, The Toledo Edison Company has initiated a comprehensive lake
survey program to provide background data for the design and operation of
the Davis-Besse Nuclear Power Station. The program is being coordinated
with State and Federal agencies and will first be reported on in October,
1969. All reports prior to and following operation will be distributed
to interested parties. An outline of the program follows.

LAKE STUDY PROGRAM FOR THE DAVIS-BESSE NUCLEAR POWER STATION

I PURPCSE

The purpose of the study is to gather lake data. It will be used to
establish certain station design criteria and as a design aid to control
or minimize any possible adverse affects upon Lake Erie from construction
and operation of the proposed Davis-Besse Nuclear Power Station.

II SCOPE
The program is to include a description and evaluation of past, present,
and projected future lake use, a field investigation to determine physical,

chemical, and biclogical characteristics of the offshore lake regime and
to evaluate the effect of station effluent on aquatic life. /—‘ '
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SCHEDULE
The gathering of data began in the summer of 1968 and, where necessary
to establish trends or background, will continue until operation of the
station.
QUTLINE OF STUDY
The following is a briei description of each portion of the Lake Study
Which we feel is required to satisfy the requirements of the AEC and
other interested State and Federal agencies.
Part I General Studies
The General Area
Bottom Sediments
Possible Shore Erosion
Water Depths
Temperature Profiles
Part II Currents and Dilution
Current Studies
Dye Dilution Studies
Source Release Computations
Part III Preliminary Biological and Radiological Studies
Scope and Status of Studies
Summary Statement
Primary Zooplankton Counts
Benthos Data
Fish and Fisheries
Radiological Analyses
STUDY

The following reports cover parts I, II, and III and cover studies that
have been completed to date. Additional study work is still in progress

and will be reported when completed.
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HYDROLOGICAL SURVEYS FOR THE DAVIS-BESSE POWER STATION
THE LOCUST POINT REGION

PART I. GENERAL STUDIES

John C. Ayers
and
Robert F. Anderson

Under contract with

The Toledo Edison Company

Special Report No. L5
of the
Great Lakes Research Division
The University of Michigan
Ann Arbor, Michigan
1969
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THE GENERAL AREA

From the mouth of the Detroit River southwestward to Toledo on the mouth
of tl.e l.aumee River at the western tip of Lake Erie, thence generally south-
eastward to and beyond Port Clinton, Ohio, the land is the bottom oi ancient
Lake Maumee; it is low, flat, and virtually featureless. This topography
continues for miles inland in the sector from southeast to northwest of the
lake shore.

Because of the low land upwind to the prevailing winds, the western
basin of Lake Erie is well ventilated., Winds from the north, east, and south
quarters are less frequent than winds from the southwest to northwest, but
they do occur. It is probably in response to wave-activated sand movement
during storms from these directions that most of the western and southwestern
shores of Lake Erie have barrier beaches of greater or less extent and degree
of development. Between the barrier beaches and the mainland, lie marshes
of various extents and degrees of inundation., Tributary rivers and streams
entering the western basin of Lake Erie a2 2 multi-branched and of low gradient;
they and their branches contribute to the extent of the marshes behind the
barrier beaches.

Culcurally, the lake shore in this part of the western basin of the lake
is dominantly of farmland and shore summer cottages with a minor portion
occupied by the cities of Monroe, Michigan, and Toledo, Ohio. Port Clinton,
Ohio, at the ezstern edge of the area of interest, has about 6,000 inhabitants.

Though obviously under the control of man, the barrier beaches and the
edges of the mainland tend to a rank growth of trees, snrubs, and vines.
larshes behind the barrier beaches range from small cattail marshes rimmed
by {rees, to very extensive lagoons edged by rushes, cattails and other marsh

plants. Most of the larzer marshes arc disscct=d by dikes, causeways, and
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canals created by previous owners (many of whom were hunting clubs). Most

of the large marsh areas are now wildlife refuges maintained by the State

.

of Ohio or by the federal government,

On the southwestern shore of the western basin of Lake Erie, Locust
Point is a minor protuberance where the trend of shoreline changes from gen-
erally southeast. From Toledo to Locust Point is about 22 miles along the
shore; from Locust Point to Port Clinton is somewhat less than 10 miles along

shore,

BOTTOM SEDIMENTS OF THE LOCUST PNINT SITE

In this section we follow the reconnaissance survey of bottom sediments
that has been carried out in the western basin of Lake Erie by the Ohio
Department of Natural Resources beginning in 1956 and supplemented by local
studies since then (State of Ohio 1957). The findings of this survey are \W
shown in Figure 1, They have been checked and confirmed by our own observa-
tions on an opportunity-offers basis during our own studies. We have found
nothing that causes us to doubt any of the conclusions of the Ohio survey,

According to the Ohio survey and our own observations, the shore from
Little Cedir Point at the eas* edge of Maumee Bay to Port Clinton east of the
plant site is of low elevation and comprised of sand overlying a stiff lake-
clay. In the Locust Point area the beach and back-beach are of sand with
shell admixed. The underwater bottom immediately off shore along the plant
site is predominantly of sand with some shell and mud intermixed. This sandy
bottom shallowly cverlays stiff lake clay and varies from 3/16 mile wide at
the west edge of the plant property to 1/8 mile wide at the east property line,

Offshore of the sandy-bottom belt is a dominant band of the stiff lake

\

clay, presumably exposed by wave action, and varying in width from 3/8 mile ’ )
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near the west side of the plant property to 1/4 mile at the east edge of the

property. ’;
Off the western side of the plant property the bottom at about 9/16 mile

becomes sand with increusing amounts of gravel as one goes further off shore.

Eastward of about the middle of the plart property the offshore deposits

do not begin until the mouth of the Toussaint River has been passed going
eastward,

In the far-offshore area, 3 to 8 mil. , there are ‘our small areas of
bedrock, each less than a mile in any dimension, located off the west and
central parts of the plant property. No such reefs are situated off the east
side of the plant property. These reefs are important in the local fish
ecology as spawning grounds; they are, however, not apt to be reached by
the plant effluent which should travel eastward.

Beyond these reefs, to the International Boundary at more than 15 miles,

the bottom is of mud,

POSSIBLE SHORE EROSION EFFECTS OF THE INTAKE STRUCTURE

\
\
become dominantly muddy sand. Offshore bottom sediments dominantly of mud
It is noted that the sheet-pile-and-fill structure protecting the plant's
intake channel will extend lakeward from shore at nearly a right angle. The
shore throughout the Locust Point property is primarily of sand overlying
stiff lake clay (Sta.e of Ohio 1957).
Hartley (1964) and Braidech (1969; personal communication, Appendix A)
both indicate a southeastward movement of sand in the littoral drift from

Locust Point toward Port Clinton, Both Braidech and the U.S. Lake Survey

charts indicate that west of Locust Point the net litctoral drift is westward;

the charts show sand collection on the east sides of groins and jetties. '
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These sorts of information confirm the findings of Hartley, Herdendorf and
Keller (1966) that the current of the Detroit River crosses the western

basin of Lake Erie and divides into eastward and westward flows at Locust
Point. Drift card studies by Olson (1951), as reported by Hutchinson (1957),
indicat* an scillatory current off Locust Point. Braidech, correctly, we
believe, points out that winds from east to northeast have a longer open-water
fetch bearing upon Locust Point, and that wave-generated littoral currents

to the westward might be dominant (however slightly) over . ~ ward littoral
drift generated by waves under the prevailing SW winds that have relatively
little fetch before Locust Point,

We believe that Olson's deduction of oscillatory currents off Locust
Point is a reflection of the fact that his cards were in general far enough
off shore for the hydraulic pressure of the outflow of the Maumee River to
have cancelled the effect of the longer fetch available under easterly winds.

From the total of the evidence available we cannot say that the intake
structure will capture littoral sand from the east or the west, in all likeli-
hoo¢ it will capture sand from both directions. It is certain that the State
of Ohio will oppi.se any capture of sand that would interfere with the natural
littoral transport of sand and hence result ir beach-building or shore erosion.

We recomnend that the intake structure be equipped with a facility for
the pumped by-passing of sand in either direction. Unfortunately there appear
to be no data on the size of littoral transport of sand, It appears that the
by-pass mechanism need not be excessively large, but that it should be capable

of being run in either direction,

We .ién DFPTHS OFF THE PLANT SITE ‘

During the first two weeks of October 1968 a detailed survey of water
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depths off the plant property was carried out. The entire frontage from west
of the west property line to east of the east property line was measured and
used in constructing baseline segments. The centerline of the access road
running out to the beach near the west end of the property was used as the
reference; this road is shown in Figure 2 by two parallel lines near the west
boundary. From the road centerline projected to the beach, all the beach
front was measured by steel tape into six straight-line segments each with

a transit station at each end. All the baseline segments were related to
each other, and hence back to the access road centerline, by forward and back
azimuth angles.

Soundings were taken by an outboard launch carrying a Raytheon portable
recording fathometer. Sounding lines were run from 12 feet of depth-of-the-
day toward shore along parallel courses approximately to the southwest along
visual bearings provided by portable range targets set one on the water's
edge and the second as far back on the backbeach as possible, The launch,
operating at constant rpm, kept the range targets aligned as it came inshore.
At the start of each sounding line the launch raised a fluorescent orange
flag, and continued to do so at one-minute intervals during its run toward
shore; when it was aground on the beach the flag was raised a last time re-
gardless of time since the last raising,

At each raising of the flag, the fathometer record was marked and the
two transit-men recorded true-compass azimuth angles to the flag from the ends
of the known-position baseline segment in use. Fixes during the sounding
runs ranged from nine to sixteen, Between sounding-line runs the portable
range markers were moved forward by equal steel-taped distances parallel to
the baseline segment in use.

In the region of the proposed intake channel near the west side of the ’ \

property sounding lines were run on 100-foot spacings. Between the region

200
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Vater Deptiis off Locust Point, Cctober 1968.
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of the intake channel and the outflow channeli the spacing between sounding

lines was opened to 200 ft and then to 400 ft; as the outfall region was

approached the spacing of sounding lines was reduced to 200 ft and then to

100 ft., Heavy amounts of detail in the intake and outfall regions were thus
obtained.

Corrections applied to the raw depth records to bring them to lake datum
were the algebraic sums of: monthly mean lake level above datum, the stage
of the daily seiche activity (including wind effects), and the depth of the
fathcaeter transducer below water surface, Because a local water-level gauge
at Anchor Point (Turtle Creek) was a research gauge not referenced to real
lake level, it was necessary to refer the correction factors for seiche activ-
ity and monthly mean above datum to the Toledo gauge where both are magnified
by the pointed lake-end to greater values than apply at Locust Point; the
final corrected depths shown for Locust Point in Figure 2 are, therefor-
ultraconservative: there is somewhat more water depth at Locust Point than
the Figure shows.

Contouring of depth done in Figure 2 is ordinary contouring -- each
contour line connects the most inshore occurrences of that depth. This is
not the ultraconservative contouring employed (for navigational safety) by the
U.S. Lake Survey, who traditionally draw each depth contour outside the
outermogt occurrences of that depth.

There are in the finished survey shown in Figure 2 three matters
worthy of comment., Deeper water comes closer to shore off the eastern two-
thirds of the plant property. Comparison to U.S, Lake Survey boat-sheets of
1962-65 show that there has been erosion off the region of the proposed intake
channel and water depths there are deeper thaa formerly. The presence of
three (or four) sand bars parallel to shore and close to the beach indicates

a predominance of currents parallel to the beach; the fusion of the two inn}ost

0202
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sand bars intoc a sand flat off the eastern end of the station property probably
is an expression of some interference with the alongshore currents by the
discharge of the Toussaint River.

At both the western and the eastern ends of the station property,
dashed portions of the 12-foot contour are estimates based on solid wvalues

of 11.75 to 11.98 ft just inshore of them.

TEMPERATURE PROFILES IN WESTERN LAKE ERIE

Temperature profiles in western Lake Erie are relevant in conn..tion
with the Davis-Besse Station in that they have bearing upon the temperature
of water entering the station intake channel.

According to present plans the intake channel will be open to the lake
at 11l feet of depth below Low Water Detum at its lakeward end and will deepen
to 1k.6 feet after the intake channel crosses the lake beach.

In this study we have drawn upon the records of 250 selected temperature
soundings made by bathythermograph in western Lake Erie and in the island
region by the State of Ohio, Department of Natural Resources, Division of
Geological Survey (Herdendorf 1967) and by the Canadian Coast Guard Ship
PORTE DAUPHINE (Rodgers 1962). The two sources contain data for the years
1952, 1953, 1954, 1963, and 1966 from Ohic and for 1961 from the Canadians.
The selected records cover the months May to November inclusitg.

The criteria involved in the selection of the records used were: 1) only
records from the shallow island-region and the shaliow west end of the lake

west of the islands were used because the Davis-Besse Station will draw water from

-
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the shallow west end of the lake; 2) records from Maumec Bay and the Detroit
River were included in those s=2lected because the Locust Point region is
affected hy both these sourcus of influent water (Hartley, Herdendorf, and
Keller 1966); 3) records from stations less than 10 feet deep were eliminated
because water so shallow could show supratypical warming or cooling not appli-
cable to the Davis-Besse intake; and 4) records from stations deeper than

35 feet were eliminated because these deeper waters might show subtypical
warming or cooling not applicable to the Davis-Besse intake.

To eliminate so far as realistically possible any spurious temperature
effects from diurnal temperature cycles and from shallow floating water
masses from local streams, we have worked out from the 250 selected temper-
ature soundings the monthly mean temperatures at 10 feet of depth for May
through November. Monthly mean increments (f temparature of surface water
over temperature at 10 feet were worked ocut and added to the 1l0-foot tempera-
tures to obtain monthly mean surface water temperatures.

For the months of January and February, when ice can be considered to
be present, 32°F was used for both depths. For the months of March, April,
and December, when the west end of the lake is isothermal from surface to
bottom, we have used data from tha Collins Park Water Treatment Plant at
Toledo. The Toledo intake is at 22 feet.

The monthly mean data derived from the selected bathythermograph soundings
were plotted on the day of the month determined by weighted average of the
numbers of observation- made on different days of the month. Data from other
sources are plotted at mid-month.

The resulting data, basic to the two temperature curves shown in Figure
3, are presented in Table 1.

It is evident that water of mean temperature over 75°F will be drawn by ’
the intake during much of July and August. Whether or not increased coocling
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Tabl. 1. Monthly mean water temperatures in 10-35 feet in western Lake Erie.

No. of Weighted Mean Mean 10-foot Mean Delta-T, Mean Surface

Month Statious Day of Month Temperature 10"-to-Surface Temperature
January® — 15th 32.0°F 0.0°F 32.0°F
February® - l4th 32.0 0.0 32.0
March** - 15th 37.0 0.0 37.0
Apri1** - 15th 46.0 G.) 46.0
May 32 l4th 54.2 0.9 55.1
June 99 23rd 69.7 1.3 71.0
July 31 20th 75.9 0.5 76.4
August 6 21st 12:7 0.0 127
September 7 19th 69.7 0.4 70.1
October 45 17th 58.5 0.1 58.6
November 30 18th 45.4 0.0 45.4
December™* — 15th 36.0 0.0 36.0
.

Ice presumed present

** 1966 data of Collins Park Water Treatment Plant, Toledo
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water pumpage during this period would be desirable will be a company decision.

2D=18 to 2D=28 deleted.
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The lengthwise setup or wind tide produces the greatest disturbance of
water level. The water level gauging station at Toledo is the major gauging
station nearest the plant site. U.S. Lake Survey records of instantaneous
maximum and minimum water levels at the Toledo gauge go back to 1941; records
based upon hourly scaled values go further back,

From the Lake Survey recc as we have obtained for the years 1941-1967
inclusive each year's maximum and minimum instantaneous stand of water level
at Toledo, expressed as feet above or below the monthly mean lake level at
Toledo for the month in which the maximum or minimum occurred. For the 27
years available these maxima and minima of water-stand have ' :en categorized
by l-foot intervals and i2duced to recurrence intervals in years per case,

The results are as follows:

Table 2, Toledo annual maximum instantaneous levels above monthly mean.

Cat: 3ories 1 foot 2 feet 3 feet 4 feet 5 feet
Cases 3 10 11 2 3
Cases 2 27 24 14

SECUTESNCE 1Ler- 1,90 1,125 1,925 9.00 27.00

val, years per case

Table 3. Toledo annual minimum instantaneous levels below monthly mean.

Categories 3 feet 4 feet 5 feet 6 feet 7 feet
Cases 5 9 8 4 1
Cases 2 27 22 13 5 1

Recurrence Inter-

val, years per case 100 1.23 2,08 5.40 27.00

=

0238
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Each of these sets of data was plotted on a semilog graph and a least
squares regression line computed for it, each regression line being extended
to the 100-year recurrence interval. The results are shown in Figure 4.

The regression lines show that a maximum probable water level rise of
T feet may be expected at Toledo once in 100 years, and that a maximum
probable fall of water level of 9.3 feet may be expected at Toledo.

As an additional estimate of the maximum storm tide drawdown of water
level at Toledo, recourse was had to the data on 76 wind tides in the 20
years 1940-59 inclusive which were studied by Irish and Platzman. These data
were hourly data and were kindly.loaned by Dr. Platzman. For each of these
storms the minimum hourly water level (maximum drawdown) at Toledo was deter-
mined and expressed in feet below the Toledo monthly mean water level of
that month. From the 76 storms there were 75 in which the fall of water
level at Toledo equalled or exceeded 2 feet. The results are given in the

)

following table:

Table 4. Toledo drawdowns, Irish-Platzman wind tides.

Categories 2 feet 3 feet L feet 5 feet 6 feet 7 feet
Cases 15 35 13 7 3 2
Cases 2 75 n0 25 12 5 2

Recurrence Inter-

val, years per case 0.267 0. 333 0.800 1.67 4.00 16.0

These data were plotted on a semilog graph and a least squares regression
line computed; the regression line was extended out to the 100 year recurrence
interval. This graph is shown in Figure 5.

This graph differs from the grapt of minimum instantanecus levels only in

that it indicates a maximum probable drawdown of 10.3 feet as opposed to ' [

0209
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9.3 feet. Having no reason to prefer either of these estimates of the probable
minimum water level at Toledo, we have accepted the average of the twi , 9.8
feet.

Some, but not all, of the roughly cyclical variations in Lake Erie water
level could be additative to the maxima and minima at Toledo.

The main uninodal lengthwise seiche of Lake Erie might, when a major
storm occurs before the seiche from a previous storm has subsided, provide
some increment of wind-tide water-level rise or fall at Tol:lo but that incre-
ment would be included in the observed water level changes. The maximum
amplitude of the lengthwise uninodal sciche cannot occur until the storm has
lessened or passed, and the setup at one end of the lake or the other has
been freed to oscillate. We consider it physically impossible for a maximum
wind setup or drawdown at Toledec during a storm to coincide with the maximum
amplitude of the uninodal main lengthwise seiche because that maximum ampli-
tude must occur after the storm.

The maximum probable T-foot rise at Toledo might ocecur at the top of
a k,2-foot long-term high lake level. It could, further, occu:' at the top
of the 2.75-foot maximum annual rise of record, and it might also occur under
sach conditions that the transverse seiche of the western basin was adding
1 foot of elevation. The total of this combination is 14.95 feet above datum
at Toledo.

The maximum probable 9.8-foot drop of water level at Toledo might occur
at the bottom of the 1l.2-foot low-lake stage of record. It might, also,
occur at the bottom of a 2.75-foot maximum annual variation in level. And
it might occur at a time when the transverse seiche of the western basin had
removed 1 foot of water level. The total of this particular combina is

14.75 feet below datum at Toledo.
02312
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The Davis-Besse Station is, however, not to be at Toledo which is in
narrowed and constricted Maumee Bay at the extreme western end of the lake.
Outside of Maumee Bay the cross-section of the lake i .creases rapidly, and
water-level changes which have to be referred to the Toledo gauge may be
expected to diminish accordingly.

Apparently only Hunt (1959) has given consideration to the stand of
lake level along the lake axis during the major wiad tides. Two figures
from Hunt for setup levels in the WSW storm of 8 November 1957 are given in
Figure 6.

The upper of these figures indicates that the Davis-Besse Station is
located at about 0.8 of the straight-line distance from the nods. poiut of
the wind-tide setup to Toledo. The lower of Hunt's figures indicates that
at 0.8 of the distance from the nodal point to Tolz2do the fall of water level
would be at least 2 feet less severe than that -t Toledo.

Deducting 2 feet from the 1L.75 feet of worst-case drawdown at Toledo
leaves minus 12.75 feet, and indicates that the ll-foot-deep * ke channel
at Davis-Besse Station might, at the minizum probable lake leve. be de-
watered by a combination of wind tide on top of long-term and annual lake
level variations topped by the short-term transverse seiche of the western
basin of the lake.

If materials now in our hands are cor.ect, the plant is t, be protected
against flooding to 585 feet (16.L feet above lune datum). If, as Hun} implies,
the relationship of lake proportions and depths to setup at Toledo under ENE
winds is the same as for setup at Buffalc under WSW winds, then it is appro-
priate to subtract 2 feet from Toledo's nrobable maximum setup of 14.95 feet

in order to approximate the condition at Davis-Besse.
Under thuse conditions it appears that the station's 16.4 feet of pro=- '

tection against flooding is adequate.

<313
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THE MAXIMUM WIND-WAVE

Wind-generated waves are limited in their dimensions by wind velocity,
by fatch (open-water distance available for wind action), and by duration of
the wind. Higher wind velocities, longer fetches, and longer wind durations
all increase the heights, lengths, and velocities of the waves,.

Neither wind velocity nor duration of wind are subject to control by
the lake basin, but fetch is a physical characteristic of the lake basin.

At the Davis-Besse site the available fetch plays an important part in the
question of the heignt of the maximum wave that might arrive at the station,
on top of the maximum high water from other causes.

The maximum probable high water that could occur at the Davis-Besse site
is predominantly the result of wind setup under prolonged strong wind from the
ENE. The station site is in the western basin of Lake Erie, and wind-waves
generated by ENE winds over the rest of the lake find thei- access to the )
western basin almost completely blocked by the islands th.t separate the
vestern basin from the central basin. Those parts of waves from the eastern
parts of the lake that succeed in passing through the islands are damped,
refracted, and reflected into a confused sea around the western sides of the
islands. a here the ENE wind must construct the maximum wave that will
bear upon Locust Point. Toward eastnortheast from the station's site the
maximum fetch is 12.5 statute miles, or 20.1 kilometers.

Among the four expressions commonly employed in Eomputation of the maxi-
mum wind-wave, that of Stevsnson (1852) consistently gives the highest computed
"highest waves under the strongest winds". Stevenson's empirical formula is:

H=1/3 JF

where H is in meters and F (fetch) is in kilometers. Though the Steve-son

\
J

equation is empirical and old, it has not been disproven. Defant (l961,Vol.2,p.95)\_i/

230
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says of it: "The formula was established by means of data from lakes, where

the value of [tetch] ranged from a few kilometres up to 20 km. For the
Mediterranean Cornish has verified the relation for fetches up to 830 km,

and it is genurally assumed that the relationship holds for values of [retch]
up to 1000 km." Hutchinson (1957, p. 356) says of the Stevenson equation:
"For Lake Superior, with a fetch of 482 km., the formula gives 7.3 m. as the
height of the highest waves, in good agreement with the 6.9 m. reliably re-
corded."”

Since the Stevenson relation was evolved on lakes, since it has apparently
performed well in Lake Superior, and since it gives the greatest predicted wave
height, it has been accepted in this case.

Substituting in the equation:

H,=1/3 J20.1 kn
H=1.r or 4.9 ft as the highest wave possible in the fetch available
between the islands and Davis-Besse site under ENE winds.

Taking the ratio of wave height to wave length to be 1:10 instead of
the theoretical maximum 1:7, we have the wave length of the L.9 foot wave as
L9 feet. Sverdrup et al. (second printing, 194€, pp. 536-537) say: "Short
wind wvaves are nearly unstable in deep water and they therefore break shortly
after they have felt bottom....". 'Feeling bottom' consists of the local depth
of water becoming less than half the wave length, therefcre the maximum wave at
the station site of 49 feet wave length should break in something like 24 feet
of water depth. If this wave comes in on top of the 12.95 foot maximum probable
water level from all other causes, it should break in about 11 feet of charted
water depth. Eleven feet of charted depth occurs at 2100 feet from shore at a
total distance of 6,900 feet from the station. In this distance another,
smaller, maximum wave would form. Applying Stevenson's formula again gives
0.48 m or 1.6 feet for the height of this wave. Its wave length, comput’

as before, would be 16 feet and its half wave-length 8 feet.O
38 av
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Waves approaching the station from the ENE during a high water of 12.95
feet would enter the station property between the diked intake and outflew
channels. The top of t.e intake channel dikes are to be 13.4 feet above
lake datum and the top of the discharge channel dikes are to be 11.4 feet
above lake datum. The top of intake channel dikes would be .45 feet above the
maximum probable water level and the discharge channel dikes would be covered
by 1.55 feet of water. Then the lakeward dikes of the two channels would
either stop or trip all but very small waves and cause them to break into
the channels. The landward two dikes of the two channels would offer
additional wave-breaking capacity if it was needed.

By the time the second wave has been broken directly in front of the
station, no fetch remains for additional waves to develop.

We foresee two additional factors that will tend to reduce the possi-
bility of flooding from the maximum wave. Many trees and shrubs of more than
i3 feet height exist in the marshes behind the beach; these will be left in
place and should have some disruptive effect on waves coming inshore during
extreme high water. The sides of the dikes along the two channels will be
sloped much more steeply than normal underwater topography. Waves coming
inshore during extreme high water will encounter the steep dike sides too
abruptly to permit the center of the waves crests to cutrun the edges; the

harbor-surging type of phenomenon is not expected.

Runup of the Maximum Wave
In our opinion the physical conditions described above preclude runup

of the maximum wave as a producer of flooding at the station.

Amendment No. § 2D-28
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CURRENT STUDIES IN THE LOCUST POINT REGION

Procedure

Field work was carried cut from a Boston Whaler outboard cruiser.

Currents were measured with a shortened version of the U. S. Coast and
Geodetic Survey current pole and Rhodamine 3 dye.

The current poles coﬁsisted of 4-foot lengths of commercial 2x4 dimension
stock. Each carried a brick at its lower end for ballast and for extra cur-
rent drag. The poles floated vertically with about 10 inches exposed above
the water surface. Each pole was numbered and carried a small orange pennant
at its top.

The current poles were set under different wind conditions in front of
the plant property in positions so chosen that they would pass over the
position of the future plant discharge plume.

Positions of setting, positions during the runm, and positions of pole
recovery were determined by sextant fixes t. charted landmarks ashcre. Setting
positions and during-run positions are indicated by small dots along the tra-
jectory of each pole in Figures 1 through 20. Recovery positions are indicated
by arrowheads in these figures. The identifying pole numbers are indicated at
either the start or finish of the pole run.

Wind velocities were measured in the field with a hand-held anemometer.

Each pole was followed as long as the conditions of the day permitted.

Results
The results consist of current pole runs with simultaneous wind data.
Runs were made on July 18, 19, 23, 25, 26, 30, 31, August 1, 6, 13, 14, 15,
September 6, 10, 12, 13, 17, and 18. Current velocity results and wind data

are presented in Tables 3 through 21 and the trajectories of the current poles
0220 -
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On July 18 there were two current pole runs with resetting between.
The wind directions under which results were obtained are summarized

in Table 1.

Table 1. Wind divections under which results
were obtained.

Date Winds from

July 18, 1968 Sw 220°
July 19, 1968 NNW 330°
July 23, 1958 E 90°

July 25, 1968 ENE 60°

July 26, 1968 NE 40°

July 30, 1968 E 90°

July 31, 1968 SSw 210°
Aug. 1, 1968 NE 45°

Aug. 6, 1968 WSW 240°
Aug. 8, 1968 SW 200°
Aug. 13, 1968 Sw 225°
Aug. 14, 1968 NNW 330°
Aug. 15, 1968 ENE 75°

Sept. 6, 1968 WSw 250°
Sept. 10, 1968 Sw 220°
Sept. 12, 1968 NW 315°
Sept. 12,13, 1968 NW 315°
Sept, 17, 1968 SSE 150°
Sept. 18, 1968 SSE 150°

At the Davis-Besse plant site the missing wind directions (N, SE, S, and
W) are well enough bracketed by observed winds that the currents there may be
considered quice well known,

On 12 September both a dye patch and a set of current poles were followed
simultaneously. Figures 16, 17 and 18 show the almost identical movements
of the two kinds of current indicators. The poles were allowed to run Jvei-
night and were recovered on 13 September.

Only four readings of dye concentration in the dye patch were obtained
before it faded into the background reading. Positions of the patch were ’
fixed four more times after reading of concentration was discontinued.

022
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As a test of the genefnl validity of our results we have computed mean
current speeds as percentages of the mean winds. Primarily this is a test
of whether direct wind pressure on the emergent portion of the current pole
was introducing spurious elements of speed. If the indicated current speed.
appear correct, then the poles were probably moving with the current alone.
Moving with the current alone they would have little or no directional error

from direct wind pressure. This test is shown in Table 2.

Table 2. Ratios of daily mean current and wind velocities.

Date Mean Current Mean Wind Current/Wind
July 18, 1968 0.378 mph 14.5 mph 2.60%
July 19, 1968 0.545 14.5 3.76%
July 23, 1968 0,418 10.5 4.00%
July 25, 1968 0.210 13.0 1.60%
July 26, 1968 0.296 6.0 4.90%
July 30, 1968 0.353 13.0 2.70%
July 31, 1968 0.265 14.5 1.802
Aug. 1, 1968 0.207 8.0 2.60%
Aug. 6, 1968 0.570 12,0 4,80%
Aug. 8, 1968 0.230 8.0 2.90%
Aug. 13, 1968 0.209 9.5 2.20%
Aug. 14, 1968 0.308 6.0 5.10%
Aug. 15, 1968 0.550 14.5 3.80%
Sept. 6, 1968 0.213 10.5 2.00%
Sept. 10, 1968 0.164 8.0 2.10%
Sept., 12, 1968 0.310 6.0 5.20%
Sept. 12,13, 1968 0.218 6.0 3.60%
Sept. 17, 1968 0.373 12.0 3.10%
Sept. 18, 1968 0.490 17.0 2.90%

Grand Mean 3,25%

The norm tc which the test is compared is the finding in Lake Erie that
the mean value of surface current is "about 2%" of the wind velocity (see
Hutchinson, A Treatise on Limnology, Volume I, John Wiley & Sons, New York,

1957, page 291). Within the limitations of the norm our results appear to

be valid. -
0222
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Conclusions

The current poles used appear to have contributed valid data.

Under most wind directions the local currents at Locust Point are downwind.
Under winds from northeast, eastnortheast and east, however, water is driven
intc the embayment between Port Clinton and Locust Point and from there slides
away along shore in a northwestward direction. Under these winds the local
currents at Locust Point are dominated by the escapement of water from the
embayment. Figures 3, 4, 5, 6, 8, and 13 show this effect.

It is noted that the runs on 12-13 September under northwest wind were
deflected lakeward away from the Camp Perry water intake. It appears “hat
there may be clockwise addy set up along the shore near Camp Perry under this
wind.

On the 26th of June, under a northeast wind the Toussaint River was dis-
charging a plume of warm discolored water which tailed off northward along the

shore and cooled as it went. It is shown in Figure 5.

022
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Table 3. July 18, 1968. Wind - SW 220°.
Wind
Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
7 2775 .44 1 47 .36 220° 10-15 12-17
6 2400 .45 1 36 «33 ” i -
2 3600 .68 1 56 44 - - i
h 1450 .28 1 16 .24 " " .
Reset
3 4800 .01 2 N .26 " o »
7 7175 1.36 3 29 A ’ " -
6 7200 1.36 3 11 A4 " " "
2 6500 1.23 2 43 .51 " " o

TABLE 3, FIGURE 1, July 18, 1968, Wind - SW 220°
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Table 4. July 19, 1968. Wind - NNW 330°,
W nd
Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
1 6525 1.24 3 15 «39 330° 10-15 12-1”
3 6400 1.21 2 06 .39 i » -
8 6650 1.26 2 08 .61 " P o
7 “6200 1.17 2 00 .59 " » »

TABLE 4, FIGURE 2, July 19, 1968, Wind - NNW 330°
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Table 5. July 23, 1968.

wind = E 90°.

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots  mph

6 13,450 2.55 5 27 .48 90° 8-10 9-12

3 12,300 2.33 5 06 A " " "

7 12,500 L2437 5 16 46 " " "

1 10,950 2.07 5 i3 .39 " " "

8 10,950 2.07 - TR | .40 " " "

9 8,950 1.70 5 24 .32 " " "

8220

TABLE 5, FIGURE 3, July

23, 1968, Wind - E 90°
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Table 6.

July 25, 1968.

Wind - ENE 60°.

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph

6 4900 .93 4 58 .20 60° 10-12 12-14

9 7325 1:.39 5 40 .26 " " "

3 5250 99 T .19 i - 2

7 6700 1.27 6 13 .21 i x »

1 6870 1.30 6 42 .21 " n "

8 6105 1.16 6 07 .19 " - -

TABLE 6, FIGURE 4, July 25,

1968, Wind - ENE 60° J
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Table 7. July 26, 1968. 7 .nd - NE 40°.
Wind
Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
1 1450 w27 1 05 .26 40° 4-6 5~7
7 1900 .36 1 05 .34 v - -
9 1600 .30 1 05 .29 " " "

TABLE 7, FIGURE 5, July 26, 1968, Wind - NE L40°
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Table 8., July 30, 1968. Wind - E 90°.
Wind
Pole Distance traveled Elapsed time Current velocity "ir. velocity
no. feet miles hr. min. (mph) from knots mph
1 7500 1.42 4 06 «35 90° 10-12 12-14
7 7925 1.50 4 11 .36 o " - ©
9 6675 1.26 3 58 .39 ” ud " w

TABLE 8, FIGURE 6, July 30, 1968, Wind - E 90°
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Table 9. July 31, 1968. Wind - SSW 210°.

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph

9 4175 79 4 52 .17 210° 10-15 12-17

7 3850 L .73 2 41 .30 . ” .

1 3900 .74 2 36 .31 ” " o

3 4900 .93 & 15 g " - -

8 5250 .99 4 06 .24 - " o

6 6200 1.17 3 35 «35 " ” "

Qs Pt s
-

TABLE 9, FIGURE 7, July 31, 1968, Wind - SSW 210°
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Table 10. August 1, 1968. Wind - NE 45°.

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity

no. feet miles hr. min. (mph) from knots mph
1 4000 .76 3 54 .22 45°  6-8 7-9
2 4400 .83 3 55 .23 " " "
9 3800 72 4 57 .16 " a0 "
7 4450 84 4 48 .15 ot » o
8 4450 .84 4 44 .19 " ) "
6 4300 .81 3 55 .23 " " u
3 5050 .96 4 12 .23 " o "

g=a

TABLE 10, FIGURE 8, August 1, 1968, Wind - NE ks°
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Table 11.

August 6, 1968,

Wind - WSW 240°.

Pole

Distance traveled

Elapsed time

Current velocity

Wind

Dir. velocity

no. feet miles hr. min. (aph) from knots mph
10,675 2,02 3 48 .58 240° 10 12
1 12,175 2.31 4 39 3 " v o
8 12,000 2+22 4 27 «933 - . i
6 11,575 2.19 3 37 .65 " " ”
3 10,350 1.96 3 & .56 i v »

TABLE 11, FIGURE 9, August 6,

1968, Wind - WSW 240°
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Table 12. August 8, 1968. wWind - SW 200°.

Wind
Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
9 3025 v 37 4 17 14 200° 6-8 7-9
7 2400 46 2 16 o2 " b "
3 2850 <54 2 20 .26 .- " "
8 2500 47 3 32 +31 " - "

o
TABLE 12, FIGURE 10, August 8, 1968, Wind - SW 200
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Table 13.

August 13, 1968.

Wind - SW 225°.

Wind
Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
6 7050 1.34 6 13 % 225° 6-10 7-12
2 8600 1.63 6 06 27 " - -
1 5350 1.01 5 3 .19 " ’ "
8 5950 1.13 5 34 4 § " - .
3 4700 .89 5 15 .17 " . ”
9 3825 12 4 57 .16 v " -
0 5450 1.03 4 30 .24 » " i

e]
TABLE 13, FIGURE 11, August 13, 1968, Wind - SW 225
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Table 14. August 14, 1968. Wind - NNW 330°.

s ¥,

DD USUY

*ON U9

20

o
"

b}

Wind
Pole Distance traveled Elapsed time Current velosity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
13 1950 37 1 39 o ¥ 330° 4-6 5-7
12 2000 .38 1 29 .29 " ” i
1 2025 .38 1 20 .32 " i e
11 2175 L4l 1 18 35 " it "

TABLE 14, FIGURE 12, August 14, 1968, Wind - NNW 330°

g-a
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Table 15.

August 15, 1968.

Wind - ENE 75°,

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
14 8300 1.57 2 48 .63 75° 10-15 12-17
10 5650 1.07 2 17 49 " " "
15 8675 1.64 3 25 +3 " " "
16 7225 k7 2 31 .59 " " "
13 9375 1.78 3 38 33 " " "
-
') »
-
&
TABLE 15, FIGURE 13, August 15, 1968, Wind - ENE 75°
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Table 16. September 6, 1968, Wind - WSW 250°.

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity

no. feet miles hr. min. (mph) from knots mph

11 6000 1.14 & 01 .28 250°  8-10 9-12
& 10 5800  1.10 4 18 .26 " w . e o
o 12 6500 1.23 4 10 .30 " . " w
1
o
B
]
; ]
=
g

CC.O

TABLE 16, FIGURE 1k, September 6, 1968, Wind - WSW 250°

e



D-B

\mm°—¢
20,£8

"ISI PUTM *g96T Joawaqdeg 9 ‘suny oTod ‘4T oandtd

2D-64

Amendment No. 5



§9-@@

*ON juSWpuUIWY

S

cCE0

Table 17. September 10, 1968. Wind - SW 220°,

Wind

Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
13 4250 .81 $ N <19 220°  6-8 -9
14 3900 .74 5 .27 .14 . » -
15 5125 .97 5 10 .19 T » »
17 4550 .86 5 03 17 ” - "
10 3850 & | 3 57 .20 - e -
11 3800 % b 3 9 .20 - e -
12 2700 .51 4 07 .13 " " ‘
16 2200 42 3 17 .13 " . -

TABLE 17, FIGURE 15, September 10, 1968, Wind - SW 220°

g-a



G pUTH °g06T oquaqdag QT ‘suny o7od 4T oandty

2Ny¥L

1334
Qo002 000! 0 000!
{ T T LARLRS |

D-B

2ol ——
svcé.m

-- -—

2D-66

Amendment No. 5



L9-az2

Table 18.

September 12, 13, 1968.

Wind - NW 315°,

Wind
Pole Distance traveled Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (mph) from knots mph
10 28,625 5.42 25 28 .21 315°  4-6 5~7
12 *7,500 1.23 6 07 .20 i 5 » o
13 32,250 6.11 26 54 .23 - " - o
14 31,250 6.10 26 21 .23 - - oy

TABLE 18, FIGURES 16 and 17, September 12, 13, 1968, Wind - Nw 315°
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Table 19. September 12, 1968. Wind - NW 315 .,

Wind
Dye Distance traveled Elapsed time Current velocity Dir. velocity
Positions feet miles hr., min. (mph) from knots wmph
1 2640 .50 - I 21 41 315°  4-6 5-7
2 1840 .35 il SE 92 w” " -
3 528 .10 = 0 .43, .23 ” 9 "
4 1267 .24 a 4L .53 » - »

PR ¥

celig o

TABLE 19, FIGURE 18, September 12, 1968, Wind - NW 315°
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Table 20. September 17, 1968. Wind - SSE 150°.

Pole Distance travelec Elapsed time Current velocity Dir. velocity
no. feet miles hr. min. (aph) from knots wph
11 . 12,200 2.31 6 07 .38 150* 10 12
12 12,350 2.34 6 31 .37 - " il
16 12,475 2.36 6 21 .38 » - "
17 12,300 2.33 6 43 .36 s " »

TABLE 20, FIGURE 19, September 17, 1968, Wind - SSE 150°
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Table 21. September 18, 1968. Wiud - SSE 150°.

".l=-azc

Tec0

Wind
Pole Distance traveled Elapsed time Current: velocity Dir. velocity
no. teet miles hr. min. (mph) from knots mph
16 5825 1.10 2 07 .53 150° 15 17
11 5950 1.13 2 20 31 "’ w .
17 5500 1.04 2 26 .46 - " .
12 5650 1.07 2 35 .46 »” " "

TABLE 21, FIGURE 20, September 18, 1968, Wind - SSE 150°
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DYE DILUTION STUDIES IN THE LOCUST POINT REGION

Our in situ studies of natural dilution rate in the alongshore water off

the plant site used the red fluorescent dye, Rhodamine B. Stock dye in a 40%
solution in acetic acid was used. It has a small negative buoyancy and requires
dilution with an alcohol to become neutrally buoyant. Our dye sets consisted

of one quart of the dye stock diluted with six quarcs of methanol antifreeze.
Concentration at setting was taken to be 6%. Dilutions were made in a plastic
garbage can and introduced by gently lowering the can into the water until the
dye floated out. After an interval to allow surface tension effects caused

by the alcohol to die away, the initial measurement of dye concentration was
made by slowly coasting the boat through the visibly-heaviest part of the dyé
patch. Slow coasting with the screw stopped allowed the boat to pass through

the dye with little if any artificial mixing. Error from rapid spreading due

/

to the surlace tension effect of the alcohol has been compensated in the
caiculations.

Measurements of dye concentration were made with the ultraviolet fluorometer
of Noble and Ayers (Limnology and Oceanography, Vol. 6, No. 4, 1961). 1In this
instrument the fluorescence of the dye under ultraviolet light is measured
photoelectrically and converted by calibration curve to concentration of dye.
Colored water of the dye patch was pumped continuously through the fluorometer
during each pass through the patch. Only the highest concentration noted during

-each pass vas recorded and used in dilution computations, to obtain the most
conservative dilution figures. '

The stations for setting of the dye patches were in 4-6 feet of water,
between 200 ft and 1000 ft offshure from the plant outfall. We have no reason
to think that dilution figures obtained off other parts of the plant property
would be significantly different from those presented here (Table 22). L 3

In Table 22 the incremental dilution between two successive passes through

0263
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a dye patch was obtained by dividing the carlier dye concentration by the later.
Each initial incremental dilution was severely rounded off{ to compensate for
surface tension effects »f the alcohcl. Cumulative dilution was obtained by
progressive multiplication of the incremental dilutions. After each multi-
plication the product was rounded to the nearest whole number before the next
wultiplication.

In the dye dilution experiments deliberate effort was exerted to run
experiments on the calmest days possible, for low wind and minimum wave action
produce least mixing and dilution, hence giving "werst condition" figures for
dilution., Effort was also directed to cotaining observations under winds from
as many directions as possible.

Successful dilution experiments were run on 6, 10, 12, 16, 17 and 18
September.

The alongshore current direction shown by the dye patch observed on
September 12 (Tabl: 19, and Fig. 18) is reported in the section on local
currents. All the d e dilution data are summarized in Table 22.

On the basis of the data available, there appears t oe a reasonable
dilution rate inherent in the natural regimen of alongs! ) e currents. The
natural regimen will, however, be modified by the current created by the flow

of plant effluent.

Q24




Table 22,

Results of Dye Dilution Experiments.

Time Since Set

Dye Concentration

Incremental Dilution

Cumulative
Dilution

6

10

12

16

Amendment

Sept. 1968

Set
1 hr. 15 min.
1 hr. 38 min.
2 hr. 01 min.
3 hr. 05 min.
3 hr. 31 min.

Sept. 1568

Set
1 hr. 18 min.
3 hr. 15 min.
4 hr. 08 min.
4 hr. 40 min.

Sept. 1968

Set
1 hr. 21 min.
1 hr. 59 min.
2 hr. 42 min.
3 hr. 27 min.

Sept. 1968

Set
1 hr. 01 min.
1 hr. 28 min.
1 hr. 58 min.

2 hr. 22 min.

No. S

Wind WSW 9-12 mph

6

o A

-~

3.0

2.3

1.2
3.0

Wind

3.0
8.4
3.1
1.2

Wind

Wind

5.5
2.3
1.1

1.1

X 1072

x 1078

X 10
X 10~
X 10~

SW 7-9
X 107

X 10°

X 10~
X 10°

Nw 5-7
X 10°

X 10~
X 10
X 10
X 10

ENE 12
X 10

X 10
X 10
X 10

X 10~

mph

mph

mph

2D-78

Set at regular station

7000X
2.8%
1.3
1.9%

4.0X

Set at regular station

1500X
3.6X
2.7X

2.6X

Set at regular station

20000X
1.1X
2.6X

1.0X

Set at regular station

10000X
2.4X
Zolx

1.0x

7000X
20000X
26000X
49000X

197000X

1500X
3400X
10000X

26000X

20000X
22000X
57000X

57000X

10000X
24000x
50000X

50000X

0250
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Table 22, (Continued)

Cumulative
Time Since Set Dye Concentration Incremental Dilution Dilution
17 Sept. 1968 Wind S§ .2 mph Set at regular station
Set 6 X 1072
o 10000X
1 hr. 05 min. 5.0 X 10 10000X
-6 2.3X
1 hr., 43 min. 2.2 X 10 23000X
-6 2.0X
2 hr. 21 min. 1.1 X 10 46000X
-7 4.8X
2 hr. 51 min. 2.3 X10 140000X
18 Sept. 1968 Wind SSE 17 mph Set at regular station
Set 6 X 10.2
-6 11000X
1 hr. 00 min, 5.2X 10 11000X
-6 2.2%
1 hr. 30 min. 2.4 X 10 24000X
ol 1.5X
2 hr. 00 min. 1.6 X 10 36000
-7 2.3X
2 hr. 54 min. 7.2 X 10 82000X
-7 1.6X
3 hr. 33 min. 4.6 X 10 130000X

The studies reported cbove wrre designed to measure the present-day ability

of the Locust Point area to dilute conservative material batch-released in the
absence of the plant's plume of effluent warmed water.

They underestimate the dilution conditions that will exist for batch
releases during the presence of a warm-water plume. Diluting lake-water will
be entrained into the plume at its source. The released material will travel
outward through the floating plume until, along the plume perimeter, cooling
breaks down the temperature-induced density gradient and the released material

can "fall off the edge" of the plume into the ambient lake water along an

=~

extensive line rather than at a point source.

0256
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COMPUTATIONS FOR A CONTINUOUS POINT-SOURCE RELEASE

This section consists of computations which were hired, because cf our
unfamiliarity with the model used. They were made by Dr. Joseph C-K. Huang,
formerly of the University of Michigan, who is now with Scripps Institution
of Oceanography at La Jolla, California. Because we cannot do so, Dr. Huang
will answer questions stemming from this section. He should be addressed
directly.
Per our instructions Dr. Buang has computed for that possibly unlikely
case (see Figures 16 and 17) wherein a northwe.t wind was to hold the plant
plume tightly against shore from Locust Point to well beyond the Camp Perry
water intake.
Dr. Huang's results are presented verbatim below.
Estimation for Concentration Distributions for Conservative -
Material Released from a Continuous Point Source on the West )
Basin of Lake Erie 9
Joseph C-K. Huang
Most mathematical models describing the distribution of conservative
material in a plum: emanating from a continuous fixed source in the atmos-
phere or ocean are b:osed on the assumptions that the turbulent field is
homogeneous and stationacv. The theoretical steady-plume models are deduced
from the super-position of an infinite number of patch distributions in the
presence of a mean current. If the flow field has a detectable mean velocity
the diffusion in the direction of the current can be ignored. Furthermore,
if the material distribution within any individual disk-element in the plume
is assumed Gaussian, which is in general approximately the case, then the
concentration at any point in a plume can be estimated by Gifford's (1959)

two-dimensiopal model. In the lake, the mean concentration at any point h\,

’/

o'

Amendment No. ) .




D-B

downstream from the continuous point source is given by

2
Exp - | —L
ot (28]

where x, y, z are coordinates, x 1is in the direction of mean current, y is

1)

horizontal and perpendicular to the current direction, z 1is vertical; Q ie
the steady rate of discharge of conservative material from a point source in
units/sec{}SﬂFate the coordinate variances of the material distribution in

cmz;‘ﬁ is the mean current speed ir cm/sec. Note that the above diffusion

model is anisotropic.

The peak concentration on the surface of the lake is

c
max

(x) = e
X (0'3_0!:) (2)

In a stationary homogeneous turbulent field, after a long period of time the
diffusivity is considered to approach asymptotically a constant.

Csanady (1964) and Ok:bo and Farlow (1967) studied the turbulent diffusion
in the West Basin of Lake Erie and have shown the effective lateral eddy
diffusivity is about 10 cm /sec to 6 x 10 cm /sec and the vertical eddy
diffusivity is about 1 - 10 cm /sec. Knowing the mean velocity of the current
and the longitudional distance from the source, the mean coordinate variances

can be estimated from

-2
-~ A

& =4 (3)
U

where K 1is the diffusivity.
During the summcr of 1968, we ran patches of Rhodamine B dye near Locust
Point in Lake Erie. At the same time the mean currents were measured by

surface drogues. The peak concentrations of the dye patch as a function of

-
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time (or distance) were recorded from the fluorometer readings. The mean -,
concentration distribution across the patch is approximately Gaussian.

As we are more interested in the concentration distribution of the cen-
servation material in the effluent under the worst conditions, that is
diffusion under an along-shore slow current, the lowest observed mean current
about 10 cm/sec along the lake shore is used in this study.

The lower limit of coordinate variances for the continuous point source
are taken from the variances calculated by equation (3) of the dye patch
study with a lower limit value of diffusivity. Equivalently the concentrations
predicted by equation (1) using the dye patch variances are the upper limit of
the material concentration distributions.

Conservatively we are using the following data for the calculation of
the point source concentration distributions:

Q = 1 unit/sec
U = 10 ca/sec
Ky = 103 cm?/sec
Kz = 1 cm?/sec
Then from equation (3), the variances are
= 2x 102 X,
= 0.2 X.
The surface concentration distribution is plotted as shown in Figure 21. The
concentrations along the beach (maximum conc.) and 100 m. away from the beach
for each successive 1 Km downstream are listed in Table 23.
In treating the large scale diffusion phenomena, such as in this case

with a large volume of discharged effluents from the power plant, it i3 more

realistic to use the two-dimensional volume source model. In the volume '
source equation the variances at the origin is an essential parameter in 1
0249 |
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D-B

describing th.: concentration distributions. Since we have no similar survey
to estimate the original variances of the volume source efflueunt, we cannot
but use the point source equation which results in higher concentration dis-
tributions than the volume source (Foxworthy, et al. 1966). Note that the
peint source equation is not valid at the origia.

Due to our conservative estimation, using the lower limit of variance
and the high concentration-predicting equation, the concentration distribution
shown in Figure Z1 is higher than that expected in the realistic situation
in the lake away from the source.

Table 23. Surface concentration distribution along the beach and

100 meters away from the beach in the downstream direction
from a unit/sec continuous point source.

s e Ty
1/10 2.5 x 107/ 3.5 x 107
1 2.5 x 1078 2.1 x 107°
2 1.3 x 1078 3.6 x 1077
3 8.4 x 1077 3.6 x 10”7
4 6.3 x 10™° 3.4 x 1070
5 5.0 x 107> 3.1 x 1077
6 4.2 x 1077 2.8 x 1077
7 3.6 x 10”7 2.5 x 1070
8 3.1 x 1070 2.3 x 107°
9 2.8 x 1077 2.1 x 1070
10 2.5 x 1077 2.0 x 1077

0271 ’
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This report covers those biological and radiological studies that have
been completed to date. Additional biological and chemical analyses are still
in progress and will be reported when they reach completion.

The materials reported here are:

1. Locust Point
Phytoplankton, May 1969
Zooplankton, May 1969, Cctober 1969
Benthos, May 1969, October 1969

2. Enrico Fermi
Phytoplankton, June 1969
Zooplankton, June 1969
Benthos, June 1969

3. Locust Point
Preliminary assessment of fish data

4. Locust Point, Big Rock, Fermi
Studies on radionuclide uptakes by parts of the food chain

Still being processed are the phytoplankton samples from the Locust Point
survey of October. Still to be processed are bulk samples of phytoplankton,
zooplankton, and benthos; these will be analysed for the stable isotopes of
metals to be expected in radwaste. Heavy pressure on the analytical equipment
makes it unlikely that these analyses can be carried out before March.

The three surveys here reported were carried out to investigate biological
conditions at Locust Point and to give comparison data from the region of the
Enrico Fermi plant at Lagoona Beach in shallow northwest Lake Erie.

Station designations were arbitrarilv chosen so that they showed the
survey involved. Stations bearing an LPP (Locust Point Power) indicate the
May 1969 coverage of the Locust Point region. Stations labelled with PL (Point

Locust) mean the October 1969 coverage of Locust Point environs. Stations

-

7%

headed FP (Fermi Power) designate the June 1969 survey at Fermi.

2D-89 Amendment No. 5
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The October Locust Point survey revisited the stations of the May survey, e
but the same station numbers were not retained. The station equivalency is as /
follows:

LPP-1 = PL-19 LPP-9 = PL-17

LPP-2 = PL-1l LPP-10 = PL-16
LPP-3 = PL-12 LPP-11 = PL-2

LPP-4 = PL-9 LPP-12 = PL-3

LPP-53 = PL-8 LPP-13 = PL-20
LPP-6 = PL-18 LPP-14 = PL-14
LPP-7 = PL-6 LPP-15 = PL-15
LPP-8 = PL=-5

The same station designations were used by C. Kidd in parts of the radio-
logical studies which are reported below.

The surveys were in spring and fall to avoid the height of summer when
emergent species of the benthos temporarily reduce the benthos by their nuptial
flights., By fall the offspring of the mating flights are again back in the

benthic community.

N
/
PRELIMINARY RESULTS
Although our studies of the data are far from complete, there are certain
preliminary results that can be reported at this time.
May Phytoplankton, Locust Point:
Stations LPP-1, LPP-6, and LPP-9 immediately along the front of the plant
property had relatively low phytoplankton counts, though lower ones occurred
at stations off the mouth of the Toussaint River and off Camp Perry.
May and 5Egobe; Zooplankton, Locust Point:
In general, May zooplankton counts over the whole area tended to be higher
and October counts tended to be low. As a rough index the sum of the numbers
present in both months in tie duplicated stations of both cruises has beea used.
when the catches are summed, the least total is 37.50 organisms per liter for l
Station LPP-6 (= PL-18); followed by 41.40 at Station LPP-9 (= PL-17); then ¢>

o275
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46.09 for LPP-3 (= PL-12); with 69.39 at LPP-15 (= PL-15); and 76.51 at LPP-1
(= PL-19); the remaining duplicated stations have substantially higher combined

counts. Except for staticnm 15, the low values are along the shore of the plant

property.
May and October Benthos, Locust Point:

Benthos in the Locust Point region are sparse compared to areas further
offshore., This is attributable to wave action which winnows out finer sediments
and detrital food materials.

In the inshore stations most apt to be effected by the plant discharge
(LppP-1, 6, 9, 13, 2, and 3; PL-19, 10, 18, 7, i? and 4) the benthos are exceedingly
sparse.

June Phytoplankton, Fermi:

In summary the phytoplankton types off the Fermi plant were about the same
as those off Locust Point. There were some additional genera and species at
some of the Fermi stations, which may be related to the direct influence of the
Detroit River. Phytoplankton cell counts per liter were consistently lower than
at Locust Point, probably reflecting the greater degree of pollution in the
Detroit area.

June Zooplankton, Fermi:

Except at station FF-1 which is in Brest Bay about 6 miles from Fermi,
the zooplankton of the area were very rare. Again, this appears to be a
reflection of pollution in the area.

June Benthos, Fermi:
At Fermi only the Sphaeriids (finger nail clams) and the pollution-tolerant

oligochaetes were more numerous than at Locust Point. The clean-water loving

=

0276

amphipods were practically absent from the Fermi region.

J -
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SUMMARY STATEMENT

Preliminary assessments of the biological data now worked up show that )
the inshore waters at Locust Point are, compared to regions further offshore, a
sort of "Siological desert” only sparsely inhabited by plankton and benthos.
Such is also true at other plant sites we have studied.

Preliminary examination of the fishery data available, suggests that the
sampling stations used are too far from Locust Point and too far offshore to
be adequar :ly representative of fish populations close to the Point., This
conclusior is preliminary and may be modified by further study. It may be
significant that local fishermen reduce or cease their operations at Locust
Point during the height of the summer "because the fish leave the area" (Ohio
Division of wWildlife).

Present evidence, though incomplete, suggests that in the critical peak-of=-

summer condition there are but few biological organisms present to be damaged ~

in the area of the plant outfall where the greatest of waste heat will exist. '
Comparative studies in the Fermi region are disappointing because they

predominately indicate the polluted nature of the area.
In radiological studies presently completed the amphipod, Pontoporeia

alfinis, shows a greater affinity for zinc-65 than for cerium-144, manganese-54,

cesium-137, zirconium-95, ruthenium-106, or strontium-90. Uptake of zinc and

strontium was enhanced somewhat when the amphipod was cultured with sediment

in the aquarium.

Lake Erie chironomids (tendepedidae) and oligochaetes when similarly

cultured with sediments also showed their affinities for zinc-65 to be greater

than for manganese-54, cesium~137, or strontium-85.
Lake Erie clams similarly cultured had soft-tissue affinities for cesium-137
greater than for zinc, manganese, or strontium. Clam shell appeared to concen- 1

trate both cesium and manganese more readily chan the others.

Py
F s
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Despite the fact that Fermi has uperated nuclear there are ao significant
differences in gruss beta activity or cesium=137 activity between Fermi and

Locust Point sediments.
Amphipods captured in the vicinity of the Big Rock reactor showed small

incresses in groes gamma and gross beta activities in a limited area in frout

of the plant.

f):f‘“fi
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STATION MAP OF LOCUST POINT PROJECT

MAY 1969, SAMPLING
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STATION MAP OF LOCUST POINT
\

OCTOBER 1969, SAMPLING
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Phytoplankton Population
Locust Point, 15-16 May 196G

Diatoms

Diatoma tenuis v. elongata
llelosira binderana
!Melosira granulata
Synedra ulna

Synedra acus
Fragilaria intermedia
Fragilaria capucina
Fragilaria crotonensis
Asterionella formosa
Cyclotella spp
Navicula spp
Tabellaria fenestrata
Surirella spp
Nitzschia spp
Stenhanodiscus spp
Cymuvella spp
Gomphonema spp

Greens

Blue

Ulothrix spp

Pediastrum duplex
Scenedesmus abundans
Scenedesmus quadricauda
Dictyosphaerium pulchellum
Ankistrodesmus spp
Ankistrodesmus falcatus
Scenedesmus spp
Hicractinium pusillium
Oocystis solitaria
Lagerheimia longiseta
Golenkinia radiata
Actinastrum Hantzschii
Closteriopsis longissima

Creens
Oscillatoria spp

Q254.
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Phytoplankton
Station LPP-l, Locust Point

15 May 1969
Organism No. of Colonies Cell per Liter
Ossillatoria spp 3,747
Fragilaria crotonensis 1,874 51,524
Ankistrodesmus falcatus 937
Diatoma tenuis v. elongata 42,156 287,598
ilelosira binderana 06,513 526,482
Asterionella formosa 6,558 7,651
Fragilaria capucina 49,651 2,24, 536
Cyclotella spp 7 5454
Navicula spp 937
Qocystis solitaria 937
Scenedesmus quadricauda 937
Synedra ulna 937
Tabellaria fenestrata 4,684 30,914
Surirella spp 937

'S ﬂ,‘ L
i)\ ’ :*;‘,.,
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Phytoplankton

tation LPP-2, Locust Point

15 May 1969

Amendment No. S

Organism 1i0e of Colonies Cells per Liter

Synedra ulna 17,666
Synedra acus 6,625
Tabellaria fenestrata 2,208 15,458
Pediastrum duplex 2,208
+ielosira binderana &

ile granulata combined 516.742 4,891,385
Jiatoma tenuis v. elongata 99,.74 1,355,896
Asterionella formosa 24,291 249,538
Froeilaria crotonensis LoLl?7 117,040
Fra_ilaria capucina 105,998 5,284,462
Cyclotella 6,625
Scenedesmus abundans 2,208
Oocystis solitaria 2,208
Oscillatoria spp 2,208

0253
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Phytoplankton

Station LPP-3, Locust Point

15 May 1969

Diatoma tenuis v. elongata

Oscillatoria spp
Ulothrix spp

Melosira binderana
Synedra acus

Synedra ulna
Fragillaria intermedia
Fragillaria capucina

No. of Colonies

47,917

61,828

17,003
4,637

Cells per Liter

242,675
1,546
1,546

930,512
4,637
6,183

630,646

98,925

Q4%
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Phytoplankton
Station LPP=4, Locust Point e
15 May 1969 :
Organism — Noe. of Colonies Cells per Liter

Synedra ulna 13,138
Tabellaria fenestrata 10,049 57,202
biatoma tenuis v. elongata 66,478 672,510
‘lelosira binderana & i

[ls granulata combined 202,526 937,649
Fragilaria crotonensis 1,546 58,748
Asterionella formosa 17,006 138. 275
Fragilaria capucina 85,030 3:237,324
Lagerheimia longiseta 773
Golenkinia radiata 773
Cyclotella spp 3,865
Oscillatoria spp 2,319
Dict:rosphaerium pulchellunm 1,546
Scenedesmus quadricauda 773
oynedra acus 2,319

285 -

Amendment No. S 2D-100



Organism

D-B

Phytoplankton

Station LPP=6, Locust Point
15 May 1969

No. of Colonies

Fragilaria crotonensis
Surirella spp
Synedra ulna
Synedra acus
Dictyosphaerium pulchellunm
Ankistrodesmus spp
Oscillatoria spp
Tabellaria fenestrata
Diatoma tenuis v. elongata
llelosira binderana &

ile granulata combined
Fragilaria capucina
Scenedesmus abundans
Closteriopsis longissima

2,132

7,462
74620

105,534
49,036

Cells per Liter

14,92
1,06
6,396
1,066
1,066
1,066
2,132

33,046

380,562

891,176
1,557,426
1,066
1,066




D-B

Phytoplankton
Station LPP-7, Locust Point
15 lay 1969
Organism llo, of Colonies Cells per Liter
Synedra ulna L,936
Surirella sp 997
Oocystis solitaria 997
iielosira binderana &

lie granulata combined 101,714 622,253
Diatoma tenuis v. elongata 50,857 283,205
Astericnella formosa 9,972 81,770
Tabellaria fenestrata 3,989 12,964
Fragilaria capucina 49,860 1,471,867
[licractinium pusillum 1,99
Cscillatoria spp 1,994

2RY



Organism

D-B

Phytoplankton

Station LPP-9, Locust Point
15 May 1969

No. of Colonies

Oscillatoria spp
iidicractinium pusillum
Scenecdesmus quadricauda
Synedra ulna
Cyclotella spp
Gomphonerna sp
Stephanodiscus spp
Synedra acus
l.elosira binderana &

lie granulata combined
Astericnella formosa
Tabellaria fenestrata
Diatoma tenuis v. elongata
Fragilaria crotonensis
Fragilaria capucina

113,344
5,888
1,472

75,072
2,944
41,210

2D-103

Cells per Liter

5,388
1,472
1,472
3,832
10,304
1,472
2,9h4
7,360

1,143,632
27,963
8,832
450,432
79,488
585,356

02538

Amendment No. 5



Crganism

D-B
Phytoplankton

Station LPP-10, Locust Point
16 liay 1969

0. of Colonies

‘ragilaria crotonensis
Synedra acus

Synedra ulra
Oscillatoria spp
lielosira binderana &

[le granulata combined
Fragilaria capucina
Scenedesmus spp
Cyclotella spp
snkistrodesmus falcatus
kitzschia spp
Diatoma tenuis v. elongata
Asteriocnella f{ormosa
Tabellaria fenestrata

6,183

420,417
108,196

272,034
12,365
61183

Cells per Liter

74,191
15,457

61183
15,457

3,159,309
2,550,323
9,274
3,091
9,274
1,415,815
83,465
27,823

2=9

Amendment No.5 2D-10k4
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Organism

D-B
Phytoplankton

Station LPP=12, Locust Point

16 Hay 1969

lHoe of Colonies

Synedra ulna
Oscillatoria spp
Actinastrum Hantzschii
Diatome tenuis v. elongata
llelosira binderana %

lle granulata combined
Asterionella formosa
Tabellaria fenestrata
Fragilaria capucina
Scenedesmus abundans
Cyclotella

42,058

73,331
by 314
5,392

21,570

2D-105

Cells per Liter

ey 31L
6,470
2,157
208,131

815,270
38,822
20,490

628,707

1,073
3,235

Q250

Amendment No. 5



Crganism

D-B

rhytoplankton

Station LPP-13, Locust Point
16 May 1969

No. of Colonies

Scenedesmus quadricauda
Oscillatoria spp
Stephanodiscus spp
Synedra acus
Dictyosphaerium pulchellum
Ankistrodesmus spp
Actinastrum Hantzschii
Cyclotella spp
Micractinium pusillum
Synedra ulna

Tabellaria fenestrata
Diatoma tenuis v. elongata
Melosira binderara &

M. granulata combined
Fragileria capucina
Cymbella sp
Asterionella formosa

Amendment No. 5

Cells per Liter

5,468,202
1,456,332
1,546

30,920




Organism

D-B
Phytoplankton

Station LPP=15, Locust Point
15 May 1969

No. of Colonies

Oscillatoria spp
Ankistrodesmus spp
Navicula sp
Synedra acus
Fragilaria crotonensis
llelosira binderana &

lle granulata combined
Diatoma tenuis v. elongata
Tabellaria fenestrata
Asterionella formosa
Fragilaria capucina
Synedra ulna
Cyclotella spp
Closteriopsis longissima

1,104

59,615
bdyy 160
9,936
1,104
28,704

2D-107

O029p

Cells per Liter

6,62
2120
1,10
Lybl

37,536

623,760
195,408
40,848
11,040
1,065,360
2,208
61621,
1,104

Amendment No. 5



POWER PLANT SURVEYS - PRIMALY ZOOPLANKTON COUNTS - LOCUST POINT, LAKE ERIE (NO. ORG./LITER)

CALANOID COPEPODS:

Diaptomus sp.

Eurytemora affinis
Others

CYCLOPOID COPEPODS

ROTIFERS:
Asplanchaa sp.
(Others too small
for this net)
CLADOCERA :
Daphnia retrocurva
Other Daphnia
Bosmina sp.
Chydorus sphaericus
Ceriodaphnia reticulata
Leptodora kindtii
Sida crystallina

OTHER GROUPS:

(Ostracods unless
otherwise noted)

REMARKS :

Al

L]

ct

LPP-7

PL-6
(=LPP-7)

10/21/69 5/15/69 10/29/69 5/15/69 gyg&ﬁ@i

LPP-1 PL~19 LFrP=-3 PL-12 LPP-4 PL-9 LPP-6 PL -18
(=LPP-1) (=LPP-3) (=LPP-4) (=LF"-6)
5/15/69 10/29/69 5/15/69 10/21/69 5/15/69
3.82 ¢.71 2.76 0.40 4.21 0.48 1.37
0.59 0.20 0.13
29.72 3.18 14.60 3.69 33.97 4.96 10.88 0.47
3.47 0.12 1.75 0.30 1.81 0.48 2.05
15.62 1.06 5.51 0.66 34.66 0.31 14.47 0.13
0.20 0.12 0.13 0.07 0.08 0.06
3.20 13.55 4.24 11.23 4.09 10.70 3.76 3.48
0.13 0:13 0.04 06.07
0.27 0.12 0.35 0.03 0.84 0.04 0.63
0.51 0.12 0.04 0.04
Very dirty
sample

7.43

77.86

5.99

46,33
0.20
5.15

0.98

0.15
0.46

2.39

qg-a

0.25 \

4.62
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POWER PLANT SURVEYS - PRIMARY ZOOPLANKTON COUNTS - LOCUST POINT, LAKE ERIE (NO. ORG./LITER)

CALANOTD COPEPODS:
Diapt mus sp.
Eurytemora affinis
Jdthers

CYCLOPOID COPEPODS

ROTIFERS:
Asplanchna sp.
(Others too small
for this net)
CLADOCERA :
Daphnia retrocurva
Other Daphnia

Bosmina sp.

Chydorus sphaericus

Ceriodaphnia reticulata

Leptodora kindtii
Sida crystallina

OTHER GROUPS :

(Ostracods unless
otherwise noted)

REMARKS :

<

€

v

LPP-9 P1~-17 LPP-10 PL-16 LPP-12 PL-3 LPP-13 PL-20 LPP-15 PL-15
(=LPP-9) (=LPP-10) (=LPP-12) (=LPP-13) (=LPP-15)
6/15/69 Q/Z?/éz 5/16/69 10/28/69 5/16/69 10/24/69 5/16/69 10/29/69 5/16/69 10/27/69
1.65 3.76 0.62 6.51 0.04 28.77 0.15 5.63 0.37
0.71 1.87 0.32 0.53 0.51
9.97 0.59 42.34 3.50 56.55 1.56 132.80 2.05 53.53 143
1.24 0.12 12,62 0.19 1.11 0.23 0.30 1.83 0.03
8.16 0.82 22.87 2.74 12.30 0.28 4.49 0.38 1.90 0.10
0.08 0.10
2,95 13.67 8.01 30.53 2.87 6.94 19.79 14.94 2.47 1.01
0.03 0.03
0.06 0.15
1.49 3.46 0.05 0.34 0.12 0.15 0.07 0.03
0.67

g=a



POWER PLANT SURVEYS - PRIMARY ZOOPLANKTON COUNTS - LOCUST POINT, LAKE ERIE (NO. ORG./LITER)

PL-1 PL-2 PL-4 PL-S PL~-7 PL-8 PL-10 PL-11 PL-13 PL-14
fall only fall only fall only fall only fall only fall only fall only fall only fall only fall only

10/24/69 10/24/69 10/24/69 10/24/69 10/21/69 10/21/69 10/21/69 10/21/69 10/20/69 10/20/69

CALANOID COPEPODS:
Diaptomus sp.
Eurytemora affinis

Others

CYCLOPOID COPEPODS 2.71 ~ 25 152 0.28 7.89 2.62 3.28 0.94 2.53 2.10

ROTIFERS:

Asplanchna sp. 0.13 0.06 0.11 0.11 0.11 0.28 0.26 0.14

(Others too small
for this net)

g-a

CLADOCERA :
Daphnia retrocurva 0.57 0.19 0.39 0.61 0.27 0.55 0.31 1.09 1.39
Other Daphnia
Bosmina sp. 7.24 4.05 9.53 3.15 15.61 7.22 7.07 3.56 11.04 11.09
Chydorus sphaericus
Ceriodaphnia reticulata
Leptodora kindtii 0.08
Diaphanosoma 0.06

leuchtenbergianum

OTHER GROUPS:

(Ostracods unless
otherwise noted)

REMARKS :

(:\}

»

v

(4



Station
Number Date
LLP-1 5/15/69

-2 5/15/69
-3 5/15/69
-4 5/15/69
-5 5/15/69
-6 5/15/69
-7 5/15/69
-8 5/15/69
-9 5/15/69
-10 5/16/69
-11 5/16/69
-12 5/16/69

' -13  5/16/69
-14 5/16/69

-

e

© Ay -15 5/16/69
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