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ABSTRACT

A steady state model has been developed to predict fish
behavior in the anticipated thermal plume from Unit 1 at the
Davis=Besse Nuclear Power Station. A series of density function
plots have been prepared which permit the determination of the
probable location of individual species within the plume under
given seasonal temperatures.
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STUDY OBJECTIVE

The study is designed to develop a reliable pwradictive
model for use in fisheries management in areas of thermal
dischanrge plume from nuclear power plants.

JOBS IIl-a and IIl-b

DESIGN OF A BASIC PREDICTIVE MODEL IN THE
VICINITY OF THERMAL DISCHARGE PLUMES

REFINEMENT AND EXPANSION OF THE BASIC MODEL
Objectives

The initial model is intended to show the expected
distribution of fish populations in the area under specified
environmental conditions. This model will be computer generated
from field sampling data and fish thermal preference data from
Studies I and II of this project. :

Procedures

The procedure for construction of the model was as follows.
From a series of observations following the first appearance of the
steady state, a mean preferred temperature and standard deviation
were calculated. Then using this information, a normal curve was
constructed and o(r;dinate values for each centigrade temperature
increment from 0°C to 40 C was calculated. This was done for all
reliable data available for the species tested in study II. Data for
the calculations were selected from study II data on the basis of
completeness of observation, stability of the steady state, gradient
stability, fish condition as evidenced by mortality and any other
factors which might significantly have biased the results.

The above calculations formed the data base from which all
subsequent reductions were made.

Perhaps the most obvious of these reductions are the contour
plots of expected fish densities which were prepared in the following
manner. First, a model of a typical thermal plume expected for a
particular set of conditions was produced by phenomenological
calculations based on temperature fall-off rates observed for several



other operating power plants. An array of the temperatures at
various points was used to select corresponding ordinate values
from the above preference calculations. The ordinate value at

the ambient temperature was used as the typical undisturbed lake
value of density and was thus normalized to one. The same
normalization factor was applied to all other ordinate values to give
a set of multiplier values for fish density. These were then passed
to a computer routine which performed the contour calculations and
prepared the plots.

A F'irn.dirngs

The application of the model is straight forward and will be
presented in a stepwise form here,

Use of Contour Plots:
1) First determine the appropriate season class by consulting the
chart on the first page of Appendix II and comparing it with the

observed. or expected lake temperature.

2) Next determine the species of interest.

3) Locate the density plots for the selected species in the appropriate

season section. The order is winter, spring, summer, and fall,
with a plot of plume thermal structure for the average conditions
of that season being the last page of that season.

4) The plots may be rescaled as needed, but were initially drawn
at 50 m/in.

5) The annotations in Appendix I should be checked to determine the
the contour intervals and any other pertinent information.

6) To determine expected fish density at any point in the plume,
the density wvalue of that point taken directly from the plot should
be used. This is then multiplied by the normal density of that
species in the surrounding lake to obtain the expected density.

7) Consult the analysis section of this report for limitations on
this estimate.



Use of the Ordinate Tables:

1) Steps 1 and 2 of the previous instructions should be followed
to determine season and species.

2) The ordinate tables of Appendix III should be consulted for the
species of interest in the appropriate season. The values given
are the ordinates of the normal curve in 1°C increments beginning
with 1.0. The E stands for Exponent e.g. .1859 E-03 = ,1359 X 10~

3

8) Select the point in the table nearest to the desired ambient lake
temperature. This is the ambient ordinate.

4) Select a second point for the temperature nearest the temperature
of interest.

5) The density factor is calculated by dividing the ordinate of interest
by the ambient ordinate.

6) Use this factor as in steps 6 and 7 of the previous instructions.

STUDY ANALYSIS

The steady state condition of a system is defined as that state
wherein the mean and standard deviation of the observed distribution
do not change significantly with time. That is, when all observed
variables appear to stablize and remain constant or at most exhibit
only minor fluctuations. An examination of study Il data indicates
that the mean observed temperature and the standard deviation about
that mean for a group of fish in a thermal gradient stabilize after a
period of about 24-72 hours depending on species. This then qualifies
as a steady state condition. Further more, the distribution of fish
about the mean preferred temperature appears to be, within statisical
limits, a normal or Gaussian distribution. With this in mind a
Caussian steady state model was devised.

Application of the Steady State Model

The purpose of construction of a model is many faceted. Given
the virtually infinite diversity of conditions in nature as well as the
often frustrating uncontrollability of these conditions during experi—
mentation, it is often desirable to have some system which mirrors
the behavior and reactions of nature, but which allows control of

conditions at the discretion of the experimenter. Also, the process



of model construction may bring about awareness of hithertoo
unseen processes or undiscovered relationships in that which

is being modeled. Then there is the fact that it is certainly
much less expensive both in terms of money and in the possibility
of irrevocable errors to experiment on a model which accurately
reflects a complex system than on the system itself. It is for
these reasons that a steady state model of fish behavior in a
thermal plume has been constructed. This hopefully will be a
prelude to construction of a more refined model which would
eliminate the flaws and inaccuracies in the present one.

There are several significant sources of error which can and.
do arise in the prepar*é.tion and interpretation of these results.
First, there is the normal statistical error arising from reduction
of the raw data. This was minimized as much as possible by
judicial selection of data and by application of appropriate
techniques of data grouping and organization. Next, there is
the possibility of calculational error. Use of a computer, and
careful checking of all equations and their programmed equivalents
assured that this error did not appear in any of the significant
figures of the output. Finally, and most importantly, there occurs
the problem of uncontrolled variables. Since only the behavior of
a single species at a time in a linear thermal gradient was observed,
there is no direct estimation of the magnitude of effect of other
variables such as species interaction on the observed distribution.
From background work and observation it should be noted that these
other factors can have effects ranging from negligible to several
orders of magnitude. Accordingly, the following limitations have
been set on the results. Where the maximum density factor is less
than — 50 times normal density, the estimations may be regarded
as probably 80-90% accurate (+ 10-20%). Between 50 and 100,
accuracy is probably 50-70%. For factors greater than 100, it is
very probable that the influence of other variables would be at
least as large as that of thermal preference and all that may be
said is that qualitatively there will probably be a large increase
in the numbers of that particular species in the area, but the
exact magnitude cannot be estimated at this time.



STUDY RECOMMENDATIONS

It is suggested that this study be continued with the aim of
producing a more comprehensive model of fish behavior which
incorporates compensation for selected variables in addition to
thermal preference. This would allow more accurate assessment
of the power plant effects, thus aiding the job of fisheries
management in the area.
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APPENDIX I

ANNOTATIONS AND COMMENTS



APPENDIX 1

ANNOTATIONS AND COMMENTS

Plume maximum = 28.200

Ambient = 22.68°C

(CONTINUES)

SEASON Max.
Species Acclimation. .| Prefeecred Contour Density
Temperature {Temperature Interval Factor
WINTER S
Perca flavescens 4.0 13.0 537 .4 53874.8
Notropis atherinoides 4.0 6.5 71.8 719.2
Pomoxis nigromaculatus 5.0 21.5 12.7 128.0
Lepomis macrochirus 4.9 57 .5 _4><1021 Lax1021
Notropis hudsonius 4.5 9.5 5.5 56.2
Pomoxis nhigromaculatus 3.0 15.5 2.9x10% 2.,96X10°
Plume maximum=9.9°C
Ambient = 1.200
SPRING
Cyprinus carpio 7.9 24,5 .7><1o18 71018
Pomoxis annularis 10.0 21.5 33.9 340:.0
Ictalurus nebulosus 18.1 18.5 3.4 34.6
Lepomis gibbosus 9.0 25.5 8266.0 82670.0
Pomoxis annularis 16.5 16.6 .06 1.6
Ictalurus nebulosus o 13.8 26.5 7173.0 71731.0
Plume maximum = 19.8 C
Ambient = 10,8°C
SUMMER \
Ictalutus nebulosus 20.4 21.5 | 1.0
Ambloplites rupestris 20.3 18.5 1 1.0
Perca flavescens 21.3 21.5 1 1.0
Ictalurus punctatus 20,3 19.5 .1 1.0
Pomoxis nigromaculatus 20,7 24.5 .026 1.26
Notemigonus crysoleucas 19.6 20.5 . 1.0
Ictalurus punctatus 24.2° 21.5 .35 1.35
Aplodinotus grunniens 23.0 28.5 .018 1.13




ANNOTATIONS AND COMMENT S
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APPENDIX I (Continued)

SEASON Max.
Species Acclimation Preferred Contour Density
Temperature. | Temperature Interval Factor
FAL.L 4 5
Perca flavescens 15.5 25.5 1.17X10 1.17X10
Pomoxis annularis 11.0 10.5 . 1.Q
Micropterus dolomieui 10.0 26.5 .2x1010 | .ox10'©
Ictalurus punctatus 20.0 20.5 062 1.62
Perca flavescens 20.2 16.5 077 1.77
Ictalurus nebulosus 9.0 23.5 278 3.78
Plume maximum = 20.6°C
Ambient = 11.1°C
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APPENDIX II
CHART 1. EXPECTED SEASONAL: TEMPERATURE VARIATION

FISH DENSITY FUNCTION PLOTS
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Fig.

1.

o
Perca ' flavescens. Acclimation Temperature 4 C. Run 12/7/72

!
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Fig. 2. Notropis atherinoides. Acclimation temp. 4°Cc. Run 1/22/783




Fig. 3.

Pomoxis nigromaculatus.

Acclimation Temp. SOC.

Run 1/25/73

H
y
H
1



.. . a8 .

Fig. 4. Lepomis macrochirus. Acclimation temp. 4.906. Run 2/15/783




Fig. 5.

Notropis hudsonius.

o
Acclimation temp. 4.5 C. Run 3/2/73
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Fig. 6.

Pomoxis nhigromaculatus.

Acclimation temp. 8.0°C.

Run 2/8/73
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Fig. 7. Plume Thermal Structure for Winter.
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Cyprinus carpio.

Acclimation temp.

7.9°

C.

Run 3/22/73
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Fig. 9.

Pomoxis annularis.

Acclimation temp.

10°C. Run 4/19/783
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Fig.

10. Ictalurus nebulosus. Acclimation temp. 13.1°C. Run 5/20/73
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Fig.

11.

L_epomis gibbosus. Acclimation temp. 9.000. Run 4/3/73
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Fig. 12. Pomoxis annularis. = Acclimation temp. 16.5°C Run 6/6/73
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Fig.

13.

Pomoxis nigromaculatus.

Acclimation temp.

11.3%°%C.

Run 4/22/73
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Fig. 14.

Pomoxis annularis.

Acclimation temp. 13.1°C.

Run 5/16/73
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' Fig.

15.

Ictalurus nebulosus.

Acclimation temp.

13.8°C.

Run 5/24/73
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Plume Thermal Structure for Spring.
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/ Fig. 17 > Ictalurus nepulosus. Acclimation temp. 20.4°C. Run 6/4/73
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Fig. 18 Ambloplites rupestris. Acclimation temp. 20.8°C. Run 6/19/78
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Fig.

19

Perca flavescens.

Acclimation temp.

21,3°C.

Run 9/12/783



o | } ! | ] | |
i ] i | 3 i
Fig. 20. Ictalurus punctatus. Accl imation temp. 20.3°C. Run 10/4/73



Run 10/9/73

Acclimation temp. 20 .7OC.

Pomoxis higromaculatus.

21.

Fig.
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Fig. 22.

T

Notemigonus crysoleucas.

Acclimation temp.

19.6°C.

Run 6/11/73
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Fig. 23.
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Ictalurus punctatus. Acclimation temp. o4.2°C. Run 7/12/73




As—
..ﬂrfi

U

— flllninil\\

==== E..F =_===_==_..

1\\\\\\\

Run 8/1/73

Acclimation temp. 23.0°C.

Aplodinotus grunniens.

Fig. 24.
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Plume Thermal Structure for Summer.

25.

Fig.
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Fig.

28.

Micropterus dolomieui.

Acclimation temp.

100C.

Run 11/14/73



I 4 ] 14
i X i i L i
Fig. 29. Ictalurus punctatus. .Acclimation temp. 20°C. Run 9/18/73
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Run 10/2/73

20.2 C.

Acclimation temp.

Perca flavescens.

30.

Fig.
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Fig. 31.

Ictalurus nebulosus. - Acclimation temp.

\

9.0%C.

Run 11/22/72
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Fig. 32.

Plume Thermal Structure for Fall.
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APPENDIX III

ORDINATE TABLES
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